
Relationship of Extremity Muscle Torque and Bone 
Mineral Density in Postmenopausal Women - 
7;bepurpose of thb study was to examine the cowelatwns between the torque of 
four extremily muscle groups and the bone mineral density (BhfD) of the lumbar 
spine and hip in poshnenopausal women. FEfty-six postmenopausal women @ age 
= 55.4-years, s = 7.1; X height = 162.6 cm, s = 6.4; X weight = 65.9 kg s = 

9.3) served m subjects. Bone mineral density wm measured from the 152-L4 verte- 
bral bodies, greater trochanter, femoral neck, and Ward's n-iangle using dual- 
photon absmptwmety. Hip abduction, knee extension, hipJexlexlon, and grip force 
were as~es~ed using the Spark Muscle Emmination and Ekercbe Dasimeter 
(MEED) 3000 system. 7;be Pearson product-moment cowelations bemeen muscle 
torque and BMD rangedfrom .07 to .42. The signflcant (p < .05) cowelations 
between torque and BMD (r = .27-.42) occuwed in functional(y and anatomi- 
cally related areas. Resulrs of thb study demonstrate a statbticalIy .sign@cant rela- 
tionshlp between torque and BMD in anatomically related areas in pastmeno- 
pausal women. 7;bis relationship, however, b not suficiently strong to allow for 
prediction of BMD from the four muscle groups tested in thk st@y. 7;be relation- 
ship does suggest that strength may be a factor in the determination of BMD. 
Maintenance of strength in those muscle grozLps with anatomical or functional 
relationsh@s to the hip and lumbar spine m y  play a role in the prevention and 
c a t i o n  of the osteoporotic changes that occur. [Zimmermann CL, Smtdt GL, 
Brook JS, et al: Relationship of extremity muscle torque and bone mineral density 
in pastmenopausal women. P@s 7;ber 70:302-309, 1990] 
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Osteoporosis is a clinical condition in 
which progressive loss of bone pre- 
disposes the skeleton to fractures. An 
estimated 350,000 of the 1 million 
fractures that occur in the United 
States annually in women over 45 
years of age could be prevented by 
the elimination of o~teoporosis.~ The 
expense of osteoporotic fracture care 
is staggering. Fractures of the femoral 
neck alone may exceed the cost of $1 
billion annually.' 

Normal bone density is maintained by 
a balance between osteoclastic and 
osteoblastic activity. Osteoporosis is 
marked by a negative imbalance of 
these processes. An increase in osteo- 
clastic activity can cause increased 
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bone resorption. If this normal pro- 
cess is not compensated for by an 
increase in osteoblastic (ie, bone- 
forming) activity, there is a 
corresporiding decrease in bone min- 
eral density (BMD). In other cases of 
osteoporosis, a decrease in osteoblas- 
tic activity will lead to a subsequent 
loss of BRdD. 

There is, however, a normal decline 
of BMD with age. This decline is 
more pronounced in women than in 
men. Average bone loss is 1% per 
year after the age of 35 years. At the 
onset of menopause, the rate is accel- 
erated to as high as 7% per year, 
which is believed to be due to a 
decrease Iln estrogen levels that 
accompanies menopause.2 Further- 
more, there is a reduction in the sen- 
sitivity of mineralized bone to para- 
thyroid hormone. This hormone is 
responsible for maintaining calcium 
levels in the pla5ma within a narrow 
range. Excessive relea5e of parathy- 
roid hormone results in demineraliza- 
tion attributable to the breakdown of 
hydroxyapatite crystals? Huppen ha5 
proposed that osteoclastic activity is 
facilitated, which results in decreased 
BMD.4 The rate of loss of both corti- 
cal and tntbecular bone is decreased 
by estrogen and accelerated in its 
absence.4 Estrogen supplements are 
often usecl to treat this problem in 
postmenolpausal women. 

Bone mineral density has also been 
shown to decrease in response to 
factors such as bed rest, immobiliza- 
tion, and tiecreased weight bearing. 
Issekutz el- a1 found increased calcium 
excretion after 30 days of total bed 
rest, even if supine bed exercise or  
eight hours of sitting per day were 
allowed. However, if a harness was 
applied such that forces equal in mag- 
nitude to those observed in weight 
bearing ccluld be applied to the longi- 
tudinal axis of the bodj7, then calcium 
levels remained normal.5 Krolner and 
Toft found an average bone mineral 
decrease cd 0.9% per week after 27 
days of bed rest.6 Reambulation 
resulted in bone mineral gain, and 
the restoration of lumbar spine BMD 
was nearly complete after four 
months. They reasoned that bone 

mineral content changes simply 
reflect an adaptive response to 
decreased (eg, immobilization) and 
increased (eg, gravity and exercise) 
degrees of vertebral strain.6 Smith and 
Raab noted that immobilization pro- 
duced bone loss that was specific to 
the immobilized area."hey also 
noted that bone loss is more rapid in 
areas of the body that are normally 
weight bearing. Postinjury decrease in 
BMD of the tibia has been reponed.7 
Cessation of weight bearing and a 
limited activity level were cited as the 
probable mechanisms.7 Bone deminer- 
alization was also demonstrated in 
both the foot and hand of astronauts 
during orbital flights."hese studies 
point to the importance of weight 
bearing and physical activity in the 
mechanical stimulation of bone 
growth and remodeling. 

Bone mineral density ha5 been shown 
to increase with weight bearing and 
exercise. In an exercise program con- 
sisting of two, 1-hour sessions per 
week over an eight-month period, 
Krolner et a1 showed that lumbar 
spine BMD of an exercise group 
increased by 3.5%, whereas that of a 
control group decreased by 2.7% .9 

Smith and Redden followed 29 post- 
menopausal women in a nursing 
home for three years. Bone mineral 
density, determined by photon 
absorptiometry, increased 4.2% in the 
exercise group and decreased 2.5% in 
the control group.I0 Aloia et a1 found 
significant differences in total body 
calcium, 'measured with total body 
neutron activation analysis, in an exer- 
cise group as compared with a con- 
trol group. These postmenopausal 
women performed the President's 
Council on Physical Fitness program 
for one hour three times per week 
over a one-year period." Simkin et al, 
using loads applied only by muscle 
activity and body weight in exercises, 
concluded that trabecular bone tissue 
in the distal radius of postmenopausal 
women responds favorably to 
dynamic and diverse bone-stressing 
exercises.Iz A number of reports have 
discussed the high BMD found in 
physically trained individuals. Nilsson 
and Westlin measured a higher BMD 
in the distal femur of athletes com- 

pared with nonathletes.13 In an animal 
model, Burr reported that normal 
loading through the lower extremity 
for 20 minutes per day over a three- 
week period provided a stimulus for 
increasing BMD in the respective limb 
and proximally to the lower spine.14 
In response to exercise and weight- 
bearing studies, Chamay and Tschantz 
concluded that bone hypertrophy will 
occur in response to increased weight 
bearing and muscular stress.l5 

The literature concerning the relation- 
ships between muscle strength and 
BMD documents differing results. 
Sinaki et a1 found a decrease in both 
BMD of the radius and strength of the 
elbow flexors with increasing age to 
be independent of one another.16 
Sinalu and Offord, however, found a 
significant positive correlation 
between L2-L4 BMD and back exten- 
sor strength." Gillespie found that 
severing the anterior root of the spi- 
nal nerves of kittens resulted in mus- 
cular atrophy as well as a 20% 
decrease in the weight of bone in the 
dected area.18 Doyle et a1 found a 
significant correlation between the 
ash weight of the third lumbar verte- 
bral body and the weight of the left 
psoas muscles when body weight, 
height, and age were taken into 
account.19 Nilsson and Westlin hypoth- 
esized that 

The weight of a muscle reflects the 
forces it exerts on bones to which it is 
attached and an increase or decrease 
in muscle weight results in a corre- 
sponding increase or decrease of 
bone.lj(pI79~ 

Pogrund et a1 demonstrated an associ- 
ation between osteoporosis and the 
psoas muscles in both men and 
women.20 A decrease in muscle width 
appeared to begin about 10 years 
before bone loss became apparent.20 

Nearly a century ago, WoM recog- 
nized the relationship of bone forma- 
tion to the functional forces acting on 
it." Readily available clinical indexes 
for quantifying these mechanical 
stresses and BMD are currently avail- 
able with strength tests and dual- 
photon absorptiometry. However, 
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there is a lack of data regarding 
association between extremity 
strength and bone density at the 

the - 
hip Table 1. Group Means and Stan&rd Deviations for Height, Weight, and Age 

and spine, two areas of the axial skel- 
eton where osteoporotic fractures are 
common. If a strong association exists, G~,,,,~ 

Helght (cm) Weight (kg) 
- - 

Age (yr) - 
X 9 X s X s 

it may assist in identification and pre- 
vention of osteoporotic changes 
before thev result in fracture. All subjects (N = 56) 162.6 6.43 65.9 9.26 55.4 7.09 

The purposes of this study were 1) to 
examine the correlations between the 
torque produced by four extremity 
muscle groups and the BMD of the 
lumbar spine and hip in postmeno- 
pausal women and 2) to develop a 
predic-ion model for BMD using mus- 
cle strength and body weight. 

Strong correlations were expected 
between the torques and the BMD of 
the muscle's attachment site. Because 
these muscles are responsible for 
supporting and stabilizing the body 
during weight bearing, the torque 
they can generate was expected to 
correlate with the HMD of those skel- 
etal regions stressed during weight 
bearing. 

Method 

Following approval of the study by 
the Human Subjects Committee of 
The University of Iowa, 56 postmeno- 
pausal women voluntarily participated 
in this study. In all subjects, meno- 
pause was a result of oophorectomy 
or natural onset. The subjeas entered 
the study in response to an advertise- 
ment or by referral from their physi- 
cian. Following physician approval, 
subjects were oriented to the proce- 
dures and potential benefits and risks 
of the study. An informed consent 
form was then signed by each subject. 
Criteria for exclusion from the study 
were a continuous three-day episode 
of low back pain in the previous year, 
prior severe low back dysfunction, or  
orthopedic pathology of the right 
upper or lower extremity. The sub- 

No estrogen (n = 39) 161.7 5.47 

Estrogen (n = 17) 163.0 6.83 

jects had a mean age of 55.4 years 
(s = 7.1), a mean height of 162.6 cm 
(s = 6.4), and a mean weight of 65.9 
kg (s = 9.3). Seventeen subjects were 
currently talung supplemental estro- 
gen, whereas the remaining 39 sub- 
jects were not. Table 1 reports the 
subject characteristics, grouped 
according to estrogen use. 

Materials 

The BMD values (in grams per square 
centimeter) were determined using 
the Lunar DP3 Dual Photon Scanner.* 
The technique used was established at 
the University of Wisconsin using a 
153-gadolinium radionuclide source 
that emits 44 and 100 keV.22 Bone 
mineral density was evaluated at four 
sites: 1)  the L2-L4 vertebral bodies, 
2) the femoral neck, 3) Ward's trian- 
gle, and 4) the greater trochanter of 
the right femur. 

Muscle performance values were mea- 
sured in the right extremity and calcu- 
lated as force (in Newtons) or torque 
(in newton-meters) using the Spark 
Muscle Examination and Exercise 
Dosimeter (MEED) 3000 system.t The 
MEED 3000 system consists of a trans- 
ducer unit that houses the strain 
gauge and prearnplification electronic 
components. 'The transducer unit is 
connected to the control unit. The 
control unit consists of a central proc- 
essing unit, a keyboard for variable 
functions, and a digital display. The 
transducer unit is composed of spe- 
cific couplers for use with different 

*Lunar Radiation Corp, 916 Williamson St, Madison, W'1 53703. 

+spark Instruments and Academics Inc, PO Box 5123, Coralville, M 52241 

attachments, including cuff 
attachments and a grip attachment for 
extremity testing. The transducer unit 
was calibrated using known weights, 
which were incremented to and 
released from a maximum of 550 N. 

The Spark ECOl Ergonomic chairt 
(Fig. I), used in knee extension and 
hip flexion testing, consists of a hard 
seating surface with a seat belt to pro- 
vide stabilization. Other features 
include a retractable foot platform 
and multiple eyelet connectors to 
allow for testing in several positions. 
An adjustable trolley connector allows 
for testing of knee extension strength. 
An adjustable chain allowed the angle 
of the line of force for strength mea- 
surement and the long axis of the 
body segment to be 90 degrees. 

Procedure 

Each subject was oriented, gave 
informed consent, and had both the 
right femur and lumbar spine BMD 
scan performed during the first visit. 
The subject was positioned supine 
with the hips and knees flexed to 90 
degrees to ensure flattening of the 
lordotic curve during the lumbar 
spine BMD scan. The supine position 
with feet in a vertical orientation was 
used for the hip BMD scan. Total time 
for the BMD scan was approximately 
one hour. 

Torque was measured during a sec- 
ond visit. Digital displays of each trial 
and a three-trial mean were moni- 
tored on the MEED 3000 system. The 
mean of three trials served as the 
force value in the torque calculation. 
The moment arms were measured 
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Fig. 1. Method for testing knee exter- 
sor torque using Spark ECOl Ergonomic 
Chair and Spark Muscle Fxaminution 
and Exercise Do.~imeter (MEED) 3000 
sy.ytem. 

from surface correlates of the joint's 
center of rotation to the midpoint of 
the cuff attached to the extremity to 
be tested. 

A consistent set of commands 
were given for each test trial. A 
cadence osf "Keady, set, push, push, 
push, push" constituted a single trial. 
The subject was instructed to apply a 
small amount of preload to the 
dynamom'eter-cuff system at "set" and 
then to co~ntract the tested muscle 
group marimally for 3 or 4 seconds 
during the: trial. A test consisted of 
two practi'ce trials (self-determined 
50% maximal effort), followed by 
three maximal-effort trials. To mini- 
mize fatigue, a 30-second rest period 
followed each trial. 

The torques tested were those gener- 
ated by the hip abductors, the knee 
extensors, the hip flexors, and the 
muscles u:ied in gripping. Tests were 
performed in a randomized order to 
eliminate fatigue effects. Hip abductor 
torque was tested with the subject 
positioned supine on a plinth (Fig. 2). 

Fig. 2. Method for testing hip abduc- 
tor torque using Spark Muscle Examinu- 
tion and Exercise Dosimeter (MEED) 
.?Om system. 

The knees were actively held in exten- 
sion. The cuff attachments were 
applied with the distal edge of the cuff 
2.54 cm proximal to the distal end of 
the lateral malleolus. The transducer 
unit was connected between the cuff 
attachments. The moment arm was 
measured from the proximal tip of the 
greater trochanter to the middle of the 
cuff. The subject was then instructed to 
abduct the right leg while an investiga- 
tor (CLZ) manually stabilized the left 
lower extremity. 

Knee extensor torque was measured 
with the subject sedted in the ergo- 
nomic chair (Fig. 1). Knee angles were 
maintained between 70 and 80 
degrees of flexion. The cuff of the 
adjustable cuff attachment was applied 
just proximal to the subject's lateral 
malleolus, and the other end of the 
device was attached to the ergonomic 
chair. The transducer unit was con- 
nected between the two ends of the 
cuff attachment. The moment arm was 
measured from the femoral epicondyle 
to the center of the cuff on the distal 
leg. The subject was stabilized using 
the seat-belt attachment and provided 
self-stabilization by gripping the front 
edge of the chair. The subject was 
instructed to extend the knee. 

Fig. 3. Method for testing hip flexor 
torque using Spark ECOl Ergonomic 
Chair and Spark Muscle Emmination 
and Exwcke Dosimeter (MEED) 3000 
system. 

Hip flexor torque also was measured 
with the subject seated in the ergo- 
nomic chair (Fig. 3). A cuff attachment 
was positioned so that the line of pull 
was at a 90-degree angle to the long 
axis of the femur and was applied to 
the distal femur proximal to the fem- 
oral epicondyle. Hip angles were 
maintained between 85 and 95 
degrees of flexion. The moment arm 
was measured from the proximal tip 
of the greater trochanter to the mid- 
dle of the cuff. Stabilization was 
achieved with the same method used 
for knee extension. The subject was 
instructed to flex the hip. 

Grip measurements were taken with 
the subject seated in the ergonomic 
chair (Fig. 4). The upper extremity 
was positioned in neutral adduction 
and flexion, with the elbow flexed to 
90 degrees and the forearm in a mid- 
prone position. The wrist was main- 
tained in a neutral position. The sub- 
ject was instructed to squeeze the 
handgrip attachment of the MEED 
3000 system. 
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Data Collection Significant positive correlations were 
noted between body weight and BMD 

Because use of the MEED 3000 system 
has not been reported in the research 
literature, the ability of the instrument 
to measure forces was determined, as 
were interrater reliability and interses- 
sion reliability. The calibration trials 
for the MEED 3000 system were per- 
formed over a range of 0 to 500 N of 
force. Interrater and intersession data 
were obtained on the same day. 

Data Analysis 

An analysis using Bonferroni adjusted 
t tests was performed to compare 
mean height, weight, and age of the 
estrogen and nonestrogen groups. 
This analysis was performed as a 
check for group similarity. Interrater 
reliability and intersession reliability 
for the strength-testing method were 
assessed by use of the Pearson 
product-moment correlation. A data 
set consisting of the measured weight, 
height, age, BMD, and strengths was 
used for the correlational and regres- 
sion analyses. The BMD and muscle 
strength correlations were tested 
using Pearson product-moment corre- 
lations. Prediction model.+a 
backward-elimination regression 
model and a five-variable regression 
model-were also used. The 
backward-elimination regression used 
a cutoff level for significance of .Ol for 
a variable to remain in the model. 

Results 

Subjects 

Descriptive data on the subjects are 
shown in Table 1. No significant dif- 
ference was found between the 
means of the two groups, which 
allowed analysis of the group as a 
whole. 

Evaluation of Muscle Examination 
and Exercise Dosimeter (MEED) 
3000 System 

Values for the interrater and interses- 
sion correlations are presented in 
Table 2. The correlations for inter- 
rater reliability ranged from .85 for 
mean hip flexor torque to .98 for 

Fig. 4. Metbod,for testing grzp 
strength using Spark Muscle Examination 
and Exercise Dosimeter (MEED) .3000 
system. 

mean grip force. Intersession reliabil- 
ity ranged from .67 for mean hip 
abductor torque to .90 for mean hip 
flexor torque. 

Bone Mineral Density and 
Torque Values 

The BMD values for each site tested 
are presented in Table 3. These val- 
ues are representative of the expected 
values for women in this age group.23 
Mean percentages of age-adjusted 
BMD varied from 90.7% to 101.7% 
over the four sites sampled. Mean 
torques and grip force and their stan- 
dard deviations are shown in Table 3. 

Relationship Between Bone 
Mineral Denslty and Torque 

Correlations between BMD, torque, 
height, weight, and age were calcu- 
lated. The BMD and muscle torque 
correlations are presented in Table 4 .  
A significant positive correlation was 
found between hip flexor torque and 
all four of the BMD sites. The follow- 
ing significant positive correlations 
were also noted: hip abductor torque 
with femoral neck and greater tro- 
chanter BMDs; knee extensor torque 
with L2-L4, femoral neck, and greater 
trochanter BMDs; and grip force with 
L2-L4 BMD. The remaining correla- 
tions were not significant. 

and between body weight and 
strength. Thus, weight-normalized 
correlations between BMD and 
strength were calculated and are pre- 
sented in Table 4 .  Significant correla- 
tions following weight normalization 
were found for grip force and L2-L4 
BMD, hip flexor torque and L2-L4 
BMD, and hip flexor torque and 
greater trochanter BMD. 

The initial backward-elimination 
regression model to determine BMD 
contained all strength measures along 
with height, weight, and age. The final 
models from the backward- 
elimination regression are presented 
in Table 5. Hip flexor torque was 
included in two of the models, and 
weight was included in three models. 
Height was included in only one of 
the models. No other variables were 
included in any models. The coefi- 
cients of determination for the mod- 
els ranged from ,1037 to .3366, and all 
models were significant at the .O1 
level. 

A five-variable regression model con- 
taining the four strength values and 
weight was used to determine the 
relationship between strength and 
BMD. The results of the five-variable 
regression are presented in Table 5. 

Discussion 

We believe that, within the scope of 
this study, the measurements of - 
Table 2. Reliabiliq of Torque Mea- 
surements (N = 8) 

lnterrater Intersession 
Measure ( r )  ( r )  

Hip abductor 
torque .96 

Knee extensor 
torque .97 

Hip flexor 
torque .85 

Grip force .98 
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Table 3. hleam and Standard Deviatio?rs,for Bone Mineral Densip and Muscle 
Torque Measurements of Postmenopausal Wofnen (N = 56) 

Region 

Bone Mlneral Density (g/cm2) 
- 
X S 

L2-L4 1.13 0.15 

Femoral neck 0.78 0.10 

Ward's tria~igle 0.64 0.12 

Greater trochanter 0.68 0.1 1 

Maxlmum Voluntary Torque and Force 
- 

Measure X s 

Hip abductor torque (Nam) 

Knee extensor torque (Nm) 

Hip flexor bxque (N.m) 

Grip force I:N) 

extremity torque were reasonably 
reliable from an interrater perspec- 
tive. The lower intersession correla- 
tions may be attributable to variation 
in subject effort. Perhaps the examin- 
ers could have been better trained. 

The lumbar spine and hip were 
selected for BMD analj~sis based on 
previous research and the high inci- 
dence of osteoporotic fractures in 
these skelletal regions. Hip abduction, 
hip flexion, and knee extension were 
selected for strength measurements 
based on 'Wolff s law, weight bearing, 
and antigravity function in relation to 
the RMD sites selected. 

The results of this study provide 
insight into the different relationships 
between extremity muscle strength 
and HMD. For example, we found a 
significant relationship between hip 
flexor torque and all four BMD mea- 
sures. The strongest correlation for 
hip flexor torque occurred with the 
L2-L4 HMD, which could be attributed 
to the attachment sites of the psoas 
muscles in the lumbar spine. Attach- 
ment site may similarly account for 
the significant correlation between 
hip abductor torque and greater tro- 
chanter BhID. These findings are in 
accordance with previous literature 
concerning: the effect of muscular 
loads imposed on bone.5J.3.15JH 

abductor torque and femoral neck 
BMD and between hip abductor 
torque and greater trochanter BMD 
may also be explained in this manner. 
Other studies have supported this 
positive relationship between BMD 
and weight bearing.+' 

The HMD of Ward's triangle showed 
poor to fair correlations with all mea- 
sured torque values. As Ward's triangle 
is located in an area that is not 
stressed specifically by muscle attach- 
ment or weight bearing, perhaps these 
result5 should be expected. Grip force 
correlations with the lower extremity 
BMD were in the poor to fair range. 
Therefore, a relationship between 
BMD and a general indicator of 
strength-grip force-was not found. 

Another significant correlation shown 
in Table 4 was that between knee 
extensor torque and femoral neck 
HMD. The weight-bearing function of 
an antigravity muscle group, such as 
the quadriceps femoris musculature, 
may explain this result. The concept 
of antigravity function can also be 
used to address the correlations 
between knee extensor torque and 
L2-L4 RMD and between knee exten- 
sor torque and greater trochanter 
BMD. The relationship between hip 

Weight normalization of torque and 
BMD values produced a decrease in 
all muscle torque and BMD correla- 
tions except those between grip force 
and all BMD measures and those 
between all torque measures and L2- 
L4 BMD. The minimal weight-bearing 
function of the upper extremity may 
explain the lack of effect of weight 
normalization on grip force relation- 
ships. The decreased degree of 
weight bearing in the spine relative to 
that in the femur may account for the 
effect of weight normalization on cor- 

m 
Table 4. Pearson Product-Moment Correkation Coeficients Between Bone Mineral 
Density and Mzacle Group Torque in Postmenopausal Women (N = 56) 

Muscle Torque 
Femoral Ward's Greater 

L2-L4 Neck Triangle Trochanter 

Non-normalized to body weight 

Hip abductors 

Knee extensors 

Hip flexors 

Grip 

Normalized to body weight 

Hip abductors 

Knee extensors 

Hip flexors 

Grip 
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Conclusions 

Table 5. Regeision Analysis" Using All Muscle Group Swength Measures, Efeigbt, 
Weight, and Age to I'redict Bone Mineral Density (BMU) in Postmezopausal Women 
fN = 56) 

BMD Slte Model r P 

Backward-elimination 
regression modelb 

L2-L4 

FN 

wr 

H F . I  708 ,0035 

Height, W ,3313 ,0001 

W ,1037 ,0256 

TR HF, W ,3366 ,0001 

Five-variable regression model 

L2-L4 

FN 

wr 
TR 
- - - - 

Five-variable rearession eauations 

L2-L4 BMD = .65 + KE(.000083) - HA(.0012) + HF(.0025) + G(.00086) + W(.0025) 

FN BMD = .26 + KE(.00018) + HA(.00011) + HF(.00064) + G(.00038) + W(.00053) 

W l  BMD = .24 + KE(.000066) - HA(.0012) + HF(.00087) + G(.00043) + W(.00046) 

TR BMD = .16 + KE(.00015) - HA(.00017) + HF(.0012) + G(.00014) + W(.0057) 

"KE = knee extensor torque, HA = hip abductor torque, HF = hip flexor torque, G = grip force, 
W = body weight, FN = femoral neck, WT = Ward's triangle, TR = greater trochanter. 

b~ignificant at p < 01 

relations between strength and BMD 
in the spine and femur. 

All backward-elimination regression 
models for the nonspine HMDs 
included body weight as a signif cant 
Factor. It may be concluded that 
weight is an essential element in the 
prediction of BMD in the femur. The 
only model that did not include 
weight was the L2-L4 model, which 
may he a result of the relative weight- 
bearing functions of the spine and 
femur, as stated earlier. 

The poor correlations previously cited 
reveal some apparent inconsistencies, 
which may be explained by the great 
number of factors affecting muscle 
strength and HMD. Some of the fac- 
tors affecting BMD include smoking, 
alcohol use, activity level, genetics, 
number of pregnancies, and the age 
of menopausal onset. Body size and 
activity level will tend to affect muscle 
force output.lD Ideally, therefore, 
these confounding factors must be 

considered when trying to relate a 
single variable (ie, torque) to BMD. A 
longitudinal study of similar design 
considering changes in torque and 
HMD would be valuable in addressing 
these associations. 

Clinical Implications 

Noting the significant correlations 
between the hip flexor torque and 
HMD of the lumbar spine and proxi- 
mal femur, torque of the hip flexors 
may play an important role in the 
treatment of patients at risk of devel- 
oping osteoporosis in the lumbar 
spine or hip. 

The five-variable regression model 
does provide a simple model for the 
clinician to obtain estimates of a 
patient's BMD while performing 
strength assessment. Even though 
these models explain only 16% to 
34% of the HMD, they do provide an 
indicator of an individual's bone den- 
sity status. 

Based on the results of this study, hip 
flexor torque in postmenopausal 
women is significantly related to BMD 
in the lumbar vertebrae and hip. 
There is also a significant relationship 
between torque and BMD of anatomi- 
cally related areas in the spine and 
hip of postmenopausal women. The 
five-variable regression model does 
give some insight into the BMD status 
of the lumbar spine and hip. The vari- 
ables selected, however, do not allow 
prediction of BMD from the muscle 
strength measures used in this study. 
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