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ABSTRACT
Purpose: Osteoporosis is both preventable and treatable 

with exercise playing an important role in osteogenesis.  The 
purpose of this systematic review was to determine which 
specific exercise programs utilizing weights were effective in 
maintaining or increasing bone mineral density (BMD) in post-
menopausal women.  Methods:  A computerized search of the 
MEDLINE, CINAHL, EMBASE, PEDro, and Science Citation data-
bases was conducted for the period 1990 through February 
2005.  The search was performed using English language-only 
keyword searches using MESH terms osteoporosis, postmeno-
pausal, exercise, weight training, and bone mineral density.  A 
total of 20 articles was critically evaluated for the quality of an 
intervention study using the criteria developed by MacDermid.  
An expert on the topic was asked to review the list of articles 
for omissions.  Results:  The review revealed evidence to sup-
port the effectiveness of weight training exercises to increase 
BMD in postmenopausal women.  The increases in BMD were 
site-specific and required high loading with a training inten-
sity of 70% to 90% of 1 RM for 8 to 12 repetitions of 2 to 3 sets 
performed over one year duration.  Conclusion: Weighted 
exercises can help in maintaining BMD in postmenopausal 
women and increasing BMD of the spine and hip in women 
with osteopenia and osteoporosis.  The exercise program must 
be incorporated into a lifestyle change and be lifelong due to 
the chronic nature of bone loss in older women.
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INTRODUCTION
Osteoporosis, a degenerative disease, is a systemic skeletal 

disease characterized by low bone mass and micro-architectur-
al deterioration of bone tissue that results in increased fragility 
and risk of fracture.1,2  The bones of individuals with osteopenia 
demonstrate, on radiograph, decreased mineral content, with a 
bone mineral density (BMD) that is lower than normal but less 

than the threshold for osteoporosis.2 Osteoporosis is a major 
public health concern and the prevention of osteoporosis is a 
national health initiative from the Surgeon General’s office.  In 
2004, there were an estimated 10.1 million people aged 50 and 
older in the United States with osteoporosis, and 33.6 million 
people with osteopenic low bone mass placing them at risk for 
osteoporosis and fractures.3   The Surgeon General predicts that, 
by 2020, there will be 13.9 million individuals with osteoporosis 
(more than 75% of these will be women) and 47.5 million with 
low bone mass (64% women).  3 The World Health Organization 
reports 30% of postmenopausal females have osteoporosis.4,5    

Postmenopausal or Type I osteoporosis develops when 
circulating estrogen levels decrease after menopause, leading 
to an increased rate of bone resorption without a concomitant 
increase in bone formation.  This contributes to an acceleration 
of bone loss.6  Type I osteoporosis usually affects women within 
15 to 20 years of menopause with the most rapid bone loss 
occurring about 5 to 7 years following menopause.7  The most 
common osteoporosis-related fracture sites are at the hip, ver-
tebral bodies, and wrist.5  

Type II osteoporosis, seen in both genders of older adults is a 
gradual decrease in BMD that affects both cortical and trabecu-
lar bone and is associated with hip fractures.9  A decrease in the 
bone formation phase results as the bone is resorbed, creating 
a cavity of normal depth while less new bone is formed to com-
pletely fill in the cavity.10  

Aging, when combined with deconditioning and disease, is 
associated with gait and balance problems that increase the risk 
for falls and subsequent osteoporotic fractures.  Approximately 
300,000 hip fractures occur each year in the United States with 
an associated cost of over $9 billion.8  Hip, vertebral, and shoul-
der fractures have a high mortality rate when compared with 
the general population; mortality is more significant immedi-
ately after the fracture compared with 5 years later.12 

Bone mineral density, the amount of hydroxyapatite relative 
to the area of bone, is measured by dual energy x-ray absorpti-
ometry (DXA scan).  Bone mineral density is used to estimate the 
risk of fracture and determine whether a patient has osteopenia 
or osteoporosis.  The World Health Organization established 
the criteria for calculating the T- score with the BMD reference 
range of women in their thirties at peak bone mass as normal.  A 
BMD of 1.0 to 2.5 standard deviations (SD) below the reference 
range is classified as osteopenia and a BMD of greater than 2.5 
SD below the reference range is classified as osteoporosis.1 As a 
rule, for every SD below the reference range the risk of fracture 



	 80	 Journal of Geriatric Physical Therapy  Vol. 30;2:07

doubles.1 Reducing the risk for osteoporosis involves increas-
ing bone mass at skeletal maturity and preventing or slowing 
the loss of BMD with advancing age.13

Hormone replacement therapy (HRT), calcitonin, biphos-
phonates, and selective estrogen receptor modulators (SERM) 
are pharmacological agents used to prevent or treat osteopo-
rosis.14 These medications are expensive and may have serious 
side effects.  Lifestyle changes with adequate intake of calcium, 
cessation of smoking, moderation in alcohol consumption, 
resistance exercise and weight-bearing/loading exercise may 
be better alternatives or adjuncts to drug therapy.

According to Wolff’s law, the remodeling of bone occurs in 
response to physical stresses.15 Recent studies on animal and 
cell cultures suggest that there is a direct correlation between 
physical loading and bone formation and that muscular activity 
is effective in maintaining BMD if the forces developed reach a 
minimal effective strain.16 The osteogenic stimulus provided by 
load-bearing exercise indicates it is an important lifestyle factor 
that can be used for the prevention of bone loss.7

Although considerable literature relating to the role of 
exercise and its positive effects on BMD exists, questions 
remain regarding the specific exercise prescription necessary 
to reduce the risks or effects of osteoporosis in the postmeno-
pausal woman.   Physical therapy interventions discussed in 
the literature have focused on postural awareness, balance 
training, and aerobic exercises to decrease the risk factors and 
consequences associated with osteoporosis.   While a body of 
evidence that indicates that weighted exercises increase and 
maintain BMD is present, it has not been previously consoli-
dated for the benefit of physical therapists.  The purpose of this 
systematic review is to evaluate the research concerning the 
effectiveness of weighted exercise on BMD addressing post-
menopausal women at risk or with osteoporosis.   

METHODS
The search strategy was based on the method described 

by Sackett et al.17   A computerized literature review of the 
MEDLINE, CINAHL, EMBASE, PEDro, and Science Citation data-
bases was conducted for the period 1990 through February 
2005.  The search was performed using English language-only 
keyword searches using the MESH terms osteoporosis, exercise, 
weight training, postmenopausal women, and bone mineral 
density.  A search using the term osteoporosis yielded 32,275 
articles.  Adding exercise to the search resulted in 1,464 articles.  
Further combining bone mineral density narrowed the list to 
691 articles.  The addition of postmenopausal women reduced 
the number of articles to 179.  The addition of weight training 
reduced the number of articles to 20.   

Articles were eligible for inclusion in the analysis if they: 
(1) were randomized controlled trials or nonrandomized tri-
als with more than 15 participants, (2) had less than a 35% 
drop out rate, (3) enrolled postmenopausal women between 
the ages of 40 to 80 years old, (4) employed DXA scan as the 
method of determining BMD, and (5) incorporated weighted 
or resistive exercises as a therapeutic intervention to promote 
osteogenesis.  Articles were excluded from analysis if subjects: 
(1) had any orthopedic problem (including a BMD result of 
–3 SD or below and a history of an osteoporotic fracture) or 

cardiovascular problem that would limit resistive exercise, or (2) 
took any medication known to alter bone metabolism except 
estrogen, or (3) if the article was a review of the literature rather 
than a study evaluating efficacy of an intervention.

The 20 articles were critically evaluated for the quality of an 
intervention study using the criteria developed by MacDermid.18   

The MacDermid guidelines include a quality rating of 24 mea-
sures for each study based on a 0, 1, 2 score where 0 is the low-
est and 2 is the highest score.

RESULTS
We concluded from the 20 articles reviewed that evidence 

was present to support that weighted exercises increased BMD 
in postmenopausal women.  Table 1 provides a synopsis of the 
articles that were reviewed.   An increase in the BMD was found 
in 7 studies.1,19-24 A positive outcome included bone mainte-
nance in the exercise group as compared with the decline of 
BMD in the control group.11,25-28,42  Both ground reaction forces 
and joint reaction forces resulted in increases in BMD.20  Sites 
exposed to both ground reaction forces and joint reaction 
forces improved more than sites stressed only by ground reac-
tion forces.1,11 When studies allowed HRT and segregated the 
users into groups, those groups with a combination of HRT and 
exercise produced greater increases in BMD than either treat-
ment alone.29  No difference in BMD in the exercise group and 
the control group was noted in 3 studies.30-32    

     
Duration        

All of the studies that had a positive outcome or showed 
an increase in BMD were over 11 months duration.1,19-22,26,27,29,33 
Three studies with interventions lasting 4 to 8 months had a 
result of less bone loss in the exercise group as compared to 
the control group.23,25,28,42  One study had an increase of lumbar 
BMD with the duration of a weighted exercise program lasting 
9 months.24

Training intensity and frequency
Of the studies with positive results, the training intensity was 

70% to 90% of 1 RM (maximal load for one repetition with good 
form) for 2 to 3 sets of 8 to 12 repetitions.1,19-22,25-27,29,33,42 Training 
sessions were performed 3 to 5 times a week and lasted from 45 
minutes to 70 minutes a session.1,20-22,26,27,29,42 Bone mineral den-
sity of the lumbar spine was increased when weights equaling 
80% of maximal back extensor strength were used.34

Site-specific training effects 
Site-specific positive exercise effect in BMD was noted in the 

femoral trochanter.11,20-22,29,33 Increase or maintenance in BMD 
was found at the femoral neck.11,19,20,22,28  A positive exercise 
effect was reported at Ward’s triangle.20,22,29  A positive exercise 
effect on BMD was noted in the lumbar spine.19,20,22,24 Only 1 
study reported a positive exercise effect on the wrist – ultradis-
tal radial site.22

Specific Exercises
Four types of exercises increased the BMD, including:  (1) 

weighted squats, hack squats, leg press, hip extension, hip 
adduction, hip abduction, knee extension, and hamstring 
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Publication Quality 
Score

Sample 
Size (n)

 Age  (yrs)
Range or  
mean

HRT Exercise 
Duration 
(months)

Training intensity, 
and frequency

Specific exercises used DXA Specifics Results

Ryan et al  
(1998)13

20 27 62 ± 1 No 4 90% RM with 
weight increased 
so 12 – 15 
repetitions per 
exercise were 
achieved.   1 hour 
sessions 3 x  week

Leg press, chest press, leg 
curl, latissimus pull down, 
elbow flexion, elbow 
extension, leg extension, 
upper back row, military 
press, hip abductor, hip 
adductor, and abdominal 
curls using Inshape 
equipment, Keiser K-300 
machines, and Cybex 
equipment.

lumbar spine L2 –L 4

femoral neck & 
greater trochanter,
Ward’s Triangle

90% compliance.   BMD 
did not significantly 
change, but were 
maintained.    This 
maintenance of BMD 
is clinically significant 
because of the rate 
of BMD loss with 
advancing age.

Kerr et al  
(2001)33

37 126 60 ± 5 No 12 3 one-hour 
sessions per week.

30 minutes of resistance 
weight training; 3 sets of 
8 RM and increased their 
load
Fitness group: stationary 
bicycle at moderate 
intensity (heart rate < 150 
beats per minute)

intertrochanteric 
region, Ward’s 
triangle, radial 
forearm every 6 
months

71% retention at 2 
years.   No difference 
between the groups 
at the forearm, lumbar 
spine, or whole body 
sites.   There was a 
significant effect of 
the strength program 
group for the BMD 
total body and 
intertrochanteric hip 
site.

Adami  et al 
(1999)31

39 250 
125 EG
125 CG

52-72 No 6 2 sessions per 
week but were 
encouraged to 
repeat exercises 
at home for 30 
minutes per day.

Warm up exercises, 70 
minutes of exercises to 
maximize stress on the 
wrist (press up, flexion in 
prone, playing volleyball 
either sitting or standing), 
10 minutes of lifting a 500-
g weight with the forearm 
in a partially supinated 
position, weight liftings 
rose from 10 to 25.

Lumbar spine,
femoral neck,
ultradistal & 
proximal radius
pQCT –cortical 
component of 
ultradistal radius

Site-specific moderate 
exercises have little 
effect on bone mass.   
Relevant changes 
can be obtained with 
exercise programs that 
produce stress to the 
skeleton

Going et al  
(2003)1

40 320 HRT EG.
54.8 ±  4

HRT   CG
54.9 ± 5

No HRT  EG
55.8 ± 4.7

No HRT  CG
57.1 ±5

HRT 
159

Non-
HRT  
161

12 3 x  week:
70 – 80%  1 
RM Intensity 
maintained at 
60% of maximal 
heart rate.

 
Stretching, balance and 
aerobic weight bearing 
activity for warm up, 
weight lifting (free 
weights and machines 
including leg press, hack 
squats or Smith squats, lat 
pull-downs, lateral rows, 
back extensions, right & 
left dumbbell presses, and 
rotary torso – 2 sets of 6 
– 8 repetitions at 70% or 
80% 1RM), an additional 
weight bearing circuit 
of moderate impact 
activities, stair climbing/
step boxes with weighted 
vests.  

lumbar spine L2 – L4

femoral  neck  & 
trochanter,
total body

Overall 83% (n=266) 
of the baseline sample 
completed 1-year 
assessments.   Regional 
BMD can be improved 
with resistance exercise 
combined with aerobic, 
weight bearing 
activity at clinically 
relevant sites in post-
menopausal women.   
Sites exposed to 
ground-reaction forces 
and joint reaction 
forces generally 
improved more than 
sites stressed by only 
ground reaction forces.

curls;1,11,19-22,26-29,33,42 (2) stair-climbing/step boxes with weighted 
vest, jumping exercises with weighted vests, power cleans with 
weighted vests and beverage boxes;1,11,26,29 (3) military press, 
latissimus pull down, seated rowing, and rotary torso;1,19-21, 25,29,42 

(4) back extension exercises with weighted backpacks,34 leg 
press, bench press, and trunk extension;24  and elbow flexion, 
wrist curl, reverse wrist curl, triceps extension, forearm prona-
tion, and supination.22, 27            

             

Table 1.  Characteristics of Selected Studies of the Effectiveness of Weighted Exercise on Bone Mineral Density for Post-
menopausal Women
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Publication Quality 
Score

Sample 
Size (n)

 Age  (yrs)
Range or  
mean

HRT Exercise 
Duration 
(months)

Training intensity, 
and frequency

Specific exercises used DXA Specifics Results

Kemmler et 
al (2004)39

38 83
50 EG
33 CG

48 -68 No 26 2 sessions of 60 
– 70 minutes at 
gym & 2 sessions 
of 25 minutes per 
week at home.   
First 3 months at 
2 sets of 20 reps 
at 50% 1 RM then 
2 sets of 15 reps 
at 60% IRM.  After 
5 months 2 sets 
of 12 reps at 65% 
1 RM.   After 7 
months 12 weeks 
of high intensity 
at 70-90% 1RM 
interweaved by 
4-5 week.period 
of low intensity of 
50% 1RM.

13 exercises affecting all 
main muscle groups in 
TechnoGym- wide bench 
press, 1-arm dumbbell, 
rowing, squats/power 
cleans with weighted 
vests and beverage 
boxes : Home exercises– 
isometrics, belt, and 
stretching exercises, rope 
skipping program after 20 
weeks.

lumbar spine L1-L4

proximal femur,
forearm 
QCT  L1-L3 of  
trabecular & cortical 
regions of interest

DXA of lumbar spine 
showed a 2.3% 
decrease in the CG.   
BMD in the EG was 
stable.   In proximal 
femur, CG had a 
decrease of 2.9% 
- small but significant 
loss in EG.   At forearm 
site, significant loss 
of BMD in both EG 
and CG.

Snow  et al 
(2000)11

27 18
9  EG,
9  CG

64.1 ± 1.6 2 EG
2 CG

60 3 x week Lower body resistance and 
jumping exercises with 
weighted vests

right proximal 
femur, femoral 
neck & trochanter, 
total hip

After 5 years of 
participation in 
weighted vest plus 
jump training, BMD 
at the femoral neck, 
trochanter, and total 
hip was maintained.   
In the controls, BMD 
decreased by 3.2% - 
4.4% at those regions.

Kerr et al  
(1996)22

39 56 46-55 No 12 Strength training 
3 sets X 8RM – one 
side EG, other 
side CG, 
endurance 
training 3 sets 
X 8RM for 3 
sessions/week.

Strength – biceps curl, 
wrist curl, reverse wrist 
curl, triceps extension, 
forearm pronation and 
supination.   Leg press, hip 
abduction, hip adduction, 
flexion, extension, and 
hamstrings

 femoral neck 
& trochanter, 
intertrochanter, 
radial forearm every 
3 mos

80% compliance with 
strength;
87% compliance with 
endurance;
Significant increase 
in BMD for exercising 
the limb at the 
trochanteric hip site, 
intertrochanteric hip 
site, and Ward’s triangle 
and at the ultradistal 
radial site.

Cussler et al  
(2003)21

39 140 46 -66 50% 
using 
HRT

12 2 sets of 6 - 8 reps 
at 70% - 80% 1 
RM.   3 sessions/
week of 65 – 70 
minutes

 Stretching, balance and 
aerobic weight bearing 
activity for warm-
up; weight lifting, an 
additional weight bearing 
circuit of moderate 
impact activities, stair 
climbing/step boxes with 
weighted vests, leg press, 
lat pull down, weighted 
march, seated row, back 
extension, one arm 
dumbbell press, military 
press, Smith back squats, 
rotary torso.

lumbar spine L2-L4, 
femoral neck & 
trochanter, 
total body

Significant BMD 
change in femoral 
trochanter with 
weighted squats, 
military press, lat pull 
down, seated rowing, 
rotary torso, seated 
leg press.   Weighted 
march had marginal 
effect and back 
extension had little 
effect on femoral 
trochanteric BMD.   
Femoral neck and 
lumbar spine BMD 
changes were not 
significant.   Total body 
DXA was statistically 
significant with 
weighted marching 
exercises.

Table 1.  Continued.
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Publication Quality 
Score

Sample 
Size (n)

 Age  (yrs)
Range or  
mean

HRT Exercise 
Duration 
(months)

Training intensity, 
and frequency

Specific exercises used DXA Specifics Results

Kohrt  et al 
(1997)20

37 39:
14 GRF 
12 JRF 
13 CG

60 -74 No  
for 
the 
last 2 
years

11 3 –5 sessions/
week
GRF – 85% 
maximal  heart 
rate
JRF – 2 –3 sets 
of 8 – 12 reps to 
fatigue 2 x week.

GRF – 45 min daily of 
walking, stair climbing, or 
jogging at 80-85%  heart 
rate
JRF – Overhead press, 
biceps curl, triceps 
extension, leg press, leg 
extension, leg flexion, 
bench press, squats, ½ 
session of rowing at 80 
– 85%  heart rate

proximal femur,  
femoral neck, 
& trochanter, 
Ward’s triangle; 
lumbar spine L2-L4; 
wrist, total body 
performed every 3 
months

Both exercise groups 
(GRF and JRF) resulted 
in significant increases 
in BMD of the whole 
body, lumbar spine, 
and Ward’s triangle 
region of the proximal 
femur.   Significant 
increase in BMD of 
the femoral neck in 
response to the GRF 
program, but not the 
JRF program.

Bassey et al 
(1995) 32

38 44;
20  EG
24 CG

50 - 60 No 12 Daily home 
exercise and 
weekly exercise 
classes

EG: did 50 ‘heel drops’ 
daily and a workout on 
rebounders with some 
jumping and skipping.
CG: did flexibility exercises 
at home and a class of 
low-impact exercise and 
some arm work.

lumbar spine L2-L3

nondominant 
proximal femur, 
distal radius.

No significant increases 
in BMD at any site were 
found in the exercise or 
control group.  There 
was a fall in BMD at the 
ultradistal radius in the 
exercise group.

Nelson et al 
(1994) 19

40 39
20 EG
19 CG

50 -70 No 12 2 x week for 45 
minutes
80% 1RM
3 sets of 8 reps 
for 6-9 seconds 
with 3 second rest 
between reps
16 on Borg scale 
for back extension 
and abdominal

Double leg press, knee 
extension, lateral pull-
down, back extension, 
abdominal flexion 
machines

lumbar spine L2-L4, 
femoral neck,
 total body

BMD of femoral neck 
increased 0.9% 

 ± 4.5% 
in EG and decreased 
2.5% ± 3.8% in CG
Lumbar spine BMD 
increased by 1.0% 
± 3.6% in EG and 
decreased by –1.8% 
±3.5% in Cg
Total body BMD 
preserved at 0,0% 
± 3.0% in EG and 
decreased –1.2% ± 
3.4% in CG

Bemben et 
al (2000)42

37 25
  
HL- 10
HR - 7
CG -8

41-60 No 6 3 x week
HL – 80% 1RM
3 sets of 8 reps
HR- 40 % 1 RM
3 sets of 16 reps

Knee extension, knee 
flexion, leg press, shoulder 
press, biceps curl, triceps 
extension, seated row, 
latissimus pull down, 
hip flexion, adduction, 
abduction, and extension

total body
lumbar spine L2-L4

proximal femur,
femoral neck & 
trochanter, Ward’s 
triangle,  total hip

No significant change 
in BMD although 
the maintenance of 
bone may be clinically 
significant when the 
early postmenopausal 
phase can be as much 
as a 5% loss per yr.

Smidt et al 
(1991)30

38 49
22EG
27CG

CG
55.4± 8 CG

EG 
56.6± 6.6

9 CG
8 EG

12 3 x week
3 sets of 10 reps
70% intensity

Sit-ups, prone trunk
extension, double leg 
flexion

lumbar spine L2-L4

femoral neck &
trochanter,
Ward’s triangle

No significant 
difference in CG and EG

Rhodes et al 
(2000)27

42 44
22 EG
22 CG

65 -75 No 12 3 x week
1 hr.  session
75 % of 1RM
3 sets of 8 reps

Chest press, leg press, 
biceps curl, triceps 
extension, quad extension, 
hamstring curl

lumbar spine
femoral neck & 
trochanter, Ward’s 
triangle

Although there 
were no statistically 
significant changes, 
the trend indicated an 
increase in the BMD for 
the EG and a decrease 
in BMD for the CG

Hartard  et 
al (1996)28

35 31
16 EG
15 CG

EG 
63.6 ± 6.2 

CG
67.4± 9.7 

No 6 2 x week
70% of 1 RM
1 set of 8-12 reps

Pec deck, inverted pecs, 
shoulder adduction and 
abduction, hip flexion, 
extension, adduction, 
abduction, leg press, back 
extension, abdominal 
strengthening

lumbar spine L2-L4

left femoral neck
Differences in lumbar 
spine were not 
significant.  No change 
in femoral neck for 
EG but significant 
decrease in CG

Table 1.  Continued.
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Publication Quality 
Score

Sample 
Size (n)

 Age  (yrs)
Range or  
mean

HRT Exercise 
Duration 
(months)

Training intensity, 
and frequency

Specific exercises used DXA Specifics Results

Milliken et 
al (2003)29

39 94

EG /no 
HRT 17

CG/no 
HRT- 21

EG//
HRT 17

CG HRT
21

40-65 Yes 12 3 x week 
75 minute 
sessions
2 sets of 6-8 reps 
70-80% 1 RM

20 mins of weight bearing 
activity with weighted 
vest
50 –70% max heart rate
resistance exercises- leg 
press, squat, seated one 
armed dumbbell press, 
back extension, rotary 
torso, seated rows, lateral 
pull downs
postural exercises of 
scapular stabilization and 
abdominals

lumbar spine
right proximal 
femur
performed at 6 
months and 12 
months

HRT increased BMD 
at most sites and 
the combination of 
HRT and exercises  
produced increases 
in BMD greater than 
either treatment alone

Jessup et al 
(2003)23

45 18 
 9 EG
 9 CG

69.2 ± 3.5 No 8 3 x week 60 - 90 
minute sessions

8 – 10 reps at 75% 1RM.   
Used a weighted vest 
that was 10% of the 
participant’s body weight 
for walking, stair climbing, 
and balance-training 
exercises.

left hip and lumbar 
spine  performed at 
initial entry into the 
study and within 3 
-5 days of the end 
of the 32 weeks.

Significant loss of  
femoral neck BMD in 
the CG.   Improvements 
in BMD of the femoral 
neck and lumbar 
spine, and body sway, 
strength, and body 
weight in the EG.

Kemmler et 
al (2005)26

39 78 
48 EG
30 CG

48-60 No 36 2 sessions of 60-70 
minutes at gym
2 sessions of 25 
minutes at home 
per week.

13 exercises affecting all 
main muscle groups

lumbar spine L1-L4

femoral  neck & 
trochanter,
ultradistal radius

Stabilization of BMD 
in spine, neck and 
trochanter in the EG 
and decrease in  CG
BMD at forearm 
decreased by 4% in 
both groups

Sinaki  et al 
(2002)34

34 65
34 EG
31 CG

55.6

48-65 

No 24 1 x day
5 x week

Progressive, resistive 
eight-lifting exercise 
program for back extensor 
muscles using a backpack 
with weights equal to 30% 
of maximal back extensor 
strength – lifting 10 times 
in prone position.  Both 
EG and CG were instructed 
in proper lifting and 
good posture.  Strength 
& activity level were 
recorded a each 4- wk visit 

lumbar spine L2-L4 Incidence of vertebral 
compression was 4.3% 
in the CG and 11.6% 
in the EG.  The relative 
risk for compression 
fracture was 2.7 times 
greater in the CG 
than the EG.  At 2 yrs 
follow-up BMD of 
lumbar spine was not 
significantly different 
however it decreased 
significantly in 10 yrs.

Maddalozzo 
et al (2000)35

35 54
28 men
26 
women 
27 HI
27 MI

54.58 ± 3.2 
men
52.83±3.26 
women

No 9 3 x week
75 minutes 
sessions
MI
3 sets of 10-13 
reps at 40-60% RM
HI 
3 sets of 8 reps at 
70% RM

MI- leg extension, leg 
press, hamstring curls, arm 
curl, triceps press, chest 
press, pec deck, shoulder 
press, side lateral raise, 
lat pull down, seated row, 
abdominal crunch, calf 
raise
HI- free weight back squat, 
dead lift, biceps curl, sit-
ups, triceps extension, 
chest press, shoulder 
press, lat pull down, leg 
curl, gripper, calf raise

proximal femoral 
neck & greater 
trochanter,
Ward’s triangle,
lumbar spine L2-L4

whole body 
baseline performed 
at 12 weeks and 36 
weeks

High intensity 
promoted bone 
gain in the spine 
and trochanter of 
older men and at the 
trochanter n older 
women

Pruitt et al 
(1992)24

40 26:
17 EG
9 CG

EG 53.6
CG
55.6

No 9 1 hour sessions
initially 50% 
- 60% of 1 RM 
but increased so 
only 10 RM were 
possible

Biceps curl, lat pull down, 
bench press, wrist roller, 
leg press, leg abduction 
leg adduction, leg curl, 
leg extension, trunk 
extension, hip extension, 
lateral flexion

right femur & 
lumbar spine L2-L4

Mean change in BMD 
for the weighted 
exercise group (1.6 ± 
1.2%) was significantly 
different from the 
control group (-3.6 
± 1.5%).  EG showed 
a positive effect on 
vertebral BMD.

Table 1.  Continued.

Key :  EG = Exercise Group, CG = Control Group, HRT = Hormone Replacement Therapy, RM = Repetition Maximum, reps = Repetitions, GRF = Ground Reaction Forces, JRF = Joint 
Reaction Forces, HL = High Load, HR = High Repetitions, HI = High Intensity, MI = Moderate Intensity
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DISCUSSION
This systematic review provides evidence that weighted 

exercise can slow the rate of loss or increase BMD in postmeno-
pausal women, primarily in the femoral trochanter and to a 
lesser extent in femoral neck and lumbar spine.  Osteogenesis 
occurs in this population when particular criteria for exercise 
are met.

Duration/Training Length
From an analysis of the studies in this review we conclude 

that the duration of the exercise should be at least one year for 
changes to be noted in BMD at the femoral neck and trochan-
ter.   Bone is a dynamic tissue that undergoes a never-ceasing 
process of formation and resorption and responds to the con-
stantly changing mechanical forces impinging on its surfaces.28 
Duration is important because the total time of bone formation 
at a bone multicellular unit is 4 to 6 months long and some 
bone may be in the resorption phase when BMD is measured 
at 6 months.42  Weight training should last at least 2 to 3 times 
that period (12 to 18 months) to ensure the training effect on 
BMD could be measured in an equilibrium state.30 

According to Bassey et al, postmenopausal women have 
different BMD responses to high impact exercise than pre-
menopausal women.41  Premenopausal women significantly 
increased their BMD in response to the training exercise while 
postmenopausal women did not.  Snow et al attribute this to 
postmenopausal women requiring longer periods of interven-
tion and higher loads because they are in a period of acceler-
ated bone loss.11

Adami et al reported that a 6 month long exercise program 
resulted in no significant change in the BMD of the femoral 
neck, lumbar spine, and ultra-distal and proximal radius; but 
they did note an increase in the density of the cortical com-
ponent of the ultra-distal radius.31   Since the distal radius is a 
smaller bone than the femur, bone turnover will require less 
time; the higher percentage of cortical bone of the femoral 
neck likely needs additional remodeling time.35

Researchers have shown that training effects were likely 
to disappear after the training was discontinued as BMD 
decreased after the completion of the exercise.28,34,36  Sinaki et 
al report that 8 years after cessation of the 2-year exercise pro-
gram, the back exercise group had a loss in BMD but the loss 
in BMD was significantly less in the back exercise group than in 
the control group.34

Since these exercise-induced adaptations are reversible, it is 
important for individuals to remain physically active through-
out their entire lifespan.9 Postmenopausal women should 
maintain a lifestyle with regular exercise to prevent osteoporo-
sis and osteoporotic fractures in later years.23 

The results of this review suggest that physical therapists 
should revise their usual treatment protocols for postmeno-
pausal women with osteopenia or those women who are at 
risk for osteoporosis.  Women who are postmenopausal with 
osteopenia would likely benefit from a less frequent but lon-
ger period of intervention, with an emphasis on monitoring 
and adjustment of the exercise prescription to make effective 
changes in increasing bone mass or preventing bone loss.  The 
resistance or training load should be adjusted to 70% to 90% 

of 1 RM.  Dividing the exercise protocol into periods (periodiza-
tion) with structured macrocycles and mesocycles interweaves 
high intensity training with regeneration periods to avoid 
injury and provide motivation.26

Training Intensity 
Weight training provides an efficient way to load the 

clinically important sites at the spine, hip, and wrist with the 
benefits of improving muscular strength and balance, which 
decreases the risk for falls.24  Smith and Gilligan concluded 
that increased cellular activity found in cell and organ culture 
research presented the likelihood of proportional reactions of 
bone to loading.14  If a load is detected as being greater than 
the load threshold, there will be an increase in internal strain 
and bone formation will occur.22 To show a significant impact 
on bone density, the exercise intensity (strain magnitude) 
must be higher than the minimum effective strain threshold 
of bone.25 

Kerr et al concluded that the peak load is more important 
than the number of loading cycles in increasing bone mass in 
early postmenopausal women.22  Their study demonstrated that 
the skeleton adapts to the increasing load applied by progres-
sive resistance training in postmenopausal women by increas-
ing BMD.22   Nelson et al concluded that high intensity (80% of 
1RM) strength training had a positive effect on the femoral neck 
BMD and lumbar BMD as well as promoting increased muscle 
mass, strength, dynamic balance, and overall physical activity 
level in postmenopausal women.19  Maddalozzo et al noted 
that high intensity weight training (70% - 90% of 1RM in a 25-
week periodization program) promoted an increase in BMD at 
the spine and trochanter in older men and at the trochanter in 
older women.35  The majority of the studies demonstrated that 
the traditional high intensity strength training program (70% 
to 90% of 1RM) had an osteogenic effect on the BMD in post-
menopausal women by either increasing or preventing further 
bone loss as compared to the control group.1,19-21,23, 25-29,42

Training frequency/session length
Another variable of the exercise prescription that impacts 

the BMD is the sessions per week and the length of time per 
session.  Although the load was rigorous (total of 90 high inten-
sity trunk muscle contractions three times per week) and the 
duration was a year, Smidt et al employed a session duration 
(15 –20 minutes) that was considerably less than the studies 
that affected BMD positively.30 Other studies that reported lim-
ited effect on BMD were limited to 2 sessions per week and 1 
session per week.31,32	

Site-specific training effect
The skeleton has 2 main extrinsic forces acting on it during 

exercise to produce an increase in BMD: (1) supporting body 
mass against gravity, and (2) the musculo-tendinous unit pull-
ing on the bone during muscular contraction.9  Since increasing 
muscle strength was correlated with an increase in bone mass 
at several hip sites, it would suggest that the mechanism by 
which osteogenesis occurred is by muscle pull on the attached 
site of muscle insertion.1,21,22   Kerr et al reported proportional 
effects were site specific with larger osteogenic outcomes at 
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the femoral trochanter (site of the gluteus minimus, gluteus 
medius, and piriformis), but not at the femoral neck when high 
levels of loading were compared with low levels of loading in 
strength training among postmenopausal women.22  Kerr et 
al also found an increase in BMD at the intertrochanter site 
(which includes the lesser trochanter where the psoas and ilia-
cus muscles insert) and Ward’s triangle.22  Nelson et al’s results 
were an exception in that they noted an increase BMD in the 
femoral neck.19  Other studies used weighted exercise with 
ground force reaction and demonstrated a positive exercise 
effect on all regions of the hip.1,11,23 Cussler et al used resistive 
training with the weighted vest and aerobic weight bearing 
activity which resulted in an increased BMD at the femoral 
trochanter.21  Although loading occurred at both the femoral 
trochanter and femoral neck sites, muscle attachments are 
found on the femoral trochanter and not on the femoral neck 
and the transmission of impact forces may not be as effective 
in stimulating bone growth at the femoral neck.21   Kohrt et al 
reported significant increases in BMD of  the lumbar spine, 
Ward’s triangle, and proximal femur with both ground force 
reaction and joint force reaction groups but only noted sig-
nificant increase in the femoral neck with the ground force 
reaction group.20 

Of the other studies that reported BMD gains or stabiliza-
tion in the lumbar spine, 2 studies involved exercises with 
muscle attachments site specific to the lumbar spine.19, 24 
One study  involved the use of ground forces with use of a 
weighted vest for walking and stair climbing,23 and another 
study employed both.26 Only one study was found to have a 
positive exercise effect in increasing BMD at the wrist and that 
involved muscle contraction.22 

Site-specific exercises
Bone mineral density is related to the strength of the 

anatomically related structures.25  Weighted squats produced 
the largest effect on the femoral trochanter.21  The squat is 
an exercise that uses body weight in addition to the external 
load lifted and it is unlikely that few other lower extremity 
weight lifting exercises generate similar magnitudes of force.20 
Significant correlation of BMD gains in the femoral trochan-
ter with percent increase in weight lifted was reported for 
the seated leg press.21,22,25  Increases in BMD at the femoral 
trochanteric and intertrochanteric regions were associated 
with high intensity resistive exercises involving hip flexion, 
abduction and extension, and knee extension and flexion.  
These exercises were site specific to the femoral trochanter 
and suggests that this area is sensitive to muscle pull or joint 
reaction forces to increase BMD.22  Bemben et al also reported 
positive correlations between hip BMD sites (femoral neck, 
Ward’s triangle, trochanter, and total hip) and hip strength 
(abduction, extension, and flexion) and leg strength (leg press 
and hamstring curls).42   An unexpected finding of Cussler et 
al was the association of femoral trochanter change in BMD 
with the military press and it was speculated that with the 
absence of direct muscle targeting at the hip site, substantial 
loading occurred directly above the hip region in this exercise 
to produce an osteogenic response.21  Ryan et al noted high 
correlation between leg press strength and L2 –L4 BMD, femo-

ral neck BMD, Ward’s triangle BMD, and the greater trochanter 
BMD.  In addition strong correlation was found between chest 
press strength and L2-L4 BMD, femoral neck BMD, Ward’s tri-
angle BMD, and greater trochanter BMD.13   Exercises utilizing 
gravitational forces or ground reaction forces as stair climbing, 
walking, or jumping with weighted vests are effective in stimu-
lating bone formation in the L2-L4 and the femoral neck.11,20,23

Safety of Weighted Interventions
Injuries were rarely reported in any of the studies reviewed; 

this could be because injuries failed to occur or that injuries 
were not reported.  One woman left the Erlangen Fitness 
Osteoporosis Prevention Study Program because of a hairline 
fracture of the os pubis after a fall in the aerobic sequence.26 
Excluding postmenopausal women with a BMD of greater than 
–3.0 for whom high intensity exercise is contraindicated was 
a safety feature built into the studies to prevent osteoporotic 
fractures from occurring during the intervention.  Women with 
severe osteoporosis are still cautioned to avoid any exercise 
that would: (1) jar the spine, such as high impact sports - jog-
ging, high impact aerobics; (2) involve spinal flexion – sit-ups, 
toe-touches, rowing machines; (3) increase the risk of falling 
such as skating, skiing, trampolines; and (4) involve hip abduc-
tion-adduction movements.38 

Older adults tolerated high intensity weight training well.35 
Hartard et al reported that the results of their study showed 
that in addition to the effect on BMD, a considerable increase 
in muscle strength can be achieved by strength training 
at 70% RM without adverse effects on hemodynamics and 
metabolism.28  Snow et al concluded that their 5-year program 
of weight training augmented by the use of the weighted vest 
with jumping is safe, practical, and promotes both adherence 
and compliance in older women.11

                                                                                                                                              
Limitations of the Review

A limitation of this review is the inclusion of nonrandom-
ized clinical trials.  Kelley reported a trend for nonrandomized 
trials to yield more positive results than randomized trials, 
suggesting that nonrandomized trials tend to overestimate 
the bone response.40  Several authors point to the difficulty of 
randomizing exercise trials.  Unlike placebo-controlled phar-
maceutical studies, exercise studies cannot be blinded.39  In 
order to ensure compliance to the exercise-training program, 
subjects were allowed to choose their groups (exercise group 
or control group) based on their anticipated compliance.37   
Smidt et al allude to the lack of self-assignment as a possible 
reason for negative outcome of their study.30  They reason that 
the control group in their study was very physically active; 
most were disappointed in not being assigned to the exercise 
group and may have been motivated to maintain high physical 
activity levels.  

Another limitation of this review is the diversity of subjects 
studied in the same groups and the resulting confounding 
variables.   The studies reviewed had very different inclusion 
and exclusion criteria.  Women who were sedentary whose 
BMD would respond more readily to an increase in exercise 
and women who were athletic were in the same groups.  Some 
studies included women taking HRT.1,11,21,29,30  Regulation of cal-
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cium and vitamin D were required in some studies and not in 
others.  Some studies consisted of women in early menopause, 
who were in a period of rapid bone loss, in groups with women 
well beyond menopause whose bone loss was more stable.  

More randomized controlled studies are recommended to 
determine the long-term effects of weighted exercise on BMD 
for the postmenopausal woman.  While many studies are pres-
ent on the effects of exercise on BMD of the hip, there is a pau-
city of information on the effects on exercise on the spine and 
wrist.  Future studies should be focused, be free of confound-
ing variables, and limit the influence of HRT and other medica-
tions that effect BMD.  Groups should also be homogeneous 
and not have women in the early postmenopausal years mixed 
in with elderly women.

CONCLUSIONS 
The studies included in this review provide evidence to 

support the use of weighted exercise to increase BMD in post-
menopausal women, in order to prevent or reduce the effects 
of osteoporosis.  Therapeutic exercise programs should be 
site-specific for the hip, spine, and wrist; which are the areas 
most frequently affected in patients with osteoporosis.  The 
exercise protocol should include sufficient intensity (75% - 
80% 1RM, with 8-12 repetitions, for 2 to 3 sets) of joint force 
reactions and ground force reactions to influence bone forma-
tion through muscle contractions and gravitational or loading 
forces.  Exercise sessions should be performed 3 to 5 times 
per week for at least 45 minutes, and be incorporated into 
long-standing lifestyle change. Physical therapists can play an 
important role in prevention and in helping postmenopausal 
women make lifestyle changes by incorporating periodization 
to avoid injuries and motivate their patients.
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