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Abstrac t .  Vertebral  osteoporosis  accounts for over  
500,000 spinal fractures annually, the majority of which 
occur in older women. Despite these statistics, data regard- 
ing the rate of spinal bone loss in this population are con- 
flicting. Moreover, the site of skeletal evaluation may sig- 
nificantly alter classification of osteoporosis in this age 
group. To examine trabecular-rich spinal bone loss with a 
measurement less affected by age-related artifacts than the 
AP spine, we measured lateral lumbar spine bone density 
(BMD) using dual-energy X-ray absorptiometry in 120 
healthy, ambulatory, community-dwelling women 65 years 
of age and older (mean 70 -+ 5 years, range 65-88). We also 
examined cortical-rich sites in the forearm and total body 
along with AP spine and femoral BMD to assess the impact 
of site specificity using the World Health Organization 
(WHO) classification of osteoporosis. Significant losses in 
BMD were observed at the lateral spine (-1.1%/year, P < 
0.01), forearm (-0.77%/year, P ~< 0.01), total hip (-0.75%/ 
year, P ~< 0.01), femoral neck (-0.70%/year, P ~< 0.05), and 
trochanter (-0.78%/year, P ~< 0.01), but not the AP spine. 
Using the WHO criteria, lateral spine BMD determinations 
classified 66% of women with osteoporosis in contrast to 
29% using the AP projection. Osteoporosis was diagnosed 
in 55% of women using measurements of the femoral neck, 
43% using the total radius, and 19% using the total body. 
We conclude that elderly women lose bone at trabecular- 
and cortical-rich sites (lateral spine and total radius, respec- 
tively) in addition to sustaining significant age-related bone 
loss at mixed cortical/trabecular sites such as the hip. Clas- 
sification of osteoporosis in this age group more than 
doubles using lateral versus AP spinal projections, support- 
ing the necessity of developing more uniform agreement on 
site-specific analyses. 

Key words: Osteoporosis - -  Elderly women - -  Lateral 
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Vertebral osteoporosis is associated with over 500,000 frac- 
tures annually [1], the majority of which occur in women 
over age 65 [1, 2]. Data regarding the rate and degree of 
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spinal bone loss in this population are conflicting. Recent 
cross-sectional studies using anterior-posterior (AP) spinal 
bone mineral density (BMD) measurements in women over 
age 50 have demonstrated decreasing BMD with age [3, 4], 
whereas longitudinal studies focusing on AP measurements 
suggest that bone loss actually ceases in women over age 65 
[5]. By contrast, cross-sectional and longitudinal analysis of 
the rate of bone loss at the hip show no such discrepancies 
[6]. 

In addition to conflicting reports regarding the rate of 
age-related bone loss at the AP spine [5-7], such measure- 
ments may not accurately reflect skeletal integrity, since 
aortic, sclerotic, and osteophytic calcifications can produce 
falsely elevated BMD values [3, 8-11]. Previous studies in 
women ranging from age 20 to 84 years have demonstrated 
that lateral dual energy X-ray absorptiometry (DXA) detects 
osteopenia more often than AP DXA [12, 13]. However, the 
number of elderly women in these studies has been limited. 
Obtaining a single AP BMD measurement in such women 
can have significant clinical ramifications. Using the new 
World Health Organization (WHO) classification for osteo- 
porosis (BMD more than 2.5 SDs below peak BMD [14]), 
AP assessments of vertebral bone could misclassify women 
as "nonosteoporotic," whereas lateral measurements that 
omit these artifacts would suggest a classification of "os- 
teoporosis," thereby carrying a greater risk of fracture. Fur- 
thermore, in addition to establishing a potentially mislead- 
ing fracture risk of the spine, the single measurement may 
not represent BMD and fracture risk at other skeletal sites. 
Discrepancies between appendicular and axial sites are not 
uncommon. Feyerabend et al. [15] reported that 50% of 
women have clinically significant differences between the 
hip and spine measurements. Other investigators have dem- 
onstrated age-related differences in classification when ra- 
dial versus spinal BMD measurements were obtained [16, 
17]. Finally, site-specific classification could impact deci- 
sions regarding estrogen replacement therapy or other thera- 
peutic interventions [18, 19]. 

To determine if healthy, elderly women lose bone at 
clinically relevant, trabecular-rich sites, we examined lateral 
spine BMD, which is less affected by artifact than the AP 
assessment. BMD of the lateral and AP spine were then 
compared along with BMD of the forearm (cortical-rich 
bone) and hip (mixed cortical/trabecular-rich bone) in order 
to assess the impact of site on the rate of bone loss and 
classification of osteoporosis. 
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Materials and Methods 

Subjects 

Healthy, ambulatory, community-dwelling women of age 65 or 
greater were recruited from the greater Boston area by advertise- 
ment. Subjects with concomitant diseases or medications known to 
affect bone mineral metabolism were excluded. The study was 
approved by the Committee on Clinical Investigations at the Beth 
Israel Hospital. Subjects were advised on the nature of the study 
and informed consent was obtained. 

Measurement Variables 

BMD of the hip, spine, forearm, and total body was obtained by 
DXA using a Hologic QDR-2000 densitometer (Waltham, MA) 
located in the Clinical Research Center of the Beth Israel Hospital. 
Spinal measurements included lateral (L2-L4) and AP (L1-L4) 
using standard protocols. The patients were supine for both the AP 
and lateral measurements, and the arm of the densitometer was 
rotated over the patient for the lateral measurement. Fractured 
vertebrae were eliminated from analysis as in our previous studies 
of elderly subjects [6, 20, 21]. BMD of the total body and forearm 
was assessed using standard protocols provided by the manufac- 
turer (Hologic Inc.). Measurements of the radius included total, 
ultra-distal, mid- and one-third distal radius. Measurements of the 
femur included total hip, femoral neck, trochanter, intertrochan- 
teric region, and Ward's triangle. The coefficient of variation of 
BMD in elderly women (mean age 71 + 7 years) using our den- 
sitometer was 1.7% for the lateral spine and 1.5% for the AP spine. 
We have previously reported a coefficient of variation of 1.2% for 
the total hip and 1.9% for the femoral neck in elderly women [6]. 
Measures of body habitus included height (m), weight (kg), and 
body mass index (BMI) (w + h 2 in kg/m2). Height was obtained 
with a Harpenden stadiometer and weight was measured by an 
ACME Digital In-Bed Scale. 

Data Analysis 

The cross-sectional association between age and BMD at each site 
was examined by linear correlation. The annual change in BMD 
(g/cmZ/year) was determined from the slope of the linear regres- 
sion of BMD versus age. Multiple linear regression was used to 
determine the annual change in BMD while adjusting for weight 
and height. Percent change was expressed as the percent of the 
mean intercept at age 65. Annual percent change was then deter- 
mined as the slope of the regression of percent change versus age 
[3], as in previous studies [3, 6]. Standard deviations (SD) from 
adult peak BMD (T-score) were obtained from the Hologic QDR- 
2000 normative databases [22]. Osteoporosis was defined as BMD 
more than 2.5 SDs below peak BMD, as suggested by WHO 
criterion [14]. Associations among BMD sites, height, weight, and 
BMI were analyzed linearly using Pearson or Spearman correla- 
tions. 

Results 

Clinical Characteristics 

One-hundred twenty women were recruited ranging in age 
from 65 to 88 [mean = 70 _ 5 years (-+SD)I. Mean subject 
profile was as follows: height 1.59 ___ 0.60 m (_+SD), weight 
65 _+ 10 kg, and BMI 26 _+ 4 kg/m 2. Mean BMD measure- 
ments and SD from adult peak BMD values are shown in 
Table 1. SD from adult peak BMD for the lateral view of the 
spine were significantly lower than those of the AP view 
(-3.1 _+ 1.4 versus -1 .7  _+ 1.4, P < 0.01), SDs from adult 
peak femoral BMD ranged from -3.1 at Ward 's  triangle to 
-1 .7  at the trochanteric and intertrochanteric regions. At 
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Table 1. BMD measurements and SD scores 

BMD SD below 
Site (g/cm 2) adult peak BMD a 

Spine 
Lateral (L2-L4) 0.568 _+ 0.113 -3.1 + 1.4 
AP (L1-L4) 0.864 + 0.155 -1.7 _+ 1.4 

Hip 
Total hip 0.758 _+ 0.110 -1.8 + 0.9 
Femoral neck 0.638 + 0.092 -2.6 _+ 0.9 
Trochanter 0.570 _+ 0.087 -1.7 + 1.0 
Intertrochanter 0.908 + 0.140 -1.7 _+ 1.0 
Ward's triangle 0.454 _+ 0.103 -3.1 _+ 0.9 

Radius 
Total radius 0.455 + 0.061 -2.3 _+ 1.1 
Ultra-distal 0.342 + 0.060 -1.7 _+ 1.0 
Mid-radius 0.479 _+ 0.064 -2.3 _+ 1.2 
One-third distal radius 0.543 + 0.068 -2.5 + 1.1 

Total body 0.991 _+ 0.105 -1.5 + 1.1 

Results are mean _+ SD 
a Peak BMD based on T-score of Hologic normative database [22] 

radial sites, these SD scores did not differ significantly from 
each other. As predicted, lateral measurements of the spine 
detected osteoporosis (BMD more than 2.5 SDs below 
young adult peak BMD) more often than AP measurements 
(66.4% and 29.2% respectively, Fig. 1). Using femoral neck 
values, osteoporosis was diagnosed in 55.0% of women; 
when other hip sites were examined, this figure ranged from 
17.5 to 74.2% (Fig. 1). Using the one-third distal radius or 
total body measurement as the criterion, 45.4% and 19.3% 
of women, respectively, were identified as osteoporotic. 

BMD was negatively associated with age at nearly all 
sites, except for the AP spine and total body (Figs. 2 and 3). 
Weight was positively correlated with BMD at all sites (cor- 
relation coefficients ranged from 0.19 to 0.45, all P < 0.05, 
data not shown), and BMI was positively associated with 
BMD at all sites (correlation coefficient ranged from 0.22 to 
0.42, all P < 0.05, data not shown) except the lateral spine. 
Height was only positively correlated with total hip BMD (r 
= 0.18, P < 0.05) and trochanteric BMD (r = 0.25, P < 
0.01). Vertebral BMD measurements decreased by 1%/year 
as assessed by lateral measurements, but did not signifi- 
cantly change when assessed by the AP view (Fig. 4, Table 
2). Similarly, bone loss at the hip ranged from 0.7 to 1.4%/ 
year, and radial BMD decreased by approximately 0.7%/ 
year (P < 0.05). Bone loss for the total body was insignifi- 
cant. When adjusted for weight and height, correlations be- 
tween BMD and age were only significant at Ward 's  tri- 
angle, total radius, mid-radius, one-third distal radius, and 
lateral spine. 

The lateral and AP spinal measurements were highly 
correlated with one another (r = 0.59, P < 0.01, Fig. 2). In 
addition, lateral spine measurements were significantly cor- 
related with those at all femoral sites (correlation coefficient 
0.34-0.41, P < 0.01), the total radius (correlation coefficient 
0.34, P < 0.01), and the total body (correlation coefficient 
0.40, P < 0.01). AP spine values were correlated with all hip 
sites (correlation coefficient 0.60-0.67, P < 0.01), radial 
sites (correlation coefficient 0.62-0.63, P < 0.01), and total 
body (correlation coefficient 0.78, P < 0.01). 

Discussion 

We found that BMD decreases at a rate of approximately 
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Fig. 1. Mean percent of elderly women classified as osteoporotic 
based on BMD measurement site using WHO criterion [ 14] (BMD 
more than 2.5 SDs below young adult peak BMD). Sites include 
the spine (lateral and AP), femur (neck, Ward's triangle, trochan- 
ter, intertrochanter, total), radius (ultra-distal, mid-distal, one-third 
distal, total), and total body. 

1%/year at trabecular-rich sites, as demonstrated by lateral 
spine BMD measurements; the AP spine projection revealed 
no statistically significant bone loss. Furthermore, more 
than double the number of women were classified as osteo- 
porotic using lateral versus AP spine measurements. Con- 
sistent with our previous cross-sectional and longitudinal 
study [6], femoral bone loss in this group of  elderly women 
was 0.7-1%/year. Approximately double to triple the num- 
ber of women were classified as osteoporotic when values 
for Ward 's  triangle and femoral neck were examined and 
compared with other hip sites. Osteoporosis was diagnosed 
in 23-45% of the patients using radial sites; BMD at these 
sties decreased by 0.7-0.8%/year. As with other studies [3, 
12, 23], we observed a modest correlation (0.6-0.7) be- 
tween AP spinal BMD and other sites. 

The bone loss we observed in the AP spine and radius of 
elderly women was representative of  other studies in this 
age group [3, 24]. In a large, cross-sectional, multicenter 
trial, Steiger et al. [3] reported that bone loss at the AP spine 
was approximately 0.3%/year. The authors qualified their 
findings by suggesting that the data may have been affected 
by artifacts in the spine, such as osteophytes, sclerosis, and 
aortic calcifications which interfere with AP assessments. 
They also reported losses of  0.88-0.93%/year at the proxi- 
mal and distal radius, similar to our findings and those of  
other investigators [4] of  0.7-0.8% at radial sites. Uebelhart 
et al. [11] examined AP and lateral spinal measurements in 
women with and without osteoporosis. There were no sta- 
tistically significant differences in SD scores at these sites, 
although lateral assessments demonstrated greater bone loss 
than AP measurements. However, the authors reported sig- 
nificant differences in SD scores between these 2 assess- 
ments in patients with osteoarthritis. Because osteoarthritis 
is common in the elderly, our data support the contention 
that the lateral spine project ion--which is less influenced by 
calcifications of osteoarthrit is--may be a superior assess- 
ment of  vertebral skeletal integrity in this age group. The 
unadjusted annual changes computed by linear regression 
analysis ranged from a minimum of  0.39%/year for the total 
body to a maximum of 1.39%/year at Ward 's  triangle. After 
adjusting for weight and height, the dependence of  BMD on 
age was only significant at the lateral spine, radial sites, and 
Ward 's  triangle, with similar trends noted at other hip sites. 
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Fig. 2. (A)Lateral spine (L2-L4) BMD versus age in elderly 
women (P = 0.003). (B) AP spine (L1-L4) BMD versus age in 
elderly women (P = 0.23). (C) Lateral spine (L2-L4) versus AP 
spine (L1-L4) BMD in elderly women (P ~< 0.001). Dotted line 
represents 95% confidence limits. 

There are several limitations to consider with this study. 
First, changes in the lateral spine may have been over- or 
underestimated since this is a cross-sectional analysis of  
BMD in aging women [18, 25]. However, our previous 
study of  femoral BMD changes in a similar age group 
showed that results by cross-sectional or longitudinal analy- 
sis were relatively similar for areas of  the hip not affected 
by artifacts. Secondly, we realize that the classification of  
osteoporosis using a cutpoint is limited. The gradient of  
fracture risk is continuous if a variable such as BMD is 
used, and the diagnosis of  osteoporosis with a cutpoint such 
as more than 2.5 SD below peak BMD will in all likelihood 
result in both false positives and false negatives even at a 
single site. 
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Fig. 3. (A) Total hip BMD versus age in elderly women (P = 
0.006). (B) Total radius BMD versus age in elderly women (P = 
0.003). (C) Total body BMD versus age in elderly women (P = 
0.063). Dotted line represents 95% confidence limits. 

Moreover, classification of osteoporosis in the elderly may 
vary depending upon the site used (spine, hip, or radius) [ 15, 
17]. In addition, BMD values should always be considered 
in the context of the loads that will be applied to the skel- 
eton if the individual falls or participates in other high risk 
activities. Finally, it could be argued that SD scores based 
on the manufacturer's young adult normative database may 
not be representative of normative data in our geographic 
area. We recognize that peak adult BMD based on differing 
reference populations would likely result in differences in 
classification [26, 27]. Faulkner et al. [28] have identified 
discrepancies between the normative databases of various 
DXA manufacturers. However, it was not our intention to 
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Fig. 4. Mean percent change in BMD per year in elderly women 
at the spine (lateral and AP), femur (neck, Ward's triangle, tro- 
chanter, intertrochanter, total), radius (ultra-distal, mid-distal, one- 
third distal, total), and total body. *P < 0.05, **P < 0.01. 

characterize older women based on our reference database. 
Rather, our primary objective was to determine how clas- 
sification of an "osteoporotic" individual within our patient 
population might vary by site of analysis according 
to the manufacturer's normative database since clinicians 
ultimately compare their patients to the manufacturer's 
norms. 

Despite these issues, there are several advantages to our 
study. Although other investigators have previously dem- 
onstrated that lateral DXA measurements identify patients 
with osteoporosis more often than AP DXA [12, 13], we 
focused exclusively on women over age 65, the segment of 
the population that will experience the majority of vertebral 
fractures. Secondly, we have used state-of-the-art lateral 
DXA measurements, a method with low radiation, good 
reproducibility, low cost, and short scan t ime--all  important 
factors for patient acceptability [7]. Though QCT has been 
shown to provide a sensitive assessment of vertebral trabec- 
ular BMD measurements compared with earlier techniques, 
the radiation exposure is significantly higher, scan time 
longer, cost greater, and reproducibility inferior to that of 
DXA [29, 30]. Finally, we simultaneously assessed sites 
rich in trabecular and cortical bone to allow comparison 
between and within sites to demonstrate how classification 
of osteoporosis can vary significantly depending upon the 
site chosen. 

The present study has important clinical ramifications. 
Elderly women are now the fastest-growing segment of the 
United States population [31]. It is important to determine if 
they continue to lose spinal BMD with age since decreased 
BMD has been associated with increases in vertebral and 
femoral fractures [32, 33]. Our data support the hypothesis 
that older women are losing both cortical and trabecular 
bone and continue to lose bone at all clinically relevant sites 
including the lumbar spine, femur, and radius. Furthermore, 
these data suggest that classifications for osteoporosis vary 
significantly by site and subregional analysis, emphasizing 
the need for more uniform agreement for site-specific analy- 
sis and utilization of a lateral BMD measurement of the 
spine as a more realistic assessment of vertebral skeletal 
integrity in this age group. We observed that approximately 
60% of these elderly women were classified as osteoporotic 
with femoral neck and lateral spine assessments, emphasiz- 
ing the enormity of this problem even in a healthy, ambu- 
latory cohort. Most importantly, these findings provide fur- 
ther impetus for continued development and testing of 
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Table 2. Associations of age with BMD: multiple linear regression coefficients 

Age Height Weight 
Site (g/cm2/year) (g/cm2/cm) (g/cm2/kg) 

r 2 or 
multiple 
r 2 

Lateral spine Unadj -0.0065 b 0.07 
Adjt -0.0055 a 0.0007 0.0014 0.09 

AP spine Unadj -0.0038 0.01 
Adj 0.0001 0.0020 0.0062 b 0.18 

Total hip Unadj - 0 . 0 0 5 9  b 0.06 
Adj -0.0034 0.0006 0.0044 b 0.23 

Femoral neck Unadj -0.0046 a 0.05 
Adj -0.0029 0 0.0034 b 0.18 

Trochanter Unadj -0.0046 b 0.06 
Adj -0.0025 0.0019 0.0028 b 0.19 

Intertrochanter Unadj -0.0068 a 0.05 
Adj -0.0040 -0.0005 0.0058 b 0.21 

Ward's triangle Unadj -0.0068 b 0.09 
Adj -0.0060 b -0.0008 0.0022" 0.13 

Total radius Unadj -0.0036 b 0.07 
Adj -0.0028 a -0.0009 0.0023 b 0.20 

Ultra-distal radius Unadj -0.0026 a 0.04 
Adj -0.0018 -0.0014 0.0026 b 0.21 

Mid-radius Unadj -0.0037 b 0.07 
Adj -0.0030 a -0.0011 0.0022 b 0.18 

One-third radius Unadj -0.0044 b 0.09 
Adj -0.0032 a 0.0001 0.0022 b 0.19 

Total body Unadj -0.0039 0.03 
Adj -0.0019 0.0015 0.0029 b 0.11 

a p < 0.05, b<0.01, ?adjusted for height and weight 
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therapeutic strategies to prevent vertebral bone loss in this 
age group. 

Acknowledgments. We are indebted to the nursing staff of the 
Clinical Research Center at the Beth Israel Hospital, Tamiko Kido 
for assistance with BMD measurements, and Dawn Griffiths for 
excellent assistance with preparation of the manuscript. This study 
was supported by Grant no. CC102550 from the Centers for Dis- 
ease Control, Grant no. RR01032 from the National Institutes of 
Health, and the Osteoporosis Research Fund at the Beth Israel 
Hospital in Boston, Massachusetts. 

References 

1. Riggs BL, Melton LJ III (1986) Involutional osteoporosis. N 
Engl J Med 314:1676-1686 

2. Resnick NM, Greenspan SL (1989) "Senile" osteoporosis 
reconsidered. JAMA 261:1025-1029 

3. Steiger P, Cummings SR, Black DM, Spencer NE, Genant HK 
(1992) Age-related decrements in bone mineral density in 
women over 65. J Bone Miner Res 7:625-632 

4. Hannan MT, Felson DT, Anderson JJ (1992) Bone mineral 
density in elderly men and women: results from the Framing- 
ham osteoporosis study. J Bone Miner Res 7:546-563 

5. Riggs BL, Wahner HW, Melton LJ III, Richelson LS, Judd 
HL, Offord KP (1986) Rates of bone loss in the appendicular 
and axial skeletons of women. Evidence of substantial verte- 
bral bone loss before menopause. J Clin Invest 77:1487-1491 

6. Greenspan SL, Maitland LA, Myers ER, Krasnow MB, Kido 
TH (1994) Femoral bone loss progresses with age: a longitu- 
dinal study in women over age 65. J Bone Miner Res 9:1959- 
1965 

7. Rizzoli R, Slosman D, Bonjour J-Ph (1995) The role of dual 

energy x-ray absorptiometry of lumbar spine and proximal 
femur in the diagnosis and follow-up of osteoporosis. Am J 
Med 98(suppl 2A):33S-36S 

8. Dawson-Hughes B, Dallal GE (1990) Effect of radiographic 
abnormalities on rate of bone loss from the spine. Calcif Tis- 
sue Int 46:280-281 

9. Orwoll ES, Oviatt SK, Mann T (1990) The impact of osteo- 
phytic and vascular calcifications on vertebral mineral density 
measurements in men. J Clin Endocrinol Metab 70:1202- 
1207 

10. Drinka PJ, DeSmet AA, Bauwens SF, Rogot A (1992) The 
effect of overlying calcification on lumbar bone densitometry. 
Calcif Tissue Int 50:507-510 

11. Uebelhart D, Duboeuf F, Meunier PJ, Delmas PD (1990) Lat- 
eral dual-photon absorptiometry: a new technique to measure 
the bone mineral density at the lumbar spine. J Bone Miner 
Res 5:525-531 

12. Finkelstein JS, Cleary RL, Butler JP, Antonelli R, Mitlak BH, 
Deraska DJ, Zamora-Quezada JC, Neer RM (1994) A com- 
parison of lateral versus anterior-posterior spine dual energy 
x-ray absorptiometry for the diagnosis of osteopenia. J Clin 
Endocrinol Metab 78:724-730 

13. Guglielmi G, Grimston SK, Fischer KC, Pacifici R (1994) 
Osteoporosis: diagnosis with lateral and posteroanterior dual 
x-ray absorptiometry compared with quantitative CT. Radiol- 
ogy 192:845-850 

14. Kanis JA, Melton LJ III, Christiansen C, Johnston CC, Khal- 
taev N (1994) The diagnosis of osteoporosis. J Bone Miner 
Res 9:1137 

15. Feyerabend AJ, Lear JL (1993) Regional variations in bone 
mineral density as assessed with dual-energy photon absorp- 
tiometry and dual x-ray absorptiometry. Radiology 186:467- 
469 

16. Mazess RB, Barden HS, Ettinger M (1988) Radial and spinal 
bone mineral density in a patient population. Arthritis Rheum 
31:891-897 



414 

17. Wuster C, Duckeck G, Ugurel A, Lojen M, Minne HW, 
Ziegler R (1992) Bone mass of spine and forearm in osteo- 
porosis and in German normals: influences of sex, age and 
anthropometric parameters. Eur J Clin Invest 22:366-370 

18. Kanis JA (1995) Treatment of osteoporosis in elderly women. 
Am J Med 98(suppl 2A):60S-66S 

19. Lai K, Rencken M, Drinkwater BL, Chesnut CHIII  (1993) 
Site of bone density measurement may affect therapy decision. 
Calcif Tissue Int 53:225-228 

20. Greenspan SL, Greenspan FS, Resnick NM, Block JE, Fried- 
lander AL, Genant HK (1991) Skeletal integrity in premeno- 
pausal and postmenopausal women receiving long-term L- 
thyroxine therapy. Am J Med 91:5-14 

21. Greenspan SL, Oppenheim DS, Klibanski A (1989) Impor- 
tance of gonadal steroids to bone mass in men with hyperpro- 
lactinemic hypogonadism. Ann Intern Med 110:526-531 

22. Favus MJ (1993) Bone density reference data. In: Favus MJ 
(ed) Primer on the metabolic bone diseases and disorders of 
mineral metabolism. Raven Press: New York. pp 426-430 

23. Mazess RB, Barden HS, Eberle RW, Denton MD (1995) Age 
changes of spine density in posterior-anterior and lateral pro- 
jections in normal women. Calcif Tissue Int 56:201-205 

24. Blunt BA, Klauber MR, Barrett-Connor EL, Edelstein SL 
(1994) Sex differences in bone mineral density in 1653 men 
and women in the sixth through tenth decades of life: the 
Rancho Bernardo Study. J Bone Miner Res 9:1333 

25. Adami S, Kanis JA (1995) Assessment of involutional bone 
loss: methodological and conceptual problems. J Bone Miner 
Res 10:511-517 

S. L. Greenspan et al.: Lateral Spine BMD and Osteoporosis Classification 

26. Ryan PJ, Spector TP, Blake GM, Doyle DV, Fogelman I 
(1993) A comparison of reference bone mineral density mea- 
surements derived from two sources: referred and population 
based. Br J Radiol 66:1138-1141 

27. Looker AC, Johnston Jr CC, Wahner HW, Dunn WL, Calvo 
MS, Harris TB, Heyse SP, Lindsay RL (1995) Prevalence of 
low femoral bone density in older U.S. women from 
NHANES III. J Bone Miner Res 10:796-802 

28. Faulkner KG, Roberts LA, McClung MR (1995) Discrepan- 
cies in normative data between Hologic and Lunar systems 
(abstract). J Bone Miner Res 10(suppl 1):S146 

29. Gluer CC, Steiger P, Selvidge R, Elliesen-Kliefoth K, Kayashi 
C, Genant HK (1990) Comparative assessment of dual-photon 
absorptiometry and dual-energy radiography. Radiology 174: 
223-228 

30. Kelly TL, Slovik DM, Schoenfeld DA, Neer RM (1988) 
Quantitative digital radiography versus dual photon absorpti- 
ometry of the lumbar spine. J Clin Endocrinol Metab 67:839- 
844 

31. Dans PE, Kerr MR (1979) Gerontology and geriatrics in medi- 
cal education. N Engl J Med 300:228-232 

32. Ross PD, David JW, Vogel JM, Wasnich RD (1990) A critical 
review of bone mass and the risk of fractures in osteoporosis. 
Calcif Tissue Int 46:149-161 

33. Greenspan SL, Myers ER, Maitland LA, Resnick NM, Hayes 
WC (1994) Fall severity and bone mineral density as risk 
factors for hip fracture in ambulatory elderly. JAMA 271:128- 
133 


