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4. Discussion of:
a. Establishment of an additional “satellite 

field office” in Florida: and
b. Monetary Award for Senior Executive 

Service Personnel.

FOR MORE INFORMATION CONTACT: Bea
Hardesty, (202) 382-6525.
Bea Hardesty,
Federal Register Liaison Officer.
September 2,1988.

[FR Doc. 88-20430 Filed 9-2-88; 5:01 pm] 
BILLING CODE 7533-01-M

OVERSEAS PRIVATE INVESTMENT 
CORPORATION
MEETING OF THE BOARD OF DIRECTORS 
TIME AND d a t e : 1:30 p.m. (closed 
portion), 3:00 p.m. (open portion), 
Tuesday, September 20,1988.
PLACE: Offices of the Corporation, fourth 
floor Board Room, 1615 M Street NW„ 
Washington, DC.
STATUS: The first part of the meeting 
from 1:30 p.m. to 3:00 p.m. will be closed 
to the public. The open portion of the 
meeting will commence at 3:00 p.m. 
(approximately).
MATTERS TO BE CONSIDERED (Closed to 
the public 1:30 p.m. to 3:00 p.m.):
1. Finance Project in Oceanian Country
2. Finance Project in West African Country
3. Finance Project in South American Country
4. Finance and Insurance Project in South

American Country
5. Insurance Project in South American

Country
6. Claims Report
7. Legislative Update
8. Finance Report
9. Finance and Insurance Reports

FURTHER MATTERS TO BE CONSIDERED
(Open to the Public 3:00 p.m.):
1. Approval of the Minutes of the Previous

Board Meeting
2 . Approval of Proposed Regular Meetings of

the Board
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3. Treasurer’s Report
4. Information Reports

CONTACT PERSON FOR INFORMATION:
Information with regard to the meeting 
may be obtained from the Secretary of 
the Corporation, on (202) 457-7079. 
Margaret A. Kole,
OPIC Corporate Secretary.
September 6,1988.

[FR Doc. 88-20478 Filed 9-6-88; 11:08 am] 
BILUNG CODE 3210-01-M

TENNESSEE VALLEY AUTHORITY 
“FEDERAL REGISTER” CITATION OF
pr ev io u s  announcement: T o be
published September 6,1988.
PREVIOUSLY ANNOUNCED TIME AND DATE 
OF MEETING: 10 a.m. (c.d.t.) Wednesday, 
September 7,1988.
PREVIOUSLY ANNOUNCED PLACE AND 
DATE OF MEETING: Itawamba Community 
College, Technical Building, Lecture 
Demonstration Room, 653 Eason 
Boulevard, Tupelo, Mississippi.
CHANGES IN THE MEETING:

Each member of the TVA Board of 
Directors has approved the addition of 
the following item to the previously 
announced agenda:
B—Purchase awards

2. Requisition 67—Long Term Spot Coal for 
Paradise Steam Plant.

CONTACT PERSON FOR MORE 
INFORMATION: Alan Carmichael, 
Manager, Public Affairs, or a member of 
his staff can respond to requests for 
information about this meeting. Call 
615-632-8000, Knoxville, Tennessee. 
Information is also available at TVA’s 
Washington Office, 202-245-0101.
Edward S. Christenbury,
General Counsel and Secretary to the Board. 
[FR Doc. 88-20455 Filed 9-6-88; 11:08 am] 
BILLING CODE 8120-01-M

FEDERAL MINE SAFETY AND HEALTH 
REVIEW COMMISSION
TIME AND d a t e : 10:00 a.m., Thursday, 
September 8,1988.
PLACE: Room 600,1730 K Street, NW„ 
Washington, DC.
STATUS: Open.

MATTERS TO BE CONSIDERED: The
Commission will consider and act upon 
the following:
1. Western Fuels-Utah, Docket Nos. WEST

86-113-R, etc. (Issues include whether 
the Administrative Law Judge erred in 
concluding that Western Fuels violated 
section 115(a) of the Mine Act and 30 
C.F.R. § 48.7 by failing to “task train" a 
section foreman on a roof bolting 
machine before his operation on that 
machine.)

2. Kaiser Coal Corporation, Docket No.
WEST 88-131-R. (Issues include whether 
the Commission has jurisdiction to 
entertain a request for declaratory relief 
independent of an enforcement action 
and whether the Administrative Law 
Judge erred in denying Kaiser’s 
application for declaratory relief.)

Any person intending to attend this 
meeting who requires special 
accessibility features and/or auxiliary 
aids, such as sign language interpreters, 
must inform the Commission in advance 
of those needs. Subject to 29 CFR 
§ 2706.150(a)(3) and § 2706.160(d).
CONTACT PERSON FOR MORE 
INFORMATION: Jean Ellen (202) 653-5629/ 
(202) 566-2673 for TDD Relay.
Jean H. Ellen,
Agenda Clerk.
[FR Doc. 88-20518 Filed 9-6-88; 4:58 pm] 
BILLING CODE 6735-01-M
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This section of the FEDERAL REGISTER 
contains editorial corrections of previously 
published Presidential, Rule, Proposed 
Rule, and Notice documents and volumes 
of the Code of Federal Regulations.
These corrections are prepared by the 
Office of the Federal Register. Agency 
prepared corrections are issued as signed 
documents and appear in the appropriate 
document categories elsewhere in the 
issue.

ENVIRONMENTAL PROTECTION 
AGENCY

[OPP-180785; FRL-3427-4]

Emergency Exemptions

Correction

In notice document 88-18031 beginning 
on page 30092 in the issue of 
Wednesday, August 10,1988, make the 
following corrections:

1. On page 30093, in the first column, 
in paragraph 29, in the eighth line, the 
date should read “April 6 ,1988”.

2. On the same page, in the second 
column, in the ninth line, "lettuce” was 
misspelled.
BILLING CODE 1505-01-D

ENVIRONMENTAL PROTECTION 
AGENCY

[OPP-50675A; FRL-3434-7]

Issuance of an Experimental Use 
Permit; Genetically Engineered 
Microbial Pesticide

Correction

In notice document 88-19301 beginning 
on page 32440 in the issue of Thursday, 
August 25,1988, make the following 
correction:

On page 32440, in the third column, in 
the eighth line from the bottom,
“5x1016” should read “5 x l0 16”.
BILUNG CODE 1505-01-D

ENVIRONMENTAL PROTECTION 
AGENCY

[OPTS-51710; FRL-3433-4]

Toxic and Hazardous Substances; 
Certain Chemicals Premanufacture 
Notices

Correction

In notice document 88-18955 beginning 
on page 31915 in the issue of Monday, 
August 22,1988, make the following 
corrections:

1. On page 31916, in the second 
column, under P 88-1619, in the fourth 
line from the bottom, “toxicity” was 
misspelled.

2. On page 31917, in the second 
column, under P  88-1641, in the first line, 
"Hitachie” should read “Hitachi”.

3. On page 31919, in the first column,
under P 88-1678, in the third line, 
“bicyucloalkene” should read 
“bicycloalkene”. >

4. On page 31920, in the first column, 
under P 88-1701, in the second line, “4- 
(4-Methyl-e-” should read “4-(4-methyl- 
3-”.

5. On the same page, in the third 
column, under P 88-1714, in the third 
line, “2,2,2-trifluor-4’-chloro-” should 
read “2,2,2-trifluoro-4’-chloro”.
BILUNG CODE 1505-01-D

GENERAL SERVICES 
ADMINISTRATION

48 CFR Parts 548 and 552

[GSAR Notice 5-257]

General Services Administration 
Acquisition Regulation; Value 
Engineering

Correction

In proposed rule document 88-19596 
beginning on page 33155 in the issue of 
Tuesday, August 30,1988, make the 
following correction:

On page 33156, in the first column, 
under ADDRESS, in the ninth line the 
phone number should read “(202) 523- 
3822”.
BILLING CODE 1505-01-0

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES

Food and Drug Administration

21 CFR Part 12

[Docket No. 87N-0364]

Formal Evidentiary Public Hearing; 
Time Periods for Filing Exceptions to 
Initial Decisions and Replies to 
Exceptions
Correction

In rule document 88-17708 appearing 
on page 29453 in the issue of Friday, 
August 5,1988, make the following 
correction:

In the second column, in the seventh 
line from the bottom, "sec. 44(b)” should 
read “sec. 24(b)”.
BILLING CODE 1505-01-D

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES

Food and Drug Administration

[Docket No. 86P-0510]

Canned Green Beans Deviating From 
Identity Standard; Extension and 
Amendment of Temporary Permit for 
Market Testing

Correction

In notice document 88-18328 
appearing on page 30716 in the issue of 
Monday, August 15,1988, make the 
following correction:

In the second column, on the first line, 
“(HHF-414),” should read “(HFF-414),.
BILUNG CODE 1505-01-D

DEPARTMENT OF HEALTH AND 
HUMAN SERVICES

Food and Drug Administration

[Docket No. 86P-0369]

Canned Pacific Salmon Deviating From 
Identity Standard; Extension of 
Temporary Marketing Permit

Correction

In notice document 88-18330 beginning 
on page 30716 in the issue of Monday, 
August 15,1988, make the following 
correction:
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On page 30716, in the third column, 
the Docket Number in the heading 
should appear as set forth above.
BILUNG CODE 1505-01-0

SMALL BUSINESS ADMINISTRATION 

13CFR Part 115
[Revision 2]

Surety Bond Guarantee
Correction

In rule document 88-19168 beginning 
on page 32195 in the issue of 
Wednesday, August 24,1988, make the 
following correction:

PART 115—CORRECTED]

Appendix B—[Corrected]
On page 32209, in the second column, 

in paragraph f. in the 4th and 5th lines,

remove “Likewise, the file is to show 
subject contractor
BILLING CODE 1505-01-D

DEPARTMENT OF TRANSPORTATION

Coast Guard

46 CFR Parts 31 and 91

[CGD 84-024]

RIN2115-AB58

Intervals for Drydocking and Tailshaft 
Examination on Inspected Vessels

Correction

In rule document 88-18981 beginning 
on page 32225 in the issue of 
Wednesday, August 24,1988, make the 
following corrections:

§ 31.10-21 [Corrected]

1. On page 32230, in § 31.10-21(a)(l), in 
Note 2 under table 31.10-21(a), in the 
first line, “internal” should read 
“external”.

2. On the same page, in § 31.10- 
21(a)(2), in Note 2 under table 31.10- 
21(b), in the first line, “internal” should 
read “external”.

§ 91.40-1 [Corrected]

3. On page 32231, in the third column, 
in amendatory instruction 16, in the fifth 
line, “(a)(20)” should read “(a)(2)”.
BILUNG CODE 1505-01-D



Thursday
September 8, 1988

Part II

Department of 
Transportation
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14 CFR Part 129
Operations: Foreign Air Carriers and 
Foreign Operators of U.S. Registered 
Aircraft Engaged in Common Carriage; 
Proposed Rulemaking
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DEPARTMENT OF TRANSPORTATION

Federa l A v ia tio n  A d m in is tra tio n  

14 CFR Part 129

| Docket No. 25693; Notice No. 88-14]
RIN 2120-AC42

O pera tions ; F ore ign  A ir C a rrie rs  and 
F ore ign  O pe ra to rs  o f  U .S .-Reg istered 
A irc ra ft E ngaged in C om m on C arriage

a g e n c y : Federal Aviation 
Administration (FAA), DOT.
A C T IO N : Notice of proposed rulemaking.

s u m m a r y : This notice proposes to 
amend the foreign air carrier security 
regulations to require foreign air 
carriers, that land or take off in the 
United States, to submit to the FAA a 
written security program accetpable to 
the Administrator that describes the 
procedures, facilities, and equipment 
used by the foreign air carrier to provide 
for the safety of persons and property 
traveling in air transportation against 
acts of criminal violence and air piracy. 
This proposal is intended to ensure 
adequate security measures are being 
implemented by foreign air carriers who 
take off and land in the United States, 
d a t e s : Comments must be received on 
or before November 7,1988. 
a d d r e s s e s : Comments on this notice 
are to be mailed in triplicate to: Federal 
Aviation Administration, Office of the 
Chief Counsel, Attention: Rules Docket 
(AGC-204), Docket No. 25693, 800 
Independence Avenue, SW.,
Washington, DC 20591. Comments 
delivered must be marked Docket No, 
25693. Comments may be inspected in 
the Rules Docket, Room 916, between 
8:30 a.m. and 5:00 p.m. on weekdays, 
except Federal holidays.
FOR FURTHER IN FO R M A TIO N  C O N TA CT:
Mr. David A. Smith, Domestic Civil 
Aviation Security Division (ACS-100), 
Federal Aviation Administration, 800 
Independence Avenue, SW.,
Washington, DC 20591, telephone (202) 
267-3947.
S U PPLEM EN TA R Y IN FO R M A TIO N :

Comments Invited

Interested persons are invited to 
participate in this proposed rulemaking 
by submitting such written data, views, 
or arguments as they may desire. 
Comments relating to the environmental, 
energy, or economic effects that might 
result from the adoption of the proposal 
contained in this notice are invited. 
Communications should identify the 
regulatory docket or notice number and 
be submitted in duplicate to the address 
listed above. Commenters wishing the

FAA to acknowledge receipt of their 
comments submitted in response to this 
notice must submit with those comments 
a self-addressed, stamped postcard on 
which the following statement is made: 
“Comments to Docket No. 25693.” The 
postcard will be date and time stamped 
and returned to the commenter. All 
communications received on or before 
the closing date for comments will be 
considered by the Administrator before 
taking action on the proposed rule. The 
proposals contained in this notice may 
be changed in light of comments 
received. All comments submitted will 
be available for examination in the 
Rules Docket both before and after the 
closing date for comments. A report 
summarizing each substantive public 
contact with FAA personnel concerned 
with this rulemaking will be filed in the 
docket.

Availability of NPRM

Any person may obtain a copy of this 
Notice of Proposed Rulemaking (NPRM) 
by submitting a request to the Federal 
Aviation Administration, Office of 
Public Affairs, Attention: Public Inquiry 
Center (APA-230), 800 Independence 
Avenue, SW„ Washington, DC 20591, or 
by calling (202) 267-3484. 
Communications must identify the 
notice number of this NPRM. Persons 
interested in being placed on the mailing 
list for future NPRM’s should also 
request a copy of Advisory Circular No. 
11-2A, Notice of Proposed Rulemaking 
Distribution System, which describes 
the application procedures.

Background

Section 129.25(b) of the Federal 
Aviation Regulations (FAR) currently 
requires each foreign air carrier, that 
lands or takes off in the United States, 
to adopt and use a security program for 
each scheduled and public charter 
passenger operation as defined in 
§ 129.25(a)(5) and (a)(6). Section 
129.25(e) requires that each foreign 
carrier shall, upon the request of the 
Administrator and in accordance w'ith 
applicable law, provide information 
regarding the implementation and 
operation of its security program.

These regulations were issued by the 
FAA in July 1975, consistent with its 
statutory responsibilities, at a time 
when aviation security had only 
recently become the focus of 
international attention. Indeed, at the 
time that the regulations were proposed, 
international standards on the subject of 
aviation security had yet to be adopted 
by the International Civil Aviation 
Organization (ICAO). The International 
Civil Aviation Organization adopted 
such standards and recommended

practices in 1974, but their scope was 
rather limited.

Today, security is a major concern of 
the international aviation community. 
Terrorist activity against international 
civil aviation has increased and grown 
more sophisticated over the past 
decade. The United States has 
supported the many actions taken by 
ICAO in this area, including significant 
enhancements of the security standards 
and recommended practices contained 
in Annex 17 to the Convention on 
International Civil Aviation (“Chicago 
Convention”).

On the bilateral front, the United 
States has negotiated comprehensive 
security articles in U.S. air transport 
agreements with many of our aviation 
partners. We are also continuously 
working with other countries to improve 
the level of international aviation 
security including technical assistance 
and consultations.

The United States also has taken its 
own steps to protect against the world­
wide terrorist threat. In 1985, Congress 
enacted the International Security 
Development and Cooperation Act (Pub. 
L. 99-83) which, among other things, 
requires the Department of 
Transportation periodically to assess 
the effectiveness of security measures 
maintained at foreign airports being 
served by U.S. air carriers and those 
from which foreign air carriers serve the 
United States. This Act requires that the 
standard for evaluating these airports be 
based upon, at a minimum, the 
standards and appropriate 
recommended practices contained in 
Annex 17.

In light of our experience since the 
initial issuance of these regulations, and 
in light of developments in U.S. domestic 
legislation and the international 
standards and recommended practices, 
the FAA believes that it w'ould be 
appropriate to amend Part 129. The 
regulations contained in Part 129 
implement not only U.S. statutory 
requirements, but also the provisions of 
Annex 17 with respect to foreign air 
carriers operating to or from the United 
States. As such, Part 129 provides an 
important means by which to ensure 
that those operations comply with 
international and domestic 
requirements. As already discussed, the 
security requirements contained in Part 
129 wmre issued when Annex 17, and 
domestic aviation security regulations, 
were in their infancy. There is now a 
need to make Part 129 more detailed and 
comprehensive to better reflect the 
enhancements made in international 
security requirements.
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These changes are also necessary to 
make Part 129 more consistent with the 
provisions of the International Security 
and Development Cooperation Act. That 
Act, as noted, amended section 1115 of 
the Federal Aviation Act to require in­

security assessments of foreign airports 
served by U.S. carriers and from which 
foreign carriers serve the United States. 
Evaluations of the effectiveness of the 
security measures used by those foreign 
carriers at those airports is integral to 
an airport assessment. The proposed 
amendments will provide a better means 
of assuring that the purpose of this 
provision of the Act is fulfilled.

This proposal, if adopted, would 
ensure that adequate security measures 
are being implemented by foreign air 
carriers with respect to operations to 
and from the United States by requiring 
that their security programs be 
acceptable to the Administrator. The 
proposed rule would be consistent with 
U.S. international obligations. Under the 
Chicago Convention and U.S. bilateral 
air transport agreements, foreign 
carriers are required to comply with the 
laws and regulations governing 
admission to or departure from the 
United States and the operation and 
navigation of those aircraft while within 
U.S. territory. The current provisions of 
Part 129 and the proposed changes are 
in the category of those laws and 
regulations. In addition, many.of the 
U.S. bilateral air transport agreements 
contain specific provisions requiring 
compliance with ICAO and domestic 
provisions governing aviation security. 
The implementation of these proposals, 
if adopted, would be done in accordance 
with these international obligations.

If the FAA adopts this proposal, a 
model Standard Security Program, 
which meets the requirements of the 
final rule and is based on the 
international security provisions 
established by ICAO, will be prepared.
It will be available to foreign carriers for 
implementation at foreign air carrier 
stations within the United States and at 
stations that are a last point of 
departure to landing in the United 
States. Future changes to these security 
programs, consistent with U.S. 
international obligations, may be 
necessary to continue to ensure that 
adequate security measures are being 
taken by foreign air carriers.

This proposal is not unique to the 
United States. Other Countries, including 
Canada and the Federal Republic of 
Germany, require air carriers operating 
to or from their countries to provide 
security programs for review and 
approval,

Under this proposal, no foreign air 
carrier may land or take off in the

United States from 90 days after the 
effective date unless the foreign air 
carrier has a security program 
acceptable to the Administrator. A 
foreign air carrier, currently conducting 
operations subject to this part, would be 
required to submit a proposed security 
program that meets the requirements of 
Part 129 to the Administrator no later 
than the effective date. It is anticipated 
that the effective date of the proposed 
rule would be 60 days after publication 
of the final rule in the Federal Register. 
The FAA does not anticipate that that 
this will impose a significant burden 
since foreign air carriers that land or 
take off in the United States and that 
meet the requirements of § 129.25(b) are 
required presently to adopt and use a 
security program; moreover, since a 
foreign air carrier is not required to have 
an acceptable security program until9d  
days after the effective date, there 
should be adequate time in which to 
develop, modify, and submit a proposed 
security program. Unless otherwise 
authorized by the Administrator, foreign 
air carriers that want to begin 
operations after the effective date would 
be required to submit a proposed 
security program 90 days before 
passenger operations are scheduled to 
begin. Thereafter, the time schedules 
and procedures contained in this 
proposal would be followed for 
subsequent modifications of the foreign 
air carrier’s security program. The 
proposed rule provides slightly extended 
timeframes from those contained in Part 
108 of the Federal Aviation Regulations 
(FAR). The FAA invites comments on 
the proposed timeframes and 
appropriate alternatives.

Regulatory Evaluation
The proposal to amend Part 129 of the 

FAR would require each foreign air 
carrier, that lands or takes off in the 
United States, to submit a written 
security program to the FAA. These 
programs would be for implementation 
at foreign air carrier stations within the 
United States and stations that are the 
last point of departure prior to landing 
in the United States. The program would 
have to describe the procedures, 
facilities, and equipment used by the 
foreign air carrier to ensure the safety of 
passengers and property traveling on 
board its aircraft against acts of 
criminal violence and air piracy and be 
acceptable to the Administrator.

The FAA has determined that this 
proposal would affect the 111 foreign air 
carriers currently operating scheduled 
flights into the United States under Part 
129. The regulatory evaluation prepared 
for this proposal estimates that the total 
cost of compliance to the affected 111

foreign air carriers with the security 
program requirements of this notice is 
$669,120 in 1986 dollars. An additional 
200 entities, whose operations are not 
included in § 129.25(b), are involved in 
small aircraft charter and air taxi 
operations to the United States on a 
nonscheduled basis. They are not now 
required to have security programs, and 
this proposal would not require them to 
have security programs.

The primary benefits of this proposal 
would be the prevention of potential 
fatalities, injuries, and property losses 
resulting from criminal acts and acts of 
terrorism perpetrated against domestic 
and foreign aviation interests. The FAA 
has not been able to quantitatively 
estimate the extent to which these 
proposals will be effective in deterring 
acts of criminal violence and air piracy. 
The FAA believes, however, that the 
estimated $669,120 cost of compliance 
can be fully recovered if only one life, 
valued at $1,000,000, is saved as a result 
of the prevention of an act of criminal 
violence or air piracy. Hence, if one 
fatality is prevented as a result of this 
proposal during the 10-year period 
following implementation of the rule, the 
benefits of this proposal will be 1.5 
times greater than the cost.

Regulatory Flexibility Determination

The FAA has determined that 
pursuant to the Regulatory Flexibility 
Act of 1980, the proposed amendment 
does not affect U.S. enterprises and 
therefore will not have a significant 
economic impact, positive or negative, 
on a substantial number of small 
domestic entities.

International Trade Impact Analysis

This proposal affects foreign air 
carriers operating under Part 129. The 
average onetime cost impact of $6,028 
for each of the affected 111 foreign air 
carriers is considered negligible in 
comparison to the annual operating 
budgets of these carriers. Accordingly, 
this proposal, if adopted, would have 
little or no impact on trade opportunities 
for U.S. firms doing business overseas or 
for foreign firms doing business in the 
United States. Also, U.S. air carriers 
operating to foreign destinations already 
have detailed security programs fully 
implemented; therefore, should any 
foreign government apply a similar 
requirement as a result of this rule, costs 
to U.S. air carriers, would be small.

Paperwork Reduction Act Approval

Section 129.25(e)(1) would require 
each foreign air carrier landing or taking 
off in the United States to submit a 
security program acceptable to the
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Administrator to the FAA. In 
accordance with the Paperwork 
Reduction Act of 1980 (Pub. L. 96-511), 
the recordkeeping and reporting 
provisions contained in this NPRM have 
been submitted for approval to the 
Office of Management and Budget 
(OMB). Comments on these 
requirements should be submitted to the 
Office of Information and Regulatory 
Affairs (OMB), New Executive Office 
Building, Room 3001, Washington, DC 
20503; Attention: FAA Desk Officer, 
telephone (202) 395-7340. A copy should 
be submitted to the FAA docket.

Federalism Implications

The regulations proposed herein 
would not have substantial direct effects 
on the states, on the relationship 
between the national government and 
the states, or on the distribution of 
power and responsibilities among the 
various levels of government. Thus, in 
accordance with Executive Order 12612, 
it is determined that such regulation 
does not have federalism implications 
warranting the preparation of a 
Federalism Assessment.

Conclusion

For the reasons discussed in the 
preamble, and based on the findings in 
the Regulatory Flexibility Determination 
and the International Trade Impact 
Analysis, the FAA has determined that 
this proposed regulation is not major 
under Executive Order 12291. 
Additionally, this proposal, if adopted, 
will not have a significant economic 
impact, positive or negative, on a 
substantial number of small entities 
under the criteria of the Regulatory 
Flexibility Act. This proposal is 
considered significant under DOT 
Regulatory Policies and Procedures (44 
FR 11034; February 26,1979). An initial 
regulatory evaluation of the proposal, 
including a Regulatory Flexibility 
Determination and Trade Impact 
Analysis, has been placed in the docket. 
A copy may be obtained by contacting 
the person identified under “ FOR  
FURTHER IN FO R M A TIO N  C O N T A C T ,”

List of Subjects in 14 CFR Part 129

Aircraft, Air carrier, Airports,
Aviation safety, Weapons.

The Proposed Amendments

In consideration of the foregoing, the 
FAA proposes to amend Part 129 of the 
Federal Aviation Regulations (14 CFR 
Part 129) as follow's:

PART 129— OPERATIONS: FOREIGN 
AIR CARRIERS AND FOREIGN 
OPERATORS OF U.S.-REGISTERED 
AIRCRAFT ENGAGED IN COMMON 
CARRIAGE

1. The authority citation for Part 129 
continues to read as follow's:

Authority: 49 U.S.C. 1346.1354(a), 1356, 
1357,1421,1502, and 1511; 49 U.S.C. 106(g) 
(Revised Pub. L. 97-449, January 1 2 ,19B3).

2. Section 129.25 is amended by 
revising paragraph (b) introductory text, 
paragraph (b)(2), the introductory text of 
paragraph (c), paragraphs (d) and (e) to 
read as follows;

§ 1 29 .25  A irp la n e  s ec u rity .
* * * * *

(b) After December 7,1988, each 
foreign air carrier landing or taking off 
in the United States shall adopt and use 
a security program, acceptable to the 
Administrator, for each scheduled and 
public charter passenger operation, that 
meets the requirements of— 
* * * * *

(2) Paragraph (c) of this section for 
each operation that will provide 
deplaned passengers access to a sterile 
area, if that access is not controlled by a 
certificate holder using an approved 
security program or a foreign air carrier 
using a security program acceptable to 
the Administrator required by this 
section;
* * * * *

(c) After December 7,1988, in order to 
be acceptable to the Administrator, each 
security program required by paragraph 
(b) (1), (2), or (3) of this section must be 
designed to—
* * * * *

(d) After December 7,1988, in order to 
be acceptable to the Administrator, each 
security program required by paragraph 
(b)(4) of this section must include the 
procedures used to comply with the 
applicable requirements of paragraph 
(h)(2) and (i) of this section regarding 
law enforcement officers.

(e) The following procedures apply for 
acceptance of a security program by the 
Administrator:

(1) Unless otherwise authorized by the 
Administrator, each foreign air carrier 
required to have a security program by 
paragraph (b) of this section shall 
submit its proposed security program to 
the Administrator by [effective date] or 
at least 90 days before the intended date 
of passenger operations, whichever is 
later. The proposed security program 
must be in English unless the 
Administrator requests that the 
proposed program be submitted in the 
official language of the foreign air 
carrier’s country. The Administrator will

1988 /  Proposed Rules

notify the foreign air carrier of the 
security program’s acceptability, or the 
need to modify the proposed security 
program for it to be acceptable under 
this part, within 30 days after receiving 
the proposed security program. The 
foreign air carrier may petition the 
Administrator to reconsider the notice 
to modify the security program within 30 
days after receiving the notice to 
modify.

(2) In the case of a security program 
previously found to be acceptable, the 
Administrator may subsequently find 
that the program will become 
unacceptable unless appropriate 
revisions are made in the interest of 
safety in air transportation or in air 
commerce and in the public interest 
within a specified period of time. In 
making such a finding the following 
procedures apply:

(i) The Administrator notifies the 
foreign air carrier, in writing, of a 
proposed finding of unacceptability, 
fixing a period of not less than 45 days 
within which the foreign air carrier may 
submit written information, views, and 
arguments on the proposed finding.

(ii) At the end of the comment period, 
after considering all relevant material, 
either the Administrator issues a finding 
of unacceptability, specifying 
appropriate revisions to make the 
program acceptable, or rescinds the 
proposed Finding. If the Administrator 
issues a Finding of unacceptability, the 
program becomes unacceptable 45 days 
thereafter, unless the foreign air carrier 
either—

(A) Revises the program so that it 
becomes acceptable to the 
Administrator and submits the revised 
program to the Administrator; or

(B) Petitions the Administrator to 
reconsider the finding of 
unacceptability, in which case the 
program remains unaccepable until the 
Administrator reconsiders the matter.

(3) If the Administrator finds that 
there is an emergency requiring 
immediate action with respect to safety 
in air transportation or in air commerce, 
the Administrator may issue an 
emergency notice of unacceptability. In 
such a case, the Administrator 
incorporates in the notice the finding of 
unacceptability, a brief statement of the 
reasons for the proposed revision, and 
appropriate revisions that would make 
the security program acceptable to the 
Administrator. The security program is 
considered to be unacceptable when the 
foreign air carrier receives the 
emergency notice of unacceptability 
unless immediate revisions are made to 
the security program. To ensure 
acceptability of the revision, the foreign
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air carrier must submit a copy of it to 
the Administrator.

(4) A foreign air carrier must submit 
any amendments to its security program 
to the Administrator for a finding of 
acceptability. The proposed amendment 
must be filed with the Administrator at 
least 45 days before the date the foreign 
air carrier proposes for the amendment 
to become effective, unless a shorter 
period is allowed by the Administrator. 
Within 30 days after receiving a 
proposed amendment, the Administrator 
will notify the foreign air carrier 
whether the amendment is acceptable. 
The foreign air carrier may petition the 
Administrator to reconsider a notice of 
unacceptability of the proposed 
amendment within 45 days after 
receiving notice of unacceptability.
* * ★  ★  *

Issued in Washington, DC on August 31, 
1988.
Raymond A. Salazar,
Director of Ci vii A via lion Security.
(FR Doc. 88-20319 Filed 9-7-88; 8:45 am]
BILLING CODE 4910-13-M
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DEPARTMENT OF EDUCATION

Office of Special Education and 
Rehabilitative Services

National Institute on Disability and 
Rehabilitation Research; Consolidated 
Application Package; Fiscal Year 1989
AGENCY: Department of Education. 
a c t io n : Notice inviting applications for 
new awards under certain programs.

SUMMARY: The Secretary invites 
applications for new awards under the 
Rehabilitation Research and Training 
Center (RRTC) program, the Career 
Development and Research Training 
program, the Field-Initiated Research 
Projects program, the Innovation Grants 
program, and the Research Fellowship 
program of the National Institute on 
Disability and Rehabilitation Research 
(NIDRR).

This notice consists of four sections. 
Section I provides background 
information. Section II contains four lists 
of program application notices and 
application information that pertains to 
the programs in each list. Section III 
provides further guidance on the 
application process. Section IV contains 
the basic application forms and 
instructions for completing the forms. No 
separate application package is 
necessary to apply for awards under the 
programs announced in this notice. 
d a t e s : The closing dates for 
transmitting applications under this 
notice are listed in Section II of this 
notice.
a d d r e s s : Applications are to be mailed 
to the following address: U.S.

Department of Education, 400 Maryland 
Avenue, SW., Application Control 
Center, Washington, DC 20202-4725. See 
Section III for detailed information 
related to hand-delivered applications.
FOR FURTHER INFORMATION CONTACT:
The National Institute on Disability and 
Rehabilitation Research, 400 Maryland 
Avenue, SW., Washington DC 20202. 
Telephone: (202) 732-1207; deaf and 
hearing impaired-persons may call (202) 
732-1198 for TDD service.
SUPPLEMENTARY INFORMATION: The
publication of these closing dates or 
these estimated founding levels does not 
bind the Department of Education to 
make awards in any of these categories, 
or to any specific number of awards or 
funding levels, unless otherwise 
specified in statute.

Paperwork Reduction Act of 1980

This combined application package 
contains no new information collection 
requirements. The information collection 
requirements contained herein have 
been approved by the Office of 
Management and Budget (OMB) under 
Control Number 1820-0027.

Section I— General

Application closing dates are listed in 
Section II of this notice. Closing dates 
and procedures may vary from program 
to program. The chart in Section II 
informs potential applicants of: Program 
titles; Catalog of Federal Domestic 
Assistance (CFDA) number; deadline for 
transmittal of applications (closing 
date); estimated available funds; 
estimated number of awards; estimated

range of awards; estimated size of 
awards; and expected project period.

This notice also contains a detailed 
description of the RRTC on 
Rehabilitation in the Pacific Basin, in 
accordance with the provisions of the 
Rehabilitation Act Amendments of 1986. 
Prospective applicants for that award 
under the RRTC program should prepare 
their applications based on that 
description. Interested parties should be 
aware that the Secretary intends to 
publish proposed and final priorities for 
other RRTC awards in a separate issue 
of the Federal Register.

Applicants may apply for awards 
under more than one program, and may 
apply for more than one award within a 
given program. However, applicants 
must submit a complete and separate 
application for each individual award 
for which they are applying. To ensure 
expeditious processing of their 
respective applications, applicants are 
particularly requested to make certain 
that the correct CFDA number for the 
program appears on each application. 
Following the chart is the specific 
program information on: the purpose of 
each program, applicable regulations, 
information contact persons, and any 
other program information and specific 
application requirements not covered in 
the application form in Section IV.

Section II— Program Application Notices

This section contains (1) a listing of 
application notices for new awards for 
fiscal year 1989, and (2) specific 
application information and 
requirements for individual programs.

National Institute on Disability and Rehabilitation Resea r c h  Information for  Transmittal o f Applications U n d e r

Certain Pr ograms for Fiscal Year 1989

C F D A
No. Prog ram  title

D e a d lin e
for

transm itta l
of

ap p lic a ­
tions

E s tim ate d
a v a ilab le

funds

E s tim ate d  
n um be r  

o f aw ard s
E s tim ate d  ra n g e  o f aw ards E s tim ate d  a v e ra g e  aw ard Project period 

(in m onths)

8 4 .1 3 3 B R e hab ilita tion  R e s e a rc h  an d  T ra in - 1 1 - 0 2 - 8 8 $ 7 0 0 .0 0 1 $ 7 5 0 ,0 0 0 ................................. ............ $ 7 5 0 ,0 0 0 ..................... U p  to 60.
ing C e n te r.

8 4 .1 3 3 C Innovation  G ra n ts  P ro g ra m .................. 6 - 0 1 - 8 9 7 5 0 ,0 0 0 2 0 $ 5 0 ,0 0 0 ................................................. $ 5 0  0 0 0
8 4 .1 3 3 F R e s e a rc h  F e llo w sh ip s ............................ . 1 2 - 0 2 - 8 8 3 0 0 ,0 0 0 10 $ 2 5 ,0 0 0  p lus $ 3 0 ,0 0 0  plus $ 2 7 ,5 0 0  plus $ 1 ,5 0 0  ex- U p to 12.

$ 1 ,5 0 0  e x p en ses . pen ses .
8 4 .1 3 3 G F ie ld -In itia te d ...................... ......................... 1 1 - 3 0 - 8 8 2 ,0 0 0 ,0 0 0 2 0 $ 7 5 ,0 0 0  to  $ 1 2 5  0 0 0 $ m n  nnn
8 4 .1 3 3 P C a re e r  D e v e lo p m e n t R e s e a rc h 1 1 - 0 2 - 8 8 3 7 5 ,0 0 0 3 $ 1 0 0 ,0 0 0  to  $ 1 2 5 ,0 0 0 .................. $ 1 2 5 ,0 0 0 ............................................... U p  to 36.

Train ing.

Title o f Program : Rehabilitation 
Research and Training Centers 

CFDA N o.: 84.133B
Purpose: Rehabilitation Research and 

Training Centers (RRTCs) conduct 
coordinated and advanced programs 
of rehabilitation research, provide

training—including undergraduate, 
graduate, and in-service training—to 
research and other rehabilitation 
personnel, and assist individuals to 
more effectively provide rehabilitation 
services.

A pplicable Regulations: (a) The 
regulations governing the RRTC 
program at 34 CFR Parts 350 and 352, 
and (b) the Education Department 
General Administrative Regulations at 
34 CFR Parts 74, 75, 77, 78 and 80,
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Contact P erson: L. Deno Reed, National 
Institute on Disability and 
Rehabilitation Research, 400 
Maryland Avenue, SW., Washington, 
DC. 20202. Telephone (202) 732-1193; 
deaf and hearing-impaired persons 
may call (202) 732-1198 for TDD 
services.

Program A uthority: 20 U.S.C. 762(b)(1)

Supplem entary Information and  
Requirem ents

Eligible A pplicans: Under this program, 
awards are made to institutions of 
higher education, or to public or 
private agencies or organizations, 
including Indian tribes and tribal 
organizations, in affiliation with 
institutions of higher education. 
Applicant institutions need not be 
located currently in the Pacific Basin. 
However, clinical research, training, 
and other Center activities must be 
carried out in the Pacific Basin.

Special R equirem ents: The RRTC to be 
funded under this notice is for 
R esearch on Rehabilitation Problem s 
in the P acific Basin. In the 
Rehabilitation Act Amendments of 
1984 (Pub. L.90-221), the Congress 
mandated that NIDRR establish a 
Research and Training Center in the 
Pacific Basin.
In the Rehabilitation Act Amendments 

of 1986 (Pub. L. 99-506), the Congress 
further specified a scope of work for the 
Pacific Basin Center. The RRTC, in 
addition to meeting the statutory and 
regulatory requirements for all RRTCs 
must address effectively the following 
activities specified in the Rehabilitation 
Act Amendments of 1986:

• Develop a sound demographic 
database on the distribution of 
disabilities and related factors among 
various groups and localities in the 
region;

• Analyze, develop, and promote the 
utlization of appropriate technology to 
aid disabled persons;

• Develop a culturally relevant 
program to train personnel in the 
provision of rehabilitation services;

• Facilitate interagency 
communication and cooperation among 
rehabilitation-related agencies in the 
Pacific Basin and between the RRTC 
and other rehabilitation information 
resources* using advanced information 
technology; and

• Develop appropriate rehabilitation 
interventions and cost-affective service 
delivery models to improve 
rehabilitation in die Pacific Basin. 
Selection Criteria: The Secretary uses 
the following criteria in 34 CFR 352.31 to 
evaluate an application under this 
program.

(a) R elevance and im portance o f the 
research  program . (20 points)

The Secretary reviews each 
application to determine to what 
degree—

(1) The proposed activities are 
responsive to a priority established by 
the Secretary and address a significant 
need of a disabled target population and 
rehabilitation service providers;

(2) The overall research program of 
the Center includes appropriate 
interdisciplinary and collaborative 
research activities, is likely to lead to 
new and useful knowledge in the 
priority area, and is likely to become a 
nationally recognized source of 
scientific knowledge; and

(3) The applicant demonstrates that 
all component activities of the Center 
are related to the overall objective of the 
Center, and will build upon and 
complement each other to enhance the 
likelihood of solving significant 
rehabilitation problems.

(b) Quality o f the R esearch design. (35 
points) The Secretary reviews each 
application to determine to what 
degree—

(1) The applicant proposes a 
comprehensive research program for the 
entire project period, including at least 
three interrelated research projects;

(2) The research design and 
methodology of each proposed activity 
are meritorious in that—

(i) The literature review is appropriate 
and indicates familiarity with current 
research in the field;

(ii) The research hypotheses are 
important and scientifically relevant;

(iii) The sample populations are 
appropriate and significant;

(iv) The data collection and 
measurement techniques are 
appropriate and likely to be effective;

(v) The data analysis methods are 
appropriate; and

(vi) The applicant assures that human 
subjects, animals, and the environment 
are adequately protected; and

(3) The application discusses the 
anticipated research results and 
demonstrates how those results would 
satisfy the original hypotheses and 
could be used for planning future 
research, including generation of new 
hypotheses where applicable.

(c) Quality o f the training and  
dissem ination program . (25 points): The 
Secretary reviews each application to 
determine the degree to which—

(1) The proposed plan for training and 
dissemination provides evidence that 
research results will be effectively 
disseminated and utilized based on the 
identification of appropriate and 
accessible target groups; the proposed 
training materials and methods are

appropriate; the proposed activities are 
relevant to the regional and national 
needs of the rehabilitation field; and the 
training materials and dissemination 
packages will be developed in alternate 
media that are usable by people with 
various types of disabilities.

(2) The proposed «lan for training and 
dissemination provides for—

(i) Advanced training in rehabilitation 
research;

(ii) Training rehabilitation service 
personnel and other appropriate 
individuals to improve practitioner skills 
based on new knowledge derived from 
research;

(iii) Training packages that make 
research results available to service 
providers, researchers, educators, 
disabled individuals, parents, and 
others;

(iv) Technical assistance or 
consultation that is responsive to the 
concerns of service providers and 
consumers; and

(v) Dissemination of research findings 
through publication in professional 
journals, textbooks, and consumer and 
other publications, and through other 
appropriate media such as audiovisual 
materials and telecommunications.

(d) Quality o f the organization and  
m anagem ent. (20 points): Hie Secretary 
reviews each application to determine 
the degree to which—

(1) The staffing plan for the Center 
provides evidence that the project 
director, research director, training 
director, principal investigators, and 
other personnel have appropriate 
training and experience in disciplines 
required to conduct the proposed 
activities; the commitment of staff time 
is adequate to conduct all proposed 
activities; and the Center, as part of its 
nondiscriminatory employment 
practices, will ensure that its personnel 
are selected for employment without 
regard to race, color, national origin, 
gender, age, or handicapping condition.

(2) The budgets for the Center and for 
each component project are reasonable, 
adequate, and cost-effective for the 
proposed activities;

(3) The facilities, equipment, and other 
resources are adequate and are 
appropriately accessible to persons with 
disabilities;

(4) The plan of operators is adequate 
to accomplish the Center’s objectives 
and to ensure proper and efficient 
manangement of die Center;

(5) The proposed relationships with 
Federal, State, and local rehabilitation 
service providers and consumer 
organizations are likely to ensure that 
the Center program is relevant and
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applicable to the needs of consumers 
and service providers;

(6) The past performance and 
accomplishments of the applicant 
indicate an ability to complete 
successfully the proposed scope of 
work;

(7) The application demonstrates 
appropriate commitment and support by 
the host institution and opportunities for 
interdisciplinary activities and 
collaboration with other institutions and 
organizations; and

(8) The plan for evaluation of the 
Center provides for an annual 
assessment of the outcomes of the 
research, the impact of the training and 
dissemination activities on the target 
populations, and the extent to which the 
overall objectives have been 
accomplished.
Title o f Program : Innovation Grants 

Program
CFDA N o.: 84.133C 
Purpose: This program is designed to 

provide financial support to projects 
that: (a) Test new concepts and 
innovative ideas; (b) demonstrate 
research results of high potential 
benefits; (c) purchase and evaluate 
prototype aids and devices; (d) 
develop unique rehabilitation training 
curricula; (e) conduct feasibility, 
planning, and evaluation studies and 
conferences, and other activities to 
disseminate specific research findings. 

A pplicable R egulations: (a) Program 
regulations at 34 CFR Parts 350 and 
358, and (b) the Education Department 
General Administrative Regulations, 
34 CFR Parts 74, 75, 77, 78, and 80. 

Contact P erson: National Institute on 
Disability and Rehabilitation 
Research, 400 Maryland Avenue, SW„ 
Washington, DC 20002. Telephone: 
(202) 732-1207; deaf and hearing- 
impaired individuals may call (202) 
732-1198 for TDD services.

Program Authority: 29 U.S.C. 762(b)(13)

Supplem entary Information and  
R equirem ents
E ligible A pplicants: Public and private 

nonprofit and for-profit agencies and 
organizations, institutions of higher 
education, and Indian tribes and tribal 
organizations are eligible to apply for 
awards under this program.

Selection C riteria: The Secretary 
evaluates applications under this 
program according to the following 
selection criteria in 34 CFR 358.31.
(a) Im portance o f the p roject (50 

points): The Secretary reviews each 
application to determine to what degree 
the proposed activity wall address a 
significant need of the target population 
and will meet the purpose of this part.

(b) Project design or m ethodology (25 
points). The Secretary reviews each 
application to determine to what degree 
the underlying hypothesis or conceptual 
model is sound; the project design is 
likely to achieve the desired objectives; 
and the evaluation plan is appropriate.

(c) Plan o f operation (25 points). The 
Secretary reviews each application to 
determine the extent to which the 
qualifications and background of the 
key personnel, the management and 
financial plan, and the capability and 
resources of the applicant organization 
demonstrate that the applicant will be 
able to carry out the proposed project. 
Title o f Program : Research Fellowships 
CFDA N o.: 84.133F
Purpose: The purpose of this program is 

to build research capacity by 
providing support to highly qualified 
individuals to perform research on the 
rehabilitation of disabled persons. 

A pplicable R egulations: The regulations 
in 34 CFR Parts 350 and 356 are 
applicable to this program.

Contact P erson: Joseph Fenton, National 
Institute on Disability and 
Rehabilitation Research, 400 
Maryland Avenue SW., Washington, 
DC 20202. Telephone: (202) 732-1143; 
deaf and hearing-impaired individuals 
may call (202) 732-1198 for TDD 
services.

Program A uthority: 29 U.S.C, 761a(d)

Supplem entary Inform ation and  
R equirem ents
E ligible A pplicants: Only individuals 

are eligible to apply for research 
fellowships under this program. 

Selection C riteria: The Secretary 
evaluates applications for fellowships 
according to the following criteria in 
34 CFR 356.30.
(a) Quality and level of formal 

education, previous work experience, 
and recommendations of present or 
former supervisors or colleagues that 
include an indication of the applicant’s 
ability to work creatively in scientific 
research; and

(b) The quality of a research proposal 
of no more than 12 pages containing the 
following information:

(1) The importance of the problem to 
be investigated to the purpose of the Act 
and the mission of NIDRR.

(2) The research hypotheses or related 
objectives and the methodology and 
design to be followed.

(3) Assurance of the availability of 
any necessary data resources, 
equipment, or institutional support, 
including technical consultation and 
support where appropriate, required to 
carry out the proposed activity.
Title o f Program : Field-Initiated 

Research Projects

CFDA N o.: 84.133G
Purpose: This program is designed—(a) 

To encourage eligible parties to 
originate valuable ideas for research 
and demonstration, development, or 
knowledge dissemination projects to 
improve the lives of individuals with 
disabilities, and (b) to support 
research and demonstration, 
development, or knowledge 
dissemination projects as described in 
program regulations that address 
important activities not supported by 
Institute-funded research or that 
complement that research in a 
promising way.

A pplicable Regulations: (a) The 
regulations governing this program in 
34 CFR Parts 350 and 357; (b) the 
Education Department General 
Administrative Regulations, 34 CFR 
Parts 74, 75, 77, 78, and 80.

C ontact National Institute on Disability 
and Rehabilitation Research, 400 
Maryland Avenue SW., Washington, 
DC 20002, Telephone: (202) 732-1207; 
deaf and hearing impaired individuals 
may call (202) 732-1198 for TDD 
services.

Program Authority: 29 U.S.C. 762.

Supplem entary Information and 
R equirem ents

E ligible A pplicants: Parties eligible to 
apply for grants under this program 
are public and private for-profit or 
nonprofit agencies and organizations, 
including institutions of higher 
education and Indian tribes or tribal 
organizations.

Selection Criteria: The Secretary uses 
the following criteria in 34 CFR 357,32 
to evaluate an application under this 
program.
(a) Im portance o f the problem . (20 

points) The Secretary reviews each 
application to determine the extent to 
which—

(1) The proposed project addresses a 
problem that is significant to persons 
with disabilities or to those who provide 
services to them; and

(2) The proposed project is likely to 
produce new and useful knowledge, 
techniques, or devices that will develop 
or disseminate solutions to problems 
confronting persons with disabilities.

(b) D esign o f the project. (45 points)
(1) The Secretary reviews each

application for a research and 
demonstration project to determine the 
extent to which—

(i) The review of the literature is 
appropriate and indicates familiarity 
with the relevant current research;

(ii) The research hypotheses are 
theoretically sound and based on 
current knowledge;
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(iii) The sample populations are 
adequate and appropriately selected;

(iv) The data collection instruments 
and methods are appropriate and likely 
to be successful;

(v) The data analysis measures are 
appropriate; and

(vi) The application discusses the 
anticipated research results and 
demonstrates how those results would 
satisfy the original hypotheses.

(2) The Secretary reviews each 
application for a knowledge 
dissemination project to determine the 
extent to which—

(i) The need for the information has 
been demonstrated;

(ii) The target populations are 
appropriately specified;

(iii) The dissemination methods are 
appropriate to the target populations;

(iv) The materials for dissemination 
are prepared in media accessible to the 
target population;

(v) There are adequate means of 
documenting and evaluating the 
effectiveness of the dissemination 
activity.

(3) The Secretary reviews each 
application for a development project to 
determine the extent to which—

(i) The proposed project will use the 
most effective and appropriate 
technology available in developing the 
new device or technique;

(ii) The proposed development is 
based on a sound conceptual model that 
demonstrates an awareness of the state- 
of-the-art in technology;

(iii) Devices or techniques will be 
developed and tested in an appropriate 
environment;

(iv) The applicant considers the cost- 
effectiveness and usefulness of the 
device or technique to be developed for 
persons with disabilities; and

(v) The applicant discusses the 
potential for commercial or private 
manufacture, marketing, and 
distribution of the product.

(c) Personnel. (20 points) The 
Secretary reviews each application to 
determine the extent to which—

(1) The key personnel have adequate 
training and experience in the required 
discipline to conduct the proposed 
activities;

(2) The allotment of staff time is 
adequate to accomplish the proposed 
activities; and

(3) The applicant ensures that 
personnel are selected for employment 
without regard to race, color, national 
origin, gender, age, or handicapping 
conditions,

(d) M anagem ent and Evaluation. (15 
points) The Secretary reviews each 
application to determine the extent to 
which—

(1) The resources of the applicant are 
adequate, appropriate, and accessible to 
individuals with disabilities;

(2) The proposed budget is adequate 
and appropriate for the activities to be 
carried out;

(3) There is a plan, appropriate to the 
type of field-initiated project, to 
evaluate the effectiveness of the project 
in accomplishing its goals and 
objectives;

(4) The applicant provides a plan of 
operations, appropriate to the type of 
field-initiated project, indicating that it 
will achieve the project objectives in a 
timely and effective manner; and

(5) Appropriate collaboration with 
other agencies is assured.
Title o f Program: Career Development 

and Research Training Grants 
Program

CFDA No.: 84.133P
Purpose: The purpose of this program is 

to expand capability in the field of 
rehabilitation research by supporting 
projects that provide advanced 
training in rehabilitation research. 
These projects provide research  
training and experience at an 
advanced level to individuals with 
doctorates or similar advanced 
degrees who have clinical or other 
relevant experience, including 
experience in management or basic 
science research, in fields pertinent to 
rehabilitation in order to qualify those 
individuals to conduct independent 
research on problems related to 
disability and rehabilitation. 

Applicable Regulations: (a) Regulations 
governing this program in 34 CFR 
Parts 350 and 360, and (b) the 
Education Department General 
Administrative Regulations in 34 CFR 
Parts 74, 75, 77, and 78.

Contact Person: Inez Storck, National 
Institute on Disability and 
Rehabilitation Research, 400 
Maryland Avenue SW., Washington, 
DC 20202-2646. Telephone: (202) 732- 
1202; deaf and hearing-impaired 
individuals may call (202) 732-1198 for 
TDD services.

Program Authority: 29 U.S.C. 761(a)(k).

Supplementary Information and 
Requirements
Eligible Applicants: Institutions of 

higher education are eligible to 
receive assistance under this program. 

Selection Criteria: The Secretary uses 
the following criteria in 34 CFR 360.31 
to evaluate applications under this 
program.
(a) Importance and potential 

contribution. (20 points) The Secretary 
reviews each application to determine to 
what degree—

(1) The applicant is responsive to any 
priority established under §360.32;

(2) The applicant proposes to provide 
training in a rehabilitation discipline or 
area of study in which there is a 
shortage of qualified researchers, or to 
provide training to a trainee population 
in which there is a need for more 
qualified researchers, such as clinicians 
in rural areas, or clinicians who are 
directly experienced with underserved 
populations; and

(3) The applicant is likely to make a 
significant increase in the number of 
trained rehabilitation researchers.

(b) Quality o f proposed training 
program. (40 points) The Secretary 
reviews each application to determine to 
what degree—

(1) The applicant’s proposed 
recruitment program is likely to be 
effective in recruiting highly qualified 
trainees;

(2) The proposed didactic and 
classroom training programs emphasize 
scientific methodology, are 
multidisciplinary, comprehensive, and 
appropriate to the level of the trainees, 
and are likely to produce qualified 
independent researchers;

(3) The quality and extent of the 
academic mentorship, guidance, and 
supervision to be provided to each 
individual trainee are of a high level and 
are likely to produce highly qualified 
researchers;

(4) The type, extent, and quality of the 
proposed clinical and laboratory 
research experience, including the 
opportunity to participate in research on 
meaningful topics at an advanced level, 
are likely to develop individuals with 
the capacity to perform independent 
research; and

(5) The opportunities for collegial and 
collaborative activities, exposure to 
outstanding scientists in the field, and 
opportunities to participate in the 
preparation of scholarly or scientific 
publications and presentations are 
extensive and appropriate.

(c) Personnel and resources 
committed to the project. (30 points) The 
Secretary evaluates each application to 
determine to what degree—

(1) The activities of the project will be 
implemented by sufficient and qualified 
staff who are outstanding scientists in 
the field;

(2) The project director and other key 
staff are experienced in the delivery of 
advanced research training as well as 
knowledgeable about the methodology 
and literature of pertinent subject areas;

(3) All required disciplines are 
effectively included; and

(4) The applicant possesses the 
appropriate facilities, laboratories, and
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access to clinical populations and 
organizations representing persons with 
disabilities to support the conduct of 
advanced clinical rehabilitation 
research.

(d) M anagem ent and operating plans. 
(10 points) The Secretary evaluates each  
application to determine to what 
degree—

(1) There is an effective plan of 
operation that ensures proper and 
efficient administration of the project;

(2) There is an effective plan for 
collaboration with other institutions of 
higher education and organizations 
whose participation is necessary to 
ensure effective classroom and clinical 
research training;

(3) The applicant, as part of its 
nondiscriminatory employment 
practices, will ensure that its personnel 
are selected without regard to race, 
color, national origin, gender, age, or 
handicapping condition;

(4) The applicant has provided an 
adequate plan for the use of facilities, 
resources, supplies, and equipment;

(5) The budget for the project is 
reasonable and adequate to support the 
proposed activities; and

(6) The applicant provides an 
appropriate plan for the evaluation of all 
phases of the project

Section III—Instructions for Transmittal 
of Applications

Applicants are advised to reproduce 
and complete the application forms in 
Section IV. Applicants are required to 
submit an original and two copies of 
each application as provided in this 
Section.

Application D elivered by M ail
An application sent by mail must be 

addressed to the U.S. Department of 
Education, 400 Maryland Avenue SW., 
Application Control Center, Attention: 
(Appropriate CFDA No.), Washington, 
DC 20202.

An applicant must show proof of 
mailing consisting of one of the 
following:

(1) A legibly dated U.S. Postal Service 
postmark.

(2) A legible mail receipt with the date 
of mailing stamped by the U.S. Postal 
Service.

(3) A dated shipping label, invoice, or 
receipt from a commercial carrier.

(4) Any other proof of mailing 
acceptable to the Secretary of 
Education. If an application is sent 
through the U.S. Postal Service, the 
Secretary does not accept either of the 
following as proof of mailing: (1) A 
private meter postmark, or (2) a mail 
receipt that is not dated by the U.S. 
Postal Service.

An applicant should note that the U.S. 
Postal Service does not uniformly 
provide a dated postmark. Before relying 
on this method, an applicant should 
check with its local post office.

An applicant is encouraged to use 
registered or at least first class mail. 
Each late applicant will be notified that 
its application will not be considered.

Applications D elivered by H and

An application that is hand-delivered 
must be taken to the U.S. Department of 
Education, Application Control Center, 
Room 3633, Regional Office Building #3 , 
7th and D Streets SW., Washington, DC.

The Application Control Center will 
accept hand-delivered applications 
between the hours of 8:00 a.m. and 4:30 
p.m. (Washington, DC time) daily, 
except Saturdays, Sundays and Federal 
holidays.

An application that is hand-delivered 
will not be accepted after 4:30 p.m. on 
the closing date.

Authority: 29 U.S.C. 760-762.
(Catalog of Federal Domestic Assistance Nos. 
84.133B, 84.133C, 84.133F. 84.133G, and 
84.133P, National Institute on Disability and 
Rehabilitation Research)

Dated: August 30,1988.
Patricia McGill Smith,
Deputy Assistant Secretary, Office of Special 
Education and Rehabilitative Services.

Frequent Questions
NIDRR staff are frequently asked to 

clarify or expand on information that is 
included in the application materials 
and the notices published in the Federal 
Register. In order to simplify this 
process for potential applicants and 
staff alike, the Institute discusses on the 
following pages some of the issues that 
these application materials frequently 
engender.

These questions are representative of 
those that are frequently raised, even 
though in many cases they are answered 
in the notices or application 
instructions. However, it appears that 
some of these issues are not explained 
sufficiently in the published notices, and 
that the requirements applying to the 
number of new and different NIDRR 
programs are confusing.

These questions and answers are 
meant to be informative, and are not 
regulatory requirements in and of 
themselves.

1. Can I  G et An Extension o f the Due 
D ate?

No! On rare occasions the Department 
of Education may extend a closing date 
for all applicants. If that occurs, a notice 
of the revised due date is published in 
the Federal Register. However, there are

no extensions or exceptions to the due 
date made for individual applicants.

Further information about mailing is 
included in Section IV of this 
Consolidated Application Package.

2. W hat Should B e Included in the 
A pplication?

The applicant should include the 
materials specified in Section IV of this 
Consolidated Application Package. 
Specifically, the application should 
include a project narrative, vitae of key 
personnel, and a budget, as well as the 
Assurances forms included in this 
package, Vitae of staff or consultants 
should include the individual's title and 
role in the proposed project, and other 
information that is specifically pertinent 
to this proposed project. The budgets for 
both the first year and subsequent 
project years should be included.

If collaboration with another 
organization is involved in the proposed 
activity, the application should include 
assurances of participation by the other 
parties, including written agreements or 
assurances of cooperation.

It is not useful to include general 
letters of support or endorsement in the 
application.

If the applicant proposes to use 
unique tests or other measurement 
instruments that are not widely known 
in the field, it would be helpful to 
include the instrument in the 
application.

Many applications contain 
voluminous appendices that are helpful 
and in many cases cannot even be 
mailed to the reviewers. It is generally 
not helpful to include such things as 
brochures, general capability statements 
of collaborating organizations, maps, 
copies of publications, or descriptions of 
other projects completed by the 
applicant.

3. W hat Form at Should B e Used fo r the 
A pplication?

NIDRR generally advises applicants 
that they may organize the application 
to follow the selection criteria that will 
be used. The specific review criteria 
vary according to the specific program, 
and are contained in this Consolidated 
Application Package.

4. M ay I  Subm it Applications to More 
Than One Program Competition in 
NIDRR o r M ore Than One Application 
to a Program ?

Yes, you may submit applications to 
any program for which they are 
responsive to the program requirements. 
You may submit the same application to 
as many competitions as you believe 
appropriate. You may also submit more



Federal Register /  Vol. 53, No. 174 /  Thursday, September 8, 1988 /  Notices 34885

than one application in any given 
competition.

5. What is the Allow able Indirect Cost 
Rate?

The limits on indirect costs vary 
according to the program and the type of 
application.

Applications for Rehabilitation 
Research and Training Centers should 
limit indirect cost rates to fifteen percent 
of the grant award, as noted in the 
program regulations and statute.

Applications in other programs that 
are for training activities should limit 
indirect charges to the lesser of the 
actual indirect costs or eight percent of 
the total direct costs of the program, as 
noted in the Education Department 
General Administrative Regulations 
(EDGAR).

All other applicants should limit 
indirect charges to the organization’s 
approved rate. If the organization does 
not have an approved rate, the 
application should include an estimated 
actual rate.
6. Can Profitmaking B usinesses A pply  
for Grants?

Yes. However, for-profit organizations 
will not be able to collect a fee or profit 
on the grant, and in some programs will 
be required to share in the costs of the 
project.

7. Can Individuals A pply fo r G rants?

No. Only organizations are eligible to 
apply for grants under NIDRR programs.

8. Can U niversities A pply U nder the 
Fellowship Program ?

No. Only individuals are eligible to 
apply for fellowships under the 
regulations governing that program.

9. Is there a Cost-Sharing o r M atching 
Requirem ent?

Cost-sharing is required in the 
Research and Demonstration Projects 
program, with certain exceptions noted 
in the law, the Knowledge 
Dissemination and Utilization program, 
the Field-Initiated Research program, 
and the Career Development and 
Research Training program.

There are no cost-sharing 
requirements for the Innovation Grants 
or the Research Fellowship programs.

For the Rehabilitation Research and 
Training Centers and the Rehabilitation 
Engineering Centers, the Secretary has 
the option to require matching. It is 
generally the practice of the agency to 
require cost-sharing under these 
programs.

There is no set rate for cost-sharing. 
The cost-sharing is negotiated at the

time an award is made and is not part of 
the evaluation of the application.
10. W hat A re the Priorities in the Field- 
Initiated or Innovation Grants 
Program s?

There are no priorities in either the 
Field-Initiated Research or Innovation 
Grants programs. Applicants are free to 
submit applications in areas of interest 
to the investigator as long as they are 
related to the purposes of the program 
as described in the regulations.
11. Can NIDRR S ta ff A dvise M e 
W hether M y Project Is o f Interest to 
NIDRR or Likely To B e Funded?

No. NIDRR staff can advise you of the 
requirements of the program in which 
you propose to submit your application. 
However, staff cannot advise you of 
whether your subject area is likely to 
receive approval in the investigator- 
initiated competitions.
12. How  Do I  A ssure That M y 
Application W ill B e R eferred  to the 
M ost A ppropriate P anel fo r R eview ?

Applicants should be sure that their 
applications are referred to the correct 
competitions by clearly including the 
competition title and CFDA number, 
including alphabetical code, on the 
Standard Form 424.

Applicants should assist NIDRR in 
ensuring that their Field-Initiated and 
Innovation Grant applications are 
referred to the most appropriate panels 
by emphasizing the focus of the 
proposed activity in the abstract of the 
project on the Standard Form 424. It 
would be helpful if the applicant would 
not use acronyms in the title and 
abstract, unless those acronyms are in 
common usage nationally.
13. How  Soon A fter Subm itting M y 
Application Can I  Find  Out i f  it W ill B e 
Funded?

The time from closing date to grant 
award date varies from program to 
program and for other reasons.
Generally speaking, NIDRR endeavors 
to have awards made within five to six 
months of the closing date. Unsuccessful 
applicants generally will be notified 
within that time frame as well. For the 
purpose of estimating a project start 
date, the applicant should estimate 
approximately six months from the 
closing date, but no later than the 
following September 30.

14. Can I  C all NIDRR To Find Out i f  M y  
Application Is B eing Funded?

No! When NIDRR is able to release 
information on the status of grant 
applications, it will notify applicants by 
letter. The results of the peer review

cannot be released except through this 
formal notification.

15. I f  M y Application Is Successful, Can 
I  A ssum e I  W ill Get the R equested  
Budget Am ount in Subsequent Years?

No. Those budget projections are 
necessary and helpful for planning 
purposes. However, a complete budget 
and budget justification must be 
submitted for each year of the project 
and there will be negotiations on the 
budget each year.

16. W ill A ll A pproved Applications B e 
Funded?

No. It often happens that the peer 
review panels approve for funding more 
applications than NIDRR can fund 
within available resources. Applicants 
who are approved but not funded are 
encouraged to consider submitting 
similar applications in future 
competitions.

Section IV Application Instructions and 
Forms

This application is divided into three 
parts. These parts are organized in the 
same manner that the submitted 
application should be organized. The 
parts are as follows:
Part I: Federal Assistance Face Sheet 

(Form SF 424) and instructions 
Part II: Budget Information 
Part III: Application Narrative

No grants may be awarded unless a 
completed application form has been 
received. (20 U.S.C. 1021,1041; 34 CFR 
Part 778)

Submit the original and two copies to:
Mailing Address: U.S. Department of 

Education, Application Control 
Center, Attention: (CFDA #  ), 400 
Maryland Avenue, SW., Washington, 
DC 20202

Hand Delivery: U.S. Department of 
Education, Application Control 
Center, Attention: (CFDA #  ), Room 
3633, Regional Office Building #3, 7th 
& D Streets, SW„ Washington, DC 
20202

Instructions fo r Application fo r Federal 
A ssistance (N onconstruction Program s)

Introduction

The instructions which follow should 
be followed by all applicants in 
completing applications for all NIDRR 
research and demonstration grants.
SF 424 and Parts II, ID, IVa, and V are to 

be used for new applications.
SF 424 and Parts II, III, IVb, and V are to 

be used for the usual noncompeting 
continuation requests.
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Submit the original and two copies of 
the form. If an item cannot be answered 
or does not appear to be related or 
relevant to the assistance required, 
write “NA” for not applicable.

Submission of Applications

(1) Continuation Grants—Applicants 
for continuation grants must submit 
these forms not later than 90 days prior 
to the budget period end date.

(2) New Projects—Applicants for 
grants to support new projects should 
refer to program announcements for 
information regarding deadline dates for 
submission of forms.

Supplem ental Instructions fo r 
Completion o f Part I  (S F  424)

Part I of this application consists of 
the standard face page for Federal 
applications, the standard instructions 
for the face page, and these 
supplemental instructions.

Applicant shall complete all items. If 
an item is not applicable, write “NA.” If 
additional space is needed, insert an 
asterisk (*) and use the remarks section.

Item

I. Preprinted.
3a-b. Not applicable.
4a-4h. If the payee will be other than 

the applicant, enter in the remarks 
section “payee,” the payee’s name, 
department or division, complete 
address and employer identification 
number or ED entity number.

If an individual’s name and/or title is 
desired on the payment instrument, the 
name and/or title of the designated 
individual must be specified.

6a. Preprinted.
6b. Enter specific program identifier; 

for example, Research and Training 
Center, Rehabilitation Engineering 
Center, Research and Demonstration, or 
Utilization and Dissemination.

II . Preprinted.
19. Preprinted.

Supplem ental Instructions fo r 
Completion o f Part II

Item 1— On the same page show the 
Catalog of Federal Domestic Assistance 
number, the program number, the type of 
assistance, the status, the amount of 
each project where there is related 
previous, pending, or anticipated 
assistance from another source.

Supplem ental Instructions fo r  
Completion o f Part III

This form is designed so that 
application can be made for funds to 
support one or more functions or 
activities. Generally, NIDRR funded 
programs do not require a breakdown

by function or activity. Therefore, only 
Line 1 need be completed.

Since NIDRR programs award funds 
to support activities for budget periods 
which are generally 12 months in 
duration, Section A, B, C, and D must 
provide budget information for the 
requested budget period. Section E 
should present the need for Federal 
assistance in subsequent budget 
periods.

Applicants for research grants are not 
required to complete information items 
related to non-Federal share. Rather, 
research cost sharing shall be negotiated 
separately with the funding office.

Section A-Budget Summary

Lines 1-4

Col. (a ): Applicants may, at their 
discretion, present budget information 
for Section A (and Section B) in terms of 
major functions or activities. For 
example, common categories might be 
research and demonstration, 
dissemination, evaluation, or training.

Applicants who choose not to present 
budget information in terms of major 
functions and/or activities should enter 
Rehab. R&D on Line 1, Column (a) and 
note N /A  on Lines 2-4.

Col. (b ): Preprinted.
Col. (c)-(g ): For new  applications, 

leave Columns (c) and (d) blank. For 
each line entry, enter in Columns (e), (f), 
and (g) the appropriate amounts needed 
to support the project for the first budget 
period. Applicants for research grants 
should make no  entries in Column (f).

For continuation applications, enter in 
Columns (c) and (d) the estimated 
amounts for funds which will remain 
unobligated at the end of the current 
budget period. Enter in Columns (e), (f), 
and (g) the appropriate amounts needed 
to support the project for the new budget 
periodL (Applicants for research grants 
should make no entries in Column (d) or
(f). Column (g) should equal the total of 
Column (e) and Column (f).)

For changes to existing grants, leave 
Columns (c) and (d) blank and enter in 
Columns (e) and (f) the amount of 
increase or decrease of Federal and non- 
Federal funds, as appropriate. Enter in 
Column g the new total budgeted 
amount (Federal and non-Federal) 
which includes the previously 
authorized total budgeted amounts for 
the current budget period plus or minus, 
as appropriate, the amounts shown in 
Columns (e) and (f). The am ount(s) in 
Column (g) should not equal the sum o f 
the amounts in Column (e ) and (f). 
Applicants for research grants should 
make no entries in Column (d) or (f).

Line 5

Enter the totals for all columns 
completed.

Section B— Budget Categories 
Columns 1-5

In the Column headings (1) through
(4), enter the same title of the grant 
programs shown on Lines 1 through 4, 
Column (a), Section A. For each grant 
program or activity entered in Columns 
(1) through (4), enter the total 
requirements for F ederal funds by object 
class categories and enter total in 
Column 5.

Allowability of costs are governed by 
applicable cost principles set forth in 
Subpart Q of 34 CFR Part 74.

Line 6a: Enter the total costs of 
salaries and wages of applicant/grantee 
staff. Do not include costs of 
consultants. (See Section F. Line 21, for 
additional requirements.)

Line 6b: Enter the total costs of fringe 
benefits unless treated as part of an 
approved indirect cost rate.

Line 6c: Enter total costs of out-of- 
town travel for employees of the project 
Do not enter costs for consultant’s travel 
or local transportation. (See Line 6h and 
Section F, Line 21, for additional 
instructions.)

Line 6d: Enter the total costs of all 
non-expendable personal property to be 
acquired by the project. “Non­
expendable personal property” means 
tangible personal property having a 
useful life of more than one year and an 
acquisition cost of $300 or more per unit. 
An applicant may use its own definition 
of non-expendable personal property, 
provided that such a definition would be 
at least include all tangible personal 
property as defined in the preceding 
sentence. (See Section F, Line 21, for 
additional requirements.)

Line 6e: Enter the total costs of all 
tangible personal property (supplies) 
other than that included on Line 6d.

Line 6f: Enter the total costs of all 
contracts, including (1) procurement 
contracts (except those which belong on 
other lines, such as equipment, supplies, 
etc.), and (2) contracts with secondary 
recipient organizations. Also include 
any contracts with organizations for the 
provisions of technical assistance. Do 
not include payments to individuals on 
this line. Attach a list of contractors, 
indicating the name of the organization, 
the purpose of the contract and the 
estimated dollar amount of award.
[Note: Whenever the applicant/grantee 
intends to delegate part or all of the 
program to another agency, the 
applicant/grantee must submit Sections 
A and B of Part III, Budget Section.
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completed for each delegate agency by 
agency title, along with the required 
supporting information referenced in the 
applicable instructions. The total costs 
of all such agencies will be part of the 
amount shown on Line 6(f).)

Line 6g: Enter the costs of renovation 
or repair. N ew  construction is 
unallow able.,

Line 6h: Enter the total of all other 
costs. Such costs, where applicable, may 
include, but are not limited to, 
insurance, fees and travel paid directly 
to individual consultants, local 
transportation (all travel which does not 
require per diem is considered local 
travel), space and equipment rentals, 
printing and publication, computer use, 
training costs, including tuition and 
stipends, training service costs, 
including wage payments to individuals 
and supportive service payments, and 
staff development costs.

Line 6i: Show the totals of Lines 6(a) 
through 6(h).

Line 6j: Enter the total amount of 
indicated costs. If no indirect costs are 
requested, enter "none.” This line 
should be used only when the applicant 
(except local governments) has an 
indirect cost rate approved by the 
Department of Education. Local 
governments shall enter the amount of 
indirect costs determined in accordance 
with ED requirements.

Line 6 k  Enter the total amounts of 
Lines 6(i) and 6(j). For all new and 
continuation applications and total 
amount shown in Column (5), Line 6(k). 
should be the same as the amount 
shown in Section A, Column (e). Line 5.

For all changes, the total of the 
amount shown in Columns (1) through
(4) should equal the amount shown in 
Section A, Line 5(e). The amount shown 
in Column (5) should include the 
cumulative total of the previously 
approved Federal share for the current 
budget period plus or minus, as 
appropriate, the increase or decrease of 
Federal funds.

Line 7: Enter the estimated amount of 
income, if any, expected to be generated 
from this project. Do not add or subtract 
this amount from the total project 
amount. Show, in the program narrative 
statem ent the nature and source of 
income.

Section C—Non-Federal Resources
Line 8: Enter amounts of non-Federal 

resources that will be used to support 
the project. (Applicants for research  
grants should not Complete this Section 
but will negotiate appropriate cost 
sharing arrangements with the funding 
office.) Provide a brief explanation, on a 
separate sheet, showing the type of 
contribution, and whether it is in cash or 
in kind. If in kind is allowable and 
included, show the basis for 
computation including:

(1) Numbers and types of volunteers 
and rates at which their services are 
valued;

(2) Valuation of donated space (use 
only) including number of square feet 
and value assigned per square foot; and

(3) Determination of depreciation and 
use allowance for grantee-owned space;

(4) Type and value of other in kind 
contributions expected.

Column fa ): Enter the program title or 
activities as in Column (a), Section A.

Column (b ): Enter the amount of cash 
and in kind contributions to be made by 
the applicant.

Column (c ): Enter the State 
contribution. If the applicant is a State 
agency, enter the non-Federal funds to 
be contributed by the State other than 
the applicant State Agency.

Column (d ): Enter the amount of cash 
and in kind contributions to be made 
from all other sources.

Column (e ): Enter the totals of 
Columns, (b), (c), and (d).

Section E—Budget Estimates of Federal 
Funds Needed for Balance of Project

Line 9: Enter in Column (a) the same 
program title or activities as in Column 
(a), Section A. For new applications and

continuation grant applications, enter in 
the proper columns amounts of Federal 
funds which will be needed to complete 
the program or project over the 
succeeding budget periods (usually in 
years). This Section need not be 
completed for revisions or supplements 
for the current budget period which do 
not increase the general level of support.

Section F—Other Budget Information

Line 10: Use this space to fully explain 
and justify the major items included in 
the budget categories shown in section 
B. Include sufficient detail to facilitate 
determination of allowability, relevance 
to the project, and cost benefits. 
Particular attention must be given to the 
explanation of any requested direct cost 
budget item which requires explicit 
approval by the program office. Budget 
items which require identification and 
justification shall include, but not be 
limited to, the following:

1. Salary amounts and percentage of 
time worked for project staff;

2. Out-of-town and foreign travel;
3. A list of all equipment to be 

purchased wholly or in part with grant 
funds which meets the definition of 
nonexpendable personal property 
provided on Line 6d, Section B;

4. Consultants: Fees, per diem, and 
travel;

5; Contractual; Major items or groups 
of smaller items; and

6. Other: Group and major categories;
e.g„ local transportation, space rental, 
training allowances, staff training, etc.

Line 11: Enter the type of indirect rate 
(provisional, pre-determined, final or 
fixed) that will be in effect during the 
funding period, the estimated amount of 
the base to which the rate is applied and 
the total indirect expense. Also, enter 
the date ED approved the rate, where 
applicable.

Line 12: Provide any other 
explanations required or deemed 
necessary.
BILLING CODE 4000-01-M
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OMB Approva» No. 0 3 4 8 -0 0 0 6

FEDERAL ASSISTANCE
1. TYPE

□  NOTICE O F INTENT (OPTIONAL)

□  PREAPPLICATION

OF
SUBMISSiON
(Mark ap-
propriété 03 APPLICATIONbox)

2. APPLI­
C A N TS 
APPLI­
CATION 
IDENTI­
FIER

NUMBER

b. DATE
Year month ¿ay

18

3. STATE 
APPLI­
CATION 
IDENTI­
FIER

NOTE: TO BE 
ASSIGNED 
BY STATE

a. NUMBER

N/A
b. DATE 

ASSIGNED Year month day

N/A 19

Leute
Blank

4 . LEGAL APPLICANT/RECIPIENT
a. Applicant Name

b. Organization Unit

c . Street/P.O . Bo* 
d . City 

f. S tate

h. Contact Person (Name 
4  Telephone No.)

e. County 

g. ZIP Code.

5. EMPLOYER IDENTIFICATION NUMBER (EIN)

6.
PRO­
GRAM

(From CFDA)

a. NUMBER | 8 l 4 1 " 11 | 3 13 1 

MULTIPLE □

b. TITLE

Rehabilitation Research
7. TITLE OF APPLICANTS PROJECT (Use section IV of this term to provide a  summary description of the 

project)
6. TYPE OF APPLICANT/RECIPIENT

0— SpacM Pupow OMrtt 
H— Comnw«y Acton Agency 

s—reqpm  E d u c a t o r *  n w a o i  
J—Man Tribo

0 -  Coun* K—com  (Specify>■
1 — Cljf
F-ScNx* ----

Enter appropriate letter

9. AREA OF PROJECT IMPACT (Names o f cities, counties, states, etc.)

13. PROPOSED FUNDING

a. FEDERAL *  .00

b. APPLICANT .00

c. STATE .00

d. LOCAL .00

a. OTHER .00

f. Total $  .00

10. ESTIMATED NUMBER 
OF PERSO N S BENEFITING

11. TYPE OF ASSISTANCE
A—Base Orar*
B—Superamente Grant

Enter appro- | |
prime teneris) I Al I

13. CONGRESSIONAL DISTRICTS OF: 14. TYPE OF APPLICATION

SL APPLICANT

15. PRO JEC T START
DATE Year month day

19

b. PROJECT
C-AavWon 
O—Gontnuaton

E—Augmentaaon 

Enter appropriate tener [

16. PROJECT 
DURATION

17. TYPE OF CHANGE (For 14c or He)it r-or* (Specify):

C—Incrnaae Owaton
O—Oacraaaa Duraton

Months
18. DATE DUE TO 

FEDERAL AGENCY i 19
Year month day

Enter appro­
priato íefíerfe)

19. FEDERAL AGENCY TO RECEIVE REQUEST „ „  ,  ,arhnpnt nf Educationf Application Control Center, Washington, DC
NIZATIONAL UNIT (IF APPROPRIATE) b. ADMINISTRATIVE CONTACT (IF KNOWN)

20. EXISTING FEDERAL GRANT 
IDENTIFICATION NUMBER

c. ADDRESS 21. REMARKS ADOED

n » .  n .
22.
THE
APPLICANT
CERTIFIES
THAT**

To the best ot my Knowledge and belief, 
data in this preapp! ¡cation/application 
are true and co rrect the document has 
been duly authorized by the governing 
body of the applicant and the applicant 
will comply with the attached assurances 
If the assistance is approved.

a. Y ES. THIS NOTICE OF INTENT/PREAPPLICATION/APPLICATION WAS MADE AVAILABLE TO THE STATE 
EXECUTIVE ORDER 12372 PR O C ESS FOR REVIEW ON:
O A TE______________________________________

b. NO. PROGRAM IS NOT COVERED BY E.O. 12372 □
OR PROGRAM HAS NOT BEEN SELECTED BY STATE FOR REVIEW □

23.
CERTIFYING
REPRE­
SENTATIVE

a. TYPED NAME AND TITLE b. SIGNATURE

24. APPLICA­
TION
RECEIVED 19

Year month doy 25. FEDERAL APPLICATION IDENTIFICATION NUMBER 26. FEDERAL GRANT IDENTIFICATION

27. ACTION TAKEN

□  a. AWARDED
□  b. REJECTED
□  c. RETURNED FOR

AMENDMENT
□  d. RETURNED FOR

E.O. 12372 SUBMISSION 
BY APPLICANT TO 
STATE

□  a. DEFERRED 
O f .  WITHDRAWN

2 Í  FUNDING

a. FEDERAL S  .00

b. APPLICANT .00

c. STATE .00

d. LOCAL .00

a. OTHER .00

f. TOTAL *  .00

Year month day

29. ACTION D A TE» 19
31. CONTACT FOR ADDITIONAL INFORMA­

TION (Name and telephone number)

30.
STARTING
DATE

Year month date 

19
32.
ENDING
DATE

Year month date 

19

33. REMARKS ADDED

□  Y es EHNo

MSN 7 5 4 0 -0 1 -0 0 8 -8 1 6 2  
PREVIOUS EDITION 
IS NOT USABLE

BILUNG CODE 400O-01-C

4 2 4 -1 0 3 STANDARD FORM 42 4  PAGE 1 (Rev. 4-84) 
Prescribed by OMB Circular A-1CO
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Part II Project, A pproval Information 

Item 1
Is there related assistance on this 

project previous, pending or 
anticipated? □  Yes 

See instructions for additional 
information to be provided. D No

BILLING CODE 4000-01-M
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Instructions for Completion of Part IV—  
Project Narrative for New and 
Continuation Applications

NIDRR recommends that the narrative 
section include the basic information 
described below and that applicants 
limit their applications according to the 
following guidelines:

• 100 pages for applications for 
Rehabilitation Research and Training 
Centers, Rehabilitation Engineering 
Centers, and Special Projects and 
Demonstrations for Spinal Cord Injury.

• 40 pages for applications under the 
Research and Demonstration Projects, 
Knowledge Dissemination and 
Utilization Projets, Field-Initiated 
Research Projects, and Research 
Training and Career Development 
Projects.

• 20 pages for applications under the 
Innovation Grants program.

• 12 pages, which is the regulatory 
limit, for applications under the 
Fellowship Program.

Should the proposed project be 
funded, the information provided in the

“project narrative” will form the basis 
for evaluating progress for continuation 
funding.

The narrative for new applications 
may be organized under the major 
headings of the selection criteria 
included in the regulations governing the 
specific programs. These selection 
criteria are included in this 
Consolidated Application Package.
BILLING CODE 40QQ-01-M
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OMB Approval No. 0348-0CA0

ASSURANCES — NON-CONSTRUCTION PROGRAMS

Note: Certain of these assurances may not be applicable to your project or program. If you have questions,
please contact the awarding agency. Further, certain Federal awarding agencies may require applicants 
to certify to additional assurances. If such is the case, you will be notified.

As the duly authorized representative of the applicant I certify that the applicant:______

1. Has the legal authority to apply for Federal 
assistance, and the institutional, managerial and 
financial capability (including funds sufficient to 
pay the non-Federal share of project costs) to 
ensure proper planning, management and com­
pletion of the project described in this application.

2. Will give the awarding agency, the Comptroller 
General of the United States, and if appropriate, 
the State, through any authorized representative, 
access to and the right to examine all records, 
books, papers, or documents related to the award; 
and will establish a proper accounting system in 
accordance with generally accepted accounting 
standards or agency directives.

3. Will establish safeguards to prohibit employees 
from using their positions for a purpose that 
constitutes or presents the appearance of personal 
or organizational conflict of interest, or personal 
gain.

4. Will initiate and complete the work within the 
applicable time frame after receipt of approval of 
the awarding agency.

5. Will com ply with the In terg o v ern m en tal  
Personnel Act of 1970 (42 U.S.C. §§ 4728-4763) 
relating to prescribed standards for merit systems 
for programs funded under one of the nineteen 
statutes or regulations specified in Appendix A of 
OPM’s Standards for a Merit System of Personnel 
Administration (5 C.F.E. 900, Subpart F).

6. Will comply with all Federal statutes relating to 
nondiscrimination. These include but are not 
limited to: (a) Title VI of the Civil Rights Act of 
1964 (P.L. 88-352) which prohibits discrimination 
on the basis of race, color or national origin; (b) 
Title IX of the Education Amendments of 1972, as 
amended (20 U.S.C. §§ 1681-1683, and 1685-1686), 
which prohibits discrimination on the basis of sex; 
(c) Section 504 of the Rehabilitation Act of 1973, as 
amended (29 U.S.C. § 794), which prohibits dis­
crimination on the basis of handicaps; (d) the Age 
Discrimination Act of 1975, as amended (42  
U.S.C.§§ 6101-6107), which prohibits discrim ­
ination on the basis of age;

(e) the Drug Abuse Office and Treatment Act of 
1972 (P .L . 92-255), as amended, relating to 
nondiscrimination on the basis of drug abuse; (D 
the Comprehensive Alcohol Abuse and Alcoholism 
Prevention, Treatment and Rehabilitation Act of 
1970 (P .L . 91-616), as amended, relating to 
nondiscrimination on the basis of alcohol abuse or 
alcoholism; (g) §§ 523 and 527 of the Public Health 
Service Act of 1912 (42 U.S.C. 290 dd-3 and 290 ee- 
3), as amended, relating to confidentiality of 
alcohol and drug abuse patient records; (h) Title 
VIII of the Civil Rights Act of 1968 (42 U.S.C. § 
3601 et seq.), as amended, relating to non­
discrimination in the sale, rental or financing of 
housing; (i) any o th er non d iscrim in ation  
provisions in the specific statute(s) under which 
application for Federal assistance is being made; 
and (j) the re q u ire m e n ts  of any o th e r  
nondiscrimination statute(s) which may apply to 
the application.

7. Will comply, or has already complied, with the 
requirements of Titles II and III of the Uniform 
Relocation A ssistan ce  and Real P ro p erty  
Acquisition Policies Act of 1970 (P.L. 91-646) 
which provide for fair and equitable treatment of 
persons displaced or whose property is acquired as 
a result of Federal or federally assisted programs. 
These requirements apply to all interests in real 
property acquired for project purposes regardless 
of Federal participation in purchases.

8. Will comply with the provisions of the Hatch Act 
(S U.S.C. §§ 1501-1508 and 7324-7328) which limit 
the political activ ities of employees whose 
principal employment activities are funded in 
whole or in part with Federal funds.

9. Will comply, as applicable, with the provisions of 
the Davis-Bacon Act (40 U.S.C. §§ 276a to 276a- 
7), the Copeland Act (40 U.S.C. § 276c and 18 
U.S.C. §§ 874), and the Contract Work Hours and 
Safety Standards Act (40 U.S.C. §§ 327-333), 
regarding labor standards for federally assisted 
construction subagreements.

Standard Form 4248 (4-881
Prescribed by OMB Circular A-102

Authorized f o r  Local Reproduction
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10. Will comply, if applicable, with flood insurance  
purchase requirements of Section 102(a) of the 
Flood Disaster Protection Act of 1973 (P.L. 93-234) 
which requires recipients in a special flood hazard 
area to participate in the program andto purchase 
flood insurance if the total cost of insurable  
construction and acquisition is $10,000 or more.

11. Will comply with environmental standards which 
may be prescribed pursuant to the following: (a) 
in stitu tio n  of environm ental quality  con trol 
m easures under the N ational Environm ental 
Policy Act of 1969 (P.L. 91-190) and Executive  
Order (EO) 11514 ; (b) notification of violating  
facilities pursuant to EO 11738; (c) protection of 
wetlands pursuant to EO 11990; (d) evaluation of 
flood hazards in floodplains in accordance with EO 
11988; (e) assurance of project consistency with 
the approved  S ta te  m a n a g e m e n t p ro g ra m  
developed under the Coastal Zone M anagement 
A ct of 1 972  (16  U S C. §§ 1451 et seq .); (f) 
conformity of Federal actions to State (Clear Air) 
Implementation Plans under Section 176(c) of the 
Clear Air Act of 1955, as amended (42 U.S.C. § 
7401 et seq.); (g) protection of underground sources 
of drinking w ater under the Safe Drinking W ater 
Act of 1974, as amended, (P.L. 93-523); and (h) 
protection  of endangered sp ecies u nder the  
Endangered Species Act of 1973, as amended, (P.L. 
93-205).

12. Will comply with the Wild and Scenic Rivers Act 
of 1968  (16 U .S.C . §§ 1271 et seq.) related to 
protecting components or potential components of 
the national wild and scenic rivers system.

13. Will assist the aw arding agency in assu rin g  
compliance with Section 106 of the N ational 
Historic Preservation Act of 1966, as amended (16 
U .S .C . 4 7 0 ) , EO 1 1 5 9 3  (id e n tifica tio n  and 
p ro tectio n  of h is to ric  p ro p e rtie s) , and the  
Archaeological and Historic Préservation Act of 
1974 (16 U.S.C. 469a-1 et seq.).

14. Will comply with P .L . 9 3 -3 4 8  regarding the 
protection of human subjects involved in research, 
development, and related activities supported by 
this award of assistance.

15. Will comply with the Laboratory Animal Welfare 
Act of 1966 (P.L. 89-544, as amended, 7 U.S.C. 
2131 et seq.) pertaining to the care, handling, and 
treatm ent of w arm  blooded an im als held for 
research, teaching, or other activities supported by 
this award of assistance.

16. Will comply with the Lead-Based Paint Poisoning 
Prevention Act (42 U.S.C. §§ 4801 et seq.) which 
p ro h ib its  th e  use o f lead  b ased  p a in t  in 
co n stru ctio n  or re h a b ilita tio n  of resid en ce  
structures.

17. Will cause to be performed the required financial 
and compliance audits in accordance with the 
Single Audit Act of 1984.

18. Will comply with all applicable requirements of all 
other Federal laws, executive orders, regulations 
and policies governing this program.

SIGNATURE OF AUTHO RIZED CERTIFYING OFFICIAL TITLE

APPLICANT O R G A N IZA TIO N DATE SUBM ITTED

SF 4248 <4-88> Bach
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im p o r t a n t  n o t ic e  
TO PROSPECTIVE PARTICIPANTS 

IN USDE CONTRACT AND GRANT PROGRAMS

GRANTS

Applicants for gram* from the US. Department of Education (USDE) have to compete for limited fund*.

Deadline* assure ail applicants that they will be treated fairly and equally, without last minute haste.

For these reasons, USDE must set strict deadlines for grant applications. Prospective applicants can avoid disappointment if 
they understand that -

Failure to meet • deadline will mean that an application will be rejected 
without any consideration whatever.

The niles, including the deadline, for applying for each grant are published, individually, in the Federal Register. A one-year 
subscription to the Register may be obtained by sending $300.00 to: Superintendent of Documents, U.S. Government 
Printing Office. Washington, D.C. 20402-9371. (Send check or money order only, no cash or stamps.)

The instructions in the Federal Register must be followed exactly. Do not accept any other advice you may receive. No 
USDE employee is authorized to extend any deadline published in the Register.

Questions regarding submission of applications may be addressed to:

U.S. Department of Education 
Application Control Center 
Washington, D.C. 20202

CONTRACTS

Competitive procurement actions undertaken by the USDE are governed by the Federal Procurement Regulations and 
implementing ED Procurement Regulations.

Generally, prospective competitive procurement actions are synopsized in the Commerce Business Daily (CBD). Prospective 
offerors are therein advised of the nature of the procurement and where to apply for copies of the Request for Proposals.

Offerors are advised to be prided solely by the contents of the CBD synopsis and the instructions contained in the Request 
for Proposals (RFP). Questions regarding the submission of offers should be addressed to the Contracting Officer identified 
on the face page of the RFP.

Offers are judged in competition with others, and failure to conform with any substantive requirements of the RFP will result 
in rejection of the offer without any consideration whatever.

Do not accept any advice you receive that is contrary to instructions contained in either the CBD synopsis or the RFP. No 
USDE employee £i authorized to consider a proposal which is non-responsive to the RFP.

A subscription to the CBD is available for $173.00 per year via non-priority mail or $243.00 per year via priority mail. 
Information included in the Federal Acquisition Regulations is contained in Title 48, Code of Federal Regulations, Chapter 1 
(S90.00). The foregoing publication may be obtained by sending your check or money order only, no cash or stamps, to:

Superintendent of Documents 
U.S Government Printing Office 
Washington, D.C 20402-9371

In an effort to be certain this important information is widely disseminated, this notice is being included in all USDE mail to 
the public. You may, therefore, receive more than one notice. If you do, we apologize for any annoyance it may cause you.

EO FORM £343, 8.S6
[FR Doc. 88-20104 Filed 9-7-88; 8:45 am] 
BILLING CODE 4000-01-C

« ENLACES EO FOAM 5348. 5/S4. WHICH IS OBSOLETE





Thursday, 
September 8, 1988

Part IV

Department of 
Health and Human 
Services
Health Care Financing Administration

Medicare Program; Withdrawal of 
Coverage of Single Photon 
Absorptiometry and Radiographic 
Absorptiometry and Radiographic 
Absorptiometry (Photodensitometry) and 
Continued Noncoverage of Dual Photon 
Absorptiometry; Notice
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DEPARTMENT OF HEALTH AND 
HUMAN SERVICES

Health Care Financing Administration 

[BERC-446-PN]

Medicare Program, Withdrawal of 
Coverage of Single Photon 
Absorptiometry and Radiographic 
Absorptiometry (Photodensitometry) 
and Continued Noncoverage of Dual 
Photon Absorptiometry
a g e n c y : Health Care Financing 
Administration (HCFA), HHS.
ACTiON: Proposed notice.

s u m m a r y : This notice announces the 
Medicare program’s intent to withdraw 
Medicare coverage (including coverage 
under the End Stage Renal Disease 
(ESRD) program) for single photon 
absorptiometry, and radiographic 
absorptiometry (photodensitometry) for 
measuring bone mineral density for 
either diagnostic purposes or as a guide 
to treatment, and to continue 
noncoverage of dual photon 
absorptiometry.
d a t e : Comments will be considered if 
we receive them at the appropriate 
address, as provided below, no later 
than 5:00 p.m. on November 7,1988. 
ADDRESS: Mail comments to the 
following address: Health Care 
Financing Administration, Department 
of Health and Human Services, 
Attention: BERC-446-PN, P.O. Box 
26676, Baltimore, Maryland 21207.

If you prefer, you may deliver your 
comments to one of the following 
addresses:
Room 309-G, Hubert H. Humphrey 

Building, 200 Independence Ave., SW., 
Washington, DC, or

Room 132, East High Rise Building, 6325 
Security Boulevard, Baltimore, 
Maryland.
In commenting, please refer to file 

code BERC-446-PN. Comments received 
timely will be available for public 
inspection as they are received, 
generally beginning approximately three 
weeks after publication of a document, 
in Room 309-G of the Department’s 
offices at 200 Independence Ave., SW., 
Washington, DC, Monday through 
Friday of each week from 8:30 a.m. to 
5:00 p.m. (phone: 202-245-7890).
FOR FURTHER INFORMATION CONTACT: 
Barton McCann, M.D., (301) 594-9370. 
SUPPLEMENTARY INFORMATION:

I. Background
Administration of the Medicare 

program is governed by the Medicare 
statute, title XVIII of the Social Security 
Act (the Act). The Medicare law

provides coverage for broad categories 
of benefits, including inpatient and 
outpatient hospital care, skilled nursing 
facility (SNF) care, home health care, 
and physicians’ services. It places 
general and categorical limitations on 
the coverage of the services furnished 
by certain health care practitioners, 
such as dentists, chiropractors and 
podiatrists, and it specifically excludes 
some categories of services from 
coverage, such as cosmetic surgery, 
personal comfort items, custodial care, 
routine physical checkups, and 
procedures that are not reasonable and 
necessary for diagnosis or treatment.
The statute also provides direction as to 
the manner in which payment is made 
for Medicare services, the rules 
governing eligibility for services, and the 
health, safety and quality standards to 
be met by institutions providing services 
to Medicare beneficiaries.

The Medicare law does not, however, 
provide an all-inclusive list of specific 
items, services, treatments, procedures, 
or technologies covered by Medicare. 
Thus, except for the examples of 
durable medical equipment in section 
1861(n) of the Act, and some of the 
medical and other health services listed 
in sections 1861(s) and 1862(a) of the 
Act, the statute does not specify medical 
devices, surgical procedures, or 
diagnostic or therapeutic services that 
should be covered or excluded from 
coverage.

The intention of Congress, at the time 
the Medicare Act was enacted in 1965, 
was that Medicare would provide health 
insurance to protect the elderly or 
disabled from the substantial costs of 
acute health care services, principally 
hospital care. The provision was 
designed generally to cover services 
ordinarily furnished by hospitals, SNFs, 
and physicians licensed to practice 
medicine. Congress understood that 
questions as to coverage of specific 
services would invariably arise and 
would require a specific decision of 
coverage by those administering the 
program. Thus, it vested in the Secretary 
the authority to make those decisions. 
Specifically, section 1862(a)(1)(A) of the 
Act prohibits payment for any expenses 
incurred for items or services “which are 
not reasonable and necessary for the 
diagnosis or treatment of illness or 
injury or to improve the functioning of a 
malformed body member.”

We have interpreted this statutory 
provision to exclude from Medicare 
coverage those medical and health care 
services that are not demonstrated to be 
safe and effective by acceptable clinical 
evidence. Effectiveness in this context is 
defined as the probability of benefit to 
individuals from a medical technology

for a given medical problem under 
actual conditions of use. In day-to-day 
medical practice, physicians diagnose 
and treat clinical conditions following 
their performance of history and 
physical examinations and their 
interpretations of a variety of diagnostic 
tests and procedures. To be of value to 
the physician in confirming the presence 
or absence of a given disease, the 
information obtained from any 
diagnostic test or procedure must be of 
sufficient accuracy to establish or rule 
out the presence of that disease. 
Likewise, for established diagnoses, the 
test or procedure must be of sufficient 
precision to allow the physician to 
accurately monitor the patient’s 
response to treatment. Payment may not 
be made under Medicare for any 
diagnostic test or procedure that is not 
accurate or precise, since such a test 
cannot be considered “reasonable and 
necessary for the diagnosis or treatment 
of illness or injury”. While medical 
procedures may prove to be efficacious 
in a research setting, under ideal 
circumstances (that is, controlled 
environment, scientifically trained users, 
optimally functioning equipment, etc.) 
their efficacy may not extend to less 
controlled settings. On April 29,1987, 
we published a notice in the Federal 
Register (52 FR 15560) that describes the 
process we use in reaching coverage 
decisions. That notice includes a 
discussion of our reliance on the Office 
of Health Technology Assessment 
(OHTA) in the Public Health Service 
(PHS) for medical advice.

The Medicare program currently 
covers single photon absorptiometry, 
radiographic absorptiometry 
(photodensitometry), and bone biopsy 
for measuring bone mineral density. 
Dual photon absorptiometry currently is 
not covered.

Bone mineral density studies are used 
to diagnose diseases of the bone and to 
evaluate the responses of bone diseases 
to treatment. The studies assess bone 
mass or density associated with such 
diseases as osteoporosis, osteomalacia, 
and renal osteodystrophy. Various 
methods of measurement may be used 
to diagnose bone disease and monitor 
the response to treatment, including, 
bone biopsy, radiographic 
absorptiometry (photodensitometry), 
and single and dual photon 
absorptiometry.

A bone biopsy is an invasive surgical 
procedure. A small sample of bone 
(usually from the hip) is removed, 
generally by a biopsy needle. The 
biopsy sample is then examined 
histologically, and provides a qualitative 
measurement of the bone mineral
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content of the trabecular bone. This 
procedure is used primarily to 
differentiate osteomalacia from 
osteoporosis. Bone biopsy is covered 
under Medicare when used for the 
qualitative evaluation of bone no more 
than four times per patient, unless 
special justification is given. When used 
more than four times on a patient, bone 
biopsy may leave a defect in the pelvis 
and produce some patient discomfort.

Radiographic absorptiometry 
(photodensitometry) is a noninvasive 
radiological procedure that attempts to 
assess bone mass by measuring the 
optical density of extremity radiographs 
with a photodensitometer, usually with 
a reference to a standard density wedge 
placed on the film at the time of 
exposure. This procedure provides a 
quantitative measurement of the bone 
mineral of cortical bone, and is used for 
monitoring gross bone change.

Radiographic absorptiometry 
(photodensitometry) was covered in 
1975 at the recommendation of the 
Bureau of Health Insurance’s 
(predecessor to HCFA) in-house medical 
consultants based on the limited 
medical information available at that 
time. This decision was made prior to 
the inception of the HCFA Physicians 
Panel and OHTA review and 
assessment process. Since that time 
additional studies have been conducted, 
with the result that the available 
evidence as set forth in current medical 
literature no longer supports Medicare’s 
coverage position.

Single photon absorptiometry is a 
non-invasive radiological technique that 
measures absorption of a 
monochromatic photon beam by bone 
material. The device is placed directly 
on the patient, uses a low dose of 
radionuclide, and measures the mass 
absorption efficiency of the energy used. 
It provides a quantitative measurement 
of the bone mineral of cortical and 
trabecular bone, and is used in 
assessing an individual’s treatment 
response at appropriate intervals. Single 
photon absorptiometry has been 
covered under Medicare when used in 
assessing changes in bone density of 
patients with osteodystrophy or 
osteoporosis when performed on the 
same individual at intervals of six to 12 
months.

Single photon absorptiometry was 
covered under Medicare based on the 
advice and recommendation of the 
Office of Health Research, Statistics, 
and Technology (OHRST), PHS on 
September 10,1982. OHRST stated that 
while no single currently available 
technique was entirely satisfactory for 
assessing either the degree or type of 
bone disease in individual patients, they

recommended that single photon 
absorptiometry be covered tinder 
Medicare because “There does appear 
to be evidence to support the clinical 
effectiveness of photon absorptiometry 
* * *’’ Since that time additional studies 
have been conducted, with the result 
that the available evidence as set forth 
in current medical literature no longer 
supports Medicare’s coverage position.

Dual photon absorptiometry is a 
noninvasive radiological technique that 
measures absorption of a dichromatic 
beam by bone material. This procedure 
is not covered under Medicare because 
it is still considered to be in the 
investigational stage.

The issue of the safety and 
effectiveness of dual photon 
absorptiometry was considered by the 
HCFA Physicians Panel on January 11, 
1984. The HCFA Physicians Panel is an 
internal organization composed of 
physicians and other health 
professionals in HCFA’s Central Office 
and their counterparts from PHS, which 
meets approximately once every six to 
eight weeks. At that time, the Panel 
recommended that HCFA refer the issue 
to PHS for its review with specific 
direction to OHTA to report back to 
HCFA after it had reviewed the data 
presented at a Consensus Conference on 
Osteoporosis at the National Institutes 
of Health (NIH) in April of 1984.

OHTA reported on the NIH 
conference at the Panel meeting held 
May 15,1984. The NIH conference was 
unable to reach a consensus on the 
effectiveness in the clinical setting of 
any of the currently available tests for 
studying bone mineral density. The 
discussion generated by this information 
led HCFA to question whether these 
techniques were medically necessary, 
given the current state of therapy for 
osteoporosis. A major conclusion of thé 
NIH conference was that while there are 
a number of promising treatments 
available for osteoporosis, there was no 
single treatment available to either 
prevent or cure the condition. The Panel 
then recommended that OHTA be 
requested to do a full assessment of the 
effectiveness of all types of bone 
mineral density studies.

On June 1,1984, we requested that 
OHTA assess the issue of the safety and 
effectiveness of all currently used bone 
mineral density studies—radiographic 
absorptiometry (photodensitometry), 
single photon absorptiometry, dual 
photon absorptiometry, and 
computerized tomography (CT) scans. In 
a Federal Register notice published 
October 26,1984, OHTA announced that 
it was coordinating an assessment of 
what is known of the safety, clinical 
effectiveness, and use of bone mineral

density studies. During its assessment, 
OHTA solicited information and advice 
from other PHS components (such as the 
Food and Drug Administration and 
NIH), consulted directly with concerned 
medical specialty groups and 
professional organizations to determine 
whether a consensus exists within the 
medical community concerning the 
safety and effectiveness of bone mineral 
density studies, and researched and 
analyzed published medical and 
scientific literature and findings of all 
relevant studies and reports. On 
December 31,1986, OHTA 
recommended that we not cover single 
photon absorptiometry under Medicare 
(including the ESRD program), and 
continue to deny Medicare coverage of 
dual photon absorptiometry. On 
September 22,1987, OHTA 
recommended that we not cover 
radiographic absorptiometry 
(photodensitometry) under Medicare.

According to the OHTA assessment, 
the use of radiographic absorptiometry 
(photodensitometry), single photon 
absorptiometry, and dual photon 
absorptiometry for diagnosing bone loss 
or monitoring effectiveness of treatment 
is unproven. Currently, there is a lack of 
medical evidence supporting their 
effectiveness as either diagnostic tools 
or methods of monitoring treatments for 
bone disease when used outside the 
research setting. Because of significant 
variation among observers in obtaining 
measurements, and because 
measurements by the same observer at 
different times vary to a considerable 
degree, the accuracy of these 
measurements must be considered open 
to question. Moreover, it has not been 
determined which site or sites are best 
suited for measurement. When used as a 
guide to monitoring treatment response 
the degree of change in bone density 
expected is smaller than the precision 
error of the devices themselves, thereby 
making such measurements unsuitable 
for this purpose. OHTA has advised that 
radiographic absorptiometry 
(photodensitometry), single photon 
absorptiometry, and dual photon 
absorptiometry need to undergo further 
clinical investigation before being 
recommended for general clinical use. 
OHTA has, therefore, concluded that the 
available clinical and scientific evidence 
does not support the effectiveness in a 
day-to-day clinical setting, of 
radiographic absorptiometry 
(photodensitometry), single photon 
absorptiometry, and dual photon 
absorptiometry in measuring bone 
mineral density for either diagnostic or 
treatment monitoring purposes.
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HCFA has received recently 
comments form clinicians and others 
challenging the OHTA assessments of 
the effectiveness of radiographic 
absorptiometry (photodensitometry), 
single photon absorptiometry, and dual 
photon absorptiometry in measuring 
bone mineral density for either 
diagnostic or treatment monitoring 
purposes that may have a substantial, 
credible basis. These comments will be 
available for public inspection during 
the comment period for this notice and 
will be addressed in the final notice if 
we proceed with publishing one.

OHTA is currently assessing the 
safety and effectiveness of 
computerized tomography (CT) scans 
when used to measure bone mineral 
density.

II. Provisions of the Proposed Notice
W e propose to exclude radiographic 

absorptiometry (photodensitometry) and 
single photon absorptiometry for 
measuring bone mineral density from 
Medicare coverage (including coverage 
under the ESRD program) for either 
diagnostic purposes or as a guide to 
treatment, and to continue noncoverage 
of dual photon absorptiometry.

The provisions of this notice would 
not affect any existing Medicare 
regulations. However, they would affect 
the following manual instructions:

• Coverage Issues Manual— Section 
50-17, paragraph A, Laboratory Tests—  
CRD Patients; and Section 50-44, Bone 
Mineral Density Studies;

• Renal Dialysis Facility Manual—  
Section 240.3, paragraph D, Laboratory 
Tests;

• Hospital Manual—Section 238.2, 
paragraph D.3., Institutional Dialysis 
Services Furnished to CAPD Patients—  
Laboratory Tests;

• Intermediary Manual— Section 
3172.3, Laboratory Tests for 
Hemodialysis, Intermittent Pertioneal 
Dialysis (IPD) and Continuous Cycling 
Pertioneal Dialysis (CCPD) Included in 
the Composite Rate—Guidelines for 
Separately Billable Tests for 
Hemodialysis, IPD, and CCPD; and

• Carriers Manual— Section 2231.3, 
Support Services and Supplies 
Furnished to Home CAPD Patients,

paragraph D.3., Laboratory Tests; and 
Section 4270, paragraph C.3., Guidelines 
for Separately Billable Tests for 
Hemodialysis, IPD, and CCPD.

III. Appendices

We have included as appendices to 
this notice the following OHTA 
assessments of single and dual photon 
absorptiometry.
APPENDIX I—Public Health Service 

Reassessment of Single Photon 
Absorptiometry for Measuring Bone 
Mineral Density—1986 

APPENDIX II—Public Health Service 
Assessment of Dual Photon 
Absorptiometry for Measuring Bone 
Mineral Density—1986 

APPENDIX III—Public Health Service 
Assessment cf Radiographic 
Absorptiometry for Measuring Bone 
Mineral Density— 1987

IV. Regulatory Impact Statement

Executive Order (E.O.) 12291 requires 
us to prepare and publish an initial 
regulatory impact analysis for any 
proposed notice that meets one of the 
E.O. criteria for a “major rule”; that is, 
that would be likely to result in: An 
annual effect on the economy of $100 
million or more; a major increase in 
costs or prices for consumers, individual 
industries, Federal, State, or local 
government agencies, or geographic 
regions; or significant adverse effects on 
competition, employment, investment, 
productivity, innovation, or on the 
ability of United States-based 
enterprises to compete with foreign- 
based enterprises in domestic or export 
markets. In addition, we generally 
prepare an initial regulatory flexibility 
analysis that is consistent with the 
Regulatory Flexibility Act (RFA) (5 
U.S.C. 601 through 612), unless the 
Secretary certifies thai a proposed 
notice such as this would not have a 
significant economic impact on a 
substantial number of small entities.

Although radiographic absorptiometry 
has been covered since 1975, the first 
year for which Medicare coverage was 
available for single photon 
absorptiometry was 1985. The limited 
data available to us show the total 1985

Medicare charges for both procedures 
were significantly less than $1 million. 
This proposal would affect those clinics 
and other facilities that are offering this 
testing in two ways: first, they would 
lose Medicare revenue, and second, our 
coverage decision may affect other 
payers (such as, third parties) and their 
beneficiaries. Nonetheless, we believe 
the economic impact of this notice 
would not be significant.

For these reasons, we have 
determined that a regulatory impact 
analysis is not required. Further, we 
have determined and the Secretary 
certifies that this proposed notice would 
not have a significant economic impact 
on a substantial number of small 
entities, and we have therefore not 
prepared a regulatory flexibility 
analysis.

V. Response To Comments

Because of the large number of 
comments we receive on proposed 
notices, we cannot acknowledge or 
respond to them individually. However, 
in preparing the final notice, we will 
consider all comments received timely 
and respond to the major issues in that 
notice.

VI. Collection Of Information 
Requirements

This notice contains no information 
collection requirements. Consequently, 
this notice need not be reviewed by the 
Executive Office of Management and 
Budget under the authority of the 
Paperwork Reduction Act of 1980 (44 
U.S.C. 3501 et seq.).
(Sec. 1862(a) of the Social Security A ct (42 
U.S.C. 1395y(a)))
(Catalog of Federal Domestic Assistance 
Program No. 13.773, Medicare Hospital 
Insurance and No. 13.774, Supplementary 
Medical Insurance)

Dated: February 26,1988.
William L. Roper,
Administrator, Health Care Financing 
A dministration.

Approved: April 9,1988.
Otis R. Bowen,
Secretary.
BILLING CODE 4120-01-M
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A P P E N D I X  I Public Health Service Reassessment of
Single Photon Absorptiometry for 
Measuring Bone Mineral Density - 1986

Health Technology Assessment Reports, 1986

Single Photon Absorptiometry 
for Measuring ¿one 
Mineral Density

Number 7

n a t io n a l  c e n t e r  f o r  h e a l t h  s e r v ic e s  r e s e a r c h  a n d  h e a l t h  c a r e  t e c h n o l o g y  a s s e s s m e n t

U S. DEPARTMENT OF HEALTH AND HUMAN SERVICES 
Public Health Service
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FOREW ORD

The O ffice  of Health Technology A ssessm ent (OHTA) evalu ates the safety  and e f f e c ­
tiveness of new or unestablished m edical tech n ologies th a t are  being considered for 
co v e ra g e  under M edicare. These assessm en ts a re  perform ed a t  the request of the Health  
C are Financing A dm inistration (H C FA ). They are  the basis for recom m endations to 
HCFA regarding co v e ra g e  policy decisions under M edicare.

Q uestions about M edicare co v e ra g e  for ce rta in  health ca re  technologies are  directed  to 
HCFA by such in terested  p arties  as insurers, m an u factu rers, M edicare c o n tra c to rs  and 
p ra ctitio n e rs . Those questions o f a m edical, s c ie n tif ic , o r tech n ica l natu re are  form ally  
referred  to OHTA for assessm en t.

OHTA's assessm en t process includes a com prehensive review  of the m edical lite ra tu re  
and em phasizes broad and open p articip ation  from within and outside the F ed eral 
G overnm ent. A range of e x p e rt  ad v ice  is obtained by v/idely publicizing the plans for 
conducting the assessm en t through publication o f an announcem ent in the Fed eral  
R eg ister and solicitation  of input from  Fed era l ag e n cie s , m ed ical sp ecialty  so cie tie s , 
insurers, and m an u factu rers. The involvem ent of these exp erts  helps assure inclusion of  
the exp erienced  and varying view points needed to round out the data derived from  
individual scien tific  studies in the m edical lite ra tu re . A fter OHTA receiv es inform ation  
from  e x p e rts  and the scien tific  lite ra tu re , the results are  analyzed and synthesized into 
an assessm en t rep ort. E ach  rep ort rep resen ts a d etailed  analysis of the sa fe ty , clin ical  
e ffe ctiv e n e ss , and uses o f new or unestablished m edical tech n ologies considered for 
M edicare co v e ra g e . These Health Technology A ssessm ent R ep orts form  the basis for the  
Public Health S erv ice  recom m endations to H CFA and are  dissem inated widely.

Individual rep orts a re  available to the public once HCFA has made a co v erag e  decision  
regarding the su b ject technology. OHTA also publishes com p ilation s which contain all 
assessm en t rep orts subm itted to HCFA in a given calen d ar y e a r.

OHTA is p art of the N ational C en ter for Health S erv ices  R esearch  and Health C are  
Technology A ssessm ent, Public Health S erv ice , D ep artm ent of Health and Human 
S erv ices .

Enrique D. C a r te r , M.D. Sam uel Lin , M .D., Ph.D.
D irecto r, O ffice  of Health A cting D irecto r, N ational C en ter for
Technology A ssessm ent H ealth S erv ices  R esearch  and

H ealth C are Technology A ssessm ent

Copies may be obtained a t  no ch arge from :
Publications and Inform ation Branch
NCHSR & HCTA
Park lawn Building, Room 18-12
5600  Fishers Lane
R o ck v ille , MD 2 0 8 5 7 ; (30 1) 4 4 3 -4 1 0 0
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PUBLIC HEALTH SERVICE REASSESSM ENT  

SINGLE PHOTON ABSO RPTIO M ETRY FOR 

MEASURING BONE M INERAL DENSITY 

1986

INTRODUCTION

Single photon absorp tiom etry  (SPA) is a noninvasive radiologic technique used to 

assess bone m ineral co n te n t in the appendicular skeleton (1 ). A photon beam  from  a 

sealed , single, low -energy radioisotope source is d irected  a t  a bone o f the p a tie n t’s limb, 

usually the shaft of the radius. As the beam  passes through the bone and soft tissu e, 

some photons a re  absorbed, and a n u clear counting instrum ent m easures the intensity of 

the beam  th a t em erg es. The d ifferen ce  in photon absorption betw een bone and soft 

tissue allows for the calcu lation  of the to ta l bone m ineral found in the scan path. The 

am ount of sk eletal m ineral p resen t is proportional to  the change in beam  intensity over 

the bone (2). The m easurem ents by SPA a re  calib rated  with known bone m ineral co n te n t  

(BMC) from  ashed bone section s or from  standards calib rated  against ashed bone 

section s. The SPA technique provides no inform ation about the volume of bone 

scanned. In SPA, bone m ineral is expressed in mass per unit length of bone (g /cm ). 

M easurem ents o f bone m ineral by SPA have been used to provide an index o f skeletal 

sta tu s  in the assessm en t of a wide range of m etab olic bone disorders such as renal 

osteodystrophy and osteoporosis.

F irst described in 1 9 6 3 , SPA is considered a sim ple, widely availab le , and 

relatively  inexpensive bone m ineral m easurem ent technique (3). In itially, bones of the  

hands, hum erus, fem u r, tib ia , m andible, and calcan eu s (os ca lc is  or heel) were 

m easured. B ecau se o f  easy a cce ss  to the forearm  (radius) and b e tte r  reproducibility , the
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g re a te st exp erien ce  has been co llected  with the forearm  bones a s  scanning sites (1 ). 

Frequently used s ite s  on die radius a re  the d istal portion (10 p ercen t o f the to ta l length 

from  the styloid p rocess of the ulna), d istal th ird , and m idradius. In cu rre n t p ra c tic e  

most radial bone m easurem ents a re  lim ited to the mid radius. F o r  photon ab sorptiom etry  

the midradius is a  site tw o-th ird s the length of the ulna from  its proxim al end. Some 

investigators also  use m easurem ents on ulna and radius to g eth er a t  the d istal end o f the 

radius (1 ). In the last 10 y e a rs , m easurem ents of bone m ineral in the forearm s by SPA  

have b ecom e one of the m ost widely used methods for evaluating the c o r t ic a l  bone mass 

(* ) .

R e ce n tly , in te re st has ce n te re d  on m easurem ents o f a x ia l tra b e cu la r bone m ass. 

Most n on trau m atic fra c tu re s  o ccu r in the ax ial skeleton (spine) and proxim al fem ur (hip), 

sites containing sign ifican t am ounts of tra b e cu la r bone. A lso, accord in g  to some 

in vestigators, bone m ineral density (BMD) m easurem ents made a t  the fra c tu re  sites  

(spine and hip) d iscrim in ate b e tte r  betw een n on trau m atic fragility  fra c tu re s  and 

nonfracture ca se s  than m easurem ents m ade on o th e r p a rts  o f  the skeleton (5 ,6 ). This has 

fueled a con troversy  regarding the value of radial appendicular (c o rtic a l)  sk eletal  

m easurem ents for predicting the risk o f  developing a fra c tu re  a t  the spine o r hip and 

monitoring the e f fe c ts  o f  therapy of o steop orosis. This re c e n t in terest in m easurem ents  

of trab ecu lar bone m ass has also  resulted  in a tte m p ts  to m easure appendicular trab ecu lar  

bone a t  the d istal radius and os c a lc is . A m ajor d ifficu lty  in m easurem ents a t  these s ite s  

is the tapering bone and repositioning problem . Since the bone's c ro ss  sectio n  tap ers  

sharply a t  the d istal radius and is irregu lar a t  the os c a lc is , a  sm all positioning ch an ge  

may produce a  substantial change in bone d ia m e te r and m easured BMD (5). A ccording to  

M azess, how ever, m icro co m p u ter-co n tro lled  instrum ents coupled to re c tilin e a r  scan n ers  

will g reatly  im prove the precision o f  these instrum ents in sites  where th ere  is g re a t  

variation in the bone cro ss section  from  one c e n tim e te r  to  an oth er along the sh aft o f a

2
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given bone ( i .e .,  d istal radius) (7). R ectilin e a r scanning of 1 cm  segm ents of bone in 1 to 

2 mm step-w ise in crem en ts allow s the averaging of multiple scans and im proves 

precision.

SPA w as first described by Cam eron and Sorensen in 1963  (8). It was developed in 

an a tte m p t to circu m v en t som e o f the problem s inherent in the use of photodensitom etry  

and radiogram m e try to m easure BMD (8 ). The technique of SPA u tilizes a well 

co llim ated  beam  of m on o-en ergetic rad iation , usually from 1*25 (200m  C i), to scan a 

peripheral bone (8 ). The absorption of photons is m easured by a sodium iodide-thallium  

d e te c to r  fixed on a C -fra m e  opposite the photon source. This assem bly synchronously 

scan s acro ss  the bone being m easured. Like radiogram  me tr y , SPA is limited to 

m easurem ents o f appendicular bone because tissue com position surrounding the bone has 

to be uniform and m inim al. C o rrectio n s  can n o t be m ade by this instrum ent for bulk soft 

tissue or its  uneven distribution around the bone. B ecau se the technique requires a 

uniform  soft tissue thickness surrounding the bone, the limb is im m ersed in w ater or 

wrapped with a w ater bag or tissu e-eq uivalen t m ateria l to sim u late  co n stan t thickness in 

soft tissue (9 ).

Using SPA , the bone m ineral m easured re f le c ts  the to ta l in tegrated  m ineral 

(c o r tic a l  and trab ecu lar) in the path of the beam . C alcu lation s o f bone mass in g m /cm  

are m ade with the use of standard cu rves. Standard cu rves are  obtained by dividing an 

excised  radius in p ieces of 1 -cm  length and then scanning in the middle o f these p ieces. 

Scanning is perform ed under h cm  of w a te r. The 1 -cm  p ieces are  then ashed to co n stan t  

w eight. The calib ration  cu rve (standard curve) is obtained by plotting the ash weight of 

the dried, d efa tted  human radius again st the bone m ineral a s  estim ated  with the SPA 

d ev ice  (10). The units m ost frequently used with SPA a re  ash w eight (in gram s) per axial 

bone length (in ce n tim e te rs ).

3
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SPA scan s of the forearm  take about 10 to 15 m inutes and can  be perform ed  

without sp ecific  preparation  on m ost p atien ts. A ccording to W ahner, m easurem ents of  

bone m ineral with SPA a re  con train d icated  in p atien ts with sk eletal abnorm alities or 

history o f fra c tu re  o f the radius, re ce n t im m obilization o f the a rm , a r th r itic  ch an ges, or 

arteriovenous fistulas a s  used in ren al dialysis (1 0 ). C o sts fo r these devices range from  

about $ 1 9 ,0 0 0  to  $ 2 5 ,0 0 0  (co sts  do not include rad ioactive  sou rce). The 200m  Ci 1^35 

radiation sou rce th a t is required has a half life o f 6 0  d ays. This sou rce will have to be  

replaced every  4 to  5 months a t  a  c o s t  o f  about $ 7 5 0 . C harges for th e procedure range 

from about $50 to  $ 1 5 0  (2). A com parison of SPA co s ts  with those o f o th e r  techniques  

for measuring bone m ineral can  be found in the co s ts  section  o f the OHTA assessm ent for 

dual photon ab sorptiom etry (D PA ) (1 1 ).

Radiation exposure is alwiays a conbem  with any procedure utilizing radiation  

sources. While SPA is a non invasive technique, i t  does involve p atien t exposure to  

radiation. W ahner and colleagu es have perform ed dosim etry m easurem ents a t  the Mayo 

Clinic. They m easured p atien t radiation dose from SPA o f the radius utilizing 1*25 and 

four passes 1 mm a p a r t . They found th a t the peak skin dose, with background m easured  

at both eye and gonad s ite s , was 13 m rad (1).

A ccording to the position paper on radiologic m ethods to ev alu ate  BMC from  the 

Health and P u b lic Policy C o m m ittee  o f the A m erican C ollege of Physicians, SPA  

involves m inim al radiation  exp osu re, with negligible bone m arrow  or gonadal radiation  

(2). The position paper reports SPA involves a 2 to  5 mrad dose to the limb. The body 

dose is negligible .as. a  result of little  radiation s c a t te r .  Physicians a re  required to obtain  

the N uclear R egulatory Commission Level VI license to handle the n ecessary  400  

millicuries o f 1^25 used in SPA (3).

The physiologic inform ation provided by m easurem ents of BMC have been under 

extensive investigation during the p ast 20 y ears . Bone mass m easurem ents have been a  

valuable research  tool for clin ical investigations a ttem p tin g  to elu cid ate  the

-  4 -
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pathogenesis of m etabolic bone diseases. In vestigators have sought to determ ine the 

clin ical sign ifican ce of bone loss with aging and bone disease and its relationship to an 

increasing risk o f fra c tu re s  am ong the eld erly . This growing in terest in b e tte r  

understanding the nature and d egree o f changes in BMC with a g e , with osteop orosis, and 

with m etabolic bone d isease, in g en eral, has prom pted the developm ent of noninvasive  

m easurem ent techniques for assessing bone m ineral co n te n t (12). A v arie ty  o f such 

techniques in addition to SPA are  presently availab le. They include: radiogram  me tr y , 

ph otod en sitom etry , radiographic ab sorp tiom etry , com puted tom ography, and D PA.

Although bone m ineral m easurem ents with SPA have been utilized m ostly in 

studies o f prim ary osteop orosis, a number o f c lin ica l investigations have been reported  

regarding its use in renal osteodystrophy (1 3 ,1 4 ,1 5 ,1 6 ,1 7 ) . These studies which include 

work by S tew art and a sso cia te s , Atkinson and colleagu es and G riffiths and Zim m erm an  

in d icate  th a t photon ab sorptiom etry is suitable for epidem iological studies and clin ical 

research  in m etab olic bone diseases asso ciated  with renal failu re (1 3 ,1 4 ,1 7 ). H ow ever, 

the role of SPA m easu rem en ts for individual ca se  diagnosis and for p a tie n t m anagem ent 

decisions is u n certain  (6 ,1 4 ,1 6 ).

Many of the m ethods o f bone m ass quantitation in g en eral, and SPA in p a rticu la r, 

have been used in a tte m p ts  to diagnose osteoporosis or to follow its response to 

th erap y . This rep o rt will reassess the effe ctiv e n e ss  of SPA bone m ineral m easurem ents  

on the clin ica l outcom e of p atien ts  being evaluated  and tre a te d  for osteop en ic bone 

diseases. This reassessm en t seeks to ascerta in  where bone m ineral evaluation by SPA 

fits into the overall schem e o f osteop orosis p revention , diagnosis and tre a tm e n t. A 

sim ilar rep ort has been published on DPA. The o th er noninvasive m easurem ent 

techniques for bone m ineral will be assessed subsequently, in sep arate  rep o rts.
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BACKGROUND

O steoporosis is a m ajor public health problem . The N ational In stitu tes of Health  

Consensus D evelopm ent C o n feren ce  on O steoporosis held on April 2 -4 ,  1 9 8 4 , reported  

that osteoporosis may a f f e c t  betw een 15 and 20 million A m erican s (18). More than 1 

million fra c tu re s  a ttrib u tab le  to osteoporosis o ccu r annually in individuals o v er the ag e  

of 45. T w en ty-five p ercen t o f  women over 60 y ears  o f  age have docum ented v e rte b ra l  

fractu res in association  with osteoporosis. As many a s  50 p erce n t of women will develop  

vertebral fra c tu re s  by ag e  7 5 . These fra c tu re s  may develop during routine a c tiv itie s , 

such as  bending, liftin g , o r raising from  a chair or bed (1 8 ). While com pression fra c tu re s  

(collapsed fractu res) o f the v e rte b ra e  can  produce sev ere  pain, th e  am ount o f back pain 

and disability a ttrib u tab le  to m ost v e rte b ra l fra c tu re s  is unknown. A ccording to the  

Am erican C ollege of O b stetrician s and G ynecologists, a f te r  ag e  45 there is a marked  

increase in the incidence of d istal forearm  fra c tu re s  (1 9 ). By age 6 0 , th ere  are  10 tim es  

more forearm  fra ctu re s  in women than in men o f  com p arab le age. These fra c tu re s  lim it 

the use of the e x tre m ity  for 4 to 8 w eeks, with long-term  disability uncom m on. While 

osteoporosis predisposes to fra c tu re s  o f various bones, hip fra c tu re s  a re  the m ost serious 

m term s of d isability , m o rtality  and a g g reg ate  c o s t . In the United S ta te s , it  is estim ated  

that more than 2 0 0 ,0 0 0  hip fra c tu re s  o ccu r in elderly women each  y ear with 80 p ercen t  

found to be related  to p re-existin g  osteoporosis (1 9 ). The a ffe c te d  population tends to be 

advanced in age and the sex distribution less skewed tow ard fem ales than is the ca se  with 

vertebral f ra c tu re s . A cu te com p lication s such a s  depression and m ech an ical failure of 

the surgical p rocedure a re  com m on (18). Most p atien ts fail to reco v er norm al a c tiv ity . 

Hip fra c tu re s  lead to fa ta litie s  in 12 to 20 p erce n t of c a s e s  and p re cip ita te  long-term  

nursing hom e c a re  for half o f those who survive (2 0 ,2 1 ). Hip fra c tu re s  pose a sign ifican t 

economic as well a s  a  m edical burden.

6
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The econom ic burden of all a g e -re la te d  fra c tu re s  is g re a t because of the large  

number of people involved and the expensive and p ro tra cte d  c a re  that is often  required. 

About a fourth of all p atien ts with limb fra c tu re s  require hospitalization and the mean 

hospital stay in creases from  13.6 days am ong those age 25 to W, to 32 .6  days am ong  

those older than age 65. F ra c tu re s  of the proxim al fem ur a cco u n t for more than half of 

ali days of hospitalization  for limb fra c tu re s . The co s t of the a cu te  c a re  alone for 

fra c tu re s  of the proxim al fem ur has been estim ated  to exceed  $1 billion annually in the 

United S ta te s  (22). The d ire c t and ind irect c o s ts  o f osteop orosis, including hip fra c tu re s , 

are  estim ated  to be betw een $ 3 .5  billion and $6.1  billion annually in the United S ta te s  

(1 8 ,2 1 ). As a result of the considerable m orbidity, m ortality  and expenditures asso ciated  

with this d isease , th ere  is growing in terest in research  regarding its prevention , 

diagnosis, and tre a tm e n t. The pathogenesis of osteop orosis, its prevention and 

m anagem ent has had exten siv e  review . A sum m ary of th a t inform ation can  b e found in 

the osteoporosis section of the OHTA assessm en t on DPA (11). Additional inform ation  

can  also be obtained from the num erous re fe re n ce s  cited  in th at rep o rt.

For the p ast 5 y ears in vestigators have used SPA to assess the BMC o f the 

appendicular skeleton in "norm al'' individuals and in p atien ts with osteoporosis. Studies 

have been conducted  to in vestigate  w hether appendicular (radial) bone m ineral 

m easurem ents could sep arate  "norm al" women from  women with v erteb ra l com pression  

fra c tu re s  or fem oral neck fra c tu re s . R e ce n tly , some in vestigators have used SPA distal 

radial and os ca lc is  m easurem ents ostensibly to identify women a t  risk of future  

fra c tu re s . This rep ort exam ines these and o th er studies as well as  oth er evidence that 

p ertain s to the safety  and clin ical e ffe c tiv e n e ss  of this technique.

7
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RATIONALE

The rationale for bone m ineral m easurem ents in osteoporosis is based on the 

dem onstration th a t the strength  or re sista n ce  of a bone to fra c tu re  is closely  related  to 

the am ount of bony tissue or the m ass o f the m ineral presen t in the bone. Proponents 

argue th a t sin ce the (breaking) tensile strength of bone mass is related  to its m ineral 

co n ten t, m easurem ents o f  bone m ineral should be a  m ore a c c u ra te  m ethod of 

determ ining fra c tu re  risk. Proponents of SPA believe th a t the ability to assess the 

direction and d egree o f changes in bone m ineral co n ten t in the o s c a i c i s ,  d ista l radial and 

midradial s ite s  fa c ilita te s  the diagnosis and m anagem en t of m etabolic bone d iseases, 

such as osteoporosis. They argu e th at inform ation on bone m ineral loss is clin ically  

im portant for the m onitoring of a g e -re la te d  bone loss, for the diagnosis and monitoring  

of bone loss resulting from m etab olic bone d isease , for the assessm en t o f drug e f f e c ts  on 

bone m in eralization , and for the a c c u ra te  assessm en t of fra c tu re  risk a t  the spine and 

fem oral neck. Proponents also  argue th at these m easurem ents could prove useful a s  

clinical guides to therapy in assessing the th erap eu tic responses of p atien ts  with 

osteopenia.

REVIEW O F AVAILABLE INFORMATION

A ccuracy and Precision

A ccu racy  defines the degree to which a m easu rem en t, o r an e stim a te  based on 

m easurem ents, rep resen ts the tru e value o f the a ttrib u te  th at is being m easured. In this 

case it re fe rs  to how well the m easurem ent re fle c ts  a c tu a l m ineral co n te n t. It is 

expressed as a c o e ffic ie n t of v ariation  (or e rro r o f e s tim a te ) o f the d ifferen ce  betw een  

actual and m easured. In the determ ination of osteop en ia , a c c u ra c y  in the m easu rem en t 

of bone m ass by SPA is o f g re a t im p ortan ce.

8



34912 Fed eral R egister /  Vol. 53, No. 174 /  T hursday, Septem ber 8, 1988 /  N otices

A number of com plex tech n ical fa c to rs  a f f e c t  ab sorptiom etry a ccu ra cy  

determ inations jn vjvo. These include beam  hardening, photon beam siz e , s ca tte re d  

radiation and spatial variation of soft tissue com position (2 3 ). SPA m inim izes the e ffe c ts  

of sca tte re d  radiation and beam  hardening th a t con trib u te  to th at in accu racy . The 

narrow  beam  (less than 5mm d iam eter) elim in ates problem s of s c a tte re d  radiation while 

use o f n onenergetic radiation m inim izes the e f f e c ts  of se lectiv e  filtratio n  o f the beam  as  

it passes through a limb (beam  hardening) (23 ). A ccording to Judy, the e rro r introduced  

by hardening, s c a t te r ,  and finite beam  size can  be reduced to less than 2 p erce n t by 

calib ratin g  the m easurem ent system  with an ash study (2 3 ).

Sorenson and C am eron , and Christiansen and cow ork ers have d em onstrated  th at 

the m ineral co n te n t of a bone as determ ined by SPA is independent of the position of the  

bone rela tiv e  to top and bottom  o f the soft tissue and independent of the orien tation  of 

the bone in the soft tissue (2tf,25 ). ft is also independent of a co n stan t thickness of 

overlying tissue. H ow ever, the distribution of fat in the arm  is such that its thickness, as  

seen by the scanning beam , is n ot uniform . T h erefo re , the a ccu ra cy  of SPA is lim ited by 

the u n certain ty  and variation  of soft tissue com position over and in the bone. The 

m agnitude of this e rro r has been estim ated  to be from  2 p ercen t to as large as 30 p ercen t  

(23). To m inim ize a r t if a c ts  introduced by variation  in soft tissu e, the limb being studied

is im m ersed in w a te r or wrapped in a tissu e-eq uivalen t substance to sim ulate co n stan t 

thickness.

The instrum ental a c c u ra c y  of SPA using I as the photon source was

determ ined by C am eron and cow orkers in 1968 (26). E xcised  bones were m easured under 

w ater to sim ulate the soft tissue surrounding the limb and the mass of ashed section s was 

com p ared  with the ab sorp tiom etric  m easurem ent. The authors reported  a c c u ra c ie s  o f $ 

to 7 p ercen t for the SPA technique. With tech n ical m odifications (a rapid scanning 

au tom ated  system ) made during the study, the authors dem on strated  im proved a ccu ra c ie s  

of 2 to h p e rce n t. More re ce n tly , Rustgi and colleagu es found a 6 .5  p ercen t d ifferen ce

9
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when they com pared m easured BMC values obtained by SPA with absolute values 

obtained by the ashing m ethod (27). In a 1983 review  of noninvasive m ethods for 

quantitating appendicular bone m ass, Johnston concluded th a t SPA provided an a c c u ra te  

assessm ent o f the am ount of m ineral with an e rro r  o f  e s tim a te  of about 5 to  6 p ercen t  

(9). Prelim inary results from  a study of bone m ass in 30  postm enopausal o steo p o ro tic  

women a t  the University of Washington was recen tly  rep orted  by C hestnut a t  the 

National In stitu tes of Health Consensus D evelopm ent C o n feren ce  on O steoporosis (2 8 ).

With SPA m easurem ents o f the radius/ulna, he rep orted  obtaining an a ccu ra cy  o f 3 to  4  

p ercen t. Sim ilar findings of a c c u ra c y  (1 -4  p ercen t) have been reported in the position  

paper on radiologic m ethods to ev alu ate  bone m ineral co n ten t from  the H ealth and Public 

Policy C o m m ittee  o f the A m erican  C ollege of Physicians (2).

For m onitoring changes in bone m ass, SPA bone m ineral m easurem ents have to be 

sufficiently precise (reproducible) to provide a c o r r e c t  e s tim a te  of th ese changes.

Precision is im p ortan t if the goal is to  d e te c t  sm all ch an ges, such as  the 1 to  2 p ercen t  

per y e a r loss of bone m ass found in many postm enopausal w om en. The c o e ff ic ie n t of  

variation (CV) expressed in p ercen t describ es the precision or reproducibility o f  a  given  

m easurem ent. A num ber of published studies h ave reported  the precision of rep eated  

SPA m easurem ents to  be betw een 2 and 4 p erce n t (8 ,2 8 ,2 9 ) .

B ecau se a c c u ra te  repositioning of the bone site  for rep eated  m easurem ents is th e  

principal d eterm in an t o f  p recision , a  number of. m odifications to im prove the  

repositioning e rro r , including re c tilin e a r scanning, have been introduced in d ifferen t  

instrum ents. Using m icro co m p u ters, scans of m ultiple paths about 1 mm a p a rt a re  

feasible, giving an in tegrated  bone m ass o v er some d ista n ce  (1 ). A ccording to M azess, 

rectilinear scanning can  reduce the usual 2 to  4 p e rce n t e rro r  of linear scan s to  1 to  2  

percent (7 ). Sim ilar resu lts , under s tric tly  controlled  con d itions, h ave been rep orted  by

10
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Wahner and cow orkers (1 ). Johnston has found the precision of rep eated  SPA 

m easurem ents quite good: 1 to  2 p ercen t in the research  lab o rato ry , and 2 to  5 p ercen t in 

the clin ical se ttin g  (9).

Clinical A pplications

One of the e a rlie st studies of bone d em in eralization , using SPA m easu rem en ts, 

was perform ed by Smith and a sso cia te s  on 169 white women older than 50 y ears  of age a t  

Indiana U niversity School of Medicine in 1972 (29). They m easured bone m ineral a t  two 

radial sites in 56 women with and 113 women w ithout fractu red  v e rte b ra e . Although 

m easurem ents of bone m ineral in the radius w ere significantly less in the group with 

collapsed v e rte b ra e , the au thors reported  considerable overlap in m easurem ent values for 

the fra c tu re  and n on fractu re  groups (2 9 ). B ecause there appeared to be a g re a te r  loss of  

bone m ineral from  the radial s ite  (on e-ten th  of the forearm  length from  the d istal radius) 

containing higher p ercen tag es  of tra b ecu lar bone, Smith suggested th at scans of th e  

distal radius may b e tte r  re f le c t  loss of mass in the v e rte b ra e  (29).

In a 1975 study, Smith with o th er a sso c ia te s  reported  results sim ilar to the results  

of his earlier study (30). Using SPA m easurem ents of the radius in a larger group of 

fractu red  (108 women with v erteb ra l body d ecreased  a t  least one-third  in height) and 

n on fractu red  (161 women) Caucasian women ag e  50 or o ld er, he dem onstrated  th at the  

n onfractured  group had significantly higher bone m ineral values. Again th ere  were  

significant overlaps betw een bone m ineral values for o steo p o ro tic  and for norm al 

su b jects. A sh ort followup of 278 women for 470  su b je ct-y e a rs  showed th a t women with 

low SPA m easurem ents may have a g re a te r  risk of diverse types of fra c tu re s . He found 

th a t the incidence of v e rte b ra l f ra c tu re s  was inversely proportional to  the initial bone 

m ineral m easurem ents taken a t  the radius (30). Smith concluded, h ow ever, th at fa c to rs  

o th er than low bone m ineral, such as d egree of tra u m a , quality of bone and a c tiv ity , may 

be d eterm in an ts of fra c tu re  as well (30).
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In a  re la ted  study of SPA m easu rem en ts o f  ra te s  o f  m ineral loss with aging, Sm ith  

and colleagu es determ ined th a t e s tim a te s  o f ra te s  o f loss over periods less« than 2 y ears  

w ere too low in precision to be useful (3 1 ). A ccording to Sm ith, if an individual loses 

bone m ineral a t  an av erag e  ra te  o f  about 1 p e rce n t per y e a r , the precision o f the  

technique which would allow the d etection  o f such a ra te  m ust approach 1 p ercen t if th e  

loss is to  be determ ined in 1 y e a r. If the precision is g re a te r  than th is, several y e a rs ’ 

time will be needed before the loss can  be d e te cte d  (3 1 ).

Sim ilar studies involving bone m ineral m easurem ents in osteoporosis w ere  

conducted a t . Brook haven N ational L ab oratory  (3 2 ). Cohen and a sso c ia te s  a ttem p ted  to  

diagnose osteop orosis, based .on  SPA, bone m ineral m easurem ents o f  th e radius. Cohen 

found a large inh eren tvariab .ijity  in the bone m ineral m easu rem en ts o f the radius sim ilar 

to those rep orted  by Sm ith (29). He also w as unable to norm alize the bone m ineral 

m easurem ents for the size , a g e , and sex of the individual (3 2 ). A ccording to Cohen, 

these fa c to rs  often  make SPA bone m ineral m easurem ents o f the radius u n satisfacto ry  

for evaluation of the e x te n t of osteoporosis in an individual. H ow ever, he does b elieve  

that bone m ineral m easurem ents on the radius can  be used to  distinguish an o steo p o ro tic  

population from  an a g e -a n d  sex-m atch ed  norm al population. (;  ̂ r ■

In a  .continuation o f  th e work by Cohen (32), Aloia and cow orkers determ ined  

whether ch an ges in bone m ineral m easured by SPA in the m idradius ( 8 < m  site ), following  

therapy for o steop orosis, re fle c te d  ch an ges in skeletal m ass (to tal-b od y  calciu m ) a s  

measured by total-b od y neutron activ a tio n  analysis (TBN AA) (3 3 ). T hirty-six  

osteop orotic p atien ts who underw ent sev eral th erap eu tic  regim ens w ere studied on two  

occasions ap p roxim ately  9 m onths a p a rt by SPA and TBNAA. Aloia found no ap p aren t 

relationship betw een the changes in bone m ineral m easured by SPA in the m idradius with  

the changes in total-body ca lciu m . Aloia concluded th a t  ch an ges in: bone m ineral a t  th e  •- 

mid radius (3-cm  site ) could n ot be extrap olated , to in d icate  changes in skeletal* m ass. : 

However, he noted th a t it w as possible th a t d ifferen tia l ra te s  o f  rem odeling occu rred

34915
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with therapy in various sk eletal s ite s  and th a t an in crem en t in BMC of the radius could 

be accom panied  by a d ecrem en t in to ta l skeletal m ass (33). Although Aloia suggested  

th a t a b e tte r  co rrela tio n  betw een SPA m easured changes in bone m ineral with changes in 

total-body calcium  m ight have been obtained a t  a  radial s ite  with m ore trab ecu lar bone 

(3 -cm  site ), this site  was not utilized because of its  increased e rro r in m easu rem en t (3 3 ).

Studies by Khairi and cow orkers and Wahner and a sso c ia te s , published in 1976 and 

1977 resp ectiv ely , used SPA and Singh's T rab ecu lar P a tte rn  Index (Singh index) to assess  

sk eletal sta tu s  and to  com p are the ability of the two m ethods to single out o steop orosis- 

prone subjects (3 4 ,3 3 ). Both groups reported th a t n eith er of the m ethods clearly  

separated  the subjects with fra c tu re  from  those w ithout fra c tu re . The study by Khairi 

prospectively  followed 106 wom en, 70 to 9 5  y ears  old, for 2 to 3 years a f te r  obtaining  

initial SPA bone m ineral m easurem ents and a Singh index (34). Noting th at the to ta l  

num bers of su b jects and fra c tu re s  (n=29) w ere few , Khairi rep orted  th a t the incidence of 

subsequent fra c tu re s  showed a significant inverse co rrelatio n  with the initial SPA bone 

m ineral m easu rem en ts a t  the distal radial s ite  (34 ).

The d ata  published by Wahner again confirm ed th at SPA bone m ineral 

m easu rem en ts of o steo p o ro tic  p atien ts fail within the low er ranges of a v e ra g e  bone 

m ineral of the relevan t co h o rts  (35). In his study, and in co n tra s t to  the findings of 

K hairi, Wahner found th at the Singh index gave a b e tte r  separation of osteo p o ro tic  

p atien ts and ag e-m atch ed  norm als than SPA m easurem ents. A ccording to W'ahner, the  

Singh index, which is based en tirely  on ch an ges in trab ecu lar bone, probably discrim in ates  

b e tte r  b ecause o steo p o ro tic  p atien ts  have a g re a te r  proportion of loss of tra b ecu lar bone 

of the ax ia l skeleton than of c o r tic a l  bone of the appendicular skeleton (35 ).

In 1981 Riggs and cow ork ers a t  the Mayo Clinic dem on strated  d ifferen ces in 

tra b e cu la r and c o r tic a l  bone diminution in elderly norm al su bjects and in p atien ts with 

spinal osteop orosis (36). In a cro ss-se ctio n a l study, Riggs com pared  trab ecu lar and 

c o r tic a l  bone diminution with aging by m easuring bone m ineral con cu rren tly  a t  sites  in

13
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the a x ia l and appendicular skeleton . Bone m ineral o f the radius (mid and distal) was 

measured by SPA while bone m ineral of the v e rte b ra e  was determ ined by D PA . 

According to R iggs, although th ere  was still considerable overlap , spinal bone m ineral 

m easurem ents with DPA w ere able to  d iscrim in ate p atien ts with osteoporosis from  a g e -  

and sex-m atch ed  norm al su b jects b e tte r  than SPA bone m ineral m easurem ents on the 

radius (36). Riggs suggested th a t c o r t ic a l  bone and trab ecu lar bone function as sep arate  

com p artm en ts, which d iffer in re sp e ct to  onset and ra te  of bone loss. He concluded th a t  

d irect spinal m easurem ents o f bone m ineral a re  g rea tly  superior to  appendicular 

m easurem ents for evaluating the severity  of spinal osteoporosis (3 6 ).

A ccording to  the work of M anicourt and a s so c ia te s , h ow ever, the am ount o f bone 

estim ated by SPA m easu rem en ts a t  the d istal radius (3 -cm  site) closely c o rre la te s  with 

the am ount of bone estim ated  by physical determ ination  o f porosity index in the iliac  

cre st tra b ecu lar bone (3 7 ). Bone biopsy and SPA m easurem ents w ere perform ed  

concom itantly on 40 su b jects: 31 norm al and 9 p atien ts with one or m ore com pression  

fractu res of the v e rte b ra e . B ecau se the physiochem ical d ata  ( i .e .,  porosity index) 

correlated  with th e bone m ineral values, M anicourt suggested th at SPA m easurem ents of  

a single peripheral bone (radius) a re  rep resen ta tiv e  of ch an ges in the ax ia l skeleton in 

normal and o steo p o ro tic  su b jects. He also indicated th a t d istal scan s o f the radius b e tte r  

reflected  the ax ia l skeleton m ass than proxim al scan s (3 7 ).

In 1983 Oensen and colleagu es reported  finding a relationship betw een SPA bone 

mineral m easurem ents in the d istal p a rt of the fo rearm  o f 7 0 -y e a r-o ld  women and the  

frequency o f postm enopausal fra c tu re s  (38). In the 258 women studied they identified  

131 osteo p o ro tic  f ra c tu re s , i .e ., v e rte b ra l, hip, proxim al hum erus, and distal forearm  in 

77 of the wom en. The main observation o f the author was th a t the frequency o f  

osteoporotic f ra c tu re s  was m ore than th ree tim es higher in the 40  p ercen t of women with
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the lowest bone m ineral values than in the 20 p ercen t of women with the highest values. 

Jensen concluded th at th ere  is an increased frequency of o steo p o ro tic  fra ctu re s  

asso cia ted  with decreased  SPA bone m ineral m easurem ents in the forearm  (3 8 ).

R ecen tly , Gupta and cow ork ers reported using SPA m easurem ents to establish  the 

p resen ce of an d /or determ ine the severity  of osteoporosis (39 ). In 13 of 17 patien ts with 

a history of v erteb ra l com pression fra c tu re s  they found reduced bone m ineral values a t  

the radial sh a ft. H ow ever, 4 patien ts (24 p ercen t) with com pression fra c tu re s  had norm al 

bone m ineral values and 24 p atien ts without fra c tu re s  had reduced bone m ineral values a t  

the radial sh a ft. Gupta concluded th at SPA m easurem ents of the raidal sh aft may not 

a ccu ra te ly  re f le c t  the s ta te  of the axial skeleton. He suggested, despite repositioning  

e rro r , considering SPA m easurem ents of the distal end of the radius or d irect  

m easurem ents of the axial skeleton by DPA (39).

Sim ilar findings and conclusions regarding the relationship betw een radius and 

spinal bone m ineral m easurem ents w ere also reported  by M azess and a sso cia te s  (6). In 

that study, rep orted  in 1 9 8 4 , SPA bone m ineral m easurem ents of the distal third of the  

radius (site  one-third of the forearm  length proxim al to the styloid p rocess of the ulna) 

were com pared with DPA total-b od y  bone m ineral m easurem ents (TBBM) and spinal 

m easurem ents in norm al and o steo p o ro tic  su b jects. M azess found in norm al m ales and 

fem ales, a relatively  sm all e rro r (6 -1 0  p ercen t) in estim atin g  the sta tu s  of the to ta l 

skeleton or the spine from SPA bone m ineral m easurem ents on .th e radius (6). Howrever, 

in o steo p o ro tics  th ere  was little  relation betw een m easurem ents a t  these sites . 

A ccording to  M azess, in m etabolic bone disease such as osteop orosis, a  p referen tial 

altera tio n  of tra b ecu lar bone m akes m easurem ents a t  appendicular sites  (radius) 

inappropriate. He concluded th a t p referen tia l spinal osteopenia probably explains the  

poor diagnosis of osteoporosis based on forearm  m easurem ents and confirm s the need for 

a d ire ct m easurem ent of trab ecu lar bone a t  the spine (6).
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The regions of the radius exam ined m m ost of the previously discussed studies 

have been com posed mainly of c o r tic a l  bone. R e feren ce  to th ese regions as 10 p ercen t, 

one-third, and 50 p ercen t sites  tech n ically  re fe r  to the length along the ulna. A ccording  

to Schlenker and von Seggen's distribution of BMC and p ercen tag e  of trab ecu lar bone 

along the radius, the p ercen tag e  of tra b ecu lar bone a t  the 10 p erce n t site is less than 25 

percent and the p ercen tag e  of trab ecu lar bone a t  the one-third  and 50 p ercen t sites  is 

less than 10 p erce n t (4 0 ) . These sites are  mainly c o rtic a l bone w hereas the site of 

in terest, the verteb rae» is predom inantly trab ecu lar bone.

T h erefo re , m ore re ce n tly , groups have reported  their e x p e rie n ce  using SPA to  

study the radius a t  a s ite  where the p ercen tag e  of trab ecu lar bone is sim ilar to th at  

found in the lumbar spine. This region on the radius has been referred  to as the "distal or  

ultradistal s ite ,"  and is d eterm ined by a sp ecific  radius-ulna gap. D istal radial bone 

mineral studies with SPA a t  a  5m m  site  (radius-ulna gap) h ave been perform ed by various 

groups, under the d irection  of T aim ag e , a t  the U niversity of North C arolina School of 

Medicine. In one of those studies, Aubrey and a sso cia te s  determ ined the reliability of 

SPA m easurem ents a t  the 5 mm distal radius s ite . In a cro ss-se ctio n a l study of m ore  

than 700 norm al white women they obtained m easurem ents a t  the 5 mm site  re la tiv e  to  

age (41). A ccording to Aubrey use of the 5m m  d istan ce betw een the ulna and radius for 

SPA positioning allow s for reproducible m easurem ents a t  a  d istal s ite . N onetheless, he 

showed th at mispositionm g a t  th e  5m m  s ite  could result in m easurem ent e rro rs  of 1 to  3 

percent (41). H ow ever, he d em onstrated  a trab ecu lar bone com position of g re a te r  than  

50 percen t a t  the 5mm s ite .

From  the large cro ss-se ctio n a l study of 700  norm al women ranging in ag e  from  18 

to 98 years, Aubrey found th at th ere  was m inim al bone loss in th e radius before the ag e  

of 50 (41). This w as followed by an a c c e le ra te d  phase of bone loss th a t p ersisted  for th e  

remainder of life . The bone m ineral valu es a t  the m idradius and d istal radius w ere very  

similar. To determ ine if the distal radius m easurem ents w ere in d icative of conditions

34919
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existing in the spine, Aubrey com pared the SPA distal radius m easurem ents to DPA 

lumbar bone m easurem ents in 140 norm al su b jects (41). Based on the sm all population  

te s te d , Aubrey concluded th at in "norm al" women the bone loss with age a t  the distal 

radius 5 mm site  co rre la te d  closely  with gen eralized  bone m ineral loss of the axial 

skeleton.

In a subsequent study, by the sam e group, Grubb m easured radius and lumbar spine 

bone density in a sm all population o f postm enopausal white fem ale  p atien ts with 

n on trau m atic fra c tu re s  and their ag e-m atch ed  con trols (42 ). An osteopenic group 

w ithout fra c tu re s  was also exam ined. He found th a t bone density values a t  all sites  

(m idradius, and distal radius and spine) in the p atien t populations w ere s ta tis tica lly  

reduced from  the bone density values in the co n tro l population. While the density of the  

midradius in two p atien t groups (m ean age 62  years) showed a 12 p e rce n t d ecrease  in 

density from  the co n tro l valu es, the density of both the lumbar v e rte b ra e  and the distal 

radius had decreased  25 p e rce n t. From  an analysis of his m easurem ents in p atien ts, 

Grubb found a s ta tis tica lly  sign ifican t co rrelatio n  c o e ffic ie n t of 0.51 betw een bone 

density of the d istal radius (5 mm site) and th a t of the lum bar spine. He concluded th a t  

in p atien ts as well a s  co n tro ls , the density of the d istal radius c o rre la te s  well with th at  

of the lum bar v e rte b ra e  (42 ).

A ccording to Grubb, 95 p ercen t of all the p atien ts with n on trau m atic fra c tu re s  of 

the spine and hip had a d istal radius density value of 3 2 5 m g /cm 2 or less (42). Based on 

this finding, he suggested th a t p atien ts without fra c tu re s  but with distal radius density  

values below this "a t  risk" value (325 m g /cm 2) be considered for fu rth er evaluation . 

H ow ever, a lm ost 30 p ercen t of the women with " a t  risk" d istal radius m easurem ents had 

norm al lumbar bone m easurem ents.

In an accom oanying cro ss-se ctio n a l study, Jacobson and cow ork ers used SPA bone 

density m easurem ents a t  the distal radius s ite  of 5 mm to d eterm ine the e f f e c ts  of 

e x e rc ise  on norm al postm enopausal bone loss (43 ). Bone density also was m easured a t  the
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midradius and firs t m e ta ta rs a l with SPA and a t  the spine with D PA. By com paring the  

bone density of women co lleg e a th le te s  with n o n -ath letes and adult a th le tic  women with  

n on -ath letic w om en, Jacobson found th at women who e x e rc ise  regularly and intensely  

have e lev ated  bone m ass both in co m p a ct and tra b e cu la r a re a s . A ccording to Jacob son , 

bone m easu rem en t values in the radius and lum bar spine in the old est a th le tic  group (5 5 -  

75 years of age) w ere in the sam e range a s  fo r younger a th le tic  wom en. Jacobson  

concluded th a t while the d ata  suggest th a t a  regu lar and sustained e x e rc ise  program  is 

beneficial in building and m aintaining bone m ass in wom en, longitudinal studies have to  

be carried  out b efore the ben eficial e f f e c ts  of e x e rc ise  on adult bone m ass could be 

thoroughly established (43).

In a sim ilar cro ss-se ctio n a l study using SPA to  exam ine appendicular tra b e cu la r  

bone in norm al women, Nilas and co lleag u es rep orted  th a t on a  group basis, th e  bone loss 

at the distal forearm  scan site  corresponds to the spinal bone loss (4). H ow ever, because  

the relationships betw een fo rearm  and spinal bone m asses a r e  m odest, Nilas concluded  

that in individuals, spinal bone m ineral can n ot be p redicted  from  bone m easurem ents  

taken a t  the fo rearm . To m easure appendicular tra b e cu la r bone, Nilas lo ca ted  the 8 mm 

site (radius-ulna gap) and scanned distally with 4 additional scan s 2 mm a p a rt . By 

com paring bone m easurem ents in this s ite  in 19 postm enopausal and 53 prem enopausal 

women with bone m easurem ents scanned proxim al of the 8 mm site  (c o r tic a l  bone), Nilas 

found th a t postm enopausal tra b e cu la r bone loss w as ap p roxim ately  seven tim es g re a te r  

than c o r tic a l  loss within the firs t 5  to 6 postm enopausal y ears  (4).

A ccording to N ilas, the norm al calib ration  p rocedure usually recom m ended by the  

m anufacturers of a  single m easu rem en t of th e standard before each  p a tie n t is exam ined  

is insufficient and resu lts in a precision o f 2 to  3 p erce n t (4). To elim in ate m achine d rift 

and ach iev e a  lon g-term  reproducibility of 1 to 1 .5  p e rce n t, Nilas also  calib ra ted  the 

system o n ce  a  week by m easuring an aluminum standard nine tim es fo r 54 scans.

18



34922 Federal Register /  Vol. 53, No. 174 /  T hursday, Septem ber 8 ,  1988 /  N otices

In their review  of the Nilas study and oth er studies using SPA to m easure bone 

m ineral a t  distal and u ltrad istal sites  on the radius (and ulna), Wahner and colleagu es  

suggested th at m easurem ents made a t  these sites be in terp reted  with caution until 

fu rth er d ata  a re  available (5). A ccording to W ahner, although in vestigators determ ine  

and use the co rrelatio n  c o e ffic ie n t betw een bone density of the u ltrad istal radius and 

th at of the lumbar spine to show a relationship betw een the tw o, it is not the appropriate  

p a ram eter for predicting lum bar spine density from  u ltrad ista l radius density in an 

individual. He believes th at the ap p ropriate p aram eter is the 95 p ercen t con fid en ce  

in terval (5). Wahner showed th a t studies in which the co rrelatio n  co e ffic ie n t was 

sta tis tica lly  sign ifican t (0 .56 ) betw een bone density of the u ltrad istal radius and th a t of 

the lumbar spine could also have 9 5  p ercen t con fid en ce in tervals of _* 22 p e rce n t. 

Wahner found sim ilar 95  p ercen t con fidence in tervals a re  obtained when predicting  

lumbar spine density from  ag e  alone (5).

M azess has also review ed the studies using SPA fo r m easurem ents of the d istal 

radius (44). He is in ag reem en t with Wahner th a t co rre la tio n  co e ffic ie n ts  betw een bone 

density of the ultrad istal radius and th at of the lum bar spine are  not the appropriate  

p aram eters  for predicting lumbar spine density from  u ltrad ista l radius density in an 

individual. A ccording to M azess it would be impossible to a ccu ra te ly  p red ict spinal 

density from the d istal radius when the Correlation was only 0 .5 2  (44). He also  argues  

th a t the 5 mm s ite , m easured by som e in v estig ato rs, while containing m ore than 35 

p ercen t trab ecu lar bone is not 50 p ercen t as in d icated . A ccording to M azess, studies  

thus fa r  have not shown th a t the distal radius site  is a  b e tte r  d iscrim in ator of  

osteoporosis than the radius sh aft or is equal to the spine (44).

R e ce n tly , a t  the Garvan In stitu te  of M edical R esearch  in A u stralia , P ocock  and 

cow ork ers exam ined the co rre la tio n  betw een distal (8 mm) forearm  BMC determ ined by 

SPA , and lum bar v e rte b ra l and fem oral neck BMD determ ined by DPA (45). Significant 

co rre la tio n s  (p less than 0 .0 0 1 ) w ere found betw een the m easurem ents on the forearm
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and a t  the two ax ia l s ite s  in their study of 8 0  wom en, 5 0  postm enopausal, aged 20 to 76  

years. H ow ever, despite the sign ifican t co rre la tio n  betw een BMD in the spine and hip 

and BMC o f th e  fo re a rm , th ere  was a large s c a t te r  of individual values about the  

regression line (large standard e rro r o f the regression). A ccording to  the authors the  

standard e rro r  of the regression (13 p ercen t spine and 12 p ercen t hip) was too large to 

allow reliable prediction o f  e ith er s ite  from  the o th er in a p articu lar individual (45).

P ocock  took d ifferen t forearm  BMC’s a s  d etectio n  points and determ ined the  

sensitivity and sp ecificity  of SPA for lumbar spine m ineral density below 0 .9 7 g /c m ^  (a  

value asso ciated  with increased fra c tu re  risk) (4 5 ). F o r prediction of lum bar spine 

osteopenia with a sensitivity o f  88 p e rce n t, P ocock  determ ined th a t the false positive  

rate  was 91 p e rce n t. In ord er to  ach iev e  a sp ecificity  of 8 2  p e rce n t, Pocock  found die  

false n egative ra te  was 65 p e rce n t. Sim ilar predictions w ere obtained a t  the fem oral 

neck. Pocock  concluded th a t despite the rela tiv ely  sm all study population, the d ata show 

that forearm  d en sitom etry  (8 mm site ) can n ot b e used to  d e te c t  (screen ) reduced BMD in 

the lumbar v e rte b ra e  o r fem oral neck in postm enopausal fem ales (4 5 ).

In a  longitudinal study o f  1 ,098  randomly selected  women ranging in age from  43  

to 80  y e a rs , ^Wasnich and a sso cia te s  determ ined the risk of fra c tu re  asso ciated  with 

varying photon ab sorp tiom etry  BMC m easurem ents a t  four sk eletal s ite s  (46). BMC o f  

the os c a lc is , d istal radius, and proxim al radius was m easured by SPA in all 1 ,098  

women. These women have now been followed fo r 4 .5  y ears. Of th ese wom en, 456 have  

had (subsequent to fra c tu re  o ccu rren ce) both lum bar spine scan s (D PA ) and x -ra y s . 

Among the 1 ,098  women followed for 4 .5  y ears  th ere  w ere a to ta l o f  26 incident 

fra ctu re s . These included eig h t rib f ra c tu re s , six fra c tu re s  a t  the w rist and only one a t  

the hip (46).

Wasnich com pared the nonspine fra c tu re  incidence ra te s  by quintile of bone 

mineral co n te n t a t  the proxim al radius, d istal radius, os c a lc is , and lumbar spine (46 ). 

Using estim ated  odds ra tio s  for varying levels o f  BMC, he investigated  the dose-response
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relationship of BMC to  the risk of fra c tu re . Wasnich determ ined th a t the risk of fra c tu re  

was significantly increased  with diminishing quintiles of BMC a t  m ost skeletal sites . 

M oreover, when subjects in the low est BMC quintile were com pared to those in the  

highest quintile, the g re a te s t  risk d ifferen ce  was found for the os ca lc is .

B ecau se subjects in the low est quintile of os ca lc is  BMC had a nonspine fra c tu re  

risk 10 tim es g re a te r  than subjects in the highest BMC quintile, Wasnich concluded th a t  

the os ca lc is  BMC m easu rem en t was the best p red icto r of nonspine fra c tu re  risk (46 ). 

This would include hip fra c tu re s , although only one fra c tu re  a t  th at s ite  was included in 

the study. He also suggested , based on p revalen ce d a ta , th a t the os ca lc is  BMC 

m easurem ent was the best overall in d icator of spine fra c tu re  risk. The m ost significant 

relationship of BMC to  spine fra c tu re  p rev alen ce was observed for the os c a lc is  (p =0 .026)  

and the lumbar spine (p = 0 .0 4 1 ). Although the study did not re la te  BMC a t  the os c a lc is  to  

subsequent spinal fra c tu re  in cid en ce, Wasnich concluded th a t m easu rem en t of os ca lc is  

BMC may be useful for routine risk evaluation of perim enopausal women (46).

In a related  study, Wasnich included p rosp ective  spinal fra c tu re  in cidence d ata  in 

ord er to  ev alu ate  the p red ictiv e  power o f photon ab so rp tio m etric  bone m ineral 

m easurem ents a t  various s ite s  for fra c tu re  risk a t  "a ll" sk eletal sites  com bined (4 7 ). He 

hoped to d eterm in e which single sk eletal m easurem ent was the b est p red icto r of fra c tu re  

risk, irresp ectiv e  of fra c tu re  s ite . A lso, the sm all num ber of spinal incident fra c tu re s  

recorded  may have n ecessita ted  com bining the spine and appendicular incident fra c tu re s .

The 294  women of this study, ranging in ag e  from  about 44 to  79 y e a rs , w ere a  

random subsample of the population described in the previous rep o rt (46). A to ta l  of 17 

incident fra c tu re s  w ere observed which included 8 a t  the spine and 1 a t  the hip. Wasnich 

observed the m ost sign ifican t relationships of BMC to fra c tu re  risk for the os c a lc is  

(p =0 .009) and the spine (p= 0 .0 1 1 ). When subjects in the low est BMC quintile w ere
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com pared with those in the highest, the g re a te s t  risk d ifferen ce  was found for the os 

ca ic is . Subjects in the low est quintile of os c a lc is  BMC had a com bined (global) fra c tu re  

risk six tim es g re a te r  than subjects in the highest BMC quintile.

Wasnich concluded, how ever, th a t b ecause of the sm all number of incident 

fra c tu re s , these results m ust be viewed as prelim inary. He suggested th a t m easurem ents  

a t the os c a lc is  and lumbar spine may prove to  be useful for assessm en t of global (to ta l)  

fractu re  risk (47).

In a followup to  the previous work a t  North C arolin a, T alm age and cow orkers used 

SPA and DPA to study a g e -re la te d  bone loss a t  several sk eletal s ite s  (48). Bone m ineral 

density was m easured a t  the m idradius, d istal radius and lum bar spine in 1 ,105  

asym p tom atic n o n -ath letic  and 124 a th le tic  C aucasian women aged 18-98  y ears .

In the n o n -ath letes , T alm age observed th a t the BMD of the two radial sites  and 

the lumbar spine co rre la te d  positively (48). He also found th a t an a g e -re la te d  in crease  in 

ra te  of loss of BMD o ccu rred  a t  each  of the th ree  s ite s . The ap p roxim ate ag e  a t  which 

the in crease  in the ra te  of BMD loss o ccu rred  corresponded roughly to the tim e of 

menopause. In order to explain the in crease  in ra te  of loss of BMD a t  the spine, not seen  

in oth er rep o rts (36), T alm age indicated th a t this may be due to  d ifferen ces in sam ple 

size and the ag e  distribution of the populations studied (48 ).

In the sm aller population of a th le te s , defined as those women who exercised  

regularly th ree  tim es per week for 9 m onths of the y ear for a t  least 5 y ears , no in crease  

in the ra te  of bone density loss could be d em onstrated  a t  the two radial sites  (48). The 

number of lum bar spine m easurem ents (D PA) in this group was too sm all for analysis. 

According to  T alm age, while the absence of a sign ifican t change in ra te  o f bone loss in 

ath letes could have been due to the re latively  sm all number of su b jects, it also suggested  

that regular sustained e x e rc ise  program s may delay or m inim ize the increased  ra te  of  

loss of BMD which o ccu rs  in n o n -ath letic  women in the perim enopausal period (48).
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In co n tra s t to the findings of T alm age (48 ), Riggs again reported finding striking  

d ifferen ces in the p attern s of appendicular and axial bone loss, over life , in women (49). 

Based on a longitudinal study of only 139 norm al women aged 2 0 -8 8  y e a rs , he concluded  

th at v erteb ra l bone loss began well before m enopause and continued into old a g e , with 

only a trend tow ard m idlife a c c e le ra tio n . A ccording to R iggs, substantial am ounts of 

bone lost from the axial skeleton prior to menopause suggest prop h ylactic intervention  

well b efore the m enopause (49).

R e ce n tly , O tt and cow orkers found th at in women with osteoporosis th ere  w ere no 

co rre la tio n s  betw een SPA , D PA , and CT m easurem ents of 1 -y ear changes in bone m ass 

(50 ). In addition to the possibility of d ifferen t ra te s  of bone changes a t  d ifferen t sites  of 

the skeleton, O tt suggested th at the lack of co rre la tio n  betw een the m easurem ents may 

be related  to the precision of the techniques and m agnitude of the changes in bone in 

osteoporosis. She concluded th a t the techniques used w ere not sufficiently  p recise  to  

m easure the sm all am ount of change in bone a f te r  only 1 y ear (50 ). Riggs and Melton 

believe th at m easurem ents every  6 m onths over 2 to  3 years may be required to e s tim a te  

individual ra te s  of bone loss (21).

A ccording to Ruff and H ayes, ch an ges in bone g eom etry  and in m ateria l  

p rop erties, such as u ltim ate  com pressive and tensile stren gth  and energy absorbed prior 

to  failu re , may be the m ost c r i t ic a l  fe a tu res  of the sk eletal aging p rocess (51 ). Failu re  

to m easure th ese c h a ra c te r is tic s  may a cco u n t for the re latively  low e ffic ien cy  of photon 

ab sorp tiom etry  in identifying individuals who are  a t  high risk for f ra c tu re . M oreover, 

they believe th at standardizing BMC by bone width can  produce misleading results in 

locatio n al, se x , and age com parisons. In order to com p are BMC in d ifferen t individuals, 

som e kind of standardization of sk eletal size (bone volum e) m ust be carried  out (51). The 

m ost com m on size-stan d ard ization  procedure has been to divide BMC by to ta l bone width 

acro ss  the path of the scan (1). H ow ever, based on a 1984 study, Ruff and H ayes do not
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believe th a t bone width is a good index o f tru e  bone volum e and suggest th a t variation s  

reported in bone m ineral mass a re  alm ost en tirely  due to variation  in bone volum e, not 

variation in bone density or m ineralization (51).

DISCUSSION

The m easurem ent of bone m ass is an im p ortan t tool in the study of m etab olic bone 

diseases, p articu larly  osteoporosis. C u rren t in te re st is ce n te re d  on th e  re ce n t advances  

in the SPA technique. This in te re st is a  result of the re ce n t applicability of the SPA 

technique to  m easure appendicular bone s ite s  (d istal radius, os ca ic is ) with quantities of 

trab ecu lar bone sim ilar to  th a t of the spine and hip. While SPA is capable of m easuring  

bone m ineral and has advanced our knowledge of bone disease in g en eral, its  role in the  

m anagem ent of the individual p atien t is u n certain .

It would be advantageous to  be able to  p rosp ectively  identify those women who 

are a t  risk of developing o steo p o ro tic  f ra c tu re s , in ord er to  d ire c t tre a tm e n t to those a t  

g reatest risk. As a screening te s t  for osteoporosis in perim enopausal w om en, this  

application of SPA bone m ineral m easu rem en ts is suggested to have p oten tial u tility . 

Once established as  a  screening tool it  could be used in the s tra te g y  for trea tin g  a fflic te d  

individuals or preventing osteop orosis. Although the technology to noninvasively m easure  

bone m ineral with SPA is cu rren tly  av ailab le , the ability of such m easurem ents to  

identify those individuals who will subsequently fra c tu re  has n ot y e t  been shown. In a  

prospective study of 1 ,098  women with diverse typ es of nonvertebral fra c tu re s , Wasnich 

and eow orkers found th a t subjects in the low est quintile of bone d en sity , as  m easured by 

SPA, had a tenfold g re a te r  risk of som e type of f ra c tu re  than women in the highest 

quintile (46). M easurem ents o f the bone density of the os c a ic is  appeared to be a  

stronger p red ictor of fra c tu re s  than m easurem ents a t  o th er s ite s . A ccording to o th er  

investigators, this study included too few  fra c tu re s  o f  the hip (one) or w rist (six) to  assess

-  2 4  -
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the value of SPA for predicting these fra c tu re s  (52 ). In a subsequent study by W asnich, 

which included p rosp ective  v erteb ra l fra c tu re  incidence d a ta , the author recom m ended  

th at the results of th a t study be viewed as prelim inary because of the sm all num ber of 

incident fra c tu re s  included in the study (47).

P resen tly , th ere  has been no p rosp ective study dem onstrating th a t the noninvasive 

m easurem ent of bone m ass by SPA can identify p atien ts who will suffer fra c tu re s . In 

their 1984 review  of the various noninvasive m ethods for bone m ineral m easu rem en ts, 

Wahner and colleagu es concluded th at th ere was no optim al technique available for mass 

screening for early  osteoporosis (1). The A m erican  C ollege of Physicians’ H ealth and 

Public Policy C o m m ittee  recen tly  review ed various radiologic m ethods for m easuring  

BMD, including SPA , but made no recom m endation about the use of these te sts  in routine  

screening for osteoporosis (2). In order to  p red ict individuals’ f ra c tu re  risk, it would be 

n ecessary  to study large population coh orts of women from  various ag e  groups and re la te  

their sp ecific  bone m easurem ents to  p rosp ective fra c tu re  incidence d ata  co lle c te d  over a  

su fficien t period of tim e . From  fra c tu re  incidence d a ta , the risk ratio  would provide an 

e stim a te  of risk. This type of study would enable in v estig ato rs to  d eterm in e w hether it  

would be possible to p red ict the risk of fra c tu re  from  the initial bone density  

m easurem ents. A p atien t's  bone mass m easured b efore or a t  menopause may in d icate  

w hether she has low or high bone m ass for her a g e . It will n ot necessarily  indicate  

w hether she will fall into the high-risk group 10 to  15 years la te r , when fra c tu re s  begin. 

The contribution of bone mass a t  m aturity  versus subsequent ra te s  of loss is still largely  

unknown. M oreover, th ere  ex ists  a con troversy  regarding the selection  of a screening  

s ite . While many in vestigators consider BMD m easurem ents of the a c tu a l fra c tu re  site  

(spine and hip) param ount, o th ers  argue th at fra c tu re  risk prediction and screening can  be 

accom plished by appendicular (trab ecu lar) BMD m easu rem en ts.
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According to  som e rep orts it  would be a useful screening tool (4 2 ,4 6 ). H ow ever, 

according to  o th er rep o rts it would be of little  value b ecause it could not reliably p red ict 

the risk of fra c tu re  in the spine or hip (2 1 ,4 5 ).

Initially, in v estig ato rs  used SPA bone m ineral m easurem ents in a tte m p ts  to find a  

specific level o f bone density th a t clearly  distinguished p atien ts with v erteb ra l  

osteoporosis. Those studies, including the work of Sm ith and a sso cia te s  (3 0 ) , Cohen and 

associates (32 ), Khairi and cow ork ers (34 ), and Wahner and a sso cia te s  (35 ), have been  

largely unsuccessful. A ccord in g to  Sm ith, fa c to rs  o th er than low bone m in eral, such as  

degree of trau m a, quality of bone, and a c tiv ity , may be d eterm in an ts of fra c tu re  as  

well. An individual sub ject with low bone m ineral has only one of the fa c to rs  which 

increases the risk of fra c tu re  (30). Although Cohen found SPA bone m ineral 

m easurem ents of the radius u n satisfacto ry  for evaluation of the e x te n t  of osteoporosis in 

an individual, he b elieves lh a t  bone m ineral m easurem ents on th e  radius can  be used to  

distinguish an o steo p o ro tic  population from  an a g e - and sex-m atch ed  norm al population  

(32).

O ther published rep orts also suggest th a t  fo rearm  SPA would not reliably assess  

the s ta te  of the spine or hip. M azess and colleagu es found in norm al m ales and fem ales, 

a relatively  sm all e rro r (about 10 p ercen t) in estim atin g  the s ta tu s  of the spine from  SPA 

bone m ineral m easurem ents on the radius (6). H ow ever, in o ste o p o ro tics  th ere  was little  

relation betw een m easurem ents a t  th ese s ite s . A ccording to M azess, 3 0  to  40 p erce n t of 

patients a t  risk will be m issed by SPA m easu rem en ts, even if those m easurem ents are  

taken on the d ista l radius or the os c a lc is  (5 3 ). M azess concluded th a t p referen tia l spinal 

osteopenia probably explains the poor diagnosis of osteoporosis based on fo rearm  

m easurem ents and confirm s the need for a d ire c t  m easu rem en t of trab ecu lar bone a t  th e  

spine (6).
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R e ce n tly , studies of SPA have a ttem p ted  to determ ine the clin ical usefulness of 

SPA m easurem ents a t  appendicular sites  (d istal and u ltrad istal radius) containing  

am ounts of trab ecu lar bone sim ilar to th a t found in the lumbar spine. Jacobson (4 3 ) and 

T alm age (48) a t  the University of North C arolina School of M edicine used SPA  

m easurem ents a t  the distal radius (5 mm site) to show d ifferen ces in bone m ass and bone 

loss in groups of a th e ltic  and n o n -ath letic  wom en. In an accom panying study, Grubb 

found a s ta tis tica lly  sign ifican t co rrelatio n  betw een bone density of the distal radius and 

th at of the lumbar spine. He concluded th at in p atien ts as well as  co n tro ls , the density  

of the distal radius c o rre la te s  well with th at of the lumbar v e rte b ra e  (42).

H ow ever, studies by Nilas (4), Wahner (5), M azess (4 4 ), and P ocock  (45 ), indicate  

th a t a sign ifican t co rrelatio n  betw een m easurem ents a t  two sites  (d istal radius and 

lumbar spine) does not n ecessarily  mean th at one m easurem ent may a ccu ra te ly  p red ict  

the o th er. Although Nilas found th at bone loss a t  the distal forearm  scan site  

corresponded to spinal bone loss, he concluded th a t in individuals, spinal bone m ineral 

could not be predicted  from  bone m easurem ents taken a t  the forearm  (4). Wahner 

showed th a t in the Nilas study, in which the co rre la tio n  c o e ffic ie n t betw een bone density  

o i the u ltrad istal radius and th a t of the lum bar spine was s ta tis tica lly  sign ifican t, s c a t te r  

of the d ata could result in an e rro r in m easu rem en t prediction of +_ 2 2  p ercen t (5 ). 

A ccording to Wahner the ap p ropriate p a ra m e te r for predicting lumbar spine density from  

u ltrad istal radius density in an individual is the 9 5  p erce n t con fid en ce in terval.

P ocock  and cow orkers also found a sign ifican t co rrelatio n  betw een BMD in the  

spine and hip and BMC of the forearm  ( 8  mm site ). H ow ever, he also rep orted  th a t th ere  

was a large s c a t te r  of individual values about the regression line (la rg e  standard e rro r of 

the regression). A ccording to P o co ck , significantly  co rre la te d  m easurem ents with a  

large standard erro r of the regression (s c a tte r )  will preclude a reliable prediction of one 

site  from  the o th er in a p articu lar individual ( 4 5 ).
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M oreover, a s  a screening technique for reduced BMD in the lum bar spine, P ocock  

showed th a t a  sensitivity of 90 p ercen t with SPA could only be achieved by accep tin g  a  

specificity of 9 p ercen t (45). This m eant a false positive ra te  of about 90  p ercen t. 

Similarly, for prediction of fem oral neck osteopenia a t  a SPA sensitivity of 92 p e rce n t, 

Pocock found th a t the false positive ra te  was 87 p e rce n t.

A nother clin ical application proposed for the SPA technique has been the use of 

SPA m easurem ents to m onitor the ra te s  of bone loss and the e ffe ctiv e n e ss  of 

treatm en t. This could apply to the tre a tm e n t of individuals with established osteoporosis  

and also to those receiving p reventive regim ens. B ecau se ra te s  of bone loss are  

relatively sm all com pared  with the reproducibility of the m easu rem en t, cu rren t methods 

for m easuring bone m ass, including SPA , may not be su fficien tly  p recise for clin ical  

decisions in an individual (5 2 ,5 4 ). SPA is rep orted  to  have a precision of 1 to  5 p ercen t 

and the av e ra g e  ra te  of appendicular bone loss in women is 1 p e rce n t per y e a r in the  

decade a f te r ,  and less b efore natural m enopause (9 ;5 2 ). A ccording to  Cum m ings and 

Black, m easu rem en t of women's ra te  of bone loss based on two m easurem ents of bone 

mass over a  period of tim e leaves considerable u n certa in ty  about her ra te  of loss. Even a 

bone loss of 3 p ercen t m easured by a technique with a 2 p e rce n t reproducibility (SPA) 

leaves considerable u n certain ty  about the a c tu a l ra te  of loss (th e 90  p ercen t con fid en ce  

interval for th a t change in bone m ass v aries  from  a 1.7 p erce n t gain to a 7 .7  p ercen t loss) 

(52). Unless m ultiple m easurem ents a re  m ade, a  woman m ust lose a substantial am ount 

of bone during the tim e betw een m easurem ents before a physician can  conclude th a t she 

is losing bone m ore rapidly than norm al (52). H ow ever, even th ese additional 

m easurements have uncertain  value for predicting future ra te s  of bone loss or assessing  

risk for fra c tu re s  and would substantially in crease  the expense. A ccording to O tt , until 

such tim e a s  m ore sop h isticated  m ethods of improving the reproducibility a re  developed, 

techniques for m easuring bone m in eral, such as SPA , will be valuable in studying large  

groups of p atien ts but will n ot be helpful in individuals (54).
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With adequate precision , the high a ccu ra cy  of SPA , to g eth er with its low radiation  

dose (2-5  m rad), would suggest th at it would be p articu larly  suitable for determ ining  

ra te s  of bone loss by sequential m easu rem en ts. H ow ever, for single m easu rem en ts, th ere  

would be u n certain ty  as to w hether the results would reliably r e f le c t  bone loss in the  

spine and hip.

A dvice and com m ents concerning the safety  and clin ical e ffe c tiv e n e ss  of SPA 

have been sought from  groups and organizations within and outside of the Fed eral  

G overnm ent. An announcem ent of this assessm en t appeared in the Fed era l R e g iste r  

n otice of O ctob er 26 , 1984 (55). On June 2 0 , 1985 , in testim ony b efore the 

S u b com m ittee on Aging of the C o m m ittee  on Labor and Human R eso u rces, U nited S ta te s  

S en ate , the N ational In stitu tes of H ealth (NIH) through the N ational Institu te  of 

A rth ritis , D iabetes, and D igestive and Kidney D iseases (NIADDK) sta ted  th at it was a 

research  im p erative to develop m ethods for m easuring bone density (56). In addition to  

diagnosis, these m ethods should enable early  id en tification  of bones m ost vulnerable to  

fra c tu re  and provide a m easure by which to ev alu ate  the e ffe ctiv e n e ss  of new 

th erap ies. A ccording to NIADDK, while several noninvasive m ethods fo r m easuring bone 

density have been developed, a t  present no existing techniques can adequately  

discrim in ate early in the disease p rocess betw een norm al and o steo p o ro tic  individuals 

(56). The NIADDK recom m ended long-term  clin ical tria ls  of various sp ecific  p atien t 

populations in numbers large enough to provide valid and reliable e s tim a te s  of risk, and 

to d eterm ine the optim al regim ens to  p reven t bone loss and fra c tu re .

A t th a t sam e hearing on osteop orosis, the N ational Institu te  on Aging (NIA) sta ted  

th at th ere is a  need for b e tte r  w ays of identifying persons a t  high risk of f ra c tu re , since  

those individuals could be exp ected  to b enefit m ost from  tre a tm e n t (20 ). B ecau se it is 

still unclear which persons would b enefit from  which tre a tm e n ts  and a t  w hat dosages and 

schedules, additional research  and clin ical tria ls  a re  needed to develop the cu rre n t s ta te  

of knowledge regarding prevention and tre a tm e n t of osteoporosis for sp ecific  individuals
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or groups. The A m erican  C ollege of O b stetrician s and G ynecologists (A CO G ), in their  

sta te m e n t b efore the Su b com m ittee on A ging, indicated th a t p resen tly , th ere  a re  no 

tests  to  identify which women are  a t  risk for developing osteoporosis (19 ). The C ollege  

recom m ended, how ever, th a t the physician determ ine bone loss by ab sorp tiom etry  in 

their diagnosis of osteoporosis.

P rior to the June 2 0 , 1 9 8 5 , S en ate H earing on O steoporosis, the N ational Institu tes  

of H ealth (NIH) Consensus D evelopm ent C on feren ce on O steoporosis was held on April 2 -  

4 , 1984 (18). A t th a t co n fe re n ce , d ata  were presented which showed th a t none of the  

noninvasive techniques for m easuring bone m ass w ere able to discrim in ate significantly  

between norm al and o steo p o ro tic  individuals. None of the techniques for curren tly  

quantitating bone m ass can definitely p red ict the individual a t  sign ifican t risk for  

osteoporosis prior to the o ccu rre n ce  of fra c tu re . The Consensus Panel concluded th at  

osteoporosis was a m ajor public health problem requiring additional research  on the  

biology of human bone, defining individuals a t  risk, and developing sa fe , e f fe c tiv e , low - 

co st s tra te g ie s  for fra c tu re  prevention (18). The panel recom m ended studies to  develop  

a c c u ra te , s a fe , inexpensive m ethods for determ ining the level of risk for osteoporosis in 

an individual, to  establish early  diagnosis, and to  assess the c lin ical cau ses of the disease  

(18).

A ccording to the Food and Drug A dm inistration (FD A ), SPA devices are  p re­

am endm ent products m arketed  prior to  e n actm en t of the M edical D evice A m endm ents of 

May 2 8 , 1 9 7 6 , to  the Food , Drug, and C o sm etic  A c t. SPA devices are  being m arketed  

under S ection  510(k) of the M edical D evice A m endm ents to  the Food, Drug, and 

C osm etic A c t. These d evices have been proposed for c lassificatio n  as C lass II d evices.

Through its C linical E ffic a c y  A ssessm ent P ro je c t , the A m erican  C ollege of 

Physicians published a policy s ta te m e n t on radioiogic m ethods to ev alu ate  bone m ineral 

con ten t in June 1984 (2). The C ollege concluded th a t all m ethods of BMC m easurem ent 

result in sign ifican t overlap  betw een diseased and norm al populations. They sta ted  th at
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the ultim ate b enefit of early  diagnosis of m etabolic bone disease will depend on the c le a r  

establishm ent of safe and e ffe c tiv e  tre a tm e n ts . The C ollege believes th at m easurem ents  

of BMC have g re a te r  utility in following the course of a disease process or assessing the  

e f f e c t  of therapy than in establishing a diagnosis. A ccording to the C ollege, none of the 

available techniques, including SPA , a ccu ra te ly  p red ict tendency to fra c tu re  (2).

The O rthopedic R esearch  S ociety  strongly supports continued research  in the 

developm ent of noninvasive techniques for understanding m etab olic bone disease. The 

Society  suggested th at the research  exam ine the precision, a c c u ra c y , sen sitivity , c o s t ,  

availab ility , and relev an ce  to underlying m etab olic bone disease of each  of the  

techniques cu rren tly  under study. The S ociety  also suggested holding a workshop 

d irected  a t  the understanding of the su rveillance of bone d isease.

It is the opinion of the S ociety  of N uclear M edicine th a t bone m ineral density 

studies should becom e p art of the work-up of patien ts with osteoporosis and th at DPA is 

the technique of ch o ice  a t  this tim e . A ccording to the S o cie ty , o th er m ethods

perform ed on appendicular bone, such as SPA , a re  of little  value in osteoporosis. 

H ow ever, they may have som e application in renal bone disease.

A response from  the A m erican  C ollege of N uclear Physicians stated  th at  

osteoporosis can be d e te cte d  in its e arliest s tag es by DPA m easurem ents of the v erteb ra l  

spine. A ccording to the C ollege, in order to postpone or preven t the problem s of 

insidious progressive osteoporosis, early d etectio n  and screening by bone m ineral analysis 

of the lumbar spine by DPA is c r i t ic a l . The C ollege finds DPA of the spine fa r  superior 

to SPA of the radius in d e tectin g  m ost cases of early  osteoporosis. They suggest, 

how ever, th at in older patients with significant d egen erative  spine disease, SPA 

m easurem ents may be helpful in the m anagem ent of an individual p atien t.

31



34935Federal Register /  Vol. 53, No. 174 /  Thursday, September 8,1988 /  Notices

SUM M ARY

SPA is a noninvasive radiologic technique used to  assess BMC in the appendicular 

skeleton. A photon beam  from  a sealed , single, low -energy radioisotope sou rce is 

directed  a t  a  bone of the p atien t’s  limb, usually the radius. The d ifferen ce  in photon  

absorption betw een bone and so ft tissue allow s fo r the calcu lation  o f the to ta l  bone 

m ineral found in the scan  p ath . With cu rre n t equipm ent in corporating a re c tilin e a r  

scanner and averaging m ultiple scan s, th e  technique can  ach iev e  a precision of 1 to  2 

percen t with a radiation dose o f 2 to  5 m rad.

The m easu rem en t of bone m ass is an im p ortan t tool in the study of m etab o lic  bone 

diseases, p articu larly  osteoporosis. While SPA is capable of m easuring BMD and has 

advanced our knowledge of bone disease in g en eral, its im p act on the m anagem ent of the  

individual p atien t is equivocal. Although the technology to  m easure bone m ass 

noninvasively with SPA is cu rren tly  av ailab le , the ability of such m easurem ents a t  th e os 

calcis  and d istal radius to  p red ict individuals a t  risk of subsequently developing fra c tu re s  

of the spine and hip (screening) has not y e t been shown.

E arly  studies with SPA th a t a tte m p te d  to  find a sp ecific  level of bone density th a t  

distinguished p atien ts with v erte b ra l osteoporosis from  those w ithout have been largely  

unsuccessful. R e ce n tly , studies with SPA m easurem ents a t  the distal and u ltra -d ista l  

radius have rep orted  s ta tis tica lly  sign ifican t co rre la tio n s  betw een bone density of the  

distal radius and th a t of the lumbar spine. H ow ever, a  large  s c a t te r  in the d ata  precludes  

a reliable prediction of bone m ineral from  one site  to an oth er in a p articu lar individual.

O ther clin ical ap p lication s proposed for the SPA technique have been the use of 

SPA m easurem ents to  m onitor ra te s  of bone loss and the e ffe ctiv e n e ss  of tre a tm e n t. A 

high degree of precision in the bone m ass m easurem ent is n ecessary  for rep eated
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m easurem ents of sm all d egrees of change and such precision is d ifficu lt to a tta in . 

P resen tly , the suitability of the SPA technique for m onitoring changes in bone loss is 

questionable.

In vestigators have not distinguished betw een the use of SPA in clin ical research  

and its  role in d ay-to -d ay  p ra c tic e . SPA needs to undergo fu rth er clin ical investigation  

b efore it can  be recom m ended for general clin ical use.

A ccording to the FD A , SPA d evices a re  p re-am endm ent products th at w ere being 

m arketed  prior to e n actm en t of the M edical D evice A m endm ents of May 2 8 , 1976 , to  the  

Food, Drug, and C osm etic A c t . SPA devices a re  allowed to be m arketed pursuant to  

Section  510(k) of the M edical D evice A m endm ents. Bone d en sitom eters (SPA) have been  

proposed for c lassificatio n  as C lass II devices.

P rep ared  by: M artin E rlich m an , M.S.
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FOREW ORD

The O ffice  of Health Technology A ssessm ent (OHTA) evalu ates the safety  and e f f e c ­
tiveness o f new or unestablished m edical tech n ologies th a t a re  being considered for 
co v e ra g e  under M edicare. These assessm en ts a re  perform ed a t  the request o f the Health  
C are Financing Adm inistration (H C FA ). They are the basis for recom m endations to 
HCFA regarding co v e ra g e  policy decisions under M edicare.

Q uestions about M edicare co v e ra g e  for ce rta in  health ca re  technologies are  d irected  to 
HCFA by such in terested  p arties  as insurers, m an u factu rers, M edicare c o n tra c to rs  and 
p ra ctitio n e rs . Those questions o f a m edical, s c ie n tif ic , o r tech n ica l nature are  form ally  
referred  to OHTA for assessm en t.

OHTA's assessm en t p rocess includes a com prehensive review  of the m edical lite ra tu re  
and em phasizes broad and open particip ation  from within and outside the Fed eral 
G overnm ent. A range of e x p e rt ad v ice  is obtained by widely publicizing the plans for  
conducting the assessm en t through publication o f  an announcem ent in the Fed eral 
R eg ister and solicitation  of input from  Fed eral ag e n cie s , m edical sp ecialty  so cie tie s , 
insurers, and m an u factu rers. The involvem ent o f these exp erts  helps assure inclusion of 
the experienced  and varying viewpoints needed to round out the data derived from  
individual scien tific  studies in the m edical lite ra tu re . A fter OHTA receives inform ation  
from  exp e rts  and the scien tific  lite ra tu re , the results are  analyzed and synthesized into 
an assessm en t rep ort. Each rep ort rep resen ts a d etailed  analysis of the sa fe ty , clin ical 
e ffe ctiv e n e ss , and uses o f new or unestablished m edical tech n ologies considered for 
M edicare co v e ra g e . These Health Technology A ssessm ent R eports form  the basis for the 
Public Health S ervice  recom m endations to HCFA and are  dissem inated widely.

Individual rep orts a re  available to the public once HCFA has made a co v erag e  decision  
regarding the su b ject technology. OHTA also publishes com pilations which contain all 
assessm en t rep orts subm itted to H CFA in a given calen d ar y ear.

OHTA is p a rt of the N ational C e n te r for Health S erv ices R esearch  and Health C are  
Technology A ssessm ent, Public Health S ervice , D epartm ent of Health and Human 
S e rv ice s .

Enrique D. C a r te r , M.D. 
D irecto r, O ffice  of Health  
Technology A ssessm ent

Sam uel Lin, M .D., Ph.D.
A cting D irecto r, National C en ter for 
H ealth S erv ices R esearch  and 
Health C are Technology A ssessm ent

Copies may be obtained a t  no ch arge from : 
Publications and Inform ation Branch  
NCHSR <3c HCTA  
Parklawn Building, Room 1 8 -1 2 '
5600 Fishers Lane
R o ck ville , MD 20857 ; (3 0 1 )4 4 3 -4 1 0 0
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PU BLIC HEALTH SERVICE ASSESSMENT 

DUAL PHOTON ABSO RPTIO M ETRY  

FOR MEASURING BONE M INERAL DENSITY  

1986

INTRODUCTION

Dual photon absorp tiom etry  (DPA) is a noninvasive radiologic technique used to 

m easure bone m ineral density (BMD) in the lum bar spine (v erteb rae) and proxim al fem ur  

(hips). It can also  be used to m easure to ta l sk eletal ca lciu m  (1). The technique m easures  

the transm ission of a collim ated beam  o f photons a f te r  they have been atten u ated  by 

bone and soft tissue. As the beam  passes through the bone and soft tissu e , som e photons 

are absorbed, and a n u clear counting instrum ent m easures the intensity of the beam  th a t  

em erg es. The d ifferen ce  in photon absorption betw een bone and soft tissue allow s for 

the calcu lation  of the to ta l bone m ineral found in the scan path (2 ). The am ount of 

skeletal m ineral p resen t is proportional to  change in beam  intensity over the bone. The 

value of bone m ineral given by DPA is determ ined by a calibration with known ash 

weights o f lumbar v e rte b ra e  (in gram s) L 2 -L 4  o r  portions o f the fem oral neck or 

tro ch a n te r  p er area  of bone scanned (in square ce n tim e te rs ). The DPA technique  

provides no inform ation about the volum e o f bone scanned. T h erefo re , the term  a re a  

result is expressed as m ass o f bone m ineral p er unit a re a  scanned (g /c m 2 ) (3 ).

The physiologic inform ation provided by m easurem ents o f bone m ineral co n ten t  

(BMC) has been under exten siv e  investigation during the p ast 20 y ears . Bone mass 

m easurem ents have been a valuable research  tool for clin ica l investigations a ttem p tin g  

to elu cid ate the pathogenesis o f m etabolic bone d iseases. In vestigators have sought to 

d eterm in e the clin ical sign ifican ce o f bone loss with aging and bone disease and its 

relationship to an increasing risk of f ra c tu re s  am ong the eld erly . This growing in terest in
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b e tte r  understanding the nature and d egree o i ch an g es in BMC with a g e , with  

osteoporosis, and with m etab olic bone disease in g en eral has prom pted the developm ent 

of non invasive m easu rem en t techniques for bone m ineral density as a  function of bone 

m ineral c o n te n t (4). A v arie ty  o f  such techniques a r e  presently  available. They include: 

radiogram m e try , p h otod en sitom etry , radiographic ab so rp tio m etry , single photon 

ab sorp tiom etry , com puted tom ography, and dual photon ab sorp tiom etry . These 

techniques for m easuring bone m in eral density are  designed to assess bone m ass. Their 

main application has been in d iseases c h a ra c te riz e d  by bone loss, which resu lts from  a  

number of defined disease p ro cesses , such a s  idiopathic osteop orosis, endocrine d iseases, 

renal d iseases, im m obilization , and use o f  ce rta in  drugs such a s  c o rtico s te ro id s  and  

anticonvulsive drugs C5)- M etabolic bone d iseases, such a s  severe  ren al d isease and  

hyperparathyroidism  produce rapid bone loss. Changes o f  20 to  30 p e rce n t in bone 

mineral co n te n t a re  possible in a  short tim e . A ccording to Wahner e t a l . ,  th ese  diseases  

rarely need q u an tification  o f  bone loss by sop h isticated  techniques. F o r  c lin ica l p atien t 

m anagem ent the evaluation o f  radiographs is generally  su ffic ien t (5 ) .

Bone loss also  o ccu rs  a s  a  pathophysiologic p ro cess with aging. Although  

techniques o f m easuring bone m ineral m ay assess the p rese n ce  and d egree o f o steo p en ia , 

they give no inform ation  regarding the cau se  or m echanism  o f the toss. Many o f  these  

methods o f bone m ass q u antitation  in g en era l and DPA in p a rticu la r  h a v e  been used in 

attem p ts to diagnose osteop orosis o r  to  follow its  response to th erap y. The purpose o f  

this rep ort is to assess the safety  and the e f f e c t  of DPA bone m ineral density  

m easurem ents on the c lin ica l o u tcom e o f  th ese  p atien ts . This assessm en t seeks to  

ascertain  w here BMD evaluation by DPA f i ts  into the o v erall sch em e of bone disease  

prevention, diagnosis, and tre a tm e n t. O ther noninvasive m easurem ent techniques for  

bone m ineral will b e  assessed in sep arate  re p o rts .

- 2 -
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BACKGROUND

H istorical

In the 1960's standard radiographs w ere used in the early  research  a tte m p ts  to 

m easure BMD. One m ethod, ph otod en sitom etry , w as used to e stim a te  bone m ass by 

m easuring the o p tical density of bone on x -ra y  films obtained under standardized  

conditions (6 ). The op tical density of a radiographic im age o f bone is roughly 

proportional to  the m ineral m ass of the exposed bone. The m easurem ents on the film are  

made with a d en sito m eter. C alibration o f each  film is accom plished by sim ultaneous  

exposure of a re fe re n ce  w edge. P h otod en sitom etry , how ever, has tech n ical problems 

relating to the radiographic technique (beam  hardening, sca tte re d  radiation) and 

m ethods of film processing th a t lim it its use (2 ). The p hotodensitom etric method does 

not com p en sate  adequately for fa c to rs  such as so ft-tissu e  thickness (7). Sensitivity to  

so ft-tissu e  thickness re s tr ic ts  the application of photodensitom etry to appendicular 

bones, p articu larly  the phalanges.

Radiogram  me try (radiographic m orphom etry) is an oth er method which uses 

standard radiographs to ev alu ate  BMD. F irs t introduced in 1960 , this simple radiographic 

method m easures the thickness of the co rte x  of m e ta ca rp a l bones or o th er peripheral 

tubular bones (8 ). The m ost com m only used s ite  is the second m etacarp al of the 

nondominant hand, o r several m etacarp als  from  one or both hands (4 ). Based on the 

assum ption th a t c o r tic a l  thickness is a  m easure of m ass, rad iogram m etry uses the ratio  

of c o r tic a l  to  to ta l width a s  a m easure of bone density. Some in vestig ato rs determ ine  

both c o r tic a l  a re a  and to ta l  a re a  b ecau se they believe th at c o r tic a l  a re a  c o rre la te s  

b e tte r  with the am ount of bone p resen t than does c o r t ic a l  w idth. This m ethod has been  

used extensively  and a v a st lite ra tu re  on its  use is available on norm al populations and on 

p atien t populations with various d iseases. Radiogram  me try is well suited for d etectin g  

en d osteal and p erio steal c o r tic a l  resorption with re latively  good precision. H ow ever, no
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evaluation of tra b ecu lar bone is possible using this m ethod. Increased c o r tic a l  p orosity , 

which occu rs in som e diseases and with aging, is not d e te c te d . Radiogram  me try is not a 

good technique for estim atin g  the quantity of tra b e cu la r bone in die spine.

An im p ortan t breakthrough in the in vivo assessm en t o f bone occu rred  in 1963, 

when Cam eron and Sorenson introduced a low -energy radioisotope (1-125) photon 

absorp tiom etric m ethod (9). Single-energy photon absorptiom etry m easures bone density  

in the appendicular skeleton. M easurem ents are  usually obtained from  the d istal o r  

midradius. This technique known as ab sorp tiom etry  uses m onoenergetic radiation passed  

across the bone, with the changes in beam  intensity being recorded by a n u clear counting  

instrum ent (10). Like rad io g ram m etry , single photon ab sorp tiom etry  (SPA) is applicable  

only to appendicular bones b ecause tissue com position surrounding the bone has to be  

uniform and m inim al. As in rad iom etric  techniques (and in c o n tra s t to  radiogram  me try ), 

co rtica l and trab ecu lar bone com ponents a re  not sep ara ted , and the en tire  bone is 

measured a t  a  c ro ss-se ctio n  (1). SPA has received  exten siv e use in biom edical research  

on bone. In the la te  1960 ’s , in v estig ato rs  attem p tin g  to provide a  m eans o f m easuring the  

peripheral skeleton w ithout the necessity  o f embedding the limb in a  layer of tissu e-  

equivalent m a te ria l, developed the m ethod of D PA. With this new m ethod, in v estig ato rs  

also hoped to  con fron t the sign ifican t c lin ica l problem  of fra c tu re s  of the spine and 

proxim al fem ur asso ciated  with osteoporosis. Believing th a t a  d ire c t m easu rem en t of 

bone m ineral m ass o f the spine or hip would be clin ically  useful in addressing this 

problem , they sought to u tilize the DPA m ethod to m easure the am ount of bone m ineral 

a t  these s ite s . With fu rth er developm ent of DPA in the 1970 ’s it  b ecam e possible to 

measure bone m ineral in the ax ia l sk eleton , p articu larly  the lum bar spine and hips ( 1 1 , 

12). In the spine, the L 2 to L4 region is usually m easured b ecau se o f  the hom ogeneity of  

bone densities in these v e rte b ra e  and the ab sen ce of f ra c tu re s  (1 3 ). F o r the hip, bone 

mineral co n te n t is usually ca lcu la ted  from  the fem o ral neck (ce rv ica l) and tro ch a n te ric  

regions.
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B asic P rinciples of DPA

DPA is a m odification of the single-energy technique using a radioisotope (Gd-1 5 3 )  

th a t em its  photons a t  two d ifferen t energy levels. Dual photon ab sorp tiom eters reduce  

the e f f e c t  of so ft tissue on the absorption m easurem ents in a tw o-com ponent system  

consisting o f so ft-tissu e  and bone (13). B ecau se of the d ifferen t energy dependence of 

the gam m a ray absorption co e ffic ie n ts  in bone and soft tissu e, dual-photon  

ab so rptio m eters a re  capable o f co rre c tin g  for lay ers of fa t  and soft tissue overlying the  

bone. This p erm its the determ ination of the density of bone p resen t, independent of th e  

am ount of soft tissu e (1 1 ,1 4 ). This point will be addressed in g re a te r  d etail in a 

subsequent section  on precision and a c c u ra c y .

A ty p ical dual photon bone m ineral an aly zer con sists of a  re c tilin e a r  scan n er  

fra m e , a l.O Curie (Ci) G d-153 so u rce , and a Nal (T l) scintillation  d e te c to r  (1). The 

system  is in terfaced  with a  com p u ter th a t con trols scanning p a tte rn , speed, bone edge  

d e te c tio n , d ata  acquisition and oth er fa c to rs . To m easure local a re a s  o f the axial  

skeleton , the radionuclide sou rce  is coupled to the collim ated  scintillation d e te c to r  on a 

rigid yoke which moves in a rectilin ear scanning mode acro ss the spine o r hips ( 1 ). The 

instrum ents are  standardized with ashed bones or bone equivalent solutions in specially  

designed phantom s. Quality co n tro l phantom s a re  supplied and need to  be used daily. In 

the m easurem ent of bone m ineral density the an atom ic region of in te re st is scanned and 

a point-by-point determ in ation  o f bone m ineral is m ade. The transm ission scan is 

obtained by counting the 42-keV  and 1 0 0 -keV  gam m a rays of G d-153 a f te r  they have been  

a tte n u a te d  by bone and soft tissue (12). The to ta l bone mass is determ ined by summing 

the individual point values. The d ifferen ce  in photon absorption betw een bone and soft 

tissue allows for the calcu lation  o f the to ta l BMC found in the scan path . BMC is 

inversely related  to the m easured transm ission cou n t ra te  (2 ). Using DPA, the bone
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m inera density m easured re fle c ts  the to ta l in teg rated  m ineral (c o r tic a l  and trab ecu lar) 

in the path of the b eam . The BMD d a ta , acquired  during scanning, can  be displayed  

eith er as  a n u m erical p rin t-ou t with a c h a ra c te r  p lot or as  an intensity m odulated im age  

(12).

Costs

DPA scan s of the spine or fem ur tak e about 30 to 40 m inutes and can  be perform ed  

without sp ecific  preparation  on any p atien t able to rem ain supine for th a t tim e . S everal 

DPA instrum ents are  available co m m ercia lly . The cap ab ilities  of th ese instrum ents range  

from calcu latio n  of to ta l sk eletal calciu m  using BMD by D PA , to instrum ents for spine 

and hip, or spine alon e. C osts for these d evices ran ge from  about $ 3 0 ,0 0 0  to 4 0 ,0 0 0  fo r a  

spine scanner to about $ 6 5 ,0 0 0  for models capable of to ta l  body scanning (co s ts  do not 

include rad io activ e  sou rce). The l.OCi G d-153 radiation sou rce  th a t is required has a  

h alf-life o f 242 days. This source will have to  be replaced  every  12-18  m onths a t  a  c o s t  

of about $ 7 ,0 0 0  (15). As o f Tune 1 9 8 6 , th ere  w ere m ore than 300  fa c ilitie s  in tine United  

S tates offerin g D PA . C harges for the p rocedure range from  about $ 1 2 5  to  $ 1 8 5  for a  

lumbar spine scan . If the fem ur scan is also perform ed an additional $ 6 0 -9 0  is added to  

the c o s t  (M. D u erst, w ritten  com m u n ication ).

Among the a lte rn a tiv e  m odalities SPA instrum ents c o s t  $ 2 0 ,0 0 0  to $ 3 0 ,0 0 0 . A 

typical SPA exam ination exposes the p atien t to  2 to  5 m rad of radiation and co sts  

between $ 5 0  and $12 5  (2 ,1 6 ). The analysis softw are and calib ration  d ev ice  (phantom ) 

that a re  needed to  do ab sorp tiom etry  with a q u an tita tiv e  com puted  tom ography scanner  

(QCT) can be purchased for $ 8 ,0 0 0  to $ 1 0 ,0 0 0  (17 ). A Q CT exam ination  typically tak es  

less than one-half hour and c o s ts  av erag e  betw een $ 1 5 0  and $ 2 5 0 , but can  c o s t  up to  $40 0  

in some settin g s (2 ,1 7 ) . Low -dose QCT has been noted to expose the p a tie n t to a peak 

skin dose o f as low a s  300 m rad, but the dose can  be as much a s  500  to  1 ,000  m ren (16 ).
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OSTEOPOROSIS

Definition

M easurem ents o f bone m ineral density by DPA a re  being used extensively  in 

epidem iologic, path ogen ic, and th erap eu tic studies of osteoporosis. As a result of the 

considerable m orbidity, m o rta lity , and expenditures associated  with this disease there is 

growing in terest in research  regarding its  p revention , diagnosis and tre a tm e n t.  

O steoporosis is considered a m ajor underlying cau se of bone fra c tu re s  in postm enopausal 

women and older persons in g en eral. It (prim ary osteoporosis) is an a g e -re la te d  disorder 

ch a ra c te riz e d  by decreased  bone m ass and by increased susceptibility to fra c tu re s  in the  

absence o f o th er recognizable cau ses o f bone loss (18). Nordin believes th a t a bone is 

o steo p o ro tic  when the volume of tissue per unit volume of an atom ic bone 

(volum e/volum e ratio) falls  below the norm al lim it in young adults (19). A ccording to  

Nordin if the value is within the norm al range fo r the ag e  and sex of th e  su b ject, "sim ple 

osteop orosis" is p resen t. If the value is below the range for the age and sex of the  

su b ject, "a c c e le ra te d  osteoporosis" is p resen t. O ther in v estig ato rs  such as Riggs and 

colleagu es use "postm enopausal" and "sen ile" c lassifica tio n s of osteoporosis (20). 

A ccording to Riggs and co lleag u es, women with postm enopausal osteoporosis have lost 

excessiv e  and disproportionate am ounts o f trab ecu lar bone com p ared  with p eers. In 

c o n tra s t , bone loss in "senile osteoporosis" is p rop ortion ate for both c o r tic a l  and  

trab ecu lar bone and is only slightly m ore for p atien ts w ith , than for those w ithout, 

fra c tu re  (2 0 ).

Although osteoporosis a f fe c ts  all bones, f ra c tu re s  of the spine, w rist, and hip are  

m ost com m on. The risk o f developing osteoporosis in creases with age and is higher in 

women than in m en, and in w hites than in blacks (2 1 ). Two broad hypotheses have been  

proposed for the pathogenesis o f prim ary osteop orosis. The firs t is th at sk eletal mass 

achieved a t  m atu rity  is the c r i t ic a l  d eterm in an t for developm ent of clin ica l osteoporosis  

la te r  in life (20). An underlying assum ption of this theory is th at the ra te  o f bone loss is
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not significantly  increased in persons destined to b ecom e o ste o p o ro tic . This has been  

supported by the work of Hansson and Roos and Aloia and cow ork ers (2 2 ,2 3 ). Bone loss is 

considered a  norm al m anifestation  of the aging p ro cess . The second theory of 

pathogenesis is th a t those destined to  b ecom e o steo p o ro tic  have significantly  in creased  

ra te s  o f bone loss by com parison with a g e -  and sex-m atch ed  con trols (2 4 ). The fa c to rs  

responsible for in creased  ra te s  o f bone loss in a ffe c te d  individuals may be the sam e as  

those o p erativ e  during the aging process but a re  e x a g g e ra te d . These two th eories a re  n o t  

mutually exclu siv e , and p resently  it is n ot possible to  s ta te  which one o f th ese variables  

(bone m ass a t  m atu rity  or subsequent ra te  of loss) is m ore im p ortan t.

Bone is com posed o f a  co llag en -rich  organ ic m atrix  im pregnated with m inerals, 

largely calciu m  and phosphate. Two m ajor form s o f bone e x is t , c o r t ic a l  and tra b e cu la r. 

C o rtica l o r co m p a ct bone form s the e x te rn a l envelopes of the skeleton. T rab ecu lar or 

cancellous bone form s p la tes  th a t tra v e rse  the in tern al ca v itie s  of the skeleton (2 5 ). The 

skeleton is SO p e rce n t c o r t ic a l  bone and 20 p e rce n t trab ecu lar bone. The proportions of  

co rtic a l and tra b ecu lar bone vary a t  d ifferen t s ite s . V erteb ral bodies contain  

predominantly trab ecu lar bone while the radius and proxim al fem ur con tain  various  

contributions o f c o r tic a l  and tra b e cu la r com ponents depending on the e x a c t  site  analyzed  

(3). The responses o f the two form s o f bone to  m etab olic influences and their  

susceptibility to fra c tu re  ap p ear to  d iffer. Bone undergoes continuous rem odeling  

throughout life in a c o n sta n t, dynam ic turnover consisting o f bone form ation  and bone 

resorption. Peak bone m ass is achieved a t  about 35  y ears  of a g e  for c o r tic a l  bone and 

earlier for tra b ecu lar bone (18). M azess rep o rts th at in women c o r t ic a l  bone m ass shows 

a slow decline (3 p e rce n t p er decad e) until a g e  45 to 50  y ears and then an a c c e le ra te d  

bone diminution (9 p e rce n t per decad e) until ag e  75 (26). Sim ilar findings h av e  n ot been  

consistently obtained by o th er independent in v estig ato rs or in men a s  com pared with 

women. C o rtica l bone mass loss then d ecre a se s  to  about 3 to  4 p e rce n t per d ecad e. In 

the sam e re p o rt, M azess surveyed aging changes in tra b ecu lar bone and found th a t th e
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w eight of evid en ce indicated d ecre a se s  of tra b e cu la r bone beginning during young 

adulthood (20 -40  y ears  old) in both sexes and proceeding a t  sim ilar ra te s  (6 to  S p e rce n t  

per decade) th e re a fte r  w ithout evidence of age-d ependent a c c e le ra tio n . This finding 

does not coin cid e with the assum ption o f an a c c e le ra te d  loss of trab ecu lar bone a f te r  

m enopause.

Risk F a c to rs

Bone mass is approxim ately  30 p ercen t higher in men than in w om en, and 

ap p roxim ately  10 p ercen t higher in blacks than in w hites. Peak adult bone mass in each  

person is suggested to be determ ined by a com bination of g e n e tic , m ech an ical, 

nutritional and horm onal fa c to rs  (27). O ther less well understood fa c to rs  may also  play a  

ro le . In each  ethnic or gender group bone mass v aries  am ong individuals. A fte r  reaching  

its  peak , bone m ass declines throughout life b ecau se o f an im balance in bone turnover in 

favor of resorption over form ation . The fa c to rs  th a t ap p ear to  be responsible for a g e -  

re la ted  bone loss and predispose to o steo p o ro tic  fra c tu re  may include those th at 

determ ine bone mass (27) and m ore. When bone mass is steadily lost the bones becom e  

fragile  and more susceptible to fra c tu re . As bones lose calciu m  and protein  they may 

rem ain the sam e size but the walls o f the c o r tic a l  bone becom e thinner and the holes in 

the tra b ecu lar bone becom e larg er (28). These changes in com position g reatly  weaken  

the s tru ctu ra l in tegrity  of the a ffe c te d  bone. While the e x a c t  pathogenesis of 

osteoporosis is not y e t  co m p letely  understood, low bone mass seem s to  be c e n tra l  to  the 

disease p ro cess . Most of the known risk fa c to rs  are  causally related  to the developm ent 

of low bone m ass. H ow ever, low bone mass is only one o f the fa c to rs  th at is im portant in 

the pathogenesis of f ra c tu re . Traum a may also be im p ortan t. N ot all individuals with 

low bone mass will fra c tu re . Some individuals will fra c tu re  despite relatively  norm al 

bone mass (2 9 ). O ther diseases of the sk eleton , e .g .,  o s te o m a la c ia , may o ccu r with or 

w ithout osteoporosis and may lead to osteopenia and an increased frequency of  

fra c tu re s . As m entioned ab ove, th e  degree and frequency of trau m a is also an im p ortan t
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d eterm in an t and some suggest th a t  the frequency of falls in creases as a function o f a g e . 

Since m uscle-w asting also o ccu rs  with a g e , the fo rce s  g en era ted  by a  fall may not be 

widely distributed and m ay m ore easily resu lt in f ra c tu re . A ccording to Johnston , 

prevention o f bone loss should lessen the frequency of fra c tu re s , but m ay not en tirely  

elim inate the in creased  risk of f ra c tu re s  asso cia ted  with aging (2 9 ).

Epidem iologic studies of p atien ts  who have fra c tu re s  as w ell as studies o f a g e -  

related  bone loss, point to som e of the fa c to r s  th a t  may predispose a  person to develop  

osteoporosis. These studies suggest th a t the developm ent and progression o f prim ary  

osteoporosis may be enhanced by a  v a rie ty  o f f a c to rs  th a t  upset the norm al b alan ce  

betw een bone form ation  and bone resorp tion . Som e fa c to rs  m ay be fortu itou s  

associations com m only found am ong p atien ts with osteop orosis. Risk fa c to rs , in addition  

to sm all peak adult bone m ass, include estro g en  d eficien cy  (re la te d  e ith e r to  aging or to  

prem ature m enopause), o th e r horm onal im b alan ces, low calciu m  in take fo r prolonged  

periods of tim e , or loss o f calcium  and vitam in  d eficie n cie s , o r m etab olic anom alies  

(m ost notab ly , involving vitam in D o r  hyperthyroidism ) (3 0 ,3 1 ) . C alcium  d eficien cy  may 

be an im p ortan t risk fa c to r  b ecau se in su fficien t calciu m  intake during sk eletal 

developm ent m ay lead to a  low er than exp e cte d  sk ele ta l m ass a t ’m atu rity . C alcium  

deficiency in the postm enopausal woman may lead to  m ore rapid bone toss or less 

aggressive bone fo rm atio n . While calciu m  d eficien cy  is d eleteriou s to bone m ass, a  

number o f studies found th a t  calciu m  alone was in e ffe ctiv e  again st postm enopausal bone 

loss or less ag g ressiv e  bone fo rm atio n . O th er risk fa c to rs  include sedentary lifesty le  

(decreased m ech an ical loading) and alcoh ol or to b a cco  use or abuse (3 2 ,3 3 ). D ietary  

facto rs th a t may be involved in osteoporosis include high ca ffe in e  in tak e, high protein  

intake, and perhaps high phosphate in tak e (34 ). Bone m ass and susceptibility  to  fra c tu re  

may be a t  le a s t , p artly  h ere d ita ry . No study has determ ined th a t fam ily history of  

osteoporotic fra c tu re  is a  risk fa c to r  fo r o ste o p o ro tic  f ra c tu re s . A sm all sk eletal fram e  

or leanness and northern European ra c ia l e x tra c tio n  also  in crease  one's risk of developing
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osteoporosis (3 5 ). Fo r postm enopausal w om en, co n cu rre n t m edical conditions or drug 

therapy a ffe c tin g  calciu m  b alan ce  (e .g .,  hyperthyroidism , co rtico ste ro id  th erap y, o r  

g a stre cto m y ) are also considered clin ical risk fa c to rs  for osteop orosis. Fo r elderly 

w om en, risk fa c to rs  also include a history o f previous fra c tu re s , a  propensity to fall, and 

reduced mobility (2 9 ).

P rev alen ce and Incidence

O steoporosis is a  m ajor public health problem . The N ational In stitu tes of Health  

Consensus D evelopm ent C on feren ce on O steoporosis held on April 2 -4 , 1984 , reported  

th a t  osteoporosis may a f f e c t  betw een 15 and 20 million A m erican s (3 6 ). More than one 

million fra c tu re s  a ttr& u te b te  to osteoporosis o ccu r annually fli individuals over the age  

of 4 5 . T w en ty-five p ercen t of women over 60  y ears  of a g e  have docum ented v erteb ra l  

fra c tu re s  in association  with osteop orosis. As many a s  50 p e rce n t o f women will develop  

v e rte b ra l fra c tu re s  by age 7 5 .  These fra c tu re s  may develop during routine a c tiv itie s  

such a s  bending, liftin g , o r raising from  a ch air o r  bed (36). A ccording to the A m erican  

C ollege of O b stetrician s and G ynecologists, a f te r  a g e  45 there is a marked increase in 

the incidence o f  d istal forearm  fra c tu re s  (28). By age 6 0 , th ere  a re  ten tim es more  

fo rearm  fra c tu re s  in women than in men of com parable a g e . These fra c tu re s  lim it th e  

use o f the extrem ity  for 4 to  8 w eeks, with long-term  disability uncom m on. While 

osteoporosis predisposes to fra c tu re s  o f various bones, hip fra c tu re s  are  the m ost serious  

in term s o f disability , m ortality  and a g g re g a te  c o s t . In the United S ta te s , it is estim ated  

th a t m ore than 2 0 0 ,0 0 0  hip fra c tu re s  o ccu r in elderly women each  y e a r with 8 0  p ercen t  

found to be re la ted  to  p re-existin g  osteop orosis (28),. The a ffe c te d  population tends to  be  

advanced in age and the sex distribution less skewed tow ard fem ales than is the case  with 

v e rte b ra l fra c tu re s . A cu te com p lication s such as h osp italization , depression, and 

m ech an ical failure o f the su rgical procedure are  com m on (3 6 ). Most p atien ts fail to
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re co v e r norm al a c tiv ity . Hip f ra c tu re s  a re  fa ta l  in 12 to 20 p erce n t of c a s e s , and 

p recip ita te  lon g-term  nursing hom e c a re  for h alf o f  those who survive (3 7 ,3 8 ). Hip 

fra c tu re s  pose a significant econ om ic a s  well a s  a m edical burden.

The econ om ic burden o f  a ll a g e -re la te d  fra c tu re s  is truly g re a t  b ecau se  o f the large  

number o f people involved and the expensive and p ro tra cte d  ca re  th a t is o ften  required. 

About a fourth o f  a ll p atien ts with limb fra c tu re s  require hospitalization and the mean 

hospital stay  in creases from  1 3 .6  days am ong those aged 25 to 4 4 , to  3 2 .6  days am ong  

those older than ag e  6 5 . F ra c tu re s  o f  the proxim al fem ur a cco u n t for m ore than h alf o f  

all days of hospitalization for limb fra c tu re s . The c o s t of the a cu te  ca re  alone for  

fractu res  o f the proxim al fem ur has been estim a te d  to e x ce e d  $1 billion annually in the 

United S ta te s  (3 9 ). The d ire c t and in d irect c o s ts  o f  o steop orosis, including hip f ra c tu re s , 

are estim ated  to  be betw een $ 3 .5  billion and $6 .1  billion annually in the United S ta tes  

(3 6 ,3 8 ).

T reatm ent

The tre a tm e n t of osteoporosis in postm enopausal women is considered both from  

the standpoint o f  p reven tive m easures (prevention o f fu rth er bone loss in norm al wom en) 

and therapy of th e p a tie n t with established disease and fra c tu re s  (re v e rsa l o f  bone loss). 

At p resen t, th ere is no reliable method to  t r e a t  o r rev erse  osteop orosis a f te r  it  h as been  

diagnosed (4 0 ). N everth eless, in v estig ato rs  h ave recom m ended a  v arie ty  of th erap eu tic  

regimens. The co n serv ativ e  approach in the m anagem ent o f  p atien ts w ith established  

osteoporosis and fra c tu re s  has been the use o f calciu m  with vitam in D supplem ents and 

an e x e rc ise  p rogram . A ccording to Heaney th ere is a  growing body o f  evidence  

suggesting th a t  n u trition al f a c to rs  play im p ortan t ro le s  in a g e -re la te d  bone loss, 

particularly in the postm enopausal period in women (27). He adds th a t calcium  is the  

most im p ortan t of th ese fa c to rs  and rem ains an im p ortan t nutrien t throughout adult 

life. With the aging population a t  risk o f inadequate availability o f  calciu m  b ecau se of
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low dietary intake and poor g astro in testin al ab sorption , Heaney recom m ended th a t  

postm enopausal women in crease calcium  intake to a t  least 1 .5g  per day if  no estro g en s  

were used. Sim ilar recom m endations h ave been m ade by Nordin and Johnston e t  a l .  

(4 1 ,4 2 ). These recom m endations a re  well above the estim ated  calcium  intake o f 500 mg 

per day in postm enopausal women in the United S ta te s  and still ab ove the recom m ended  

d ietary  allow an ce (RDA) of 800  mg per day. A ccording to Nordin som e 50 p erce n t o f  

women with clin ica l osteoporosis have m alabsorption of ca lc iu m . Nordin tre a ts  these  

p atien ts with sm all doses (0 .25  ug per day) o f  c a lc itr io l  to in crease  calciu m  absorption  

(4 1 ).

Because postm enopausal osteoporosis is som etim es asso ciated  with low levels o f  

plasm a 1 ,25-dihydroxyvitam in D some in vestigators add th erap eu tic doses o f vitam in D 

to the drug regim en (4 3 ). Avioli suggested th a t this approach was in c o rre c t  and 

recom m ended ca re fu l d ietary  and m edical h istories and m easurem ents o f plasm a 1 ,2 5 -  

dihydroxy vita  min D3 before vitam in D is added to the th erap y . While Avioli re se rv e s  

vitam in D therapy for p atien ts with o s te o m a la c ia , he does recom m end the use o f d ie ts  or  

supplem ents, th a t  contain a t  least 400  to 5 0 0  IU o f vitam in D, to  m aintain n utritional 

adequacy (43). Riggs reported  th at the use o f  vitam in D was asso cia te d  with a  

substantial incidence of h y p ercalcem ia and h y p ercalciu ria , o r b oth . He also  

recom m ended th a t vitam in D not be included a s  a com ponent o f  therapy (44). A ccording  

to Audran re c e n t rep orts have suggested th a t  im paired form ation o f 1 ,2 5 -  

dihydroxyvitam in D may play a role in senile osteop orosis (45).

A ccording to A violi, m obilization of the o steo p o ro tic  p atien t is an essen tial 

ingredient o f  any th erap eu tic  p ro to co l. He reported  th a t m od erate  physical a c tiv ity  such 

a s  leg walk, sidew ard bends, a rm  crossing and chair pull in subjects aged 69  to 9 5  

e ffe c tiv e ly  retard ed  the ra te  o f bone loss (43). Heaney b elieves th at m ech an ical loading 

is probably the m ost im p ortan t d eterm in an t of a g e -re la te d  bone loss and needs to be
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m aintained a t  a s  high a  level a s  possible (2 7 ). H ow ever, n o t only does physical a c tiv ity  

decline with a g e , but once the disease is p resen t m ech an ical loading o f  the skeleton is 

even fu rth er d ecreased . C u rren tly , i t  is n o t known how much m ech an ical s tress  is 

required, o r how long it m ust be sustained to a f f e c t  sk eletal m ass.

Although th erap eu tic intervention with calciu m  supplem entation and m od erate  

exercise  program s rep resen t the least risk to  the p a tie n t, available evidence su ggests, 

estrogen is m ore e ffe c tiv e  in preventing bone loss (3 2 ,4 6 ) . O steop orotic p atien ts who are  

less than 10 y e a rs  postm enopausal a re  usually o ffered  estro g en  rep lacem en t therapy  

(3 4 ,4 1 ,4 7 ,4 3 ) . This therapy is usually com bined with an adequate calciu m  intake o f a t  

least l.Og o f e lem en tal calciu m  per day (4 1 ,4 7 ). Prelim inary d ata by E ttin g er e t  a l .  

indicate th a t it may be possible to m anage o steo p o ro tic  p atien ts  with a  rep lacem en t dose 

of estrogen  th at is h alf as large  (0 .3  mg) a s  th a t presently  recom m ended (0 .625  mg) when 

the estrogen  therapy is com bined with high-dose calciu m  supplem entation (1 .5  g) (49 ). 

Nordin and colleagu es reported  estrq gen  therapy significantly  reduced bone loss in 

women with crush fra c tu re s  (5 0 ). A ccording to Johnston and a sso c ia te s , ca lciu m  an d /or  

estrogen therapy is probably o f  value in trea tin g  p atien ts  with crush fra c tu re  

osteoporosis b ecau se o f a  slowing o f th e  ra te  o f  subsequent bone loss*and a reduction in 

the fra c tu re  ra te  (42). C u rren tly , it  h as b eco m e popular to  add progestins to  the monthly 

estrogen regim en (4 8 ,2 5 ) .

F o r sym p tom atic osteoporosis the th erap eu tic  m anagem ent of p atien ts  has also  

included flu orides, vitam in D m etab o lites , parathyroid  horm one, diphosphonates, 

calciton in , progestin s, and anabolic steroid s (3 4 ,5 1 ,5 2 ) . These agen ts a re  used sep arately  

or in com bination with calciu m  an d /or estro g en . Some in v estig ato rs question th e value  

of th erap ies th a t  only serve to  p rev en t fu rth er loss of bone in p atien ts  alread y  

osteop orotic. They b elieve o th er m easures a r e  required to in crease  bone form ation  ra te  

and im prove bone density. Nordin suggests the use o f anabolic stero id s, A loia, ca lciton in  

whereas Riggs advises sodium fluoride and calcium  therapy (4 1 ,5 1 ,4 4 ,) . Only sodium
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fluoride, in the p resen ce o f adequate ca lciu m , has been shown to lead to increased bone 

mass and a d ecreased  fra c tu re  ra te  (1 0 ,5 3 ). This regim en may require the addition of  

estrogen  to ach iev e  this g o al. U nfortunately a large fractio n  of tre a te d  p atien ts  

d em on strate  serious side e f f e c ts  and many show little  or no response to fluoride  

tre a tm e n t. There is cu rren tly  no way of predicting which p atien ts will respond favorably  

to  therapy (37). Additionally, data suggest th at long-term  use of fluoride leads to  

c o r tic a l  bone loss in some p atien ts which in turn may increase the risk of hip fra c tu re s . 

A ccording to Riggs, several studies, including his own, have found th a t c o r tic a l  bone 

d e cre a se s  significantly during tre a tm e n t (4 4 ). Perhaps the results of the two 5 -y e a r  

p rosp ective double-blind random ized clin ica l tria ls  supported by the National Institutes  

of Health will help determ ine w hether problems with fluoride adm inistration can be  

resolved.

A ccording to C hristiansen , th ere  is no e ffica cio u s  tre a tm e n t of osteoporosis on ce  

sym ptom s have appeared (52). Lindsay s ta te s  th at treatin g  established osteoporosis is 

difficu lt and emphasis should be placed on preventing fu rth er fra c tu re s  ra th e r than on 

increasing bone m ass. He suggests rem oving environm ental influences and treatin g  

health problems th a t may increase the risk of falls (34)* A fte r  an exten siv e  review  of 

inform ation regarding osteoporosis and o steo p o ro tic  fra c tu re s , Cummings and a sso cia te s  

concluded, th a t  in the already o steop orotic  "e ld erly ," prevention of falls seem s to o ffe r  

the g re a te s t  p oten tial for reducing the risk of fra c tu re s  (32). B ecau se o f the 

m u ltifa cto ria l etiology of osteoporosis many views of its cau ses , preven tion , and 

tre a tm e n t have been developed by the various sp ecialties to whom th ese p atien ts  

p resen t.

B ecause there is no sa tisfa cto ry  tre a tm e n t for established osteop orosis, prevention  

is especially  im p ortan t. To p reven t osteoporosis in the im m ed iate  postm enopausal period  

many in vestigators recom m end th a t p atien ts a l te r  con trollab le risk fa c to rs  and increase
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calcium  in tak e. E x e rcise  program s a re  also recom m ended. A ccording to H eaney, the  

goal o f  p rop h ylactic calcium  supplem entation and e x e rc ise  is to ach iev e  the highest 

possible peak bone mass b efore old a g e  and to m aintain th a t peak for a s  long as possible 

(27). O ther research ers  also  believe th a t the p ath ologic e f f e c ts  o f  osteop orosis can  be 

lessened and often  elim inated simply by m aintaining an "ad eq u ate" d ietary  intake of 

calcium  throughout life and g ettin g  regular e x e rc ise  (5 4 ,5 5 ). F o r  p reven tive c a re  in the 

young adult w om an, Heaney recom m ends a  high calciu m  in tak e, reg u lar and vigorous 

exercise , and the avoidance o f  e x ce ss  p ro tein , a lco h o l, smoking and ca ffe in e  (27).

C u rren tly , postm enopausal estrogen  therapy ap pears to b e the m ost e f f e c tiv e  single 

method for preventing bone loss and fra c tu re s  in women (3 2 ,% ). A ccording to Johnston  

the stron gest evidence available from  published studies favors the e ffe ctiv e n e ss  of 

estrogen, or estrp gen /p rogestin  com binations in preventing bone loss (^2). G enerally , 

investigators a re  re lu cta n t to prop h ylactically  t r e a t  with estro g en s postm enopausal 

women who show no evidence o f bone d isease. Som e recom m end estrogen  or 

estrogen/progestin  prop h ylactic tre a tm e n t for the high-risk group of women potentially  

liable to develop osteop orosis (3 1 ,5 2 ). T reatm en t is usually recom m ended to  begin a s  

soon as possible a f te r  the on set of menopause and to b e continued for a t  least five y ears  

and perhaps as  long as ten  y ears  o r m ore (^7). The N ational In stitu tes of Health  

Consensus D evelopm ent C o n feren ce  Panel concluded th a t  estrogen  rep lacem en t therapy  

and increased calcium  intake a re  the m ainstays o f prevention and m anagem ent o f  

osteoporosis (3 6 ). The panel also indicated th a t e x e rc ise  and nutrition may play an 

im portant role as w ell. It was n oted , h ow ever, th a t  until m ore d ata  on risks and b en efits  

are availab le , physicians and p atien ts may p re fe r to reserv e  estrogen  therapy fo r  

conditions th a t co n fe r a  high risk o f  developing osteop orosis, such as the o ccu rre n ce  o f  

prem ature m enopause.

In deciding w hether estrogen  should be adm inistered* risks and b enefits of estrogen  

therapy need to  be considered. It has been reported th a t  postm enopausal estrogen
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therapy in creases the risk of en d om etrial c a n c e r  (2 5 ,5 6 ) . Most re ce n tly , the findings o f  

Shapiro and a sso cia te s  suggest th at lon g-term  use of con jugated  estrogen  in creases the 

risk of both localized and widespread end om etrial c a n c e r  (5 7 ). The d ata also suggest th a t  

women who have taken conjugated  estrogen  for 1 or m ore y e a rs  rem ain a t  increased risk 

for a t  least 10 years a f te r  they discontinue use. A sim ilar finding of increased risk of 

en d om etrial ca n c e r  am ong users o f conjugated  estro g en s has been rep orted  by Buring and 

a sso cia te s . This risk in creases with longer use and higher dosages (5 6 ). A ccording to 

Johnston and co lleag u es, the use o f a progestin with the estrogen  may reduce the risk of  

developm ent of carcin o m a of the uterus (4 2 ). In regard  to b re a st c a n c e r , Cummings and 

cow orkers suggest th at m ost evidence in d icates the risk for b re a st ca n ce r is not 

in creased , although a few positive findings have been reported (3 2 ). The use of estrogen  

also en tails the increased c o s t  of m edical followup and problem s with p atien t com p lian ce  

(4 4 ).

One p o ten tial ben efit of estro g e n , in addition to reducing bone loss, is the  

increasing evidence th a t estrogen  therapy m ight p ro te c t  again st coron ary  h eart disease  

in women (3 2 ). Studies assessing the risk of m yocardial infarction  and stroke in 

postm enopausal women taking predom inantly unopposed estro g en s a re  equivocal. More 

research  is needed in this a r e a . A ccording to H aber, progestins which have been added to  

the monthly estrogen  regim ens to reduce the risk o f end om etrial ca n ce r may also negate  

the b en eficial e f f e c t  of estrogen  on coronary h eart disease (4 8 ). In addition to a return  

of the m enses a p oten tial risk o f progestin therapy is the increased risk o f card iovascu lar  

d isease. Haber and o th er in vestigators recom m end additional studies prior to the 

w idespread and routine use o f progestins (3 2 ,4 8 ).

In the past five y e a rs , in v estig ato rs  have used DPA to  m easure the BMD of the  

lumbar spine and proxim al fem ur in "n orm al” individuals and in p atien ts with 

osteop orosis. Studies have been conducted to in vestigate  w hether spine an d /or hip bone 

m ineral m easurem ents could sep arate  "n orm al" women from women with v erteb ra l
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com pression fra c tu re s  o r fem oral neck fractu res«  R e ce n tly , som e in vestig ato rs have  

used DPA m easurem ents ostensibly to identify women a t  risk for future fra c tu re s . This 

report exam in es th ese and o th er studies a s  well a s  o th e r  available evid en ce th a t p erta in s  

to the safe ty  and c lin ica l e ffe c tiv e n e ss  o f  this technique.

RATIONALE

The ration ale fo r bone m ineral m easurem ents is based on the dem onstration th a t  

the strength  or re s is ta n ce  of a  bone to fra c tu re  is closely  related  to the am ount o f bony 

tissue o r the m ass o f  the m ineral p resen t in th e  bone. Proponents argu e th a t sin ce d ie  

(creaking) ten sile  strength  o f bone is re la ted  to its  m ineral co n te n t, m easu rem en ts of 

BMC a t  the a c tu a l  s ite s  of fra c tu re  should be the m ost a c c u ra te  m ethod o f  determ ining  

fractu re  risk. Proponents of DPA b elieve th a t the ability to  determ ine a c c u ra te ly  the 

direction and d eg ree  o f  changes in bone m ineral density a s  a  function o f  bone m ineral 

content in the spine and proxim al fem ur (s ite s  of fra c tu re ) fa c il i ta te s  the diagnosis and 

m anagem ent o f m etab olic bone d iseases, such a s  osteop orosis. They arg u e  th a t  

inform ation on bone m ineral loss is clin ically  im p ortan t for the m onitoring of a g e -re la te d  

bone loss, for the diagnosis and m onitoring o f  bone loss resulting from  m etab o lic  bone 

disease, fo r th e assessm en t o f  drug e f fe c ts  on bone m in eralization , and fo r the a c c u ra te  

assessm ent o f fra c tu re  risk a t  sp e cific  bone s ite s  (spine, fem o ral neck). Proponents also  

argue th a t th ese m easurem ents could prove useful a s  clin ica l guides to therapy in 

assessing the th erap eu tic responses o f p atien ts  with osteo p en ia .

r
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REVIEW OF AVAILABLE INFORMATION

A ccu racy  and Precision

To determ ine the a ccu ra cy  of DPA diagnostic te s ts , the m easurem ent is com pared  

with some independent m easurem ent of bone m ass, such as ash w eight o r physical density  

(5 8 ). A ccu racy  defines the degree to which a m easu rem en t, o r an estim ate  based on 

m easu rem en ts, represents the tru e value of the a ttrib u te  th at is being m easured. In the 

determ ination  of osteop en ia, a c c u ra c y  in the m easurem ent of bone mass by DPA is of 

g re a t im p ortan ce.

A number of com plex tech n ical fa c to rs  a f f e c t  dual photon a ccu ra cy  determ inations  

in vivo. These n e ce ssita te  co rre ctio n s  for deadtim e of the counting system , beam  

hardening, and sca tte re d  radiation (5 9 ). When these co rre ctio n s  are  m ade, m easurem ents  

on bone phantom s (phantom s with known co n cen tra tio n s of dipotassium  hydrogen  

phosphate solutions) have shown e x ce lle n t a c c u ra c y . H ow ever, d ifferen ces in laboratory  

p ra c tic e s  can lead to  variable results (7). The a ccu ra cy  of DPA determ ined by Wilson 

and Madsen in bone phantoms was 1.2 p erce n t (standard erro r of e stim a te ) (1 1 ). K rolner  

and Pors Nielsen reported  1.3 p erce n t (14). A ccording to M azess the a ccu ra cy  erro r for 

DPA is 3 to 5 p ercen t on a c tu a l v e rte b ra l or fem oral specim ens scanned under in vivo 

conditions (59). Gênant rep orted  4 to  10 p erce n t (60). G ênant and a sso cia te s  believe  

th a t v e rte b ra l com pressions, hypertrophy of a r tic u la r  fa c e ts , discogenic sclerosis or 

m arginal osteophytosis and extra-o sseo u s c a lc if ic a tio n , which a re  widespread in the  

elderly and are included in the in tegral m easurem ents o f DPA, may result in in accu rate  

as well as  poorly reproducible v erte b ra l m easurem ents (61). Cohn reported th at the 

a ccu ra cy  of the DPA m ethod (g re a te r  than 5 p ercen t) is markedly reduced when the 

technique is used for m easurem ent of the spinal colum n bone or any irregularly shaped 

bone surrounded by a large volume of tissue (6 2 ). He found sy stem atic  m easurem ent
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erro rs  introduced by variation  in the distribution of f a t  in the bone, and by the variable  

size and shape o f  the v e rte b ra e , p articu larly  a f te r  th e  v e rte b ra e  have been a lte re d  by a  

crush fra c tu re .

Initial work by Wilson and Madsen (1 9 7 7 ) and K rolner and P o rs  Nielsen (1 9 8 0 )  

showed th at a c c u r a te  resu lts could be obtained regardless o f soft tissue thickness o r  

com position (1 1 ,1 4 ) . It was shown th a t the influence of f a t  on the m easured bone m ineral 

would be negligible if  the fa t layer over the v e rte b ra e  had the sam e thickness as  the fa t  

layer over the site used fo r baseline m easurem ents (1 4 ). H ow ever, a  nonhomogeneous 

distribution o f adipose tissue in the body a re a s  tran sversed  by the scanning radiation  

beam may lead to an underestim ation o r overestim ation  of BM C. Roos and a sso cia te s , 

have found th at f a t  in the adipose cap sules o f the kidneys may cau se an overestim ation  

of the bone m ineral co n te n t in the third lum bar v e rte b ra  by DPA (63 ). K rolner and P o rs  

Nielsen reported  th a t a  nonuniform in crease  in fa t  surrounding the lumbar spine may 

show a d ecrease  of bone m ineral density m easurem ents (1 4 ). DPA atten u atio n  equations  

assume th a t so ft tissue is hom ogeneous, w hereas in p ra c tic e  it  con sists  o f  variable  

amounts of f a t .  V ariations in fa t-le a n  com position produce d ifferen ces in the 

attenuation  co e ffic ie n ts  for soft tissue th a t influence m easurem ents which may lead to  

erroneous results (1 4 ,6 4 ) A ccording to Tothill, in v estig ato rs  have ignored the erro rs  

introduced by this fa c to r  (65). M azess rep o rted , h ow ever, th a t th ere  is little  influence of 

nonuniform tissue com position on bone, a s  m ight o ccu r if com position above the spine 

differs from  th at surrounding it or if fa t  com position of the m arrow  v aries  (7). He 

reported th a t the variation  in density m easurem ents due to a  3 p erce n t shift of f a t  is 

virtually u n d etectab le . R e ce n tly , Wahner and colleagu es have also  reported  on the  

e ffe c t of f a t  on DPA bone m ineral density m easurem ents (6 6 ). A ccording to the 

investigators, bone m ineral density m easurem ents may be a ffe c te d  by changes in body
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f a t ,  such as a nonuniform in crease  in fa t  surrounding the lum bar spine. C on versely , they  

found th at changes in intraosseous and intram edullary fa t had little  e f f e c t  on the  

m easured bone m ineral density (6 6 ).

M azess found th at a ca lcified  a o rta  lying to the side of the spine can cause  

substantial problem s in the soft tissue baseline d eterm in ation s causing underestim ation  

of bone m ass. If the calcified  a o rta  is above the spine the bone m ass is o v erestim ated  

(59). A ccording to M azess the use o f an im proper o r av erag e  baseline can  cau se e rro rs  of  

20 p ercen t or m ore in bone d eterm in ation . B ecau se a soft tissue baseline can  vary by 5 

to  10 p e rce n t, M azess recom m ends determ ining the soft tissu e baseline along the en tire  

length of the lumbar spine fo r a c c u ra te  bone determ in ation s (5 9 ). He identified the ribs, 

ca lcifie d  a o r ta , tran sverse  p ro cesses, and even the iliac  c r e s t  as fa c to rs  th at could  

adversely a f f e c t  baseline m easu rem en ts. M azess reported th a t incorporation of d ata  

from  these locations into the soft tissu e baseline m easurem ent erroneously e le v a te s  the  

baseline and reduces the ap p aren t BMC (5 9 ).

Fo r monitoring changes in bone m ass, DPA bone m ineral m easurem ents have to be  

su fficien tly  p recise  (reproducible) to  provide an a c c u ra te  e s tim a te  o f th ese changes. The 

c o e ffic ie n t of v aria tio n , expressed in p e rce n t, describ es how precise or rep eatab le  a  

given m easurem ent is. Several in vestig ato rs have reported the in vivo precision of DPA  

to be b e tte r  than 3 p ercen t (c o e ffic ie n t of variation ) (1 1 ,1 2 ,6 7 ) . K rolner and P o rs  

Nielsen found the co e ffic ie n t o f v ariation  of rep eated  m easurem ents ranges from  1.4 

p erce n t in norm al prem enopausal women to 2 .6  p erce n t in postm enopausal women with 

clin ica l osteoporosis (14). They suggest th a t the sm allest significantly  d e te cta b le  

d ifferen ce  in the women m easured would be a BMD ch an ge of 4 p erce n t in norm al 

prem enopausal women and 7 .4  p ercen t in postm enopausal women with clin ical 

osteoporosis.

B ecause the clin ical usefulness of bone m ineral m easurem ents depends on the long­

term  reproducibility of the applied method in vivo, K rolner and Pors Nielsen perform ed
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lon g-term  precision m easurem ents o f the BMD o f the lum bar v e rte b ra e  utilizing DPA 

(68). In this study the BMD m easurem ents w ere taken a t  6 -  and 31-m on th  in tervals  

ra th er than the 14-day in terv al used in their e a rlie r  study. The au th ors concluded th a t  

the long-term  reproducibility of DPA m easurem ents in vivo m ust be based on 

m easurem ents in vitro  because of ch an ges in lum bar BMC and f a t  distribution. F ro m  in 

vitro  m easurem ents they ca lcu la ted  a  c o e ffic ie n t o f v ariation  o f 1 .4  to  2.5 p erce n t in the  

BMD range o f norm al prem enopausal w om en, and 2 .0  to  7 .9  p e rce n t in the BMD ran ge of 

o steo p o ro tic  women with v e rte b ra l com pression fra c tu re s  (68). A ccording to M azess, the  

m ajor problem s fo r clin ica l use of DPA involve die p recise  and reproducible location  of  

the m easurem ent s ite  (39). In the lumbar spine, poor sp atial resolution and crush  

fra c tu re s  can  lead to u n certa in ties  o f positioning. To obtain m axim um  p recision , 

LeBlanc and colleagu es found th a t  a  previous scan m ust be com p ared  d irectly  w ith the 

cu rren t one (6 9 ). This was dem on strated  by analyzing scan s in tegratin g  a  region  

intentionally shifted  th ree  lines above the originally chosen lines. Failu re  to  co m p are  the  

same a re a  resulted in an additional e rro r  of 2 to 4 p e rce n t.

In this re ce n t study, L eB lan c in vestigated  the precision o f  tw o dual photon 

ab sorp tiom eters using scan s o f phantom s, norm al su b jects, and p a tie a ts  (6 9 ). He found 

phantom m easurem ents for one instrum ent 2 to  5 p ercen t low er than for the o th e r . 

M oreover, the auto and m anual m ethods o f analysis g a v e  significantly d ifferen t BMD 

values fo r both in stru m en ts, with th e m anual m ethod having b e tte r  p recision . A ccording  

to L eB lan c , the m anual/auto BMD d iffe re n ce s  resu lt from  a  d iffe re n ce  in edge  

selection . The a u to m a tic  m ethod used by th e co m p u ter determ ined values fo r bone edges 

and baseline while the m anual m ethod involved a  line-by-line inspection o f ed ges and  

baseline. The author suggests tfiat changes in analysis softw are m ight im prove the  

au tom atic edge d etectio n  and th erefo re  im prove precision in this mode (6 9 ).

L eB lan c and colleagu es determ ined th a t the a v e ra g e  BMD p e rce n t precision e rro r  

of the tw o instrum ents was 4 p e rce n t a t  a  95 p e rce n t con fid en ce level (6 9 ). These
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findings indicate th a t to be confident (95  p ercen t) th a t a real ch an ge had occu rred  in 

BM C, two scans would have to d iffer by m ore than 5 .6  p e rce n t. The authors also found, 

co n trary  to popular b elief, th a t  for ob servers with sim ilar training in terob server analysis 

e rro r was essentially  equal to  the in traob server e rro r .

Prelim inary results from  a study of bone m ass in 50 postm enopausal o steo p o ro tic  

women a t  the U niversity of Washington was recen tly  reported  by Chesnut a t  the N ational 

In stitu tes of H ealth Consensus D evelopm ent C on feren ce on O steoporosis (36 ). With DPA 

m easurem ents of the spine, he reported  obtaining a precision of 3 to  5 p ercen t and an 

a ccu ra cy  of 2 to 4 p e rce n t. Sim ilar values for precision were obtained for DPA

m easurem ents of the fem ur. The a ccu ra cy  o f  the fem ur m easurem ents was not

provided. These results w ere obtained with m odifications m ade by the group a t  the  

U niversity of Washington to the DPA scanner th a t resulted  in scanning im ages th at  

cle a rly  delineated the v e rte b ra l bodies. A ccording to Wahner and a sso cia te s , p art of the 

problem inherent in assessing the a ccu ra cy  of DPA is asso ciated  with the determ ination  

of an ato m ic a re a s  corresponding to the scanned a re a s  (sp atial resolution) on the highly 

variable v e rte b ra e  (70). Wahner and cow orkers com pared the BMD of 26  L 2 -L 4  

segm en ts, rem oved from  ca d a v e rs , and m easured by D PA, with the are a  density  

determ ined from  an ashed specim en of L 3 . They reported  an erro r of about 5 to  6 

p erce n t in determ ining BMD in excised  v e rte b ra e  with DPA. On the m ore uniform  

fem oral neck they w ere able to  obtain an a c c u ra c y  o f 3 to  4 p ercen t with DPA (70).

B ecau se re latively  few longitudinal clin ica l studies have been perform ed to d ate  

utilizing D PA , little  inform ation is available regarding the e f f e c ts  o f the G d-153 source  

d ecay upon soft tissue co rre c tio n . A ccording to P ors Nielsen and K rolner the precision in 

v itro  o f the DPA m ethod depends on the a c tiv ity  of the rad ioactive  sou rce (71). They 

found the co e ffic ie n t of variation  b ecam e two to th ree  tim e higher when the rad io activ e  

source d ecayed  from  1.2 to  0 .4  C i. O ther problem s regarding the rad io activ e  source have
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been rep o rted . A ccording to Wasnich and Vogel (w ritten  com m unication) the cu rre n t  

algorithm  lo r  DPA does not c o r r e c t  appropriately  fo r so ft tissue e f f e c t  a s  the G d-153  

source d ecay s. H ow ever, this has n o t been rep orted  by o th er in v estigators.

Bone M ass/Bone S trength

In osteop orosis, bone is d ecreased  in am o u n t, i .e . ,  th e bone m ass is d ecreased  p er  

given volum e. The bone c o r te x  is thin. The trab ecu lae  a re  d ecreased  in number and s iz e , 

increasing bone "p oro sity" and d ecreasin g its  tensile and com pression stren gth  (load - 

bearing ca p a c ity ). Bone fra c tu re  rep resen ts the overriding clin ica l conseq u en ce o f  

osteoporosis. When the skeleton is exposed to physiologic fo rce s  o r to trau m a, regions o f  

it a re  subject to  exceedingly g re a t  s tre sse s . F ra c tu re s  o ccu r when the local s tresses  

exceed  the tensile an d /o r com p ressive stren gth  o f bone in th a t  region (7 2 ) . The 

relationship o f  bone stren gth  and resistan ce  to fra c tu re  to  th e quantity o f bone (m ass) 

had been studied in vitro  by many in v estig ato rs . In 1977 M artin and Atkinson rep orted  on 

a study o f  37 norm al fem o ral specim ens th a t determ ined the a g e -  and se x -re la te d  

changes in the s tru ctu re  and stren gth  o f the human fem o ral sh aft (7 3 ). They observed  

th at while the m a te ria l stren g th  o f fem o ral bone d e cre a se s  with aging fo r both se x e s , the  

m om ent o f  in ertia  (second m om ents of a re a )  of this s tru ctu re  in creases for m ales but 

d ecreases fo r fem ales. A ccording to M artin and A tkinson, in m ales the in creased  

m om ent of in ertia  com p en sates fo r the decline in m a te ria l s tren g th , w hereas in fem ales  

the diminution in both is additive and co n trib u tes to  sk eletal w eakness (73 ). The 

investigators found th a t the m ale and fem ale  m ean bone d iam eters  did not r e f le c t  the  

d ifferen ces in th e m om ents of in ertia  observed betw een the se x e s . B ecau se  the m om ent 

of in ertia  depends on the fourth  pow er of the d ia m e te r only slight ch an ges in the linear 

dimensions of th e bone a re  needed to  produce larg e  d ifferen ces in the m om ents of in ertia
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and s tru ctu ra l stren g th . The authors observed a tendency for the endosteal or inside 

d iam eter in the fem ale fem oral section s to in crease  and the c o r tic a l  thickness to  

d ecrease  with age (7 3 ).

In a sim ilar hi vitro study, Wall and a sso cia te s  reported  th at both density and 

in trinsic strength  of fem oral bone in crease  up to about the fourth decade of life and then  

d ecrease  with age (7 4 ). They noted th a t the ra te  of d ecrease  of stren gth  is g re a te r  than 

th a t of density. S trength  d ecrease  from  the fourth to the eighth d ecad e of life was about 

20 p e rce n t, w hereas the corresponding density d ecrease  was only about 2 .6  p erce n t (74 ). 

A ccording to Wall the d ata indicated th a t e ith er stren gth  is ex trem ely  sensitive to  any 

change in the denisty of bone or o th er fa c to rs  may play an im p ortan t role in determ ining  

stren gth  of bone. Some studies of the relation  betw een com pression stren gth  of the  

v e rte b ra e  in relation  to ag e  suggest th a t stren gth  in creases with age until 30 years of ag e  

and th e re a fte r  d e cre a se s , with an appreciable drop a f te r  50 (75).

When it b ecam e possible to determ ine in vivo the BMC a s  a function of BMD of  

sep a ra te  v e rte b ra e  of the lumbar spine by D PA , studies w ere initiated  to  c o rre la te  BMD 

values and u ltim ate  com pressive strength  of lum bar v e rte b ra e . It was hoped th a t these  

m easurem ents would provide a basis for estim atio n s o f norm al and abnorm al am ounts of 

bone m ineral in the v e rte b ra e  and to p red ict p atien t susceptibility  to fra c tu re . In 1980  

Hansson and cow ork ers used DPA (A m -2 4 1 /C s-1 3 7 ) to m easure the BMD of 109 lumbar 

v e rte b ra e  from  36 d ifferen t autopsy su b jects; m ean age 59 y ears (7 6 ). A fte r  

d eterm ination  of the BMD, the u ltim ate  com pressive stren gth  was determ ined by 

com pression of the v erteb ra l body until f ra c tu re  o ccu rred . The authors reported  a  

s ta tis tica lly  sign ifican t positive co rre la tio n  betw een the BMD of all 109 lumbar 

v e rte b ra e  and the com pressive load needed to cause a fra c tu re  (R = 0 .8 6 , P less than  

0 .0 1 ;.  Sim ilar findings of m ineral co n te n t th at w ere highly co rre la te d  with resistan ce  to  

com pressive fo rce s  had been reported  by Bell and colleagu es for the v e rte b ra e , and Dalen 

and asso cia te s  in the fem oral neck (7 7 ,7 8 ). In terestin gly , in the study by Hansson the

- 2 5 -



p osterior elem en ts were n o t included when the v e rte b ra l bodies were com p ressed . 

A ccording to the authors th ese p a rts  o f  the v e rte b ra e  c a r iy  an  a lm o st negligible share o f

the a x ia l load . H ow ever, the p o sterio r elem en ts and the v e rte b ra l bodies added alm o st  

equal proportions to the to ta l BMD m easured by DPA (76).

The findings o f Hansson and co lleag u es suggestèd th a t BMD m easu rem en ts o f th e  

lumbar v e rte b ra e  by D PA  could b e used a s  an in d irect m easure o f  u ltim ate  com p resssive  

strength  (7 6 ). H ow ever, th eir findings o f  a  lin ear co rrelatio n  betw een the BMD (g /c m 2 ) 

o f lumbar v e rte b ra e  and the u ltim ate  com p ressive stren gth  o f th eir v e rte b ra l bodies is in

d isagreem ent with the findings o f Beil and a ss o c ia te s  and C a rte r  and H ayes (7 7 ,7 9 ) . The 

findings o f  these in vestig ato rs in d icated  th a t the com p ressive  stren gth  o f  bone is  related  

to the square o f the ap p aren t den sity . Based on this relation sh ip , which is sim ilar to  the 

findings o f  the earlier jn_ v itro  stu d ies, sm all ch an ges in ap p aren t bone density can  

gen erate  larg e  ch an ges in s tren g th . A pparent d en sity , expressed  in g/crr?f is th e  m ass o f  

bone tissue divided by the bulk volum e o f  the te s t  sp ecim en , including m ineralized  bone 

and bone m arrow  sp aces.

A ccording to R uff and H ayes, one s tru ctu ra l variab le th a t is n o t o fte n  considered in 

studies o f  sk eletal aging o f long bones is th e global geo m etry  o f  c o r t ic a l  bone (SO). The 

in vestigators b eliev e  th a t the g e o m e tric  distribution of bone tissu e, to g e th e r  with its  

m aterial p ro p erties , is  c r i t ic a l  in determ ining the s tru c tu ra l stren gth  and rigidity o f  the  

whole bone. To d em on strate  this co n ce p t the in v estig ato rs studied c o r t ic a l  bone  

remodeling w ith aging in fem o ral and tib ial c ro ss -se c tio n s  obtained from  an arch e o lo g ica l  

collection  (8 1 ) . This P e co s  Pueblo co llectio n  rep resen ts a  la rg e , la te ,  p reh isto ric  and 

p rotoh istoric s ite  in New M exico. R u ff and H ayes observed in creases with age in 

subperiosteal dim ensions and second m om ents of a re a  in both m ales and fe m a le s . 

H ow ever, they also found th a t this rem odeling p ro cess is m odified by lo calized  bone s ite  

d ifferen ces in m ech an ical loadings, som e o f which a re  apparently se x -sp e cific  (8 1 ) .  

According to R u ff and H ayes, regions, m ale or fe m a le , subjected to re la tiv e ly  high
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m ech an ical s tre ss  vivo would show the g re a te s t in creases with age in to ta l  

subperiosteal a re a  and second m om ents o f  a re a  and the sm allest d ecreases in co m p act  

c o r t ic a l  bone a r e a . C on versely , regions with relatively  less m ech an ical stim ulation  

would show sm all in creases (or a c tu a l d ecreases) in subperiosteal apposition o f bone and 

second m om ents o f a r e a . Ruff and H ayes concluded th a t e x e rc is e -re  la ted apposition of 

bone on the subperiosteal surface may m echanically com p en sate for en d osteal resorption  

and c o r tic a l  thinning with aging, and reduce the risk of fra c tu re  among those individuals 

(m ale or fem ale).

The authors b elieve th a t a  d ifferen ce  in a c tiv ity  levels betw een their sam ple 

population and th a t o f  the M artin and Atkinson study could explain the d ifferen ce in their 

findings (8 1 ). They suggest th a t the lifestyle  of P eco s fem ales subjected them  to 

significantly  m ore strenuous e x e rc ise  than fem ales from  m odem  industrialized  

populations, th e  sou rce  o f sub jects for the Martin and Atkink>n study. A ccording to Ruff 

and Hayes th ese gen erally  higher levels o f  a c tiv ity  could accou n t for the g re a te r  

apposition of bone throughout life am ong P e c o s  fem ales (8 1 ). C halm ers and Ho cited  

g re a te r  physical a c tiv ity  a s  a contributing fa c to r  to the lower ra te  o f  hip fra c tu re s  

am ong the e ld erly , p articu larly  w om en, in non industrialized as com pared to W estern  

industrialized populations (82).

The re la tiv e  contribution of tra b e cu la r bone and the c o rtia l shell to  the load- 

bearing ca p a city  o f th e  v e rte b ra  has been the subject of much co n tro v ersy . B ecau se  

DPA provides an in tegrated  m easure o f both c o r tic a l  (3 0 -4 0  p ercen t) and trab ecu lar  

contributions to m ineral c o n te n t, the contribution o f the c o r t ic a l  shell to  the load- 

bearing ca p a city  of the v e rte b ra  is o f e x tre m e  im p ortan ce to the sign ifican ce o f th e  DPA 

m easurem ents. This is esp ecially  true in light o f the re ce n t findings of Hayes and 

G erh art th a t the c o r tic a l  shell co n trib u tes very little  to the overall strength  of th e  

v e rte b ra l body (72). Their work supports the earlier findings of B ell th at the com pression  

strength  of th e  v e rte b ra e  depends alm o st en tirely  on the tra b e cu la e , which form  a th re e -
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dim ensional grid within the body (7 7 ). These findings, how ever, w ere not co n sisten t with 

the observations of R o ck o ff and colleagu es who reported th at the c o r t ic a l  shell 

contributed  4 5 -7 5  p ercen t o f the peak strength  (8 3 ).

C linical A pplications

s Pine» In vestigators a f te r  initiating clin ica l studies established the feasibility  of 

the DPA technique to m easure bone m ass a t  the spine and proxim al fem ur. A t the Mayo 

Clinic Riggs and a sso cia te s  studied the effe ctiv e n e ss  o f DPA to  d ifferen tia te  p atien ts  

with idiopathic spinal osteop orosis (presen ce o f  n on trau m atic com pression fractu res)  

from  norm al su b jects (3 ). In th a t c ro ss-se ctio n a l study reported in 1981 ,  DPA w as tested  

in a  population o f  105 norm al women and 76 women p atien ts with osteoporosis. Bone 

diminution with aging was assessed by m easuring BMD con cu rren tly  a t  s ite s  in the ax ia l  

and the appendicular skeleton. BMC o f the spine was assessed from  scans o f  the L I  to L4  

region. The BMD valu e included v e rte b ra l bodies and disk in tersp aces.

In norm al women the authors found th at v e rte b ra l bone loss began in young 

adulthood and continued linearly throughout life . In co n tra st to th e  findings in the  

appendicular skeleton th ere  was no d em onstration  o f  an a c c e le ra te d  bone toss due to the  

m enopause. The cum u lative diminution of BMD from  the v e rte b ra e  throughout life was 

47 p e rce n t. Riggs and cow ork ers found th a t p atien ts  with osteop orosis had significantly  

tow er m ean BMD values a t  the v e rte b ra e  (p less than 0 .0 0 1 )  com pared with a g e  

com parable norm al subjects. H ow ever, although the spinal m easurem ents gave the b est 

discrim ination o f o steo p o ro tic  p atien ts from  norm al su b jects th ere was still considerable  

overlap betw een the tw o groups (3).

To define spinal osteoporosis in term s o f  v e rte b ra l BMD ra th e r  than the p resen ce  o f  

n on trau m atic v erte b ra l fra c tu re s  the authors a rb itrarily  chose the 9 0 th  p ercen tile  for 

v erteb ra l BMD fo r p atien ts with n on trau m atic v erte b ra l fra c tu re s . This v alu e , 0 .9 6 5  

g /cm  was then defined a s  the threshold below which the risk for non trau m atic v e rte b ra l
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fra c tu re s  in creases. H ow ever, with this ap p roach , by age 65  y ears , half o f the w om en, 

and by age 85 y e a rs , virtually a ll of the women in the norm al fem ale  population have  

BMD values below the threshold for f ra c tu re . All th ese women would be considered to  

h**ve asy m p to m atic osteoporosis by the authors (3).

A ccording to R iggs, the results o f the study indicated th a t women with and w ithout 

spinal osteoporosis lose substantial but sim ilar am ounts o f c o r t ic a l  bone, but those with  

spinal osteoporosis lose more trab ecu lar bone. The au th ors suggested th a t c o r t ic a l  bone 

and trab ecu lar bone function as sep arate  co m p artm en ts  which differ in resp ect to onset 

and ra te  of bone loss and possibly also in re sp e c t to h o m eo sta tic  regu lation . They believe  

th a t d ire c t spinal m easurem ents o f bone density a r e  g reatly  superior to appendicular 

m easurem ents for evaluating the severity  of spinal osteoporosis (3 ). H ow ever, b ecause  

the lack o f response o f v e rte b ra l bone loss to menopause with DPA m easurem ents was 

not co n sisten t with the results of o th e r  studies, Riggs recom m ended th a t the e f f e c t  of 

the m enopause on the ra te  o f bone loss in the v e rte b ra e  re la tiv e  to th at in the 

appendicular skeleton be studied fu rth er. Meunier and colleagu es in a h istological study 

of trab ecu lar bone mass in ilia c  biopsy specim ens from  236 co n tro l subjects found an  

a cce le ra tio n  of the linear diminution of tra b e cu la r  bone as  a g e  increased in the 

postm enopausal period (84). G enant and a sso c ia te s  reported  a sim ilar a cce le ra tio n  in 

bone loss a t  m enopause in their study of v e rte b ra l m ineral determ ination  by q u an tita tiv e  

com puted tom ography (85). A ccording to  the au th ors, the ra te  of in tegral spinal bone 

loss assessed by QCT is roughly one-half th a t  of purely can cellou s bone and may explain  

the d ifferen ce  in sensitivity  with D PA. H ow ever, K rolner and Pors Nielsen assessed  

v e rte b ra l bone loss by DPA in a longitudinal study of 59  norm al women and found an 

a c c e le ra te d  bone loss o f nearly 6 p ercen t im m ediately a f te r  the m enopause (86).

M azess proposed th a t the com m on assum ption about a  large  ongoing loss of 

tra b ecu lar bone a f te r  menopause may be erron eou s (26). He does n ot believe th a t the 

b ases for assuming a disproportionate e f f e c t  of estrogen  on trab ecu lar bone is well
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supported. F o r  exam p le, he suggests th a t the ap p aren t rapid loss o f tra b e cu la r bone 

observed in the spine with q u an tita tiv e  com puted tom ography may be an o v erestim ate  

due to the influence of an increasing f a t  co n te n t (2 6 ). A ccording to M azess, f ra c tu re s  of  

the v e rte b ra  and d istal radius, which o ccu r e a rlie st in postm enopausal w om en, may be 

due to a trab ecu lar bone loss th a t has a  much e a rlie r  on set than th a t of c o m p a ct bone 

loss and not to a  m ore rapid ra te  o f loss o f tra b e cu la r bone. In co n trad istin ctio n , the  

results of the re c e n t study by Richelson and a sso cia te s  (198*0 indicated th a t estrogen  

deficien cy  was th e predom inant cau se  o f bone loss occu rrin g during the firs t tw o decad es  

a f te r  n atu ral menopause (8 7 ). In th a t study DPA w as used to determ ine the BMD a t  th e  

fem oral neck , fem o ral in te r  tro ch a n te r , and lumbar spine in 14 women who had undergone 

oophorectom y during young adulthood, in 14 norm al perim enopausal w om en, and in 14 

norm al postm enopausal women.

Sim ilar results w ere reported in an e a rlie r  study by Lindquist and a sso cia te s  (1 9 8 1 )  

on the influence o f  aging and m enopause on BMC based on BMD m easu rem en ts (88). In 

th a t c ro ss -se c tio n a l stu d y, bone density w as determ ined in the third lum bar v e rte b ra  in a  

random sam ple o f  women by the DPA technique. The authors ch ose the ages of  

postm enopausal tim e s in such a  way as to  m ake it possible to  com p are women of 

d ifferen t ag es but o f  sim ilar m enstrual s ta tu s  and women o f  d ifferen t m enstrual s ta tu s  

but o f sim ilar a g e . A ccording to the au th ors the resu lts o f th e study support the  

hypothesis th a t th ere  is an asso ciatio n  betw een early  m enopause and a c c e le ra te d  bone 

loss (8 8 ). A 5 -y e a r  longitudinal followup study by Lindquist and a sso c ia te s  has confirm ed  

the resu lts o f  th eir previous cro ss-se ctio n a l study (89). When the sam e women had 

lumbar spine BMD d eterm in ation s with DPA 5 y ears la te r  the au th ors found larg er  

d ifferen ces in BM C betw een women o f  d ifferen t m enstrual s ta tu s  than betw een women 

of d ifferen t a g e s . As in the cro ss-se ctio n a l stu d y, the results from  the longitudinal
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followup indicated th at the tim e of the menopause influences bone density, with 

significantly  (p less than 0 .0 1 ) low er values in those women who have an early menopause 

(8 9 ).

In a m ore re c e n t longitudinal d en sito m etric  study, Riggs and cow orkers found th at  

v e rte b ra l loss in 139 norm al women began well b efo re  m enopause (90). Riggs m easuring 

BMD a t  the lunbar spine for up to 3 years by DPA found continuous bone loss o v er adult 

life with a mean ra te  of loss of 1.2 p e rce n t per y e a r. M oreover, ra te s  of loss w ere  

sim ilar in prem enopausal and postm enopausal w om en. From  this new d a ta , Riggs 

concluded th at the exp erim en tal design o f the Richelson study, discussed above, was 

inadequate b ecause the perim enopausal co n tro l group had already undergone substantial 

bone loss before m enopause (90). He also suggested th at oophorectom y m ight induce 

g re a te r  bone loss in young women in whom bone turnover is m ore a c tiv e  than in older 

women.

A ccording to Riggs and cow orkers th ere  is a striking d ifferen ce  in the p a tte rn s  of 

appendicular and axial bone loss in women throughout life  (90). They confirm ed only a  

sm all am ount of c o r tic a l  bone loss in the appendicular skeleton before m enopause, with 

large am ounts lost th e re a f te r . By c o n tra s t , their longitudinal studies show v e rte b ra l  

bone loss begins well b efore menopause and continues linearly into old ag e  with only a 

trend tow ard m idlife a c c e le ra tio n .

Aloia and cow orkers recen tly  used DPA m easu rem en ts of the spine in healthy  

women and women with v e rte b ra l crush fra c tu re  syndrome in th eir cro ss-se ctio n a l study 

of involutional bone loss (2 3 ). In co n tra s t to the findings by Riggs and co lleag u es, Aloia  

determ ined th a t the best fit for the ra te  of involutional bone loss from  the spine based on 

« ro ss-sectio n al d ata  was a  two com ponent cu rv e . This indicated an a c c e le ra te d  loss of  

bone from  the spine a f te r  m enopause. Based on the available in form ation , including 

published p ro sp ectiv e  d a ta , Aloia concluded th a t th ere  is an a c c e le ra te d  loss of bone 

from  the spine a f te r  m enopause (23).
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In addition to the DPA m easu rem en ts o f the lum bar spine, the study by Aloia also  

included m easurem ents o f bone m ass o f the to ta l skeleton and d istal radius by in vivo  

neutron activ a tio n  an alysis, and SPA , resp ectiv ely  (2 3 ). The author found th a t the spinal 

m easurem ents did not se p a ra te  p atien ts  with osteoporosis from  co n tro ls  any b e tte r  than 

the o th er bone m ineral m easu rem en ts. A ccording to A loia , although spinal bone m ineral 

m easurem ents could c o rre c tly  classify  about 77 p erce n t o f the c a s e s , the number o f  

m isclassification s in the old er a g e  group of t h e ' norm al women was su b stan tial. 

M oreover, the bone m ass m easurem ents o f the to ta l sk eleton , d ista l radius and spine 

determ ined by Aloia do n o t support the hypothesis o f R iggs and colleagu es (38 ) th a t  

women with v e rte b ra l crush fra c tu re s  have p referen tia l loss o f spinal bone (23 ). 

A ccording to K rolner the lum bar BMD o f p atien ts  with only one v e rte b ra l fra c tu re  is less 

than 1.0 standard deviation (SD) below the a g e -m a tch e d  norm al m ean (91). He suggests 

th at women having th eir f irs t spinal wedge fra c tu re  a re  indistinguishable from  their 

normal p eers  as  to  the to ta l  bone m ass o f  the lum bar v e rte b ra e . A cce le ra te d  osteopenia  

of women having m ultiple v e rte b ra l f ra c tu re s  m ight be a  consequence (im m obilization) 

rather than a  cau se  o f fra c tu re s  (91).

O ther in v estig ato rs h ave also used the DPA tech n iq u e to m easure the BMD o f th e  

spine and hip in populations o f  norm al women and women with c lin ica l osteop orosis. The 

technique was used by S ch aad t and B ohr when they studied changes in BMD in the lum bar 

spine, fem o ral neck and fem o ral sh a ft in norm al aging w om en, prednisone tre a te d  

women, and in women with prim ary osteoporosis (9 2 ). A cccord in g  to th e  au th ors th e  

mean lumbar BMC m easured by BMD o f 19 women w ith p rim ary  osteoporosis was 31 

percent low er than th a t  o f 36  postm enopausal a g e -m a tch e d  co n tro ls . Bone m ineral 

diminution in the fem o ral neck , which co n sists  o f  a  m ixtu re o f trab ecu lar and c o r tic a l  

bone, w as sm aller than th a t o f the lum bar spine but g re a te r  than th a t o f the middle of  

the fem oral sh aft which co n sists o f  predom inantly c o r t ic a l  bone. S ch aad t and Bohr 

observed the sam e p a tte rn s  o f bone m ineral loss in norm al aging women and prednisone-
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tre a te d  w om en. A ccording to S ch aad t and B oh r, the study dem onstrated  th a t in 

postm enopausal women and in the developm ent o f o steop en ia , the loss o f trab ecu lar bone 

m ineral is much g re a te r  than c o r tic a l  bone loss. They suggested th a t d ire c t  

m easurem ent of BMC in the lumbar spine w as n ecessary for an a c c u ra te  evaluation of  

bone m ineral s ta tu s  in th a t clin ically  im p ortan t region (9 2 ).

In the Danish study by K rolner and Pors N ielsen, referred  to e a rlie r , the authors 

used DPA m easu rem en ts of the spine in an a tte m p t to d ifferen tia te  women with 

spontaneous v e rte b ra l com pression fra c tu re s  or fem o ral neck fra c tu re s  from norm al 

women (8 6 ). The bone mass m easu rem en ts were also to b e used to identify women a t  risk 

of future fra c tu re s . BMD o f the second, third , and fourth lumbar v e rte b ra e  was 

determ ined in norm al women and women with clin ica l osteoporosis by using DPA in 

cro ss-se ctio n a l and longitudinal studies. A ccording to Krolner and Pors N ielsen, the 

mean lumbar BMC o f 8 6  women (aged 5 8 -8 9  years) with prim ary osteoporosis was 41 

p ercen t lower than th at o f norm al prem enopausal women and 18 p ercen t lower than th a t  

of ag e-m atch ed  co n tro ls . N everth eless, the data showed, a s  did the data o f Riggs (3 ) , a  

large overlap b etw een p atien ts with c lin ica l spinal osteop orosis and ag e-m atch ed  norm als  

(8 6 ). The overlap is so large th a t  the m ajority of p atien ts with c lin ical spinal 

osteoporosis a re  indistinguishable from ag e-m atch ed  norm als. M azess reported th a t a  

very large overlap in the spinal density of fra c tu re  and n on fractu re ca se s  can  be 

exp ected  (93). R e ce n tly , he reported th at about 60 p ercen t of fractu red  lumbar 

v e rteb rae  are  en tirely  norm al in density (9 4 ).

K rolner and P o rs  Nielson suggested th a t  a  d ifferen ce  in the duration (approxim ately  

3 years) o f a c c e le ra te d  bone loss in a subgroup o f postm enopausal women in the early  

menopause could explain the 18 p ercen t d ifferen ce  in lum bar BMC betw een p atien ts and 

ag e-m atch ed  norm als reported in their study. K rolner and Pors Nielsen point out th at  

while the o ccu rre n ce  of v e rte b ra l com pression fra c tu re s  is related  to bone m ass, the  

sign ifican ce of this q u an tita tiv e  approach in vivo rem ains u n certain . For exam p le, a
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minor loss of transverse trabeculae within the vertebrae th at is barely detectable with 

the DPA method could contribute considerably to the weakening of the bone. The 

authors noted that arteriosclerosis of the lumbar aorta may account for nearly 15 

percent of the measured BMD in severe osteopenia and give erroneously high values 

(86). In co n trast, as  noted by Cummings, the inclusion by Krolner and Pors Nielsen of 

subjects with nontoxic goiters, who might be on high doses of thyroid hormone, in the

co n tro l population could result in erroneously tow spinal bone density m easurem ents fo r  

the co n tro l group (9 5 ).

In 1 9 8 2 , K rolner and a sso cia te s  rep orted  on an investigation in a  co n se cu tiv e  series  

o f 132 women w ith and w ithout osteop en ia in whom radiography and D PA  w ere com pared  

(96). The in vestig ato rs hoped to determ ine if  a  co rre la tio n  existed  betw een the two  

methods and if the toss o f  v e rte b ra l bone m ass is c o n c e a le d  by the addition o f  bone 

m ineral in n on relevant s tru ctu re s  such a s  the v e rte b ra l p ro ce sse s , o steo p h y tes, and  

ca lc ifica tio n s  o f  the abdom inal a o r ta . A ccording to  K ro ln e r, th e  radiographic g rad e  o f  

osteopenia and the BMD o f th e  lum bar v e rte b ra e  showed a  sign ifican t inverse  

correlatio n . E ach  grad e o f  radiographic osteop en ia was asso cia te d  w ith a  large s c a tte r  in 

lumbar BMD. The overlap b etw een norm als and p atien ts  w ith obvious osteoporosis  

com prised nearly 60  p e rce n t o f the ca se s  w ith com pression fra c tu re s . The d a ta  a lso  

suggested a  considerable o v erestim ation  of th e  tru e  v e rte b ra l bone m ass when DPA w as  

used in p atien ts  with osteop h ytes and severe  a o r tic  ca lc if ica tio n . The authors found th at  

spondylosis (osteophyte form ation) accou n ted  fo r 10 to 35  p e rce n t of th e  lum bar BMD 

measured in women with radiographically proven o steop en ia . In sev ere  o steo p en ia  a o rtic  

calcificatio n  may a cco u n t for nearly 10 p e rce n t o f lum bar BMD (9 6 ).

Seem an and a ss o c ia te s  com p ared  DPA BMD v alu es o f  the lumbar spine to  SPA BMD 

values for th e  radius in 100 p atien ts with various ty p es o f endocrine dysfunction (9 7 ) .  

The authors found th a t BMD in each  endocrine disorder d eviated  in a t  le a st one s ite  from  

the se x -sp e cific  a g e  regression o f 187 norm al su b je cts . BMD m easu rem en ts indicated
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bone loss fo r p atien ts with prim ary hyperparathyroidism , h yp ercortisolism , and 

hyperthyroidism . F o r p atien ts with secondary hyperparathyroidism  due to  chronic renal 

fa ilu re , a cro m e g a ly , and postsurgical hypoparathyroidism  the BMD m easurem ents  

suggested bone gain. With the use of m u ltivariate  analyses o f v arian ce  the authors found 

sign ifican t d ifferen ces in the BMD m easu rem en ts am ong the scanning sites . Seem an  

concluded th a t bone density o f the appendicular and axial skeleton ch an ges differen tially  

in response to endocrine dysfunction and these changes a re  both site and disease  

sp ecific . A ccording to  the authors, BMD m easurem ents in the appendicular skeleton do 

not reliably p red ict BMD m easu rem en ts o f th e lum bar spine. BMD ch an ges induced by an 

endocrine or m etabolic disorder m andate assessm en t o f both the appendicular and the  

axia l skeleton (97 ) O tt and cow ork ers have also suggested th at in postm enopausal
i

osteoporosis the bone may display d ifferen t ra te s  o f change a t  d ifferen t s ite s  (98). 

B ecause the ra te  o f ch an ge may be influenced by the re la tiv e  am ount of tra b e cu la r bone, 

the ax ia l skeleton may not change a t  the sam e ra te  as the appendicular skeleton.

O tt studied longitudinal ch an ges in bone mass a f te r  1 y ear by DPA and o th e r  

noninvasive m easurem ent techniques in p atien ts  with osteop orosis (98). She found th at in 

these women th ere  w ere no co rre la tio n s  betw een m easurem ents of 1 -y e a r  ch an ges in 

bone m ass by th e various techniques. In addition to the possibility o f  d ifferen t ra te s  o f  

bone changes a t  d ifferen t s ite s  o f the sk eleton , O tt suggests th a t the lack of co rre la tio n  

betw een the m easurem ents may be related  to the precision of the techniques and the  

m agnitude o f th e  changes in bone in osteop orosis. She concluded th a t the techniques  

used (D PA , C T , SPA) w ere not su fficien tly  p recise  to m easure the sm all am ount of 

change in bone a f te r  only 1 y e a r (9 8 ). Sim ilar findings for DPA h ave been reported  by 

Cohn, K roln er, and Cummings and B lack (6 2 ,9 1 ,9 9 ). A ccording to Riggs and Melton DPA  

m easu rem en ts every  6 months o v e r 2 to 3 y ears a re  required to  e stim a te  individual ra te s  

o f bone toss (90).

O tt found th a t the precision of the DPA and CT techniques was tow er in her
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clin ical se ttin g  than in some rep orts from  the lite ra tu re  (9 8 ). Several fa c to rs  probably 

con trib u te  to this d iscrep an cy. A ccording to Cummings and Black scans obtained in 

carefu lly  controlled  research  environm ents m ight have b e tte r  reproducibility than scans  

obtained in o th e r  clin ical settin gs (99). A lso, cla im s o f g re a te s t  precision a re  o ften  based  

on rep eated  m easurem ents of phantom s o r bone specim ens, o r m easurem ents in persons  

th a t a re  rep eated  within a  short tim e . Persons can n ot be repositioned o r kept in position  

as well a s  phantom s o r specim ens (9 9 ). The study by O tt in d icates th a t when these  

techniques for m easuring bone m in eral, including D PA , a re  applied to  persons (m ore so to  

osteop orotics) in clin ical se ttin g s  o v er long periods of followup, the reproducibility is 

likely to  be poorer than has been reported  from  specialized  research  c e n te rs  (99).

HijD. In 198 2  R iggs and a sso cia te s  reported  the resu lts of an o th er cro ss-se ctio n a l  

study where DPA w as used to assess  changes in BMD with aging (20). They studied the 

effectiv en ess o f DPA to  d ifferen tia te  p atien ts with hip fra c tu re  from  norm al su b jects by 

m easuring changes in th e BMD o f th e proxim al fem ur and spine with aging in 123 norm al 

women and 26 women with hip f ra c tu re s . In norm al w om en, BMD declined linearly during 

life by 58 p e rce n t in the fem oral neck and 53 p ercen t in the in te rtro ch a n te ric  region o f  

the fem u r. By age 7 5  y e a rs , th e  au th ors found th a t virtually the en tire  population of 

aging women had BMD values for the proxim al fem ur th a t w ere below their a rb itrary  

threshold for hip fra c tu re . This approach put the en tire  population of elderly women a t  

risk for hip fra c tu re .

A ccording to R iggs, p atien ts  with fem o ral neck and in te rtro ch a n te ric  fra c tu re s  

were indistinguishable from  norm al women by d ifferen ces in BMD a t  e ith er s ite  (20). 

Although elderly women with hip fra c tu re s  had low er values fo r BMD o f the c o n tra la te ra l  

hip than th eir p eers , the d e cre a se  was sm all and the overlap considerable. Fo r the 26 

elderly women with hip fra c tu re s , th e  mean 2 -s c o re  (deviation in standard deviations  

from age-adjusted  pred icted  mean) for BMD o f the fem oral neck was only slightly  

decreased (-0 .5 0  SD, p less than 0 .0 1 ) ,  and all individual values w ere within the a g e -
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adjusted norm al ran g e . From  these d ata the au th ors suggested th a t although low er BMD 

of the proxim al fem ur may play a  p a rtia l ro le , the o ccu rre n ce  o f falls may be a m ajor 

fa c to r  predisposing some but not o th ers  in the population of aging women to fra c tu re  of  

the hip (20). This may rep resen t a biased group since Riggs and a sso cia te s  studied  

am bulatory p atien ts who had survived for a t  least 1 y ear a f te r  the f ra c tu re . A ccording  

to Cum m ings, the hip fra c tu re  p atie n ts  chosen for the study may rep resen t a subgroup o f  

otherw ise healthy p atien ts who may have had g re a te r  bone m ass than those who died or 

w ere unable to walk (95).

Riggs and colleagu es found th a t the values for BMD o f the lum bar spine, m idradius, 

and d istal radius sites  in the p atien ts  with hip fra c tu re s  did not d iffer significantly  from  

those for ag e-co m p arab le  norm al su b jects. By c o n tra s t , fo r  27 additional women ag es 51  

to  65 y ears , with n on trau m atic v e rte b ra l fra c tu re s , but not hip fra c tu re s , the  

in v estig ato rs  found a low m ean Z -sco re  fo r BMD o f th e  lum bar spine 

( -1 .9 2  SD, p less than 0 .0 0 1 ) . A ccording to R iggs, d ata  from  previously published studies  

and the results of their p resen t study suggest the e x is te n ce  o f tw o d istin ct o steo p o ro tic  

syndrom es. They designated one fo rm , postm enopausal osteop orosis, c h a ra c te riz e d  by an 

exce ssiv e  and disproportionate tra b e cu la r bone loss th a t involves a sm all subset of 

women (estim ated  a t  5 to  10 p ercen t) in the early postm enopausal period. It is 

m anifested  mainly by v e rte b ra l fra c tu re s . The oth er form  they designated senile 

osteop orosis. This syndrom e w as ch a ra c te riz e d  by a p rop ortionate loss o f both c o r t ic a l  

and trab ecu lar bone th a t involves essentially  the en tire  population of aging women 

(usually older than 75  years) and to  a lesser e x te n t, aging men. It is asso ciated  with hip 

fra c tu re s  o r v e rte b ra l f ra c tu re s  o r both (2 0 ). More re ce n tly , postm enopausal and senile 

osteop orosis h ave been referred  to  a s  type I and type II osteop orosis, resp ectiv ely  (100).

Bohr and S ch aad t used DPA to  determ ine w hether a reduction in BMD o f the  

fem oral neck and shaft or of the lumbar spine could be dem on strated  in women older 

than 6 0  years of a g e  with u n ilateral f ra c tu re s  of the fem o ral neck (1 0 1 ). DPA bone
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m ineral density m easurem ents o f th e lum bar spine, fem o ral n eck , and fem oral sh aft in 46  

women ranging in age from  60 to  89 y ears  with fra c tu re s  o f the fem o ral neck w ere  

com pared with th a t of 38 healthy women in the sam e ag e  group. The in v estig ato rs  

reported th a t the BMD o f the lumbar spine and fem o ral neck w ere not significantly  

reduced in elderly women with fra c tu re s  of fe m o ra l'n e ck  a s  com pared with co n tro l  

subjects. They found th e BMD o f the fem o ral sh aft, a  predom inantly c o r t ic a l  bone s ite ,  

significantly reduced in the fra c tu re  group (1 0 1 ). Bohr and S ch aad t concluded th a t the  

high incidence o f fem o ral neck fra c tu re  with increasing age m ight be explained in p a rt by 

a reduction in BM C, prim arily c o r tic a l  bone m in eral. They added, h ow ever, th a t  it is 

likely th a t o th er fa c to rs  th a t reduce the stren gth  o f  bone or in crease  the tendency in 

older persons to fall such a s  d izziness, diminished visual a c u ity , o r  m uscle w eakness, a re  

also of im p o rtan ce  (101). In his review  o f  hip fra c tu re  studies, Cum m ings rep orted  th a t  

Bohr and S ch aad t could have missed a  tru e  d iffe re n ce  in bone m ass b ecau se o f a  sm all 

sam ple s iz e  (95). A ccording to Cum m ings, the study by Bohr and Sch aad t may have had 

in su fficient pow er to  d e te c t  clin ically  im p ortan t d ifferen ces (ty p e II e rro r ) .

Cummings studied the role o f osteoporosis in the o ccu rre n ce  o f  hip fra c tu re s  by 

critica lly  review ing ca s e -c o n tro l studies th a t  have com pared the bone m ass o f p atien ts  

with hip fra c tu re s  with th a t o f co n tro l sub jects (95). He found th a t the c a s e -c o n tro l  

studies suggested th a t the hips o f p atien ts  with hip fra c tu re  are  m ore o steo p o ro tic  than  

those o f  o th e r persons o f sim ilar age who exhibit no fra c tu re s . H ow ever, th e  bone m ass 

d ifferen ces w ere usually sm all and overlapping. While som e in v estig ato rs  found p atien ts  

with hip fra c tu re s  with substantially less bone a t  various s i te s , o th er in v estig ato rs have  

found no sign ifican t d iffe re n ce  in bone m ass betw een p atien ts  and con trols (9 5 ). 

A ccording to Cum m ings, the in terp retatio n  o f these findings is clouded by fundam ental 

problems in the design and reporting of th e  studies. He found a t  le a st one m ethodologic 

problem in each  o f the 15 studies th a t could have substantially influenced the resu lts . 

A ccording to M azess the results o f th e 15 studies, review ed by Cum m ings, m ay have been
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a ffe c te d  by the in vestigators choosing an inappropriate region to m easure (R . M azess 

w ritten  com m unication). But if M azess is c o r r e c t  in suggesting th a t 15 studies a re  

capable of introducing such v ariab ility , then this strongly suggests th a t o b jectiv e  

in terp retation  of m easurem ents obtained by d ifferen t investigators m ight not be 

possible. He noted th at in only one of the 15 studies did they m easure the highly 

trab ecu lar Wards trian gle region in the proxim al fem ur. In th at study, Vose and 

Lockwood reported finding p atien ts with hip fra c tu re s  with substantially less bone m ass 

a t  the hip than age-m atch ed  su bjects (95). Investigators w ere not "blinded" as to the  

subjects' s ta tu s .

Aitken has recen tly  claim ed th a t postural instability is the m ajor d eterm in an t for 

fem oral neck f ra c tu re , and th at gen eralized  osteop orosis, rath er than being a  

prerequisite for f ra c tu re , m erely d eterm in es the type o f fra c tu re  sustained (1 0 2 ). Aitken  

conducted  a p rosp ective study of fra c tu re s  o f the fem oral neck over a 12-m onth period in 

o rd er to ascerta in  the re lev an ce  o f generalized  osteoporosis a s  determ ined by m etacarp al  

m orphom etry. A to ta l o f 206 women who sustained fra c tu re s  o f the fem oral neck a f te r  

minor traum a w ere found to have bone mass m easu rem en ts (not a t  the fra c tu re  site) 

sim ilar to those o f  a co n tro l population o f the sam e age w ithout fra c tu re s  (102). A itken  

also reported th a t 16 p ercen t of the women who incurred fra c tu re s  had bone mass 

m easurem ents sim ilar to a  group o f norm al prem enopausal women. A ccording to A itken, 

although osteoporosis may play some p a rt in the etiology of fem o ral neck f ra c tu re , it  is 

im p ortan t not to  overlook the f a c t  th at over 98 p e rce n t o f these fra c tu re s  result from  

fa lls . He cited  a study which reported th a t am ong p atien ts aged over 5 0 ,  women fell four 

tim es m ore often  than men and th at the incidence of falls rose exponentially with age up 

to 85 years (1 0 2 ). A ccording to Aitken the results o f his study and o th er d ata  suggested  

th at the absence o f gen eralized  osteoporosis was no p ro tectio n  again st a fem oral neck 

fra c tu re  in elderly women who fa ll.

To determ ine if osteoporosis was an im p ortan t underlying cau se of hip fra c tu re s
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Melton and colleagu es recen tly  assessed the relationship betw een bone density and hip 

fractu re  incidence am ong women residing in R o ch e ste r, M innesota (103). In lieu o f  a  

p rosp ective  study, the in vestigators obtained hip fra c tu re  incidence ra te s  for sp ecific  

fem oral bone density levels by com bining hip fra c tu re  incidence d ata  coverin g several  

d ecades with a re c e n t survey of BMD in the sam e population. BMD m easu rem en ts a t  the 

c e rv ica l and in te rtro ch a n te ric  regions o f the proxim al fem ur w ere obtained using D PA . 

Melton found hip fra c tu re s  were uncommon among women with fem o ral bone density  

g re a te r  than 1.0 g /c m ^ . They also showed th a t hip fra c tu re  incidence ra tes  in crease  a s  

bone density d ecreases below the 1.0 g /cm ^ level. The g re a te r  than linear rise in hip 

fractu re  incidence observed by Melton was co n sisten t with tine rep orts of B ell, C a r te r ,  

and H ayes th a t sk eletal re s is ta n ce  to fra c tu re  v aries  in a nonlinear fashion with bone 

density (7 7 ,7 9 ).

A ccording to Melton and a sso c ia te s , the c e rv ic a l fra c tu re  incidence ra te  w as 4 .0  

per 1 ,000  p erson -years am ong a ll women with ce rv ic a l BMD less than 1.0 g /c m ^ . In 

women with in te rtro ch a n te ric  BMD less than 1.0 g /cm ^ the fra c tu re  incidence w as a  

com parable 3 .7  p er 1 ,000  p erso n -y ears (103). Though the authors concluded te a t  bone 

mass was an im p ortan t d eterm in an t of hip f ra c tu re s , they suggested te a t  osteoporosis  

alone may n ot be su fficien t to  produce such fra c tu re s , since many individuals rem ain  

fra c tu re -fre e  even within te e  subgroups with tee  low est bone density levels. The authors  

believe te a t  osteoporosis is a  n ecessary  but not su fficien t cau se  o f a g e -re la te d  limb 

fra c tu re s . A ccording to Melton and co lleag u es, stu d ies t e a t  have m atched ag e  and sex 

have, in e f f e c t ,  m atched osteop orosis a s  w ell. The failure o f bone density m easurem ents  

to clearly  distinguish fra c tu re  p atien ts from  ag e-m atch ed  con trols does n o t n ecessarily  

ref le c t  a  lack o f  asso ciatio n  betw een q steoporosis and the risk of fra c tu re . A ccording to  

Melton, fra c tu re  risk depends on te e  absolute level o f  bone density (1 0 3 ). B ecause tee

- 4 0 -



34984 Federal Register /  Vol. 53, No. 174 /  Thursday, September 8, 1988 /  Notices

BMD m easurem ents were obtained subsequent to the o ccu rre n ce  o f the fra c tu re s  one 

m ight regard this as fra c tu re  p revalen ce d ata in p atien ts with fra c tu re s . It does not 

necessarily  r e f le c t  future risk.

In an e a rlie r  work, Wicks and a sso c ia te s  studied p atien ts in an A ustralian  population  

with fra c tu re s  o f the fem oral neck to identify various risk fa c to rs  asso cia ted  with the  

o ccu rre n ce  of those fra c tu re s  (1 0 4 ). A ccording to W icks, 73  p erce n t of the 125 p atien ts  

had a m edical condition which could have caused a fall. The conditions included 

Parkinson’s disease or strok e (25 p e rce n t), confusion or dem entia (23 p e rce n t), c a ta r a c ts  

or o th er eye d isease (18 p e rce n t), and severe d iab etic  peripheral neuropathy (7 p e rce n t). 

The in vestig ato rs also found th a t p atien ts  with fra c tu re s  did n o t have less bone in the 

proxim al fem ur than nonfractu red  co n tro l individuals. Exam in ation  o f  the fem oral heads 

failed to reveal a  single case  of o s te o m a la cia . Wicks concluded th a t the single m ost 

im portant fa c to r  leading to fra c tu re  in this population was injury caused by falls and th at  

such injury was frequently asso ciated  with o th er disease p ro cesses (1 0 4 ). They suggested  

th at injury cau ses the sudden failure o f a region o f the sk eleton , which is fra c tu re -p ro n e , 

by virtu e of m ech an ical fa c to rs  asso ciated  with loss of bone from  th a t site  during the  

aging p ro cess (104).

In a re ce n t rep o rt o f risk fa c to rs  for injury a f te r  a  fa ll, Melton and Riggs review ed  

the re la tiv e  im p ortan ce of falls versu s bone loss as  d eterm in an ts of fra c tu re  risk (105). 

They pointed out th a t the m ajority of fa lls , even am ong the eld erly , do n ot result in 

significant injury. They cite d  a study o f 147 fails in a nursing hom e where only 1.4  

p e rce n t resulted in a m ajor injury. In an oth er study cited  by the authors o f 651 falls in a  

home for the aged , 18 p ercen t resulted  in m ajor injury. There w ere only e ig h t ca se s  o f  

fem o ral f ra c tu re s  (1 0 5 ). They and many o th er in v estig ato rs a g re e  th a t  bone loss 

predisposes to fra c tu re s  (105). B ecau se it has been observed th at m ost hip fra c tu re s  and 

o th er a g e -re la te d  fra c tu re s  are  asso ciated  with falls , M elton and Riggs concluded th a t  

bone loss is a necessary  but not a su fficien t cau se of m ost a g e -re la te d  fra c tu re s  (105).
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They also believe th at some other fa c to r , possibly falls associated with aging are also a 

necessary but not sufficient cause of age-related  fractu res.

Physical A ctivity . In 1982 Krolner and associates reported using DPA bone mineral 

density determ inations to elucidate whether the axial and the appendicular bone mass of 

middle-aged women with Colies' fractu res  differed from th at of normal individuals 

(106). The bone mineral measurements were also used to determ ine whether bone mass 

was related to the ex ten t of daily physical a c tiv ity . BMD of the lumbar verteb rae and 

distal forearm s were determined by DPA in 36 patien ts, aged 50 to  73 years with 

previous Colles' fra ctu re . None of the patients had symptoms of verteb ral compression 

fractures, and none had fem oral neck fractu res. The authors found th at seven patients 

with decreased radiodensity of the vertebral bodies had normal lumbar BMD levels, and 

four patients with normal x-ray  findings had lumbar osteopenia determ ined by diminished 

BMD. Based on a mean lumbar BMD difference of only 9 p ercent, the investigators  

suggested that skeletons of middle-aged women with Colles' fractu re  com pared to ag e-  

matched normals have a disproportionately low trab ecu lar bone mass (106). According to 

Krolner, the Colles' fractu re  cases represent an easily definable population who may 

benefit from prophylactic m easures against bone loss. In 1974 , a f te r  a  10-y ear followup 

of 109 women who suffered a  radial fractu re , Gay reported that a  subsequent 

osteoporotic-related fractu re  occurred in 33 (30 percent) of the women. He cam e to a  

similar conclusion that fractu res of the distal radius may be considered as  a  ''m arker" for 

women a t  risk of subsequent fractu res (107). Nordin has recently reported th at w rist, 

spine, and hip fractu res are  in te r-re  la ted* The occurrence of one type of fractu re  usually 

indicates an increased risk of subsequent fractu re  a t  other sites* Nordin found that 

patients who have had a wrist fractu re incur a  significantly increased risk of vertebral 

and/or fem oral neck fractu res than age-m atched controls (19)*

According to  Krolner, the DPA bone mineral density values of the lumbar verteb rae  

had a positive correlation to the working cap acity  (bicycle ergom eter) of the patients
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(1 0 6 ). Based on th at relationship , the in vestigators suggested th a t the bone m ass of the 

axial skeleton re fle c ts  the e x te n t o f the daily physical a ctiv ity  o f the p atien ts and th at  

physical a c tiv ity  m odulates the ra te  of bone loss from  the v erteb rae  in m iddle-aged  

women. The findings of Krolner and asso cia te s  suggested th a t physical e x e rc ise  be 

considered as a prophylactic m easure against v e rte b ra l bone loss in m iddle-aged women 

with Colles' fra c tu re . An earlier epidem iological study by C halm ers and Ho also  

em phasized physcial a c tiv ity  as a possible p rop h ylactic m easure against senile 

osteoporosis (82). Using the incidence o f hip fra c tu re s  as  an indication of senile 

osteoporosis, the in vestigators found the o ccu rre n ce  of the disease to vary greatly  in 

d ifferen t racia l groups. They also found th at the sex incidence also  varied . A ccording to  

C halm ers and Ho these d ifferen ces could not be a ttrib u ted  to horm onal s ta te  or to the  

am ount of d ietary  intake of calciu m . They suggested th a t the d ifferen ces in the  

incidence of hip fra c tu re s  w ere due to the living standards of the d ifferen t cou n tries and 

the d egree o f physical a c tiv ity  undertaken by the d ifferen t populations and sexes (82).

In 1983  K rolner and asso cia te s  reported on a subsequent study th a t used DPA 

m easurem ents o f the lumbar spine in wom en, with a mean age o f 61 y e a rs , to  determ ine  

w hether physical e x e rc ise  could p reven t involutional bone loss (1 0 8 ). The skeletal e f fe c ts  

of physical training w ere studied in a program  involving 27 o f the 31 women with 

previous C olles’ fra c tu re  of the fo rearm . The p atien ts were m aintained on their usual 

d iets. Calcium  supplem ents w ere not given and all m edical tre a tm e n t was continued. 

The in vestigators found the lum bar spine BMC o f the group (N =13) exercisin g for 1 hour 

tw ice  weekly fo r 8 months increased  by 3 .5  p e rce n t, w hereas th at o f the co n tro l group 

(N =14) d ecreased  by 2 .7  p e rce n t. The authors found the d ifferen ce  betw een these  

changes was sign ifican t (p less than .0 0 5 ). H ow ever, the d ifferen ce  in the m easurem ents  

betw een the beginning and the end of the study for both groups was sm aller than the 

precision value of the DPA technique. A ccording to the authors the results suggested  

th a t physical e x e rc ise  can inhibit the involutional bone loss from  the ax ia l skeleton in
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middle-aged women and lead to a net gain in axial bone mass (108). Krolner concluded, 

that the data support the hypothesis that involutional bone loss reflects an adaptive 

response to decreased physical activ ity , making decreased m echanical stimulation with 

increased age an im portant pathogenetic factor in osteoporosis (108).

Similarly, Rogers a f te r  reviewing studies on exercise and other facto rs affecting  

BMC concluded that the high frequency of osteoporosis in more advanced age may result 

largely from diminished activity  during la ter life (75). According to Rogers, even in 

chickens, lack of exercise produces osteoporosis. He suggested that osteoporosis, rather 

than being caused physiologically by the aging process, is probably brought on by the 

lifestyles of older people. Also, he would include hormonal imbalance and inadequate 

diet as other facto rs which may be involved (75). In a recen t cross-sectional study, 

Kanders and associates examined the relationship between calcium  and exercise in 60 

normal young women (109). They performed nutritional studies and examined the 

women's exercise patterns with historical data and prospectively by pedom eter. The 

investigators found th at women who had high activ ity  patterns did not have an increased 

bone mass unless there was evidence that their calcium  intake was above the current 

recommended dietary allowance (RDA). Kanders suggested that it was possible that 

calcium is an im portant co facto r for the exercise e f f e c t , and in treatm en t, but th at by 

itself it is not effe ctiv e .

Cummings and colleagues have reviewed the limited literature regarding the 

effects of exercise on the bone mass of postmenopausal women (32). They concluded 

that although some of the studies found a beneficial e f f e c t , the role of physical activ ity  

is inconclusive and not well studied. The inconclusive results of studies of the e ffe c t  of 

exercise on postmenopausal women do not, how ever, imply th at exercise is not im portant 

in preventing osteoporosis. Lifelong physical activ ity  has been shown conclusively to 

increase BMC (110). R ecen t research in exercise and BMC has focused, however, on die 

decreased BMC found in young activ e  am enorrheic women (111). In 1984, Drinkwater and
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a sso cia te s  reported using DPA bone m ass m easurem ents of the v e rte b ra e  to determ ine  

w hether the hyp oestrogenic sta tu s  o f 14 am en orrh eic a th le te s  was asso cia ted  with a  

d ecrease  in regional bone mass (1 1 2 ). They found am enorrheic runners had 14 p ercen t  

less v erteb ra l m ineral based on BMD m easurem ents than a m atched  group o f regularly  

m enstruating runners. A ccording to the in vestig ato rs the BMD o f the am en orrh eic  

w om en, who w ere in their m id -20 's, corresponded to th a t o f  5 0 -y ear-o ld  w om en, as  did 

their endogenous estrad io l levels. D rinkw ater and colleagu es concluded th a t the results  

of the study did not negate the value o f exercise  in m aintaining sk eletal in tegrity  but 

ra th e r  pointed out the in teraction  betw een estrogen  and e x e rc ise  in their e f f e c t  on 

sp ecific skeletal a re a s  (112).

In a re ce n t A ustralian  study, Pocock  and cow orkers dem on strated  th a t BMD o f the  

fem oral neck and lumbar spine in women is significantly  related  to variation s in the level 

o f physical fitn ess (113) .  In their study of 8 4  norm al C au casian  w om en, fem o ral neck and 

lumbar spine BMD m easurem ents by DPA w ere significantly  c o rre la te d  with fitn ess  

(p red icted  m axim al oxygen uptake) as well a s  a g e  and w eight. In the 46  postm enopausal 

su b jects, fitness was the only sign ifican t p red icto r o f fem o ral neck BMD. Both weight 

and fitness p redicted  the lum bar BMD (1 1 3 ). A ccording to the au th ors, physical fitn ess in 

this norm al group accou n ted  for 23 p ercen t o f the variation  in fem oral neck BMD. 

Pocock  suggests th a t increased physical fitness may increase bone m ass a t  the sites  o f  

clin ically  im portant fra ctu re s  in osteop orosis and may be a useful m odality in prevention  

o f f ra c tu re s  a t  these sites  (113) .

S afety  of DPA

R adiation exposure is alw ays a concern  with any procedure utilizing radiation  

sources. And while DPA is a noninvasive technique, it does involve p atien t exposure to  

rad iation . D osim etry m easurem ents perform ed in the lab oratory of W ahnerand
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colleagues a t  the Mayo clinic showed th at a  dual photon scan of the lumbar spine with a 

1.5 Ci Gd-153 source gave a peak skin dose of 18 mrad with a sca tte r  dose to the eyes of 

5 mrad and to the gonads of 8 mrad (1).

Other investigators have reported similar findings. According to Mazess, the  

radiation dose from dual photon measurements is under 15 to 20 mrem (13). Krolner and 

Pors Neilsen calculated a skin dose over L3 as 10 mrad for DPA (14). They found the 

total dose to the ovaries to be less than 2 mrad, and the bone marrow dose less than 0.2  

mrad. The radiation exposures are as low as those received from any diagnostic x-ray or 

nuclear medicine procedure in use today. For com parison, a typical ch est x -ra y  exposes 

a patient to 20 to 40 mrad. Some investigators, such as Krolner and Pors Nielsen ensure 

co rrect positioning of the patient over the source by radiological examination and 

palpation (14). Besides vertebral levels, the radiograph identifies fractu res and 

osteophytes. These routine spinal roentgenogram s raise the to tal radiation exposure of  

this technique. A lumbar spine series involves an exposure of 600 mrad, with a large  

percentage of gonadal radiation (2).

R ecently , the Departm ent of Radiology a t  The Johns Hopkins University School of 

Medicine assessed the patient dose delivered by a dual photon absorptiom eter. The 

system consisted of an encapsulated 1.0 Ci source of Gd-153 located 9 cm below the  

patient examination tabletop. P atien t dose which is highest a t  the skin entrance surface  

is dependent on scan speed and line spacing. The values measured by the Departm ent of 

Radiology w ere 5.3 mrad for the standard scan (interm ediate dose) and 1.6 mrad for the 

survey scan (least dose). According to the investigators, these are exceptionally low- 

dose values that a re  consistent with the m anufacturer’s specified skin dose of less than 

30 m rem. The Departm ent of Radiology a t  the Johns Hopkins University School of 

Medicine concluded that the radiation risk associated with doses of this magnitude can  

be considered to be negligible (T. Beck, w ritten com m unication).

DPA operators/ow ners need to check the current status of Nuclear Regulatory
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Com m ission (N RC) or S ta te  licen ses, which usually have to be amended b efore the  

m an u factu rer or o th er supplier will ship the G d-153 sou rce. Under new NRC regulations, 

DPA may be used by Group VI licen sees whose physicians com p lete  8 additional hours of 

training (15).

DISCUSSION

The m easurem ent o f bone mass is obviously an im portant tool in the study of 

m etab olic bone d iseases, p articu larly  osteoporosis. Much cu rre n t in te re st is cen tered  on 

the re ce n t technique of D PA . This in te re st is a  result o f the applicability o f  the DPA  

technique to the spine and hip, s ite s  o f im p ortan t o steo p o ro tic  f ra c tu re s . P resen tly , DPA
t

has utility  in clin ical research  in studying the natural history o f prim ary osteoporosis in 

large  populations and in evaluating preven tive and th erap eu tic regim ens (as in the dose-  

response e f f e c t  o f  estro g en ). While DPA is cap ab le of m easuring bone m ineral density  

and has advanced our knowledge o f bone disease in g en eral, its  role in the m anagem ent of  

the individual p atien t is u n certain .

It would be advantageous to be able to p rospectively  identify those women who are  

a t  risk o f developing o steo p o ro tic  fra c tu re s  in ord er to  d ire c t tre a tm e n t to those a t  

g re a te s t risk. As a  screening te s t for osteoporosis in perim enopausal w om en, this 

application of BMC m easurem ents is suggested to have p oten tial u tility . Once 

established a s  a  screening tool it could provide a ration al basis for treatin g  a fflic ted  

individuals o r preventing osteoporosis. Although the technology to noninvasively m easure  

bone m ineral density with DPA is cu rren tly  availab le , th e  ability of such m easurem ents  

to  identify those individuals who will subsequently have fra c tu re s  has n ot y e t  been  

shown. There has been no p rosp ective  study dem onstrating th a t the noninvasive 

m easurem ent o f  bone m ass can  identify which p atien ts will suffer hip, C olles', or 

v e rte b ra l f ra c tu re s . In their 1984  review  of the various noninvasive m ethods for bone
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mineral m easu rem en ts, Wahner and colleagu es concluded th a t th ere was no optim al 

technique available for m ass screening for early  osteop orosis (1). The A m erican C ollege  

of Physicians' H ealth and Public Policy  C o m m ittee  recen tly  review ed various radiologic  

methods for m easuring BMD, including D PA , but m ade no recom m endation about the use 

of these te s ts  in routine screening for osteoporosis (2 ). To p red ict an individual's 

fractu re risk it would be necessary  to study large population co h o rts  of women from  

various ag e  groups and re la te  their sp ecific  bone m easurem ents to p rosp ective  fra c tu re  

incidence d ata  co lle c te d  over a  su fficien t period o f tim e . From  fra c tu re  incidence d ata  

the risk ratio  could provide an e stim a te  of risk. This typ e of study would enable 

investigators to  d eterm in e w hether or not it is possible to  p red ict the risk of fra c tu re  

from the initial bone density m easu rem en ts. It is im p ortan t to rem em b er th a t a  patient's  

bone m ass m easured b efore  o r a t  menopause may in d icate  w hether she has low or high 

bone mass fo r h er a g e . It will n o t n ecessarily  in d icate  w hether she will fall into the high- 

risk group 10 to  15 y ears la te r , when fra c tu re s  begin. The contribution o f  bone m ass a t  

maturity versus subsequent ra te s  o f loss is still largely unknown (2 9 ). M oreover, th ere  

exists a  con troversy  regarding the selection  o f a  screening s ite . While many 

investigators consider BMD m easu rem en ts of the a c tu a l fra c tu re  site (spine and hip) 

paramount, o th ers  argue th at fra c tu re  risk prediction and screening can  be accom plished  

by appendicular (trab ecu lar) BMD m easu rem en ts.

A ccording to Grubb and cow ork ers, m easu rem en ts o f  d istal radius (5 mm site ) bone 

density establish an appendicular site  a t  which bone density losses are  closely  co rre la te d  

with v erte b ra l bone loss in both p atien t and norm al populations (114). Grubb suggests  

that m easurem ents a t  the d istal radius are  a s  good a s  the m easurem ents a t  the spine 

itself for predicting v e rte b ra l f ra c tu re s . This is in co n tra s t to the reported low 

correlation in p atien t studies of bone density of rad ial s ite s  to  lumbar v e rte b ra l density  

(3,26). A ccording to M azess, 30 to  40 p erce n t o f p atien ts a t  risk will be m issed with 

measurements on the d istal radius or the os c a lc is  (1 3 ). In disagreem en t with M azess

- 4 8 -



34992 Fed eral Register /  Vol. 53, No. 174 /  T hursday, Septem ber 8, 1988 /  N otices

regarding the poor p red ictive  values from  SPA m easu rem en ts, Wasnich and colleagu es  

believe th at fra c tu re  risk prediction and screening can  be accom plished by appendicular 

(trab ecu lar) BMD m easurem ents (1 1 5 ). R e ce n tly , they found the os ca lc is  as a suitable 

site  for screening and the single, m ost clin ically  useful s ite  for routine risk evaluation of 

perim enopausal women. H ow ever, their risk prediction d ata does not include any 

v erteb ra l fra c tu re s  incidence. Only v erte b ra l fra c tu re s  p revalen ce and only one hip 

fra c tu re  are  included.

Initially, re se a rch e rs  used DPA bone m ineral m easurem ents in a tte m p ts  to find a  

sp ecific level o f bone density th a t cle a rly  distinguished p atien ts with v e rte b ra l  

osteoporosis from  those w ithout. Those studies, including the work of Riggs and 

a sso cia te s  and K rolner and Pors N ielsen, have been largely unsuccessful (3 ,86 ). Riggs e t  

a l. found th at in a com parison of spinal BMD o f p atien ts with osteoporosis with th at of an 

a g e - and sex-adjusted norm al ran ge, only about 60 to 70 p ercen t of p atien ts with 

osteoporosis have values below the fifth  p ercen tile  of norm al (3 ). K rolner and P o rs  

Nielsen found the overlap so large betw een p atien ts with clin ica l spinal osteoporosis and 

ag e-m atch ed  norm als, th a t  the m ajority  of p atien ts were indistinguishable from  the a g e -  

m atched norm als (86). Cohn and a sso c ia te s  used a m ultiple logistic regression model to 

d iscrim in ate osteo p o ro tic  women on the basis of spinal BMD determ ined by DPA (116). 

They reported  a c o r r e c t  classificatio n  in only 5 5 .6  p ercen t of the to ta l o steo p o ro tic  

su b jects in the 5 0 -5 9  y ear ag e  group. A ccording to W ahner, no c le a r  bim odality exists  in 

the distribution of bone m ineral in norm al persons and in p atien ts with osteoporosis when 

the la tte r  group is defined as those persons in whom spinal com pression fra c tu re s  are  

presen t (117). B ecau se of the considerable overlap betw een the groups, and the f a c t  th at  

many individuals with low bone mass do not sustain f ra c tu re s , Kanis concluded th a t bone 

mass may not be the m ajor d eterm in an t of fra c tu re  and oth er fa c to rs  such as traum a  

need to be considered (1 1 8 ).

D ata from  a recen tly  published a b s tra c t  suggest th a t bone m ass is an im portant
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determ inant of v e rte b ra l f ra c tu re s  (1 1 9 ). F ro m  a population-based study of th e  

relationship betw een osteoporosis and v e rte b ra l fra c tu re s  Melton and co lleag u es a t  the  

Mayo C lin ic, ca lcu la ted  the p revalen ce ra te  of v e rte b ra l f ra c tu re s  a t  various levels of  

spinal bone m ineral. They found th a t below a  bone m ineral threshold o f 1 .40  g /c m 2 the 

prevalence ra te  increased  as  spinal bone m ineral d ecre a se d . The possibility of a  d ose-  

response relationship would stren gth en  the argu m en t for a cau sal relationship betw een  

bone m ineral and v erte b ra l fra c tu re s  (1 1 9 ). While th ere  is am ple evid en ce to suggest 

that people with fra c tu re s  have low bone m ass,a fra c tu re  incidence d ata  a r e  still needed  

to determ ine the risk ra tio  a s  an e s tim a te  of future risk.

A ccording to  Cummings and co lleag u es, the assum ption th a t people with the low est 

bone m ass are  the m ost likely to su ffer f ra c tu re s  ap p ears to hold tru e  for v e rte b ra l  

fractu res (32). In vestigators such as Riggs and colleagu es who w ere unable to  cle a rly  

distinguish p atien ts with v e rte b ra l osteoporosis from  those w ithout, con sisten tly  found 

less trab ecu lar bone, on a v e ra g e , in women with v e rte b ra l f ra c tu re s  (3). From  th eir  

study of risk f a c to rs  for injury a f te r  a  fa ll, Melton and Riggs concluded th a t  a  reduction  

in spinal bone m ass is the prim ary d eterm in an t o f who will su ffer v e rte b ra l fra c tu re s  

(105). A ccording to C um m ings, th ese  findings suggest th a t  DPA m easu rem en ts of 

v erte b ra l bone m ineral density may be a  useful way o f identifying women with the  

g reatest risk of v e rte b ra l f ra c tu re s  (3 2 ). The au th ors recom m end th a t the use of DPA 

for predicting v e rte b ra l fra c tu re s  should b e tested  in p rosp ective  studies b efore they a re  

advocated fo r w idespread use o r b efo re  they are  em ployed a s  a  basis fo r recom m ending  

specific types o f p reventive th erap y (29 ). While o th er in v estig ato rs  ag ree  th a t , ideally, 

the a ccu ra cy  of prediction should be dem on strated  p ro sp ectiv ely , th ey  have a ttem p ted  to  

find b e tte r  w ays o f  determ ining the m agnitude o f  risk from  cro ss-se ctio n a l studies in th e  

absence of p rosp ective  studies.

It is im p ortan t to  consider th a t  the u ltim ate  b en efit (f ra c tu re  risk iden tification  

and guide to  tre a tm e n t) o f  early  diagnosis o f  spinal osteop orosis by DPA m easurem ents
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will depend on the c le a r  establishm ent of safe and e ffe c tiv e  tre a tm e n ts . While it has 

been shown th a t postm enopausal estrogen  therapy cu rren tly  appears to  be the m ost 

e ffe c tiv e  single method for preventing bone loss and fra c tu re s  in wom en, its use is not 

w ithout risk (32). In determ ining w hether estrogen  tre a tm e n t should be in itia ted , the 

physician and the m enopausal p atien t m ust m ake a judgm ent based on a reasonable  

assessm en t o f the re la tiv e  b en efits and risks to the individual p atien t. Varied sym ptom s 

are  asso ciated  with and have been attrib u ted  to  the m enopause. M oreover, proposed uses 

for estrogen  therapy in the postm enopausal period have included the prevention of 

coronary h eart disease but this use rem ains co n tro v ersia l (4 8 ). A ccording to Cummings 

and a sso c ia te s , e t  a l . th ere  is mounting evidence th a t estrogen  therapy p ro te c ts  against 

coronary h eart d isease , but H aber b elieves the issue must cu rren tly  be regarded as  

u nsettled  (3 2 ,4 8 ). They both ag ree  th at if additional evidence con firm s th a t estrogen  

substantially p ro te c ts  ag ain st coron ary  h eart d isease , then preventing coronary h ea rt  

disease would becom e the m ajor indication for long-term  estrogen  therapy (3 2 ,4 8 ). 

H ow ever, it  is known th a t postm enopausal estrogen  therapy in creases the risk of 

en d om etrial c a n ce r  (56). In addition to  the problem s of carcin o m a of the uterus and 

possibly the b re a s t, estrogen  rep lacem en t has been asso ciated  with an increased  

incidence o f gallbladder disease and hypertension (46). A ccording to Johnston , problem s  

with p atien t com p lian ce and a c c e p ta n c e , p articu larly  with estrogen  and p rogesterone  

com binations which induce rep eated  episodes of bleeding related  to  drug w ithdraw al, 

should be n oted . Cummings in d icates th a t many of the p atien ts on estrogen  therapy  

discontinue the therapy within a y e a r. There is also  a high p ercen tag e  o f h y sterecto m ies  

in this group as w ell, he adds (personal com m u n ication ). In deciding w hether to use 

es.trogens a f te r  m enopause, women and physicians may consider oth er fa c to rs  to  be a t  

le a st as  im p ortan t as  prevention of o steo p o ro tic  fra c tu re s .

The epidem iology and natu ral history of v erte b ra l fra c tu re s  have not been well 

d escrib ed . V erteb ral fra c tu re  may be classified  e ith e r as  p artia l v erte b ra l d eform ity ,
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which is the p artia l loss of height of the a n te rio r edge or middle section  of a  v e rte b ra l  

body, o r a  co m p lete  com pression f ra c tu re , which is the collap se of the e n tire  v erteb ra l  

body (3 2 ). K leerekop er and a sso cia te s  review ed the various rep orts o f  v e rte b ra l fra c tu re  

incidence and found th a t in w hite women over ag e  45  who have norm al spine film s, die  

annual in cidence of co m p lete  v e rte b ra l f ra c tu re s  has been estim ated  to be about 2 .3  per 

1,000 women and about tw ice  as  high in women with apparently reduced spinal density  

(120). From  a  spine x -ra y  survey of elderly w om en, M arshall and a sso cia te s  rep orted  th a t  

62 p ercen t o f th e  50 women betw een ag es 6 5 -7 5  showed som e d egree o f v e te b ra l  

deformity (1 2 1 ). H ow ever, they found th a t only 6 p e rce n t had collapsed v e rte b ra e . 

Jensen and a sso cia te s  found th a t 5 p erce n t of 70 -y e a r-o ld  Danish women had co m p lete  

compression fra c tu re s  and an additional 18 p e rce n t had p artia l d eform ities of a t  least  

one v e rte b ra  (1 2 2 ). Though v e rte b ra l body d eform ities a re  prevalen t in the e ld erly , m ore 

research is needed to determ ine how much pain or disability is a ttrib u tab le  to this 

m anifestation o f osteoporosis.

V erteb ral f ra c tu re s  o ccu r m ore or less spontaneously or a s  the result o f very  

minimal trau m a in the co u rse  o f daily living. P a tie n ts  with spinal osteoporosis display 

considerable individual variation  both in the severity  of th eir sym ptom s and in subsequent 

fracture history . It is well recognized  th a t many v e rte b ra l fra c tu re s  a re  asy m p to m atic  

and are  often  d e te cte d  only incidentally on ch e s t o r spine film s long a f te r  they have  

occurred (120). When pain o ccu rs , i t  usually subsides a f te r  sev eral days to  w eeks, and by 

4 to 6 w eeks p atien ts may be fully am bulatory and able to resum e th eir norm al 

activities. P a tie n ts  with v e rte b ra l f ra c tu re s  a re  usually m anaged with re s t and 

nonnarcotic an alg esics. Most p atien ts  have d isap p earan ce o r m arked diminution of pain 

between episodes o f v e rte b ra l body co llap se . T here may be in terv als o f sev eral y ears  

between fra c tu re s  (1 2 3 ). R e cu rre n t episodes o f v e rte b ra l fra c tu re  lead to progressive  

loss of height and increasing deform ity  th a t can  cau se a  kyphotic "dow ager's hump” 

posture and may lead to ch ron ic back pain (3 2 ). A re la tiv ely  sm all proportion of p atien ts
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develop the full crush fra c tu re  syndrome with wedging of the v e rte b ra l body and 

disruption of the c o r te x  (124). While com pression fra c tu re s  (collapse fra c tu re s) of the  

v e rte b ra e  can  produce severe pain, Cum m ings and cow orkers believe th a t the am ount of 

back pain and disability a ttrib u tab le  to m ost v erteb ra l fra c tu re s  is unknown (32). 

A ccording to Cummings th ere  is in sufficient inform ation of the m orbidity and functional 

consequences of v erteb ra l fra c tu re s  to  justify routine screening of all postm enopausal 

women for th a t condition (9 9 ).

R e ce n tly , in vestig ato rs have also applied the DPA technique of bone m ineral 

density m easurem ents in studies to  distinguish those with a high risk of hip fra c tu re  from  

those with a low risk (2 0 ,1 0 1 ,1 0 3 ) . Two rela ted  issues have em erged in this a re a  of 

study. The firs t pertain s to the role o f osteoporosis in the o ccu rre n ce  of hip f ra c tu re s . 

In vestigators such as Melton and colleagu es b elieve th a t a g e -re la te d  bone loss 

(osteoporosis) is a  m ajor d eterm in an t o f hip fra c tu re  in cidence (103). This assum ption is 

based on the decline of BMD with a g e , its  co rrela tio n  with bone stren g th , and the  

o ccu rre n ce  of fra c tu re s  a s  a function of bone stren gth  as well a s  the d egree o f trau m a. 

The failure of DPA bone density m easurem ents to cle a rly  distinguish fra c tu re  p atien ts  

from  ag e-m atch ed  co n tro ls  has prom pted o th er in vestigators to  conclude th at in addition 

to low bone m ass, which is nearly universal am ong the very eld erly , o th e r fa c to rs  a re  

im portant in determ ining who will exp erien ce a hip, or C olles' f ra c tu re . (9 5 ,1 0 1 ,1 0 2 ,1 0 4 ) .  

A ccording to Bohr and S ch aad t, the high in cidence of hip f ra c tu re s  with increasing age  

m ight be explained in p a rt by a reduction in BM C, but they concluded th a t o th er fa c to rs  

th a t red u ce the strength  of bone or in crease  the tendency to fall a re  also of im p ortan ce  

(101). Wicks concluded th at the single m ost im portant fa c to r  leading to fra c tu re  in the  

A u stralian  population studied was injury caused by falls and th a t such injury was 

frequently asso cia ted  with o th e r disease p ro cesses. Wick and colleagu es suggested th at  

injury cau ses the sudden failure of a region of the skeleton which is fra ctu re -p ro n e  by 

v irtu e of m ech an ical fa c to rs  as  well a s  the loss of bone from  th a t s ite  during the aging
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process (1 0 4 ). Since m ost hip and Co lies' f ra c tu re s  o c c u r  as  the resu lt o f fa lls , Cum m ings 

and colleagu es suggested th a t the tendency to  fall or the inability to  p ro te c t  oneself 

from injury during a  fall m ay be im p ortan t in determ ining who will f ra c tu re  a  hip or 

wrist. They included m icro fra ctu re s  and bone g eo m etry  a s  o th er c h a ra c te r is tic s  o f bone 

that may be im p ortan t in determ ining the susceptibility  of a  bone to f ra c tu re  (3 2 ).

Although the re ce n t findings by Melton and a sso cia te s  show th a t it  is reasonable to  

consider bone m ass a s  an im p ortan t d eterm in an t o f the a g e -re la te d  hip fra c tu re  

incidence, the findings did not establish  the ability of DPA bone m ass m easu rem en ts of  

the hip to distinguish those with a  high risk of hip fra c tu re  from  those with a  low risk 

(103). This second issue rem ains co n tro v ersia l and unproven. A ccording to  M elton, the  

failure of bone density m easurem ents to  cle a rly  distinguish fra c tu re  p atien ts from  age  

m atched co n tro ls  does not necessarily  r e f le c t  a  lack o f asso ciatio n  betw een osteoporosis  

and the risk of f ra c tu re . If bone m ass does n o t d iffer in p atien ts with hip f ra c tu re s  and 

other elderly  persons, then m easu rem en ts o f bone m ass would be of little  o r no value in 

predicting which elderly p atien ts a re  likely to Incur a  hip f ra c tu re . M easurem ents of 

bone m ass m ight not be a  reliable w ay to  identify those p atien ts  a t  g re a te s t  risk o f hip 

fractu re . A ccording to Melton and a s so c ia te s , m ore than S5 p e rce n t of the women 63  

years and older in th e  g en eral population a re  a t  risk b ecau se th eir BMD levels a re  less  

than 1.0 g /cm ^  (1 0 3 ). T h at being the c a s e , tre a tm e n t m ethods could be undertaken  

without th e  use o f individual DPA bone m ass m easu rem en ts. It is not ce rta in  w hat value  

DPA m easu rem en ts o f bone will have in identifying women a t  g re a te s t  risk of hip or 

Colles' f ra c tu re s . This application o f the DPA m ethod needs fu rth er c lin ica l  

investigation b efore  it  is ad v o cated  for widespread use or b efo re  it  is em ployed as  a basis 

for recom m ending sp ecific  types of preven tive therapy (29 ).

The use of DPA bone m ineral m easu rem en ts as  an index of fra c tu re  risk is based on 

the assum ption o f an inverse co rre la tio n  betw een the o ccu rre n ce  o f fra c tu re s  and tine 

amount o f bone m ass. Although a  high co rre la tio n  ex is ts  betw een com pression stren gth
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and m ineral co n te n t, o th e r fa c to rs  provide re sista n ce  to com p ressive s tre ss . P h ysical 

a c tiv ity  m ay e x e r t  an e f f e c t  on the trab ecu lar s tru ctu re  o f  bone ap a rt from  its  m ineral 

com position (7 5 ). A ccording to  B ell and o th e rs , v e rte b ra l stren gth  depends n ot only on 

BM C, but also  on the trab ecu lar s tru c tu re  of th e  v e rte b ra l body, som ething th a t cannot 

be m easured sep arately  by DPA (7 7 ,SO).

A ccording to R uff and H ayes, the g e o m e tric  distribution of bone tissu e , to g e th e r  

with its  m ate ria l p ro p erties , is c r i t ic a l  in determ ining th e s tru c tu ra l stren gth  and rigidity  

of the whole bone. They conclude th a t the m ost c r i t ic a l  sk ele ta l a g e  changes m ay not be  

those th a t o ccu r in BMC o r BM D, but ra th e r g e o m e trica l p rop erties and m ateria l  

c h a ra c te r is tic s  o th er than density . The in v estig ato rs  suggest th a t this may explain the  

failu re of DPA m easurem ents to  c learly  distinguish betw een high- and low -risk fra c tu re  

risk individuals (8 0 ).

Although the DPA m ethod m akes it  possible to  obtain bone density m easurem ents  

from  the axial sk eleton , i t  can n ot m easure purely tra b e cu la r bone. The DPA technique  

m easu res in tegral v e rte b ra l bone consisting o f a  m ixtu re of low -turnover co m p a ct bone 

in th e  c o r te x , p ed icles, tran sv erse  p ro cesses, and v e rte b ra l end p la tes . It also m easures  

high-turnover can cellou s bone in the v e rte b ra l body 0 5 ) .  The dense o u ter shell o f the  

v e rte b ra e  (c o rte x )  has been found to  m ake a  substantial contribution  of 30 to  40 p ercen t  

to the DPA m easu rem en t (7 ). The sen sitivity  of a  technique th a t m easures an in teg ral of  

co m p a ct and can cellou s bone m ay be low due to  inclusion of low -turnover c o m p a ct bone 

and ex tra -o sse o u s m a te ria l such as osteop h ytes o r a o r tic  c a lc if ic a tio n . This may p lace  

DPA m easurem ents a t  a  th e o re tica l d isadvantage if the m easurem ent o f purely  

tra b e cu la r bone provides a  b e tte r  m ethod of quantifying change in a  m etab olic bone 

disease than does an in teg rated  m easure o f both c o r t ic a l  and tra b e cu la r bone (2).

The re c e n t findings o f H ayes and G erh art th a t  the c o r tic a l  shell co n trib u tes very  

little  to  the overall stren gth  o f th e  v e rte b ra l body would support the need to  distinguish  

betw een c o r tic a l  and tra b e cu la r com ponents in the spine (7 2 ). Using q u an tita tiv e
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com puted tom ography, H ayes and G erh art w ere able to  p red ict the ap parent density  

(g /cm 3'  of trab ecu lar bone in th e v e rte b ra l cen tru m . They found th a t the v erte b ra l  

density and cro ss-se ctio n a l a re a  could be used to p re d ict v e rte b ra l load failure (fra c tu re )  

under te s t  conditions. H ayes and G erhart recom m ended clin ica l studies to  determ in e  

w hether these m easurem ents will provide a useful tool fo r identifying individual p atien ts  

a t  in creased  risk for spontaneous v erte b ra l fra c tu re  (72).

A second clin ical application proposed for the DPA technique has been the use of 

DPA m easurem ents to m onitor the e ffe ctiv e n e ss  o f tre a tm e n t. This could apply to the  

tre a tm e n t of individuals with established osteoporosis and also to  those receivin g  

preventive regim ens. A ccording to Lindsay, th ere  is no cu rre n t evidence th a t serial bone 

mass m easurem ents need to be perform ed in p atien ts receiv in g  adequate estro g en , since  

studies in d icate  th at m ore than 90  p ercen t of these p atien ts  will be p ro te cte d  against 

bone loss (34 ).

B efo re  the DPA technique is considered for gen eral clin ical p ra c tic e  it m ust be  

determ ined w hether the precision of the technique is adequate to m easure bone m ass 

changes in tim e in one individual. The f a c to r s  which determ ine the ability to d e te c t  

changes in individual p atien ts depend on the con fid en ce in the m easurem ent (confidence  

being inversely proportional to  the c o e ffic ie n t of v aria tio n ), the ra te  of ch an ge to  be 

m easured, and the duration of the study (1 2 5 ). The reproducibility of DPA m easurem ents  

has been docum ented by a  number of re se a rch e rs , who found th a t the c o e ffic ie n t of 

variation was less than 5 p erce n t (1 1 ,1 2 ,1 4 ,3 6 ,6 3 ) . While som e in v estig ato rs have  

reported a  2 and 3 p erce n t c o e ffic ie n t of v ariation  for D PA, th ese ca lcu latio n s of 

reproducibility will tend to  u n d erestim ate the reproducibility of the technique applied to  

individuals in nonresearch  settin g s over prolonged periods of followup. N everth eless, 

according to K anis, a  p atien t would have to  be studied for 4 to  8 y ears  to  d e te c t  

significant bone loss if the ra te  of bone loss was 1 p e rce n t per y e a r  and the c o e ffic ie n t of  

variation was betw een 2  and 5 p erce n t (1 2 5 ). A g e -re la te d  bone loss in the spine is about
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1 p ercen t per y e a r in norm al postm enopausal w om en. If the ra te  of bone loss was g re a te r  

(2 -3  p e rce n t), sign ifican t bone loss could be determ ined in less tim e , but probably not less 

than in 3 years which would still m ake the DPA technique unsuitable for serial 

m easurem ents. A ccording to Johnston , a high d egree of precision in the bone mass 

m easu rem en t is n ecessary  for rep eated  m easurem ents of sm all d egrees of ch an ge, and 

such precision is d ifficu lt to  a tta in , even in the b est con trolled  laboratory environm ent 

(2 9 ). A ccording to O tt and o th ers , until m ore sophisticated  m ethods of im proving the 

reproducibility a re  developed, these te s ts  will be valuable in studying large groups of 

p atien ts , but will not be as helpful in individual ca se s  (6 2 ,9 1 ,9 8 ) .

A dvice and com m en ts concerning the safe ty  and clin ica l e ffe c tiv e n e ss  of DPA have  

been sought from  groups and organizations within and outside of the F ed era l  

G overnm ent. An announcem ent of this assessm en t appeared in the Fed eral R eg ister  

n o tice  of O cto b er 2 6 , 1984 (126). On June 2 0 , 1 9 8 5 , before the S ubcom m ittee on Aging 

of the C o m m ittee  on Labor and Human R eso u rces, United S ta te s  S en ate , the N ational 

In stitu tes of H ealth (NIH) through the N ational In stitu te  of A rth ritis , D iab etes, and 

D igestive and Kidney D iseases (NIADDK) s ta te d  th a t it  was a research  im p erative to  

develop m ethods for m easuring bone density. Besides diagnosis these m ethods should 

enable early  iden tification  of bones m ost vulnerable to fra c tu re s  and provide a m easure  

by which to ev alu ate  the e ffe ctiv e n e ss  of new th erap ies (4 0 ). A ccording to NIADDK 

while several noninvasive m ethods for m easuring bone density have been developed, and 

DPA is among the promising techniques, p resen tly , no existin g  techniques can  adequately  

discrim in ate early in the disease p rocess betw een norm al and o steo p o ro tic  individuals 

(4 0 ). The NIADDK recom m ended lon g-term  clin ical tria ls  of various sp ecific  p atien t 

populations in s ta tis tica lly  significant numbers 1) to  provide e s tim a te s  of risk, and 2) to  

d eterm ine the optim al regim en to p reven t bone loss and f ra c tu re .

A t th at sam e hearing on osteop orosis, the N ational In stitu te  on Aging (NIA) s ta ted  

th a t th ere is a need for b e tte r  ways of identifying persons a t  high risk of f ra c tu re , since
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those individuals could be exp e cte d  to  b en efit m ost from  tre a tm e n t (3 7 ) . B ecau se it is 

still unclear which persons would b en efit from  which tre a tm e n ts  and a t  w hat dosages and  

schedules, additional re se a rch  and clin ica l tria ls  are  needed to develop the c u rre n t s ta te  

of knowledge regarding prevention and tre a tm e n t o f osteoporosis for sp ecific  individuals 

or groups. The A m erican  C ollege of O b stetrician s and G ynecologists (A C O G ), in th eir  

s ta te m e n t before the S iò co m m itte e  on Aging indicated th a t  p resen tly , th e re  a re  no te s ts  

to identfy which women are  a t  risk for developing osteoporosis (2 8 ). The C ollege  

recom m ended th at the physician d eterm in e bone loss by aborp tiom etry  in th eir diagnosis 

of osteop orosis. The C ollege also recom m ended estro g en  rep lacem en t th erap y as the  

m ost e f fe c tiv e  way o f  slowing bone loss for th ose women who a re  a t  risk o f developing  

osteoporosis (2 8 ).

P rior to  the June 2 0 , 1985  S en ate  H earing on o steo p o ro sis, the N1H Consensus 

D evelopm ent C on feren ce on O steoporosis w as held on A pril 2 - 4 ,  1984 (3 3 ). A t th at  

co n fe re n ce  d ata w ere presented  which showed th a t  none of the noninvasive techniques  

for m easuring bone m ass w ere able to d iscrim in ate  sign ifican tly  betw een norm al and 

o steo p o ro tic  individuals. None of the techniques for cu rren tly  q u an titating bone m ass, 

including D PA , ca n  definitively p red ict the individual a t  sign ifican t risk for osteopososis  

prior to  the o ccu rre n ce  of f ra c tu re . The Consensus Panel concluded th a t  osteoporosis  

was a m ajor p iò  lie health  problem  requiring additional research  on th e biology o f  human 

bone, defining individuals a t  risk , and developing s a fe , e f f e c t iv e , lo w -co st s tra te g ie s  fo r  

fra c tu re  prevention . The panel recom m ended studies to  develop a c c u r a te , sa fe , 

inexpensive m ethods fo r determ ining the level o f risk fo r osteoporosis in an  individual, to  

establish early diagnosis, and to  assess  th e c lin ica l co u rse  o f  the disease (36).

A ccording to th e Food and Drug A dm inistration (FD A ), DPAs a re  being m ark eted  

under S ectio n  51Q(k) o f the M edical D evice A m endm ents to  the Food Drug and C o sm etic  

A c t. FDA has found DPA su fficien tly  sim ilar in term s o f sa fe ty  and e ffe ctiv e n e ss  to b e  

considered "substantially equivalent" to single photon ab sorp tiom eters th a t  w ere being
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m arketed  prior to e n a ctm e n t of the M edical D evice A m endm ents of May 28 , 1976 to the 

Food, Drug and C osm etics A c t. Bone d en sitom eters have been proposed for 

classificatio n  as Class II (Standards) d evices.

Through its C linical E ffica cy  A ssessm ent P ro je c t , The A m erican  C ollege of 

Physicians published a policy s ta te m e n t on radiologic methods to evalu ate  BMC in June  

1984 (2). The C ollege concluded th a t all m ethods of BMC m easurem ent result in 

sign ifican t overlap betw een diseased and norm al populations. They sta ted  th at the  

u ltim ate  ben efit of early  diagnosis of m etab olic bone disease will depend on the c le a r  

establishm ent of safe and e ffe c tiv e  tre a tm e n ts . The C ollege believes th at m easurem ents  

of bone m ineral co n te n t have g re a te r  u tility  in following the course of a disease process  

or assessing the e f f e c t  o f therapy than in establishing a diagnosis. A ccording to the 

C ollege neith er CT nor DPA a ccu ra te ly  pred icts tendency to fra c tu re  and the re la tiv e  

value o f these two techniques has n ot beep com p letely  established.

The O rthopaedic R esearch  S ociety  strongly supports continued research  in the 

developm ent o f noninvasive techniques for understanding m etab olic bone d isease. The 

S ociety  suggested th at the research  exam ine the p recision , a c c u ra c y , sen sitiv ity , c o s t ,  

availab ility , and relevan ce to underlying m etabolic bone disease of each of the 

techniques cu rren tly  under study. The S ociety  also suggested a workshop d irected  a t  the  

understanding of the surveillance o f bone d isease .

It is the opinion of the S ociety  of N uclear M edicine th at bone m ineral density  

studies should b ecom e p art o f the workup o f p atien ts with osteoporosis and th at DPA is 

the technique of ch o ice  a t  this tim e . A ccording to the S o cie ty , inform ation on BMD 

provided by DPA is needed to identify p atien ts in need of tre a tm e n t for osteop orosis. 

They, suggest it also be used to m onitor p atien ts for tre a tm e n t e ffe c tiv e n e ss , to  exclu d e  

p atien ts  resistan t to  a sp ecific tre a tm e n t regim en, and to identify the end o f the  

effe ctiv e n e ss  o f the tre a tm e n t.

A response from  the A m erican  C ollege of N uclear Physicians concluded th at
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osteoporosis c a n  be d etected  a t  its e a rlie s t s ta g e s  by DPA m easu rem en ts o f  the v e rte b ra l  

spine. A ccording to the C ollege, to  postpone o r  p reven t the problem s of insidious 

progressive osteoporosis, early  d etection  and screening by bone m ineral analysis of the  

lumbar spine by DPA is c r i t ic a l . The C ollege also recom m ends the use o f rep eated  

m easurem ents by DPA to  give inform ation on the ra te  o f bone loss, allow  assessm en t of 

the a c tiv ity  o f  the d isease , and d eterm ine the e f f e c t  o f  the therapy.
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SUMMARY

DPA is a noninvasive radiologic technique used to m easure BMD in the lumbar spine 

and hip. The DPA technique for measuring BMD is based on m easurem ents o f radiation  

transm ission of two sep ara te  photon en ergies through a medium consisting o f two  

d ifferen t m a te ria ls , bone and soft tissu e. The d ifferen ce  in photon absorption betw een  

bone and soft tissue allow s for the calcu latio n  o f the to ta l bone m ineral found in the scan  

p ath . With DPA the am ount of bone m ineral m easured rep resen ts the to ta l  

in tegra ted m ineral (c o r tic a l  and trab ecu lar) in the path of the beam .

The m easurem ent of bone mass is obviously an im p ortan t tool in the study of 

m etab olic bone d iseases, p articu larly  osteop orosis. While DPA is cap ab le of m easuring  

bone m ineral density and has advanced our know ledge of bone disease in g en eral, its  

im p act on tine m anagem ent o f the individual p atien t is equivocal. Although the 

technology to noninvasiveiy m easure bone mass with DPA is cu rren tly  availab le, the  

ability of such m easurem ents to p red ict who is a t  risk o f subsequently developing  

fra c tu re s  (screening) has not y e t  been shown. M oreover, th ere  exists  a controversy  

regarding the m ost ap p ropriate bone site  to use for screening p atien ts .

Studies with DPA th a t a ttem p ted  to find a sp ecific  level o f bone density th a t  

distinguished p atien ts with v e rte b ra l osteoporosis from those w ithout have been largely  

unsuccessful. R e ce n t studies to distinguish those with a high risk of hip fra c tu re  from  

those with a low risk have also  been unsuccessful. While re ce n t studies in d icate  th a t a 

reduction in spinal bone m ass is the prim ary d eterm in an t of who will su ffer v e rte b ra l  

fra c tu re s , o th er studies have prom pted in vestigators to  conclude th at in addition to low 

bone m ass, o th e r fa c to rs  such as traum a or falls are  im p ortan t in determ ining who will 

exp erien ce a hip or C olles' f ra c tu re .

DPA m easu rem en ts of v e rte b ra l bone m ass may be a useful way o f identifying  

women with the g re a te s t  risk o f v erte b ra l fra c tu re s , but it is not ce rta in  w hat value DPA

- 6 1 -



Federal Register /  Vol. 53, No. 174 /  T hursday, Septem ber 8, 1988 /  N otices 35005

m easurem ents o f bone will have in identifying women a t  g re a te s t  risk of hip or C olles' 

fra ctu re s . These m ethods for predicting fra c tu re s  should be tested  in p rosp ective  studies 

before they are ad vocated  for widespread use o r before they are em ployed a s  a basis fo r  

recom m ending sp ecific types o f therapy.

A second clin ical application proposed for the DPA technique has been the use of  

DPA m easurem ents to m onitor the e ffe ctiv e n e ss  o f tre a tm e n t. A high d egree  of  

precision in the bone mass m easu rem en t is n ecessary  for rep eated  m easurem ents o f  sm all 

degrees o f ch an g e, and such precision is d ifficu lt to a tta in . P re se n tly , the suitability of 

the DPA technique for monitoring the e ffe ctiv e n e ss  o f tre a tm e n t is co n tro v e rsia l.

The u ltim ate  b en efit o f  early diagnosis o f osteoporosis also  depends on die c le a r  

establishm ent of safe  and e f fe c tiv e  tre a tm e n ts . While tre a tm e n t with estro g en s has  

been found to  be e f f e c t iv e , its risks and b en efits  need to  be assessed . Most o th er  

therapies are  considered in vestigation al.

In vestigators h ave not distinguished betw een the use o f DPA in clin ica l re se a rch  

and its  role in d ay -to -d ay  p ra c tic e . DPA needs to  undergo fu rth er c lin ica l investigation  

before it can  b e recom m ended for g en eral c lin ica l use.

A ccording to the FD A , D PA s a re  allow ed to  be m arketed pursuant to S ection  51Q(k) 

of the M edical D evice A m endm ents. FDA has found DPA su fficien tly  sim ilar in term s o f  

safety and e ffe ctiv e n e ss  to  be considered "substantially equivalent" to single photon  

ab sorp tiom eters th a t w ere being m arketed prior to e n a ctm e n t of the M edical D evice  

Am endm ents of May 2 8 , 1976 to the Food, Drug and C o sm etics A c t.

Prepared by: M artin E rlich m an , M.S.
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FOREWORD

The Office of Health Technology Assessment (OHTA) evaluates the safety and 
effectiveness of new or unestablished medical technologies that are being considered for 
coverage under Medicare. These assessments are performed at the request of the Health 
Care Financing Administration (HCFA). They are the basis for recom mendations to 
H C F A regarding coverage policy decisions under M edicare.

Questions about Medicare coverage for certain health care technologies are directed to 
HCFA by such interested parties as insurers, manufacturers, Medicare contractors, and 
practitioners. Those questions of a medical, scientific, or technical nature are formally 
referred to OHTA for assessment.

OHTA's assessment process includes a comprehensive review of the medical literature 
and emphasizes broad and open participation from within and outside the Federal 
Government. A range of expert advice is obtained by widely publicizing the plans for 
conducting the assessment through publication of an announcement in the Federal 
Register and solicitation of input from Federal agencies, medical specialty societies, 
insurers, and manufacturers. The involvement of these experts helps assure inclusion of 
the experienced and varying viewpoints needed to round out the data derived from 
individual scientific studies in the m edical literature. After OHTA receives inf or m ation 
from experts and the scientific literature, the results are analyzed and synthesized into 
an assessment report. Each report represents a detailed analysis of the safety, clinical 
effectiveness, and uses of new or unestablished medical technologies considered for 
Medicare coverage. These Health Technology Assessment Reports form the basis for the 
Public Health Service recom mendations to hCFA and are disseminated widely.
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Technology Assessment (NCHSR), Public Health Service, Department of Health and 
Human Services.
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ABSTRACT

Radiographic absorptiometry (RA) is a noninvasive radiologic technique involving a 
computer-assisted densitometric measurement of the x-ray image of bone. Mineral 
density analyses are based on phalangeal scans of pairs of exposed radiographs with an 
aluminum alloy reference wedge included in the image field. The technique can achieve 
a precision of 2-4 percent with a radiation dose of 10-100 mrad. While RA is capable of 
measuring bone mineral density and has advanced our knowledge of bone disease in 
general, its impact on the management of the individual patient is equivocal. Studies 
with RA that attempted to find a specific level of BMD that distinguished patients with 
osteoporosis have been largely unsuccessful. Also, the ability to predict who is at risk 
for subsequently developing fractures of the spine and hip has not yet been shown. 
Studies with RA measurements show a large scatter in the data that precludes a reliable 
prediction of bone mineral at one a te  based on measurements at another site in a 
particular individual. Radiographic absorptiometry needs to undergo further clinical 
investigation before it can be recom mended for general clinical use.
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PUBLIC HEALTH SERVICE REASSESSMENT 

OF RADIOGRAPHIC ABSORPTIOMETRY FOR 

MEASURING BONE MINERAL DENSITY

1987

INTRODUCTION

Radiographic absorptiometry (RA) is a noninvasive radiologic technique involving a 

computer-assisted densitometric measurement of the x-ray image of bone (1). Mineral 

density analyses are based on phalangeal scans of pairs of lightly exposed radiographs 

taken at different kilovoltage and exposure settings. An aluminum alloy reference 

wedge, which allows the computer to  compensate automatically for any between-film 

differences in exposure, kilovoltage (kVp), filtration, film type, and film processing 

conditions, is included in the image field. A computer-controlled optical densitometer 

scans the x-ray image with a light beam. A photocell converts the light, modulated by 

the images, to an electrical signal that is digitized and sent to the computer for analysis 

and determination of bone mineral density (BMD). The system is designed to compare 

the findings from the patient's hand-wrist radiographs with normal values of phalangeal 

bone size and BMD determined from age-and sex-matched controls (2). In RA, bone 

mineral mass is determined and expressed as BMD (mineral concentration) by accounting 

for bone size (bone image area). Measurements of bone mineral by RA have been used to 

provide an index of skeletal status, predominantly in the assessment of renal 

osteodystrophy and osteoporosis.
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Described in detail in 1979, RA is considered a simple, widely available, and 

relatively inexpensive bone mineral measurement technique (1). Similar techniques, 

where the optical density of bone on x-ray films is obtained under standardized 

conditions and used as a quantitative indicator of bone mineral content (BM C), have been 

used for many years (3). RA was developed in an attempt to circumvent some of the 

inherent limitations in the use of an x-ray image to measure BMD. Methods that 

measure BMD from an x-ray image have been referred to as photodensitometry, 

aluminum equivalency, radiographic densitometry, and radiographic absorptiometry.

According to some investigators, these methods have technical problems relating to 

radiographic technique and methods of film processing that limit their use (4,5). 

However, according to the position paper on radiologic methods to evaluate BMC from 

the Health and Public Policy Committee of the American College of Physicians, recent 

advances such as radiographic absorptiometric techniques may have reduced these 

problems (6).

The technique of R A utilizes image scans of the second, third, and fourth phalanges 

from two lightly exposed left-hand radiographs, one taken at 40-50 kVp, and the other at 

50-60 kVp. An aluminum alloy reference wedge is radiographed alongside the index 

finger. Radiographs can be taken on any type of film without intensifying screens and 

with any x-ray machine. Charges for a pair of hand radiographs commonly range from 

$96-$160 and take from 5-10 minutes.

Using a computer-controlled scanning microdensitometer the aluminum alloy 

reference wedge image (on the x-ray film) is scanned. From the optical density readings 

(grey level) of the wedge image, the linear absorption coefficient of the wedge, and the 

background optical density due to film base emulsion, chemical fog and scatter are 

determined (2). Using the computer, these quantities are used to determine correction 

terms for differences between films due to different x-ray machines, kilo voltage, 

préfiltrations and exposure settings, film types, and film processing.

-  2 -
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Subsequently, the scanning process is repeated for each phalangeal bone image.

The scanning microdensitometer transmits a narrow beam of light through the film, 

traversing each bone image slice by slice. Successive parallel paths across the image of 

the whole phalangeal bone are scanned. Typically, 25-30 parallel scans, 1m m  apart, 

cover an adult middle phalangeal bone with about 200 data points per scan line (2). At 

the end of each scan line, the edge detection algorithm of the computer recognizes the 

bone edges, measures the local bone width, and generates a soft-tissue baseline.

According to Colbert and Bachtell, this method computes mostly phalangeal bone mineral 

mass because the effects of soft tissue and matrix are substantially removed by the 

computation. The computer calculates the bone mineral (area density) by taking the 

ratio of mass to area from the densitometer's optical density readings and the bone 

width values (2). The mineral mass is expressed in computer units rather than in grams.

The entire process is repeated for the second radiograph in order to check the results 

from the first analysis. The two films are taken at deliberately different kilo voltages 

and usually at a different milliamperage (ma) exposure in order to determine if the 

wedge scan and computer calculations compensate adequately for differences in 

radiologic technique and film processing procedures (7). The analyses are rejected if  

between-film disagreements greater than _+ 3 percent (from their mean) can not be 

explained by a known system or operator error on one of the films. Otherwise, the 

average mineral density and bone area obtained from both radiographs are used for 

evaluating the patient.

The phalanges are a mixture of compact and cancellous bone, and RA does not 

reveal the distribution of mineral within the bone. Using RA, the bone mineral measured 

reflects the total integrated mineral (cortical and trabecular) in the path of the 

photons. Similar to  the process of single photon absorptiometry (SPA), RA is limited to

- 3 -
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measurements of appendicular bone because tissue composition surrounding the bone has 

to be minimaL Corrections cannot be made by this instrument for bones embedded in 

thick soft tissue (3).

Although the radius and other appendicular bones may be studied, the use of RA has 

been confined to the phalanges. Currently, the cost of analysis of a pair of films is 

approximately $65. A comparison of RA costs with those of othei techniques for 

measuring bone mineral can be found in the costs section of the Office of Health 

Technology Assessment (OHTA) assessment for dual photon absorptiometry (DPA) (8).

Radiation exposure is always a concern with any procedure utilizing radiation 

sources. While RA is a noninvasive technique, it does involve patient exposure to 

radiation. According to the position paper on radiologic methods to evaluate BMC from 

the Health and Public Policy Committee of the American College of Physicians, RA 

involves minimal radiation exposure (up to 100 mrad), with negligible bone marrow or 

gonadal radiation (6). According to Chesnut, less than 10 mrem of radiation exposure are 

associated with the RA technique (9).

The physiologic information provided by measurements of BMC have been under 

extensive investigation during the past 20 years. Bone mass measurements have been a 

valuable research tool for clinical investigations attempting to elucidate the 

pathogenesis of metabolic bone diseases. Investigators have sought to determine the 

clinical significance of bone loss with aging and bone disease and its relationship to an 

increasing risk of fractures among the elderly. This growing interest in a better 

understanding of the nature and degree of changes in BMC with age, osteoporosis, and 

with metabolic bone disease in general, has prompted the development of nonivasive 

measurement techniques for assessing BMC (3). A variety of such techniques in addition 

to RA are presently available. They include: radiogram metry, SPA, computed 

tomography (CT), and DPA.
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Bone mineral measurements using RA have been utilized mostly in the management 

of patients with chronic renal failure and for osteoporosis detection in women (7). This 

report will reassess the effectiveness of RA bone mineral measurements on the clinical 

outcome of patients being evaluated and treated for osteopenic bone diseases. This 

reassessment seeks to ascertain the place of bone mineral evaluation by RA in the 

overall scheme of prevention, diagnosis and treatm ent. Similar reports have been 

published on SPA and DP A. The other noninvasive measurement techniques for BMD will 

be assessed in separate reports.

BACKGROUND

Osteoporosis is a major public health problem and renal osteodystrophy is a major 

clinical complication experienced by patients on chronic dialysis. The National Institutes 

of Health Consensus Development Conference on Osteoporosis held on April 2-4, 1984, 

reported that osteoporosis may affect between 15 and 20 million Americans (10).

More than one million fractures attributable to osteoporosis occur annually in individuals 

over the age of 45. In women over 60, 25 percent have documented vertebral fractures 

by age 75. These fractures may develop during routine activities, such as bending, 

lifting, or raising from a chair or bed (10). While compression fractures (collapsed 

fractures) of the vertebrae can produce severe pain, most cases are painless. The 

amount of pain and disability attributable to vertebral fractures is unknown. According 

to the American College of Obstetricians and Gynecologists, after age 45 there is a 

marked increase in the incidence of distal forearm fractures (11). By age 60, there are 

10 times more forearm fractures in women than in men of comparable age. These 

fractures lim it the use of the extrem ity for 4-8 weeks, with long-term disability 

uncommon. While osteoporosis predisposes to  fractures of various bones, hip fractures 

are the most serious in term s of disability, mortality, and aggregate cost. In the United
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States, it is estimated that more than 200,000 hip fractures occur in elderly women each 

year with 80 percent found to be related to pre-existing osteoporosis (11). The affected 

population tends to be advanced in age, with the sex distribution less skewed toward 

females than is the case for vertebral fractures. Acute complications such as depression 

and mechanical failure of the surgical procedure are com mon (10). Most patients fail to 

recover normal activity. Hip fractures lead to fatalities in 12 to 20 percent of cases and 

precipitate long-term nursing home care for half of those who survive (12, 13). Thus hip 

fractures pose a significant economic as well as a medical burden.

The economic burden of all age-related fractures is great because of the large 

number of people involved and the expensive and protracted care that is often required. 

About one-fourth of all patients with limb fractures require hospitalization and the mean 

hospital stay increases from 13.6 days among those age 25-44, to 32.6 days among those 

older than age 65. Fractures of the proximal femur account for more than half of all 

days of hospitalization for limb fractures. In the United States, the annual cost of the 

acute care alone for fractures of the proximal femur has been estimated to exceed one 

billion dollars (14); the annual direct and indirect costs of osteoporosis, including hip 

fractures, are estimated to be between $3.5 billion and $6.1 billion (10,13). As a result of 

the considerable morbidity, mortality, and expenditures associated with this disease, 

there is growing interest in research regarding its prevention, diagnosis, and treatment. 

The pathogenesis of osteoporosis, its prevention, and its management has had extensive 

review. A sum mary of that information can be found in the osteoporosis section of the 

OHTA assessment on DPA (8 ). Additional information can also be obtained from the 

numerous references cited in that report.

Renal osteodystrophy is a generic term that describes a number of distinct skeletal 

abnormalities that are present in the majority of patients with advanced renal failure 

(15). Hyperparathyroidism, disorders of vitamin D metabolism, chronic metabolic 

acidosis, and excessive fecal losses of calcium all contribute to the occurrence of bone
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diseases in uremia (16). The longer life is preserved, particularly by treatm ent with 

hemodialysis, the greater probability of developing osteodystrophy. Although clinical 

symptoms of bone disease are uncommon, occurring in less than 10 percent of patients 

with advanced renal failure, radiological and histological abnormalities are observed in 

about 35 and 90 percent, respectively (16).

Renal osteodystrophy is a complex disturbance of bone comprising varying degrees 

of osteitis fibrosa cystica, osteomalacia, osteosclerosis, and generalized osteopenia. The 

main components of renal osteodystrophy are osteitis fibrosa and osteomalacia. A lesser 

role is played by osteosclerosis and osteoporosis. The etiology is not completely 

understood, but impaired vitamin D metabolism, secondary hyperparathyroidism, 

diminished gastrointestinal absorption of calcium, and occasional aluminum toxicity all 

may play a role (17).

Most of the symptoms related to renal osteodystrophy appear only when renal 

failure is advanced (15). Manifestations of osteodystrophy include bone pain and 

fractures. Accompanying abnormalities include muscle weakness, soft tissue and 

vascular calcification and pruntus (17). Certain biochemical alterations may appear 

early in the course of renal insufficiency. Knowledge of the presence of these 

alterations may help the physician introduce treatm ent early in the course of renal 

failure and aid in the prevention of severe complications in bone and mineral metabolism 

(15). One of the early changes in patients with renal insufficiency is the presence of 

elevated levels of circulating im munoreactive parathyroid hormone (i-PTH). Parathyroid 

hormone increases the net release of calcium from bone into extracellular fluid. In this 

defense of calcium homeostasis, the hormone influences the differentiation and activities 

of bone cells (18).

A rise in the serum phosphate concentration is also observed when the glomerular 

filtration rate (GFR) below approximately 25 percent of normal. Because calcium 

deposition in bone is critically dependent upon the availability of phosphate, retention of
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phosphate in plasma will facilitate calcium entry into the bone. This contributes to 

hypocalcemia and to the elevations in plasma PTH levels seen in chronic renal failure 

(16). Management of patients with renal osteodystrophy includes measuring and/or 

controlling serum levels of calcium, phosphate, and bicarbonate (15,19). These tests are 

presently included in the protocol of laboratory tests for the management of end-stage 

renal disease dialysis patients. Radioimmunoassays for monitoring the level of 

circulating i-PTH has also been recommended (15,18). Moreover, it has been 

recom mended that measures for the control of the abnormal mineral metabolism of renal 

disease begin early in the course of the disease, when the GFR is 30-40 mL/ min (15). 

According to SLatopolsky and Kokko, when such treatment is instituted early in chronic 

renal failure, signs and symptoms of renal osteodystrophy and parathyroid gland 

hypertrophy may be prevented (15,19).

Conversely, Muirhead and associates have found the management of dialysis 

osteopenia difficult (20). They reported that measures aimed at treatment of associated 

metabolic bone disease, such as administration of calcium supplements, vitamin D, 1 

hydroxyvitamin D3 , or parathyroidectomy, have no consistent effect on skeletal mineral 

content over the long term. At best, long-term treatment can be expected to slow the 

rate at which skeletal demineralization progresses rather than producing a sustained 

increase in BMC (20).

For the past 12 years, investigators have used RA to assess the BMC of the 

appendicular skeleton in "normal” individuals and in patients with renal osteodystrophy 

and osteoporosis. Few studies, however, have been conducted to investigate whether 

appendicular (phalangeal) bone mineral measurements could predictably separate normal 

women from women with vertebral compression fractures or femoral neck fractures. 

Investigators have also used RA measurements to identify patients ostensibly at risk for 

future fractures. This report examines these and other studies as well as other evidence 

that pertains to the safety and clinical effectiveness of this technique.
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RATIONALE

The rationale for bone mineral measurements is based on the demonstration that 

the strength or resistance of a bone to fracture is closely related to the amount of bony 

tissue or the mass of the mineral present in the bone. Proponents argue that since the 

tensile (breaking) strength of bone is related to its mineral content, measurements of 

bone mineral should be a more accurate method of determining fracture risk. Proponents 

of RA believe that the ability to assess the direction and degree of changes in BMC in 

the phalanges facilitates the diagnosis and management of metabolic bone diseases, such 

as renal osteodystrophy and osteoporosis. Proponents also argue that these measure­

ments could prove useful as clinical guides to  therapy in assessing the therapeutic 

responses of patients with osteopenia. They argue that R A is low in cost and radiation 

exposure, uses only the x-ray equipment readily available at every hospital, and requires 

no special training of hospital personnel*

REVIEW OF AVAILABLE INFORMATION

Accuracy and Precision

Accuracy defines the degree to which a measurement, or an estim ate based on 

measurements, represents the true value of the attribute that is being measured. In this 

case it refers to how well the measurement reflects actual mineral content. It is 

expressed as a coefficient of variation (or error of estim ate) of the difference between 

actual and measured. In the determination of osteopenia, accuracy in the measurement 

of bone mass by R A is of great importance.
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Whereas accuracy refers to the correctness with which a certain reading represents 

the true value, precision refers to the width of the range of indicated values. In 

monitoring changes in bone mass, RA bone mineral measurements have to be sufficiently 

precise (reproducible) to provide a correct estimate of these changes. Precision is 

important if the goal is to detect small changes in bone mass. The coefficient of 

variation (cv), expressed in percent, describes the precision or reproducibility of a given 

measurement.

Technical problems affecting precision and accuracy generally associated with 

photodensitometric methods include scattered radiation from the broad x-ray beam, a 

variable energy spectrum leading to uncertainties in the effective absorption coefficients 

of bone and soft tissue, and beam hardening of the energy spectrum in passing through 

soft tissue (21). Colbert and Bachtell have indicated that for small bones with thin flesh 

cover, such as the phalanges, the background optical density value is assumed to 

adequately correct for scatter if  it is uniformly distributed over the bone image. In 

addition, the x-ray beam can be considered to have a single "effective” photon energy 

and there is no beam hardening (2). To minimize or prevent measurement errors that 

would result from different x-ray machines, kilo voltage and exposure settings, film types 

and film processing, Colbert and Bachtell derive correction terms from pixel data taken 

from a scan of the reference wedge image. According to the investigators, the wedge 

image is scanned to provide data for the absorption coefficient of the aluminum alloy 

which accounts for differences in x-ray spectrum due to tube characteristics, 

kilo voltage, waveform, and prefiltration. The scanning also provides the background 

optical density due to film base, fog, and scatter, which are a function of exposure, 

measured in milliampere-seconds (mA-s), and film processing procedures. Once these 

two values are obtained, a computer calculates the terms that automatically correct for 

the differences described above (2 ).
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To minimize measurement errors due to spectrum shifts, uneven scatter  

distribution, incorrect film background density determinations, overexposure, 

underexposure, uneven film development, densitometer errors and nonlinearity, soft-

tissue covering, and variations in reference wedge composition, Colbert and BachteQl 

recommend repeat readings averaging the resüLts (2). They believe that system errors

such as edge detection errors, computational errors, and scanner malfunction will be 

reduced because the mineral density data are read from three complete phalangeal bones 

from two separate radiographs and compared before they are averaged (2).

The instrumental accuracy of RA was studied by Colbert and co-workers in 1970 

(21). Eighty-five excised bones and an aluminum reference wedge were measured under 

water to simulate a constant thickness of soft tissue surrounding the limb, and the mass 

of the ashed bone sections were compared with RA measurements. Ash weights of the 

bone sections ranged from approximately 0.4-2.0 g. According to the authors, the error 

in predicting ash weight using R A was 6 percent under these test conditions that included 

exposing all bones on a single radiograph under standard conditions.

To evaluate R A reliability with varying exposures, radiographs of the bone sections 

were made at 50 and 70 mA-s Although the measurements of the same 85 bone sections 

from films at 50 and 70 mA-s exposure gave a high correlation (r=0.990), the standard 

error of estimating indicated a prediction error of 4.4 percent (21). By averaging 

repeated measurements the prediction error from the different films was reduced to less 

than 4 percent. Colbert suggested that the use of the uniform bolus of tissue-equivalent 

material (water) surrounding the bone and the correction for background density of the 

radiograph were responsible for the increased accuracy of this technique over other 

photodensitometric techniques (21).

In a similar study of RA accuracy, Colbert and Barzel compared excised ra t bone 

mineral measurements by RA with mineral content (as weight) determined 

gravimetrically (22). Forty-two excised ra t bones and an aluminum reference wedge
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were measured under several centimeters of water and the mass of the ashed bone 

sections were compared with RA measurements. Regression analyses showed that RA 

measurements again predicted ash weights within + _ 6  percent.

Because the measurement error introduced by soft tissue in photodensitometric 

techniques has been recognized by many investigators, the procedure has usually required 

water im mersion of the body part and wedge for correction of the effect of soft tissues 

(21,23). The addition of water compensates for variations in tissue thickness and 

provides a uniform tissue equivalent thickness (24). It also provides exposure conditions 

of the calibration wedge similar to those for the bone. In the 1970 and 1972 studies by 

Colbert and co-workers the procedure included the im mersion of the body part and wedge 

in water.

However, in 1979, Colbert and Bachtell reported that x-rays of small bones with 

minimal soft-tissue cover (phalanges) do not require im mersion in water (1). They found 

that the linear absorption coefficient of the wedge (in air) varies with photon energy in 

nearly the same manner as the wedge x-rayed in water and could be used in its place by 

applying a constant adjustment factor (1). According to Wahner and colleagues, the only 

photodensitometry method currently acceptable im merses the hand in water for constant 

soft-tissue thickness, and uses a microdensitometer and computer (3). Mazess and 

Cameron in agreement with Wahner and colleagues, believes that the extent of air 

measurement deviations (from water) depends on the effective energy of the x-ray beam 

(spectrum) and therefore can not be corrected by a constant multiplier (25). This issue 

re m ains controversial.

In 1983, Bachtell compared RA measured mineral weight with the ash weight of 14 

phalangeal cadaver bones (26). Fourteen phalangeal cadaver bones were defieshed and 

radiographed in groups of two or three bones at 50 and 60 kVp. Bachtell found that the
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ash weights regressed linearily against the radiological weights to give a prediction error 

of 3.7 percent and a correlation coefficient of 0.997. The cadaver bones and aluminum 

alloy reference wedge were radiographed under a thin water cover.

Results from a study of bone mass in 50 postmenopausal osteoporotic women at the 

University of Washington were reported by Chesnut a t the National Institutes of Health 

(NIH) Consensus Development Conference on Osteoporosis (9). Using RA measurements 

of the phalanges, he found a precision of 2-3 percent. Similar levels of precision (1-4  

percent) have been reported in the position paper on radiologic methods to  evaluate bone 

mineral content from the Health and Public Policy Committee of the American College

of Physicians (6). The position paper also reported 6 percent reliability (accuracy) for 

the RA technique.

Recent information from Bachtell and Colbert indicates that the precision of the 

RA technique is between 2 and 4 percent (27,28). In one cited study, BMD was 

determined from radiographs of a phantom hand taken over a 3-year period a t eight 

different hospitals using nine different x-ray machines. The precisian was 3.7 percent 

when the selection criteria of radiographs included those taken outside recommended 

specifications for küovoltages and optical density (27). Allowing for changes in the 

system and deletion of defective radiographs and radiographs recorded outside of the 

specifications, the precision was improved to  2 .5-3.0 percent (27,28). However, 

radiographs taken in violation of the recom mended specifications are frequently included 

in BMD determinations.

In a similar study to  determine the precision of the RA technique, BMD was 

determined from radiographs of the same left hand taken over a 10-year period a t 10 

different hospitals using nine different film types. The precision, depending upon the 

selection criteria of the radiographs, was between 2.9 and 4.1 percent (29).
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Clinical Applications

In 1971, Goldsmith and co-workers used several techniques, including RA, to 

estimate BMC in normal and osteoporotic women (30). Using BMD values based on RA 

measurements of the middle phalanx of the ring and index fingers the investigators were 

unable to clearly separate normal women from women with moderate or severe 

osteoporosis.

In 1977, Colbert and colleagues reported using RA for BMD determinations in 

patients with chronic renal failure (31). In preliminary findings, 160 patients with 

chronic renal failure had average BMD values lower than reference means derived from 

age- and sex-matched control subjects. They believed this indicated a tendency toward 

osteopenia or osteodystrophy. Although the authors were reporting patient progress for 

less than 1 year, they recom mended that patients should be followed for 3 years or more 

to ascertain reliable trends (31).

At the Fourth International Conference on Bone Measurement, Zanzi and co­

workers presented data from a study that determined the relationship of total body 

calcium (TBCa), measured by total body neutron activation analysis, with BMC of the 

phalanges, measured by RA, and BMC of the radius measured by SPA (32). These 

techniques were applied to two groups of subjects: In the first group there were 16 

patients (14 female, 2 male) with primary osteoporosis; and in the second group, 14 

healthy male marathon runners. The investigators found a correlation between 

measurements of TBCa and BMC at the phalanges in the osteoporotic female population 

(r=0.66). The correlation between TBCa and BMC of the phalanges in the marathon 

runners was less (r=0.57). However, the investigators also reported that the scatter of 

the data could result in an error in measurement prediction of _+7-14 percent (32).

According to Zanzi and associates, the level of correlation and standard errors of 

estimate attained precludes a reliable prediction of bone mineral from the phalanges to 

the total body in a particular individual Used alone, TBCa data do not give a complete

; A i?**
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separation of individual osteoporotic patients and normal subjects. Zanzi's group did 

suggest that RA measurements of the phalanges are adequate for use in epidemiological 

surveys of the bone mass of populations, or in serial evaluations of bone mass, 

particularly cortical bone (32).

Si a continuation of the work by Colbert (31), Chester and associates studied the 

effectiveness of RA to  assess the extent and the therapy of renal osteodystrophy (33). 

They compared visual review of hand radiographs with RA determinations in 179 patients 

with chronic renal failure. Although the investigators demonstrated some agreement 

between RA determinations and visual review of hand radiographs when changes were 

noted by the radiologist, the agreement with RA was at best moderate; they concluded 

that RA may be a more sensitive method of appraising renal osteodystrophy than visual 

reviews of hand radiographs. Chester and associates also suggested that RA detemina- 

tions may indicate changes in the clinical features of renal osteodystrophy not suggested 

by serum calcium, phosporus, or alkaline phosphatase. This conclusion was based mi a  

study of only eight patients with bone gain whose serum calcium, phosphorus, and 

alkaline phosphatase were no different (statistically) when compared to eight patients 

who had lost bone at an accelerated rate (33).

At the 1981 Jerusalem International Symposium on Osteoporosis, Bachtell and 

Colbert (34) presented data on the RA technique that updated the 1971 study by 

Goldsmith and associates (30). Because the mineral estim ates made by the earlier RA 

technique did not agree with the visual osteoporosis dassifrcations, the investigators 

improved the system and rescanned 49 usable radiographs from the original experiment. 

With the improved RA determinations, the authors found good agreement with the visual 

classifications. Also, the mean BMD of the normal group was significantly greater than 

that of the moderate plus severe osteoporotic group. However, because of the sizable 

overlap in BMD among the groups, bone mineral measurements of the phalanges may be 

unsatisfactory for evaluation of the extent of osteoporosis in an individual (34).
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In a recent study, Colbert and associates used RA to determine the effect of 

continuous ambuLatory peritoneal dialysis (CAPD) on phalangeal BMD (35). Over a 2- 

year period they measured and compared the BMD average rate of change of patients 

from one group on CAPD (N=32) and five groups on hemodialysis (N=323) with the BMD 

normal rate of change due to aging. Colbert and associates found that as a group, the 32 

CAPD patients who had normal BMD means and distributions at baseline lost BMD, on 

the average, at the same rate as the controls. He also found that for four of the five 

patient groups on hemodialysis, BMD declined at rates significantly greater than 

normal. The groups were not matched for age, sex, or for any other parameters (35). 

After an additional year of followup, Colbert and associates confirmed their earlier 

findings that, on the average, the CAPD patients lose BMD at a rate not significantly 

different from the normal rate related to aging (36).

At the 1984 Copenhagen International Symposium on Osteoporosis, Ott and 

colleagues reported preliminary resuLts of a study that compared several techniques, 

including RA, for the measurement of bone mass at different sites in the same group of 

patients (37). They sought to determine whether a measurement of bone mass at one site 

coiiLd predict bone mass at a second site in a population of women with postmenopausal 

osteoporosis. The study group consisted of 6 6  Caucasian women, ranging in age from 51 

to 80 years, who had evidence of vertebral compression fractures. Significant but 

modest correlations between the various bone measurements were reported. Although 

measurements of TBCa and BMD at the phalanges had a significant correlation of 0.73 

(p ¿1.001), the investigators found that the standard error in estimating the TBCa from 

the other measurements was 10-15 percent. The correlation between RA measurements 

of the phalanges and DPA measurements of the spine was 0.56 (p <.001). However, the 

standard error in estimating the BMD at the spine from the RA phalangeal measurements 

was not given.
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According to Ott and associates, discrepancies in measurements may be caused, in 

part, by the different ratios between cortical and trabecular bone at the different sites 

m easured (37). Ott suggested that if a patient had a disproportionate loss of cortical or 

trabecular bone, then measurements at the spine would not correlate with those of the 

total body or peripheral sites.

At the same symposium, BachteU and Colbert presented preliminary findings of a 

longitudinal study that used RA phalangeal mineral measurements to identify patients 

with a rapid loss of bone mineral (38). The investigators recorded bone mineral at 6- 

month intervals in 146 female subjects, mostly in their 60s, for 1 1/2-3 years. Comparing 

the decline of phalangeal mineral density in the 146 subjects with the average annual 

decline of phalangeal mineral density (1.2 percent) in a normal population of similar age, 

the investigators determined that 37 subjects (25 percent) of the test population had 

rapid loss of bone mineral (38). However, these measurements have uncertain value for 

predicting future rates of bone loss or assessing risk for fractures. They also ignore the 

fact that an accelerated bone loss has been reported in normal women following 

menopause.

lii 1984, BachteU noted that other investigators had observed statistically  

significant correlations between RA measurements of the phalanges and SPA 

measurements of the radius in 61 ambulatory postmenopausal osteoporotic females (39).

Bachtell also compared the RA phalangeal bone mineral measurements of osteoporotic 

women in this group and a second similar group (N=63) with the the RA phalangeal bone 

mineral measurements of 377 normal females (40). An osteoporosis risk threshold was 

arbitrarily chosen to be one standard deviation (16 percent) below the mean mineral 

volume density of young normal adult women (20-50 years of age). This resulted in 80 - 

90 percent of the osteoporotic fem ales having BMD levels that fell below this value.

However, values for the women in both osteoporotic groups clustered about peer norms 

with no significant difference between the normal mean and the subject mean. Bachtell
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concluded that the osteoporosis risk threshold was an excellent discriminator of 

postmenopausal women who have a high risk of vertebral compression fractures. This 

conclusion was reached without the benefit of clinical information regarding the extent 

of vertebral compression fractures in the normal control group. Moreover, after age 60 

almost all the women in the normal control population had values below the osteoporosis 

risk threshold (40).

According to Bachtell, in lieu of a prospective study to determine how well 

postmenopausal women who will eventually experience bone fracture can be separated 

from those who will not exeperience fracture, one determines how well osteoporotic 

women can be screened from nonosteoporotic women. In order to evaluate the screening 

efficacy of RA measurements, Bachtell plotted the number of true-positive results 

(osteoporotic women who fall below the screening threshold) from groups of confirmed 

osteoporotics women versus the number of false-positive results (nonosteoporotic women 

who fall below the threshold) from the reference females between the ages of 2 0  and

50. Plots of true-positive versus false-positive results are called receiver operating 

characteristic (ROC) curves. The higher the percentage of true-positive and the lower 

the percentage of false-positive results, the better the screening system (41).

Choosing a phalangeal mineral density threshold of 100 units, Bachtell was able to 

obtain percentages of women with true-positive results that ranged from 82-96. Using 

the mineral density values of the reference females between age 20 and 50, he was able 

to obtain a false-positive percentage of 11.5. This study demonstrated high sensitivity 

and high specificity of RA measurements in screening females with vertebral fracture 

from midlife (20-50 years) normal women. However, Bachtell showed in an earlier report 

that after age 60 almost all women in the normal reference population were below the 

osteoporosis risk threshold. This indicated that if  data from a nonosteoporotic group 

similar in age to the osteoporotic groups were plotted, the specificity of the screening 

test would be low (40).
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Monroe used RA measurements to screen 355 postmenopausal women for estrogen 

replacement therapy for prevention of postmenopausal osteoporosis (42). In 1986, he 

reported to the Ohio Academy of Family Physicians that a threshold of one standard 

deviation below the mean bone density value of normal women, 20-50 years old identified 

145 (41 percent) of the women Mat risk" and in need of estrogen management. Although 

this risk threshold is arbitrarily designated and not based on a prospective study of 

fracture incidence, most of the 145 women were recommended for estrogen therapy, 

which was accepted by 95 of them (42).

In 1986, Rosenthal and co-workers reported on a retrospective study that compared 

the ability of several bone measurement techniques, including quantitative computed 

tomography (QCT) and RA, to discriminate between patients with and without fractures 

(43). Selected for the study were 102 consecutive patients (74 females and 28 males) 

clinically suspected of having abnormally low skeletal mass; 74 of the 102 patients were 

age 51 or older. When patients were divided into groups with and without lumbar 

vertebral compression fractures, QCT provided the best separation between the two 

groups, (p <  .001), with relatively little  overlap. Although Rosenthal found the mean 

values for RA to be significantly different between the two groups, there was 

considerable overlap. The RA measurements of phalangeal trabecular bone were only 

weakly correlated with QCT measurements of spinal trabecular bone. The RA measure­

ments of the composite mass (cortical and trabecular) of the phalanges were 

approximately equally correlated with the QCT measurements of spinal trabecular bone 

(43).

Rosenthal, found that RA measurements provided the best correlation with long 

bone fractures (such as hip and radius); however, prediction of peripheral fractures was 

considered unsatisfactory by all methods. He suggested that these results may indicate 

that trauma is more important in the causation of extrem ity fractures than of vertebral 

compressions, a feature that cannot be predicted by any measurement (43). According to
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Rosenthal, any widely useful technique for measuring bone mineral must help predict the 

risk of fractures in the general public. Therefore, while this retrospective study showed 

that QCT measurements of the spine could reasonably discriminate fracture and non­

fracture patients, a prospective study is necessary to determine if those same 

measurements can accurately predict fracture incidence (43).

Most recently, Colbert and associates reported completing a brief study of RA- 

BMD measurements in 14 end-stage renal disease (ESRD) patients who subsequently 

underwent parathyroidectomies (44). The study was performed to determine the efficacy 

of R A-BM D measurements of the phalanges as an indication for surgical intervention and 

surgical success. This was to be determined by comparing changes in RA-BMD 

measurements with corresponding serum chemistries. In most instances of surgical 

success, as judged by serum chemistries, there was a corresponding improvement in 

BMD. However, Colbert acknowledged the small sample size and the need for more 

complete serum chemistry data and for longer observation periods in more patients. The 

study failed to support the conclusion of the authors that RA monitoring of phalangeal 

BMD is of help in deciding when to perform a parathyroidectomy on an ESRD patient. It 

has not been made dear by the investigators how RA bone mineral measurements would 

change the management based on the serum chemistries of these ESRD patients (44).

Occasionally there is a patient with severe secondary hyperparathyroidism and 

evidence of hypercalcemia in whom parathyroid surgery may be required to reduce 

excessive amounts of circulating parathyroid hormone (PTH). Close monitoring of PTH, 

calcium, and phosphate is essential in the management of these patients. Monitoring 

BMD by RA may also be of help in judging the success of the surgery and should be 

studied further.
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DISCUSSION

The measurement of bone mass is an important to d  in the study of metabolic bone 

diseases, particularly osteoporosis« Current interest is centered on the recent advances 

in bone mineral measurement techniques including RA. This interest in RA is based on 

the belief that bone mineral measurements of the phalanges facilitates the diagnosis and 

management of metabolic bone diseases, such as renal osteodystrophy and osteoporosis. 

Presently, RA has utility in clinical research in studying the natural history of primary 

osteoporosis and renal osteodystrophy in large populations and in studies evaluating 

preventive and therapeutic regimens. However, while RA is capable of measuring bone 

mineral and has advanced our knowledge of bone disease in general, its rd e  in the 

management of the individual patient is uncertain.

It would be advantageous to be able to prospectively identify those women who are 

at risk for developing osteoporotic fracttares, in carder to direct treatm ent to those at 

greatest risk. As a screening test for osteoporosis in perimenopausal women, this 

application of RA bone mineral measurements is suggested to have potential utility. 

Once established as a screening tool it could be used in the strategy far treating afflicted  

individuals or preventing osteoporosis. Although the technology to  noninvasively measure 

bone mineral with RA is currently available, the ability of such measurements to  identify 

those individuals who will subsequently experience bone fracture has not yet been shown.

Presently, there has been no prospective study dem castrating that the noninvasive 

measurement of bone mass by RA can identify patients who will suffer fractures. In 

their 1984 review of the various noninvasive methods for bone mineral measurements, 

Wahner and colleagues concluded that there was no optimal technique available for mass 

screening fear early osteoporosis (45). The American College of Physicians' Health and 

Public Policy Committee recently reviewed various radiologic methods far measuring 

BMD, induding RA, but made no recom mendation about the use of these tests in routine
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screening for osteoporosis (6). In order to predict a female individuals, fracture risk, it 

would be necessary to study large population cohorts of women from various age groups 

and relate their specific bone measurements to prospective fracture incidence data 

collected over a sufficient period of time. Using fracture incidence data, the risk ratio 

would provide an estimate of risk. This type of study would enable investigators to 

determine whether it was possible to predict the risk of fracture from the initial bone 

density measurements. A patient’s bone mass measured before or at menopause may 

indicate whether she has low or high bone mass for her age. It will not necessarily 

indicate whether she will fall into the high-risk group 10-15 years later, when most 

fractures occur. The contribution of bone mass at maturity versus subsequent rates of 

loss is still largely unknown. Moreover, there exists a controversy regarding the 

selection of a screening site. While many investigators consider BMD measurements of 

the actual fracture site (spine and hip) paramount, others argue that fracture risk 

prediction and screening can be accomplished by appendicular BMD measurements. 

According to Riggs and Melton, appendicular measurements would be of little value for 

predicting the risk of fracture in the spine or hip (13).

Initially, investigators used RA bone mineral measurements in attempts to find a 

specific level of bone density that dearly distinguished patients with vertebral 

osteoporosis. Those studies, including the work of Bachtell and Colbert and more 

recently Rosenthal and co-workers, have been largely unsuccessful in determining such a 

level (34,43). When patients were divided into groups with and without lumbar vertebral 

compression fractures, Rosenthal found that the mean values for RA differed 

significantly between the two groups, but there was considerable overlap (43). Other 

investigtors, such as Riggs and colleagues, who also were unable to dearly distinguish 

patients with vertebral osteoporosis, consistently found less trabecular bone, on average, 

in women with vertebral fractures (46). From their study of risk factors for injury after 

a fall, Melton and Riggs conduded that a reduction in spinal bone mass is the primary
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determinant of who will suffer vertebral fractures (47). According to Cummings and 

associates, measurement of vertebral BMD may be a useful way of identifying women at 

greatest risk for vertebral fractures (48).

With regard to peripheral fractures (hip and radius), Rosenthal considered 

separation of patients with peripheral fractures unsatisfactory by all methods of 

measuring bone mineral, including RA. He suggested that trauma may be more 

important in causation of extremity fractures than of vertebral compressions, a feature 

that can not be predicted by any measurement (43). The failure of other bone density 

measurement techniques to clearly distinguish fracture patients from age-matched 

controls has prompted other investigators to concur that in addition to low bone mass, 

which is nearly universal among the very elderly, other factors are important in 

predicting who will experience a hip, or 0 0 1 1 6 5 » fracture.

Other studies of RA investigated the correlation between bone density 

measurements of the phalanges and TBCa measured by total body neutron activation 

analysis (32,37). The studies by Zanzi and co-workers and Ott and colleagues indicated 

that a correlation between measurements at two sites (phalanges and total body) does not 

necessarily mean that one measurement may accurately predict the other (32,37). Even 

significantly correlated measurements with a large standard error (scatter) precludes a 

reliable prediction of bone mineral at one site based on measurements at another site in 

a particular individual.

Tn two studies, RA measurements of phanageal BMD were, at best, only moderately 

correlated with spinal BMD measurements (37,43). According to Ott and associates, i f  a 

patient has a disproportionate loss of cortical or trabecular bone, measurements at the 

spine would not correlate with those of the total body or peripheral sites.

In 1984, when Bachtell compared the RA phalangeal bone mineral measurements of 

two groups of osteoporotic women with a large group of normal females, he found that 

the measurements in both osteoporotic groups clustered about peer norms with no
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significant difference between the normal mean and the subject mean (40). However, by 

arbitrarily choosing a phalangeal mineral density of 100 units and comparing the BMD 

values of these osteoporotic postmenopausal women with the BMD values of normal 

females 20-50 years of age, he was able to distinguish patients with osteoporosis. After 

age 60 almost all the women in the normal control population were below the 

osteoporosis risk threshold (40).

If phalangeal bone mass in the elderly does not differ in patients with and without 

fractures, these measurements would be of little or no value in predicting which elderly 

patients are likely to incur a fracture. Measurements of phalangeal bone mass may not 

be a reliable way to identify those at greatest risk for fracture. According to Bachtell, 

almost all the women 60 years and older in the normal reference population are at risk 

because their BMD values are below the phalangeal mineral density threshold of 100 units 

(40). That being the case, treatment methods could be undertaken without the use of 

individual RA bone mineral measurements. It is not certain what value RA 

measurements of phalangeal bone will have in identifying women at greatest risk for 

fracture. This application of the RA method needs further clinical investigation before 

it is advocated for widespread use or before it  is employed as a basis for recommending 

specific types of preventive therapy.

Another clinical application proposed for the RA technique has been the use of RA 

measurements to monitor the rates of bone loss and the effectiveness of treatment. This 

could apply to the treatment of individuals with established osteoporosis and also to 

those receiving preventive regimens. Because rates of bone loss are relatively small 

compared with the reproducibility of the measurement, current methods for measuring 

bone mass, including RA, may not be sufficiently precise for clinical decisions in an 

individual (49,50). As stated earlier RA is reported to have a precision of 2-4 percent, 

and the average rate of appendicular bone loss in women is 1 percent per year in the 

decade after, and less before, natural menopause. According to Cum mings and Black, for
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women, a measurement of the rate of bone loSs based on two measurements of bone mass 

over a period of time leaves considerable uncertainty about the rate of loss, A bone loss 

of 3 percent measured by a technique with a 2-percent reproducibility (RA) leaves a 

considerable uncertainty about the actual rate of loss (the 90 percent confidence interval 

for that change in bone mass varies from a 1.7 percent gain to a 7.7 percent loss) (49).

Unless multiple measurements are made, a woman must lose a substantial amount of 

bone during the time between measurements before a physician can conclude that she is 

losing bone more rapidly than normal (49). However, even these additional 

measurements have uncertain value for predicting future rates of bone loss or assessing 

risk for fractures and would substantially increase the expense of management. Riggs 

and Melton believe that measurements every 6 months over 2-3 years may be required to 

estimate individual rates of bone loss (13). According to Ott, until such time as more 

sophisticated methods of improving the reproducibility are developed, techniques for 

measuring bone mineral, such as RA will be valuable in studying large groups of patients, 

but will not be helpful in individuals (50).

Still uncertain, however, is the suitability of the phalangeal bone site as the 

appropriate location to determine rates of bone loss or the effectiveness of treatment.

Even i f  the RA technique is shown to be adequate for determining rates of bone loss or 

gain by sequential measurements, there would be uncertainty as to whether the results 

would reliably reflect bone loss or gain in the spine or hip. Moreover, according to 

Lindsay and mentioned at the recent NIH Workshop on Osteoporosis, there is no current 

evidence that serial bone mass measurments need to be performed in patients receiving 

adequate estrogen therapy, since studies indicate that more than 90 percent of these 

patients will be protected against bone loss (51).

Some investigators have reported using RA measurements of phalangeal BMD to 

assess the extent and the therapy of renal osteodystrophy (31,33). Colbert and associates 

have investigated the efficacy of RA-BMD measurements of the phalanges as an
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indication for parathyroid surgical intervention and success (44). Because biochemical 

alterations may appear early in the course of renal insufficiency, the prevention and 

management of renal osteodystrophy includes the control and monitoring of serum 

calcium and phosphate concentrations (15).

Secondary hyperparathyroidism with renal osteodystrophy is a frequent if not 

universal complication of chronic hemodialysis (52). Phosphate retention, developing 

early in renal compromise, contributes to most of the components of renal 

osteodystrophy (17). The initial stimulus of secondary hyperparathyroidism is believed to 

be a chronic reduction of ionized calcium in the extracellular fluid due to renal retention 

of phosphate (53). Because calcium deposition in bone is critically dependent upon the 

availability of phosphate, retention of phosphate in plasma facilitates calcium entry into 

bone and contributes to the hypocalcemia observed in chronic renal failure.

Secondary hyperparathyroidism is a state of compensatory hypersecretion of PTH 

and may occur where there is a tendency toward hypocalcemia. Excessive levels of PTH 

accounts for many of the bone changes of renal osteodystrophy, including osteitis fibrosa 

and osteosclerosis (54). Importantly, one of the early changes in patients with renal 

insufficiency is the presence of elevated levels of circulating i-PTH. Knowledge of the 

presence of these and other biochemical alterations shouLd help the clinician to introduce 

treatment early in cases of renal failure and aid in the prevention of severe 

complications in bone and mineral metabolism (15). According to Clark, maintaining 

relatively normal serum concentrations of calcium and phosphorus during hemodialysis 

has dramatically decreased incidence of bone disease (52). Drach recom mends obtaining 

a fasting serum calcium level with a simultaneous measurement of serum PTH (55).

A review of the literature indicates that the information regarding the levels of 

calcium, phosphate, i-PTH, and other chemical entities obtained from clinical chemistry 

testing, is sufficient for the management of renal osteodystrophy. The need or
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appropriateness for RA-BMD measurements of the phalanges in the management of renal 

osteodystrophy has not been established in the studies presented.

Advice and comments concerning the safety and clinical effectiveness of RA has 

been sought from groups and organizations within and outside of the Federal 

government. An announcement of this assessment appeared in the Federal Regi^^r 

notice of October 26, 1984 (56). On June 20, 1985, in testimony before the 

Subcommittee on Aging of the Committee on Labor and Human Resources, United States 

Senate, representatives of NIH, through the National Institute of Arthritis, Diabetes, and 

Digestive and Kidney Diseases (NIADDK), stated that it  was a research imperative to 

develop better methods for measuring bone density (57). In addition to diagnosis, these 

methods should enable early identification of bones most vulnerable to fracture and 

provide a measure by which to evaluate the effectiveness of new therapies. According to 

NIADDK, while several noninvasive methods for measuring bone density have been 

developed, at present no existing techniques can adequately discriminate, early in the 

disease process, between normal and osteoporotic individuals (57). The NIADDK 

recom mended long-term clinical trials of various specific patient populations, in numbers 

large enough to provide valid and reliable estimates of risk, and to determine the optimal 

regimens to prevent bone loss and fracture.

At that same hearing on osteoporosis, the National Institute on Aging (NIA) stated 

that there is a need for better ways of identifying persons at high risk for fracture, since 

those individuals could be expected to benefit most from treatment (12). Because it  is 

still unclear which persons would benefit from which treatment, and at what dosages and 

schedules, additional research and clinical trials are needed to develop the current state 

of knowledge regarding prevention and treatment of osteoporosis for specific individuals 

or groups. The American College of Obstetricians and Gynecologists, in their statement 

before the Subcom mittee on Aging, indicated that presently there are no tests to identify
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which women are at risk for developing osteoporosis (11). The College recommended, 

however, that the physician determine bone loss by absorptiometry in their diagnosis of 

osteoporosis.

The NIH Consensus Development Conference on Osteoporosis was held on April 2-4, 

1984 (10), approximately 14 months prior to the Senate Hearing on Osteoporosis. At that 

conference, data were presented that showed that none of the noninvasive techniques for 

measuring bone mass were able to significantly discriminate between normal and 

osteoporotic individuals. None of the techniques for currently quantitating bone mass 

can definitely predict the individual at significant risk for fracture. The Consensus Panel 

concluded that osteoporosis was a major public health problem requiring additional 

research on the biology of human bone, defining individuals at risk, and developing safe, 

effective, low-cost strategies for fracture prevention (10). The panel recommended 

studies to develop accurate, safe, inexpensive methods for determining the level of risk 

for osteoporosis in an individual, to establish early diagnosis, and to assess the clinical 

causes of the disease (10).

In February of 1987, as a followup to the Consensus Development Conference, NIH 

sponsored a scientific workshop on research directions in osteoporosis (58). Quantitative 

computed tomography, SPA, and DPA were discussed and listed as methods that offered 

a dramatic improvement over previously available methods of determining BMD. The 

group reported that measurements of bone mass or change in bone mass in peripheral 

rites do not accurately reflect bone mass or change at axial rites (spine or hip), which are 

areas of greater interest. Consequently, measurements at any one rite do not allow 

prediction of mass or change in mass at another rite in an individual (58).

According to the Food and Drug Administration (FDA), the laboratory presently 

using the RA technique to read radiographs is providing a service, and, as such, is not 

actively regulated by the FDA.
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In June 1984, through its Clinical Efficacy Assessment Project, The American 

College of Physicians published a policy statement on radiologic methods to evaluate 

BMC (6). The College concluded that all methods of BMC measurements result in 

significant overlap between diseased and normal populations. They stated that the 

ultimate benefit of early diagnosis of metabolic bone disease will depend on the dear 

establishment of safe and effective treatment. The College believes that measurements 

of B M C have greater utility in following the course of disease process or assessing the 

effect of therapy than in establishing a diagnosis. According to the College, none of the 

available techniques, induding R A, accuratdy predict the tendency to fracture (6).

The Orthopedic Research Sodety strongly supports continued research in the 

development of noninvasive techniques for understanding metabolic bone disease. The 

Sodety suggested that research examine the precision, accuracy, sensitivitiy, cost, 

availability, and relevance to underlying metabolic disease of each of the techniques 

currently under study. The sodety also suggested holding a workshop directed at the 

understanding of the surveillance of bone disease.

It is the opinion of the Sodety of Nudear Medicine that bone mineral density 

studies should become part of the workup of patients with osteoporosis and that DP A is 

the technique of choice at this time. According to the Sodety, other methods performed 

on appendicular bone are of little value in patients with osteoporosis. However, they 

may have some application in patients with renal bone disease.

A response from the American College of Nudear Physidans stated that 

osteoporosis can be detected at its earliest stages by DPA measurements of the vertebral 

spine. According to the College, in order postpone or prevent the problems of insidious 

progressive osteoporosis, early detection and screening by bone mineral analysis of the
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lumbar spine by DP A is critical. The College finds DP A of the spine far superior to 

appendicular measurements in detecting most cases of early osteoporosis. They suggest, 

however, that in older patients with significant degenerative spine disease, appendicular 

measurements may be helpful in management on an individual basis.

SUMMARY

Radiographic absortiometry is a noninvasive radiologic technique involving a 

computer-assisted densitometric measurement of the x-ray image of bone. Mineral 

density analyses are based on phalangeal scans of pairs of lightly exposed radiographs 

with an aluminum alloy reference wedge included in the image field. After a computer- 

controlled optical densitometer scans the x-ray image with a light beam, the system is 

designed to compare the findings with normal values of phalangeal bone size and BMD 

determined from age- and sex-matched controls. In RA, bone mineral mass is 

determined and expressed as BMD (mineral concentration) by accounting for bone size 

(bone image area). Using currently available equipment, the technique can achieve a 

precision of 2-4 percent with a radiation dose of 10-100 mrad.

The measurement of bone mass is an important tool in the study of metabolic bone 

diseases, such as osteoporosis and renal osteodystrophy. While RA is capable of 

measuring BMD and has advanced our knowledge of bone disease in general, its impact on 

the management of the individual patient is equivocal. Although the technology to 

measure bone mass noninvasively with RA is currently available, the ability of such 

measurements at the phalanges to predict individuals at risk for subsequently developing 

fractures of the spine and hip (screening) has not yet been shown.

Studies with RA that attempted to find a specific level of bone density that 

distinguished patients with vertebral osteoporosis have been largely unsuccessful. Other 

studies with RA measurements have reported statistically significant correlations
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between bone density of the phalanges and that of total body calcium. However, a large 

scatter in the data precludes a reliable prediction of bone mineral from one site based on 

measurements at another site in an individual.

Other clinical applications proposed for the RA technique are to monitor rates of 

bone loss and to determine the effectiveness of treatment. A high degree of precision in 

the bone mass measurement is necessary for repeated measurements of small degrees of 

change, and such precision is difficult to attain. Presently, the suitability of the 

phalangeal site for monitoring changes in bone loss is questionable.

Investigators have not established the need or appropriateness of RA measurements 

in the management of renal osteodystrophy for ESRD patients. Radiographic 

absorptiometry needs to undergo further clinical investigation before it can be 

recom mended for general clinical use.

With regard to its regulatory status, the Food and Drug Administration stated that 

the laboratory presently using the RA technique to read radiographs is providing a 

service, and as such is not actively regulated by the FDA.

Prepared by: Martin Erlichman, M.S.
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ENVIRONMENTAL PROTECTION 
AGENCY

40 CFR Part 167
[O P P -70000A ; F R L -3 3 6 3 -9 ]

Registration of Pesticide and Active 
Ingredient-Producting Establishments, 
Submission of Pesticide Reports
A G EN CY: Environmental Protection 
Agency (EPA).
A C TIO N : Final rule.

SU M M A R Y : This rule requires that 
producers of pesticide active ingredients 
register their establishments and submit 
reports to EPA. The Agency is taking 
this action in response to a 
Congressional amendment to section 7 
of the Federal Insecticide, Fungicide, 
and Rodenticide Act (FIFRA], which 
already imposes registration and 
reporting requirements upon producers 
of pesticide products. The Agency is 
providing a period of 6 months for 
compliance by producers of active 
ingredients after the effective date of 
this rule.
e f f e c t i v e  d a t e : This rule will become 
effective upon publication in the Federal 
Register of a notice after 60 days of 
concurrent session of Congress.
FOR FURTHER IN FO R M A TIO N  C O N TA CT: 
Phyllis Flaherty, Office of Compliance 
Monitoring (EN-342), Environmental 
Protection Agency, Room E710, 401 M 
Street SW., Washington, DC 20460 (202- 
382-7825).
S U PPLEM EN TA R Y IN FO R M A TIO N : Public 
reporting burden for this collection of 
information is estimated to average 1.08 
hours per response, including time for 
reviewing instructions, searching 
existing data sources, gathering and 
maintaining the data needed, and 
completing and reviewing the collection 
of information. Send comments 
regarding the burden estimate or any 
other aspect of this collection of 
information, including suggestions for 
reducing this burden, to Chief, 
Information Policy Branch, PM-223, U.S. 
Environmental Protection Agency, 401 M 
Street SW., Washington, DC 20460; and 
to the Office of Information and 
Regulatory Affairs, Office of 
Management and Budget, Washington, 
DC 20503.

I. Background
FIFRA section 7 requires producers of 

pesticides and devices to register their 
producing establishments and file 
annual reports of pesticide production.
In 1978. FIFRA section 7 was amended 
to add a requirement that producers of 
the active ingredients, incorporated into

pesticides, also register their 
establishments and file annual 
production reports. This final rule 
expands the establishment registration 
and reporting requirement found in the 
current regulation to include active 
ingredient producers. Requirements for 
establishment registration and 
production reports are codified in 40 
CFR Part 167.

II. Proposed Regulation
EPA issued a proposed rule which 

was published in the Federal Register of 
March 25,1987 (52 FR 9504), to 
implement the 1978 amendment to 
section 7 of FIFRA. The final rule 
responds to comments on that proposal.

The treatment of multiple-use active 
ingredient chemicals (i.e., chemicals 
which have both pesticidal and non- 
pesticidal uses) was the primary issue 
facing EPA in implementing the 
congressional change of requiring 
registration of establishments producing 
active ingredients.

In some instances, the primary uses of 
such multiple-use chemicals are non- 
pesticidal (such as with xylene, arsenic, 
and copper sulfate). This situation raises 
a number of problems in implementing 
the congressional change. First, a 
producer might not be aware that his 
multiple-use chemical is being used as a 
pesticide. If he does know, he may not 
know exactly what volume of his 
chemical production is used as a 
pesticide active ingredient, as opposed 
to a non-pesticidal use.

In 1980, the Agency intended to 
address these problems by proposing 
the following requirements:

1. Each active ingredient producer 
must register his establishment and 
report the entire production of any 
chemical which has pesticidal use.

2. Each pesticide producer must notify 
the suppliers of any active ingredient 
used in his product if the ingredient is 
not already registered as a pesticide by 
the supplier.

3. Both pesticide producers and active 
ingredient producers must keep records 
of the notices described in item 2 above.

However, because of extensive 
comments from producers of large 
quantities of multiple-use chemicals, the 
Agency published a reproposal. This 
reproposal clarified the establishment 
registration requirement by requiring a 
producer to report only that production 
of an active ingredient for which the 
producer had actual or constructive 
knowledge that these active ingredients 
were used in the production of pesticide 
products. The reproposal also deleted 
the establishment registration 
requirement for custom blenders as well 
as several minor changes clarifying the

requirements for pesticide-producing 
establishments.

III. Discussion

In response to comments received 
during the comment period for EPA’s 
proposal of March 25,1987 (52 FR 9504), 
EPA is promulgating the rule with only 
minor modifications.

1. Minor Changes to the Rule

(a) The phrase "market produced for 
(domestic, foreign, etc.)” had been 
inadvertently deleted from the definition 
of "type of pesticide” at § 167.3(j). This 
error was corrected.

(b) One comment suggested that 
companies which own establishments in 
EPA Regions that are different from the 
EPA Region containing the company 
headquarters only have the company 
headquarters submit establishment 
registration applications to its respective 
EPA Regional office. This comment was 
incorporated.

(c) Another comment requested that 
companies which change ownership or 
address be allowed to report such 
change on letterhead stationery as well 
as the form required by § 167.20(e). This 
comment was incorporated.

(d) A suggestion was made to include 
a statement clarifying the fact that while 
the Agency will have reporting forms 
available and the Agency does supply 
them to companies each year as a 
courtesy, the ultimate responsibility to 
obtain, complete, and submit the forms 
provided by the Agency is the 
company’s. This comment was 
incorporated.

(e) Finally, it was suggested that the 
date of submission of the Annual Report 
required by § 167.85(c) be changed from 
February 28, as was suggested in 
comments responding to the first 
proposal, to March 1. The date was 
changed.

2. Who Must Register

Any producer who has actual or 
constructive knowledge that a substance 
he produces is used or intended for use 
as an active ingredient in the 
manufacture of a pesticide, will be 
required to register his establishment(s). 
Also, all establishments which produce 
any pesticide, device, or active 
ingredient subject to this provision must 
be registered. This includes 
biotechnology pesticide products.

3. What Quantities o f Active Ingredient 
Must Be Reported

A producer is subject to FIFRA 
requirements if he intends that the 
substance produced be used as a 
pesticide or in the formulation of a
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pesticide product. However, at the level 
of active ingredient production, a 
producer may not intend his substance 
to be used in a pesticide, but he may 
produce it with knowledge that it has 
pesticidal uses. The Agency, therefore, 
considers substances affected by this 
rule to be those produced, sold or 
distributed with the knowledge, actual 
or constructive, that they are used or 
intended for use as an active ingredient 
in the production of a pesticide.

The rule requires active ingredient 
producers to report only the amount of 
substance as to which the producer has 
actual or constructive knowledge of its 
use or intended use as an active 
ingredient in the manufacture of a 
pesticide.

The Agency will use an objective 
standard in determining whether a 
producer knows his substance is being 
used as an active ingredient for 
pesticides, and which amount of the 
substance is being used for those 
purposes. A producer will be considered 
to know that his substance is used for 
pesticidal purposes if a reasonable 
person in the position of an active 
ingredient producer would be 
considered to know of that use. 
Benchmarks of knowledge will include 
promotional claims and advertising, 
common knowledge of the general 
business of the formulator, and the 
length of the chain of production and 
distribution, that is, the commercial 
distance from the substance producer to 
the ultimate pesticide producer.

4. How to Report
The reports required by § 167.85(c) 

must be made by submitting to the 
Agency a form entitled "Pesticides 
Report,” EPA Form 3540-16. The term 
“pesticide,” as used in the form and in 
the instructions to the form, shall be 
read also to include pesticide products, 
devices, and active ingredients.

5. How to Register
Any person who wishes to register an 

establishment must complete and 
submit to the Agency a form entitled 
“Application for Registration of 
Pesticide-Producing Establishments,” 
EPA Form 3540-8. Any establishment 
which has not previously been required 
to register and is not currently registered 
as a producing establishment must 
apply for establishment registration by 
submitting an application within 180 
days after the effective date of this 
regulation.

6. Other Changes to the Rule
The language of Part 167 was 

rewritten in the proposed amendment to 
clarify the regulations. Proposed

changes in the language of the rule were 
made to reflect more accurately the 
existing practices of the Agency. 
However, except for those changes 
explained above which were made to 
include the active ingredient producers 
in the regulatory scheme* these changes 
do not reflect an substantive change in 
the requirements to register 
estabishments and/or report production 
with the exception of deleting the 
registration and reporting requirement 
for custom blenders.

This rule no longer requires custom 
blenders to register their establishments 
and report production. Custom blenders 
provide the service of mixing pesticides 
to a customer’s specifications. The 
custom blend can be a pesticide(s)/ 
fertilizer(s) mixture, a mixture of end- 
use formulations derived from registered 
pesticides, or a mixture of animal feed 
and feed-through pesticide(s). Under the 
Agency’s May 10,1982 FIFRA 
Compliance Program Policy No. 3.4 
entitled “Custom Blenders,” the Agency 
determined that the registration of 
custom blend pesticides would not be 
necessary to fulfill the intent of FIFRA. 
Moreover, the May 10,1982 FIFRA 
Compliance Policy No. 7.1, entitled 
"Custom Blenders,” states that custom 
blenders are not required to report 
establishment production. Registration 
of custom blending establishments was 
required to allow the Agency to 
schedule inspections and trace 
pesticides which are contaminated or 
adulterated. The Agency no longer uses 
the registration of custom blending 
establishments as the targetting method 
for conducting inspections for 
contamination or adulteration of a 
pesticide. As a result of deleting the 
registration requirement for custom 
blenders the paperwork burden for such 
establishments will be reduced. 
Furthermore, since registrants keep or 
are required to keep records regarding 
sales, the Agency believes it can 
effectively locate such products without 
custom blending establishments: being 
registered.

'The Agency believes that the 
authority under section 8 of FIFRA will 
allow the Agency to detect and track the 
sale and distribution of products that 
are contaminated or adulterated.
Custom blenders remains subject to the 
provisions of FIFRA section 8 as well as 
all the requirements relating to the 
proper use of pesticides including 
transport, storage and disposal. The 
Agency believes the public will be 
adequately protected without the 
registration and reporting requirements 
by custom blenders. Therefore, the 
Agency exempts producers of custom- 
blended pesticides from the requirement

of establishment registration and 
reporting of production under the 
authority of FIFRA section 25(b).

This exemption also applies to custom 
blenders of animal feed-through 
pesticides, especially those who blend 
feed-through larvicide products. 
Establishments which custom blend 
feed-through pesticides, and no other 
pesticides, are not currently registered 
as pesticide-producing establishments. 
This is due to an interim decision made 
by the Agency, that the final 
determination as to whether or not these 
establishments would be required to 
register would be made when the 
Agency issued amended section 7 
regulations. The interim decision was 
based on the issue of dual jurisdiction 
between the Agency under FIFRA 
section 7 and the Food and Drug 
Administration under the Current Good 
Manufacturing Practice regulation (21 
CFR Part 225).

Elimination of the establishment 
registration and reporting requirements 
for custom blenders of animal feed­
through pesticides affects approximately
10,000 establishments, most of which are 
not currently registered with the 
Agency.

The change in date effecting the 
submittal of annual reports will provide 
adequate time for the forms to be sent to 
and received by the Agency. Section 
167.85(d) reflects this revision.

This rule also permits producers to 
report changes in ownership or address 
of an establishment on the same form as 
the registration of establishments form 
(EPA Form 3540-8) or on company 
letterhead stationary. This: is consistent 
with current Agency practice.

The elimination of establishment 
registrations for custom blenders caused 
some concern for States as expressed by 
some State Pesticide Lead Agency 
Officials and some Regions. The States 
expressed concern that the removal of 
this information from the data base 
supplied by the Regions could impair 
their inspection targetting. The Regions 
were concerned that some "custom  
blenders” are actually producing 
pesticides and as such should be 
reporting production under section 7.
The Agency understands this concern 
and has agreed to:

(1) Maintain a listing of all the 
currently registered custom blending 
establishments as of the effective date 
of the regulations.

(2) Draft a letter to be included with 
the 1988 annual solicitation for pesticide 
production reports stating that custom 
blenders must evaluate their production 
status, and if they produce pesticides as 
outlined in section 2(w) of FIFRA, they
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must notify the Regional Office. 
Otherwise they are removed from the 
Agency’s producing establishment list. 
However, establishments producing 
registered pesticides and providing 
custom blending services are still 
required to maintain their establishment 
registration and report production of 
registered pesticide products.

The last change to Part 167 was to 
eliminate the labeling requirement at 
§ 167.4 which discussed establishment 
number, placement and designation of 
the EPA establishment number. These 
labeling requirements are now found at 
§ 162.10(f).

IV. Related Regulation
This rule should be read in 

conjunction with 40 CFR Part 169—  
Books and Records of Pesticide 
Production and Distribution, the latest 
amendment to which was published in 
the Federal Register of August 15,1980  
(45 FR 54338).

V. Conversion Table
For the convenience of the user, the 

following table shows the relationship 
between the old and new CFR section 
numbers.

O ld  S e c tion N e w
S e ctio n

1 6 7 .1 .................................................................................. 1 6 7 .3
1 6 7 .2 .................................................................................. 1 6 7 .2 0
1 6 7 .3 .................................................................................. 1 6 7 .2 0
1 6 7 .5 .................................................................................. 1 6 7 .8 5

1 6 7 .9 0

Section 167.4 has been deleted since it 
is covered by § 162.10(f) of the Labeling 
requirements.
VI. Statutory Requirements

The Secretary of Agriculture has 
reviewed this rule as required by FIFRA 
section 25(a)(2)(A) and the Scientific 
Advisory Panel has waived review of 
this rule as required by FIFRA section 
25(d).

VII. Other Regulatory Requirements

A. Executive Order 12291
Under Executive Order 12291, the 

Agency must judge whether a rule is 
“Major” and therefore subject to the 
requirement of a Regulatory Impact 
Analysis. The Agency has determined 
that this rule is not major. Although it 
amends an existing rule by adding as 
wrell as deleting some respondents to 
registration and reporting requirements, 
it will not;

1. Have an annual effect on the 
economy of $100 million or more.

2. Increase costs to consumers, 
industry, or Government.

3. Have a significant adverse effect on 
competition, employment, investment, 
productivity, or innovation.

This rule was submitted to the Office 
of Management and Budget for review 
as required by Executive Order 12291.

B. Regulatory Flexibility Act
Under section 605(b) of the Regulatory 

Flexibility Act, 5 U.S.C. 605(b), the 
Administrator may certify that a final 
rule will not, if promulgated, have a 
significant impact on a substantial 
number of small entities and, therefore, 
does not require a regulatory flexibility 
analysis.

This rule will require those 
establishments involved in producing 
multiple-use chemicals, where the 
manufacturers intend or have 
constructive knowledge that such 
chemicals are used as active ingredients 
in the production of pesticides, to 
register their establishments and report 
production on an annual basis under 
section 7 of FIFRA. The Agency believes 
that most establishments which produce 
multiple-use substances are larger 
businesses, which may already be 
registered. Additionally, it removes the 
requirement to register custom blender 
establishments.

Therefore, I certify that this rule will 
not have a significant economic impact 
on a substantial number of small 
entities.

C. Paperwork Reduction Act
The Office of Management and Budget 

(OMB) has approved the information 
collection requirements contained in this 
rule under the provisions of the 
Paperwork Reduction Act of 1980, 44 
U.S.C. 3501 et seq. and has assigned 
OMB control numbers 2070-0045 and 
2070-0078.

Public reporting burden for this 
collection of information is estimated to 
average 1.08 hours per response, 
including time for reviewing 
instructions, searching existing data 
sources, gathering and maintaining the 
data needed, and completing and 
reviewing the collection of information.

Send comments regarding the burden 
estimate or any other aspect of this 
collection of information, including 
suggestions for reducing this burden, to 
Chief, Information Policy Branch, PM- 
223, U.S. Environmental Protection 
Agency, 401 M St. SW., Washington, DC 
20460; and to the Office of Information 
and Regulatory Affairs, Office of 
Management and Budget, Washington, 
DC 20503.

List of Subjects in 40 CFR Part 167

Pesticides, Reporting and
recordkeeping requirements, 
Establishment registration.

Dated: August 26 ,1988 .
John A. Moore,
Acting Administrator.

Therefore, 40 CFR Chapter I is 
amended by revising Part 167 to read as 
follows:

PART 167—REGISTRATION OF 
PESTICIDE AND ACTIVE INGREDIENT 
PRODUCING ESTABLISHMENTS, 
SUBMISSION OF PESTICIDE REPORTS

S u b p a rt A — G enera l P ro v is io n s

Sec.
167.3 Definitions.

S u b p a rt B — R e g is tra tio n  R e qu irem en ts

167.20 Establishm ents requiring registration.

S u b p a rts  C an d  D— [R e s e rv e d ]

S u b p a rt E— R e co rd ke e p in g  and R e p o rtin g  
R e q u ire m e n ts

167.85 Reporting requirem ents.
167.90 W here to obtain and submit forms. 

Authority: 7 U.S.C. 136 (e) and (w).

Subpart A—General Provisions

§ 167.3 D e fin itio n s .

Terms used in this part shall have the 
meanings set forth for such terms in the 
Federal Insecticide, Fungicide, and 
Rodenticide Act. In addition, when used 
in this part, the following terms shall 
have the meanings stated below:

“A ct” means the Federal Insecticide, 
Fungicide, and Rodenticide Act, as 
amended, 7 U.S.C. 136 et seq.

“Amount of pesticidal product" means 
quantity, expressed in weight or volume 
of the product, and is to be reported in 
pounds for solid or semi-solid pesticides 
and active ingredients or gallons for 
liquid pesticides and active ingredients, 
or number of individual retail units for 
devices.

“Current production” [sales or 
distribution! means amount of planned 
production in the calendar year in which 
the pesticides report is submitted, 
including new pesticidal products not 
previously sold or distributed.

“Custom blender” means any 
establishment wdiich provides the 
service of mixing pesticides to a 
customer’s specifications, usually a 
pesticide(s)-fertilizer(s), pesticide- 
pesticide, or a pesticide-animal feed 
mixture, when: (1) The blend is prepared 
to the order of the customer and is not 
held in inventory by the blender; (2) the 
blend is to be used on the customer’s 
property (including leased or rented
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property); (3) the pesticide(s) used in the 
blend bears end-use labeling directions 
which do not prohibit use of the product 
in such a blend; (4) the blend is prepared 
from registered pesticides; (b) the blend 
is delivered to the end-user along with a 
copy of the end-use labeling of each 
pesticide used in the blend and a 
statement specifying the composition of 
mixture; and (6) no other pesticide 
production activity is performed at the 
establishment.

“Device” means any device or class of 
devices as defined by the Act and 
determined by the Administrator 
pursuant to section 25(c) to be subject to 
the provisions of section 7 of the Act.

“Establishment” means any site 
where a pesticidal product, active 
ingredient, or device is produced, 
regardless of whether such site is 
independently owned or operated, and 
regardless of whether such site is 
domestic and producing a pesticidal 
product for export only, or whether the 
site is foreign and producing any 
pesticidal product for import into the 
United States.

“Past year” means the calendar year 
immediately prior to that in which the 
report is submitted.

“Pesticidal product” means a 
pesticide, active ingredient, or device.

“Pesticidal product report” means 
information showing the types and 
amounts of pesticidal products which 
were: (1) Produced in the past calendar 
year; (2) produced in the current 
calendar year; and, (3) sold or 
distributed in the past calendar year.
For active ingredients, the pesticidal 
product report must include information 
on the types and amounts of an active 
ingredient for which there is actual or 
constructive knowledge of its use or 
intended use as a pesticide. This 
pesticidal product report also pertains to 
those products produced for export only 
which must also be reported. A positive 
or a negative annual report is required 
in order to maintain registration for the 
establishment.

“Produce” means to manufacture, 
prepare, propagate, compound, or 
process any pesticide, including any 
pesticide produced pursuant to section 5 
of the Act, any active ingredient or 
device, or to package, repackage, label, 
relabel, or otherwise change the 
container of any pesticide or device.

“Producer" means any person, as 
defined by the Act, who produces any 
pesticide, active ingredient, or device 
(including packaging, repackaging, 
labeling and relabeling).

“Sold or distributed” means the 
aggregate amount of a pesticidal product 
released for shipment by the

establishment in which the pesticidal 
product was produced.

“Type of pesticidal product” refers to 
each individual product as identified by: 
the product name; EPA Registration 
Number (or EPA File Symbol, if any, for 
planned products, or Experimental 
Permit Number, if the pesticide is 
produced under an Experimental Use 
Permit); active ingredients; production 
type (technical, formulation, 
repackaging, etc.); and, market for which 
the product was produced (domestic, 
foreign, etc.). In cases where a pesticide 
is not registered, registration is not 
applied for, or the pesticide is not 
produced under an Experimental Use 
Permit, the term shall also include the 
chemical formulation.

Subpart B—Registration Requirements
§ 167.20 Establishments requiring 
registration.

(a) Who must register. (1) Any 
establishment where a pesticidal 

.product is produced must be registered 
with the Agency. This requirement does 
not apply to custom blenders as defined 
in this part.

(2) Any establishment where a 
substance is produced must be 
registered with the Agency if the 
producer intends the substance to be 
used as an active ingredient of a 
pesticide, or has actual or constructive 
knowledge that the substance will be 
used by any person as an active 
ingredient of a pesticide.

(3) Any domestic establishment 
producing a pesticidal product for 
export, or any unregistered pesticide, or 
any foreign establishment producing a 
pesticidal product for import into the 
United States must be registered. Also, 
any establishment, either foreign or 
domestic, which produces a pesticidal 
product for use under an Experimental 
Use Permit, FIFRA section 18 Emergency 
Exemption or section 24(c) Special Local 
Needs registration, must be registered.

(b) Information required. An applicant 
for establishment registration must 
submit the following information:

(1) Name and address of the company.
(2) The type of ownership (individual, 

partnership, cooperative association, 
corporation, or any organized group of 
persons whether incorporated or not).

(3) The name and address of each 
producing establishment for which 
registration is sought.

(c) When to apply. An application for 
establishment registration must be 
submitted, and an establishment 
registration number must be assigned by 
the Agency, before any production may 
occur at an establishment. In the case of 
an establishment which has not

previously been required to be 
registered and is not currently 
registered, the producer must apply for 
establishment registration by submitting 
an application within 180 days after the 
effective date of this regulation.

(d) Assignment o f establishment 
registration number. The Agency will 
return incomplete or inaccurately 
completed applications to the applicant. 
If the application is complete and 
accurate, the Agency will register the 
establishment and assign a registration 
number to the establishment. The 
establishment registration number will 
be entered on the application, and a 
copy of the application will be returned 
to the applicant.

(e) Amendment. If at any time after 
the first report there is a change in the 
information required to be submitted 
under paragraph (b) of this section, that 
new information must be reported to 
EPA, in writing on letterhead stationery 
or on forms supplied by the Agency, 
within 30 days after such change occurs.

(f) Duration o f registration. 
Establishment registration will remain 
effective provided pesticide reports are 
submitted annually pursuant to the 
requirements of this part. Failure to 
submit a report may result in 
termination of establishment 
registration, civil and/or criminal 
penalty assessments.
(Approved by the Office of Management and 
Budget under control number 2070-0045)

Subparts C and D—[Reserved]

Subpart E—Recordkeeping and 
Reporting Requirements

§ 167.85 Reporting requirements.
(a) Who must report. Each producer 

operating an establishment must submit 
the reports required by this section 
concerning any pesticide, active 
ingredient, or device produced at each 
establishment. Custom blenders are not 
required to report production to the 
Agency.

(b) Information required. The 
pesticide report shall include the 
following: (1) Name and address of the 
establishment; (2) amount of each  
pesticidal product: (i) Produced during 
the past year; (ii) sold or distributed 
during the past year, (iii) estimated to be 
produced during the current year. The 
report shall only include those pesticidal 
products actually produced at the 
reporting establishment. Reports 
submitted by foreign-producing 
establishments shall cover only those 
pesticidal products exported to the 
United States.



35060  Federal Register /  Vol. 53, No. 174 /  T hursday, Septem ber 8, 1988 /  Rules and Regulations

(c) How to report. The reports 
required by this section must be made 
on forms supplied by the Agency. It is 
the ultimate responsibility of companies 
to obtain, complete, and submit the form 
each year.

(d) When to report. A producer 
operating an establishment must submit 
an initial report no later than 30 days 
after the first registration of each 
establishment the producer operates. 
Thereafter, the producer must submit an 
annual report on or before March 1 of 
each year, even if the producer has 
produced no pesticidal product for that 
reporting year.
(Approved by the Office of M anagem ent and  
Budget under control number 2070-0078)

§ 167.90 W here  to  o b ta in  an d  s u b m it 
fo rm s .

(a) W here to obtain forms. Any 
person may obtain blank forms for the 
applications and reports required by this 
part from any EPA Regional Office, or 
from the address listed in paragraph (b) 
of this section.

(b) W here to submit applications and  
reports. Each producer operating an 
establishment, with the exception of 
those establishments not found at the 
same location as their company 
headquarters, must submit applications 
and reports required by this Part to the 
EPA Regional Office which serves the 
area where the establishment is located. 
The list of Regional Office addresses is

found in 40 CFR 1.7. Applications and 
reports for those establishments not 
found at the same location as their 
company headquarters to be submitted 
by the company headquarters to the 
Regional Office having jurisdiction over 
the State in which the company 
headquarters is located. A foreign 
producer who exports any pesticide 
product, device, or active ingredient to 
the United States must submit all 
applications and reports to:
U.S. Environm ental Protection Agency, Office 

of Com pliance M onitoring (EN -342), 401 M 
Street SW ., W ashington, DC 20460.

[FR Doc. 88-20320  Filed 9 -7 -8 8 ; 8:45 am]
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