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Abstract. Variation in soft tissue composition is a potential Over the last 10 years, dual X-ray absorptiometry (DXA)
cause of error in dual X-ray absorptiometry (DXA) mea- has become established as the most widely used techniq
surements of bone mineral density (BMD). We investigatedor assessing patients’ skeletal status [1, 2]. When inter
the effect of patients’ change of weight on DXA scans inpreted in conjunction with the World Health Organization
152 women enrolled in a 2-year trial of cyclical etidronate (WHO) criteria for the diagnosis of osteoporosis [3, 4],
therapy. Scans of the spine, hip, and total body were peXA scans give a simple, safe, and precise method of iden
formed at baseline, 1 and 2 years on a Hologic QDR-2000tifying postmenopausal women at risk of fragility fracture.
The study was completed by 135 subjects (64 on etidronatd,here is increasing evidence that such patients can bene
71 on placebo). Results were expressed as the percentafyjem preventive treatment that will reduce the risk of future
change in BMD (spine, femoral neck, total body) or bonefractures [5-8]. DXA can measure small changes in bone
mineral content (BMC) (total body only) at 2 years. Total density because of its high precision and stable calibratior
body scans were analyzed using the manufacturer’s ‘stammaking it suitable for use in clinical trials of new therapies
dard’ and ‘enhanced’ algorithms. Analysis was performedto prevent bone loss [5, 6, 9-11]. In many centers womel
using multivariate regression with percentage change imecommended to start treatment for osteoporosis have fo
BMD or BMC as the dependent variable, and treatmentow-up scans after 1 or 2 years to monitor their respons
group and percentage change in weight as the independefi2]. The ability of DXA to allow precision measurements
variables. Weight change varied between -14.4% anaf small changes in bone density is therefore an importan
+16.7%. All DXA variables showed a statistically signifi- factor in its widespread clinical application.
cant treatment effect. Standard total body BMD and BMC The basic physical principle behind DXA is the mea-
and enhanced total body BMC all showed a significant desurement of the transmission through the body of X-rays
pendence on weight change € 0.01,P < 0.001 andP <  with high and low photon energies. Measurement of the
0.01, respectively). No effect of weight change was seen otransmission factors at two different energies enables th
spine, femoral neck, or enhanced total body BMD. In orderareal densities (i.e., mass per unit projected area) of twi
to investigate the effects of weight on long-term precisiondifferent types of tissue to be inferred because of the de
patients were allocated to two groups according to baselinpendence of the X-ray attenuation coefficient on atomic
body mass index (BMI <25 and >25 kginrespectively). number and photon energy [13]. In DXA scans these are
For femoral neck BMD the root mean square (RMS) re-taken to be bone mineral and soft tissue, respectively. How
sidual percentage change was statistically significantlyever, the information on soft-tissue density is often not re-
larger in the high BMI groupK < 0.05) but all other bone quired and the conventional diagnostic result of DXA scan-
density variables showed no significant difference. Withning is the measurement of mean bone mineral densit
patients allocated to two groups according to their absolut¢éBMD, units: g/cnf) at one or more skeletal sites.
percentage change in weight (<5% and >5%, respectively) Despite the extensive use of DXA scanning for diagnos-
the RMS residual percentage changes in the bone densitic and longitudinal studies, it is widely recognized that a
variables were statistically significantly larger in the large significant limitation of the technique is that soft tissue is
weight change group for femoral neck BMP € 0.05) and composed of separate lean and fat constituents. Adipos
for standard and enhanced total body BMC<0.01 andP  tissue has a different X-ray attenuation coefficient to lean
< 0.05, respectively). With the exception of the standardissue because of its higher hydrogen content and differ
total body algorithm, weight change in a longitudinal studyences in the composition of soft tissue in the path of the
of postmenopausal women was not found to cause systenX-ray beam through bone compared with the adjacent sof
atic errors in the results of DXA studies but may adverselytissue reference area will cause errors in the BMD measure
affect precision. ments [13-16]. These errors can have a significant influenc
on the interpretation of BMD measurements based on thi
Key words: Bone mineral measurements — Dual X-ray WHO criteria [3, 14-16]. Similarly, in patients participating
absorptiometry — Weight change — Clinical trials. in clinical trials or having follow-up scans after commenc-
ing therapy, changes of body weight might influence the
observed changes in BMD [17].

Many previous studies have examined the magnitude ©
the BMD measurement errors caused by adipose tissue |
either DXA or the earlier technology of dual photon absorp-
tiometry (DPA) based on the use of'2’Gd radionuclide
_ source. These include theoretical studies based on the ma
Correspondence toR. Patel attenuation coefficients of hydroxyapatite, lean tissue anc
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Table 1. Baseline demographic and bone densitometry data by treatment group

Treatment group

Placebo Etidronate

mean (and SD) mean (and SD) Statistical
Parameter (n = 69) (n = 64) significance
Age (years) 54.9 (4.3) 54.7 (5.3) NS
Height (cm) 161.6 (6.3) 161.2 (6.1) NS
Weight by scales (kg) 62.8 (8.3) 60.6 (9.4) NS
Weight by DXA (kg) 62.9 (8.3) 60.6 (9.4) NS
Years since menopause 5.3(2.8) 5.5(2.8) NS
PA spine BMD (g/cm) 0.826 (0.07) 0.844 (0.08) NS
Femoral neck BMD (g/cr) 0.705 (0.081) 0.702 (0.090) NS
Total body BMD (s) (g/crf) 1.028 (0.057) 1.018 (0.068) NS
Total body BMC (s) (g/crf) 1983 (233) 1936 (267) NS
Total body BMD (e) (g/crf) 0.994 (0.059) 0.999 (0.073) NS
Total body BMC (e) (g/crf) 1853 (202) 1839 (225) NS

s = standard total body algorithm; € enhanced total body algorithm
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fat [13], and studies using phantoms [18, 19] and cadaverSubjects and Methods

[15]. In a series of elegant studies, Tothill et al. [14, 17, 20,

21] used computed tomography (CT) images to delineat&he effect of patients’ change of weight on the results of DXA
the distribution of lean and fat tissue in transaxial scanscanning was investigated in a group of 152 postmenopaus:
through the lumbar vertebrae and hence estimate the effegomen recruited into a randomized, single center, double-blind
on posteroanterior (PA) and lateral projection BMD mea-Placebo-controlled clinical trial of cyclical etidronate therapy. All

surements of the spine. In a small group of patients the ere Caucasian, ambulatory, and at least 1 year but not more the

. - . 10 postmenopausal. None had a history of vertebral, wrist, or hiy
were able to use CT studies to estimate the effect of weig acture, none had ever previously taken bisphosphonate treatmer

change on longitudinal BMD measurements [17]. and none had taken estrogen therapy within the last 6 month:

The present study was based on a group of 152 womeRither spine or femoral neck BMD were 0 to =2 SD of normal
enrolled in a prospective clinical trial for the prevention of values for age-matched, healthy women in the local populatior
early postmenopausal bone loss by cyclical etidronatg2?]. Subjects were randomly allocated to one of two treatmen
therapy. During data analysis it was apparent that mangroups: oral etidronate (400 mg/day) for 14 days followed by 76
subjects experienced significant weight gain or loss durin%}ayS of calcium supplements (500 mg/day) or placebo etidronat
the 2-year period of the study and we therefore examineéPr 14 days followed by 76 days of calcium. Each 90-day cycle

s : : ; was repeated eight times for a total duration of 2 years.
the clinical trial data for evidence of the effect of weight ™=/ =1 - = spine (L1-L4), left hip, and total body DXA were

change on longitudinal DXA scanning. We have examine(?gencormed on a Holodic ODR-2000 (Hologic Inc.. Waltham. MA

the data for both evidence of the effect of weight change or}; haseline, 12 mont%s,%nd 24 mo(nths.gThe spine and hip sc)al
the observed changes in BMD and the effect of weight alyere acquired using the medium array mode and analyzed usir
baseline and change of weight during the study on the longsoftware version 4.52. Total body scans were performed in penc
term precision of the DXA measurements. beam mode and analyzed using software version 5.54. Follow-u
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Table 2. Results for multivariate regression analysis with percentage change in baseline
BMD as the dependent variable and treatment group and percentage change in weight as
independent variables

Treatment Statistical A Weight Statistical
Measurement coefficient significance coefficient significance
parameter (%) (t-value) (%/% wt) (t-value)
BMD, o 3.873 6.185 0.026 0.399°
BMD 1.956 2.90% 0.132 1.909°
Standard BMQg 0.963 3.318 0.082 2.748
Standard BMGg 1.134 2.716 0.452 10.455
Enhanced BMRg 0.849 2.322 -0.053 -1.37%s
Enhanced BMGg 1.660 4.295 0.117 2.924

NS = not significant
2P < 0.05;°P < 0.01;°P < 0.001

scans were analyzed using the manufacturer's scan comparisarial at 2 years, 64 of whom were given etidronate and 71
software. Daily scans of an anthropomorphic spine phantom werg|acebo. Data for two patients in the placebo group were

performed throughout the study to ensure consistency of Ca"bradisregarded. One subject had an exceptionally high BM|

tion. Along with other safety checks, subjects’ weight was mea- : : }
sured on electronic scales at each visit. The scales used we’fwgo kg/n?) and the second subject did not have the 2-yea

calibrated by the Weights and Measures Inspectorate of SouthwafiiP and total body scans performed because of scanner fal
Trading Standards Department. Body mass index (BMI) was calure. A preliminary report of the effect of cyclical etidronate:
culated from weight (kg)/heigh{m?) for all subjects using weight therapy in preventing early postmenopausal bone loss i
measured on scales. _ _ _ presented elsewhere [25]. In this report we examine the

A second measure of patients’ weight was available from theeffect of patients’ weight change during the study on the

body composition analysis provided by the total body DXA scansphone densitometry data and discuss the implications for lon
[23]. Two versions of software were available for the analysis Ofgitudinal DXA studies

pencil beam mode total body scans [24]. ‘Standard’ analysis use Baseline d hic d f iaht. heiah
a global calibration in which the BMD result for each bone pixel aseline demographic data for age, weight, height, an
was calculated from calibration data derived from the QDR-20000Umber of years since menopause were not statistically sic
internal reference wheel [18] averaged over all soft tissue pixelsiificantly different between the treated and placebo group:
across the whole scan. In the alternative ‘enhanced’ analysis, BM@Table 1). Neither was there any significant difference at
results were derived from calibration data restricted to separatBaseline for any of the bone densitometry variables studie
subregions of the body, for example, the trunk, pelvis, legs, an%Table 1). Subjects’ weight at baseline, measured using th

arms. Enhanced software rather than standard software [24] is us i
to give bone densitometry data that are more sensitive to the e gtal body DXA body composition software, correlated

fects of large changes in patients’ weight. closely with weight measured on scale$ & 0.996, SEE

Changes in patients’ weight and in the bone densitometry vari-— 0.56 kg). Similarly, subjects’ percentage change in
ables were expressed as the percentage change from baseliMégight over the 2 years of the study, measured using tote
Six bone densitometry variables were studied: PA spine BMDbody DXA and scales, also correlated weff [= 0.940,
(BMD_ ), femoral neck BMD (BMD.), ‘standard’ and ‘en- standard errors of estimate (SEE) 1.18%] (Fig. 1).
hanced’ total body BMD (BMRg), and standard and enhanced  The results of the multivariate regression analysis on the
total body bone mineral content (BMg). For each of these vari-  effect of treatment group and percentage change of weigt
gglnetg'g?%ﬁ;ﬁggtefrgen?rggsslgl?ngnqu)r/nselsirmae%gr%g?jsgrggl?se Pebn the six bone densitometry variables studied are listed i
treatment group and percentage change in weight. The statistic%ﬁ:r?tletrgétEn?gRt zéeAc;/ ?4'2&'5 ;h%\ﬁgnﬁ g';atlstlcally signifi
model gave values for two coefficients: (1) the treatment coeffi- h - o : .
cient giving the difference between the etidronate and placebo A graphical representation of the effect of weight change
groups corrected to zero change in weight; (2) the change o@n" BMD and BMC was obtained by adding the treatment
weight coefficient giving the percentage change in bone densitomcoefficient (Table 2, column 2) to the percentage change
etry variable for a 1% change in weight. The statistical significancein DXA variables for all subjects in the placebo group be-
of each coefficient was expressed in terms of the value for thdore pooling data for the two groups and plotting against
Studentd-test. Results were taken to be statistically significant if the percentage change in weight measured by scales. T
P <0.05. . . _____intercept obtained from linear regression analysis wa:s

The effect of weight at baseline on the long-term precision ofi, o s btracted from each data point and the scatter grapl

DXA measurements was investigated by allocating the patients t : "
two groups according to BMI (<25 and >25 kgimespectively). ere replotted (Fig. 2A—F). The slopes of the regressior

For each bone densitometry variable the root mean square (RM31€S and their statistical significance were identical to the
residual after performing the multivariate regression analysis wagesults of the multivariate regression analysis (Table 2
calculated for each of the two BMI groups. Results for BMI <25 columns 4 and 5). The analysis showed that for BMD
and >25 kg/m were compared using the F-test. A similar study of BMD, and enhanced BME, the effect of weight change
the effect of weight change on the precision of the DXA measurewas not statistically significant. In contrast, the trend for
ments was performed by allocating patients to two groups accordstandard BMGg was highly significant (Fig. 2D, 2 =

ing to the absolute percentage change in weight (<5% and >5%g 4550 P < 0.001), whereas standard BMQ(rZ = 0.050,

respectively). P < 0.01) and enhanced BMg (2 = 0.061,P < 0.01)
showed evidence of small but statistically significant trends.
Results For standard BMG; a change in weight of 1 kg would

result in a change of 0.7%.
One hundred and thirty-five subjects completed the clinical When patients were allocated to two groups according te
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Fig. 2. The effect of weight change on the
change in DXA variables(A) PA spine

BMD; (B) femoral neck BMD;(C) total

body BMC analyzed using standard software
algorithm; (D) total body BMD analyzed

using standard software algorithii) total
body BMD analyzed using enhanced
software algorithm{(F) total body BMC
analyzed using enhanced software algorithm.

baseline BMI there were 96 subjects with BMI <25 kd/m 3). However, for only one variable (BMR) was the dif-

(mean BMI: 22.27; range 18.00—24.99 kdjrand 37 with
BMI >25 kg/n? (mean BMI: 26.96; range 25.00—-32.40 kg/

ference statistically significanP(< 0.05).
When patients were allocated to two groups according t

m?). The RMS residual percentage changes in the DXAtheir absolute percentage change in weight there were 9
variables following the multivariate regression analysissubjects with weight change <5% (mean absolute weigh
were larger in the high BMI group for three of the six change= 2.21%; range= 0.00—4.92%) and 35 with weight

variables (BMR s, BMDg, and enhanced BMg) (Table

change >5% (mean absolute weight charg8.14%; range
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= 5.07-16.73%). The RMS residual percentage changeRiscussion

in the bone densitometry variables were larger in the group

with the greatest weight change for four of the six variablesAlthough previous studies have estimated the magnitude c
(BMDgy,, standard BMRg, standard BMGg, and enhanced the BMD measurement errors in DXA scanning causec
BMC+g) (Table 4). For three out of four (BMR,, standard by adipose tissue [13-16, 18-21], apart from the report o
BMC,g, and enhanced BMgG) the F-test showed that the Tothill and Avenell [17] the effect on longitudinal studies
difference was statistically significar® < 0.01-P < 0.05). has generally been ignored. The present study included p:
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Table 3. Precision expressed as the RMS residual percentage changes in bone density
parameter in subjects with BMI less than and greater than 25%g/m

RMS residual (%)

BMI < 25 kg/n? BMI > 25 kg/n? Statistical
Measurement site (n = 96) (n=37) significance
PA spine BMD 2.44 2.61 NS
Femoral neck BMD 2.42 3.10 P <0.05
Total body BMD (s) 1.22 1.04 NS
Total body BMC (s) 1.74 1.59 NS
Total body BMD (e) 1.52 1.34 NS
Total body BMC (e) 1.50 1.74 NS

Residuals were measured as the percentage change over 2 years after correction for treatment
effect and weight change (Table 2).
s = standard total body algorithm, € enhanced total body algorithm

Table 4. Precision expressed as the RMS residual percentage in bone density parameter in
subjects with absolute percentage weight change less than and greater than 5%.

RMS residual (%)
% A Weight < 5% % A Weight > 5% Statistical

Measurement site (n = 98) (n = 35) significance
PA spine BMD 2.57 2.42 NS
Femoral neck BMD 2.54 3.28 P <0.05
Total body BMD (s) 1.16 1.33 NS

Total body BMC (s) 1.71 3.39 P<0.01
Total body BMD (e) 1.52 1.37 NS

Total body BMC (e) 1.49 1.93 P < 0.05

Residuals were measured as the percentage change over 2 years after correction for treatment
effect and weight change (Table 2).
s = standard total body algorithm, € enhanced total body algorithm.

tients who underwent a wide range of change in weight witlBMD ., although the changes were statistically significant
a maximum increase of 10.0 kg (67.4 kg—77.4 kg) and anly in the spine. In the present study there were fewe
maximum decrease of 9.3 kg (64.4 kg—-55.1 kg). No detectpatients with a BMI less than 20 kgfmor greater than
able effect of weight change was observed on BMBr 30 kg/nf compared with the earlier study [27] and this
BMDy in the group of 133 postmenopausal women fol-probably explains the relative lack of evidence for the de-
lowed over a 2-year period. However, a substantial effect opendence of precision on BMI.
weight change was found for BMg derived using the When the effect of weight change on the long-term pre-
standard algorithm. A smaller but statistically significant cision of the DXA measurements was examined, the RMS
effect was found for standard BMIQ and enhanced standard deviation of the percentage change in bone densi
BMC;g. BMD.g derived using the enhanced algorithm, parameter was statistically significantly larger in the group
was found to be independent of weight change. Total bodghowing an absolute percentage change of weight great
DXA scans in the present study were all acquired using thehan 5% for three of six parameters (BMQ standard
pencil beam scan mode. We are therefore unable to conBMC,g, and enhanced BM&G). A weight change of 5%
ment on the effect of weight change on fan beam total bodygorresponded to 3 kg in a typical subject with a weight of 60
scans [24]. The data in this study apply specifically to Ho-kg (Table 1). These results suggest that weight change
logic QDR densitometers, and differences in edge detectiogreater than 3 kg are likely to have an adverse effect on th
algorithms for other manufacturers’ equipment might resuliprecision of bone densitometry measurements even if the
in a different dependence on weight change [26]. do not cause systematic errors in the measured BML
When the effect of weight at baseline on the long-termchanges.
precision of the DXA measurements was examined, the The results of this study show that the effect of weight
RMS standard deviation of the percentage change in bonehange in generating systematic errors in the results of lor
density variable was larger in the high BMI group for three gitudinal DXA studies of the PA spine, femoral neck, and
of six variables. However, only for BMR, was the differ-  total body is negligible. For total body scans, the enhance
ence statistically significant. We have previously examinedsoftware algorithm should be used. It is reasonable to as
the effect of BMI on the precision of spine and hip BMD sume that the long-term precision of DXA measurements
measurements in a group of 151 women having DXAwhich is important in determining the ability of longitudinal
screening scans on a QDR-4500 bone densitometer [27]. Istudies to detect statistically significant changes [10, 12], is
this latter study a noticeable trend for RMS standard deviaa function of patients’ body mass index [27]. This effect was
tion to increase with BMI was seen for both BMPand  difficult to detect in the present study, probably because
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there were only two subjects with a BMI greater than 3010.

kg/n? and therefore classed as obese. It may prove more
important in follow-up studies in the general population
[12] where the careful weight selection criteria commonly
applied to subjects in clinical trials do not apply. Change of
weight during a longitudinal study, either an increase or
decrease, would also be expected to have an adverse eff
on precision. This was confirmed by the present study, al-
though it is notable that the largest effect in Table 4 was for
BMC+g.

In conclusion, weight change in a longitudinal study of

postmenopausal women was not found to cause systematia.

errors in the results of DXA bone densitometry studies with
the exception of the standard total body algorithm. How-

ever, obesity and change in weight may have an adverskb.

effect on precision errors in individual patients and should
be borne in mind when interpreting the results of follow-up
scans.

16.

AcknowledgmentsThe authors are grateful to Procter and Gamble

Pharmaceuticals for supporting the clinical trial of cyclical etidro- 17,

nate therapy.

References

1. Genant HK, Engelke K, Fuerst T, Gluer C-C, Grampp S,

Harris ST, Jergas M, Lang T, Lu Y, Majumdar S, Mathur A,

18.

Takada M (1996) Non-invasive assessment of bone mineral9.

and structure: state of the art. J Bone Miner Res 11:707-730
. Wahner HW, Fogelman | (1994) The evaluation of osteopo-

rosis: dual energy X-ray absorptiometry in clinical practice. 20.

Martin Dunitz, London

. WHO Technical Report Series 843 (1994) Assessment of frac-
ture risk and its application to screening for postmenopausal
osteoporosis. World Health Organization, Geneva, 1994

N (1994) The diagnosis of osteoporosis. J Bone Miner Res
9:1137-1141
. Storm T, Thamsborg G, Steiniche T, Genant HK, Sorensen

OH (1990) Effect of intermittent cyclical etidronate therapy oo

on bone mass and fracture rate in women with postmeno-
pausal osteoporosis. N Engl J Med 322:1265-1271

. Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell
NH, Rodriguez-Portales J, Downs RW Jr, Dequeker J, Favus
M et al (1995) Effect of oral alendronate on bone mineral

density and the incidence of fractures in postmenopausal o4

teoporosis. N Engl J Med 333:1437-1443

. Cummings SR, Black DM, Vogt TM (1996) Changes in BMD
substantially underestimate the anti-fracture effects of alen-
dronate and other antiresorptive drugs. J Bone Miner Re
11(suppl 1):S102

. Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson
DE, Nevitt MC, Bauer DC, Genant HK et al. (1996) Ran-

domised trial of effect of alendronate on risk of fracture in 26.

women with existing vertebral fractures. Lancet 348:1535—
1541

energy x-ray absorptiometry in a multicenter study. J Bone
Miner Res 6:191-197

. Kanis JA, Melton LJ, Christiansen C, Johnston CC, Khaltaev21 .

23.

. Orwoll ES, Oviatt SK (1991) Longitudinal precision of dual- 27.

399

Gluer C-C, Faulkner KG, Estilo MJ, Engelke K, Rosin J,
Genant HK (1993) Quality assurance for bone densitometry
research studies: concept and impact. Osteoporosis Int 3:227
235

Faulkner KG, McClung MR (1995) Quality control of DXA
instruments in multicenter trials. Osteoporosis Int 5:218-227
Eastell R (1996) Assessment of bone density and bone los
Osteoporosis Int (suppl)2:S3-S5

13. Webber CE (1987) The effect of fat on bone mineral mea-

surements in normal subjects with recommended values o
bone, muscle and fat attenuation coefficients. Clin Phys Phys
iol Meas 8:143-158

Tothill P, Pye DW (1992) Errors due to non-uniform distri-
bution of fat in dual X-ray absorptiometry of the lumbar spine.
Br J Radiol 65:807-813

Svendsen OL, Hassager C, Skodt V, Christiansen C (199¢
Impact of soft tissue on in-vivo accuracy of bone mineral
measurements in the spine, hip, and forearm: a human cadav
study. J Bone Miner Res 10:868-873

Formica C, Loro M-L, Gilsanz V, Seeman E (1995) Inhomo-
geneity in body fat distribution may result in inaccuracy in the
measurement of vertebral bone mass. J Bone Miner Res 1(
1504-1511

Tothill P, Avenell A (1994) Errors in dual-energy X-ray ab-
sorptiometry of the lumbar spine owing to fat distribution and
soft tissue thickness during weight change. Br J Radiol 67:
71-75

Wahner HW, Dunn WL, Brown ML, Morin RL, Riggs BL
(1988) Comparison of dual energy X-ray absorptiometry and
dual photon absorptiometry for bone mineral measurement o
the lumbar spine. Mayo Clin Proc 63:1075-1084

Cullum ID, Ell PH, Ryder JP (1989) X-ray dual photon ab-
sorptiometry: a new method for the measurement of bone
density. Br J Radiol 62:587-592

Tothill P, Pye DW, Teper J (1989) The influence of extra-
skeletal fat on the accuracy of dual photon absorptiometry of
the spine. In: Ring EFJ, Evans WD, Dixon AS (eds) Osteo-
porosis and bone mineral measurement. Institute of Physice
Science in Medicine, York, pp 48-53

Tothill P, Pye DW (1990) Errors due to fat in lateral spine
DPA. In: Ring EFJ (ed) Current research in osteoporosis anc
bone mineral measurement. British Institute of Radiology,
London, p 19

Ryan PJ, Blake GM, Fogelman | (1992) Postmenopausa
screening for osteopenia. Br J Rheumatology 31:823-828
Herd RJIM, Blake GM, Parker JC, Ryan PJ, Fogelman | (1993
Total body studies in normal British women using dual energy
X-ray absorptiometry. Br J Radiol 66:303—308

Spector E, LeBlanc A, Shackelford L (1995) Hologic QDR
2000 whole body scans: a comparison of three combination:
of scan modes and analysis software. Osteoporosis Int 5:440
445

£5. Herd RJM, Blake GM, Ryan PJ, Fogelman | (1995) A 152

patient double-blind placebo-controlled study of cyclical eti-
dronate therapy for the prevention of early postmenopausa
bone loss. J Bone Miner Res 10(suppl 1):S153

Peel NFA, Eastell R (1995) Comparison of rates of bone los:
from the spine measured using two manufacturers’ densitom
eters. J Bone Miner Res 10:1796-1801

Patel R, Seah M, Blake GM, Jefferies AL, Crane FM, Fogel-
man | (1996) Concordance and precision of dual X-ray ab-
sorptiometry with a 10 s scan. Br J Radiol 69:816-820



