
I N T R O D U C T I O N

   T he normative database utilized for T -score derivation 
affects osteoporosis prevalence.1   R ecognizing the need for 
database standardization led M iller to propose creation of 
the "M other of A ll D atabases," a process which has not yet 
occurred.2  H ow ever, the I nternational C ommittee for 
Standards in Bone M easurement (I C SBM ) published 
formulae to convert measured BM D  into standardized BM D  
at the lumbar spine and total proximal femur.3,4,5,6  
Furthermore, the IC SBM  agreed on a universal reference 
database for the femur based on N H A N E S I I I  and worked 
to expand standardization to other anatomic sites.6 

C onsistent w ith this, L u et. al.,7 recently  developed 
equations allowing N H A N E S I I I  database application to the 
femoral neck  and trochanteric regions of interest and 
advocated their  adoption.  Subsequently ,  G E  L unar 
incorporated updated N H A N E S I I I  data into their software 
releases beginning with enC OR E  version 7.0.  A s part of 
another study, our group recently  appreciated that this 
database change impacted femoral neck and trochanteric T -
scores.  T his current study evaluates the effect of this 
database update on osteoporosis prev alence in an 

A B S T R A C T

   Previous consensus supported using manufacturer-specific 
equations to standardize N H A N E S data as the database for 
total femur T -score derivation.  R ecently, it was advocated 
that new correction equations be applied to allow database 
standardization at the femoral subregions.  C onsistent with 
this, G E  L unar updated the N H A N E S values in their  
database.
 T o evaluate the effect of this update, w e compared G E  
L unar Prodigy femur scans autoanalzyed using softw are 
prior to (v6.60/ 6.70) and after (v7.53) the N H A N E S update.  
T he study population included 115 community-dw elling 
women; mean age/ weight of 65.6 years/ 156 pounds. 
 	 A t all femoral sites, no BM D  (grams/ cm2) difference was 
observed between old and new software and T -scores were 
highly correlated (r2 > 0.99).  A dditionally, the total femur T -
score did not differ w hen analyzed w ith either softw are 
version.  H owever, substantial T -score bias was present at the 
femur neck and trochanter with lower values consistently 
found using the updated software.  Specifically, the mean T -
score was 0.5 and 0.7 lower (p < 0.001) at the femoral neck 
and trochanter respectively. C onsequently, in this unselected 
population, osteoporosis prevalence was 8% prior to, but 
18% follow ing, the update.  M oreover, apply ing N O F 
treatment recommendations, 16% met criteria to receive 
pharmaceutical therapy before, but 37% after, the update.
  In conclusion, when making recommendations to alter the 
normative database, it is essential to consider their effect 
upon osteoporosis diagnosis and treatment.  A  mechanism 
should be developed by which an external body, perhaps 
I SC D , rev iew s the impact of database changes w ith 
densitometer manufacturers prior to their  w idespread 
implementation.  T he susceptibility  of diagnostic and 
therapeutic cutpoints to database changes underscores the 

M E T H O D S

S ubjects
• 	Proximal femur scans from 115 postmenopausal women 
	 were randomly selected from a population who responded 
	 to newspaper advertising to obtain a spine and hip D XA  
	 scan
• 	A ge and weight; mean (range) 65.6 (42.9-90.3) years, 156 
	 (100-275) pounds

D ensitometers/D ata A cquisi tion and A nalysis
•	 A ll scans were obtained on a single G E  L unar Prodigy
	 densitometer using software versions 6.60 or 6.70
•	 A  single lumbar spine and left proximal femur scan were 
	 obtained on all subjects using "classical" positioning 
• 	A utoanalysis was performed on all proximal femur scans 
• 	Subsequently, all proximal femur scans were placed on 
	 removable media and taken to a newer Prodigy instrument 
	 where autoanalysis was repeated using software version 
	 7.53

S tatistical  A nalyses
•	 Subject measured BM D  and derived T -scores using the "old" 
	 versus "new" software were compared utilizing linear 
	 regression (Statview, C ary, N C ) and Bland A ltman 
	 (A nalyze-it, L eeds, U K ) analyses
•	 T he effects of database utilized on W H O diagnostic 
	 categorization and treatment recommendation using N OF 
	 criteria were evaluated using M cN emar's test (A nalyze-it, 
	 L eeds, U K )

R E S U L T S

Proximal  Femur B M D  C omparison 
•	 T he measured BM D  at the total femur, femoral neck 
	 and trochanteric regions was virtually identical 
	 (Figures 1a-c) using the "old" and "new" software
•	 In three subjects, the total femur BM D  differed by 
	 0.001 grams/ cm2; in one of these the trochanteric BM D  
	 also differed by 0.001 grams/ cm2

•	 In all of the other subjects, measured BM D  at all three 
	 femoral subregions was identical

Proximal  Femur T -score C omparison
•	 T otal proximal femur T -scores derived using the new 
	 database did not differ from those derived using the 
	 old (Figure 2a/ b)
•	 H owever, at the femoral neck and trochanteric regions, 
	 all subjects had a lower T -score using the new software 
	 (Figures 3a/ b and 4a/ b)
•	 T he mean T -score decrease resulting from use of the 
	 new software was 0.5 at the femoral neck and 0.7 at the 
	 trochanter

E ffect of  D atabase on O steoporosis Prevalence and 
T reatment R ecommendation
•	 D iagnostic categorization by database utilized   
	 (Figure 5a)
	 	 	 		 					Old D atabase	 N ew D atabase 
	 N ormal	 	 	 				39%	 	 			19%
	 Osteopenia		 				53%	 	 			63%
	 Osteoporosis	 				 8%	 	 			18%

•	 A pplying the N OF treatment recommendation
	 (pharmaceutical treatment is indicated at a T -score of   
	 -2.0) to this population, treatment would be indicated 
	 in 15.7% using the old database, but 36.5% with the 
	 new (Figure 5b) 

D I S C U S S I O N

	 	 	 Previous observations clearly demonstrate the importance of 
utilizing a standard normative database for T -score derivation.  
H ow ever, acquisition of N H A N E S data exclusively  using 
H ologic densitometers initial ly  precluded database 
standardization between densitometers produced by different 
manufacturers.  Previously , G E  L unar utilized available 
formulae to transform and incorporate N H A N E S I I I  data into 
their normative database for total femur measurement.  M ore 
recently, when additional formulae became available, G E  L unar 
likewise integrated N H A N E S I I I  data into their femoral neck 
and trochanter ic regions normativ e database.  N ot 
unexpectedly, such changes have resulted in excellent T -score 
agreement between H ologic and G E  L unar densitometers, not 
only at the total femur (Poster 117), but at the femoral neck and 
trochanteric regions as well (personal communication, Poster 
117 authors).  H owever, the impact of incorporating N H A N E S 
I I I  data into the G E  L unar normative database for femoral neck 
and trochanteric T -score derivation on the diagnosis of low bone 
mass has not been explored. 

T hi s study  demonstrates that i ncorporati ng 
N H A N E S  I I I  data at the f emoral  neck  and 
trochanter has substantial  bearing on osteoporosis 
diagnosis, assessment of  disease progression and 
treatment.  
   A s this database update leads to derivation of  lower 
T -scores:   
1. Physicians wi l l  appropriately recognize low bone 
mass i n more w omen undergoi ng i ni ti al  screeni ng 
exams and wi l l  advise a greater number of  women to 
fol low osteoporosis preventive regimens.
2. S ome women, in whom bone mass i s monitored 
over time, wi l l  have modif ication of  their diagnosis to 
a more severe category despi te stabl e B M D .  S uch 
individuals should be advised that an improvement in 
diagnostic cri teria, not a worsening of  their condition, 
has occurred.
3. O ccasi onal  i ndi vi dual s recei vi ng osteoporosi s 
preventi ve therapy  coul d, on f ol l ow -up B M D  
measurement, have an i ncrease i n bone mass, but 
w orseni ng of  thei r di agnosti c categori zati on f rom 
osteopenia to osteoporosis.  
	 a. T his "w orsening" of diagnostic status is simply  a 
phenomenon of the database change and should not promote 
patient anxiety or lead to changes in therapeutic regimen.  
			b. I t is incumbent upon ISC D  and G E  L unar to make clinicians 
aware of this possibility.
    Finally, this study emphasizes that the T -score based system 
of diagnosis is severely compromised.  Specifically, diagnosis 
and treatment recommendations for  patients w ith 
osteopenia/ osteoporosis depend upon the mean and standard 
deviation of BM D  in a population of young normal adults, 
values which may vary substantially if different populations are 
used to construct the normative database.  H ence, change in 
diagnosis with time will continue to occur with introduction of 
new bone mass measurement instruments and with any future 
changes in normative databases.  

T hus, adopti on of  an al ternati ve di agnosti c 
system, preferably one based upon future f racture 
risk , should be encouraged and, in fact, expedited.

E ffect of U sing U pdated N H A N E S D ata on Osteoporosis D iagnosis
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Figure 4a/b:  T rochanteric T -score Comparison B etween the O ld and N ew Software.  
C linically significant bias was present following the N H A N E S update.  Specifically, the
trochanteric T -score for all subjects was 0.4 to 1.1 lower using the new software.  T his 
T -score reduction reflects an increase in mean young normal BM D  from 0.790 to 0.851 
grams/ cm2 and a reduction in standard deviation from 0.110 to 0.099 grams/ cm2 with 
the new versus old database respectively.

4a. T rochanteric T -score R egression 4b. T rochanteric T -score B ias Plot

N . V allarta-A st,N . Binkley, D . K rueger, M . K . D rezner

Figure 3a/b:  Femoral  N eck T -score Comparison B etween the O ld and N ew Software.  
C linically significant bias was present following the N H A N E S update.  Specifically, the 
femoral neck T -score for all subjects was 0.4 or 0.5 lower using the new software.  T his
T -score reduction reflects the increase in mean young normal BM D  from 0.980 to 1.038 
grams/ cm2 with the new versus old database respectively, without change in St D ev.
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Figure 5a/b:  E ffect of D atabase on B one M ass Categorization and T reatment R ecommendation.  
U sing the new database, substantially more (p < 0.001) of these women are classified as 
osteopenic or osteoporotic.  A dditionally, the number meeting the N OF guideline to receive 
medical therapy was more than doubled (p < 0.001).

Figure 1a/b/c:  Comparison of Femur Subregion B M D ; N ew vs. O ld Software.  
T he BM D  (grams/ cm2) at all femoral subregions was essentially identical
utilizing either the old or new software.

1a. T otal  Femur B M D  R egression 1b. Femoral  N eck  B M D  R egression 

1c. T rochanteric B M D  R egression 

2a. T otal  Femur T -score 
	 R egression

2b. T otal  Femur T -score 
	 B ias Plot
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Figure 2a/b:  T otal  P roximal  Femur T -score Comparison B etween 
the O ld and N ew Software.  N o significant bias (0.02 T -score) was 
present at the total femur R OI  following the N H A N E S update.
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5a. D iagnostic C lassi f ication by D atabase 5b. T reatment R ecommendation by D atabase

3b. Femoral  N eck  T -score B ias Plot3a. Femoral  N eck  T -score R egression
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