
October 9,2006 

Mark McClellan 
Center for Medicare and Medicaid Services 
Mail Stop 5-1 1-24 
7500 Security Blvd. 
Baltimore MD 21 244- 1850 

Re: CMS- 132 1 -P - Medicare Program; Revisions to Payment Policies Under the 
Physician Fee Schedule for Calendar Year 2007 and other Changes to Payment Under 
Part B 

Dear Administrator McClellan: 

We are survivors of gynecological cancers, their family members, and friends. We are 
writing to you because we have learned that the Medicare program may change the way it 
pays for tests that help oncologists choose themost effective chemotherapy for a patient. 
This type of testing is known as "chemoresponse testing" and is growing in use, 
particularly as the choice of chemotherapy becomes more complex. 

Today, chemoresponse tests are widely used to guide the treatment of ovarian, epithelial 
and fallopian tube cancers. When a chemoresponse test has been incorporated into the 
treatment plan, women experience progression-free intervals two to three times longer 
than women whose treatment did not benefit from these tests. 

Medicare has paid for these tests for years as a Part B service. Now, however, Medicare 
has apparently re-thought this practice and decided that these tests should be billed to the 
hospital as an inpatient service and included in the hospital's DRG payment. Hospitals, 
however, are understandably unwilling to pay for tests, which are done in an independent 
laboratory, after a patient has been discharged, for purposes of guiding treatment that will 
not be delivered in the hospital. 

Perhaps this is being done to save money for Medicare, but the price to women will be 
high. Because hospitals will not pay, and Medicare rules forbid women to pay privately, 
this valuable service will become unavailable. We think that is wrong. Please continue 
the policy of paying for chemoresponse testing as a Part B service. 

Sincerely, 



GEORGIA ASSOCIATION 
of 

PATHOLOGISTS 

Comments of the 
Georgia Association of Pathologists 

on the Revisions to Payment Policies Under the 
Physician Fee Schedule for Calendar Year 2007 

[CMS-I 321-PI 

The Georgia Association of Pathologists (GAP) is pleased to have the 
opportunity to comment on the proposed revisions to payment policies under the 
physician fee schedule for calendar year 2007 (the "Proposed Rule"). 71 Fed. R e q  
48982 (Aug. 22, 2006). The GAP is a professional society of pathologists practicing in 
the state of Georgia. GAP members perform a variety of services that are reimbursed 
under the physician fee schedule. Thus, GAP members will be significantly affected by 
the changes in the Proposed Rule. The GAP'S comments on the Proposed Rule focus 
on the revisions to the reassignment and physician self-referral rules, and changes to 
the rules governing how anatomic pathology services are billed. 

PROVISIONS 

REASSIGNMENT AND PHYSICIAN SELF-REFERRAL 

The GAP is very pleased that CMS is taking action designed to curb the growth 
of so-called "pod" or condo laboratories. Id. at 49054. These arrangements give 
referring physicians the opportunity to earn revenues based on their own referrals for 
services performed by other physicians. The Medicare program has always expressed 
concern about such arrangements and has numerous provisions in place to curb such 
abuses. CMS is taking an important step in its revision to the reassignment rules and 
the Stark self-referral laws as a way of curbing these abusive arrangements. However, 
the GAP believes that in order to be effective in addressing the pod issue, CMS must 
implement not or~ly the independent contractor reassignment revisions that pertain to 
the technical and professional components of anatomic pathology, but also measures 
that would limit the use of part-time employee pathologists in such arrangements. 

As CMS recognizes, there are two different, but related, means of curbing these 
practices: first, clarify the provisions of the prohibition on reassignment, which is 
designed specifically to prevent Medicare from paying physicians for work performed by 
others, except in limited situations and second, modify the Stark self-referral law, which 
is designed to prevent physicians from profiting by referring business to entities with 
which they have a financial relationship. As CMS notes, many pod arrangements are 
established either in contravention of these requirements or by taking advantage of 
ambiguities that exist. Generally, the GAP is supportive of the changes that CMS is 
making, but we are aware of additional helpful proposals to clarify or more closely 
define the requirements set out by CMS, as well as to address the issue of part-time 
employees. 
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Changes to the Reassignment Rule 

In the area of the changes to the prohibition on reassignment, CMS makes the 
following proposals: 

Clarify that physicians acting pursuant to the contractual arrangement exception 
must still meet the requirements applicable to the purchase of diagnostic testing, 
with regard to the professional component. 

GAP position: supports applying current purchased-service limitations in situations 
of reassignment where the ordering physician that sees the patient is purchasing 
the professional interpretation from a pathologist, even if the service is 
reassigned under the contractual arrangement exception. Ordering physicians 
that bill for purchased diagnostic tests should not be able to circumvent the 
requirements by calling the purchased service a service performed under a 
contractual arrangement. However, the GAP does not support making the 
requirements across the board for all reassigned services under the contractual 
arrangement exception because of the potential unintended consequences for 
longstanding and legitimate practice arrangements among pathologists and 
pathology groups. Pathology groups that choose to engage another pathologist 
as an independent contractor and reassign payment rely on the contractual 
arrangement exception without risk of program abuse. 

CMS requests comments on what additional limitations should be put on the 
purchase of the professional component. 

GAP position: no additional limitations are necessary on PC purchase, beyond 
the need to apply the purchased-service rules that already exist and clarifying that 
they apply in the contracted reassignment setting. But the GAP does not oppose an 
anti-markup provision for the PC, similar to the requirements for the purchase of the 
TC, to protect against other abuses by ordering physicians billing for diagnostic 
testing. 

CMS asks whether all diagnostic testing in the designated health services 
("DHS") category should be covered or whether it should apply specifically to 
pathology; and whether any of the provisions should apply to services performed 
on the premises of the billing entity, and if so, how to define the premises 
appropriately. 

GAP position: no comment 

Stark Self Referral Provisions 

As CMS recognizes, in order to limit these types of practices in all areas, it is also 
necessary to further clarify certain specific provisions or exceptions in the Stark self- 
referral law. The GAP agrees that this is imperative. We are especially concerned that 
in response to changes in the reassignment rules, discussed above, many pod 



arrangements will simply restructure and hire pathologists as part-time employees, 
which could circumvent the purpose of many of these changes. The GAP believes that 
the Stark law may provide the most direct way of curbing these new abuses. Therefore, 
before discussing the other changes proposed by CMS to the Stark provisions, we wish 
to make one additional proposal designed to limit part-time pathologists. 

Part-Time Emplovment of Pathologists 

The GAP is concerned that in response to the provisions in ,the Proposed Rule, 
existing and new arrangements may be restructured so that pathologists will be retained 
as part-time employees rather than independent contractors. For example, a 
pathologist could become a part-time employee of several different groups under 
arrangements 'that potentially satisfy both the reassignment rules and the physician 
service or in-office ancillary services exceptions to the Stark self-referral provisions. 
From the standpoint of the group practice and the retained pathologist, the arrangement 
need not differ significantly from an independent contractor relationship. Thus, the GAP 
considers it to be essential that CMS address both structures in its rulemaking. 

The GAP recognizes that some groups may decide to hire their own pathologist, 
but they should be required to make the same investment in salaries and capital that 
any other business would have to make in that endeavor and undertake the same type 
of business risk. They should not be able to avoid that requirement by re-characterizing 
an "independent contractor" pathologist as a "part-time employee" pathologist, without 
incurring the additional costs and risk attendant to hiring that person. Without some 
limitation on this practice, groups will simply restructure without any risk and continue to 
profit from their own referrals. The GAP believes that the part-time employee concern 
could be addressed through modifications in the "group practice" requirements under 
the Stark self-referral rules or, potentially, through changes in the employee 
reassignment provision. 

We are aware of, and support suggested alternative regulatory proposals that 
wot~ld address this issue through the "substantially all" requirements for group practices 
under Stark. In essence, they would require that, in addition to the group practice as a 
whole having to perform at least 75% of its patient care services through ,the group, 
each individual member would need to perform at least one-half of its patient care 
services through the group. Such a provision could be limited to pathology services. 
Alternatively, CMS could, in the same provision of Stark establish a maximum number 
of group practices to which any one pathologist could belong. The GAP would strongly 
support this approach. These are more fully described in the comments of the 
American Clinical Laboratory Association, so they need not be repeated in detail here. 
Basically, if a pathologist arrangement did not meet this requirement, then the group 
practice would not be able to bill for pathology services that it refers to the pathologist. 
We believe that such a provision would limit restructuring that might be anticipated in 
response to the proposed changes in the contractor reassignment rules. 



INDEPENDENT LAB BILLING 

In the Proposed Rule, CMS states, "We continue to believe, however, that 
hospital prospective payment amounts already compensate hospitals for the TC of 
physician pathology tests and that additional payment under the PFS is inappropriate." 
Id. Therefore, CMS is proposing to amend § 415.130 to provide that, for services 
furnished after December 31, 2006, an independent laboratory may not bill the carrier 
for physician pathology services furnished to a hospital inpatient or outpatient. 

The GAP believes that the proposed rule misstates the intention of the proposal 
to discontinue the Grandfather provision, where it states "For services furnished after 
December 31, 2006, an independent laboratory may not bill the carrier for physician 
pathology services furnished to a hospital inpatient or outpatient." We believe the intent 
was to state that "For services furnished after December 31, 2006, an independent 
laboratory may not bill the carrier for the technical component of physician pathology 
services furnished to a hospital inpatient or outpatient." We urge CMS to correct this 
language if this concept is to appear in the final rule. 

Given 'this major change to these historical billing r ~ ~ l e s ,  we strongly urge CMS to 
help hospitals understand their new obligations and move forward to address them to 
ensure that Medicare beneficiaries have full access to necessary clinical laboratory 
testing services. 

CONCLUSION 

Thank you for the opportunity to submit these comments. We look forward to 
working with CMS to finalize and implement the proposed changes to the physician fee 
schedule. Please do not hesitate to contact us should you have any questions about 
this information or need any further information. 

Respectfully submitted, 

Matthew R. Fries, MD 
President, Georgia Association of Pathologists 
October 9,2006 
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October 4.2006 

Honorable Mark B. McClellan, M.D., Ph.D. 
Administrator, Centers for Medicare and Medicaid Services 
Department of Health & Human Services 
Attention: CMS-1321-P 
Mail Stop C4-26-05 
7500 Security Boulevard 
Baltimore, MD 21 244-1 850 

Re: CMS-1321-P Medicare Program: Revisions to Payment Policies Under the Physician Fee Schedule for Calendar 
Year 2007 and Other Changes to Payment Under Part B 

Dear Dr. McClellan: 

On behalf of DePuy Mitek Inc., I am pleased to submit comments and rewmmendations in response to the Revisions to 
Payment Policies under the Physician Fee Schedule for Calendar Year 2007 and Other Changes to Payment under Part B 
issued by the Centers for Medicare & Medicaid Services (CMS) in the Federal Reqister on August 22, 2006. DePuy Mitek is a 
leading manufacturer of advanced orthopedic medical device technologies. 

The FDA approved ORTHOVISC" in February 2004. Since that time, it has been without a permanent J wde, which has 
caused significant access issues. Over the past 2-'/2 years, we have followed the process; completing three HCPCS 
applications and participating in two HCPCS panel reviews. To date, ORTHOVISC" remains with a temporary wde. In the 
attached comment letter, we will make the following rewmmendations: 

Request a new unique wde for ORTHOVISC" based on clinical differences, differences in ws t  of treatment and limited 
access to care by the Medicare population related to extreme administrative burdens caused by a Not Otherwise 
Classified (NOC) code. 

A new unique J wde is necessary and appropriate for ORTHOVISC" under the established HCPCS process. 
Assignment of a new J wde would recognize the unique characteristics of ORTHOVlSC", distinguish it from other 
viscosupplements, facilitate patient access and allow for appropriate payment for ORTHOVISC" and other hyaluronic acid 
(HA) products. 

The proposed 2007 Proposed OPPS Rule eliminates 0RTHOVISC"'s existing C wde, C 9220. Therefore, a permanent 
appropriate J wde is needed for the use of ORTHOVISC" in the hospital outpatient clinic setting. 

We rewmmend J wdes for sodium hyaluronate products be assigned based on dose ranges to accommodate existing 
and future products in this category: 

3 Nineteen or less mg. per intra-articular injection - current J wde 7320 

3 Twenty to twenty-nine mg. per intra-articular injection - current J wde 731 7 

3 Thirty and above mg. per intra-articular injection -new J wde JXXXX 

Overview 

ORTHOVISC" (high molecular weight hyaluronan) is a high molecular weight, ultra-pure natural hyaluronan dissolved in 
physiological saline. It is used in the treatment of pain due to osteoarthritis (OA) of the knee for patients who have failed to 
respond adequately to conservative non-pharmawlogic therapy and to simple analgesics (e.g. acetaminophen). The following 
represent the milestones and activity involved in attempting to obtain a unique J wde since ORTHOVISC" obtained FDA 
approval in February 2004. 

J wde application submitted in April 2004. 

Request for an OPPS pass through was submitted May 2004 and new C wde approved November 2004. 

J wde application was resubmitted December 2004 under the new HCPCS application process. 

DePuy Mitek presented clinical and ewnomic information at the HCPCS Panel meeting in May 2005. 

The 2006 Physician Fee Schedule issued in November 2005 HCPCS panel created wde 7318 to describe all 
sodium hyaluronate or derivatives products per mg including ORTHOVISC". 

In November 2005, CMS reversed decision of the 2006 Final Physician Fee Schedule and previous coding was U S A 
maintained placing ORTHOVISC" back in NOC and returned all HA products to previous pre-rule codes. 

DePuy Mitek resubmitted J wde application for ORTHOVISC" December 2005. 
'_ 

DePuy Mitek presented clinical, economic and market information at the HCPCS Panel meeting May 2006. P R O U D  PLIIINLI 
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In the past 24 months, there have been over 100,000 ORTHOVISC" injections. Providers, who have determined that 
ORTHOVISC" is the appropriate treatment for their patients, have experienced severe payment issues due to lack of a specific 
code including: 

Automatic claim denials based on NOC code; 

Lengthy appeals process with some providers experiencing 1-4 months; 

Resubmission of claims adding an additional 2-4 weeks; 

Manual processing of claim which are more time consuming and results in delay in payment and 

-46 % decrease in reimbursement from the ORTHOVISC~ established Average Selling Price (ASP) due to carriers 
assigning ORTHOVISC" to J7317 resulting in inappropriate reimbursement. 

Unique HCPCS Code for ORTHOVISC" 

The request for a new unique code is based on clinical differences; differences in cost of treatment and limited access to care 
by the Medicare population related to extreme administrative burdens caused by the current NOC code. 

Currently there are five FDA approved hyaluronans. Each agent has unique physical properties, dosing and administration 
schedules as outlined in Table I. 

Table I 

Brand Name 

ORTHOVISC"" 

1 25 mg 3,4,5* 
Hyaluronate 

SynviscB 

HyalganB 

sorlkrm EuRexxa" tlmrturonaoe 2.446 )o 

Adapted from package inserts 

Generic name 

High Molecular 
Weight 

'ORTHOVISC" is primarily used as a $injection treatment course. A majority of commercial Medical Policies defines ORTHOVISC" 
as a 3-injection treatment regime and Suparh and Hyalgan as 5-injection treatment regimes. 

Hylan G-F 20 

Sodium 
Hyaluronate 

Aetna Clinical Policy Bulletin # 0179 

Dose Pu 
Injection 

30 mg 

Arkansas Blue Cross Blue Shield Coverage Policy: Viscosupplementation for the Treatment of Osteoarthritis of the Knee 

16 mg 

20 mg 

CLINICAL DIFFERENCES: 

Number of 
wSeyr 
injedonc per 
rmtmcllt 
course 

3 or 4' 

In the osteoarthritic joint, the concentration as well as molecular weight of normal hyaluronate decreases in the synovial fluid, 
which compromises the viscoelastic properties of the joint fluid. The aim of viscosupplementation with hyalurynate products is 
to restore the elasticity and viscosity of the synovial fluid and provide symptomatic relief of osteoarthritic pain. 

3 

5 

Five agents have FDA approval for the intra-articular treatment of knee osteoarthritis. ORTHOVISC (High Molecular Weight 
Hyaluronan) is unique from the other four products (Synvisc, Hyalgan, Supartz and Euflexxa) in the following ways: 

ORTHOVISC" is the only product with a 30-mg dose; 

Molecular 
Weight 
WOLD) 

1 .O - 2.9 

. ORTHOVISC" has a higher molecular weight than most other Hyaluronans. Cochrane Review and JAMA Meta- 
Analysis indicates higher molecular weight product may offer improved pain relief at early, mid and late time points; 
and 

Hyduronul 
Concentration 
(mg/mI) 

15 

6 (Hylan A 
only) 

0.5 - 0.73 

I Moreland LW Arthitis Res Ther (2003) 5:54-67 
' Cochrane Group Review, Feb 2005 

JAMA, Dec 2003; 290: 31 15 - 3121. 

8 

10 



ORTHOVISC@~S supplied in the highest hyaluronic acid concentration (mglml) of the five products. 

There are several reasons why placing ORTHOVISC" in one of the current existing codes is appropriate. 
The use of code J7317 Sodium hyaluronate, per 20 to 25 mg dose for intra-articular injection to report ORTHOVISC" is 
inappropriate because it specifies a 20 to 25 mg dose and ORTHOVISCmcan only be administered as a 30 mg dose. 

The use of code J7320 Hylan G-F 20, 16 mg, for intra-articular injection to report ORTHOVISC" is inappropriate because 
ORTHOVISCis not Hylan G-F 20, which is a chemically modified Hyaluronan derivative viscosupplement. The brand 
name for J7320 Hylan G-F 20 is Synvisc. ORTHOVISCais a natural product that is not descnaed by code J7320. 

COST DIFFERENCES: 

Table II compares the cost per injection and the cost for a typical complete course of therapy for the five FDA approved 
viscosupplements currently on the market. 

Typically, ORTHOVISC" and Synvisc require a 3-injection treatment program (for a duration of pain relief of 26 weeks at a cost 
to the Medicare system of -$BOO. Hyalgan and Supartz per FDA label require a 5-treatment program for duration of pain relief 
of 26 weeks for $876, a 10% increase in cost. Euflexxa requires a binjection treatment program for duration of pain relief of 
only 12 weeks at $714.69. While Euflexxa is not approved for repeat treatment, the cost of obtaining 24-week pain relief 
duration would be $1,429.38, a 79% increase in cost compared to an ORTHOVISC" or Synvisc 3-injection treatment program. 

~ ~ a d i u r n ~ y a ~ t e s  

"Aligned with J7317 by manufacturer "'Q4 ASP 2006 rates 

*'" #o f  injections used to obtain state duration of pain relief as stated in package insert 

Table II 

Access Issues 

Re~mbursement per 
~njection*" 

Injection Fee 

# Injections"** 

Duration of Pain 
Rel~ef 

Total 
Reimbursement 
wl~njection fees 

It is important that ORTHOVISC@ be assigned a product-specific code to allow Medicare and other payers to seamlessly 
update coverage guidelines to include 0RTHOVISC"and the appropriate product-specific code that should be used to bill 
ORTHOVISC". The use of miscellaneous coding continues to result in claims processing delays or denials and increases 
administrative costs for both physicians and payers. In many carrier environments, the use of an NOC code automatically 
denies the claim and requires the providers to file an appeal. 

We have experienced Medicare carrier environments that are refusing the use of a NOC and requiring the use of J3717. Some 
carriers are requesting the use of a multiplier depending on the multiplier (1.5 or 2) the product may or may not be adequately 
reimbursed. Placing ORTHOVISCm in J3717 will impact future ASP for this J code where the products currently assigned to 
J3717 are similarly priced. Some claim systems require whole integers in the quantity in order to process electronically 
requiring a 1.5 multiplier to be billed and processed manually. The following examples of how ORTHOVISCm has been treated 
in the marketplace demonstrate the administrative burden and inadequate reimbursement that an NOC code creates. 

oRMOV1SC? 

J3590 

Per 30 
mg 

$201.08 

$ 68.00 

3 

26 weeks 

$807 24 

Trailblazers (TX, MD, VA, DE, DC) 

Trailblazers requires the use of J3717 and responded to inquiry from DePuy Mitek that 2 units should be billed. 
Trailblazers' rationale is that the code J3717 represents up to a 25mg dose, therefore a 26-mg to 50-mg dose would be 
considered 2 units. Since ORTHOVISCm is a 30-mg dose it would qualify as 2 units. 

syrwrsc 
J7320 

16mg 

$198.74 

$68.00 

3 

26 weeks 

$800.22 

Without instructions from Trailblazers (Trailblazers communicated to DePuy Mitek that they do not plan to proactively 
notify their providers of these instructions) providers are reluctant to document 2 units. 

bfakW 
J7317 
per 20- 
25 mg 

$ 106.71 

$68.00 

5 

26 weeks 

$873.55 

Suparh 

J7317 
per 20- 
25 mg 

$ 106.71 

$68.00 

5 

26 weeks 

$873.55 

'Euffesaa 

*J7317 

Per#)- 
25 mg 

106.71 

$68.00 

3 

12 we%ks 

$524.1 3 



Pinnacle (OK, NM, RI, LA, MO, AR) 

In early 2006, Pinnacle was reimbursing ORTHOVISC', as J3590, which initiated an automatic denial of claim, required 
provider to appeal and required manual processing. To streamline the process, Pinnacle changed the code for 
ORTHOVISC" to J3717 and was reimbursed at the ASP of $1 13.10,43% below the established ASP for ORTHOVISC" of 
$199.50. Pinnacle increased the reimbursement to 1.5 units, only to discover that claim could not be processed 
electronically. In May 2006, Pinnacle reverted to accepting the NOC code, but this continues to cause difficulties in 
securing timely reimbursement for many providers. 

CAHABA (AL, GA, MS) 

Reimbursing ORTHOVISC" as J3590 (NOC code), initiates an automatic denial of claim, requires provider to appeal and 
requires manual processing, causing difficulties in securing timely treatment and reimbursement. 

In summary, as noted in the above carrier examples, all of these factors lead to excessive administrative burdens, delays 
in reimbursement and under reimbursement. Combined, all of these factors lead to barriers to access for the Medicare 
population and unnecessary inefficiencies in the delivery of care. 

Analysis of Proposed J Code Assignment for Sodium Hyaluronates 

There are several proposals on possible J code assignment that have been discussed by the HCPCS panel review or previous 
proposed rules. We have listed several of these proposals below and outlined some of the significant issues that need to be 
considered in the evaluation of each of these options. It is very important to note that the wrong assignment of codes for these 
HA products, results in Medicare beneficiary access issues, inappropriate reimbursement by Medicare and inappropriate co- 
pays by Medicare beneficiaries. 

I. Single J Code Bundle Proposal 

The single J Code bundle proposal advocates assigning all of the current and future sodium hyaluronate products to one J 
Code. We believe that this is not an adequate or appropriate proposed course of action for the reasons outlined below. 

CMS could experience increased expenditures if a single J Code were adopted: 

lncreased office visits 

lncreased claims processing 

lncreased utilization driven by per dose payment proposal 

The current payment for a treatment course of a 3-injection regime (for 26-pain relief duration) is less than 
a treatment course of a 5-injection regime. 

Table Ill demonstrates the change in ASP based on market share allocation to ASP if a single J code was adapted. 

Table Ill 
Estimated ASP + 6% calculation for FY, 2007 
(Based upon 2006 Q4 ASP +6% 1 market share) 

HCPCS ICrn 
I I I I I I 

J7317 

1 injection 
J7320 I ~ y l a n  G-F 20 1 Synvisc 1 6  19198.74 60% 1 $ 119.24 

Description 

$ 23.48 J7317 

J7317 

Brand name 

injection 
Sodium 
Hyaluronate Supam 

M@ 
Dose 

Sodium 1 Hyalgan 2 0  
I hyaluronate 1 

injection 
Sodium 
Hyaluronate 

J3490 

The impact of combining all of the sodium hyaluronate products into a single J Code creates an artificial ASP + 6% of $166.65, a 
$59.94 or 56% increase in payment for products currently assigned to J7317 and a decrease for products in J7320 and J3490 of 
$32.09 (16%) and $34.43 (17%) respectively. This is illustrated in Table IV. 

Market 
Share 

Maximum 
Mowable ASP 
e Q 4 2 0 0 6  

$106.71 

11% 

I I , I I I 

Contribution to 
ASP (ASP'Market 
Share) 

$ 11.74 

Euflexxa 

injection 
High Molecular 
Weight 
Hyaluronan 

ASP, 
+6% 

$166.65 

20 

ORTHOVISCC 

$106.71 

30 

2% 

$201.08 

$ 2.13 

5% $ 10.05 



Table IV 
Impact of CMS Expenditure of Single Bundle J Code 

HCPCS 
Code 

57317 

1 injection 
7320 1 ~ y l a n  G-F 20 Jsynvisc 1 I6 1 $198.74 1 $166.65 1 $(32.09) 1 

Description 

J7317 

Sodium 
Hyaluronate 

Table V demonstrates the impact of increased costs a single J code would have on the course of treatment and the overall cost to 
the Medicare System. A single J code for the sodium hyaluronate category would create an artificial ASP. As a consequence, the 
prescribed treatment for a Medicare patient may not be clinically driven but impacted significantly by the margin between pricing and 
reimbursement. 

Brand name 

injection 
Sodium 
Hyaluronate 

J3490 

Projections based on the single J code reimbursement suggest that there would be a shift in market share in Q2 2007 from 3- 
injection products to the two 5-injection products with 26 weeks of pain relief and to the 3-injection product with 12 weeks of pain 
relief product. These products currently have lowest ASP. 

Hyalgan 

The projected average expenditure for course of treatment in Q4 2006 is $819.55 at a total cost to the Medicare program of 
$266,255,633. In Q2 2007, the result of assigning all sodium hyaluronates to one J code, causing a shift in market share allocation, 
increases the average course of treatment cost to $985.53 and total cost to the Medicare program of $320,267,250. 

Mgl 
Dose 

Supark 

injection 
High Molecular 
Weight 
Hyaluronan 

Table V 

20 

Projected Cost of Treatment 
2006 Medicare Population Treated with Sodium Hyaluronate 

Maximum 
Allowable ASP 

+6% 
44 2006 

25 

ORTHOVISC' 

$106.71 

Maximum 
Allowable 
ASP +6%, 
Ql, 1007 

$106.71 

30 

Gainl(loss) 

$1 66.65 $59.94 

$1 66.65 

$201.08 

$59.94 

$166.65 $(34.43) 



II. Natural vs. Svnthetic J Code Pro~osa l  

The assignment of J Codes based on natural vs. synthetic product also creates an artificial ASP and we believe an unsubstantiated 
differentiation in products. All sodium hyaluronate products come from natural sources; some are processed differently. The 
difference in processing should not be a factor of separation in classification. 

Table VI demonstrates the impact that the Natural vs. Synthetic proposal would have on ASP. Gain or loss represents the 
difference between current maximum allowable payment and the estimated maximum allowable payment based on combining 
Hyalgan, Supartz. Euflexxa and ORTHOVlSC@. Products with lower ASPs benefit from products with higher ASPs combined into 
one J code. 

Table VI 
Impact of Natural vs. Synthetic Proposal 

HCPCS 
Code 

I I I I I I 

mgldose 

57317 

57317 

(idection 
J3490 1 High 

Description 

r~7317 

1 ~ ~ l e c u l a r  ORTHOVISC@ 1 30 1 $118.50 1 S(81.58) 1 
Weight 

Brand name Maximum $ 
Allowable 
ASP*, 
44 2006 

Sodium 
Hvaluronate 

Both the Single J Code and Natural vs. Synthetic proposals erodes the confidence level of the ASP program designed by CMS and 
inhibits innovative introduction into the market place of a 1- or 2- injection product for 26 weeks pain reduction product. 

it$ection 

injection 
Sodium 
Hvaluronate 

DePuy Mitek Recommendation 

We strongly recommend permanent J codes assignment for ORTHOVISC". We believe based on the clinical differences and the 
dosing, this would achieve the following: 

minimize the number of codes used in this category; 

address the dosage differences of the products, 

accommodate future product introduction in this category: 

supports CMS' decision to establish separate ASP rates under Medicare Part B; and 

eliminates the creation of an artificial ASP 

Maximum S 
Allowable 
ASP*%, 
Q1,2007 

Hyalgan 

$106.71 Sodium 
Hyaluronate 

Gainl 
(loss) 

Euflexxa 

20 

PPPP 

$1 18.50 Supartz $1 1.79 25 

20 

$106.71 

$106.71 

$118.50 $11.79 

$1 18.50 $1 1.79 1 



Conclusion 
We believe that without a unique J Code assigned to ORTHOVISC" in the upcoming assignment of codes there will be serious 
access to care issues for the Medicare population to ORTHOVISC". We recommend that Hyaluronan (sodium hyaluronate) or 
derivative be assigned to J Codes based on the following dose ranges: 

Table VII outlines DePuy Mitek's recommendations for the descriptors and J Code classifications for current sodium hyaluronan 
products. 

TABLE VII 

Nineteen or less mg. per intra-articular injection - current J code 7320 

Supartz 

Hyalgan 

Euflexxa 

Synvisc 

Twenty to 29 mg. per intra-articular injection - current J code 7317 

Thirty and above mg. per intra-articular injection - new J code JXXXX 

' Aligned with J7317 by manufacturer 

Sodium 
Hyaluronate 

Sodium 
Hyaluronate 

Sodium 
Hyaluronate 

Hylan GF-20 

We appreciate your consideration of the above comments. 

Sincerely, 
A 

25 mg 

20 mg 

20mg 

16mg 

Michael McBreen 
Vice President and General Manager - ORTHOVISC" Franchise 
DePuy Mitek, a Johnson 8 Johnson company 

Sodium hyaluronate, J7317 
per 20 to 25 mg dose 
for intra-articular 
injection J7317 

J7317 

Hylan G-F 20, 16 J 7320 
mg, for intra articular 
injection 

Hyaluronan (sodium 
hyaluronate) or 
derivative, per 20 to 29 
mg, for intra-articular 
injection 

Hyaluronan (sodium 
hyaluronate) or 
derivative, per 19 or less 
rng, for intra-articular 
njection 

J 7317 

J 7317 

J 7317' 

J 7320 
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October 10,2006 

Mark McClellan, M.D., Ph.D. 
Administrator 
Centers for Medicare & Medicaid Services 
Department of Health and Human Services 
Room 445-G, Hubert H. Humphrey Building 
200 Independence Avenue, S. W. 
Washington, DC 20201 

Re: Medicare Program: Revisions to Payment Policies Under the Physician Fee 
Schedule for Calendar Year 2007 and Other Changes to Payment Under Part B 
(CMS-1321-P) 

Dear Dr. McClellan: 

Reed Smith LLP welcomes the opportunity to comment on behalf of one of our pharmaceutical 
manufacturer clients concerning CMS's proposed rule on Revisions to Payment Policies Under the 
Physician Fee Schedule for Calendar Year 2007 and Other Changes to Payment Under Part B (the 
"Proposed Rule"). The client is one of the country's leading research-based pharmaceutical companies 
and is devoted to making life-improving medicines available to patients, which include many Medicare 
beneficiaries. 

Our client's comments on the Proposed Rule focus on CMS's provisions regarding ASP 
calculations (i.e., the section of the Proposed Rule on "ASP Issues"). As detailed below, they address 
CMS's discussion and proposed definition of bona fide service fees and request for comments on 
bundling arrangements. 

I. Fees Not Considered Price Concessions 

In the Proposed Rule, CMS seeks to clarify what it considers to constitute a bona fide service fee 
and that bona fide service fees are not considered price concessions. To that end, CMS proposes to 
define bona fide service fees as fees paid by a manufacturer to an entity that represent fair market value 
for a bona fide, itemized service actually performed on behalf of the manufacturer that the manufacturer 
would otherwise perform (or contract for) in the absence of the service arrangement, and that is passed 
on, in whole or in part, to a client or customer of an entity, whether or not the entity takes title to the 
drug. CMS also proposes to clarify that administrative fees and other fees paid to group purchasing 
organizations or pharmacy benefit managers are not considered price concessions if they meet the 
general criteria for bona fide service fees. 

Our client supports CMS's efforts to provide additional guidance concerning what constitutes a 
bona fide service fee. At the same time, our client believes it is imperative that the definition of such 
fees reflect real-world practices so that it provides a workable and realistic framework that can be used 
to further refine the calculation of ASP. Our client also requests that, to ensure consistency, CMS 
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specify in any guidance that its provisions on bona fide service fees apply to the calculation of ASP and 
Medicaid rebate calculations (e.g., AMP and Best Price). 

In response to CMS's solicitation of comments on the specific types of services entities perform, 
our client does not believe that it is practicable to "itemize" or provide a "laundry list" of services in 
these comments. Our client recommends that CMS consider establishing a clear standard that, 
consistent with the personal services safe harbor to the anti-kickback statute, bona fide services be any 
that are reasonably intended to accomplish the commercially reasonable business purpose of the 
manufacturer and, as discussed below, consistent with fair market value. By establishing such a 
standard, the ultimate determination of whether a fee is being paid for a service (as opposed to being a 
price concession) will be made based on the specifics of the arrangement between the manufacturer and 
entity. Accordingly, arrangements for some of the services that CMS lists in its discussion of the 
Proposed Rule, such as inventory management, distribution, and other activities of distributors, would 
each need to be specifically assessed on their own merits against the standard. 

Our client also recommends against the proposed standard that would require that the service be 
one the manufacturer would otherwise perform directly or contract for in the absence of the service 
arrangement. This standard is somewhat unclear, as it appears to define a bona fide service as only one 
that a manufacturer could perform for itself. Our client believes that such a test could be unduly 
restrictive of established, common business practices because there are many types of services that are 
unique to the service provider (e.g., refill reminders, certain inventory related services) that a 
manufacturer is not in a position to otherwise perform directly (or contract for outside of the particular 
service arrangement). These services are no less important to the manufacturer and no less desirable to 
its efficient operation. The use of the term "would otherwise perform" also may suggest that services be 
"absolutely" necessary to the manufacturer, as opposed to reasonably intended to accomplish a 
commercially reasonable business purpose. Clearly, manufacturers may engage third parties to perform 
services that are desirable, even if not absolutely "necessary." Applying the standard as written may 
place undue emphasis on the form rather than the substance of the service. 

CMS also requests comments on fair market value determinations for bona fide services. We 
note that historically, CMS and the OIG have declined to make fair market value determinations. While 
the fair market value of many services may readily be ascertained, using external references, 
comparators, and the like, our client also recognizes the difficulty of determining fair market value due 
to the unique nature of some services. Accordingly, our client requests that CMS acknowledge that 
some service providers may be uniquely situated to provide services, such as when there is not otherwise 
an active market for the services (e.g., refill reminders to patients). In addition, CMS should recognize 
that services fees may be paid on a variety of bases. For example, certain service fees may be paid on a 
percentage basis, yet are objectively reasonable in amount with respect to the value of the service to the 
manufacturer, and still in fact constitute fair market value for the service. Our client also strongly urges 
CMS to revisit the proposed requirement that a fee may not be passed on in whole or in part in order to 
be considered a bona fide service fee. Our client does not believe this is an appropriate or usefbl test to 
determine whether something is an actual service fee. The nature of the services rendered should dictate 
the treatment of the fee being paid. In other words, the ultimate disposition of the fee does not take 
away from or otherwise change the characteristics of the services. Further, as a practical matter, it is 
difficult if not impossible for a manufacturer to determine whether a fee has, in fact, been passed on to 
an end user. Instead, our client recommends that CMS provide that a bona fide service fee is one paid 
for a bona fide service where the manufacturer has not contracted for the fee to be passed on by the 
middleman through to an end user with the intention of delivering to the end user a price concession 
from the manufacturer for its products. 

Finally, with respect to administrative fees paid to group purchasing organizations and pharmacy 
benefit managers, our client recommends that CMS provide guidance to ensure consistency by 
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manufacturers in the treatment of such fees. To the extent that CMS determines these fees should be 
treated as services, our client does not believe that CMS should require that such arrangements also meet 
the general "bona fide service fee" standards. The standards for evaluating bona fide service fees and 
whether they are consistent with fair market value cannot be applied to administrative fees in any 
practical way. Such standards are not appropriate in light of the unique nature of these arrangements, as 
reflected in the GPO Administrative Fee safe harbor being separate from the discount safe harbor. 
Specifically, an itemization of services is not feasible with respect to these arrangements; nor is the 
"pass-through" standard manageable in light of the fact that some providers hold ownership interests in 
GPOs and PBMs. If CMS determines that GPO and PBM administrative fees should be considered 
service fees, then in connection with establishing a standard, it should consider providing guidance that 
GPO and PBM fees at or below an identified amount (e.g., 3%) are presumed to be for bona fide 
services. 1 Further, with respect to fair market value, the GPO safe harbor reflects an implicit 
presumption that fees that are 3% or less of the value of purchases may be considered fair market value, 
thus CMS should specify a similar presumption for GPO and PBM fees. 

11. Other Price Concession Issues: Bundled Price Concessions 

CMS solicits comments concerning various issues associated with bundled fee arrangements to 
ensure that ASP "is an accurate reflection of market prices for Part B drugs and that the treatment of 
bundled price concessions in the ASP calculation does not create inappropriate financial incentives." 
Specifically, CMS requests information concerning the frequency of bundled arrangements, different 
bundled arrangement structures, the bundling of Part B drugs with non-Part B products, and potential 
methodologies to apportion costs under bundled arrangements. 

Our client believes that CMS should provide consistent guidance concerning bundling across 
various programs (i.e., Medicaid rebate, ASP calculation) and that such guidance should apply only 
prospectively. In our client's experience, there is not significant bundling with respect to Part B 
products because of their unique therapeutic nature. Accordingly, it may be more appropriate to address 
bundled arrangements in the impending AMP rulemaking required under the Deficit Reduction Act of 
2005. In addition, CMS should proceed carehlly in providing such guidance, because guidance that 
deems an arrangement to be a "bundle" may have different and unintended impacts on price reporting, 
depending on the programs involved. For example, if CMS guidance were to deem an arrangement a 
bundled sale that required allocation of discounts among the included products, it might serve to lower 
the Medicare ASP on one product in the bundle, but could simultaneously raise the Medicaid best price 
for a different product. 

If CMS chooses to provide guidance on bundling in the ASP context, our client believes that 
such guidance should be through formal rulemaking with a comment period and that CMS should give 
particular attention to the way in which it defines what constitutes a bundled arrangement. Our client 
recommends that CMS identify a bundled arrangement as one in which a discount on one or more 
products or services is contingent on the actual purchase of one or more other products or services. 
Therefore, not all contracts involving multiple products will constitute bundled arrangements. For 
example, a contract that merely requires the placing of multiple products on a formulary should not be 
considered to trigger a bundled sale, because formulary status, in and of itself, does not impose a 
contractual requirement that the customer must make an actual purchase or utilize products in specific 
amounts. Given the many types of contracting arrangements that exist, however, we do not believe that 
it is practicable for CMS to attempt to define all of the types of arrangements that may qualify as 

1 In adopting such a standard, however, CMS should be clear that such fees in excess of the 3% 
standard may be permissible. 

DCLIB-480665.2-CEBLOOMQ 



Mark McClellan, M.D., Ph.D. 
October 10,2006 
Page 4 

ReedSmith 

bundled sales, and CMS should continue to allow manufacturers to make "reasonable assumptions" in 
the absence of specific guidance. 

Similarly, if CMS provides guidance on allocation methodologies for bundled arrangements, our 
client recommends that manufacturers be entitled to employ reasonable assumptions concerning the 
appropriate bases for proportionally allocating discounts among affected products that would allow 
manufacturers to take into account contract or market prices. 

We appreciate your consideration of these comments. Please do not hesitate to contact me if you 
have any questions or need additional information concerning the issues presented herein. 

Very truly yours, 



Romeo A. Pavlic, MD 
William 5. Murphy, MD 
Ralph M. Kunkel, MD 
Donald 6. Canaday, MD 
Donald A. Chilson, MD 
Joel R. Galloway, MD 
Sanjeev Vaderah, MD 

Inland Cardiology Associates, P.S. 
Heart and Vascular Diseases 

www.inlandcardiology.com 

Timothy T.K. Chen, DO 
Stephen N. Ewer, MD 
Iyad Jamali, MD 
Madar Abed, MD 
David T. Jones, MD 
Saad Tabbara, MD 

October 6,2006 

Mark McClellan, MD, Ph.D 
Administrator 
Centers for Medicare and Medicaid Services 
Department of Health and Human Services 
Attention: CMS - 132 1 -P 
Mail Stop: C4-26-05 
7500 Security Boulevard 
Baltimore, MD 2 1244-1 850 

RE: Proposed Rule; Revisions to Payment Policies under the Physician 
Fee Schedule for Calendar Year 2007 and Other Changes to Payment 
Under Part B (Federal Register, August 22, 2006) 

Dear Dr. McClellan: 

On behalf of Inland Cardiology Associates, PS, we appreciate the opportunity to submit these 
comments to the Centers for Medicare & Medicaid Services ("CMS") regarding the above 
proposed Revisions to Payment Policies under the Physician Fee Schedule for Calendar Year . 
2007 and Other Changes to Payment Under Part B; Proposed Rule ("Proposed Rule"). We are 
concerned about several provisions that will impact Medicare beneficiaries' access to services in 
outpatient cardiac centers, particularly those related to cardiac catheterizations. Specifically, we 
are concerned about the payment method proposed for cardiac catheterization related procedures. 
The Cardiovascular Outpatient Center Alliance ("COCA"), of which we are a member, will 
address the CMS proposal to require standards for Independent Diagnostic Testing Facilities 
("IDTFs"). Our concerns related to the payment method are outlined below. 

ICA Spokane ICA North Spokane ICA Coeur d'Alene ICA Tri-Cities NW Medical Office Building 
122 W. Seventh Ave. #450 9631 N. Nevada St. #I04 700 Ironwood Drive #336 7233 W. Deschutes Ave. 750 N. Syringa, Suite 104 
Spokane, WA 99204 Spokane, WA 99218 Coeur dlALene, ID 83814 Kennewick, WA 99336 Post Falls, ID 83854 
(509) 838-2960 (509) 466-1563 (208) 765-2610 (509) 374-1959 (208) 292-1281 
1 (800) ICA-7060 Fax (509) 466-1607 1 (800) 960-2610 l(866) 374-1959 Fax (208) 292-5192 
Fax (509) 459-0424 Fax (208) 765-0635 Fax (509) 374-1839 
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Payment Method 

Under the proposed rule CMS states that the payment for Cardiac catheterization related 
procedures (e.g. CPT code 935 10 TC, 93553 TC and 93555 TC) will be established by the 
Medicare carriers. The change in the payment method appears only in Addendum B, and CMS 
provides no explanation or justification in the body of the proposed rule for this change. We 
object to this approach because it is inconsistent with the overall policy of basing Medicare 
payment rates for physician services on a national fee schedule methodology. We are also 
concerned that if carrier pricing were to be implemented, the carriers would look to the values in 
the June 29,2006 Notice that addressed the changes to the methodology for the development of 
practice expense (PE) relative value units (RVUs). Therefore, we request that CMS give serious 
consideration to addressing the flaws in the proposed changes to the bottom up "PE 
methodology for procedures where the technical component (TC) can be billed separately. We 
know that developing an adequate solution will take time and, therefore, request that CMS set 
the 2007 relative value units for the three codes listed based on the 2006 values. 

We urge CMS to use the current relative value units as the basis for determining reimbursement 
for these procedures rather than relying on the Medicare carriers to price these services. By 
doing so, CMS will be able to set a reimbursement rate that fairly reflects the costs of performing 
these procedures. This recommendation is supported by actual data fiom outpatient centers. 
COCA sponsored a study to estimate the costs of performing a cardiac catheterization (CPT 
Code 93510 TC) in an outpatient center. The study results demonstrated that the 2006 Part B 
physician fee schedule payment approximates the average cost of providing these services. As a 
result, we do not believe that a new pricing methodology is necessary. 

The current relative value units result in a payment rate that is in relative parity with the payment 
amount hospitals receive under the hospital outpatient prospective payment system. In fact, the 
2006 physician fee schedule payments for the three CPT codes included in the Ambulatory 
Procedure Classification ("APC") for cardiac catheterizations are 93 percent of the relevant APC 
rate. 

In our response to CMS' Proposed Changes to the Practice Expense Methodology (Federal 
Register, June 29,2006) we outlined our concerns with the proposed changes to the PE 
Methodology, I.e., use of a bottom-up methodology and the elimination of the non-physician 
work pool. The proposed payment rates resulting fiom the use of the practice expense RVU's 
for the left h e .  catheterization procedure alone (CPT code 935 10 TC) reduce payment levels in 
2007 by 16 percent, and by 2010 make overall reduction of 53 percent. The flaws in the 
methodology, particularly as they relate to the cardiac catheterization procedure codes were 
described in ICA/Dr. Murphy's previous letter of August, 2006, and more specifically in the 
August 22,2006 comment letter submitted by COCA. 

Cardiac catheterizations that are billed through the Medicare physician fee schedule are 
performed primarily in cardiology groups and freestanding centers which are grouped into a 
diverse group of diagnostic testing facilities known as IDTFs. 



We believe that the development of unique standards for each type of diagnostic testing facilities 
will facilitate the development of a consistent Medicare policy for outpatient cardiac 
catheterization services. The standards will provide a solution to the issue that cardiac 
catheterization labs faced when the national coverage determination for outpatient 
catheterizations was rescinded because of the change of scope in the CMS contracts with the 
Peer Review Organizations in January 2006. 

The need to develop unique standards for each type of diagnostic testing facility provider is 
consistent with the observation that CMS made in the Proposed Rule regarding the practice 
expense for different types of remote cardiac monitoring and anticoagulation monitoring. 
Similar to CMS's observation that these types of IDTFs are different, we believe that cardiac 
catheterization centers are unique and that their cost structure and quality standards are similar 
regardless of whether they are performed in a cardiology practice or an independent outpatient 
center. The COCA cost study shows that the cost profile of outpatient cardiac centers is quite 
different from the average profile of all IDTFs. We believe the COCA cost analysis will be 
helpfbl to CMS as it begins to develop standards, specifically for cardiac outpatient centers 
because the data can be used to estimate the impact that each standard has on practice expenses. 
The cost study will also be helpful as CMS works to develop a practice expense R W  for cardiac 
catheterization procedures that reflect the resources needed to perform the service. 

In summary, we have grave concerns about the use of carrier-based pricing for procedures that 
are offered nationwide and historically have been paid according to the physician fee schedule 
methodology. The carrier based pricing approach is more often used for new services where 
there is insufficient data on which to determine a national rate. We have previously described 
our concerns with the proposed 2007 PE R W s  for the cardiac catheterization-related 
procedures, and, therefore, request that the 2006 rates be frozen so that payments reflect the costs 
of performing the procedure in the outpatient setting and are on par with the APC rate for a 
comparable family of cardiac catheterization-related procedures. In addition, we also note that 
carrier-based pricing has the potential to create disparities in beneficiary co-payment liability. 

We thank you for the opportunity to describe our concerns about the proposed rule, specifically 
as it related to payment for cardiac catheterization-related procedures and the development of 
standards for centers that perform these procedures on an outpatient basis. 

Sincerely, 

William S. Murphy, MD, FACC, FCCP 
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We appreciate the opportunity to submit conunents on 42 CFR Parts 405,410,411, 
41 4,4 15, and 424 [CMS-1321 -PI RTN 0938-A024 Medicare Program; Revisions to 
Payment Policies Under the Physician Fee Schedule for Calendar Year 2007 and 
Other Changes to Payment Under Part B. 

Image-guided robotic stereotactic radiosurgery (r-SRS) is both an alternative to 
surgery and an adjunct to radiotherapy involving a defined set of clinical resources 
to deliver effective treatment. Image-guided robotic stereotactic radiosurgery is not 
radiotherapy, as it is intended to ablate identifiable lesions, while preserving normal 
tissue adjacent to the target volume, rather than treat microscopic disease. The 
CyberKnifeO is a complex image-guided robotic stereotactic radiosurgery system (r- 
SRS), delivering radiosurgical precision throughout the body, for as many treatments 
(fi-actions) as the clinician deems necessary for a given situation. CMS currently 
allows for up to five fractionated image-guided robotic stereotactic radiosurgery 
treatments and our data indicate that treatments average 3 fractions per course of 
treatment. Clinicians and patients have recognized the benefits of radiosurgery, 
which include no incisions, no anesthesia, lower risk of complications, and, 
therefore, improved patient quality of life. 

Image-guided robotic stereotactic radiosurgery is substantially more resource- 
intensive than other forms of linac-based systems. It was for this reason that CMS 
created separate HCPCS codes to distinguish these technologies. Further, it is clear 
that the resources required for image-guided robotic stereotactic radiosurgery 
treatment are the same regardless of whether the treatment is performed in the first 
or a subsequent session. 

Image-guided robotic stereotactic radiosurgery is a capital intensive technology, and, 
due to the relatively small number of patients for whom it is clinically appropriate 
(as compared with, for example, conventional external beam technology), it is not 
necessarily cost-efficient for a single hospital to provide these services by itself. 
Robotic stereotactic radiosurgery facilities that are associated with a particular 
hospital are typically available for use only by physicians on staff at that hospital, 
thus restricting their ability to serve the larger community and limiting access. 
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Allowing carriers to pay for the technology when provided in freestanding centers 
RADIATION ONCOLOGY would facilitate cost sharing among a number of hospitals (and others) to provide 
Ronald T Davls, M.D. 
Sara G. Rosenthal, M.D. these services, improving device access to a more diverse population ofpatients in a 
Donald 0. Fuller, M.D. 
Damon E. Smrth. M.D. 

given geographic region. 
Gina J. Mansy. M.D. 
YoninaTova. M.D. 
Sanjeev K. Aggarwal, M.D. 
Tahir Ijaz. M.D Comment: 
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Jonn E. Slelgerwalt, Ph D. 
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Steven J. Hardy, C.M D. 

technical component costs of image-guided robotic stereotactic radiosurgery (r-SRS) 
Marie Silverman, C.M.D. 
Janet Carm~chael. C M.D. 

treatment (HCPCS Codes GO339 and G0340). The proposed Rule regarding the 
Physician Fee Schedule for 2007 designates codes GO339 and GO340 as "C - 

ADMINISTRATOR1 C.F.O. 
Douglas G. Myking, M.B.A. Carriers price the code." 
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We appreciate your consideration of our comment. 

WESTERN CANCER CENTER, INC 
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Virginia Tobiason 100 Abbott Park Rd. Phone: 847-937-8438 
0391, Bldg. AP6D-2 Fax: 847-935-861 3 
Abbott Park, IL 600644008 

VIA OVERNIGHT MAIL 

Mark B. McClellan, M.D., Ph.D., Administrator 
Centers for Medicare & Medicaid Services 
Department of Health and Human Services 
Attention: CMS-1321 -P 
Mail Stop C4-26-05 
7500 Security Boulevard 
Baltimore, MD 21 244-1850 

RE: Medicare Program; Revisions to Payment Policies Under the Physician Fee 
Schedule for Calendar Year 2007 and Other Changes to Payment Under Part B 
(CMS-1321-P) 

Dear Dr. McClellan: 

Abbott welcomes the opportunity to comment on the Centers for Medicare & Medicaid 
Services' ("CMS") proposed rule on Revisions to Payment Policies Under the Physician Fee 
Schedule for Calendar Year 2007 and Other Changes to Payment Under Part B ("Proposed 
Rule"). 

Abbott is a global, broad-based health care company devoted to discovering new medicines, 
new technologies and new ways to manage health. Our products span the continuum of care, 
from nutritional products and laboratory diagnostics through medical devices and 
pharmaceutical therapies. The company employs 65,000 people and markets its products in 
more than 130 countries. 

Our comments focus on two sections of the Proposed Rule: (1) CMS's proposed changes in 
average sales price ("ASP") reporting requirements, and (2) proposed provisions related to the 
establishment of payment amounts for new clinical laboratory tests. 

A. Fees Not Considered Concessions 

CMS is proposing to clarify that bona fide service fees that are paid by a manufacturer to an 
entity, whether or not the entity takes title to the drug, are not considered price concessions for 
ASP reporting purposes. CMS proposes to define bona fide service fees as fees paid by a 
manufacturer to an entity that represent fair market value for a bona fide, itemized service 
actually performed on behalf of the manufacturer that the manufacturer would otherwise 
perform (or contract for) in the absence of the service arrangement, and that are not passed 
on, in whole or in part, to a client or customer of an entity, whether or not the entity takes title 
to the drug. We have several concerns about the proposal regarding bona fide service fees. 

Abbott 
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First, to the extent CMS intends the definition of "bona fide service fees" to be limited to 
payments for services that a manufacturer could otherwise physically perform (if it chose not 
to contract them out), we believe the definition is too narrow. Certain services, by their nature, 
can only be performed by a non-manufacturer, but that should not rule out a payment by a 
manufacturer for such a service from being viewed as a payment for a bona fide service. 

Second, we are concerned that the proposed definition of "bona fide service fees" would 
exclude any payment passed on by the recipient to its clients or customers. We believe the 
relevant inquiry in determining whether a payment is a "bona fide service fee" is not whether 
the recipient passes any part of the payment to third parties, but rather, whether the 
manufacturer intends the payment as a fee for services rendered by the recipient, as opposed 
to a price concession to the recipient (or its customers). We also are concerned with the 
burden of having to track downstream distribution of our payments. Manufacturers are not 
routinely provided with information about such downstream transactions, and there are 
significant barriers to manufacturers obtaining this information (a, confidentiality issues, 
market competitiveness considerations, and customer liability concerns related to providing 
incorrect information). There is a significant risk that manufacturers would not be able to 
obtain downstream transaction information with the consistency and level of accuracy that 
would be necessary for ASP reporting purposes. 

Finally, CMS indicates that it may give guidance on specific types of services and whether 
payments for those services should be viewed as bona fide services fees for purposes of the 
ASP calculation. We believe it would be more valuable for CMS to provide general guidance 
on the issue that can be used by manufacturers in making determinations with respect to any 
type of service. For example, we believe it is clear that payments for services which qualify for 
the personal services safe harbor should be viewed as bona fide service fees. On the other 
hand, the determination of whether payments made for non-safe harbored services would be 
more accurately viewed as payments for a bona fide service or as price concessions will often 
depend on individual price negotiations or company pricing policies. In general, we believe 
that a payment for a service should be viewed as a bona fide service fee only if it is (a) paid in 
connection with a service that meets the personal services safe harbor, or (b) is a payment for 
a service that meets a commercially reasonable business purpose of the manufacturer and is 
not intended as a price concession to the recipient. 

B. Other ASP Calculation and Re~ortina Reauirements 

CMS has proposed a number of modifications to its ASP calculation and reporting 
requirements that we believe generally promote clarity in ASP requirements. 

Estimation Methodology for Lagged Exempted Sales. CMS is proposing to 
require that all manufacturers use a 12-month rolling average ratio methodology to 
estimate exempted sales known on a lagged basis. We agree that specific CMS 
guidance in this area promotes consistency and accuracy in ASP reportrng, and that 
CMS's proposed methodology is appropriate. 
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Nominal Sales. CMS proposes to continue the current methodology for identifying 
and excluding nominal sales (that is, sales that are exempt from the Medicaid best 
price calculation) from the manufacturer's calculation of the Medicare ASP. We agree 
with CMS that using a single method for identifying nominal sales for both ASP and 
Medicaid average manufacturer price ("AMP") promotes consistency and helps 
maintain continuity in the ASP calculation. We recommend that CMS adopt this 
proposal in the final rule. 

Price Concessions for National Drug Codes ("NDCs") With Less Than 12 
Months of Sales. For circumstances in which a NDC with price concessions known 
on a lagged basis has not been sold for a full 12 months, CMS proposes to specify 
that the period used to estimate lagged price concessions is the total number of 
months the NDC has been sold. We believe this is a reasonable approach for 
reporting for products without a full year of sales, and we support this proposed 
clarification. 

Redesignated NDCs. The Proposed Rule addresses situations in which a 
manufacturer has changed the NDC assigned to a product and package size while 
continuing price concessions that span across sales of the product under its prior and 
redesignated NDCs. Specifically, CMS proposes that when an NDC is changed and 
lagged price concessions offered for the prior NDC remain in effect, the manufacturer 
generally must use 12 months (or the total number of months of sales of the prior and 
redesignated NDCs if the total number of months of sales is less than 12 months) of 
sales and price concession data from the prior and redesignated NDCs to estimate 
lagged price concessions applicable to the redesignated NDC. Again, we agree with 
CMS that this is an appropriate methodology for addressing continuing price 
concessions for redesignated NDCs, and we encourage CMS to adopt this provision 
in the final rule. 

C. Widelv Available Market Prices ("WAMP") and AMP Threshold 

Section 1847A(d) of the Social Security Act requires the Secretary and the Office of the 
Inspector General ("OIG") to monitor market prices for drugs and biologicals to determine the 
WAMP, which is defined as the price that a prudent physician or supplier would pay for the 
drug or biological. If the OIG determines that the ASP for a drug or biological exceeds the 
WAMP or the applicable percentage of the AMP, the Secretary may disregard the ASP and 
base reimbursement on WAMP or AMP. Under the statute, the applicable threshold 
percentage was 5 percent in 2005 and the percentage designated by the Secretary in 
subsequent years. In CY 2006, CMS specified an applicable threshold percentage of 5 
percent for both the WAMP and AMP, and CMS proposes to continue this 5 percent threshold 
in 2007. The OIG has issued two reports to date comparing the WAMP and the AMP for 
various drugs and biologicals, and the OIG's work continues in this area. However, CMS 
points out that "[tlhere are a number of operational issues associated with" substituting a lower 
payment amount for a drug based on the OlG's findings that the ASP exceeds the WAMP or 
AMP by more than the established threshold. CMS invites comments on these operational 
issues. 
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a We agree that CMS should proceed cautiously in adiustinn Medicare reimbursement amounts 
for drigs and biologicals based on the OIG's ~eportscomparing ASP and AMP. There are a 
number of differences between the AMP and ASP methodologies that could impact the price 
comparisons reported by OIG, and CMS should take these differences into account before 
imposing any price adjustments in response to the OIG's findings. 

For instance, AMP and ASP use different methodologies to account for price concessions. 
ASP price concessions (e.g., rebates, chargebacks, prompt pay, wholesaler credits) are 
smoothed through the use of a 12-month rolling average for the quarterly calculation. In other 
words, the ASP for a quarter considers four quarters of price concession data. On the other 
hand, AMP price concessions are calculated using values for only one quarter ( L e ;  they are 
not smoothed through the use of a 12-month rolling average). The following examples 
illustrate how these differences could impact the relationship between ASP and AMP. 

Scenario 1: Price concessions are discontinued for a particular product. This would impact 
the AMP immediately for the first quarter without the price concession, creating 
a higher AMP. However, due to the use of a 12-month rolling average for price 
concessions under the ASP system, the ASP would not fully reflect the end of 
the price concessions for four quarters; in the interim, the ASP would be lower 
than the AMP. 

Scenario 2: Price concessions are increased for a particular product as a percentage of 
sales. This would result in a higher ASP compared to the AMP, since the ASP 
smoothing mechanism would not reflect the full impact of these increased price 
concessions until the fourth quarter. On the other hand, the AMP would reflect 
the increased price concessions immediately, therefore lowering the AMP in 
comparison to ASP. 

In addition to the price concession calculation issue, a number of other differences between 
AMP and ASP calculations could result in varied ASP and AMP values, including the following: 

ASP is based on all non-government direct sales, while AMP is based on the price 
realized for drugs distributed to the retail pharmacy class of trade. 

ASP is calculated at an NDC-11 level, while AMP is reported at an NDC-9 level. 

ASPS may not be restated, while AMPS can be restated retroactively. 

CMS should ensure that any Medicare reimbursement policy based on comparisons between 
ASP and AMP recognizes the differences between the ASP and AMP methodologies. 

Given that many market factors and methodological issues could temporarily impact the 
relationship between AMP and ASP, it is imperative that CMS not substitute a lower payment 
amount for a drug based on the OIG's findings related to pricing in a single quarter. There are 
too many factors that could influence pricing comparisons at one particular moment in time; 
such quarterly fluctuations should not form the basis for setting aside the regular statutory 
payment methodology for the product. Indeed, a premature payment adjustment based on a 
single quarter's data could result in skewed payment amounts and undermine reimbursement 
accuracy. Instead, CMS should examine pricing trends that point to a sustained, meaningful 
differential between AMP and ASP before disregarding the ASP for a drug. 
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II. Diaqnostic Laboratorv Tests 

A. Procedures for Public Consultation for Pavment for New Clinical Diasnostic 
Laboratorv Test 

In the Proposed Rule, CMS proposes to codify its current process for providing public 
consultation on the establishment of payment amounts for new clinical laboratory tests. We 
agree that the process for establishing laboratory test payment amounts should be transparent 
and consistent, and we thank CMS for addressing this issue in the Proposed Rule. Public 
input - and agency consideration of that input -- is critical to developing payment policy that 
adequately reflects the costs of new technology. We support adoption of this provision in the 
final rule with certain refinements and clarifications, as described below 

B. Pavment for New Clinical Diagnostic Laboratorv Test: Crosswalkinq and 
Gapfillinq 

CMS also proposes to establish in regulation the procedures to set payment amounts for new 
clinical laboratory tests through either crosswalking or gapfilling. 

1. Crosswalking 

CMS proposes that when it establishes the payment amount for a new clinical laboratory test 
using the crosswalk methodology, it would use the existing local fee schedule amounts and 
national limitation amount for the new code. Payment for the new test code would be made at 
the lesser of the local fee schedule amount or the national limitation amount. 

We are concerned, however, that the wide disparities in payments at the local level 
undermines CMS's attempts to approximate payment for a new test using existing codes. 
Although CMS guidance on this issue is limited, CMS presumably decides to crosswalk a 
technology to an existing code's payment level because of clinical similarities between the 
tests andlor CMS's determination regarding the appropriateness of the existing national 
payment limitation --- rather than because of a carrier-by-carrier payment analysis. We 
believe that using the national payment level for a crosswalked test would avoid wide 
geographic swings in payment and promote beneficiary access to new clinical laboratory tests 
nationwide. We therefore recommend that CMS crosswalk new codes to existing codes using 
the national limitation amount of the existing code rather than the local carrier amounts. 

2. Gapfillinq 

With respect to gapfilling, CMS proposes to continue its current process of providing carriers 
with manual instructions outlining the sources of information carriers should examine in 
determining gapfill amounts. CMS notes that its current instructions direct carriers to consider 
the following sources information in setting amounts: 
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a. Charges for the test and routine discounts to charges; 

Resources required to perform the test; 

Payment amounts determined by other payers; 

Charges, payment amounts, and resources required for other tests that may be 
comparable or otherwise relevant; and 

Other sources of information as appropriate, including clinical studies and information 
provided by clinicians practicing in the area, manufacturers, or other interested 
parties. 

Under current policy and the proposed regulatory text, there is no CMS oversight or review 
process to ensure that carriers actually follow the instructions established by CMS, that 
carriers consider information provided by interested parties, or that carriers ultimately establish 
reasonable local payment amounts. Local carriers currently have wide discretion in setting 
payment rates, and as a result local payment rates are not always reasonable and consistent 
with charges and resources associated with new tests. 

We believe that additional safeguards should be added to the gapfilling process to provide 
CMS oversight of the carrier payment determination process, since these local payment 
determinations form the basis of the national payment limitation in the second year of a new 
test. Specifically, CMS should assess the accuracy and appropriateness of carrier laboratory 
test payment determinations before calculating the national payment limit. This assessment 
should include validation that carriers have followed CMS instructions, and a solicitation and 
consideration of comments from physicians, laboratories, manufacturers, and other affected 
parties. CMS should be authorized to modify the proposed payment limit as necessary after 
its review of the carrier's process. 

To that end, we recommend that the following regulatory language be added to proposed 
s414.408: 

Sec. 414.408 Payment for a new clinical diagnostic laboratory test. 

For a new clinical diagnostic laboratory test that is assigned a new or substantially 
revised code on or after January 1,2005, CMS determines the payment amount 
based on either of the following: 

(b) Gapfilling. Gapfilling is used when no comparable existing test is available. 

(1) Carrier-specific amounts are established for the new test code for the first year 
using the following sources of information to determine gapfill amounts, if available: 
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(i) Charges for the test and routine discounts to charges; 

(ii) Resources required to perform the test; 

(iii) Payment amounts determined by other payers; and 

(iv) Charges, payment amounts, and resources required for other tests that may be 
comparable or otherwise relevant. 

(2) In the second year, the test code is paid at the national limitation amount, which 
is the median of the carrier-specific amounts, subject to CMS determination of the 
accuracy and appropriateness of such carrier-specific amounts using the 
following process: 

(i) CMS shall review each carrier payment amount to determine if it complies 
with CMS instructions. 

(ii) CMS shall publish a notice announcing the proposed national limitation 
amount and summarizing the sources of information on which the proposed 
amount is based. The notice shall solicit input from physicians, laboratories, 
manufacturers, and other interested parties regarding payment for the test, 
including charges, other payer amounts, and resources required to perform the 
test (including direct and indirect costs of efficiently performing the test). 

(iii) If CMS determines that a carrier payment amount does not reflect full 
compliance with CMS instructions, or that the carrier amount is inconsistent 
with data received from the public in response to the notice under clause (ii), 
CMS may adjust the national payment limitation accordingly to reflect the 
technological improvements or innovations of the new test. 

We appreciate your consideration of our comments. Please feel free to contact me if you have 
any questions or if you need additional information. 

Sincerely, 

senior Director, 
Corporate Reimbursement 
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CENTER FOR 
D I A G N O S T I C  I M A G I N G  

October 9,2002 

VIA UPS NEXT DAY MAIL 

The Honorable Mark McClellan, M.D., Ph.D. 
Centers for Medicare & Medicaid Services, 
Department of Health and Human Services, 
Attention: CMS-1512-PN, 
Mail Stop C4-26-05, 
7500 Security Boulevard, 
Baltimore, MD 21 244-1 850 

Re: CMS-1321 -P 

Dear Dr. McClellan: 

Thank you for the opportunity to comment on the CMS proposed rule 1321-P. We 
will keep our comments brief because we have had the opportunity to contribute to 
the broader and more detailed response submitted by our industry association, 
National Coalition of Quality Diagnostic Imaging Services (NCQDIS). We request 
that you give additional attention to the following two areas, specifically as the 
concerns relate to imaging facilities. 

1. We appeal to CMS to pursue continuity in its regulations of all 
imaging facilities. Both the current and proposed payment and 
operating regulations are severely inconsistent and are a 
disincentive to provide high-quality imaging services for Medicare 
beneficiaries. Further, the inconsistencies in payment and operating 
regulations negate chances of success for the Administration's goal 
of more transparency of both cost and quality. 

Center for Diagnostic Imaging, Inc. is a collection of hospital and physician 
partnerships in eight states with 12 distinct markets. Each imaging 
partnership is unique in that it has been developed to fit the local market it 
serves. Through our partnerships, CDI has facilities that are reimbursed - 
as IDTFs, physician practices, and hospital outpatient facilities. We also 
have a free-standing ambulatory surgical center. At CDI, we strive to 
operate all of our facilities consistently and in a manner that maintains our 
stellar reputation for quality imaging and patient services. We require high 
and consistent requirements of technologists and other staff and our 
radiologists participate in a joint, sub-specialized, modality specific CQI 
program, including a robust peer review process. 

Currently CMS does not require the same operating standards for the 
various sources of imaging services, nor will you be reimbursing facilities 

www.cdiradiology.corn or www.heanct.com 
5775 Wayzata Boulevard, Suite 400 Minneapolis, MN 55416 te1952.543.6500 toll free 877.566.6500 fax 952.847.1152 
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such as CDl's at a generally consistent rate beginning in January, 2007 
(See the AMlC Moran report of 9/06 - attached). Your proposed rille adds 
further variance and will, unfortunately, begin to influence our decisions on 
current and future partners and partnership structures. For example, many 
more operational regulations are imposed on IDTFs but for lesser pay 
than if we operate as a hospital outpatient facility. Making decisions 
based on inconsistent regulations is not in the best interest of the patients 
we serve nor our local hospital and physician partners. Nor will these 
decisions be in the best interest of CMS' budget. If CMS cannot enhance 
services to its Medicare beneficiaries, CMS should at least attempt to 
avoid eroding quality services already in place. The inconsistencies in 
how CMS regulates and reimburses imaging facilities will erode quality 
services for your beneficiaries. 

Furthermore, the current Administration has endorsed an effort towards 
transparency in both quality and cost measures. CDI supports this 
movement and has and will continue to remain involved in the national 
effort to apply and report measurable indicators of quality. However, it is 
virtually impossible for any payer (including Medicare) or provider 
(including CDI) to be able to offer meaningful and measurable 
comparisons of imaging facilities because of the severe inconsistency in 
regulations and reimbursement. 

2. The proposed payment structure for diagnostic and therapeutic 
injection (DTI) procedures does not appear to be based on 
appropriate and comprehensive practice expense data. 

We ask that you specifically re-address the differences in practice patterns 
in DTI services and differentiate your reimbursement based on practice 
expense data. As an experienced provider of DTI services, we are willing 
to share our practice expense data and to assist CMS in differentiating 
more thoroughly the components which make up the practice expense for 
various DTI procedures, with and without fluoroscopic guidance. Once 
CMS has proceeded with this clarification, CDI also commits to working to 
develop an industry collaborative for submitting reliable practice expense 
data to CMS. 

Thank you for your attention to our concerns. We look forward to working with you 
to the benefit of our patients. 

Sinc2ely yours, 

Robert V. Baumgartner 
Chief Executive Officer 
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Assessing the Deficit Reduction Act Limits on Imaging 
Reimbursement: 

Cross-Site Comparisons of Cost and Reimbursement 

Introduction 

In $5102 of the Deficit Reduction Act of 2005 ("DRA), Congress enacted special 
payment rules limiting reimbursements, beginning in 2007, for the technical component 
("TC") of imaging services performed in the office setting1. Under the DRA policy, 
reimbursements for imaging services performed in the office would equal the lesser of 
the amount provided under the Medicare Physician Fee Schedule ("MPFS"), or the 
amount payable to hospitals under the Outpatient Prospective Payment System ("OPPS"). 

In the spring of 2006, a new organization, the Access to Medical Imaging Coalition 
("AMIC"), formed to advocate elimination or mitigation of this policy. AMIC believed 
the policy would impose substantial payment reductions for a significant subset of 
imaging procedures performed in the office. It is our understanding that, in its 
communications with Congress regarding this policy, AMIC was asked to answer two 
questions: 

How will payments under the DRA policy compare to the cost of performing 
these imaging procedures in the office setting? 

In the aggregate, how do present payments for imaging services in the office 
setting compare to payments for similar services in the outpatient hospital setting? 

AMIC engaged The Moran Company to help provide answers to these questions. This 
report presents the findings of our analysis, accompanied by a discussion of the data we 
used and the methodologies we employed in reaching these findings. Our findings can be 
summarized as follows: 

1. We found that 126 of the 145 procedures (87%) whose payment would be 
affected by the DRA caps would be paid, under those caps, an amount less than 
the estimated cost of performing the procedure in the office setting. We used a 
cost estimation concept consistent with the Centers for Medicare and Medicaid 
("CMS") Town Hall methodology to compute the practice expense component of 
the MPFS. 

' The vast majority of imaging procedures permit separate reimbursement for the "technical component" 
associated with generating the image, as distinct from the "professional component" associated with having 
a trained physician read and interpret the images generated. When the same Medicare provider performs 
both services, that provider can bill a "global" fee. Under the DRA policy, payment limits on the TC 
component apply even if the global fee is billed. 



2. We found that aggregate payments for imaging services across the office and 
hospital outpatient settings are very close to equal2. We compared 2006 payment 
rates in both settings (prior to application of the caps) using constant volumes for 
the procedures in 2004. 

a. When payments for imaging services are compared across sites of care, 
volume weighted payments in the office are slightly higher, by 0.6%, 
when weighting is done by the volume of procedures performed in the 
office. 

b. When volume is weighted by the volumes performed in the outpatient 
hospital setting, however, MPFS payments are 2.9% below OPPS payment 
levels prior to the implementation of the DRA. 

3. We conclude from this that current payment policy, prior to the application of the 
DRA caps, does not exhibit a bias toward higher payments in one setting versus 
another. 

4. Once the DRA caps are implemented, however, imaging reimbursement in the 
office would be materially lower, perhaps by 16-18%, than in the outpatient 
setting. 

Our analysis was completed in June of 2006. On June 29,2006 CMS published a Notice 
of Proposed Rulemaking regarding MPFS practice expense and five year review payment 
policies and methodology (i.e. CMS-15 12-PN). On August 8,2006, CMS published the 
MPFS proposed rule (CMS- 132 1 -P) and the OPPS proposed rule (CMS- 1506-P) for 
calendar year (CY) 2007. Each of these proposed rules contain payment policy changes 
and proposed methodological revisions which were not taken into consideration in this 
analysis. Additionally, with the release of the MPFS CY 2007 proposed rule (CMS- 
132 1 -P), CMS published a list of codes that will be subject to 95 102 of the DRA 
(Addendum F of CMS- 132 1 -P). This addendum was not available at the time of our 
analysis and accordingly, the list of codes used in this analysis (as discussed below) differ 
from those in Addendum F of the MPFS CY 2007 proposed rule. Finally, this analysis 
does not take into consideration any projected updates to the conversion factor (e.g., for 
CY 2007 the CF is currently estimated to decrease by 5.1%). 

I. Estimated Cost of Procedures Affected by DRA Reimbursement 
Limits 

Procedures Subiect to the Policy 

The estimated cost of procedure analysis discussed in section I of this report did not take differences in 
payment policy into account, however the site of care analysis discussed in section 11 of this report does 
take differences in payment policy across settings (e.g., multiple procedure reductions and outlier 
payments) into account. 



Our first task in developing these estimates was to determine which services might be 
subject to the policy. The statute applies the "lesser of MPFS or OPPS" test to "imaging 
services," which could be interpreted to include procedures other than diagnostic imaging 
 service^.^ In the case of therapeutic services that involve imaging, such as treatment 
planning, certain nuclear medicine services and certain guidance procedures, it is possible 
that the Secretary, in implementing this policy, would conclude that the DRA limits apply 
to the technical component of such services if they have discrete billing codes under the 
AMA Current Procedure Terminology ( c P T ~ ) ~  andlor Healthcare Common Procedure 
Coding System (HCPCS). We, however, did not include most of these services in our 
analysis. After developing an initial list, we consulted with the American College of 
Radiology, which is a member of the Access to Medical Imaging Coalition, and 
employed a list of services modified by their comments and suggestions. 

The full list of codes evaluated is presented in Appendix A and includes 524 
CPTB/HCPCS codes which have associated technical component modifiers5. Certain 
imaging related services which also have associated technical component modifiers were 
excluded from our analysis as they fell into one of the following categories: a) carrier 
priced under the MPFS and therefore national reimbursement rates were unavailable, for 
example Positron Emission Tomography   PET)^; b) certain imaging guidance services; c) 
imaging services used intra-operatively; d) mammography services and computer-aided 
detection (CAD) services associated with mammography; e) radiation oncology services; 
f) services that are not covered by Medicare or are restricted by Medicare (i.e. N or R 
status indicator) under the physician fee schedule; g) certain nuclear medicine services; 
and h) services related to a pregnant uterus or fetus as these are not relevant to Medicare 
patients. 

Payment Rates in 2006 

To determine which procedures might be subject to the DRA payment rules, we used 
payment rates for both the MPFS and OPPS based on the respective Final Rule payment 
rates for these systems for calendar year 2006, the last year for which we had final 
payment rates for both systems. The MPFS rates were calculated using the total non- 
facility relative values, multiplied by the 2006 conversion factor.' The OPPS rates were 
based on the published rates for the APC to which each procedure maps under Appendix 
B of the final OPPS rule for 2006.~ 

The statute explicitly excludes both screening and diagnostic mammography services from these caps. 
4~~~ is a trademark of the American Medical Association. 

As stated in the introduction section of this report, the list of codes used in this analysis was developed in 
June 2006, prior to publication of CMS's proposed list of codes subject to the DRA (CMS-1321-P, 
Addendum F). 

Carrier priced codes were included in the site of service analysis as we were able to estimate price by 
average carrier payment rates extracted from the 2004 Part B Summary and OPPS files. 
7 The technical components of these procedures have no work values under the Resource-Based Relative 
Value Scale (RBRVS), hence the payment rates are the sum of the applicable practice expense and 
malpractice weights. 

For certain services, such as Magnetic Resonance Angiography (MRA), multiple C codes under OPPS 
correspond to one CPT code for that group of services under the physician fee schedule. When this 



Estimated Cost 

We developed our estimates of procedure-level, office-based cost using the most recent 
data available from CMS regarding procedure level cost of performing imaging services 
in the non-facility setting.9 The methodology we used parallels the cost determination 
methodology CMS employs in establishing relative values under the practice expense 
component of the MPFS in several ways, but differs in that we are using these data to 
generate absolute estimates of cost as opposed to relative costs. 

We start with the direct cost input values presented for clinical labor, medical supplies, 
and medical equipment, expressed as absolute dollars per procedure performed. We have 
published values for 494 of the 524 procedures on our list." For the 30 procedures 
without published input values, we were unable to compute estimated cost. In some 
instances, our approximation of cost may be underestimated, as the CMS "Town Hall" 
data source was missing values for supplies (this occurred in 7 instances as noted on 
Appendix A) or was missing values for supplies and equipment (this occurred in 5 
instances as noted in Appendix A). 

To estimate indirect costs (that is, practice overhead costs unrelated to the performance of 
individual procedures), we employed the methodology CMS proposed to use in its Town 
Hall discussion. Under that methodology, CMS determined its indirect cost estimates on 
an indirect cost base including both the direct cost inputs, and the dollar value of the 
applicable physician work values. Using indirect cost data generated from survey data 
under the practice expense computation methodology, CMS generated procedure-level 
"Indirect Practice Costs Indices" (IPCIs) that reflect a blend of indirect cost information 
from the respective specialties performing each procedure, in proportion to each 
specialty's share of total procedure volume." Under the CMS Town Hall methodology, 
these IPCIs were multiplied by the dollar value of the direct cost base to generate indirect 
cost weights, which were then added to the direct cost weights to calculate the practice 
expense RVUs. We followed this approach, but used the methodology to generate 
dollars per procedure values, rather than relative weights. 

occurred, a single OPPS rate was not available and accordingly, an OPPS rate was not included in the 
comparison ofcost to payment analysis, however these codes were included in the analysis across sites of 
care. 

Since this analysis was performed prior to release of the Notice of Proposed Rulemaking regarding MPFS 
practice expense and five year review payment policy (i.e. CMS-15 12-PN) and prior to the MPFS proposed 
rule for 2007 (CMS-1321 -P), we employed the data CMS published on its website in February 2006 in 
conjunction with its "Town Hall" presentation of alternative practice expense methodologies. 
lo In 37 cases no CPEP data was included in the published Town Hall database. Therefore we used the 
CPEP data published in the 2005 Final Rule database for these services. 
I '  To maintain consistency with the CMS Town Hall methodology, we used the lPCls published by CMS in 
February 2006. The American College of Radiology, however, pointed out to us that the "practice expense 
per hour" values CMS used for radiology were, while supposedly based on supplemental survey data 
submitted by ACR, materially lower than the actual survey values, apparently due to trimming and 
reweighting of survey records. Since we do not know the details of how CMS's methodology contractor re- 
weighted the survey data, we cannot determine what adjustments might be appropriate to the IPCI data 
used by CMS. 



Said a different way, we are using the "official" cost inputs CMS published in its 
February 2006 Town Hall practice expense meeting. For direct costs, we are using the 
CPEP values, as they have been refined by the AMA RUCIPEAC process. For indirect 
costs, we are using the CMS Town Hall methodology of physician work (which for codes 
in this analysis is equal to zero) plus the direct cost, adjusted by a procedure-level IPCI. 

Comvarison of Costs to Payment 

In Appendix A, we present our findings comparing our procedure-level cost estimates to 
the payment rates that would have been applicable had the DRA payment policy been 
implemented in 2006. We compared the MPFS rates to the corresponding OPPS rates at 
the procedure level, applying the "lesser of '  policy to determine which procedures would 
have been capped, in that year, had this policy applied. We then compared the pa ment 
outcome to the cost estimate, and identified cases where cost exceeded payment. IP 

In summary, we found that 145 of the 494 codes for which we have complete data, were 
found to be affected by the DRA payment limits. Of these, 126 procedures, or 87% of 
the procedures, would be paid at a rate below the estimated cost of performing them in 
the office setting. 

Procedure-level comparisons are shown in Appendix A. 

11. Payments for Imaging Services Across Sites of Care 

To generate a consistent comparison of payments across sites of care, we used claims 
data from the 2004 Carrier and Outpatient Standard Analytical Files to calculate 
procedure-level scalars to adjust for payment policy differences across settings. On the 
office side, we used actual claims to determine what proportion of payment lines would 
have been reduced, in 2004, under the 25% reduction policy for multiple imaging 
procedures applicable to 2006. We then determined, for each procedure, the percentage 
change in payment that would have resulted.13 On the outpatient hospital side, we looked 
at actual outlier payments for claims including imaging procedures in 2004, and 

l 2  Note that we are comparing 2006 payment rates to cost estimates generated using data on direct cost 
inputs (i.e. CPEP data) as published by CMS during the 02/15/06 Town Hall meeting or  as published by 
CMS in the 2005 final rule database. This comparison is meaningful as the direct cost input dollar values 
are not linked to any particular year. The original CPEP direct cost input values were first generated in 
1996- 1997. After initial implementation of the resource-based practice expense methodology in 1999, 
these values were then "refined" via a five-year process involving the Practice Expense Advisory 
Committee (PEAC) of the AMA. The refined values for each procedure are not, in general, indexed to 
make them strictly comparable to payment rates across payment years. For this reason, we believe that the 
methodology we have employed produces what are likely to be conservative estimates of procedure-level 
cost. 
" Under the MPFS, CMS has, by regulation, implemented a series of payment reductions for multiple 
procedures when two or more imaging studies are conducted of "contiguous body parts." Those regulations 
identify "families" of procedures, which, if reported on the same claim for the same date of service, invoke 
the 25% multiple procedure reduction policy. 



calculated, for each procedure, the average percentage increase in payments that resulted 
from outlier payments.'4 

In performing our analyses, we had to set aside procedures for which data were not 
available under one system or another in either 2004 or 2006. We trimmed 21 codes for 
missing data. In several instances we had to crosswalk codes to make the payment values 
comparable across settings. Four MR angiography codes show up as CPT codes in the 
office setting, but are billed based on C-codes in the OPPS. Hence we clustered these 
procedures so that payments are based on the CPT volume when using the MPFS 
payment methodology, while payments under the OPPS policy are done at the APC level. 
For PET codes that are carrier-priced, and have no fee schedule values in 2006, we 
simulated MPFS payment rates based on actual carrier payments for the TC component 
in 2004." 

To account for case mix differences for imaging services in each setting, we calculated 
volume-weighted estimates of aggregate payment differences across settings. To do this 
we used the volume of cases observed in the office in 2004 and the volume observed to 
be paid under the OPPS. 

Our findings are as follows: 

Comparison of Payments for Imaging Services in Alternative Settings: 
2006 Payment Policies & 2004 Volumes 

Volumes Used: MPFS OPPS 

Rules & Rates: MPFS OPPS MPFS OPPS 

Total Payments ($M) $6,34 1 $6,302 $5,730 $5,900 

MPFS Payments as a % of OPPS 100.6% 97.1 % 

14 In outlier claims that included non-imaging services, we pro-rated the outlier payment value based on 
charges. Our analysis did not include outlier payments for claims involving MRA or PET. 
IS We extracted the volume of services and payments from 2004 Part B Summary and OPPS files. We 
estimated a payment rate based on carrier payments in 2004 by taking an average payment per unit based 
on TC unit payments, and inflating that rate by .O 15% to account for the conversion factor increase in 2005 
(0% increase in 2006). A number of PET codes dropped out of the analysis due to a lack of data. The 2004 
service volume for the remaining PET codes (accounting for approximately 99% of PET payments in both 
systems) from the carrier file was priced using the 2006 OPPS rates, matching 2004 codes to 2006 
equivalent codes. The 2004 service volume from the OPPS claims file was priced using the estimated 
average Carrier payment rate described above. PET codes excluded from the analysis were: 78608, G0030, 
G0032, G0033, G0034, G0036, G0039, G0040, G0041, G0042, G0043, G0233, due to no paid "TC" units 
in the 2004 Canier File; 78459,788 10, GO03 I ,  G0044, G0046, GO23 I, G0232, due to only one or two 
paid "TC" units in the 2004 Carrier File which is too low a number to derive an average payment rate; 
GO038 due to no paid volume; and GO234 due to no OPPS payment rate. 



As these data suggest, aggregate payments under both systems, when adjusted for 
comparability across disparate system features, are roughly comparable prior to 
application of the DRA policy. The data in the next table break out the effects of the 
adjustments for comparability. 

Effects of Methodology Differences on Payment Comparison 
2006 Payment Policies & 2004 Volumes 
Excludes outlier payments for MRA and PET procedures 

Based on MPFS Procedure Volumes 

MPFS Rates MPFS % OPPS OPPS Rates 

t$M) t$M) 

Raw Rate Comparison 

Effects o f  Multiple Procedure Reduction 

Effects o f  Outlier Payments $194 

Adjusted Payments $6,341 100.6% $6,302 

In this analysis, we are using the MPFS volumes in both settings to standardize the 
comparison. In the first line, we show how these volumes would weight up to total 
payments based solely on payment rate differences. We find that payments under the 
MPFS would be 4.8% higher than would be obtained by using the OPPS rates across the 
same volumes. 

When the other major differences between systems are taken into consideration, however, 
the comparison approaches neutrality. Applying the multiple procedure reduction for 
contiguous body part studies lowers total MPFS payments by $61.3 M, or roughly 1%. 
Meanwhile, outlier payment adjustments increase payments under the OPPS 
methodology, for these same volumes, by $194 M, or by more than 3%. As a result, the 
"system to system" comparison shows the MPFS rates being, on average, 0.6% higher 
than the OPPS rates. 

Procedure-Level Variation in Effects 

When we look at procedure-level variations in this basic comparison, we find that the 
effects are heavily concentrated, both pro and con, in a limited number of procedures. 
The table below shows how concentrated these differentials are16. 

l 6  This analysis excludes the MRA codes because the coding disparities across settings make direct 
comparisons unmeaningful. 



Procedure-Level Variation in Cross-Site Payment Diflerentials 

Echo exam of heart 
Doppkr echo exam, hrart 
Cha t  I-ny 
Heart wall modon add-on 
H o r t  function add-on 
Echo exam ore* 
Echo han=thorsck 
X-ray exam or knee, 1 or 2 
Chat  =-my 
Echo exam of eye, thlckneu 

Tcn Lamest Neg.dvc Comparbons 

PET, reglonal Imaglng or whole body, rlngle pulmon. nodule 
hlrl Jnt or Iwr rxm W/O dye 
Lower exlrcmlly shldy 
h l r l  lumbar splne w/o& */dye 
M r l  lumbarrplnr r*/odp 
Doppkr mlor now add-on 
Dxa bone denrlly, axld 
Exheranl.l study 
Heart Image (3d), muldple 
h l r l  braln wlo & wldyt 

Ten Largest Porldve Comparlsons 

A l l  Rocdures 

MPFS Volume MPFS Volume 
Under MPFS Under OPPS 

Payment Rula  Payment Rula  MPFS-OPPS 
(mllllons of ddlan) 

$455 $566 -1111 
$208 $309 -$I00 
$114 $202 488 
$110 $ 168 -158 
$ l I0  $167 -157 
$48 $91 -142 
$21 $59 -138 
$27 $58 -13 1 
$19 $45 -127 
$2 $ 28 -126 

$1.113 $1,692 4579 

As these data suggest, cross-site disparities are not uniform across procedures. While the 
MPFS rates produced weighted payments roughly $38 million higher than under the 
OPPS, this average masks large swings at the procedure level. The top ten procedures 
ranked by the dollar magnitude of the payment disparity had MPFS payments fall short of 
OPPS payments by $579 M, or by 34.2% on average. The top ten "winners," by contrast, 
show MPFS payments $725 million (36.8%) higher than would be paid under the OPPS 
methodology and rates. 

The "lesser of MPFS or OPPS" payment policy under the DRA will, if implemented, 
have a highly concentrated effect on the limited number of procedures for which MPFS 
rates happen to be higher than the corresponding OPPS rates - while having no effect at 
all on the substantial number of procedures where MPFS payment is, at present, below 
the OPPS rates. As a result, our present finding of rough balance in payments for 
imaging services across sites of care would be materially altered toward lower aggregate 
payments in the office. While the exact comparison awaits final details on how CMS 
intends to implement the DRA policy, the manner in which CMS finalizes its proposal to 
revise the practice expense methodology for calculating RVUs, and any updates to the 
conversion factor, we anticipate that aggregate payments for the TC portion of imaging 
services would be 16-1 8% lower in the office setting than the aggregate amount of 
comparable APC payments in the hospital setting, holding volumes constant. 



THE MORAN COMPAIVY 
Analysis ol'l'aynlent Versus <:ost for Irneging Procedures Affected by DKA 
Cost Based on CMS Values for Direct & Indirect Costs in Non-Facility Setting 

Totals 





7 2 1 9 6 ~ ~ I ~ i  pel& w/&e ( S 530.57 ( S 371.00 ( S 1,108.59 1 S 371.00 1 
72197TclMri pelvis w/o & wldye I S 980.41 I S 506.26 1 S 1,368.62 1 $ 506.26 1 37%1 $ (862.36) 

72275TC 
72285TC 
72295TC 
73000TC 

73050TC X-ray exam of shoulders S 26.91 S 43.42 S 41.12 S - S - 
73060TC X-ray exam of humerus S 23.12 $ 43.42 S 34.28 $ - S - 
73070TC X-ray cxam of elbow S 20.46 S 43.42 S 32.16 S - 
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73020TC 
73030TC 
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-- ppppp 

73 IJOTCI X-ray exam of fingeds) 
73200'1c]~t upper extremity wlo dye 1 % 197.82 I S  188.10 1 S 445.54 1s 188 10 1 42?'01 6 (257 -44). 

Epidurography 
X-ray cA spine disk 
X-ra of lowers ine disk 
X-ray exam of collar bone 
X-ray exam of shoulder blade 
X-ray exam of shoulder 
X-ray exam of shoulder 
Contrast x-ra of shoulder 

5 88.30 
5 334.63 a 
S 20.46 
S 20.46 
6 18.57 
S 23.12 
0 

S 173.53 
S 724.32 

S 43.42 
S 43.42 
S 43.42 
S 43.42 

S 101.64 
$ 75.98 

S 32.63 
S 33.58 
S 26.01 
S 32.95 

5 - 
S - 

5 - 

$ - 
S - 

5 - 
S - 
5 - 
S - 

S - 
S - 
S - 









76094TCI"Magnetic image, both bream" 1 $ 955.77 1 / S 1,590.95 1 S - I 
- - - - 

6098TCI"~-ray exam, breast specimen" / S  1 6 . 6 7 1 %  4 3 . 4 2 1 ~ - - - 1 7 . 2 6 / $ ~ -  r b - 1  
6100TCI~-ray exam of body section I $ 50.02 1 $ 73.89 1 5  227.33 I $  - I 1 6  - 1 





- - - - - - - 

8635~ClCSF ventr~culography I S  10194[$ 2 0 8 3 8 b  4622115 - ( I $  - 
8645TC ICSF shunt evaluat~on 1 S 137 19 1 S 208 3R 1 S 466 37 ( 6 - I ( S  - 



' Swrce: MPFS rates were calculated using the most current version of 2006 Relative Value Units (RVUs) as published in the RVU files on the Ck 
OPPS rates were calculated using the most current version of the applicable Ambulatory Payment Classification (APCI as published h Addendum I 
"Source: CMS Town Hall' Cost Data was calculated using Cllnlcal PracUce Expert Panel (CPEP) inputs as published by CMS durlng the 2/15/06 
CMS sponsored Town Hall meeting. In the 37 instances where CPEP lnpub were missing from this town halt data soun;e. CPEP inpub fmm the 2 
database were utilized. In certain instances we wuld not identify a value frm ellher source and could rot calculate cw t  data. 
while we left these on the lhst so it could be noted that they may potenUatly be affected by the DRApoiicy, they were II0l included in our analysis of! 
In 7 instances, CPEP Inputs were missing for supplies and/or were missing for supplies 
and equipment (5 instances). When CPEP inputs are mlssing. the Est. CMS "Tcrm HatF Cost Data may be underesllmaled. 



Centers for Medicare & Medicaid Services 
Department of Health and Human Services 
Attention: CMS- 132 1 -P 
Mail Stop C4-26-05 
7500 Security Blvd 
Baltimore, MD 21244-1 850 

Sept. 4,2006 

RE: BONE MASS MEASUREMENT TESTS 
Fed. Reg. Vol. 7 1, IVo. 162/Tuesday, August 22,2006 

< 

We wish to comhent on the Proposed Rules referenced in the above document. 
In general, we believe this writing fails to accurately describe and consider CT Bone 
Densitometry as an important modality in managing this important disease state. As 
background to our comments, it is helpful to recognize that "some" Primary Care 
Physicians who place DXA devices in their offices and Radiologists who control CT 
scanners have somewhat of a turf dispute. Due to the large potential market to primary 
physicians for DXA devices as compared to the number of CT facilities, larger device 
companies with greater promotional abilities market DXA much more widely. Having 
said this, however, "all" of the big CT manufacturers offer CT Bone Densitometry, many 
using our device. Primary care physicians with DXA devices in their offices have an 
incentive to perpetrate the belief that DXA is superior to QCT. Many of these same 
physicians have joined efforts in the International Society of Bone Densitometry, which 
is essentially void of QCT users and researchers. Radiologists are trained in equipment 
technology and imaging physics. As they have access to CT scanners, it is not surprising 
they can readily understand the imaging properties and measurement performances of 
QCT and DXA. Most radiologists will likely recognize the several diagnostic advantages 
of QCT over DXA. The exceptions include the requirement to use a sophisticated CT 
instrument, which is not usually available in offices, and although a very low dose 
procedure, the radiation dose can be higher with QCT. However, the dose from modem 
DXA devices with vertebral fracture analysis [VFA] is comparable to QCT. 

Not only the overly favorable reporting of DXA but the restriction of follow-up 
monitoring to only DXA would be extremely unfair to QCT and especially those patients 
being served by this technique. The implementation of such a restriction would 
essentially grant a monopoly to DXA companies and users and seriously harm the 
medical care of those thousands of patients being so ably served today by QCT. This 
proposal is suspect especially in light of the fact that QCT has distinct advantages in 
monitoring patients under therapy. Such a restrictive decision would have no cost savings 
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to CMMS, as both are reimbursed at the same rate. DXA is often not, but QCT is, 
available in smaller communities making such a decision unfair to those patients. DXA 
and QCT cannot be used to follow-up the other device in monitoring since they measure 
different bone volumes and are not interchangeable. We are developing methods using 
the 3-D data of QCT, which may allow follow-up of DXA but DXA certainly cannot 
follow-up QCT. We ask for removal of the recommendation for restrictions on 
reimbursements for monitoring and a more accurate description of CT bone densitometry. 

We want to make the following specific comments: 

1. CT Bone Densitometry is widely available. 

We estimate that approximately 10,000 QCT devices have been placed in 
operation and most CT facilities in the U.S. currently have BMD capabilities. CT BMD 
should not be grouped with the "other" category, which includes appendicular devices, 
SXA, RA, ultrasound, etc. QCT is highly regarded as an advantageous technique and 
widely used. 

2. Definition of-a "Bone Mass Measurement" 

The definition given could be redefined to reflect it is a "density" measurement 
preferably over a "mass" measurement. Also quoting from the Register, the use of 
terminology such as "bone densitometer" (other than a single photon or dual-photon 
absorptiometry) or with a bone sonometer system that has been cleared for marketing for 
this use by the FDA" This definition and the use of the exclusions almost completely 
excludes QCT. Further, the statement that "by the newer techniques of DXA, which are 
believed to be superior in accuracy and precisions'' give an inaccurate impression of the 
known science. Many of the leading bone densitometry researchers report that QCT has 
superior diagnostic accuracy and significantly greater sensitivity than DXA to detect and 
monitor osteoporosis. This superior performance of QCT should exclude it from in the 
category of the "other" devices and place it at least on level with DXA. 

We propose a definition, which includes all the currently used techniques and 
clearly includes such a major technique as QCT. We see no need to specifically exclude 
isotope source absorptiometers. They are at least as accurate and sensitive as the 
appendicular devices or RA and superior to ultrasound devices, which as a side comment 
do not measure 'bone mineral density'. We propose a definition such as "bone density 
measurements may be 3-D volumetric bone density measurements in g/cc (QCT) or 2-D 
projection measurements of areal density in g/cm2 (DXA, SXA,RA) all being x-ray based 
and carried out in the axial or appendicular skeleton. Other projection techniques include 
ultrasound measurements of bone quality end points. BMD may be performed with any 
FDA cleared device under 21 CFR part 80718 14. 

3. Monitoring of BMD changes. 

The current writing states "the monitoring would have to be performed by the use 
of a dual energy x-ray absorptiometry system (axial system). DXA is precise, safe, and 
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low in radiation exposure and permits more accurate and reliable monitoring of 
individuals over time". Although such statements have great commercial value, they are 
in part inaccurate. It is widely known that QCT measurements of the lumbar spine are the 
most sensitive and most reliable technique to monitor individuals over time. Most any 
research scientist working in the bone density field who is not biased by hislher use of 
only a DXA device will readily agree with this statement. QCT of the lumbar spine 
provides the earliest detection of osteoporosis over all other techniques. QCT is 
increasingly being used in multi-center drug studies because of its superior sensitivity to 
monitor changes in bone density. Instead of the usually DXA recommended 2 years for 
follow-up with therapy, investigators have shown a therapeutic response with QCT after 
3 months. This greatly hastens the detection of non-responders while allowing a more 
reliable measurement of bone density changes over time. The DXA companies are 
currently working on methods to rotate their devices to attempt to acquire 3-D data like 
QCT. This alone speaks loudly of what they think of 3-D bone density measurements. 

The referenced publications listed below and excerpted statements support our 
conclusions and are enclosed for review: 

Genant et al, Review - Noninvasive Assessment of Bone Mineral and Structure: 
State of the Art. J ~ o ; e  and Mineral Research, Vol. 11, No. 6,1996 

"QCT's ability to selectively assess the metabolically active and structurally important 
trabecular bone in the vertebral centrum (57*99-102) results in the excellent ability to 
discriminate vertebral fracture and to measure bone loss, generally with better sensitivity 
than projectional methods such as DXA or DPA." 

Lang et al, Bone, 1997 Ju1;21(1):101-8 

" For trebecular BMD the precision was 1.1% and 1.6% for the femoral neck and 
trochanteric subregions compared to 3.3% and 1.6% for the corresponding integral 
envelopes. Trabecular BMD measurements were reproducible and highly correlated to 
biomechanical strength measurements". 

Bolotin et al, Journal of Bone and Mineral Research, Vol. 16, No. 5,2001 

"The growing number of investigations that have shown DXA-derived in vivo BMD to 
be subject to sizable inherent systemic inaccuracies that may adversely influence 
measurement outcomes [32-391. Such BMD inaccuracies could seriously compromise 
the integrity of measurements undertaken to diagnose, monitor, and evaluate the 
osteopenic1osteoporotic condition and predictive bone fragility of any individual patient." 
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Black et al, The Effects of Parathyroid Hormone and Alendronate Alone or in 
Combination in Postmenopausal Osteoporosis. N Eng J Med 2003:349:1207-15 

Figures 1 and 2 show, but don't provide graphically comparison, the therapeutic response 
of PaTH as measured by QCT and DXA. DXA shows about 6% increase in BMD while 
QCT shows about 25% increases for the spinal results. This is consistent with other 
publications. The results show approximately a 400% larger measurement response with 
QCT. This allows for earlier detection of response and for more reliable monitoring of 
change over time. { My comments, please see p. 12 1 1 ) 

Bolotin et al, Patient-Specific DXA Bone Mineral Density Inaccuracies: 
Quantitative Effects of Nonuniform Extraosseous Fat Distributions. Journal of 
Bone and Mineral Research, Vol. 18, No. 6,2003 

"IVonunifonn extra osseous fat is shown to raise the magnitude of inaccuracies in DXA in 
vivo BMD measurements into the range of 20-50% in clinically relevant cases. Hence, 
DXA-based bone fragility diagnoses/prognoses and evaluations of bone responsiveness 
to treatment can be unreliable." 

Banks et al, Effect of Degenerative Spinal and Aortic Calcification on Bone Density 
Measurements in Post-Menopausal Women: Links Between Osteoporosis and 
Cardiovascular Disease? European Journal of Clinical Investigation (1994) 24,813- 
817 

"Women with spinal degenerative calcification had higher spine bone density when 
measured by dual photon absorptiometry compared to those without calcification (P<O- 
Ol), but this was not reflected by the quantitative computer tomography or the proximal 
femur bone densities, suggesting that spinal calcification artificially increases spinal bone 
density when measured by dual photon techniques." 

Weigert et al, DXA in Obese Patients: Are normal values really normal? 
Imaging Center of West Hartford, C T  and University of California, San Francisco, 
CA 

"The results of this study suggest that DXA of both the spine and hip overestimate BMD 
in obese women and the results should be interpreted with caution7'. 
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Yu W et al, Calcif Tissue Int. 1995 Sep;57(3):169-74 

"For all women, BMD by PA- and L-DXA was affected more by DJD than by fracture 
status. We conclude that QCT and mL-DXA are superior to PA-DXA and L-DXA in 
detecting bone loss in patients with DJD." 

Guglielmi et al, Acta Radiologica, rad57868.3d 

"There is no evidence supporting that trabecular BMD measurements by QCT are 
influenced by OA. Instead, degenerative changes have an effect on both cortical and 
integral QCT, and on DXA at the lumbar spine and the hip. For subjects with established 
OA, assessment of BMD by volumetric QCT may be suggested." 

.. 
Griswold et al, Diagndstic Imaging Nov. 2001 

"Quantitative CT is almost always done by radiologists. Patients who cannot be studied 
well by DXA: obese patients and degenerative hypertrophic bone, a history of spinal 
surgery, excessive vascular calcifications, and severe scoliosis (Figures 4 and 5). In 
addition, QCT is more sensitive to the trabecular bone loss of early menopause as well as 
to the response to therapy, which is frequently first seen in trabecular bone." 

4. Diagnostic Accuracy 

QCT and DXA measure largely different bone components. QCT by isolating and 
measuring a purely trabecular bone region in the axial skeleton allows the early detection 
of low BMD well before any other technique. The much higher metabolic activity of 
trabecular bone results in larger measurement changes of BMD, which provides greater 
reliability due to this much higher sensitivity. For monitoring therapy or for early 
detection of osteoporosis, QCT is clearly superior. DXA measurements of the Hip 
predict hip fractures better than any other technique but the recent availability of CT 
DXAView of the hip can reproduce this result with comparable performance. Please see 
the following supporting publications: 
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Guglielmi et al, Quantitative Computed Tomography a t  the Axial and Peripheral 
Skeleton. Eur. Radiology, 7 (Suppl.2), S32-S42 

"QCT has been shown to discriminate better between healthy women and those with 
osteoporosis than posteroanterior DXA [ 5 ] .  In summary, the great advantage of QCT 
over other densitometry methods is its ability to measure exclusively the high turnover 
trabecular bone. This accounts for the high sensitivity of the technique. Therefore, 
several authors have considered QCT as the method of choice in predicting fracture risk 
in the spine." 

P. von der Recke et al, The Impact of Degenerative Conditions in the Spine on Bone 
Mineral Density and Fracture Risk Prediction. Osteoporosis Int. (1996) 6:43-49 

"In conclusion, osteophytes and endplate sclerosis have a considerable influence on 
spinal bone mass measurements in elderly postmenopausal women and affect the 
diagnostic ability of spinal scans to discriminate osteoporotic women." 

Guglielmi et al, Osteoporosis: Diagnosis with Lateral and Posteroanterior Dual X- 
ray Absorptiometry Compared with Quantitative CT'. Radiology 1994; 192:845- 
850, Vol. 192, No. 3 

"Although both L-DXA and PA-DXA correlated well with quantitative CT (r = .73 and 
.72, respectively; P <.0001), L-DXA correlated better than PA-DXA with age (r = -.69 
and -SO, respectively; P<.0001). Women with osteoporosis showed higher bone loss 
with quantitative CT (1.33% per year) and L-DXA (0.3% per year) than with PA-DXA 
(0.07% per year). Logistic regression analysis indicated that quantitative CT and L-DXA 
but not PA-DXA are significant predictors of osteoporotic fractures." 

Hologic's commercial brochure 

"30% of patients who need therapy are missed [by DXA] without I V A  

Black et al, One year of Alendronate after one year of Parathyroid Hormone (1-84) 
for Osteoporosis. The New England Journal of Medicine, Vol. 349, No. 13 

"There is a difference particularly evident for bone mineral density in trabecular bone at 
the spine on quantitative CT". 

Lang et al, Radiology, 1998 Nov; 209(2):525-30 

"Spinal trabecular BMD is strongly associated with both trochanteric and vertebral 
factures". 
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Gramp et al, J Bone Mineral Res. 1997 May;12(5):697-711 

"Diagnostic agreement among these measurements in classifying women as osteopenic 
or osteoporotic was poor, with kappa scores averaging about 0.4 (exceptions were QCT 
TRABIINTG BMD, DXA LAT BMD, and RA PHAL BMD, with kappa scores ranging 
from 0.63 to 0.89". 

Rehman et al, Arthritis Rheum. 2002 May; 46(5):1292-7 

"QCT was a significant predictor of vertebral fractures. CART analysis showed that a 
BMD value < 0.065 glcc was associated with a 7-fold higher risk of fracture. BMD of 
the lumbar spine as measured by QCT, but not DXA, is an independent predictor of 
vertebral fractures." 

., 
C 

Maricic, J Clinical Densitometry, Vol. 1, No. 3, 251-257, Fall 1998 

"These studies suggested that lateral DXA is comparable to QCT and more sensitive than 
PA for the detection of low bone mass, and is more highly associated with fractures than 
PA BMD (3)". 

Conclusions: 

CT Bone Densitometry is widely available, is the most sensitive method to detect 
and monitor bone density changes and provides the highest diagnostic accuracy for 
predicting patients with fractures. It is increasing becoming the method of choice for 
highly accurate monitoring of bone density changes in drug studies. 

The restriction of monitoring to only DXA devices should be removed. We 
respectively request a modification in the writings for the Proposed Rules, which 
accurately reflect the widespread and respected use of CT Bone Densitometry. 

Cc: enclosures 
&e$& 

Ben Arnold, Ph.D. 
President 

Image Analysis, Inc. 
1380 Burkesville Street Columbia, KY 42728 USA Phone 2701384-6400 Fax 2701384-6405 
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In the past decade, considerable progress has been made 
in the development of methods for assessing the skeleton 
noninvasively so that osteoporosis can be detected early, its 
progression and response to therapy carefully monitored, or 
the risk of fracture effectively ascertained. Clinicians can 
now evaluate the peripheral, central, or entire skeleton as 
well as the trabecular or cortical bone envelopes with a high 
degree of accuracy and precision, and they have the capac- 
ity to estimate bone strength and propensity to fracture. 
The purposes of this commentary are to assess the current 
capabilities of bone densitometry methods as well as recent 
technical advances in these methods;' to review the statisti- 
cal approaches applied in studies of bone densitometry; to 
examine methods of expressing longitudinal sensitivity in 
densitometly; to address the issues of fracture risk predio 
tion with bone densitometry using either single or multisite 
measurements; and to delineate the aiteria for appropriate 
use of bone densitometry. 

PRINCIPAL BONE MEASUREMENT 
TECHNIQUES 

T" ARE A v m  of techniques for noninvasive as- 
sessment of the skeleton: radiographic absorptiometry 

(RA), single-photon and single X-ray absorptiomehy (SPA/ 
SXA), dual-photon and dual X-ray absorptiomehy @PA/ 
DXA), spinal and peripheral quantitative computed tomog- 
raphy ( Q C T m , .  quantitative ultrasound (QUS), and 
quantitative magnetic resonance (QMR), and magnetic KSCP 

nance m i a m p y  ( N R ) .  These techniques vary in precision, 
accuracy, and discrimination and differ substantially in funda- 
mental methodology, clinical and research utility. and general 
availability (Table 1). 

Radiographic absoptiomehy 

Radiographic abso~ptiomey (RA). also known as photoden- 
sitometry, was one of the k t  quantitative techniques to asses 
integral bone (trabcah and cortical) mass.(') In hand 
r a m p h s  art taken with aluminum wedges plaad on the 
6h.s. and analyzed using an optical deositometcr. The bone 
mineral density (BMD) is &%rated relative to that of the 
aluminum wedge and is eqrmed in arbitrary  unit^.(^-'^) T)p  
i d l y ,  d f i g a t o n  have used the middle phalanges or meta- 
carpals for RA measurements. Although RA is an inugensive 
and readily aacmible technique, its implementation was ini- 
t i d y  dmabcrized by high pndsion e m n  of about 9-10%.(') 
RcctnUy developed computerassisted methods have reduced 
operator erron and improved predsioa(l-'O) There are sev- 
eral RA techniques. One technique usa centraliztd analysis 
of hand radiographs and averages the BMD of the stcond to 
fourth middle phakqes.m Another technique developed in 
Japan uses the diaphysis of the second metacarpal to deter- 
mine BMD.-) A third technique developed in Europe mea- 
sures the diaphysis and proximal metaphysis of the second 
middle phalanx('.') 

Published short-term precision erron for computer-as- 
sisted RA range between 0.6 and 1.7% for in vitro mea- 
surements and between 03 and 2.4% for in vivo measure- 
ments.p6d) The comparison of RA results with ash weights 
of cadaveric phalanges gave an accuracy error of 4.8%,@' 



which is comparable to that obtained with other densitom- T ~ e u  1. COMPARISON OF APPROXIMATE WORLDWIDE 
etry techniques.("-") Thus. RA appean to be suitable for Drmleuno~  AND OF PRECISION ERROR. A C C U U ~  ERROR, 
the measurements of the BMD of phalanges and metacar- AND RADIATION DOSE OF TECHNIQUES FOR BONE 
pals, and is used in about 500 centers worldwide. NUMERAL MEASUREMWT 

RA measurements of age-related bone loss were reported 
by Trouerbach et al. who measured the diaphysis of the second Effective 

middle phalanx. The annual bone loss was 35% for recently dose 
Technique Precision Accuracy equivalent postmenopausal women (age 50-57) and 0.8% for older post- 

(world distribution) error (%) error (%) ( d v )  
menopausal women (age 58-73).('e4) Matsumoto et al. re- 
ported bone loss of 1.6% per year at the diaphysis of the (500) 
sccond metacarpals in normal women (age 50-59). They also phalanx/metacarpal l-2 5 - 5 
showed that BMD of the second metacarpals peaks in normal S X A / D ~  (3000) 
women at age 30-39. Afterward. BMD deer- gradually radius/calcaneus 1-2 4-6 < 1 
until the age of 50 and more rapidly thereafter.(') A prelimi- DU (6000) 
nary study from San Francisco showed that bone loss of the p~ spine 1-1.5 4-10 - 1 
sccond to fourth middle phalanges was 0.41% per ycar for L~~ spine 2-3 5-15 -3 
normal women (age 22-79). This loss was comparable to that proximal femur 1.5-3 6 - 1 
observed by spinal and radial DXA in the same population.('3) forearm - I  5 < 1 

Very few studies have addressed the ability of RA to whole body - 1 3 - 3 
discriminate spinal fractures. Analyzing incident fractures Q(JT (4000) 
in serial spinal X-ray films. Ross et al. reported an odds spine t r a h u l a r  2-4 5-15 -50 
ratio of 1.65 for RA and 150 for radial Prelimi- spine integral 2-4 4-8 -50 
nary data from a study in San Francisco also suggested that p~~ (1000) 
phalangeal RA (odds ratio = 1.93, p = 0.08) discriminates radius t r a h u l a r  1-2 ? - 1 
osteoporotic spinal fractures better than radial DXA (odds radius total 1-2 2-8 - 1 
ratio = 1J5.p = 0.25) but not as well as spinal DXA (odds QUS (2000) 
ratio = 216,p = 0.02).(13) SOS calcaneudtibia 0.S1.2 ? 0 

BUA calcaneus 1.3-3.8 ? 0 
Single photon and X-ray absorptiomeny 'Dose for annual background -2000 pSv. for abdominal radio- 

Single photon absorptiometry (SPA) was introduced in graph -500 fiv* and lor CI' -4000 (ISV-Cm) 

the 1960s(1s) and was widely used until recently hen it was The numbers giwn for precision errors and accuracy errors are 

superseded by single X-ray absorptiometry (SXA). Both from various publications. Since these numbers were obtained 
using difierent methods and sometimes distinct statistical a p  methods make possible a quantitative assessment of the 
preaches. thq haw to be pcrccivcd rr a for 

bone mineral content (BMC) at peripheral sites of the p,uia. 
skeleton (e.g., distal or ultradistal radius, calcaneus). A 
highly co&=ted photon beam from a radionudide source 
(usually or a small X-ray tube is used to measure 
radiation attenuation at the measurement site. The replace- 
ment of the radionudide source by an X-ray tube using 
SXA, a feature of most of the recently developed densito- 
meters, has imparted better precision and imprwed spatial 
resolution to these systems and has reduced examination 
time.(14.'417) Because SXA is an area projectional tech- 
nique, separate measurement of trabecular and cortical 
bone is not possible. For example. a measurement of the 
radial shaft (often referred to as the one-third radius or 
proximal radius) indudes mainly cortical bone. While the 
relatively uniform structure at this site, which is 95% cor- 
tical bone, ensures a good range of precision, the metabol- 
ically more responsive t r a b l a r  bone is barely includ- 
ed.('') Measurements of the ultradistal radius indude more 
trabecular bone (up to 40%). but difficulty in precisely 
targeting the region of interest and inhomogeneity of the 
trabecular bone content may result in poorer precision at 
this site, particularly if older deviccs are used.('9M) The 
rectilinear scanning deviccs now in use show improved 
precision at this site.(") The value of bone mineral mea- 
surements at the calcaneus was initially controversial be- 
cause of the uncertain relationship between BMD at this 

site and body weight or exercise.-) However, excellent 
results in recent studies document the value of calcaneus 
(as well as radius) measurements in predicting osteoporotic 
Eract~res.Q~-~~) SPA/SXA has proven to be a valuable 
method in the diagnosis of osteoporosis, providing reason- 
able precision and low radiation exposure. Worldwide there 
are wer  2000 systems in use. 

Dual photon and X-ray absorptiometry 

Single energy measurements are not possible at sites with 
variable soft tissue thickness and composition (ic, the axial 
skeletoq hip, or whole body). For these purposes dual-photon 
absorptiometry @PA) techniques were introduced to corrtd 
for unhown path length in the body. This approach uses a 
radionudide source, typically "'Gd at two effective energy 

Dual X-ray absorptiometry (DXA), based on the method 
of X-ray spectrophotometry that was developed in the 
19705, was introduced commercially as the direct successor 
to DPA in 1987.("'"') While DXA uses the same principles 
as D P 4  in DXA the radionuclide soure  is replaced by an 
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X-ray tube. Depending on the manufacturer, beams of two highly precise measurement of the radius or calcaneus using 
distinct energy levels are  either produced by the X-ray regions of interest like those derived from SPA and SXA 
generator o r  selectively filtered from an X-ray spectrum. measurements and also userdefined ~ubregions.( '~-~~) Re- 
The main advantages of an X-ray system over a DPA cently introduced DXA densitometers specially designed 
radionudide system are shortened examination time due to for the forearm may provide these measurements at a lower 
an increased photon flux of the X-ray tube and greater cost. 
accuracy and precision caused by higher resolution and Low radiation dose. availability. and ease of  use have 
removal of errors due to source decay The made DXA the most widely used technique for measuring 
preferred anatomic sites for DXA measurement of bone bone density in dinical trials and epidemiological stud- 
mineral include the lumbar spine, the proximal femur, and ies.(64.65) Different DXA densitometers from one manufac- 
the whole body, but peripheral sites can also be scanned. turer usually yield comparable results. Depending on the 
The digital image resulting from the measurement allows a scan mode and region scanned, these results are often 
gross survey of the region examined. With the initial DXA within the precision error of the d e n s i t ~ m e t e r . ( ~ ~ - ~ ~ )  The 
devices, the examination procedure took 6-15 minutes, results may display substantial variation, however, if they 
newly developed devices using enhanced generators o r  a are  obtained using a variety of densitometers from different 
fan beam instead of a pencil beam X-ray source have short- manufacturers. This variation arises from differences in 
e n d  the examination time to 2 minutes o r  less.(35) The  in bone standards, edge detection algorithms, and regions of 
vivo precision of  the posteroanterior DXA examination of interest that are  incorporated into the different devices. A 
the lumbar spine is 05-1.5% with an accuracy error of group at San Francisco under the auspices of  the Interna- 
5-10%.(M-41) The worldwide distribution of DXA systems tional DXA Standardization Committee, which includes all 
is over 6000. leading manufacturers of DXA equipment and representa- 

Because of the presence of osteophytes, aortic calcifica- tives of several scientific organizations, has proposed a 
tions, degenerative facet hypertrophy, and intervertebral disc standardized BMD (sBMD, given in mg/cm2) for measure- 
space narrowing in degenerative dkc disease, the BMD may ments of the lumbar spine, based on the excellent wrrela- 
be inaeased artificially in the pos?eroanterior measurement of tion of in vivo data for the lumbar spine among all densi- 
the lumbar spine. This is an important drawback of this t~meters.(~')Thestandardized BMD provides compatibility 
method especially in elderly patients. Furthermore, the area of results obtained at the lumbar spine on different scan- 
projectional measurement includes substantial portions of ners. T o  provide similar standardization at other sites, such 
compau bone, thereby reducing the ability to discriminate as the femoral neck, changes of the analysis software may 
between osteoporotic and nonosteoporotic s u b j e ~ s . ( ~ ~ " )  A be required because of substantial differences in the regions 
lateral examination of the lumbar spine makes possible an of interest that the different manufacturers have inwrpo- 
evaluation of the vertebral b o d y - 4 t h  almost exdusive mea- rated into the design of their devices. 
surement of the t r a b e d a r  bone. Therefore, the correlation Because D M  is a projectional technique, the measured 
between lateral DXA and quantitative computed tomography bone density does not refled a true volumetric density but 
((20, both measures of the vertebral body, has been found rather an area density, calculated as the quotient of the 
to be stronger than that between posteroanterior DXA and BMC and the area. This normalization by the projected 

This lateral method can reduce the errors intricisic area partially reduces the effect of body size. However, it 
in the postemanterior examination of the lumbar spine. How- does not take the true volume, for example of a vertebra, 
ever, overlap of the iliac a w t  may substantially inaease the into a m u n t  For a constant volumetric bone density, a larger 
measured bone density primarily at the level LA, and I2 is vertebra would typically yield higher areal BMD r d t s  than a 
overlapped by n i  in almost all patients. Nevertheless, the smaller one. Several volumetric estimates of bone density 
indusion of U-LA usually yields the best prccjsion and diag- derived from either posteranterior DXA or  both posteroan- 
nostic sensitivity.(4a49) Beyond that, the reproducibility of  the terior and lateral DXA of the lumbar spine have been pro- 
lateral DXA measurement is poorer b u s t  of the greater posed to enhance vertebral f r a m e  d i s a i m i n a t i ~ n . ( " ~ ~ ~ )  
thickness and nonuniformity of the soft tissue in the lateral In the context of a large epidemiological study, a volumetric 

The adverse effect on reproduability of estimate of  femoral neck bone density, the bone mineral 
measurements of the spine in the lateral decubitus position apparent density (BMAD) did not improve the predictive 
has been a d d r d  with newer densitometers which have a value of standard BMD measurements for future hip frac- 
tubedetedor system that can be rotated This "C' ann allows t u r e ~ . ( ~ ~ )  Further studies are required to confirm these 
for lateral spine scanning with the patient in the supine p i -  early results and to establish the role of volumetric =ti- 
tion. thereby reducing obliquity and resulting overlap of the mates of projectional bone density. 
pelvis and nb and improving the in vivo reproduability to  As a result of the high resolution of DXA m n n e r s ,  
about 2%.(4955) Several studies indicate that age-related bone anatomic details of  the examined region are  depicted 
loss is more pronounced in the lateral measurement of BMD. clearly. Using DXA to obtain lateral images of  the lumbar 
Furthermore, b u s e  the lateral approach is more strongly spine offers the advantage that the scanning b e a m - i n  a n -  
associated with prevalent vertebral fractures than is standard trast to conventional cone beam r a d i o g r a p h y 4  generally 
postemanterior BMD. it has a potentially superior diagnostic parallel to the vertebral endplates. This allows a better 
sensitivity.(49.56-s) definition of vertebral dimensions for a morphometric anal- 

DXA is also employed for measurements o f  the appen- ysis. In reference to the DXA approach, this method has been 
dicular skeleton Most standard DXA densitometers allow for called morphometric X-ray absorptiometry, o r  Mmrn  
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Overlying structures such as ribs or iIiac crest may have an marrow fat composition in the vertebrae, the accuracy of 
adverse effect on the morphometric analysis. To enhance the the calibration standard, and beam hardening erron and 
armracy of technical moditications of the X-ray tube scatter, among other factors.'9s95) The principal sour= of 
and the detector system may provide images with higher res- marrow is fat, which causes SEQCT measurements to un- 
olution and thus enhance the analysis of vertebral deformities. derestimate BMD and overestimate BMD loss. However, 
These techniques are still in the developmental and early the vertebral marrow-fat content increases with age, and a 
dinid evaluation stages. simple correction procedure that takes this into account can 

Architectural properties derived from conventional pel- reduce the BMD aauracy errors to levels that are small 
vic radiographs, such as the thickness of the femoral cortex compared with the bioLogical variation.(%) Additionally, 
or the width of the trochanteric region, have been found to marrow-fat errors can be further reduced by using a kVp 
be associated with future hip fractures.c78) Researchers setting that minimizes the fat sensitivity for the given scan- 
have m i n e d  geometric properties of the femur on DXA ne, ~ l though  it is possible to improve accuracy by employ- 
xans and found that the hip axis length was significantly ing DEQCT, this approach incurs reduced in vivo precision 
associated with h tu re  hip fractures independently of age and higher dose and thus is recommended only for research 
and BMD.(~~)  Measurement of the hip axis length has been studies that require higher accuracy.(97.98) 
automated, allowing for an uncomplicated and reproduc- The in viva precision errors of 2-4% and the accuracy 
ible assessment of an individual's hip axis length.('") Sirni- errors of 5-15% reported for spinal QCT are generally 
larly+ geometric derived from scans of the higher than those observed for posteroanterior DXA of the 
radius predicted the fracture load in vitro.('" These studies spine and comparable with those of lateral DXA. However, 
primarily document the importance architectural bone Q m s  ability to selectively assess the metabolically active 
properties for the biomechanics and may poten- and structurally important trabecular bone in the vertebral 
tially account for differences in the fracture risk between ,ntNm~~7.99-~oz) results in the wrcellent ability to dix",,,- 
ethnic s ~ ~ P ~ - ( ~ ~ ~ )  Further spdies in this arc re- inate vertebral fracture and to measure bone loss, generally 
quired* and the assessment sf geometric with better sensitivity than projectional methods such as 
may be an interesting asset to DXA. DXA or DPA. Ross et al. employed prospective data to 

assess the predictive power of various BMD measurements 
Quantitative computed tomography for vertebral fracture and found that a spinal QCT mea- 

Quantitative computed tomography (QCT) can deter- 
mine in three dimensions the true volumetric density (mgl 
an3) of trabccular or codcal bone at any skeletal site. How- 
ever, because of the high responsiveness of spinal trabcllar 
bone, and its importance for vertebral strength. has been 
principally employed to determine t r a M  bone dwi ty  in 
the vertebral ccntruaLw) In this application, Q(X has been 
used for a s s m e n t  of verttbral hu3w-e risk.,- measure 
ment of age-related bone loss,(n-) and follow-up of ostw 
p o d  and other metabolic bone discasesw) The validity of 
this technique for measurement of verccbral cancellous bone is 
widely accepted, and it is used at aver 4000 centers worldwide - 
Generally, spinal is performed on standard dinical C T  
scanners. It employs an cxtcmal bone mineral reference phan- 
tom to calibrate the CT number measurements to bonccquiv- 
dent values as well as special software to place rtgiom of 
interest inside the vertebral bodies typically of L l U .  

To improve precision and reduce acquisition and analysis 
time, the sagittal location of midvertebral slices and the 
axial placement of regions of interest can be highly auto- 
~ n a t e d ( ~ ' , ~ )  The software automatically locates the verte- 
bral body, maps its outer edges, and employs anatomic 
landmarks such as the spinous process and spinal canal to 
calculate sizes and locations of the region of interest The 
systems can place t~becu la r ,  cortical, or integial regions of 
interest. The typical automatic analysis time for a vertebral 
body is about 5 s, and the total scanning time is several 
minutes. 

QCT can be performed in singleenergy (SEQCT) or 
dual-energy (DEQCT) modes, which differ in accuracy, 
precision, and radiation.(93) The accuracy of SEQCT for 
spinal bone mineral determination depends on variable 

surement two standard deviations (2 SD) below the norma- 
tive value was 40% more predictive of future vertebral 
fracture than was the corresponding spinal DPA measure- 
ment Interestingly, they also found that both spinal DPA 
and QCT had statistically significant associations with frac- 
ture even when they were combined in the fradurc prediction 
model, indicating that these two techniques may provide in- 
dependent information about vertebral fradure risk("'2) 

Other studies have examined BMD decrements beoveen 
normal subjects and those with vertebral fractures. These 
studies reported that the decrement as measured by spinal 
QCT is significantly higher than that obsewed by pos- 
teroanterior DXA and that vertebral frachm d i i n a -  
tion is generally superior with QCT.(47rb384100) Because 
the metabolic rate in the vertebral trabecular bone is sub- 
stantially greater than that of the surrounding cortical bone, 
the ability of QCT to selectively measure trabecular bone 
gives it comparitively good sensitivity for measurement of 
age-related bone loss following the menopause.@') In a 
aoss+eUional study of 108 postmenopausal women, Gdg-  
ielmi et aL(57) measured overall bone loss rates of 1.96%/ 
year with QCT compared with 0.97%/year and 0.45%/year, 
respectively, for lateral DXA and posteroanterior DXA- 
GeneraUy, it has been found that the cross-sectional bone 
loss rate in females is typically 1.2%/year when measured 
with QCT and a little over one-half that value when mea- 
sured with DXA or DPA(~') Block et al. carried out a 
comprehensive QCT study of the patterns of age-related 
bone loss rate and found that bone loss in women was best 
described by a two-phase (linear-exponential) regrwion, 
with a linear bone loss of 0.45 mg/cc/year up to the meno- 
pause, foUowed by a 25 mg/a decrement during the early 



I.'I(;. 1. (a )  Tl i rcc-d~mcnsional rcprescnratlon o f  excised lumbar vcrrcl~ral body 1 . 1 1 ~  \c11c.l11;1l I1ody. rliounlcd ~n .I 
\ \ .~ rc r - f~ l led  cylinder, was cncompasscd wit11 3-mm conrlguous sllccs. zcgmcnlarlon \\:;I\ cil>r.1111cd I]! ril;rpp~ng rlic I>OIIL. 
\c~r l .~rc  u \ ~ n g  a conlour [racking algorrrlim. (b) Thrcc-dimcns~onal rcprcscnrarloli 01  I~II~\II~I;II fcr1111r v f  ~);llicril \\'![I1 
ci\rc.cipcirci.;~~ sccr1ndary ro paraplegla. Proxrmal femur was cnconip;~\\cd \ \ r ~ r l i  ?-nil11 C(~IIII<IIOII\ <IIcc\. ;III~ \C~IIICI~~;I~IOII 

\\,I\ o l r ~ ; ~ ~ n c d  by mapplng rhe Iwnc surface using a contour-trackrng 'tlgor~llrni 

n~criopau\c ;~nd an cxponenr~al parrcrri o f  bonc loss o f  1.99 
nig,cc;\c;~r lollo\r.~ng the mcnopau\c.'""' 

W l i ~ l c  u ic  of QCI'  has cenrercd on rwo-drmens~onal char- 
, ~ c r c r ~ r . i ~ l ~ o n  o f  vcrrchri~l  rrahccular honc, l l ierc IS inreres~ In 
dc\clcip~np rlircc-d~rncns~c>nal. or volumcrric compured ro- 
riirisr.~ph\ (vQCT).  rccl in~que\ Ilorli ro Iniprove sp~nal mca- 
\ ~ ~ r c n i c r i r \  n.; u ~ l l  as l o  cxrcnd Q C P  assessments 10 [he 
pro\~nidI  femur (F~gs.  la  and I b )  Thesc three-dimensional 
rcchn~quc\ encompass rhc entire objccr of rnrercsr elrher 
\ \ ~ r h  cl;ichcd.slicc or sp~ra l  C T  scans and can employ ana- 
lonilc landmarks ro aurornar~cally def~ne coordinale systems 
for rc lormar l~ng of the C T  dala lnro anaromlcally relcvanr 
projccrlc>ns 

I n  rhc sp~nc.  rhrcc-d~mens~onal mcrhods havc been in- 
\ .czr~ga~cd horli ro ~mprove  long~rudinal performance and 
d ~ \ c r ~ n i ~ n a r o r y  capab~l~ry Volumcrr~c merhods would be 
c\pccred ro Improve rlic In r w o  prec~sion o f  QCT, first by 
c n i p l o \ ~ i n ~  lmagc al~gnmcnr techniques to reproducibly 
q u n n ~ ~ f \ ,  [he same volume of rlssuc in long~rudrnal stud- 
1c\ ( , # I t  I I I J ,  , ~ n d  zccond, bv asscsslng rtic rrabecular bonc 
l r ~ l n i  IIK cnr~rc  vertebral ccnlrum. ;I volumc roughly 9-10 
rlriir.\ I.rrser rhan rhc srandard c l l l p ~ ~ c a l  rcglon of Inrcresr 
I l o \ \ c \c r  d\\rzsrncnr o f  a larger volume of Inrerest covering 
rhc rralic~.ular Iwnc ~n rhe ccrirrum docs nor necessarrly 
~niprovc  lie ~dcnr~f lcar lon of verlcbral fracrurc over sran- 
d,~rd I \ \ ( ) -d~mcns~onal  QCT mcrhods Thus volumerr~c slud- 
~c.\ of rc:~on;~l DMD. wlilch examlnc subreg~ons of rhc 
czrirrurn I ~ A I  ni;ly \,ary In r l i c ~ r  cvnr r~ I )u r~on  10 vertebral 
,, rL~ns l  1) I " >  l ' t f%l  , ~ n d  zludlc\ of rhc corr~cal \ l ic l l . '1"7~1""  I tic 
~ ~ l r l d ~ r ~ c ~ r i  0 1  wl)~c l i  mav bs Imporrant for verrehral srrengrh 
In ci\~copciror~c. ~ ~ i d ~ v ~ d u ~ ~ l . ; . " ' ~ '  ,ire o f  Inrcrcsr for fururc 
l r l \ c \ l l~c l l l o r l  

I~L.~, I~I \L .  111 r t ~ c  p r v s ~ n i i ~ l  femur'\ cvniplcx arch~rccrurc 
.~r i( I  d r , ~ n i . ~ ~ ~ r  ~ I i r c c ~ d ~ ~ n c r i s ~ o n a l  v;irlnrlon In 11s dcnsrty. rhc 

t \vo-d~nirns~onal QCI. ~iic~llro(j\ \rldcI! used 111 [he s1)11i~, 
cannor he uscd lo  assc\\ IIIL, i ~ r o k ~ n i a l  fcriiilr TIius. r l ~ c r c  I\ 
no c l~n~cal ly  acccprcd Q('I rcc l~r i~quc for rhc. l i ~ p  and vlr-  
rually all dclnsirorncrr~c ;r\\~.\\nicnr of rllc prox~nial  fcmur I\ 
pcrfornisd wrrh DSA. w l l ~ i l l  prc~v~dcq an ~nrcgral rncasurc 
men1 of rrahccular and corr~c;~l Oonc Early arrcmprs 10 

apply \ Q C T  mcrhods ro rlic pros~mal fcmur rncasured 
purely ~rabecular hone"' ' " ;' bccausc rrabecular bone 
shows [he earl~esr I(>ss  nit \\,III most cffec~ively ~dcnr~f!. 
~ndl\,~duals ar r~sk  for fracrurc Iiriwcvcr. rlic conr r~bur~on \  
of rrahccular and cor~ lcs l  hone ro p ro \~ma l  fcniur srrcngrh 
vary w ~ r h  rhc pro\rnial f c r i l ~ ~ r  \rrc " l "  Thus. wcll dcfined 
volunie\ of Inrerest i c l c ~ r ~ \ c l !  nlca5urlng rrabecular and 
corr~cal honc. as prov~dcd I>\ QC-1'. may be Imporran1 for 
thc assessment of hone \rrcngrIi ar various s~rcs rn rhc 
proximal femur .4dd111onall\. rhc cruc~al role of gcomcln 
In dcrerrn~nlng proxrnial fcrriur \rrcng~l i  has Occn well doc 
umcn[ed ""*I" " ' - 1  I 7 1  QCI \~IIII [he ~nl icrcnr a h ~ l ~ r y  10 

rcsamplc data along any a l l \  of ~ ~ i r c r e i r .  ytclds geomelrlc 
~n fo rmar~on  not ohr;~~nal>lc \ r ~ r l i  ~)rvjecr~on;rl rcchn~qutl\ 
For c\arnplc. 1 . o ~ ~  cr al r ~ ~ ~ . t r n p l c d  (.T dara ;!long ari asl\ 
dcf~ned by rlie peaks o f  [he srs.ircr ;~nd lcsscr rrochanlcr\ 
and found rhar 1hc produir ,il nvc~.~cc ~rircrrroclianrcr~c C-l~  
number and ~nicrrroct l ;~nr~.r~c ;IIC;I corrclared cnrrcnlel\. 
wcll (r' = 0 90) \ r ~ r h  ~n vlrrc, tr ;~cr i~rc lo:rd In a conf~gurarlon 
s~mular~ng a fall ro lllc \ ~ d c  ' ' ' "  I r i  a d d ~ r ~ o n  l o  rlic assess 
mcnr of pros~mal fcniur slrcl~grh. could play a usef~l l  

role ~n nlorilrorln? d ~ f f c r c . ~ ) r ~ . ~ l  rr;lliccular or corllcal hen< 
rcsponqc 10 f ) l l ; ! rr i incolo~~i-.~l  I I ~ I ~ ~ \ ~ I I ~ I O I ~ \  

l 'hcrc are addlr~c>n;~l rc\c.~rcll ~lllrlarlvcz 111 rllc nrca\ (11 

h ~ g h  rcsolullon dnd ~rircroiorr~l,~~rc.d rc~rnogr;rphy (I{1<(-1 
\ i ' t l~ lc  [he d\cr:~gc u\ l l> nlc<I\ i~rcd \VI!III~ a r c l i ~ r ~ \ , c l \  

large rcg~on or Il1rcrcsr I \  '3 \.~lunl)lc. rocl for rhc asscs~nlenl 
of osIcoporo\l\ 311 ~ ~ l ~ l l r ( ~ \ c . ~ l  ; 1 \ \ ~ \ \ ~ 1 1 ' 1 1 1  of Iioris srrenc[h 



i l l id Iracturc r~sl, prcc l~ct~or i  riiily a l s o  rcqul lc micro.;rr~rc- 
tural i~nalys~s.  Apart Iron1 ~rabccular U M l l .  t i k ( )  main f;~c- 
tors that affect bone strength are rhc a r~ l~ i t cc ru rc  of  tic 
frabecular nenvork and the th~ckncss of tlic corr~cal shcll. 
While the spatial resolurion o f  clinical ('7' \c;llincrs (rypi- 
cally > 0.5 m m )  IS inadequate for higlily ilccuratc cortical 
nlcasurements and for an analysis o f  d~>crcrc trabecular 
morphological parameters, newer CT developn~cnts try to 
address these issues. Two main approaches can I)c distin- 
guished: (1) the developnlent o f  new rniage acquisit~on and 
analysis protocols using existing clinical (3 scanners; and 
(2)  the development of new H R C T  scanners for in viva 
investigations o f  peripheral bones or for in  vitro two- or 
three-dimensional g C T  for structural analys~s o f  very small 
bone samples (typically < 1 cml). 

These efforts to  develop new imaging and analysis pro- 
tocols for existing scanners with l imited spatial resolution 
have often focused on a regional analys~s of BMD. I n  
studies on the spine, Sandor et d '  ~ v ~ d e d  the tra- 
bccular area into several regions o f  interest in  [l ie form of 
a spider net. The BMD was distributed in a Mi-shaped pattern 
with maximum BMD i n  the lateral and anterior portions o f  
the vertebral body. Regions with highest BMD showed the 
highest loss with age. Hangartner and Gilsanz"'"' and Sum- 
ner et al.'l'l ' addressed techniques to dercrmine the peak 
append~cular cortical density and vertebral cort~cal thick- 
ness. respectively. Flynn et al.'12*' used C T  to determine 
regional bone density i n  18 small cyl indr~cal regions of 
Interest In the lower lumbar spine. Pattern classif~cation 
methods identified vertebral architectural dens~ty patterns 
that potentially provide enhanced fracture discrimination. 

Instead o f  the usual trabecular BMD analysis. Braillon 
and colleagues' I"' suggested the standard deviation o f  the 
BMD values as a parameter that partially reflects structural 
variations i n  the cross-sections o f  the lumbar vertebrae. A 
high BMD standard deviation indicates a high degree o f  
grey-level variations i n  the image and thus a highly net- 
worked bone architecture. Engelke et al.. using a very low- 
dose technique. applied this idea to a dataset o f  214 wom- 
en.(lZ4' However. this study d id nor conf irm a significant 
potential o f  the BMD standard deviation as measured in  
trabecular spinal QCT to Improve the capabil~ty o f  BMD to 
separate osteoporotic from nonosteoporotic subjects.'124' 
However, this techn~que could possibly bc useful at higher 
radiation which provides better depiction o f  the structure. 

Another direction is the development o f  in  VI\Q high 
resolut~on, thin slice computed tomographv (slice thickness 
1-1.5 m m ) .  A high resolut~on image o f  a vertebral body that 
clearly displays structural information in  a higher dose CT 
image is shown In Fig. 2. t4owever. the quantitative extrac- 
tion o f  t h ~ s  in format~on is difficult, and the rcsults often 
vary substantially according to which image processing tech- 
nique is used. Some investigat~onal work using thin slice 
tomography has been published recently by Cheval~er et 
a l . ( ~ ? 5 )  They measured a feature termed the trabecular 

fragmentation Index (length of the trabecular ner\vork d l -  
vided by the number o f  discontinu~ties) to .;cparate ostco- 
porotic subjects from norni;~ls subjects. l io\vcvcr, this Index 
did not rcadilv separate postnienopau,al o.;tcoporotic 
women with vertebral fractilrcs from norrn;~l or o<reopcriic 

FIG. 2. High resolution (500 x 0 0  g m )  CT in i i~gc of ;I 1.0 
m m  slice o f  a vertebral bodv iniagcd in  v~vo. Tr;~bccular 
structure is well delineated in grav5calc ( A )  and \kcleton- 
ized (B)  images. 

subjec~s."'~' A similar trabecular Icyrure analvs~.; ;~pprodcIi 
was also reported by Ito.'""' 

Ultra-high resolution CT scanner for peripheral skclct;11 In 
vivo measurements have been dcvcloped by Rueg>rg,ccr ct 
a1.("7-'30) The images. with i t  spat~;~ l  resolution of lo()-2IK) 
gm. show trabecular structure in tlic radiu5 and thc tibia. 
These state-of-the-an scanners prot>;~llly approach rhc I ini~ts 
of spatial resolution achievable in v ~ v o  when a d n i ~ n ~ \ ~ e r i n g  
acceptable exposure rates. The 1m;igcs can bc used for quan- 
titative trabecular structural an;ily\~s and a l so  for ,I \cl);ir<ilc 
assessment of conical BMD. 

Feldkamp et al. '"1-"2' construcrcd ;I g('T \y.rcrn lor in  
vitro three-dimens~onal anal\srs elf m a l l  h o ~ i c  sample\ I 'hc  
spatial resolution o f  60-100 p n i  clciirly separ;itc\ ~ r i t l ~ \  1tlui11 
trabeculae and thus a l l o w  lor a three-dinicr is~on~\l  ;111~tly\1\ 
of a trabecular nerivork. Basctl (111 Jala w r \  Irorii r t i ~ .  ('I' 
scanner. Engelkc er a l " "  I:" dc\clopcd ;I thrcc-clinicn- 
sional digital model o f  trabcc~ilnr I ~ o n e  ( F ~ p s  .\'I .~n( l  <II) 
that can be used to compare r\\,o- ,~nd  t I i rec -c l~~ i i c~ i \~on ;~ l  
structural analysis n~etl iods , i~ i t l  to ~~i\,el;ti_c;irc 1111. c l l 'cc i  o l  
dccreas~ng spat~al resolut~ori ; I I ~  Iriiage prcicc\iiIis r c c l l  

nique on the cxtracriori of \ r ruc - r~ r~ .~ l  p;lrarlicrc,r\ l ' l i ~ c , e ~ ~  

dimensional data \L>I\ ciin 11c i~\c.d rior only l o r  c . ~ l i \ ~ l , ~ l ~ r i ~  
classic histoniorptionictr~c p;lri~nicrc.r\ I ~ k c  t r ; ~ l ~ e . i u l i ~ ~  i l l t ik  
ncss and scparar~on' "' "" ~ ) L I I  <II\O ((11 d c t c r n i ~ ~ i ~ ~ i g  rope 
log~cal rneaAurcrncnt\ I ~ h c  [Ill. 1-.\llcr 1iumt1c.r \ \ 1 1 1 e I i  I \  , I  

nieasurc of f I i r c c - ( ~ ~ r ~ i c n \ ~ o ~ ~ . t l  L ~ ~ I ~ ~ I L ~ c ~ I \ ~ I I \  " ~ ' .\IIOIIIL,I III 
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FIG. 3. Micro CTvolumetric image (voxel size, 80 pm3) of bovine bone (a) and resulting three-dimensional digital model 
of trabecular bone (b). 

vitro CT  scanner with a spatial resolution of 20 pm has 
recently been developed by Riieggsegger et a ~ . ' ~ ' ~ . ' ~ ~ '  

Whereas the CT  scanners described above use an X-ray 
tube as a radiation source, other investigators""'-Ia2' have 
explored the potential of high intensity, tight collimation syn- 
chrotron radiation, which allows for either faster scanning or 
higher spatial resolution for imaging bone specimens. 

Penplleral quantitative computed romography 

Special purpose peripheral QCT (pQCT) scanners have 
been employed for the measurement of BMC and BMD of 
the peripheral skeleton. Initially, a radionuclide source 
(usually '"I) was used; however, state-of-the-art scanners 
employ X-ray s o ~ r c e s . " ~ ~ . ' ~ ~ - ' ~ "  pQCT allows for a true 
volumetric density measurement of appendicular bone . . 
without superimposition of other tissues and provides exact 
three-dimensional localization of the target volume. Ease of 
use and the ability to assess separately cortical and trabec- 
ular bone, and to measure BMD, BMC, and the axial 
cross-sectional area, make the method an interesting alter- 
native to SPA or SXA. 

There are about 1000 pQCT systems in  use, mostly in 
Europe. The great majority of these systems represent a clin- 
ical pQCT scanner, with a smaller number (about 20) repre- 
senting ultra-high resolution, high-precision pQCT systems for 
research applications. With the commonly used clinical pQCT 
scanner, measurements in the distal radius are performed at 
only one site with a single axial slice of 2.5 mm thickness 
located at the level that represents 4% of the ulnar length 
from the distal radial cortical endplate (Figs. 4a and 4b). 

The short-term in vivo precision of the clinical pQCT has 
been measured using groups of healthy young volunteers. 
Butz et aI.(l4" found relative precision errors (CV) of 1 . 7 9  
for trabecular. 0.8% for total. and 0.9% for cortical BMD 
measurements. Lehmann et (pQCT with an X-ray 
source) and Schneider et  al.(Ia" (pQCT with a radionuclide 
source) calculated absolute precision errors for trabecular 
regions of interest between 2.6 and 3.1 m&/crn3, which 
resulted in CVs of under 1%. In a study by Grampp et 

FIG. 4. pQCT cross-sectional image of forearm showing 
delineation of cortical bone (a )  and central trabecular bone 
(b). 
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a ~ . . " ~ ~ )  of pre- and postmenopausal women, the average 
absolute precision erron for the trabecular and total region 
were of the same order as in the previous studies (1.8-3.4 

. and 3.8-8.5 mgkcm3, respectively), but the resulting CVs of 
the postmenopausal population were higher (0.9-2.1 and 
1.1-2696, respectively), because of lower average BMD in 
their groups. Long-term in vitro precision with phantom 
measurements was calculated by Wapniarz et al. to be 
about 0.9%.('") 

In vitro, the accuracy of the method was calculated to be 
about 2%.(lZ7) In a cadaver study in which radii were mea- 
sured with pQCT and then ashed, Takada e t  al. found high 
correlations between total pQCT BMC and ash weight (r = 
0.90) and between pQCT total BMD and ash weight (r = 
0.82).('s2) 

The relationship between pQCT parameters and aging in 
healthy subjects was evaluated in several studies. Using a 
high resolution scanner, Rcegsegger et al. found that in 
contrast to trabecular BMD which declined with age, cor- 
tical density (but not cortical BMC or  area) remained con- 
stant between the ages of u) and 70 years.(14') Similar 
observations with a clinical pQf f  scanner were made by 
Grampp et a1.,(lS3) who found only relatively small annual 
BMD changes in healthy volunteers of -0.30% in total, 
-0.25% in trabecular, and -0.19% in cortical BMD. In this 
study, the highest age-related changes in p Q a  parameters 
measured at the radius occumd in the cortical thickness 
measures with an average annual decrease of -0.69% in 
cortical BMC and -0.52% in cortical area indicating prin- 
cipally a thinning of the cortex by endosteal resorption.('s3) 
Other studies found higher annual changes in BMD but did 
not consider BMC or cortical area. Schneider et al.(14') 
found annual decreases of 0 5 %  in the trabecular BMD of 
healthy women and 1.9% in osteoporotic women, and Butz 
e t  al.,('") found changes of 0.9% in the trabecular and 
1.1% in the total BMD. The differences between the studies 
are not entirely dear  but may be related to different criteria 
in the d e f ~ t i o n  of the study subjects. . 

The iduenc t  of BMD in trabecular and in cortical bone 
on the total BMD measured by p Q a  was evaluated in a 
study by Rico e t  al. with healthy young male and female 
volunteers.('"' Here, the cortical BMD proved to be more 
dosely related to the total BMD than was trabecular BMD. 
This was indicated by the higher cornlation coefficients for 
comparisons of pQCT total versus cortical BMD (r = 0.95). 
as compared with total versus trabecular (r = 0.62). and of 
trabecular versus cortical BMD (r = 0.43). 

In some studies. pQCT measurements of BMD at the 
radius were found to be suaxssful in distinguishing be- 
tween osteoporotic and nonosteoporotic patients and in 
monitoring subjects during clinical s tudie~. ( '~ . '~~)  How- - ever, other authors have reported conflicting results, espe- 
cially for peripheraI t r a M a r  BMD.(US.'S6) 

The importance of the measurement of cortical bone per 
se was suggested by Sparado et al. who found in a biome- 
chanical study that the cortical shell contributes substan- 
tially to the mechanical strength of the distal radius.(1s7) 
The thinning of the cortical rim at the radius was a potential 
mechanism contributing to osteoporotic ~ h a n g e s , ( ' ~ . ' ~ ~ )  
and it identified this compartment as a promising location 

for BMC and thickness measurements. These findings were 
supported 'in a study by Grampp et al.'lS3) that examined 
the ability of BMD. BMC and cross-sectional area to detect 
osteoporotic changes. Only the cortical area and BMC 
significantly distinguished between women with nontrau- 
matic vertebral fractures and healthy postmenopawl wom- 
en; these two parameters also showed the highest age- 
adjusted odds ratio for fracture risk. These data suggest that 
pQCT measurement of cortical rather than trabecular bone 
at the radius may have g r e u r  diagnostic sensitivity in terms 
of appendicular measurements. 

Modern pQCT scanners also incorporate a multislice 
data acquisition capability covering a larger volume of bone 
as compared with the commonly used single slice tech- 
n i q ~ e . ( " ~ ' ~ ~ )  The measurement of several slices is poten- 
tially more representative of changes in the distal radius 
and may therefore reflet the bone status of an individual 

.more accurately. If studies employing this multislice pQCT 
technique are successful, they may contribute to more ex- 
tensive use of this already promising technique. 

Quantitative ultrasound 

The use of quantitative ultrasound (QUS) for the as- 
sessement of skeletal status has seen continued interest in 
r e a n t  years. The attractiveness of QUS lies in its low cost, 
portability, w e  of use, and freedom from ionizing radia- 
tion. These benefits combined with preliminary clinical re- 
sults showing good diagnostic sensitivity for fracture dis- 
crimination have encouraged further basic investigation 
and commercial development. Currently there are more 
than one half dozen commercially available QUS devices, 
although none has been approved for clinical use by the 
FDA. For this reason, QUS devices for bone assessment are 
found primarily at research an te r s  in the United States 
whereas they have a much wider distribution in Europe and 
Asia (there may be up to U)o systems in use worldwide). 

Ultrasound properties can be measured by refledion or  
Current commercial systems rely on sonic 

hammission using two ultrasound transduars (a transmit- 
ter and reaiver) positioned on each side of the tissue to be 
measured (Rg. 5). These devices measure ultrasound pa- 
rameters primarily in trabccular bone at the calcaneus and 
patella, cortical bone at the tibia, and integral bone at the 
phalanges. The parameters measured include ultrasound 
transmission velocity (UTV) and/or the frequency depen- 
dency of the attenuation of ultrasound signal, called broad- 
band ultrasound attenuation (BUA). 

UTV is commonly measured at the calcaneus. tibia, pa- 
tella, and phalanges. Ultrasound velocity is determined as 
the quotient of transit time and body part width or length 
and is quoted in meters per second (4s).  At the calcaneus. 
the width is either the overall heel width (bone and soft 
tissue) or the width of bone alone.(16') The first gives a 
measure of UTV called the speed of sound (SOS) while the 
second is referred to as ultrasound velocity through bone 
(UVB). Values of UTV measured at the calcaneus range 
from 1400 to 1900 m/s.(162-16s) There is considerable over- 
lap of SOS and UVB in this range with UVB generally 
being higher than SOS. Moreover, SOS measured on dif- 



ASSESSMENT OF BONE MINERAL AND STRUClT.JRE 715 

BUA SOS 
UTV 

FIG. 5. A schematic diagram showing the measurement of 
ultrasound attenuation (BUA) and velocity (UTV) at the 
calcaneus. This is a transmission measurement which uses a 
water bath to provide acoustic coupling between the trans- 
ducers and the heel. 

ferent instruments differs because disparate algorithyms are 
employed. Patellar velocity is typically 160-2200 m/s.(la) 
Velocity measured in the cortical bone at the midtibia is 
higher and ranges from 3UX)-4300 mls. The accuracy of 
these measurements is difficult to assess because the com- 
plex s t rumre of bone and its inhomogeneity result in vari- 
able conduction paths and transit times and make determi- 
nation of true velocity ambiguous. However, estimates of 
the accuracy of patellar velocity suggest that the measured 
value underestimates true ultrasound velocity by approxi- 
mately 100 ~n/s.('~~) The predsion error of UTV measure- 
ments is about of 03-1.5%.(161.1a-167-1m) Cross d o n a l  
investigations of age-related changes in calcaneal SOS in 
healthy women have shown reductions in velocity at annual 
rates of 13-4.9 mfs (0.1-03%) per year.(16z1g) One study 
that included data from young normal women showed a 
steady dedine in calcaneal SOS h m  20 to 90 years of 
age.(lg) Studies of ultrasound velocity in the tibia have 
found similar reductions in velocity of approximately 12 
m/s per year while in the patella velocity decreases by 3 m/s 
per year.(16'' 

The other QUS parameter commonly measured is atten- 
uation. Attenuation of the ultrasound signal ooatn as en- 
ergy is removed from the wave by absorption and scattering 
in the bone. marrow, and soft tissue. The attenuation pa- 
rameter BUA, introduced above, was k t  proposed by 
Langton et al.(17') It is determined at the calcaneus and is 
a measure of the frequency dependence of the attenuation 
of ultrasound. This dependena is approximately hear 
over the range 200-600 kHz. BUA is defined as the slope 
of attenuation versus frequency in this range and is re- 
ported in units of decibels per megahum. 

Another attenuation parameter that has been investi- 
gated is ultrasound attenuation in bone (UAB).(172173) It is 
computed as the mean attenuation of ultrasound signal at a 
seled number of frequencies between 200 and 600 lcHL 

Precision of the BUA measurement (0.9-6.3%) is not as 
high as that of ~~~.(16%170.174-179)  e annual rate of 
change in BUA has been reported to range from 0.4-0.8 
dBMHz (0.4-1.0%) per year. (16z163~175) Large changes in 
BUA have been observed immediately after menopause 
(2.5% per year between 0 and 5 years after menopause) 
followed by a period of slower change (0.5% per year).(17') 

Before being used for biomechanical investigations, ul- 
trasound was used to asscss mechanical properties in engi- 
neering and industrial applications. The mechanical prop- 
erties of a material or tissue are determined by its material 
and structural properties. Material properties are indepen- 
dent of geometry and architecture while structural proper- 
ties are determined by thcse factors. The parameters mea- 
sured with ultrasound, BUA and UTV, are influenced not 
only by bone density but also bone structure and composi- 
tion. It is generally believed that both BUA and UN are 
determined by bone density and bone microarchitecture 
(trabecular number, connectivity, and orientation). Mc- 
Carthy et al. have recently investigated the relationship 
between velocity and specimen orientation. density, poros- 
ity, and temperature.(lB0) They demonstrated significant 
correlations between ultrasound velocity and bone specific 
gravity and porosity. In a study with bovine bone cubes, 
Gliier et al. examined the relationship between ultrasound 
velocity and trabecular bone structure determined by anal- 
ysis of pCT images.(17') They found that the velocity was 
largely influenad by trabecular separation. In this same 
investigation, the attenuation parameters BUA and.UAB 
were shown to be influenad by connectivity and trabecular 
separation. Moreover, these associations with bone struc- 
ture were independent of the associations between the 
QUS parameters and BMD. Other work by Glfier et  al. has 
shown that BUA is dependent on t r a W a r  orientation, 
with BUA being as much as 50% higher along the axis 
parallel to the principal orientation of the trabeculae.("') 
UAB has also been shown to have a negative linear corre- 
lation (r = 0.90) with trabearlar plate separation as deter- 
mined by hist~morphometry?'~) Other work has shown 
that a combination of BUA and velocity can be used to 
cstimatc Young's modulus in trabecular bone?*) The prom- 
ise of QUS may lie in this apparent degendene of the ultra- 
sound parameten on bone stmduc. It has been shown that 
asttopo& i m ~ k  a change in bone a r c h i m  as well as 
B M D . ( ~  These architectural chaages can significantly i d u -  
ence the mechanical competence of bone. If u l m u n d  is 
shown to refled structural characteristics of bone, it may 
pmvide important information to augment that obtained by 
m n t  X-ray-bad m m  @XA and QCT) of bone 
density. 

Many in vitro and in vivo studies have been undertaken 
to elucidate the nature of the information derived from 
ultrasound measurement UTV is directly related to the 
elasticity as well as the density of bone. Ultrasound velocity 
has been used to study the elastic properties of human and 
bovine cortical bone.(lM-'*) Both investigations showed 
high correlations between mechanically and ultrasonically 
determined elastic moduli. In other studies with trabearlar 
bone samples velocity correlated well with ultimate strength 
(r = 0.71-0.75).(~~~~7) Thcse results strongly suggest a 
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relationship between QUS and bone structure and strength 
beyond that which can be explained by BMD. 

In vivo studies investigating the relationship between 
QUS parameters and bone density seem to confirm these 
findings. Numerous studies have compared BUA at the 
calcaneus with bone density measured by various tech- 
niques. Correlation coefficients have ranged from 0.33 to 
0.83 for lumbar spine BMD and 0.30 to 0.87 for the femoral 
neck.('m'76.1".18(1.'BP) Site-matched comparisons of BUA 
and BMD at the calcaneus yielded correlations in the range 
0.56 -0.7S.('74-'78) Wh ile these correlations are significant. 
50% of the variability of BUA remains unexplained by 
BMD. Whether this unexplained SO% is related to bone 
strength or structure or to some parameter unrelated to 
osteoporosis has yet to be determined. Given the significant 
correlations between BUA and BMD, the question arises as 
to whether BMD can be accurately predicted by ultrasound 
measurement. Accurate prediction would allow the use of 
lowcost, radiation-free QUS devices for the assessment of 
BMD. However, the correlations are at best moderate and 
the errors in predicting lumbar spine or femoral neck BMD 
are too high to allow QUS to be a used for estimation of 
BMD per s e . ( ~ ~ . ~ f g ~ 9 0 . ~ 9 ~ )  

Clinical investigations of the ability of QUS to discrimi- 
nate between populations with fractures and those without 
have shown promising results. Several studies have demon- 
strated that velocity mwurements at the patella, tibia, or  
phalanges can identify patients with prevalent vertebral Erac- 
nrrts with the same effedivenm as conmtional bone mass 
mcasuranents at the spine, hip. or f ~ r e a r m ( ' ~ ~ ' ~ ~ ~ ' " ' ~ ' ~ )  
A -nt report also showed that patellar ultrasound &locity 
could predict incident vertebral Eractw~?'~) Measurements 
of QUS patameten at the calcaneus have also shown strong 
association with kadurt risk. Several small cascantrol stud- 
ies have established that BUA is signi!icantly lower in patients 
who have suffered previous hip fiadurt compand with age- 
matched One report showed that BUAwas as 
powerful as DXA of the pmximd femur in identiiying the 
Eradurt group as measured by Z x o r e s  and ROC analy- 
sk( 'm M cohort studies have shown that BUA at the 
calcanc~ls is associated with inadent hip h c t ~ m . ( ' ~ ' ~ ~ )  
Other hcdgat ions  have shown the association of calcaneal 
QUS with vertebral fracture. These studies have found the 
diagnostic sensitivity of either BUA and SOS to be qua1 to or 
greatex than that of spine and hip DXk('4.1'6'*400) U Sing 
models that combine DXA and QUS mcasumnents, these 
studies have also bten able to show BUA and SOS maintain 
their ability to identify patients with vertebral kachms even 
after adjusting for the effect of BMD. Tbis provides additional 
evidence that QUS measures characteristics of bone strength 
that arc potentialy independent of density. 

this technique has revolutionized medical imaging in gen- 
eral. Rwntly,  the ability of quantitative magnetic reso- 
nance (QMR) and magnetic resonance microscopy (pMR) 
to assess osteoporosis has been explored. 

To date, most MR imaging techniques have been limited 
to the study of soft tissue or of gross skeletal structure 
because compact bone does not generate any detectable 
MR signal. However, newly developed QMR techniques 
have been used to study trabecular bone, spedfically. The 
presence of the trabeculgr bone matrix affeds the signal 
intensity of bone marrow, an effect that is particularly 
enhanced in specific imaging sequences. The magnetic 
properties of trabecular bone and bone marrow are signif- 
icantly different. These differences product distortions of 
the magnetic lines of force, which make the local magnetic 
field within the tissue inhomogeneous and alter the relax- 
ation properties of tissue. such as the apparent transverse 
relaxation time T2', in gradientccho images. From theo- 
retical considerations, such changes in T2' should directly 
relate to the density of the surrounding trabecular network 
and its spatial geometry. The resultant shortening of relax- 
ation time becomes greater with an increase in the concen- 
tration of trabecular bone in the surrounding homogeneous 
marrow tissue. Thus, in a normal dense trabecular network, 
T2' shortening should be more pronounced than in rarefied 
osteoporotic trabeculae. 

Experimental studies have confirmed the theoretical pre- 
dictions, suggesting QMR as a promising tool for studying 
trabecular bone architecture and assessing qsteoporosis. 
Davis, Genant, and D~nham(~") have shown a reduction in 
the in vitro of both water and cottonseed oil in the 
presence of bone powder at a magnetic field strength of 5.9 
tesla. Rosenthal et al.(20t) have measured a redudion in the 
T; of water present in the trabecular spaces compared with 
a t r a t r a b a h  water, using spmhens  of wrdsed human 
vertebrae at 0.6 tesla. Majumdar et aI.,w3) using specimens 
of dried human vertebral bodies' various bone densities. 
have uamined susceptibility mediated relaxation effects. 
The mean trabecular bone density for each specimen, mea- 
sured by QCT, was significantly related to the ovtrall re- 
laxation rate (ma of intertrabecular saline. Similar rela- 
tions in vivo have also been established in the forearm, 
distal femur, and proxhal tibia sites at which the trabccular 
bone network shows signi£icant variations as a fundion of 
the distance from the joint line, with the bone density and 
relaxation rate, m', being greatest in the epiphysis and 
progressively d e a w i n g  toward the metaphysis and diaph- 
ysis.m) In studies on the distal radius, precision errors in 
measured T2' times were found to range from 13 to 2 9  ms. 
corresponding to 3.8-95% CVSw) In a similar fashion, 
Ford and W e h ~ l i ( ~ ~ ~ )  have used a method called MR inter- 
ferometry to assess variations in Tf between ostcoporotics 

Quantitative magnetic resonance and magnetic and normal subjcds and found rwonable discriminatory 
capability. 

resonance mimscopy 
Theoretically and from computer and 

Magnetic resonance (MR) is a complex technology that phantom studies.(20B) the relaxation time T; of bone mar- 
has evolved rapidly since its introduction to medical science row is affected not only by the density of the trabecular 
in the early 1970s. Based upon the application of high matrix but also by its spatial architecture. In early urpcri- 
magnetic fields. transmission of radiofrquency (RF) waves ments with specimens. Majumdar et al.('09) have shown a 
and detection of RF signals from excited hydrogen protons. correlation between T I  and the elastic modulus which re- 
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FIG. 6. High-resolution magnetic resonance images of the distal radius in the axial plane. The image resolution is 156 prn 
in plane and 700 pm in slice thickness. The echo time is minimized to 8.4 ms. and the total scan time is 19 minutes. In these 
images, the marrow is bright and the trabeculae appear as dark striations (a) osteoporotic subject (b) normal subject. Note 
the dense network in the normal subject and the sparse trabecular network in the osteoporotic subject. 

flects the biomechanical properties of  trabearlar bone. 
Chung et a~ . ( "~ )  found a strong correlation (r = 0.91) 
between the Young's modulus of elasticity and 1m' in 
trabecular bone specimens from human lumbar spine. while 
Jergas et al.(21') have shown similar relationships using 
specimens of tibia1 bone. 

Thus. this measured QMR parameter TS may enhance 
the capability for fracture discrimination and fracture risk 
prediction. This technique has the advantage that it can be 
performed at  medium-to-low resolution, resulting in de- 
a w e d  acquisition times. and permitting the use of scan- 
ners at fields of 13 tesla o r  less. 

MR microscopy (~LMR) may prove to be an additional. 
valuable MR-based technique for the quantitative study of 
trabearlar microarchitecture both in vitro and in vivo. In 
vitro, using small RF surface wils  in high-field scanners, 
MR miaoscopy can be performed at  resolutions sufficient 
to discriminate individual bone trabeculae.(21u13) In vitro 
images have been obtained at in-plane resolutions as low as 
33 pm. while in vivo images range from resolutions of 78 X 

78 x 300 pm through the phalanges(214) to images a t  a 
resolution of 156 X 156 X 700 pm in the distal radius("') 
and 200 x 234 X 1000 pm in the calcaneus.('16) 'I)pically, 
the image is first segmented into bone and marrow phases. 
and histomorphometric analysis is then performed on the 
resulting binary image. Stereological parameters such as the 
trabecular bone area and volume fradion, mean intercept 
length. mean trabecular width, and mean trabecular spacing 
and trabearlar number can thus be calculated. Wehrli e t  al. 
have compared the standard measures with steralogical 
measures of bone volume fraction derived from MR images 
obtained a t  9.4 t a l a  and found good  correlation^,^^^) while 
Antich e t  al. have conducted similar experiments and found 
changes in accordance with histomorphometry mea- 
sure~.("~) Kapadia et al. have extended the in vitro tech- 
niques to obtain images in an overiectomized rat model and 
have shown the ability to measure changes in trabecular 
structure following overiectomy.("') 

Ekcause of limitations of the signal to noise and total 

imaging time, smaller individual trabeculae usually cannot 
be resolved with the resolution achievable in vivo at clinical 
field strengths, but the images show the larger trabeculae 
and the texture of the trabecular network. However. using 
standard techniques of stereology as well as texture analysis 
tools such as fractal analysis. the trabecular structure can 
still be quantified. In an early study establishing the feasi- 
bility of using such images to quantify trabecular structure. 
MR images of the distal radius have been obtajned using a 
m o d i f d  gradient echo sequence on  a 1 J tesla imager, at a 
spatial resolution of 156 mm, and slice thickness of 0.7 
mm.(21s) It is well known that the amount of trabecular 
bone is greatest at distal sites of the radius and decreases 
proximally, and this is readily seen in the MR images. In 
Figs. 6a and 6b. a representative axial section from a normal 
subject and an osteoporotic subject clearly depict the loss of 
the integrity of the trabecular network with the develop- 
ment of osteoporosis. Similar images obtained in the calca- 
neus of a normal subject are shown in Fig. 7. The orienta- 
tion of the trabeculae is significantly different in the subtalar 
region as compared. for example, with the posterior region. 
The ellipses, representing the mean intercept length. show a 
preferred orientation and h e n a  map the an'mtropy of trabec- 
ular strumre. In p d i  in vivo studies in the calcaneug 
grayxale reference values h m  far. mu&, and tendon were 
used to calculate a rcproduable threshold value. This a p  
proach gave a midterm in vivo precision of - 3 4 %  CV for 
trabecular width and spacing.(218) 

In MR, the appearana of the image depends on several 
factors other than image resolution. The  pulse sequence 
used to obtain the image, whether it is a spinccho o r  
gradient echo, the echo time, and the magnetic field 
strength are all important factors that may modify the 
trabecular dimensions depicted in an MR image.(219) Fur- 
thermore. when the image resolution is comparable to the 
trabecular dimensions a small error is manifested as a large 
relative error, and hence the stereological measures from 
MR images are likely to be subject to these effects. In the 
analysis of such images, the threshold is also shown to have 



REGIONAL VARIATIONS IN TRABECULAR STRUCTURE 
MEAN INTERCEPT LENGTH IN M E  CALCANEUS 
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Resolution: 200 pn inplane, 1000 pm slice 

FIG. 7. High-resolution magnetic resonance image through the sagittal plane in the calcaneus. The animrophy of 
trabeculae (dark striations in bright marrow) is dearly seen. The mean intercept length, a measure of the mean triibecular 
width as a function of angle is shown. The major axis of the ellipse defines the preferred trabecular orientation. The 
anisotrophy of trabeculae is most pronounced in the subtalar region as is also demonstrated by the elliptical plot of the 
mean intercept length. The ellipses are scaled identically, thus it can also be seen that the thickest trabeculae are found 
in the subtalar region. 

a significant effea on the estimated Tech- 
nical challenges brought about by the standardization of 
image acquisition and analysis and improved understanding 
of those prowses underlying image formation could allow 
MR to bccorne a potential tool for assessment of trabecular 
bone structure in vivo. As a noninvasive, nonionizing tech- 
nique, MR can provide three-dimensional images io arbi- 
trary orientations and can also depict trabecular structure. 
Although it is a relatively expensive, timeoonsuming tech- 
nique to use for primary screening for osteoporosis, it pro- 
vides a potential platform for identifying particularly high- 
risk patients after initial bone densitometry and perhaps for 
assigning these patients to more aggressive therapies. 

STATISTICAL APPROACHES IN STUDIES 
OF BONE DENSITOMETRY 

Because of the availability of various denstiometric tech- 
niques to measure BMD and the importance of detennin- 
ing the high-risk patient (in a clinical setting) or a high-risk 
group (in an epidemiological setting) for osteoporotic frac- 
ture, it is important to assess and compare the ability of 
these techniques to accurately discriminate the high-risk 
patient or group from a general population at risk. Statis- 
tical methods used for this include summary descriptive 

statistia for the high-risk group like the Zscore and the 
T-score, univariate I-test for the comparison of mean BMD 
measured by a particular technique in two groups (patient 
group and controls), logistic regression for measuring the 
risk of osteoporotic fractures through the odds ratio, and 
discriminant analysis for developing a discrimination rule 
that minimizes the chancts of misdassifying a member of 
the patient group into normal group and vice versa. Even 
though all these statistical models broadly address the issue 
of comparison and assessment of the discriminatory ability 
of d i i r e n t  techniques for two groups, they are based on 
different mathematical models and assumptions and thus 
should be used carefully depending upon the study design 
and the research questions. 

The most commonly used descriptive statistia in the field 
of bone densitometry have been the Z-score and the T- 
score. The Zsoore for a patient result measured by a 
particular technique is defined as the deviation from the 
mean result for the age-matched controls divided by the 
standard deviation of these measurements for the age- 
matched controls. The T-score is defined similarly but using 
young controls as the referenu. group. In addition, the 
Z-scores (T-scores) of two different techniques can be com- 
pared with each other directly regardless of the differences 
in the units. Since these scores are easy to calculate and 
interpret, they are used diagnostically to represent an indi- 
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vidual patient's BMD status in comparison with the appro- then be used' for da s s img  that patient into a high-risk or 
priate control group. In order to assess and compare the control group by comparing this predicted probability with a 
discriminative ability of two techniques, the mean Z-score cutoff point. for a m p l e  05. This method of classification is 
and mean T-score for that group with rcspcct to the appro- called logistic discrimination and can be used in a dinical 
priate control group can be calculated. The magnitude of  setting. ROC curve analysis of (hex :  predicted probabilities 
these scores gives some estimate of  which technique dis- can be used to compare different techniques, and the areas 
criminates the high-risk group from the controls more effi- under the ROC curve can be tested for differences to assess 
ciently (a bigger mean &score is an indication of better the best disuiminative t e ~ h n i ~ u e . ( ~ ~ ~ - ' ~ ~ )  
discrimination). However, the conclusions based on these Discriminant analysis is a technique designed to create a 
scores are limited because the probability of  misclassifica- classification rule that minimires the probability o f  misclas- 
tion depends on the characteristics of  the BMD measure- sification between two Or more groups. The  explanatory 
merits other than those used in the composition of these variables such as BMD and age are combined in an opti- 
scores- In fact the statistical tests based on these measures mum fashion (similar to the right side of the logistic regres- 
are valid only under certain s u m ~ t i o n s  regarding the sion model), which is called the discriminant function, such 
distribution of  the BMD values. These assumptions are that the difference between the two groups with respect to 
violated by having unequal variances for One Or both sets of this linear combination is maximized. Discriminant scores 
BMD in the two groups. The effects arc then obtained for each individual based on  the person's 
unequal variances can be  s e n  through misleading mean BMD and age, for sample, which are then used to calcu- 
Zscores and T-su>rcs. For ucample* the parame- late the probability of  developing fractures. These proba- 
ten of the control group the same but changing the Popu- bilities are [hen to classify the individual into the high 
lation variance of the patient group will result in different risk or control group. The coefficients of the discriminant 
probabilities of  misclsifications for the same mean 2- measure the relative of a panicular 

(or T-score)- These in addition not use the -lanatory variable in the discrimination. Two dif- 
of control group and are thus ferent discriminant models can be compared sta- 

not across studies with sizes in the tistically to determine one model better. Thus, 
mnuo l  gmup (at least 50 are n d d  to null$ the diwriminant analysis can bs used to different 
sample size effect). BMD The discriminant analysis rule can 

As an alternative to these scores. the t-statistic takes into 
also be used in a dinical setting in the same manner as account the variancts and sample size of the two groups. 
defined above for logistic regression. 

i 

This again results in tm t-statistics (corresponding to two 
The logistic regress ion and diwriminant are very 

mean Z- o r  T-scores for the two techniques) with a bigger 
t-statistic indicating better discrimination. Since the t-test is similar. When the explanatory variables are normally dis- 

designed for d e t d n g  mean diierenccs only, conclusions tributed in both the groups with equal variances and equal 

about assessing and comparing d i i n a t i v e  ability should between-variable correlations (this also implies that none of  

cot  be drawn on the basis of the t-statistic For a compar- the covariates is discrete), discriminant analysis is more 

ison between the means of  two groups. on  the other hand. eficient and has a greater s tat is t id  power than logistic 

the t-statistic is more appropriate compared with the Z regression. In the prcsencc of dixrete  covariates and de- 

(or T - ~ ~ ) C U O ~ ~ )  Homver, all three methods are parturcs from assumptions of normality, logistic regression 

less effiaent for assessing and comparing the discriminative is more efficientrnY') 

ability of two techniques and should ,not be used for this As a summarizing technique* the ROC 
purpose. In addition to the problems stated above, inmr- be It can be used as a of the discrim- 

analysis for comparing more than DvO inative ability for any statistical model that results in scores. 

techniques. is not easy. Thus, raw measurements, logistic regrcssion, and discrimi- 

In contrast to  the a r e ,  T a r e ,  and the t-test, which nant analysis as  well as any t d q u e  that results in sum- 
compare the mcans of two groups, logistic regression and - scores for each individual can be summaritcd using 
d-ant analysis are techniques that model the ROC curve. The  arcas under these c u m  on be  tested 

the probability of ostmporotic Mure as a function of the for significance and thus can help in identifying not only the 

-ate. such as BMD. The coefficients from the logistic best technique but a h  the best s ta t i s t id  model.cuw3) 
r e g m i o n  analysis a r e  then to m w u r e  the risk (odds If. instead 0f.fracture. the primary endpoint is, for m- 
ratio) for a spadfic BMD technique and thus be used to pie, time to fracture since menopause, survival analysis 
dccide which of tbe several techniques is assodated with models necd to be  used. Thcse models are appropriate for 
uncovering a higher risk compared with mntrols. ~ h e s e  situations in which some patients are lost to  follow-up or  d o  
measures of  risk are important in selming the group whose not sustain a fracture before the end of the study. Logistic 
members are at  a high risk of fracture. pointed out regression and discriminant analysis models treat frat- 
above, the model can be adjusted for other c o ~ r i a t c s  in- ture cases the same while the s u ~ v a l  analysis models take 
d u d i q  BMD measured by different techniques, and other into account the time until fracture. In addition, logistic 
continuous variables Likt age, height, and weight o r  cat=- regression and discriminant analysis models ignore controls 
g o d  variables like sex and race. The logistic rrgrcssion who are lost to follow-up while survival analysis incorpo- 
model, givcn an individual's covaMte values, can provide an rates the information contained in the data for these indi- 
estimate of the probabfty of developing hctures. This can viduals. Therefore. for s tudia with data on  the time until 



fracture, survival analysis models are more efficient than 
logistic regression models.(u4) 

Most studies of osteoporosis are either prospective or  
case control studies. Prospective studies are expensive to 
conduct especially for rare outcomes. In contrast, case- 
control studies, which select all the available cases along 
with appropriate controls, are relatively inexpensive and 
more manageable to conduct for rare outcomes. All of the 
statistical methods discussed above can be applied to both 
the prospective and the casecontrol study designs. Ideally, 
a prospective study in which there is a random selection of 
patients for the covariate of interest is more desirable than 
a casecontrol study. More often, prospective cohort studies 
are conducted, and even though they are not based on a 
random sample, they are still valid for studying a causal 
relationship between the covariates and the outcome of 
interest. By design, these studies incorporate the time effect 
into the analysis. Casecontrol studies on the other hand 
can suffer because of selection bias, which can be caused by 
the difficulty of obtaining an appropriate control group. In 
addition, the BMD values obtained for the patient group 
might have changed as a result of fracture and thus might be 
inappropriate. These problems are reflected in the meta- 
analysis conducted by Ross et al.(=' in which they report 
more homogeneity of results among prospective studies 
compared with other studies. AU of these considerations 
point toward the need to conduct more prospective studies 
along with appropriate statistical analysis. 

ASSESSING LONGITUDINAL SENS- 
IN BONE DENSITOMETRY 

A comparison of techniques with respect to their ability 
to monitor changes in skeletal status @ere referred to as 
longitudinal sensitivity) is typically based on an assessment 
of their precision, i.e.. reproducibility. Thus, as a first step, 
the precision of a technique has to be calculated in the 
correct fashion (i-e., as a root mean square average and not 
as arithmetic mean as is commonly done.-) However, 
longitudinal sensitivity does not depend solely on precision 
but rather on the ratio of precision and responsi~eness.(~) 
A technique that shows poorer precision but demonstrates 
larger changes over time (e-g.. as a result of disease pro- 
gression or treatment response) may be more sensitive than 
a competing "high precision" a p p r o a ~ h . ( ~ ~ ' - )  Respon- 
siveness depends on many factors, including the measure- 
ment site (generally lower turnover at peripheral measure- 
ment sites), the type of bone assessed ( t r a h l a r  bone has 
a higher turnover rate compared with cortical bone), and 
the skeletal characteristic measured (currently there is still 
only limited information about the rcspeaive responsive- 
ness of e.g.. ultrasound versus density parameters). 

Another issue complicating the comparison of precision 
is the difference in the measurement units of skeletal char- 
acteristics (e.g., how to compare dB/MHz with g/cm2). But 
even if results are expressed in the same units, precision 
erron still may not be comparable. If two techniques are 
calibrated differently (i.e., a regression of one versus the 
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other yields a slope different from unity) their measured 
precision erron arc not comparable. 

Expressing precision erron on a percentage basis does 
not generally solve these problems and in some cases makes 
the comparison even more difficult. First of all, the level of 
precision depends on the level of the measurement itself. 
Linear absolute changes over time appear nonlinear. Parfitt 
has addressed these purely mathematical problems as well 
as other caveats in greater detail.(u9) Second, even absolute 
precision errors are not mnstant across subject groups but 
generally increase in the elderly, osteoporotic population. 
However, when expressed on a percentage basis this prob- 
lem is amplified further because the standard deviation is 
divided by a smaller mean.(240) Specification of the subject 
group thus is even more important if precision errors are 
expressed on a percentage basis. Finally, techniques that 
feature a range of measurement results with a large offset 
from zero (e-g., SOS) typically will have smaller precision 
errors if those expressed on a percentage basis. 

Recognizing these difficulties, several investigators have 
expressed the need for standardizing precision measure- 
ments in a different way. Standardization could for example 
be performed by dividing precision errors by one of the 
following factors: (1) the difference behKeen healthy and 
osteoporotic individuals. (2) rates of changes due to disease 
or treatment, (3) the natural variability of healthy individ- 
uals, and (4) normal annual rates of skeletal changes. Other 
more sophisticated approaches for expressing diagnostic 
sensitivity have been suggested. Miller based his approach 
to standardized precision errors on the ratio of percent 
precision and percent range of results (5th to 95th percen- 
tile).(16') Davis et al. have proposed the use of the time 
interval it takes for two-point measurements to determine 
the rate of change within 21% at5xracy.w') Gliier pro- 
posed the concept of the "Characteristic Follow-up Time." 
It is based on the normal annual rates of skeletal changes 
and represents the follow-up time between two exams re- 
quired to measure bone loss in an indindual at statistically 
reasonable significance levels@42) quantified by the time it 
takes to observe statistically s i w c a n t  changes in fracture 
riskw3) F i y ,  Blumroh et al. proposed an "index of 
individuality" based on the ratio of the intra- versus inter- 
subject variability of response.@") Many other researchers 
have expressed a need to standardize precision, and other 
concepts may well be found in the literature. 

There is a consensus that the methods of assessing 1011- 
gitudinal sensitivity require standardization, but there is 
d i i e e m e n t  about the preferred approach. However. 
some general requirements for acceptable concepts can. be 
put forward. The standardization should not substantially 
depend on the degree of osteoporosis. Otherwise results . 
may be diff~cult to compare across different studies using . 
different populations and different criteria for osteoporosis, 
and results obtained at different institutions would hardly 
be regarded as truly comparable. Also, the new measure 
should be w i l y  interpretable and have practical clinical 
relevance. Probably, if amplified within the same s u b j d  
group. most approaches will in ~ractice yield similar rank- 
ing of the longitudinal sensitivity of competing techniqua- 
Comparibiity across subject groups is more diEficult to 
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achieve. As long as no consensus on the standard method, 
employing one of the simpler approaches for standardiza- 
tion may be indicated: dividing the precision error by the 
age-related change typical for that subject group. If this 
statistic is not available one could obtain a crude estimate 
by dividing the precision error by the standard deviation of 
the subjects of the study. The smaller the resulting ratios 
the better the longitudinal sensitivity. 

PREDICTING FRACTURE RISK WITH BONE 
DENSITOMETRY 

Many cross-sectional and prospective studies have docu- 
mented that low bone density at different anatomic sites is 
significantly associated with the risk of osteoporotic frac- 
tures. including fractures of hip and  pine.("^-^^) These 
studies also suggested that therisk of fracture is not only 
significantly associated with the bone mass and density at 
the anatomical site of the fractures but also other remote 
body sites. For example, the risk of spine or hip fracture 
increases as bone density decreases at the lumbar spine. hip. 
forearm, calcaneus, and hand. Since osteoporosis is a gen- 
eralized. if not homogeneous p rows ,  and since BMD 
shows at  least modest correlations across sites. it is under- 
standable that BMD at one site is predictive of fracture at 
another site in a population but not necessarily in the 
individual patient. This ra'w questions about the relation- 
ship among bone densities at various sites and the effec- 
tiveness of using BMD from one anatomical site o r  com- 
bining the information from several sites to assess the risks 
of fractures. 

Many studies have reported significant correlations be- 
tw-een measurements made at one site and those made at  
another.w1z2) In a study of 7659 postmenopausal women 
aged 65 years and older, Steiger and colleagues(a) reported 
correlations ranging from 0 5  to 0.8 for values measured at 
the spine. femoral neck, Ward's triangle, trochanteric, in- 
tertrochanteric region, distal radius. proximal radius, and 
calcaneus. Because the rates of bone loss d 8 e r  at  different 
sites as the bone loss progrcscs, the correlations between 
bone density decrease with increasing age; for example, the 
correlation between BMD of the femoral neck a,nd spine, 
was 0.65 for 65 to 69 year olds but only 0.49 for those age 85 
or  Therefore, the correlations. though statistically 
significant, are not strong enough to permit the prediction 
of BMD values for one site from measurements of anoth- 
er.wLz2) mi is evident by the f a a  that such prediaions 
always have large root mean squared (RMS) errors despite 
strong statistical significance of the regression coeffiaents. 

In a recent prospective study. Pouilles and colleagueP3) 
examined 85 healthy Caucasian women aged 45-60 yean 
and followed them for 6 months to 3 years. BMD of the 
lumbar spine (L2-U), right hip (femoral neck Ward's 
triangle, and greater trochanter) were measured both at 
baseline and the follow-up visit. The correlation coefficients 
between vertebral and hip BMD at baseline ranged from 
0.46 to 052, and the correlation coefficients among hip 
measurements ranged from 0.44 to 0.61. Defining a patient 
at risk if her BMD Zscore  was less than - 1. Pouilles found 

that 39-48% of women a[ risk according to spine BMD 
were normal according to their hip BMD measurements. 
However, among 25 women classified as at risk according to 
femoral neck BMD, 32% were normal by spine BMD. 
Twenty-six percent of women had a different risk status 
according to the femoral neck Venus spine BMD. The 
annual percentage of bone loss was also only modestly 
correlated. ranging from 0.34 to 0.69 between vertebral and 
hip BMD and from 0.44 to 0.61 among hip measurements. 
Similarly, discordance was also found in classifying individ- 
uals as fast or slow bone losen according to the annual 
percentage bone loss at the different sites. 

In a report of 744 women from the Hawaii Osteoporosis 
Study, Davis and colleagues(2s4"ss) noticed a similar discor- 
dance of bone mass measured at  the spine, calcaneus, distal 
radius. and proximal radius after adjusting for age. Only 
13.6% of women were consistently in the lower tertiles of all 
four sites. The 42.7% of women who had at least one of the 
bone mass measures in the lower tertile were in the middle 
or  higher tertile groups according to other measured sites. 
About 15% of women had bone mass in both lower and 
higher tertile groups. Less than one third (31.3%) of the 
women were consistently in the same tertile group for all 
four sites. 

If clinical management of osteoporosis were based on 
bone mass or  density from only one site. a substantial 
number of patients could potentially be misdiagnosed or  
mistreated. Therefore, both studies support the concept 
that measurements of bone density at se~eral~different sites 
may be helpful at  least for s i g n i n g  risks related to os- 
teopenia in a clinical setting. Although many studies have 
measured BMD at multiple anatomic sites and evaluated 
their individual association with risk of fracture, only a few 
of them have assessed the independent contniutions of 
these bone mass measurements. 

The largest prospectkc study of osteoporotic fracture is 
the Study of Osteoporotic Fracture, which has nearly 10.000 
non-black women 65 o r  more yean of age from four a n t c n .  
Ommhgs and colleaguesw companxl the efftceivlcnss of 
DXA measured BMD at the proximal femur (including 
total, neck, intertrochanteric region, trochanteric, Ward's 
triangle). lumbar spine, distal radius. midradius. and calca- 
neus in predicting hip fractures in 8314 women with an 
average follow-up time of 1.8 yean. After adjusting for the 
effed of age, the relative risk of hip fracture with a 1 SD 
decrease in proximal femur measurements was about 70% 
greater than the relative risk using BMD of the spine or  
forearm, while the relative risk related to decreasing calca- 
neus BMD. was between that of the hip and spine. The 
authors concluded that low hip bone density is a stronger 
predictor of hip fraaure than bone density at other sites. 
which is consistent with other studies.(z7m) In a more 
recent analysis of data from the same study. Black and 
coUeaguesw9) examined the eff-iveness of combining hip 
and spine BMD to identify a high-risk group for hip frac- 
ture. They found that after adjusting for age and femoral 
neck BMD. the spine BMD was no longer significantly 
associated with the risk of hip fractures. Individuals with a 
femoral neck BMD less than a given cutoff value had a 
higher chance of getting a hip fracture than those individ- 
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uals with either a femur or spine BMD lower than the same 
cutoff value. Therefore, they concluded that using a com- 
bination of femoral neck and spine BMD to identify elderly 
women at high risk of hip fracture is no better than using 
the femoral neck BMD alone, and an additional scan of 
lumbar spine may not be justified. Nevertheless, other stud- 
ies suggest that additional measurements may reduce mis- 
classification for individual patients. 

In the Hawaii Osteoporosis Study of American women 
whose average age at entry into the study was 63.3 years. 
Wasnich, Davis, and coUeag~es(*~~) compared the asocia- 
tion of BMC at the calcaneus, distal radius, proximal radius, 
and lumbar spine with incident vertebral fractures The rela- 
tive risk of inadent vertebral fracture associated with a 1 SD 
decrease in BMC was lowest for the lumbar spine and highest 
for the calcaneus. Multivariate analysis suggested that BMC 
values at the calcaneus and distal radius were independently 
associated with the probability of spine frauure. When -2 SD 
was used as a cutoff point for the two sit- the probability of 
vertebral fracture by combining the two tests was 25% com- 
pared with 20% using only one test When these women were 
classified according to their tertiles of age-adjusted Zscores of 
bone mass at the abavt-mentioned four sites, Davis and col- 
leagues found that the number of low bone mas sites pre- 
dicted the risk of new spine fractures with an odds ratio of 1 3  
per increase in one law bone mas site after adjusting for age 
and the number of spine and nonspine p d a t  fractures. 
Other reported d t s  from this st~dy('~."~) consistently sug- 
gest that measurement of BMD at multiple anatomic sites and 
a combination of the infonnation might be. helpful in predict- 
ing the risk of spine fractures for the individual patientwfs5) 

Hip and spine-fracfures are important clinical outcomes 
for osteoporosis. However, there are nearly 750.000 noqhip, 
nonspine f r ames  each year in the United States alone, 
suggesting that predicting frab~res of all types has clinical 
importance.045w) In a prospective study of 304 Rochester 
women with 8 3  years of median follow-up time, Melton and 
coUtaguesm found that afta adjusting for age, 1 SD de- 
acascs in BMD of the lumbar spine, t x o c h a a ~  region, and 
femoral nedc were +cantly related to the iacidencc rate of 
all fmhms (rtlati&hazads bf 1.4.12 and 13, reqcdvciy) 
and that BMD values at the hip and spine were bdta  indi- 
vidual predictors for risk of fractures of all types in comparison 
to BMD at the forcann. A prelimby observation of data 
from a large prospcccive cohort study further suggests that 
c o m b i i  BMD at the calcaneus, femoral neck, and spine 
may improve the prediction of all frabureswl) 

The effectiveness of combining BMD at various sites, 
however, has still not been conclusively demonstrated. The 
results in the above-mentioned studies depend on the vari- 
ables used in the statistical analyses and can change when 
ocher risk variables (prevalent fractures, vertebral dimen- 
sions, etc.) and measurements using other modalities (ul- 
trasound and QCT, etc) are included.('4262) The sample 
size also affects the conclusion of the study.-) In addition, 
different statistical methods such as logistic regression. dis- 
criminant analysis, Cox proportional hazard model, and 
dassifica tion and regression trcc (CART) analysisw) may 
produce different classification algorithms. Furthermore, 
studies of vertebral fractures frequently use different defi- 

nitions of fracture, and therefore are not directly compara- 
ble. Beside thesc technical limitations, the clinical benefit of 
combining multiple site measurements of BMD has not 
been carefully studied. While clinicians are concerned with 
the best diagnostic and treatment strategies for an individ- 
ual, epidemiological studies help to select preventive strat- 
egies for the entire population, such as how to do mass 
screening to determine the prevalence of particular dis- 
eases. The additional cost of scanning both the hip and the 
spine for an individual patient, after scanning one of the 
sites, may be small compared with the cost of therapeutic 
decisions derived from these measurements. However, the 
cost can be substantial in screening large groups of post- 
menopausal women. More studies, especially cost effective- 
ness studies to compare diagnostic and treatment strategies 
based on infonnation of bone denisty from a single or multiple 
sites should be. carried out. 

APPROPRIATE APPLICATIONS OF BONE 
DENSITOMIXRY 

The greater efficiency provided by the recent innovations 
in bone densitometry, aside from improving technical per- 
formance, has allowed reductions in the cost of examina- 
tions. Given the current impetus to disseminate information 
about osteoporosis, to make new instrumentation more 
readily available, and to limit its costs, these methods of 
bone densitometry are becoming widely used in routine 
medical practice. A consensus is forming about the clinical 
indications for the appropriate use of densitometry, and 
four indications have emerged.("52d5) 

Evaluation ofperimenopaual women for initiation 
of atrogen ~ P Y  

Decisions about the initiation of estrogen therapy may be 
contingent on a number of factors, including the current 
level of bone density, the severity of menopausal symptoms. 
patient or physiaan preferences, laboratory evidence of 
rapid bone loss, and the long-term risk of cardiovascular 
disease.-The absolute level of bone density at the meno- 
pause and the magnitude of subsequent bone loss are im- 
portant considerations in assessing the risk for fracture. The 
decision to begin prophylaxis against osteoporosis, there- 
fore. can be facilitated by h ~ ~ l e d g e  of a woman's bone 
density. Furthermore, compliance with estrogen therapy 
may be enhanced by quantitative information concerning 
fracfure risk and efficacy of treatment. 

Detecfion of osteoporosis and assessment 
of ils severity 

Quantitative evaluatioo of the skeleton may be indicated 
in individuals in whom osteoporosis is suspected or in whom 
atraumatic fracture is suspected based on radiographic find- 
ings. Recent evidence, as reviewed here, supports the con- 
cept that the absolute level of bone density is predictive of 
fracture risk. e.g., most of the variance in bone strength can 
be attributed to bone density. and a gradient of inaeasing 
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fracture risk is associated with declining levels of bone 
density.(z6.267.268) us, bone density per se provides the 
primary standard of osteoporosis risk and provides an im- 
portant basis for therapeutic decisions. 

Evaluation of patien& with metabolic diseases that 
affect the skeleton 

Many metabolic disorders, such as hyperparathyroidism, 
Gushing's syndrome, and chronic corticosteroid therapy 
have profound influences on calcium metabolism and may 
adversely affect the skeleton. Additional relatively common 
disorders known to influence bone include testerone defi- 
ciency, amenorrhea, eating disorders, treatment with su- 
pressive doses of thyroid hormone, alcoholism, disuse, 
treatment with multiple anticonvulgants, treatment with 
heparin, and renal osteodystrophy. In these secondary 
forms of osteoporosis, bone density measurements may be 
important because they carry prognostic as well as thera- 
peutic implications. 

Monitoring of treatment and evaluation 
of direme course 

The importance of bone density measurements would be 
diminished were there no clinically useful treatments capa- 
ble of affecting bone mass and the consequent risk of 
fracture. l l e r e  is an extensive literature surrounding the 
effect of various treatments upon bone mass but a much 
smaller literature ~ u r r o u n d i n ~  fracture r isk Prospective, 
randomized, controlled trials have demonstrated both a 
beneficial effect upon bone density and a decrease in spinal 
fracture rate for e t i d r ~ n a t e , ( ~ ~ ~ ' )  alendr~nate.('~') and 
transdermal estrogen treatment(2n) 

In the past, bone density measurements were associated 
with large precision errors relative to estimated rates of 
change and could not reliably rconitor changes in bone 
density in individual patients. Given the recent improve- 
ments in measurement precision and speed of performance 
and the large skeletal effects observed in certain metabolic 

_disorden and with certain medical regimens, monitoring of 
individual patients may be consideredwhen important ther- 
apeutic decisions are to be made. In general. such serial 
measurements are usually obtained a t  the spine using DXA 
or  QCT because of their favorable longitudinal sensitivity. 
However, s m c  guidelines regarding the appropriate 
techniques. site, and frequency of measurement are yet to 
be established. 
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One Year of Alendronate after One 
Parathyroid Hormone (1-84) for 

Dennis M. Black, Ph.D., John P. Bilezikian, M.D., 
E. Ensrud, M.D., M.P.H., Susan L. 
Palermo, M.A., Trisha Hue, M.A., 
Joan A. McGowan, Ph.D., 

* PaTH Study Investigators 

ABS 4 R I, CT 
Background Since the.usc of parathyroid honnone as a treatment fo 
osteoporosis is limited to two ye& or Icss, the question of whether 
antiresorptivc therapy should follow parathyroid honnone therapy i 
important. We previously reported rtsults after the fmt year of this 
randomized trial comparing the use of full-length parathyroid 
(1-84) alone, alendronate alone, or both combined. In the 
this trial, we asked whether antiresorptive 
gains in bone mineral density after one year of 
hormone (1434). 

Methods In the data repotted here, women who had received parathy ic. 
honnone (1-84) monotherapy (100 pg daily) in year 1 were random1 
reassigned to one additional year with either placcbo (60 subjects) o 
alendronate (59 subjects). Subjects who had received combination tb ray in 
year 1 received alcndronate in year 2: those who bad received alendr na 
monotherapy in year 1 continued with alendronacc in year 2. Bone 
density at the spine and hip was assessed with the use of dual-energy x-r 

.e 

y 
absorptiometry and quantitative computed tomography (CT). I.i 



Results Over two years, alcndronale therapy after parathyroid 
therapy led to significant increases in bone mined  density in 
with the results for placebo aftcr parathyroid hormone therapy, 
particularly evident for bone mineral density in trabecular bone 
on quantitative CT (an increase of 3 1 percent in the parathyroid 
hormone-alenbnatt p u p  as compand with 14 percent in the 
hormone-placebo group). During year 2, subjects receiving pl 
substantial bone mineral density. 

Conclusions After one year of parathyroid hormone (1-84). 
gains appear to be maintained or increased with alendronate 
parathyroid honnone is not followed by an antiresorptive agent. 
results have clinical implications for therapeutic choices aftcr the 
discontinuation of parathyroid honnone. 

Source Information 
* 
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Departments of Med&ine and Epidemiology. Minneapolis Veterans Affairs 

Medical Center, Pittaburgh(SL.G.); the 

(C.J.R.). . 

Center and University of Minnesota, MinncapoIis (K.E,E.); thc 

Musculoskeletal and Skin Diseases, National Institutes of 
(J.A.M.); and the Maine Center for Osteoporosis 

Address reprint requests to Dr. Black at the Univcrsity of California San ~randiscd, 
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Quantitative computed tomography of the lumbar spine, not 
dual x-ray absorptiometry, is an independent predictor of 
prevalent vertebral fractures in  postmenopausal women with 
osteopenia receiving long-term glucocorticoid and hormone- 
replacement therapy. 

Rehman Q, Lang T, ~ o d i n ? ~ ,  Lane NE. 

University of California, San Francisco, CA 94143, USA. 

OBJECTIVE: To determine which measurement of bone 
mineral density (BMD) predicts vertebral fractures in a cohort 
of postmenopausal women with glucocorticoid-induced 
osteoporosis. METHODS: We recruited 114 subjects into the 
study. All had osteopenia of the lumbar spine or hip, as 
demonstrated by dual x-ray absorptiometry (DXA), and were 
receiving long-term glucocorticoids and hormone replacement 
therapy (HRT). Measurements of BMD by DXA of the lumbar 
spine, hip (and subregions), and forearm (and subregions), 
quantitative computed tomography (QCT) of the spine and hip 
(n = 59), and radiographs of the thoracolumbar spine were 
performed on all subjects to assess prevalent vertebral 
fractures. Vertebral fracture prevalence, as determined by 
morphometry, required a >or=20°/0 (or >or=4-mm) loss of 
vertebral body height. Demographic information was obtained 
by questionnaire. Multiple regression and classification and 
regression trees (CART) analyses were used to assess 
predictors of vertebral fracture. RESULTS: Twenty-six percent 
of the study subjects had prevalent fractures. BMD of the 
lumbar spine, total hip and hip subregions, as measured by 
QCT, but only the lumbar spine and total hip, as measured by 
DXA, were significantly associated with prevalent vertebral 
fractures. However, only lumbar spine BMD as measured by 
QCT was a significant predictor of vertebral fractures. CART 
analysis showed that a BMD value ~ 0 . 0 6 5  gm/cm(3) was 
associated with a 7-fold higher risk o f  fracture than a BMD 
value >or=0.065 gm/cm(3).CONCLUSION: In  
postmenopausal women with osteoporosis induced by long- 
term glucocorticoid treatment who are also receiving HRT, 
BMD of the lumbar spine as measured by QCT, but not DXA, 
is an independent predictor of vertebral fractures. 

PMID: 12115236 [PubMed - indexed for MEDLINE] 
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Bone Density 

Imaging use grows as osteoporosis treatment 
becomes common 

Radiologists move from plain film to DXA scanners and QCT to assess early 
signs of fracture risk 

., 
By Virginia J. Griswotd, M.D. 

Osteoporosis is no longer regarded as a disease only of postmenopausal women, and it is no 
longer an accepted consequence of aging. While the National Institutes of Health consensus 
development panel on osteoporosis prevention, diagnosis, and therapy reported that the 
condition is a major health threat, it added that i t  is no longer considered age- or sex- 
dependent and described it as largely preventable.' 

Developments that have contributed to this new approach include the introduction of 
nonhormonal therapy, low-dose image-based bone mineral density (BMD) methods, and the use 
of fracture-risk comparison-based BMD calculations based on a young healthy adult peak peer 
group rather than an aged-matched peer group. Other influences include international research 
and consensus based on relative fracture risk estimates and treatment outcome. I n  addition, the 
Bone Mass Measurement Act (BMMA) of 1998 stabilized reimbursement, making BMD exams a 
covered benefit by Medicare carriers for four specified groups of patients: 

estrogen-deficient women deciding about hormone replacement therapy; 
patients with vertebral abnormalities or radiographic osteopenia needing diagnosis of 
spinal osteoporosis for possible therapy; 
patients receiving long-term glucocorticoid therapy in order to  adjust therapy dosage; and 
patients with primary hyperparathyroidism who might be candidates for surgery. 

Osteoporosis is a critical disease facing the aging population, and is one of the most important 
disorders encountered in clinical practice. More than 28 million people in the U.S. suffer from 
osteoporosis, but in the past, the diagnosis was often not made until a fracture had occurred. 

The lifetime risk of  hip fracture in women is greater than the sum of the lifetime risk of 
developing breast, endometrial, and ovarian cancer. Of patients who have fractured a hip, 50% 
are subsequently unable to walk unassisted and 15% to 20°/0 will die within a year. The cost of 
hip fractures alone is expected to reach $62 billion by 2020. 
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loss of early menopause as well as to the response to therapy, which is frequently first seen in 
trabecular bone. 

I n  the U.S., 1.8 million fractures are attributed to osteoporosis annually: roughly 700,000 
vertebral fractures, 300,000 hip fractures, 250,000 distal forearm fractures, and 300,000 
fractures of other ~ i r n b s . ~ l l ~  Worldwide, fractures from osteoporosis occurring each year are 
projected to increase to 6.3 million in 2050 from 1.7 million in 1 9 9 0 . ~ ~ 1 ~ ~  

Men At Risk 

Each year men suffer one-third of all the hip fractures that occur, and the lifetime risk of hip 
fracture in men is greater than that of prostate cancer. Age-adjusted mortality for men with hip 
fractures is about twice that of women: as high as 30% in the first three months and 50% 
within a year.13 

I n  addition to hip fracture, men also experience painful and debilitating fractures of the spine, 
wrist, and other bones due to o s t e o p o r ~ s i s . ~ ~  Two million men in the U.S. have osteoporosis, 
and another three million or more are at risk. Yet despite the large number of men affected, 
osteoporosis in men remains underdiagnosed, underreported, and inadequately researched. By 
ignoring evidence of osteopenia on plain films in males, providers are doing a disservice to 
patients who will subsequently have serious consequences. Research interest in male bone loss 
is growing, however. C 

Densitometry Techniques 

When viewed by the unaided eye, plain skeletal radiographs have never been useful for 
quantifying bone density. Approximately 40% loss of bone mineral must be present to be readily 
apparent, but no true quantification can be made. The two most commonly used methods for 
bone densitometry are DXA and QCT. 

DXA uses two different photon energies simultaneously to separate the influence of soft tissues 
and bone and accurately measure bone density. The source of the photon energy is an x-ray 
tube. The x-ray beam must be narrowed by using k-edge filters or alternating energies to 
produce the two distinct photoelectric peaks necessary. 

Originally, DXA scanners used rectilinear pencil-beam technology. These gave way to fan-array 
scanners, and scan times have been reduced from a few minutes to as short as 30 seconds. 
Radiation exposure is extremely low. Expressed in skin entry doses, radiation exposures for an 
AP spine or femur study are 2 to 5 mrem. The biologically important effective dose or whole- 
body equivalent dose is 0.1 mrem.15 At 1 meter from the finely collimated fanbeam source, the 
radiation scatter is the same as background, which allows the scanners to be placed in rooms 
without lead shielding in the walls. The operator requires no protection other than distance from 
the x-ray beam. 

The most important advance with DXA has been marked improvement in precision. 
Reproducibility resulting in short-term precision has been reported as low as 0.9% for the AP 
lumbar spine and 1.4% for the femoral neck. Newer machines can also perform supine AP and 
lateral images of the thoracolumbar spine (T4 to L4) with fine detail using a single-source beam 
in seconds to either look for compression fractures or perform morphometric measurements of 
each vertebra for signs of subtle loss of vertebral body height. 

Because DXA has been found in prospective studies to predict fracture risk, it has become the 
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gold standard in densitometry exams. 

QCT studies use a phantom reference standard containing Ca,HPO,, which is placed underneath 

the patient during the study. A scout view is taken for localization, then an 8 to 10-mm-thick 
slice is taken through the midbody of two or more vertebral bodies. A region of interest within 
the anterior portion of the vertebral body is analyzed for bone density and compared with the 
phantom. I t  is reported out as mg/cm3 Ca2HP04 equivalents, a volumetric value. 

QCT measures the trabecular bone of vertebral bodies and avoids problems inherent in the AP 
spine DXA exams: inclusion of cortical-rich bone from the posterior processes, bone spurs, 
sclerosis from degenerative disk disease, and incorporation of aortic vascular calcifications. The 
result is a three-dimensional trabecular density unlike the two-dimensional cortical and 
trabecular densities reported with DXA. 

QCT requires 20 minutes and the skin dose is generally 100 to 300 mrem, although only a small 
portion of marrow is irradiated during a study of the spine. The effective dose or whole-body 
equivalent dose from this highly collimated exam is generally in the range of 30 mrem. The 
localizer scan that precedes the actual QCT study will add 3 mrem to the effective dose. These 
values are acceptable in the context of natural background radiation of approximately 20 mrem 
per month or 27 mrem for one-view chest x-ray. Doses are higher (70 mrem) when using newer 
spiral CT scanners. 

C 

The accuracy of QCT is affected by the presence of marrow fat. Because marrow fat increases 
with age, error in the accuracy of spine QCT measurements increases as the patient ages. 

As has been shown in prevalence studies of osteoporotic fractures, QCT can distinguish normal 
from osteoporotic individuals as well as or better than DXA. Fractures are rare above 110 
mg/cm3 and extremely common below 60 mg/cm3. Because QCT measures only trabecular 
bone, which is known to be more metabolically active than cortical bone, rates of change using 
QCT tend to be greater than those observed with AP spine studies performed with DXA. 

Peripheral DXA units can measure bone density of the distal radius and ulna and the calcaneus, 
and dedicated peripheral QCT scanners are available to evaluate the forearm. 

Ultrasound densitometry units for screening of the calcaneus are known as quantitative 
ultrasound (QUS). Although these units may be acceptable for screening populations, applying 
T-score criteria to them is probably ill-advised. T-score is the number of standard deviations 
above or below the peak BMD for young adult females or males. Any detectable bone loss would 
probably warrant a central site examination. 

Diagnostic Guidelines 

Osteoporosis can be diagnosed before fractures by measuring bone density, according to the 
World Health Organization's 1994 definitions. The WHO study defined osteopenia and 
osteoporosis in a multinational group of postmenopausal white females using DXA. A panel of 16 
international experts in the field of osteoporosis noted that a cutoff value of bone density more 
than 2.5 SDs below the average value for healthy young women would label 30°/o of their study 
group as having osteoporosis at some skeletal site (see table). Fifty percent or more of these 
women had sustained a fracture of the spine, femur, forearm, humerus, or pelvism6 Although 
these guidelines were not originally intended to be applied to women of other racial background 
or to men, this concept and grading system has been applied in clinical practice in the absence 
of any other diagnostic guidelines for these groups as well. 
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Radiologists are uniquely positioned to recognize many of the patients who need screening or 
quantification of bone mass loss based on increased appreciation of osteopenia/osteoporosis on 
the plain films they review. Many of these patients may otherwise go undetected until a severe 
fracture occurs. A large proportion of female patients receiving other imaging from radiology 
departments, such as mammography or ultrasound, also should be screened for osteopenia. 
Screening peripheral densitometry units are already used in some mobile mammography units. 

CT bone densitometry has a role in densitometry, especially in patients who fail to get 
reasonable results in the spine with DXA. I n  addition, DXA scanners are now using larger 
numbers of detectors to  become more imaging-based. Many states require the technologist 
operating the DXA scanner to  be a qualified radiology technologist. I n  some states, Medicare 
carriers and other insurance carriers require that the scans be interpreted by radiologists. 

Dr. Griswold is an assistant clinical professor of radiology at  the University of California, San 
Francisco . 
.. ------.- .- " --. .- .-.-.------.-- .--. -.,--...-.-..---- ....-.. - ..-.. - 
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ACTA RADIOLOGICA 

Effect of Spinal Degenerative Changes on Volumetric Bone Mineral 

Density of the Central Skeleton as Measured by Quantitative Computed 
Tomography 

G. GUGLIELMI, I. FLORIANI, V. TORRI, J. L1, C. VAN KUIJK, H. K. GENANT & T. F. LANG 
Department of Radiology, Scientific Institute Hospital "Casa Sollievo della Sofferenza", San Giovanni Rotondo, Italy; 
Biometry and Data Management Unit, Scientific Institute "Mario Negri", Milan, Italy; Department of Radiology, 
Academic Medical Center, University of Amsterdam, The Netherlands, Osteoporosis and Arthritis Research Group, 
University of California San Francisco, Calif., USA 

Guglielmi G,  Floriani I, Torri V, Li J, van Kuijk C, Genant HK,  Lang TF. Effect of 
spinal degenerative changes on volumetric bone mineral density of the central skeleton as 
measured by quantitative computed tomography. Acta Radiol 2005;46:000400 

Purpose: To evaluate the impact of degenerative changes due to osteoarthritis (OA) at the 
spine on volumetric bone mineral density (BMD) as measured by volumetric quantitative 
computed tomography (vQCT). 

MaterIal and Methods: Eighty-four elderly women (mean age 73 *6 years), comprising 33 
witkv%rtebral fractures assessed by radiographs and 51 without vertebral fractures, were 
studTed. Trabecular, cortical, and integral BMD were examined at the spine and hip using 
a helical CT scanner and were compared to dual X-ray absorptiometry (DXA) 
measurements at the same sites. OA changes visible on the radiographs were categorized 
into two grades according to severity. Differences in BMD measures obtained in the two 
groups of patients defined by OA grade using the described radiologic methods were 
compared using analysis of variance. Standardized difference (effect sizes) was also 
compared between radiologic methods. 

Results: Spinal trabecular BMD did not differ significantly between OA grade 0 and OA 
grade 1. Spinal cortical and integral BMD measures showed statistically significant 
differences, as did the lumbar spine DXA BMD measurement (13%, P=0.02). The QCT 
measurements at the hip were also higher in OA I subjects. Femoral trabecular BMD was 
13-15% higher in OA grade 1 subjects than in OA grade 0 subjects. The cortical BMD 
measures in the CT-TOT-FEM and CT-TROCH ROI's were also higher in the OA 1 
subjects. The integral QCT BMD measures in the hip showed difference between grades 
OA I and 0. The DXA measurements in the neck and trochanter ROI's showed smaller 
differences (9 and 1 I%, respectively). There were no statistically significant differences in 

- bone size. 
. ,cC 

Conclusion: supporting that trabecular BMD measurements by QCT 
are influenced by OA. Instead, degenerative changes have an effect on both cortical and 
imal-QCF,-andonOMafthdumbar s p i n e t m ~ p . . F o r  subjects with established 
OA,qsessment of BMD by volumetric Qm may be suggested. 

" 
Key words: Bone mineral density; dual X-ray absorptiometry; hip; osteoarthritis; spine; 
volumetric QCT 
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Osteoarthritis (OA) refers to the stress-related impact on the elderly population (19). Several 
skeletal response to age-related deterioration of studies have addressed the relationship between 
articular structures (2). Along with osteoporosis, OA and osteoporosis, but have yielded conflicting 
OA is an age-related condition with a significant results. More recent studies of BMD in large 
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BMD measurements 

DXA 
PA-DXA was performed at lumbar spine (L2-LA) 
with a Norland XR 26 scanner (Norland 
Instruments, Fort Atkinson, Wisc., USA) using 
standard procedures supplied by the manufacturer 
for scanning and analysis. The in vivo reproduci- 
bility of the measurement in our laboratory was 
1.0% CV (15). At the hip site, DXA BMD was 
evaluated at three femoral sites: neck (NECK), 
Ward's triangle (WT), and great trochanter 
(TROCH), with an in vivo precision of 2.1, 3.5, 
and 2.4% CV, respectively. 

Helical CT 
Volumetric QCT was performed in all subjects at 
the hip and spine using a spiral CT scanning 
protocol (Prospeed; G.E. Medical Systems, 
Milwaukee, Wisc., USA) and image analysis proto- 
cols described previously (14, 45). For the spine 

: scan, the patient was positioned supine on the CT 
table, with a solid bone miner51 reference phantom 
(Image Analysis, Columbia, Ky., USA) beneath the 
patient's lower back. After location of the L1 and 
L2 vertebrae on a lateral scout-view of the spine, 
these levels were encompassed with 3-mm slices at 
80 kVp/l80mA, pitch=l. Following the spinal 
measurement, the phantom was centered beneath 
the patient's hips, and an anteroposterior scout-view 
of the pelvis was obtained. A region located between 
the superior aspect of the femoral head and the 
inferior aspect of the lesser trochanter was scanned 
with 3-mm-thick slices, with 120 kVp, 150 mA and 
pitch= I .  CT images were transferred to a Sun Ultra 
1 Workstation and processed to extract measures of 
BMD. The processing-task included calibration of 
the CT images from the native scanner Hounsfield 

Units to equivalent density (mmlcc) of calcium 
hydroxyapatite, and determination of trabecular, 
cortical and integral ROIs from the volumetric CT 
scans of the spine and proximal femur. The spinal 
trabecular ROIs included an elliptical region defined 
on the anterior portion of the central 10 mm of the 
vertebral body (2D_TRAB), and a region of similar 
shape (3D-TRAB) centered on the mid-vertebral 
level but encompassing 70% of the volume between 
the vertebral endplates. The spinal integral ROIs 
included regions approximately matched to the 
bone volumes imaged by PA DXA (SIM-AP), and 
lateral DXA (SIM-LAT). The SIM-AP region 
included all of the vertebral bone except for the 
transverse processes and the vertebral endplates. A 
spinal cortical region (3D-CORT) encompassed the 
cortical rim of the vertebral body in a volume that 
was spatially matched to the SIM-LAT region. 
Spinal regions are displayed in Fig. 1.  The femoral 
ROIs included volumes of trabecular, cortical, and 
integral regions of bone approximately matched to 
the femoral neck (CT-NECK) and total femur 
(CT-TOT-FEM) regions imaged on Lunar DXA 
systems (15). These regions are depicted in Fig. 2. 

Statistical Analysis 

A statistical analysis program (SAS Institute, Cary, 
N.C., USA) was utilized to compute mean values 
and standard deviations (SD) for each variable, as 
well as to test the hypothesis of no difference 
significance between means of the groups of subjects 
with OA grade 0 and OA grade 1. The one-way 
analysis of variance was utilized to verify the 
influence of OA degenerative changes on BMD 
measurements after correction for age, body weight, 
and height. Agreement between the two radiologists 
was calculated using kappa statistics (K). 

SIM-AP SIM-LAT CORT TRAB 
Fig. I .  Spinal QCT regions of interest included regions approximately matched to the bone volumes imaged by PA-DXA (SIM-AP), rfnd 
lateral (SIM-LAT). The SIM-AP region included all of the vertebral bone except for the tranverse proasses. and the SIM-LAT region 
excluded all of the posterior elements but not the vertebrae endplates. The spinal CORT -cortical- region encompassed the cortical rim ofthe 
vertbral body. The spinal TRAB -trabecular- region encompassed 70% of the volume of the vertebral body.'. 
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Table 2. BMD measurements obtained with QCT and DXA in the study population with degenerative changes (OA) grade 0 (none or mild) 
and grade 1 (moderate or  severe) in different regions at the lumbar spine and femoral neck 

Region 

- - 

OA grade 0 OA grade I 
Mean BMDf SD Mean BMD+SD 

(n=29) (n=22) P value 

2D QCT ellpt (mg/cm3) 
2D QCT plld (mg/cm3) 
2D QCT intg (mg/cm3)) 
3DQCT trab (mg/cm3) 
3DQCT w r t  (mg/cm3) 
Min CSA 
Max CSA 
3D QCT neck cort (mg/cm3) 
3D QCT neck trab (mg/cm3) 
3D QCT neck intg (mg/cm3 1 3D QCT troch w r t  (mgtcm ) 
3D QCT troch trab (mg/cm3) 
3D QCT troch intg (mg/cm3) 
3D QCT tot w r t  (mg/cm3) 
3D QCT tot trab (mg/cm3) 
3D QCT tot intg (mg/cm3) 
AP-DXA LS (g/cm2) 
AP-DXA neck (g/cm2 1 AP-DXA troch (g/cm ) 
AP-DXA ward (g/cm2) 

. '  Discussion 

A common finding in the spine of the elderly is OA, 
which refers to the deterioration of articular 
structures resulting from mechanical stress (1). OA 
causes changes in the spine that cad be detected by 
radiographs (4, 11). OA changes in the spine, such 
as disk space narrowing, sclerosis, and osteophy- 
tosis, can influence BMD measurements. Several 
studies have investigated the impact of vertebral 
osteophytes on BMD measurements, each showing 
that the presence of osteophytes increased the 
measured BMD (17, 18). OA includes not only 
osteophytes at  vertebrae, but also other changes at 
vertebral bodies, spinal processes, and facet joint. 
BMD results may be mfluenced when any of these 
changes occur within the region of BMD measure- 
ment (18). For this reason, QCT may have an 
advantage in the assessment of BMD because it can 

evaluate the trabecular bone of the vertebral body 
which should not be influenced by OA, as well as the 
cortical and integral bone (1, 12). Furthermore, 
using our volumetric QCT technique, we could also 
examine the trabecular and cortical bone in the hip, 
providing BMD measurements that are independent 
of bone size. 

The results we found for spinal OA are in 
agreement with previous publications. In fact the 
influence of OA on PA-DXA and the influence of 
OA on cortical BMD assessed by both DXA and 
QCT have been reported by Yu et al. (21) and ITO et 
al. (12), respectively. In particular, Yu et al. 
confirmed the impact of vertebral osteophytes but 
also found that disk narrowing, sclerosis, and 
osteophytes at other sites in the spine elevated PA- 
DXA BMD compared to women without OA 
changes. They also evaluated the impact of OA on 
lateral-DXA, the mid-lateral ROI (mL-DXA), and 

Table 3. Comparison of standardized BMD measurements obtained with QCT and DXA in different regions at the lumbar spine and 
femoral neck 

Type of wntrast Effect size 95% LC1 95% UCI P value 

2DQTC ellpt (mg/cm3) vs. APDXA LS 
2DQCT plld (mg/cm3) vs. APDXA LS 
2DQCT intg (mg/cm3) vs. APDXA LS 
3DQCT trab (mg/cm3) vs. APDXA LS 
3DQCT w r t  (mg/cm3) vs. APDXA LS 
3DQCT neck cort (mg/cm3) vs. APDXA neck 
3DQCT neck trab (mg/cm3) vs. APDXA neck 
3DQCT neck intg (mg/cm3) vs. APDXA neck 
3DQCT troch w r t  (mglcm3) vs. APDXA troch 
3DQCT troch trab (mglcm3) vs. APDXA troch 
3DQCT troch intg (mg/cm3) vs. APDXA troch 



BMD of the Central Skeleton 7 

I I. Iannuzzi L, Dawson N, Zein N, et al. Does drug therapy 
slow radiographic deterioration in rheumatoid arthritis? 
N Engl J Med 1983;309: 1023-8. 

12. Ito M, Hayashi K, Yamada M, Uetani M, Nakamura T. 
Relationship of osteophytes to bone mineral density and 
spinal fracture in men. Radiology 1993; 189:497-502. 

13. Jergas M, Breitenseher M, Gluer CC, Yu W, Genant H. 
Estimates of volumetric density from projectional 
estimates improve the discriminatory capability of dual 
X-ray absorptiometry. J Bone Miner Res 
1995;lO:l 101-10. 

14. Lang TF, Li J, Harris ST, Genant HK. Assessment of 
vertebral bone mineral density using volumetric quanti- 
tative CT. J Comput Assist Tomogr 1999;23:130-7. 

15. Lang TF, Guglielmi G, van Kuijk C, De Serio A, 
Cammisa M, Genant HK. Measurement of bone mineral 
density at the spine and proximal femur by volumetric 
quantitative computed tomography and dualenergy 
X-ray absorptiometry in elderly women with and with- 
out vertebral fractures. Bone 2002;30:247-50. 

16. Nevitt MC, Lane NE, Scott JC, et al. Radiographic 
osteoarthritis of the hip and bone mineral density. The 

Study of Osteoporotic Fractures Research Group. 
Arthritis Rheum 1995;38:907-16. 

17. Nilas L, Gotfredsen A, Riis B, Christiansen C. The 
diagnostic validity of local and total bone mineral 
measurements in postmenopausal osteoporosis and 
osteoarthritis. Clin Endocrinol 1986;25:7 1 1-20. 

18. Onvoll E, Oviatt S, Mann T. The impact of osteophytic 
and vascular calcifications on vertebral mineral density 
measurements in men. J Clin Endocrinol Metab 
1990;70: 1202-7. 

19. Pogrund H, Makin M, Robin G, Menczel J, Steinberg R. 
Osteoporosis of the spine, pelvis and hand: a compara- 
tive study in a femoral neck fracture series. Clin Orthop 
1979; 139: 156-63. 

20. Reid I, Evans M, Ames R, Wattie D. The influence of 
osteophytes and aortic calcification on spinal mineral 
density in postmenopausal women. J Clin Endocrinol 
Metab 1991;72: 1372-4. 

21. Yu W, Gluer CC, Grampp S, et al. Spinal bone mineral 
assessment in postmenopausal women: a comparison 
between dual X-ray absorptiometry and quantitative 
computed tomography. Osteoporos Int 1995;5:433-9. 

Acta Rad~ol  2005 (000) 

- s . .  



originaf Article 

How Often Does Lateral Spine DXA Detect Low Bone 
Mass in Patients with Both Normal PA Spine and Hip? 
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Abstract 
The clinical utility o f  lateral bone mineral density (BMD) measurement for the diagnosis 
of osteoporosis remains controversial. Since both posterior-anterior (PA) spine and hip 
scans are universally performed, the true clinical utility of lateral dual-energy X-ray 
absorptiometry (DXA) should lie in its ability to  detect low bone mass independent of 
both PA s p i ~ e  and hip. We examined lateral, PA and hip BMDs in 2134 referred Caucasian 
females aged 25-89 using the.Hologic 2000. Compared only to  PA scans, the additional 
percentages of  women with very low BMD (T5core below -2.5 utilizing the National 
Health and Nutrition Examination Survey [NHANES] Ill normative database) on lateral 
were 7.3, 16.4, 28.2, 33.7, and-26.2% for age groups 25-49, 50-59, 60-69, 70-79, and 
80-89, respectively. When the results from both PA and total hip measurements were 
combined, lower but still significant percentages werefound: 5.4, 14.9, 24.4, 26.6, and 
17.8% for age groups 25-49, 50-59, 6069, 70-79, and 80-89, respectively. Utilizing the 
original Hologic normative database, the additional yield in women with a non- 
osteoporotic PA spine and femoral neck was quite low: 4.6,8.5, 13.3, 10.0, and 2.5% for 
women age 25-49, 50-59, 6069, 70-79, and 80-89, respectively. Thus, the lateral scans 
now add more additional patients into the very low BMD category. Whether the rela- 
tionship to  future fracture risk of low BMD and T-scores on lateral is  similar to  that of PA 
spine remains to  be established. 
Key Words: Bone densitometry; lateral BMD; osteoporosis; postmenopausal women. 
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Introduction 
Until a prospective study examining 

the relationship of bone mineral density 
(BMD) and T-scores to relative fracture 
risk for the supine lateral dualtnergy 
X-ray absorptiometry (DXA) is per- 
formed, the true clinical utility of this 
test will not be known. One potential 
value of lateral D X A  may lie in its ability 
to exclude artifacts resulting from 
osteophytes and aortic calcification seen 
on posterior-anterior (PA), thereby pro- 
viding a more accurate representation of 
vertebral BMD. Also, lareral DXA mea- 

sures more predominant trabecular bone, 
which might increase rhe sensitivity of 
detecting early menopausal bone loss. 
Studies have demonstrated a higher asso- 
ciation of B M D  with age and with 
&;y!ci@M~e Gat .Scan. (QCT) values on 
k;cral DXA compared to PA (1-3). 
J&se studies have suggested that lateral 
D X A  is comparable to QCT and more 
sensitive than PA for the detection of low 
bone mass, and is more highly associated 
with fractures than PA ~ m ( 3 ) .  How- 
ever, other studies comparing Z - S C O ~  of 
fracrure parienrs ro rhorc without fmc- 
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cures have suggested that the diagnostic 
sensitivity of lateral DXA is no be&er or 
worse than PA (M. This discrepancy 
may be owing to variabiIity of the popu- 
lations examined or to the high accuracy 
error on lateral spine DXA caused by un- 
certainty in the soft tissue bqdine (Z8) 
and overlapping of ribs in forit of L2 and 
pelvis anterior to Lq. 

Owing to the finding of higher sensi- 
tivity for the detection of low bone mass 
with aging in studies comparing lateral to 
PA DXA, it is widdy held that lateral 
DXA may have its greatest dinical utility 
in the very elderly. However, since DXA 
of the hip kriutinely performed along 
with the PA spine in dinical practice, the 
increasing prevalence of osteoporosis in 
the hip Hiith aging might actually dimin- 
ish the additional yield and potential din- 
ical.jmpottance of the later4 in the very 
elderly: 

Therefore, the major utility of low 
lateral BMD is likely to occur only in 
patients with normal d u e s  on both hip 
and PA scans. To date, most studies have 
reported the discrepancy between lateral 
and PA. The uniqueness of this study is 
the determination of the additional pick- 
up of low BMD on lateral not seen on PA 
nor hip. 
Last year, Hologic replaced their nor- 

mative hip database with the National 
Health and Nutrition Examination 
Survcy (NHANES) 111 database, which 
has a lower average peak bone mass for 
hip regions. As a consequence, with- 
out changes in hip BMD, an individual's 
T-score at the total hip, and especially at 
the femoral neck, would be increased 
based on the NHANES 111 database in 
comparison with the original Hologic 
database. This will result in a reduced 
number of people wich osteoporosis at 
the hip and an increase in the potenrial 
utility of lateral DXA measurements 

among the older population. Therefore, 
we also examined how the switch to 
the NHANES 111 database fiected the 
additional pickup of low'bone mass on 
lateral scans. 

Materials and Methods 

Subjects 

All subjects in the study were white 
female patients between ages 25-89 
referred for bone densitometry either at 
the University of Arizona Medical Center 
in Tucson or at the Arizona Rheumatol- 
ogy Center in Phoenix from 1993 to 
1996 At each center, lateral spines were 
performed routinely, in addition to PA 
and hip, as standard d i n i d  protocol. 
Therefore, neither Institutional Rtview 
Board (IRB) approval nor informed con- 
sent was ob'taincd for the added lateral 
scan. Since this was a retrospective, and 
not a prospective study, the only informa- 
tion recorded on patients was age, ethnic- 
ity, and bodysize. Chart review for 
complete medical or fracture history was 
not performed on any subject. Among 
the study subjem (n = 2134). 52% of 
scans were performed in Phoehii?and the 
rest in Tucson. All dinical information 
was created confidentially, and only pa- 
tients' identification numbers were used 
in the study. 

Bone Mineral Density (BMD) 

BMD of the PA spine (L14), lateral 
spine (L24). and total hip were measured 
wirh the Hologic QDR-2000, Waltham, 
MA, which has a C-arm for performing 
supine lateral sans. At each center, PA and 
lateral spine and hip scans were performed 
routinely as standard clinid 

Each parient's regional scans were per- 
formed on the same day. Standard proce- 
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Table 1. Characteristics of the Study Population 

2.549 Yr 50-59 Yr 6 0 4 9  Yr 70-79 Yr 8 0 4 9  Yr 
n = 369 n = 470 n = & 3  n = 574 n =  118 

Age PUPS m a n  f SD mean* SD m a n *  SD man*  SD man* SD 

kc 01) 42.6 f 6.7 54.6 f 2.5 64.9 f 2.7 73.9 f 2.4 83.0 f 2.3 
PA spinc-BMD 0.956f0.161 0.924fO.151 0.874f0.157 0.844f0.170 0.818f0.191 
Wm2) , 

L c c d  spinc-BMD 0.733 f 0.1 1'' 0.679 f 0.1 1 1 0.620 f 0.1 14 0.578 f 0.1 1 1  0.549 f 0.1 18 
(gIan3 

Tom1 Hip-BMD 0.833 f 0.145 0.808 f 0.129 0.756 f 0.133 0.704 f 0.134 0.015 f 0.1 26 
(glm3 

Wcighc (kg) 64.6 f 20.2 66.9 f 16.4 66.0 f 15.9 62.1 + 14.4 58.8 f 9.4 
Hcighc (mm) 1557.5 f 349.4 1606.9 f 201.7 1585.3 f 243.7 1565.4 f 256.1 1501.2 f 164.0 

dures supplied~by thc manuhcturer for 
scanning and analysis were followed. Both 
densitometers in T u m n  and Phoenix uti- 
lized fin beam scanning, using the "array 
spinen for the PA scan and the "array k t  
lateral: for the lateral scan:. Calibration 
with the rnan&cturer's spine phantom 
and qualitycontrol analysis are performed 
at each site daily. Crosscalibration of the 
two scanners was conducted by repeatedly 
(10 times) measuring a same spine phan- 
tom at both centers. No systematic differ- 
ence in the measurements was found 
between the two scanners @ = 0.86). 

Statistical Analysis 

Results of age, BMDs, height, and 
weight were expressed as mean + 1 stan- 
dard deviation (SD). T-scores for each 
hip scan were calculated from both the 
original Hologic and NHANES norma- 
tive databases. T-scores for each PA and 
lateral spine scan were calculated from the 
Hologic normative database only, since 
the PA and lateral spine normative data- 
bases were not changed by the new soh- 
ware sent to all Hologic users in early 
1997. 

This article will refer to lateral T-scores 
>-I as normal, those beween -1 and 

-2.5 as "low BMDn and T-scores <-2.5 
as "very low BMD," rather than use the 
terms osteopenia and osteoporosis, since 
this later terminology was not specifically 
developed for lateral scans. The percent- 
ages of wokenwith normal BMD, low 
BMD (osteopenia), and very low BMD 
(osteoporosis) in each age group (10-yr 
interval) were calculated for lateral, PA 
spine, and hip scans. To examine the 
additional yield of the lateral in deter- 
mining very low BMD, the percentages 
of women with very low BMD ~icked up 
by lateral, but not by PA alone, or not by 
either PA or hip (based ofl-eiher the old 
Hologic hip normative database or the 
NHANES 111 data) were also computed. 
All the statistical analyses were done on 
SPSS (version 7.0). 

Results 

The general characteristics of each age 
group in the study population is pre- 
sented in TabIe 1. There is a continued 
decrease in mean BMD at all the regional 
scan sites with age. The percentage of 
subjects in each age group being classified 
as having normal (ficore I ,  low 
BMD (T-score =-I to -2.5), and very 
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Table 2. Percentages of Women with Normal, Low, and Very Low'BMD 

25-49 50-59 6 0 4 9  70-79 8p-89 
Yr Yr Yr Yr ; Yr 

Age P U P s  nu369 n c 4 7 0  n = 6 0 3  n = 5 7 4  n =  118 

Lccnl spinc (%) 
N o d  (T*l) 37.1 19.4 9.6 6.1 3.4 
LW ( T =  -1  to -2.5) 49.1 54.9 41.5 27.5 24.6 
Very low (T<-2.5) 13.8 25.7' 48.9' 66.4' 72.0' 

PA spinc (46) 
N o d  (T*l) 52.8 43.2 33.0 27.4:.. 24.6 
LW ( T =  -1 to -2.5). 3 3 3  40.6 41.0 37.1 ' 26.3 
V u y  low (T*2.5) 13.8 16.2 26.0 35.5 49.2 

Tod hip (96)'' 
N o d  (T-I) 52.6 45.1 30.2 19.5 7.6 
LW ( T =  -1  to -2.5) 39.3 47.2 52.9 52.3 45.8 
Very low (T<-2.5) . 7.9 7.7 16.9 28.2 46.6 

'Using the NHANES 111 &u to alculatc T-scores. 
'McNcmui Tat (Lcenl spinc vs. PA spinc): p < 0.001 

Table 3. Agreement Between PA Spine Measurement and Lateral Spine 
Measurement 

low BMD or ostcoporosis (T-score 
<-2.5) is displayed in Tablc 2. O n  PA 
DXA, 16.2% of the age group 50-59 had 
osteoporosis, and this increased to 49.2% 
in the age group 80-89. Bdore age 60, 
vcry few womcn had osteoporosis at the 
total hip. The percentage increased with 
age and reached a peak of 46.6% in the 
agc group of 80-89. Except in the group 
25-49 yr old, the lateral scan picked up a 
significantly greater number of thosc with 
vcry low BMD than the PA scan 
(McNcmar's Tat p < 0.001). 

The overall correlation bcrwccn PA 
and latcral BMD was 0.67 ( p  < 0.001). 
The rate of BMD loss pcr year on PA 
spinc (0.37%) was lcss than on laccral 
(0.47%). Therefore, the difference be- 

tween PA and lateral BMD incr- with 
age (r= O.l l ,p< 0.001). 

Tablc 3 shows the agreement ktwccn 
PA scan and latcral scan in detecting very 
low BMD. The K t a t  showed that the as- 
sociation benveen latcrd-scans and PA 
scans was statiitidly significant for every 
age group. However, the degree of the 
agreement was only hir (9) (0.31-0.40). 

Figure 1 shows the additional pickup 
(percentages) in paticnts with a T-score 
below -2.5 on lateral without osteoporo- 
sis on the PA spinc scan alone, and in 
paticnts without osteoporosis on either 
the PA spinc and total hip scans (utilizin? 
both NHANES I11 and the old ~ 0 1 0 ~ ;  
hip normative databases). Since some 
paticnts with ostcoporosis on latcral did 
not have ostcoporosis on PA andlor hip, 
the additional diagnostic pickup is not 
a simple subtraction of the numbers 
shown in Tablc 2. Utilizing thc current 
NHANES 111 database, performing lac- 
cral DXA 'in paticnts with normal PA 
scans may add an additional 7.3, 16.4, 
28.2, 33.2, and 26.2% of womcn into 
the vcry low BMD (or osteoporosis) cat- 
egory for womcn age 2 5 4 9 ,  50-59, 
60-69,70-79 and 80-89 rapcctivcly. In 
thosc with nonosteoporotic PA and total 
hip scans, the additional ~ic1d.s of very 
low BMD on latcral measurcfints were 
reduced to 5.4, 14.9, 24.4, 26.6 and 
17.8% for womcn age 2 5 4 9 ,  50-59, 
60-69, 70-79 and 80-89, respectively. 
Therefore, even though the difference 
bcrwccn PA and lateral BMD increases 
with age, the additional ~ i c ld  of lateral 
scans does not increase indefinitely in 
the very cldcrly. Afier age 80, it decreases 
owing to the increasing percentage of 
womcn wich osccoporosis at the hip. 

Utilizing the original Hologic hip nor- 
mative database, the additional ~ ickup  on 
lateral (in chose wich nonosteoporotic PA 
and coral h ip  runs) is even lower 4.7* 
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Fig. 1. Additional percentage of women with very low BMD (T-score <-2.5) at lateral DXA among different 
age groups 

14.1, 21.4, 21.5, and 11.0% for women 
age 25-49, 50-59, 60-69, 70-79, and 
80-89, respectively. If one utilized the 
femoral neck as the region of interest for 
the hip (which was the common prac- 
tice), the additional yield afier both PA 
spine and femoral neck was very low: 4.6, 
8.5, 13.3, 10.0, and 2.5% for women 
age 25-49, 50-59, 60-69, 70-79, and 
80439, respectively. As demonstrated in 
Fig. 1, the additional yield in diagnosing 
very low BMD on lateral scans has 
increased substantially since changing 
from the femoral neck (Hologic database) 
ro the coral hip (NHANES 111 database). 

Discussion 

Since rhe porenrial urilicy of finding 
low BMD on rhe lareral scan is likely ro 
be greatest in rhe absence of low BMD ar 
orher sires, rhe mosr imporranr clinical 
qucsrion is whcrher low BMD is presenr 
on lareral in parienrs wirtl normal hips 
and PA spines, and nor on[y wirh normal 

PA spines. Although PA and lateral spine 
BMD are highly correlated, there is a sta- 
tistically significant higher percentage of 
women over age 50 with a T-score below 
-2.5 on lateral compared to PA scan 
(range 16.4-33.7%). In women over age 
50 who did not have osteoporosis on 
either PA spine or hip, the additional 
pickup of very low BMD on lateral scans 
is slightly lower, but still significant 
(1 4.9-26.6%). 

The porenrial clinical uriliry of per- 
forming lareral DXA may have been 
increased as a result of changing the old 
Hologic hip darabase and femoral neck 
region of interest wirh the NHANES 111 
roral hip. The same individual would now 
be less likely ro bc diagnosed as being 
osreopororic ar rhe hip, increasing the ad- 
dirional pickup by rhe lareral. 

From a cost-effecriite srandpoinr, in 
addition ro rhe all-imporranr relarionsh~~ 
of lateral T-scores to Fururc fracrure risk, 
one in~~orranr qucsrlori IS \rfho should 
have a IareraI scan Our resulrs 
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challenge the conccpt that the ufility of In summary, the discovery of low 
the latcral increases in the vcry,~dcrly BMD (and T-score) on latcral DXA not 
populaaon. Although the disacpancy be- found on either PA spinc or hip is signif- 
tween PA and latcral measurcminu in- icant among womcn o k r  50. However, 
arWr with age, the additional pickup of even if low htcral BMD is found to be a 
low BMD on latcral not seen on PA spinc predictor of fLturc fracturc risk, from a 
or hip was actually reduced among cost-effective standpoint, it might be best 
women in their 80s (17.8%) .compared to reserve this scan only for those with a 
with women in their GOs (24.4%) and 70s nonostcoporotic hip or PA spinc. 
(2G.G%), owing to the fict that the per- 
centage of paticnu with osteoporosis at 
the hip sharply increased over age 80. The References 
addiaonal ykld of finding very low BMD 
on lateral in women age 80-89 was not 
much different than in womcn age 50-59 
(14.9%). * 

~ h e r e ~ a r c  several limitations'.of this 
 stud^ 
1. Because thii is a retrospective study of a 

referred population, complete fracturc 
- history was not obtained Therefore the 

crucial question of the relationship of 
latcral spinc BMD to fracturc riik in 
thii population is unknown. 

2. Likewise, sincc we did not havc com- 
plete clinical data, we arc unable to 
determine whether the additional pick- 
up on Lateral (after PA and hip) of very 
low bonc mass in womcn age 25-49 
(5.4%) and in womcn age 50-59 
(14.9%) is owing to estrogen dcfi- 
cicncy, or other hctors, such as a r t i -  
asteroid use, hyperthyroidism, and so 
forth. Such a study should be pcr- 
formed to dctcrminc if these younger 
patients with specific risk factors 
should havc latcral scans, even when 
both PA and hip arc normal. 

3. Precision crrors for latcral scans have 
bccn rcportcd to bc in chc range of 
2 4 %  (10). Since ours is a rctrospcctivc 
study, the reproducibility for latcral 
scan and analysis for all technicians at 
each site is not known. Thc cxccnt to 
which mcasurcmcnc and analysis crrors 
affect our results is unknown. 
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RELATIVE FRACTURE RISK ESTIMATES 
BY ODDS RATIOS FOR QCT* 

ODD RATIOS 

QUARTILE ocT PA DPA 

1 1 1 

2 2.5 0.4 

3 5.7 2.8 

., 
4 c 10.5 3.8 

BMD to double Odds Ratio: QCT = -19.3 rng/cc; DPA = - 0.15 g/crn2 

*Heuck et al, Mild versus Definite Osteoporosis: Comparison of BMD Techniques I. Bone Mineral 
Res. 4:89 1-899, 1989. 



BMD Values for FX and Non-FX patients by QCT and PA DXA 

QCT(mg/cc) PA DXA (g/cm2) 
Grampp, Genant et a1 ('96) 

FX Mean 72.0 0.79 
Non FX Mean 106.0 0.90 
% decrement 31.5% 12.0% 

Pacifici et a1 ('90) 
FX Mean 
Non FX Mean 
% decrement 

Smith et al('94) 
FX Mean 
Non FX Mean 
% decrement 

Guglielmi et a1 ('94) .. 
FX Mean C 46.1 
Non FX Mean 98.1 
% decrement 53.0% 

Average % decrement 44.2 14.2 

% decrement ratio (QCT/PA DXA) G 3.1 



DISCRIMINATION OF FRACTURED AND NON-FRACTURED 
POSTMENOPAUSALWOMEN BY PA DXA, LATERAL DXA AND QCT 

PA DXA 

LAT DXA 

QCT 

Odds Ratios Annual Loss % 

C 

Genant et al. 1 Ith Int. BMD Conference Sept. 1995 



DISCRIMINATION OF MILD FROM DEFINITIVE FRACTURES 
IN OSTEOPOROTIC PATIENTS * 

E L '  PA DPA 
m&m3 gIcm2 

Mild Deformity 90 + 25 0.892.16 

Definitive Fracture 72 + 21 0.792.14 

% Decrement (Mild/Defin.) - 20 

*Heuck et al, Mild versus Definite Osteoporosis: Comparison of BMD Techniques. J. 
Bone Mineral Res. 4: 89 1-899, 1989. 



EFFECTIVE DOSE 

Natural Background 1 Year 

Return Transatlantic Flight 

Lateral Lumbar X-Ray 

DXA Lumbar 

Lateral Lumbar Topogram CT 

BMD with QCT 

Dental X-Ray 
C 

Chest X-Ray 

Kalendar, Osteoporosis Intl. (1992) 2:82-87 




