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Abstract. [Purpose] This study evaluated differences between healthy elderly individuals and stroke patients 
by comparing their dominant and nondominant sides. [Subjects and Methods] Thirty-five elderly individuals par-
ticipated in this study and divided into a stroke group and a control group. The outcome measures were general 
characteristics and bone mineral density. Bone mineral density was evaluated by using the osteoporosis index. 
OsteoPro, T score, and Z score were used for the calcaneus region of the dominant side, and OsteoPro was used 
for that of the nondominant side. Data were analyzed by using the SPSS 12.0 software, paired-samples t-test, and 
independent-samples t-test. [Results] The T and Z scores showed no significant differences between the dominant 
and recessive sides in the control group. However, the stroke group showed significant differences in osteoporosis 
index, T score, and Z score between the paretic and nonparetic sides. Changes in the scores between the recessive 
and dominant sides showed significant differences between the two groups. [Conclusion] A positive relationship 
was found between physical activity and bone mineral density in the stroke patients. Therefore, improved physical 
activity can be beneficial by reducing osteoporosis in stroke patients.
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INTRODUCTION

Stroke impairs brain function via the obstruction of blood flow resulting from a blood clot or ruptured blood vessels, and 
causes permanent disability in patients1). Hemiplegia is commonly associated with a decrease in balance ability and postural 
control2). Impaired balance and increased postural sway are known to be associated with abnormal weight bearing on the 
lower extremities3). Gait disability is a common symptom that is observed in 80% of patients with stroke4). The study was 
performed according to the principles of the Declaration of Helsinki, and ethical approval was granted by the local committee 
of the institutional review board of the university hospital. The management of gait ability is an important goal in the process 
of therapy for stroke rehabilitation because gait is a significant element in the achievement of functional independence5, 6).

Restricted movement of patients with paretic stroke leads to a reduction in muscular strength, load-bearing capacity on the 
nonparetic side, and physical activity. This in turn causes osteoporosis due to bone loss7). Many studies have been conducted 
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to investigate the causes and characteristics of osteoporosis after stroke. Sato et al.8) reported that increased bone resorption 
as a result of decreased motion induces bone loss. The incidence of osteoporosis and risk of fracture increase over time after 
a stroke9, 10). Related factors include the duration and extent of paralysis, patient age, serum calcium and 25-hydroxy vitamin 
D concentrations11), diabetes mellitus, menopause, hyperthyroidism, and Cushing syndrome12). Osteoporosis is common in 
stroke patients and increases the risk of fractures. Osteoporotic fractures are difficult to treat and prone to complications; 
increase patient mortality10, 13); cause numerous socioeconomic problems, including increased hospitalization duration and 
medical expenses; and lead to increased difficulties for patients and their guardians. As changes in bone density of stroke 
patients affect rehabilitation outcomes, they are a significant factor to be considered in the treatment process14).

Numerous studies have evaluated the influence of increased physical activity on stroke patients. However, only few 
studies have compared bone density between a healthy population and stroke patients. This study aimed to compare bone 
density between the dominant and nondominant sides of healthy elderly subjects aged >60 years and between the paretic and 
nonparetic sides of hemiplegic stroke patients.

SUBJECTS AND METHODS

This study enrolled 15 stroke patients aged ≥60 years who had lived in a sanatorium in D City for at least 6 months 
and 20 elderly individuals with no disease history as the control group. The stroke group consisted of 9 male and 6 female 
subjects, and the control group consisted of 4 male and 16 female subjects. The inclusion criteria were as follows: 1) could 
follow instructions and answer questions; 2) capable of communication; 3) not taking any drug or substance that could affect 
bone density, such as alcohol or smoking; and 4) provided consent to participate in the study. The subjects’ mean age was 
73.2 years; mean height, 157 cm; mean weight, 56.2 kg; and mean body mass index, 22.5 kg/m2 (Table 1).

To measure bone density, a quantitative ultrasonography device called OsteoPro (BM Tech, Korea) was used. After enter-
ing data on age, height, weight, and foot size in the device and performing zero-point calibration, bone density was measured 
at the right and left calcaneus. The subject sat with a straight back, and the central axis of the footplate was positioned 
between the second and third toes. During measurement, the subject was instructed to sit still. Osteoporosis index (OI), T 
score, and Z score were used to evaluate bone density.

OI is an index that optimally combines all factors that affect bone density. Z score was calculated by determining the 
difference between a certain subject’s bone density and the mean bone density of an age- and gender-matched population, 
and then dividing this by the standard deviation of that population. T score was calculated by determining the difference 
between the bone density of a certain subject and the maximum bone density in the general 20-year-old population, and then 
dividing this by the standard deviation of that population. The World Health Organization has used T scores to define clinical 
cutoff values for osteoporosis in female adults. A T score of ≥−1.0 is defined as normal; a T score between −1.0 and −2.5,  
as osteopenia; and a T score of ≤−2.5, as osteoporosis15, 16). This study defined the change in bone density as the difference 
in bone density between the paretic and nonparetic sides in the stroke group, and between the dominant and nondominant 
sides in the control group.

After dividing the subjects into a stroke group and a control group, paired-samples t-tests were performed to analyze the 
OIs, T scores, and Z scores of the paretic and nonparetic sides in the stroke group, and those of the dominant and nondominant 
sides in the elderly group. Change in bone density was compared between the two groups by using an independent-samples 
t-test. All results are shown as mean  ± standard deviation, and a p value of ≤0.05 was defined as statistically significant. All 
statistical processing of data was performed by using SPSS 12.0.

RESULTS

No significant difference in bone density was found between the dominant and nondominant sides in the control group 
in terms of OI, T score, or Z score (p>0.05; Table 2). In the stroke group, the OI, T score, and Z score for the nonparetic side 
were significantly higher than those for the paretic side (p<0.05; Table 2). Change in bone density was compared between the 
two groups based on the OIs, T scores, and Z scores. A significant difference was found between the two groups in terms of 
changes in OI, T score, and Z score (p<0.05; Table 3). Between the two groups, the highest OI, T score, and Z score values 
were obtained from the nonparetic side in the stroke group (Table 2).

DISCUSSION

In their study that focused on the correlation between asymmetric weight bearing and bone density, Shin and Kim17) 
reported that bone density increased with greater weight bearing load, as the T score of the nonparetic side was higher than 
that of the paretic side in stroke patients with chronic hemiplegia. Liu et al.18) measured bone density in the radius, femur, 
calcaneus, and lumbar vertebrae on the paretic and nonparetic sides of hemiplegic stroke patients at the time of hospital 
admission and discharge. A comparison of the results showed higher values on the nonparetic side. Many other studies have 
shown evidence of higher bone density on the nonparetic side than on the paretic side19, 20). Jorgensen et al.21) measured 
patients’ bone density regularly for a year after stroke to observe changes in bone density as the patients gradually recovered 
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their motor abilities. Patients who recovered their walking ability within 2 months after stroke showed less bone loss than 
those who did not. Kohrt et al.22) and Unsi et al.23) asserted that appropriate weight bearing would significantly increase bone 
density because suitable physical activity helps maintain or improve bone density. However, studies conducted by Young et 
al.24) and Bauer et al.25) showed conflicting results.

Studies that compared bone density in the upper and lower limbs between the dominant and nondominant sides revealed 
that the dominant hand showed better bone density than the nondominant hand, but the lower limb showed no difference or 
the opposite result26–28).

In the present study, significant differences were found between the paretic and nonparetic sides of the stroke patients in 
terms OI, T score, and Z score, and the change in bone density was significant. Moreover, among the whole study population, 
the stroke patients showed the highest bone density values for the nonparetic side. The nonparetic side of stroke patients is 
exposed to greater weight bearing input and to excessive physical activity, causing it to gain greater bone density than that of 
the healthy population16, 17). Increased physical activity through functional recovery of hemiplegic patients can be considered 
important in preventing decreased bone density throughout the whole body.

The limitations to this study are as follows: First, as bone density could not be measured in patients before stroke, the ac-
tual extent of bone loss on the affected side could not be determined. Second, physical stimulation, including weight bearing, 
was the only factor taken into consideration, and other influencing factors such as changes in the sympathetic nerve system, 
smoking, and drinking were not considered. Third, the small number of subjects makes it difficult to generalize the results. 
Last, the criteria used for selecting subjects were age of ≥60 years and having lived in a sanatorium for at least 6 months.  
The number of subjects in the two groups differed because the subjects were compared under an identical environment. 
Therefore, future studies on reduced bone density due to decreased physical activity should completely exclude influences 
from changes in the sympathetic nerve system, smoking, drinking, and other risk factors, and examine a larger pool of 
subjects with an equal number of subjects in each group. In addition, measurement methods other than quantitative measure-
ment should be used to observe the qualitative changes in bones, such as structural changes, bone replacement, and bone 
composition, in order to accurately evaluate the influence of reduced physical activity due to hemiplegia on bone density and 
to prevent osteoporosis in stroke patients.

REFERENCES

1) Bae YH, Ko Y, Ha H, et al.: An efficacy study on improving balance and gait in subacute stroke patients by balance training with additional motor imagery: a 
pilot study. J Phys Ther Sci, 2015, 27: 3245–3248. [Medline]  [CrossRef]

2) Song GB, Hwangbo G: The effect of a rehabilitational sliding machine and conventional neurological physical therapy on the balance of patients with hemiple-
gia. J Phys Ther Sci, 2015, 27: 171–173. [Medline]  [CrossRef]

3) Kang KW, Kim K, Lee NK, et al.: Effect of constrained weight shift on the static balance and muscle activation of stroke patients. J Phys Ther Sci, 2015, 27: 
777–780. [Medline]  [CrossRef]

4) Mun BM, Kim TH, Lee JH, et al.: Comparison of gait aspects according to FES stimulation position applied to stroke patients. J Phys Ther Sci, 2014, 26: 

Table 1. Demographic and clinical characteristics of the sub-
jects (mean  ± SD)

Variable Stroke patients Elderly
Age (years) 65.3 ± 8.5 61.4 ± 6.0
Height (cm) 156.5 ± 0.9 165.6 ± 6.0
Weight (kg) 58.2 ± 10.8 64.7 ± 7.5
BMI (kg/m2) 23.9 ± 4.8 23.5 ± 1.6
BMI: body mass index

Table 2. Comparison of OI, T score, and Z score between the healthy elderly and the stroke patients 
(mean  ± SD)

BMD Elderly Stroke patients
Right foot Left foot Nonparetic side Paretic side

OI 36.3 ± 5.3 35.7 ± 5.7 41.4 ± 5.1 38.1 ± 4.8 **
T score −2.9 ± 0.98 −2.98 ± 1.0 −2.3 ± 1.0 −2.97 ± 0.96 **
Z score −0.1  ±  −0.98 −0.3 ± 0.9 −0.6 ± 1.2 −1.3 ± 1.2 **
BMD: bone mineral density. **p<0.01

Table 3. Comparison of the changes in scores between the 
healthy elderly and stroke patients (mean  ± SD)

BMD Elderly Stroke patients
OI 0.59 ± 3.60 3.37 ± 3.74 **
T score 0.12 ± 0.71 0.67 ± 0.74 **
Z score 0.20 ± 0.94 0.67 ± 0.74 **
BMD: bone mineral density. **p<0.01

http://www.ncbi.nlm.nih.gov/pubmed/26644684?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.3245
http://www.ncbi.nlm.nih.gov/pubmed/25642066?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.171
http://www.ncbi.nlm.nih.gov/pubmed/25931729?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.777


J. Phys. Ther. Sci. Vol. 28, No. 9, 20162536

563–566. [Medline]  [CrossRef]
5) Kang CG, Chun MH, Jang MC, et al.: Views of physiatrists and physical therapists on the use of gait-training robots for stroke patients. J Phys Ther Sci, 2016, 

28: 202–206. [Medline]  [CrossRef]
6) Park BS, Kim MY, Lee LK, et al.: Effects of conventional overground gait training and a gait trainer with partial body weight support on spatiotemporal gait 

parameters of patients after stroke. J Phys Ther Sci, 2015, 27: 1603–1607. [Medline]  [CrossRef]
7) Alghadir AH, Gabr SA, Al-Eisa E: Physical activity and lifestyle effects on bone mineral density among young adults: sociodemographic and biochemical 

analysis. J Phys Ther Sci, 2015, 27: 2261–2270. [Medline]  [CrossRef]
8) Sato Y, Kuno H, Kaji M, et al.: Influence of immobilization upon calcium metabolism in the week following hemiplegic stroke. J Neurol Sci, 2000, 175: 

135–139. [Medline]  [CrossRef]
9) Ramnemark A, Nilsson M, Borssén B, et al.: Stroke, a major and increasing risk factor for femoral neck fracture. Stroke, 2000, 31: 1572–1577. [Medline]  

[CrossRef]
10) Ramnemark A, Nyberg L, Lorentzon R, et al.: Progressive hemiosteoporosis on the paretic side and increased bone mineral density in the nonparetic arm the 

first year after severe stroke. Osteoporos Int, 1999, 9: 269–275. [Medline]  [CrossRef]
11) Sato Y: Abnormal bone and calcium metabolism in patients after stroke. Arch Phys Med Rehabil, 2000, 81: 117–121. [Medline]  [CrossRef]
12) Won SJ, Ko YJ, Kim JH, et al.: The effect of isoflavone on bone mineral density and maximum load in stroke rat. J Korean Acad Rehabil Med, 2005, 29: 

635–639.
13) Ramnemark A, Nyberg L, Borssén B, et al.: Fractures after stroke. Osteoporos Int, 1998, 8: 92–95. [Medline]  [CrossRef]
14) Park GY, Kim JM, Lee SD, et al.: The bone mineral densities in patients with hemiplegic stroke. J Korean Acad Rehabil Med, 2003, 27: 13–20.
15) LaFleur J, McAdam-Marx C, Kirkness C, et al.: Clinical risk factors for fracture in postmenopausal osteoporotic women: a review of the recent literature. Ann 

Pharmacother, 2008, 42: 375–386. [Medline]  [CrossRef]
16) Sosa M, Saavedra P, Jódar E, et al. GIUMO Study Group: Bone mineral density and risk of fractures in aging, obese post-menopausal women with type 2 

diabetes. The GIUMO Study. Aging Clin Exp Res, 2009, 21: 27–32. [Medline]  [CrossRef]
17) Shin HK, Kim TH: The relationship between asymmetrical weight bearing and bone mineral density in chronic hemiplegic limbs. Phys Ther Korea, 2009, 16: 

31–36.
18) Liu M, Tsuji T, Higuchi Y, et al.: Osteoporosis in hemiplegic stroke patients as studied with dual-energy X-ray absorptiometry. Arch Phys Med Rehabil, 1999, 

80: 1219–1226. [Medline]  [CrossRef]
19) Hamdy RC, Krishnaswamy G, Cancellaro V, et al.: Changes in bone mineral content and density after stroke. Am J Phys Med Rehabil, 1993, 72: 188–191. 

[Medline]  [CrossRef]
20) Jørgensen L, Engstad T, Jacobsen BK: Bone mineral density in acute stroke patients: low bone mineral density may predict first stroke in women. Stroke, 2001, 

32: 47–51. [Medline]  [CrossRef]
21) Jørgensen L, Jacobsen BK, Wilsgaard T, et al.: Walking after stroke: does it matter? Changes in bone mineral density within the first 12 months after stroke. 

A longitudinal study. Osteoporos Int, 2000, 11: 381–387. [Medline]  [CrossRef]
22) Kohrt WM, Ehsani AA, Birge SJ Jr: Effects of exercise involving predominantly either joint-reaction or ground-reaction forces on bone mineral density in 

older women. J Bone Miner Res, 1997, 12: 1253–1261. [Medline]  [CrossRef]
23) Uusi-Rasi K, Sievänen H, Vuori I, et al.: Associations of physical activity and calcium intake with bone mass and size in healthy women at different ages. J 

Bone Miner Res, 1998, 13: 133–142. [Medline]  [CrossRef]
24) Bauer DC, Browner WS, Cauley JA, et al. The Study of Osteoporotic Fractures Research Group: Factors associated with appendicular bone mass in older 

women. Ann Intern Med, 1993, 118: 657–665. [Medline]  [CrossRef]
25) Young D, Hopper JL, Nowson CA, et al.: Determinants of bone mass in 10- to 26-year-old females: a twin study. J Bone Miner Res, 1995, 10: 558–567. [Med-

line]  [CrossRef]
26) Reichel H, Runge H, Bruchhaus H: [The difference between the mineral content and the width of the radius on each side and its significance for handedness 

determination of skeletal material]. Z Morphol Anthropol, 1990, 78: 217–227. [Medline]
27) Yang R, Tsai K, Chieng P, et al.: Symmetry of bone mineral density at the proximal femur with emphasis on the effect of side dominance. Calcif Tissue Int, 

1997, 61: 189–191. [Medline]  [CrossRef]
28) Gümüştekin K, Akar S, Dane S, et al.: Handedness and bilateral femoral bone densities in men and women. Int J Neurosci, 2004, 114: 1533–1547. [Medline]  

[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/24764634?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.563
http://www.ncbi.nlm.nih.gov/pubmed/26957758?dopt=Abstract
http://dx.doi.org/10.1589/jpts.28.202
http://www.ncbi.nlm.nih.gov/pubmed/26157272?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.1603
http://www.ncbi.nlm.nih.gov/pubmed/26311965?dopt=Abstract
http://dx.doi.org/10.1589/jpts.27.2261
http://www.ncbi.nlm.nih.gov/pubmed/10831774?dopt=Abstract
http://dx.doi.org/10.1016/S0022-510X(00)00298-7
http://www.ncbi.nlm.nih.gov/pubmed/10884456?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.31.7.1572
http://www.ncbi.nlm.nih.gov/pubmed/10450417?dopt=Abstract
http://dx.doi.org/10.1007/s001980050147
http://www.ncbi.nlm.nih.gov/pubmed/10638886?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(00)90231-4
http://www.ncbi.nlm.nih.gov/pubmed/9692083?dopt=Abstract
http://dx.doi.org/10.1007/s001980050053
http://www.ncbi.nlm.nih.gov/pubmed/18230704?dopt=Abstract
http://dx.doi.org/10.1345/aph.1K203
http://www.ncbi.nlm.nih.gov/pubmed/19225266?dopt=Abstract
http://dx.doi.org/10.1007/BF03324895
http://www.ncbi.nlm.nih.gov/pubmed/10527077?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(99)90019-9
http://www.ncbi.nlm.nih.gov/pubmed/8363812?dopt=Abstract
http://dx.doi.org/10.1097/00002060-199308000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11136913?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.32.1.47
http://www.ncbi.nlm.nih.gov/pubmed/10912838?dopt=Abstract
http://dx.doi.org/10.1007/s001980070103
http://www.ncbi.nlm.nih.gov/pubmed/9258756?dopt=Abstract
http://dx.doi.org/10.1359/jbmr.1997.12.8.1253
http://www.ncbi.nlm.nih.gov/pubmed/9443799?dopt=Abstract
http://dx.doi.org/10.1359/jbmr.1998.13.1.133
http://www.ncbi.nlm.nih.gov/pubmed/8460853?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-118-9-199305010-00001
http://www.ncbi.nlm.nih.gov/pubmed/7610926?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7610926?dopt=Abstract
http://dx.doi.org/10.1002/jbmr.5650100408
http://www.ncbi.nlm.nih.gov/pubmed/2077773?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9262508?dopt=Abstract
http://dx.doi.org/10.1007/s002239900321
http://www.ncbi.nlm.nih.gov/pubmed/15512837?dopt=Abstract
http://dx.doi.org/10.1080/00207450490509186

