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Abstract. The aim of the study was to investigate the effects 
of weight training time on bone mineral density (BMD) of 
patients with secondary osteoporosis after hemiplegia. A total 
of 129 hemiplegic patients with stroke, 75 males and 54 females, 
aged 50-75 years, were recruited in this study. Male patients 
were randomly divided into 3 groups (25 cases each) receiving 
30 min (group M30), 60 min (group M60), or 90 min (group 
M90) daily upright bed weight training. Female patients were 
similarly randomly allocated into groups F30, F60 and F90 
(18 cases each) with daily upright bed weight training for 
30, 60 and 90 min, respectively. After 3 months of training, 
BMD at anteroposterior lumbar spine (L1-L4) and ipsilateral 
femoral neck were examined by dual-energy X-ray absorpti-
ometry. Compared to pre-treatment, no statistical difference 
in BMD was found after 3 months in males who underwent 
daily 30-min weight training (group M30). By contrast, a 
significant increase in BMD was seen at lumbar and femoral 
neck in groups M60 and M90 after 3 months (all p<0.05). By 
pair-wise comparison, we found that BMD at lumbar and at 
femoral neck was significantly higher in groups M60 vs. M30 
and in groups M90 vs. M60 (all p<0.05). For female subjects, 
daily 90-min weight training significantly increased BMD at 
lumbar and at femoral neck in group F90 (both p<0.05), but 
daily 30- or 60-min weight training did not produce similar 
improvement after 3 months. By pair-wise comparison, we 
found a significantly higher BMD at lumbar and at femoral 
neck in groups F90 vs. F60 after 3 months of treatment (both 
p<0.05). In conclusion, in order to stimulate BMD and reverse 
osteoporosis in patients with secondary osteoporosis after 
hemiplegia, daily weight training for minimum 60 and 90 min 
was needed for males and females, respectively.

Introduction

Osteoporosis is a significant complication of stroke, associated 
with an increased incidence of fractures, leading to further 
disability (1-4). The pattern of bone loss seen in stroke patients 
is different from that usually encountered with postmeno-
pausal osteoporosis, since it is limited to the hemiplegic limb. 
The clinical course of hemiplegic stroke predisposes patients 
to disturbed bone physiology. Sudden immobility and unilat-
eral loss of function unload the skeleton at key areas such as 
the affected hip. This is manifest by an early reduction in bone 
density at this site (5-8).

Several factors appear to have an influence on bone mass 
in stroke patients, such as the degree of paresis, gait disability, 
the duration of immobilization, serum level of vitamin D and 
gender (9,10). Although recovery of brain functions and ability 
of independent movement in stroke patients has achieved 
significant success in recent years, potential bone loss and 
secondary osteoporosis are often overlooked in stroke treat-
ment before fragility fracture occurred (10).

In addition to drug therapy, rehabilitation training plays an 
important role in preventing and managing osteoporosis after 
stroke. Currently, consensus on proper modes of movement 
and exercise prescription of specific rehabilitation training is 
lacking. Our study focused on weight training and aimed to 
investigate the effects of training time on bone mineral density 
(BMD) of patients with secondary osteoporosis after hemi-
plegia. Results from the present study provide some clinical 
evidence on how a specific rehabilitation program can prevent 
and better manage osteopenia and osteoporosis after stroke.

Materials and methods

Study participants and patient allocation. The present study 
was approved by the Ethics Committee of Xuzhou Central 
Hospital (Jiangsu, China). All the patients or their relatives 
signed an informed consent prior to their participation.

A total of 129 stroke patients who were hospitalized in the 
Department of Rehabilitation, Central Hospital of Xuzhou, 
from February 2013 to February 2015 were enrolled in this 
study. They comprised 75 males, aged 50-75 years (mean age 
of 65.34±5.26 years), and 54 females, also aged 50-75 years 
(mean age of 68.45±6.54 years). Inclusion criteria for the 
study were: i) Patients conformed to the diagnostic criteria 
set in the fourth National Conference on Diagnosis of Stroke, 
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and confirmed diagnosis with stroke by head CT or MRI; 
ii) ≥50 years of age, ≤75 years; and iii) agreed to take BMD 
measurements on the femoral neck of the affected limb, T≤1 
(BMD was presented by T-score (T), where T = (measured 
value-peak bone mass)/BMD standard deviation (SD) of 
normal people (11). Exclusion criteria for the study were: 
i) Patients with severe heart, liver and kidney diseases, 
severe diabetics, and other organic diseases in endocrinium; 
ii) patients had taken drugs that would seriously affect the 
bone metabolism three months before onset; iii) patients that 
were lost to follow up; iv) patients that failed to complete all 
of the inspections and treatments; and v) whose consent forms 
were not obtained from the patients or relatives.

Diagnosis of secondary osteoporosis in stroke patients 
was made according to the diagnostic criteria recommended 
by WHO, and the readings acquired by dual-energy X-ray 
absorptiometry (DXA). Those with BMD one SD lower than 
the peak bone mass of a normal adult of the same gender 
and the same ethnicity were classified as normal. Those with 
BMD 1-2.5 SD lower than the peak bone mass of a normal 
adult of the same gender and the same ethnicity were defined 
as osteopenia. Those with BMD higher than 2.5 SD were 
classified as osteoporosis. Those with decreased BMD to the 
standard level of osteoporosis, accompanied with ≥1 fractures 
were defined as severe osteoporosis (11).

Patient allocation was performed using the random number 
table method. Male patients were divided into 3 groups: 
M30, M60 and M90, 25 cases each. They received daily 30-, 
60- and 90-min upright bed weight training, respectively. 
Female patients were similarly allocated into groups F30, F60 
and F90 (18 cases each) with daily upright bed weight training 
for 30, 60 and 90 min, respectively. Differences in general 
and pathogenetic conditions between the groups of the same 
gender were not statistically significant (p>0.05; Table I).

Treatment methods. All the patients received basic treatment 
which included: i) life style adjustment: balanced diet with 
abundant calcium, proper protein and low intake of salt; 
appropriate outdoor activities and sunshine; no smoking or 
drinking; proactive methods to prevent from falling; and 
ii) basic dietary supplements for bone health: oral calcium 
carbonate D3 (state approval no. H10950029), one pill/time, 
twice per day, equivalent to 1,200 mg/day calcium and 

250 IU/day vitamin D3. Additionally, daily standing bed 
weight training was provided to patients in groups M30 
and F30 for 30 min, groups M60 and F60 for 60 min, and 
groups M90 and F90 for 90 min. Specifically, the patients in 
M30/F30 were required to take weight training for 30 min, 
once per day (at 8:30 a.m.). Patients in groups M60/F60 were 
required to take weight training twice per day (at 8:30 a.m. 
and 2:30 p.m. with an interval of 6 h). Patients in groups 
M90/F90 were required to take weight training three times 
per day at 8:30 a.m., 11:30 a.m. and 2:30 p.m., with an interval 
of 3 h. All the patients underwent weight training 5 days/week 
for 3 months.

Measurement method. BMD at anteroposterior lumbar spine 
(L1-L4) and ipsilateral femoral neck were examined by using 
Norland XR-600 dual X-ray rapid entire body BMD tester 
before and 3 months after weight training.

Statistical analysis. SPSS 16.0 statistical software (SPSS, 
Inc., Chicago, IL, USA) was applied to process the data. All 
data were presented as mean ± SD. Normal distribution and 
homoscedasticity were examined and noted. Student's t-test 
was used to compare BMD before and after treatment within 
groups. Comparison between groups was evaluated by single 
factor variance analysis. Least significant difference (LSD) 
was applied to pair-wise comparisons between sub-groups. 
P<0.05 was considered statistically significant.

Results

In our study, the number of patients who had recovered 
walking ability under assistance was recorded after rehabili-
tation training for 1-3 months. For males, 36% (9/25 cases) in 
group M30, 40% (10/25) in group M60 and 28% (7/25) in 
group M90 had recovered walking ability. The numbers for 
females were 33% (6/18 cases) in group F30, 33% (6/18 cases), 
and 27.8% (5/18) in group F90. Seeing that the aim of early 
rehabilitation of training was focused on the patients' gait, 
thus therapists recommended that patients should stand and 
walk for ≤30 min after their ability to stand alone or walk 
with assistance was recovered. In this way, patients could 
avoid developing abnormal gaits and we could guarantee the 
comparability of patients on weight training time.

Table I. Patient information and pathogenetic conditions.

     Stroke type (cases)
   Age (years, Course of disease ----------------------------------------------------------------------------------------
Group Cases Gender mean ± SD) (months, mean ± SD) Cerebral infarction Cerebral hemorrhage

M30 25 M 65.4±5.72 5.6±1.58 19 6
M60 25 M 62.7±4.25 5.7±1.76 18 7
M90 25 M 67.9±5.68 5.3±1.64 19 6
F30 18 F 66.3±4.82 4.7±1.32 14 4
F60 18 F 70.2±7.69 4.4±1.43 12 6
F90 18 F 68.8±6.27 4.6±1.54 13 5

M, male; F, female.
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Data of BMD at lumbar vertebra and femoral neck of the 
affected limb were taken from all the study participants and 
tabulated in Tables II and III. Compared to pre-treatment, no 
statistical difference in BMD was found after 3 months in 
males who underwent daily 30-min weight training (group 
M30; Table II). By contrast, a significant increase in BMD 
was seen at lumbar vertebra and femoral neck in groups M60 
and M90 after 3 months (all p<0.05). Results from pair-wise 
comparison showed that BMD at lumbar vertebra and at 
femoral neck was significantly higher in groups M60 vs. M30 
(both p<0.01) and in groups M90 vs. M60 (p<0.05 and p<0.01, 
respectively).

For female subjects, daily 90-min weight training 
significantly increased BMD at lumbar and at femoral neck in 
group F90 (both p<0.05), but daily 30-min or 60-min weight 
training did not produce significant BMD improvement after 
3 months (Table III). By pair-wise comparison, we found a 
significantly higher BMD at lumbar and at femoral neck in 
group F90 vs. group F60 after 3 months of treatment (both 
p<0.05).

Discussion

Considering the particularity of stroke patients' functional 
disturbances, dynamic standing bed was selected as the weight 
training method, which required the two lower extremities to 
bear the same weight. After overcoming postural hypoten-
sion, patients in groups M30/F30, M60/F60 and M90/F90 
were required to take weight training for 30 min, once a day, 
twice a day, or three times a day, respectively, 5 days/week for 
3 months.

Stroke patients, being affected by immobilization resulting 
from early movement function limitations, usually had disor-
dered calcium metabolism and insufficient vitamin D, which 
further led to disuse osteoporosis. Chung et al showed that one 
week after the infarction of middle cerebral artery, Sprague-
Dawley rats started to develop osteoclastogenesis and increased 
differentiation, which would further lead to increased bone 
resorption (12). Lin et al demonstrated that secondary osteo-
porosis that occurred in the first four years after stroke was an 
important risk factor of hip fracture. They also advocated that 
early treatment of stroke should be focused on early prevention 
of osteopenia (13). Another study on osteoporosis revealed that 
low bone density in femoral neck and osteoporosis would result 
in increasing stroke risks and mortality (14). A prospective 
study by European researchers also showed that osteoporosis 
may directly increase the incidence of stroke (15). All of these 
studies have suggested that stroke and osteoporosis were in 
reciprocal causation. If proper intervention was not made, both 
may be trapped in a vicious cycle.

Although the risks of fracture on patients with secondary 
osteoporosis after stroke would increase as BMD decreased, 
most of the osteoporotic fractures occurred on osteopenia 
patients. Albeit the fracture risk of osteopenia patients was 
lower than that of the osteoporosis patients, the number 
of osteopenia patients was far more than the osteoporosis 
patients according to WHO diagnostic criteria and on the 
basis of normal distribution principle (16). Thus, in our study, 
we chose patients with osteopenia and osteoporosis, and with 
BMD T-score <-1, for our study subjects.

Some systematic reviews and RCT studies have confirmed 
that rehabilitation training after stroke could significantly 

Table II. Comparison of BMD in affected limbs of hemiplegic male patients before and after training treatment (g/cm2, mean ± SD, 
N=25 in each group).

 Before training After training
 -------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------
Group Lumbar vertebra Femoral neck Lumbar vertebra Femoral neck

M30 0.808±0.146 0.719±0.108 0.810±0.124a 0.721±0.107a

M60 0.819±0.133 0.720±0.124 0.906±0.137b 0.785±0.118c

M90 0.817±0.137 0.715±0.116 0.971±0.142b,d 0.851±0.122a,b

aP<0.01 compared to group M60 after training; bP<0.01 compared to before training within groups (M60 and M90); cP<0.05 compared to 
before training in group M60; dP<0.05 compared to group M60 after training. BMD, bone mineral density.

Table III. Comparisons of BMD in affected limbs of hemiplegic female patients before and after treatment (g/cm2,  ±s, N=18 in 
each group).

 Before training After training
 --------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------
Group Lumbar vertebra Femoral neck Lumbar vertebra Femoral neck

F30 0.729±0.119 0.674±0.112 0.732±0.105 0.677±0.125
F60 0.718±0.131 0.668±0.118 0.726±0.129 0.679±0.113
F90 0.726±0.128 0.681±0.122 0.805±0.117a,b 0.743±0.128a,b

aP<0.05 compared to group F90 before training; bP<0.05 compared to group F60 after training. BMD, bone mineral density.
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reduce the incidence of secondary osteoporosis and the risk 
of fracture. Effective intervention methods included: skeleton 
weight training and muscular force training (17,18). According 
to Wolff's law, skeleton had the mechanical ability to adjust 
to the bone tissue during activities. Different weight training 
methods were conductive to the bone health of elderly 
individuals. Weight training, through the direct addition of 
mechanical stimulation, could activate osteoblast, promote 
the mineral substances to deposit in the stress points of bone, 
increase BMD, and stimulate the formation of bone (19,20). In 
our study, on the basis of clinical practice of stroke patients, 
we implemented dynamic standing bed weight training to 
study its influence on the bone loss of post-stroke secondary 
osteoporosis patients. Moreover, considering that gender had a 
great influence on the degree of osteoporosis, we also divided 
the patients into the male and female groups randomly so that 
we could effectively control the disturbance and influence of 
non-experimental factors, including gender, age, course of 
disease and illness degree, on the final results.

Weight training time was made on the premise that 
patients could not stand or walk because of dyskinesia. With 
the intervention of systematic rehabilitation training, certain 
patients could walk with assistance (that is, they could walk a 
short distance indoor under the assistance of another person, 
mobility aids or quadropod). However, the differences in their 
walking recovery time and degree were considerably large, 
thus we could not confirm the active weight bearing time of 
the patients.

A series of studies have shown that early rehabilitation 
training after stroke could effectively prevent secondary 
osteoporosis and other complications, but none of these 
studies focused on the training methods and training prescrip-
tions (9,10). Guidance on the Diagnosis and Treatment of 
Primary Osteoporosis has pointed out that therapy, which was 
focused on kinesitherapy, has been widely popularized (11). 
Weight-bearing training, resistance training, overload training, 
and accumulated exercise training could produce osteogenic 
effects. Modes of exercise included weight-bearing exercise, 
and resistance training. It was suggested that patients should 
take weight-bearing training 4 to 5 times a week, and resis-
tance training 2 to 3 times a week. Patients with quadriplegia, 
paraplegia, and hemiplegia were more liable to secondary 
osteoporosis because their nerve injuries and muscle losses were 
more serious. Thus, they had enhanced weight bearing training 
and resistance training on their limbs. However, consensus on 
specific exercise frequency and intensity is lacking. Guidance 
on the Diagnosis and Treatment of Secondary Osteoporosis did 
not mention the diagnostic or treatment principle on posthe-
miplegic secondary osteoporosis, but mentioned that besides 
general therapy and drug therapy, patients with immobilization 
osteoporosis (disuse osteoporosis) shall pay more attention 
to exercise and rehabilitation treatment on the immobiliza-
tion site (21). However, detailed rehabilitation methods and 
prescriptions were not provided.

In the present study, we used a gradient type method. After 
weight bearing methods and prescriptions were determined, 
and the time intensity of weight training was divided into 30, 
60, and 90 min. After a period of observation, we discovered 
that the degree of secondary osteoporosis on patients after 
stroke was greatly improved and that to increase BMD, male 

patients should keep training for at least 60 min/day and 
female patients should keep training for at least 90 min/day. 
The results from the present study provide relatively precise 
training time intensity for patients to prevent and improve 
posthemiplegic secondary osteoporosis.

Results from the present study showed that an increase in 
BMD on the affected limb of hemiplegic patients was closely 
related with the time intensity of weight training. As weight 
bearing time went on, BMD on affected limbs increased. 
But within our study period, we did not observe any plat-
form stage or declining period. How BMD would develop 
if daily weight training time was extended is unknown. Due 
to the limited feasibility of rehabilitation and compliance of 
patients, we did not further extend our study. Nevertheless, 
further investigation on favorable training methods and 
course of treatment is required.

In conclusion, previous studies have reported that weight 
training could improve the BMD of osteoporosis patients. 
Our study further confirmed the minimum weight training 
intensity required for patients to increase their BMD. 
Specifically, male patients should take daily weight training 
for at least 60 min, and female patients need at least 90 min 
of daily weight training. Training intensity lower than these 
levels may compromise full benefits. These results may 
provide a basis for clinical practice and be applied to post-
stroke hemiplegic patients.
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