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Introduction

Osteoporosis most commonly affects postmenopausal

women, placing them at a significant risk for fractures. Osteo-

porotic fractures in women include vertebral fractures, hip frac-

tures, wrist-forearm fractures, humeral fractures, rib fractures,

pelvic fractures, clavicular, scapular, and sternum fractures, and

tibial and fibular fractures1. Because most nonvertebral osteo-

porotic fractures occur as a result of falls, physicians should

evaluate risk factors for falls, including physical function, in

postmenopausal women with osteoporosis.

Clinically, the impairment of muscle strength and muscle

power of the lower extremities, balance/postural control, and

walking ability have been recognized as important risk factors

for falls2,3. However, muscle strength should be distinguished

from muscle power; muscle strength is defined as the maximal

force that a muscle can produce against a given resistance,

while muscle power is defined as the product of force and

speed2,3. The former is related to bone strength, whereas the

latter is related to falling2-5. Thus, the evaluation of muscle

power, rather than muscle strength, is likely to be important

for the prediction of falls. Theoretically, flexibility, body bal-

ance, muscle power of the lower extremities, and walking abil-

ity should, at a minimum, be assessed in clinical practice6.

Actually, an exercise program aimed at improving flexibility,

body balance, muscle power, and walking ability reduced the

incidence of falls in the elderly6. In particular, body balance

can be evaluated by measuring the unipedal standing time,

while muscle power can be evaluated by measuring the chair-

rising time6,7.

Increased body sway is reported to be a risk factor for hip

fractures in elderly women8. Sakai et al.9 also reported that the

unipedal standing time was shorter and the bone mineral den-

sity (BMD) was lower in women �50 years of age with a dis-

tal radius fracture, compared with age-matched women

without a fracture. These reports suggest a relationship be-
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tween poor body balance and the risk of distal radius and hip

fractures in postmenopausal women with osteoporosis. Large

asymmetrical leg extension power deficits, a slow stair-climb-

ing speed, and a slow walking speed have been demonstrated

in women recovering from a hip fracture10. To our knowledge,

however, the relationship between muscle power and nonver-

tebral fractures other than hip fractures remains to be estab-

lished in postmenopausal women with osteoporosis, despite

the fact that poor muscle power is considered to be a risk factor

for falls. The objective of the present cross-sectional study was

to clarify the relationship between the chair-rising time (an

index of muscle power) and a history of nonvertebral fracture

other than hip fracture in postmenopausal women with osteo-

porosis. The unipedal standing time (an index of body bal-

ance), bone mass, biochemical markers, and renal function

were also included in the analysis, since evaluations of these

parameters are essential in patients with osteoporosis.

Subjects and methods

Study subjects

One hundred and sixty Japanese women were recruited in

three outpatient clinics (Keiyu Orthopaedic Hospital, Gunma;

Hiyoshi Medical Clinic, Kanagawa; Ibata Orthopaedic Clinic,

Chiba, Japan) during the 4-month period between April 1 and

July 31, 2012. The inclusion criteria were spontaneous

menopause, a fully ambulatory status, a diagnosis of post-

menopausal osteoporosis according to the Japanese diagnostic

criteria11,12, an osteoporosis treatment-naïve status, and the fea-

sibility of measuring the physical function parameters. The ex-

clusion criteria for the physical function assessment were

severe gait disturbance requiring some form of walking aid,

current clinical fractures because of osteoporosis, sciatica be-

cause of lumbar spinal canal stenosis, rheumatoid arthritis, and

severe cardiovascular disease. Because large asymmetrical leg

extension power deficits observed in women recovering from

hip fractures are reportedly associated with a slow stair-climb-

ing speed10, a history of hip fracture was selected as an exclu-

sion criterion. The exclusion criteria for the diagnosis of

postmenopausal osteoporosis included glucocorticoid-use,

gastrectomy, renal failure, or bone diseases including cancer-

induced bone loss because of aromatase inhibitors, primary

hyperparathyroidism, hyperthyroidism, Cushing syndrome,

multiple myeloma, Paget’s disease of the bone, osteogenesis

imperfecta, or type 2 diabetes. None of the subjects had been

laborers or had been engaged in any regular or leisure-time

sporting activities.

Of 160 Japanese women screened, 17 women were ex-

cluded because of the past history of glucocorticoid-use

(nephritis [n=1], asthma [n=1], rheumatoid arthritis [n=2], sub-

acute thyroiditis [n=1], or otosclerosis [n=1]), stroke (n=4),

gastrectomy (n=1), hyperthyroidism (n=1), breast cancer-in-

duced bone loss because of aromatase inhibitors (n=3), type 2

diabetes (n=1), and liver metastasis of colon cancer (n=1). One

hundred and forty-three Japanese women with postmenopausal

osteoporosis who met the criteria were processed for analyses.

Age, height, body weight, body mass index, history of non-

vertebral fracture after menopause, bone mass, and physical

function (unipedal standing time and chair-rising time) were

assessed. Nonvertebral fractures included fractures at the distal

radius, proximal humerus, rib, pelvis, clavicle, femur, and

lower leg (a history of hip fracture was selected as an exclusion

criterion). Thoracic and lumbar spine radiographs were ob-

tained to assess prevalent vertebral fractures. Blood and urine

samples were obtained for biochemical analysis, and the esti-

mated glomerular filtration rate (eGFR) was also calculated.

Bone mass, biochemical markers, eGFR, unipedal standing

time, and chair-rising time were compared between women

with a history of nonvertebral fracture other than hip fracture

(nonvertebral fracture group) and those without such history

(control group). Informed consent was obtained from all the

participants. The protocol was approved by the Ethical Com-

mittee of Keiyu Orthopaedic Hospital.

Japanese diagnostic criteria for primary osteoporosis

All the patients had been diagnosed as having osteoporosis

according to the Japanese diagnostic criteria11,12. Namely, pa-

tients with a BMD <70% of the young adult mean (YAM) or

70-80% of the YAM along with a history of osteoporotic frac-

tures were diagnosed as having osteoporosis.

Measuring the BMD using dual-energy X-ray absorptiom-

etry (DXA) is the currently most broadly established method

for evaluating bone mass. A quantitative ultrasound (QUS) is

a more recently developed non-invasive method of studying

the bone density and structure in vivo. The QUS parameters

can predict the risk of hip, wrist, and total non-vertebral frac-

tures for up to 10 years13. QUS might enable a better account-

ing of structural changes in the bone than the traditional DXA

method14. Although the reliability of the SOS of the calcaneus

has not fully been established, we used the BMD and the SOS

for the diagnosis of osteoporosis.

Assessment of morphometric vertebral fractures

Plain lateral X-ray films of the thoracic and lumbar spine

were obtained to detect evidence of prevalent morphometric

vertebral fractures. According to the Japanese criteria, a ver-

tebral fracture was defined according to the vertebral height

on lateral X-ray films11,12. Briefly, the vertebral height was

measured at the anterior (A), central (C), and posterior (P)

parts of the vertebral body, and the presence of a vertebral frac-

ture was confirmed when (1) a reduction in the vertebral height

of more than 20% (A, C, and P) compared with the height of

the adjacent vertebrae was observed, (2) the C/A or C/P was

less than 0.8, or (3) the A/P was less than 0.75. The assessment

for vertebral fractures was performed at the T4–L4 level.

Measurement of bone mass

A DXA as the gold standard was available at the Keiyu Or-

thopaedic Hospital, but not either at the Ibata Orthropaedic

Clinic or the Hiyoshi Medical Clinic. The lumbar spine BMD

was measured in 77 subjects at the Keiyu Orthopaedic Hospi-

tal, the metacarpal BMD was measured in 31 subjects at the
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Ibata Orthropaedic Clinic, and the calcaneus SOS was meas-

ured in 35 subjects at the Hiyoshi Medical Clinic.

At the Keiyu Orthopaedic Hospital, the BMD of the lumbar

spine (L1-L4) in the anteroposterior view was measured using

DXA with a Hologic QDR 1500W apparatus (Bedford, MA,

USA). The coefficients of variation (CV, 100 × standard devi-

ation (SD)/mean) of 5 measurements with repositioning within

72 hours each time was less than 1.2% among 3 persons.

At the Ibata Orthropaedic Clinic, the BMD of the metacar-

pus was measured using a computed X-ray densitometer (Tei-

jin, Tokyo, Japan). An anteroposterior view radiograph of

bilateral hands and an aluminum step wedge (20 steps, 1 mm

per step) was obtained for each subject and was used as a stan-

dard. The BMD of the middle portion of the second metacar-

pus on the left hand was measured. The densitometer

calculated the BMD based on the pattern expressed as gradu-

ations on the aluminum step wedge, and the BMD was ex-

pressed as the thickness of the aluminum equivalent (mmAl)

with a corresponding X-ray absorption. For these measure-

ments, the CV for the intraobserver error (based on 10 consec-

utive measurements by five persons), the daily change error

(based on measurements performed on 10 consecutive days),

and the X-ray picturing error (based on 10 exposures) were all

within 1.3-3.8%.

At the Hiyoshi Medical Clinic, the speed of sound (SOS)

of the left calcaneus was measured using a quantitative ultra-

sound (QUS) device (CM-200; Elk Corp., Osaka, Japan). The

CV of 5 measurements with repositioning within 24 hours each

time was 0.17-0.43% among 3 healthy adults and 0.25-0.35%

among 3 osteoporotic patients.

Blood and urinary biochemical tests and eGFR calculation

Serum and urine samples were obtained from each patient

and the following biochemical analyses were performed. The

serum calcium, phosphorus, alkaline phosphatase (ALP), as-

partate aminotransferase (AST), creatinine, hemoglobin, total

protein, and albumin levels were measured using standard lab-

oratory techniques. The urinary cross-linked N-terminal

telopeptides of type I collagen (NTX) level was measured

using an enzyme-linked immunosorbent assay (ELISA). eGFR

was calculated using age and serum creatinine as follows:

eGFR (mL/min/1.73 m2)=194 x serum creatinine-1.094 x age-0.287

x 0.73915,16.

Assessment of physical function

The unipedal standing time for the left leg was assessed as

an index of body balance. Subjects stood on one leg for as long

as possible with their eyes open without using any assistive

device and keeping both arms by their waist. This test was

ended once 60 sec had elapsed17, when the stance of the foot

shifted, when the lifted foot touched the floor, or when the

hands detached from the waist. The patients were not allowed

to press the lifted leg on to the standing leg.

The chair-rising time was assessed as an index of muscle

power. The five-repetition chair-rising time was measured with

the subject’s arms crossed over her chest. The chair-rising time

was the time required for the subjects to stand up from a chair

(45 cm in height) 5 times as quickly as possible without using

their arms, as measured using a stopwatch.

Statistical analysis

Data were expressed as the means ± standard deviation (SD).

The unpaired t-test was used to compare anthropometry, bone

mass, biochemical markers, eGFR, and physical function pa-

rameters between the nonvertebral fracture group and the con-

trol group. The Fisher’s exact test was used to compare the

percentages of subjects among categories between the nonver-

tebral fracture group and the control group. The logistic regres-

sion analysis was used to calculate the odds ratio and the 95%

confidence interval (CI) of factors associated with nonvertebral

fractures. All the statistical analyses were performed using the

Stat View J-5.0 program (SAS Institute, Cary, NC, USA). The

significance level was set at P<0.05 for all the comparisons.

Results

Anthropometry, bone mass, and prevalence of vertebral fractures

The mean age of the participants was 71.2 years (range: 48-

87 years). Twenty-seven (18.9%) women had a history of non-

vertebral fracture (nonvertebral fracture group), and 116

(81.1%) women did not (control group). The fracture sites in-

cluded the distal radius (n=14), proximal humerus (n=3), rib

(n=5), and lower leg (tibia and fibula) (n=5), and all the frac-

tures had completely healed, as assessed using plain radi-

ographs. Table 1 shows that the patient’s age, height, body

weight, body mass index, lumbar spine BMD, metacarpal

BMD, and calcaneus SOS did not differ significantly between

the two groups. The prevalence of vertebral fractures was sig-

nificantly higher in the control group than in the nonvertebral

fracture group (41.4% vs. 7.4%, P<0.001).

Biochemical markers and eGFR

Table 2 shows that the hemoglobin, serum total protein, al-

bumin, calcium, ALP, AST, creatinine, urinary NTX, and

eGFR did not differ significantly between the two groups.

However, the serum phosphorus level was significantly lower

in the nonvertebral fracture group than in the control group

(3.1 mg/dL vs. 3.4 mg/dL, P<0.01).

Physical function parameters

Figure 1 shows that the five-repetition chair-rising time was

significantly longer in the nonvertebral fracture group than in

the control group (12.3 sec vs. 9.6 sec, P<0.001). The mean

value of the five-repetition chair-rising time in all the subjects

was 10.1 sec. The odds ratio (95% CI) for nonvertebral frac-

ture in subjects with a five-repetition chair-rising time >10.1

sec (mean value) was 4.28 (1.78, 10.30) (P<0.01). However,

the percentages of subjects with a unipedal standing time of

0-29 sec, 30-50 sec, and 60 sec were not significantly different

between the two groups (Table 3).
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Nonvertebral fracture Control Group P value

Group (n=27) (n=116) 

Age (years) 72.7±11.0 70.8±8.2 N S

Height (m) 1.50±0.06 1.51±0.06 N S

Body weight (kg) 51.4±7.7 51.1±6.8 N S

Body mass index (kg/m2) 22.8±3.4 22.4±2.5 N S

Lumbar spine BMD (g/cm2) 0.698±0.116 (n=13) 0.654±0.093 (n=64) N S

%YAM in lumbar spine BMD 67.9±11.6 64.7±9.3 N S

Metacarpal BMD (mmAl) 1.85±0.22 (n=9) 1.82±0.25 (n=22) N S

%YAM in metacarpal BMD 64.9±7.8 64.3±7.2 N S

Calcaneus SOS (m/sec) 1481±18 (n=5) 1473±13 (n=30) N S

%YAM in calcaneus SOS 71.2±8.1 67.4±6.0 N S

Number (%) of subjects with 2 (7.4%) 48 (41.4%) <0.001

prevalent vertebral fracture

Data are expressed as the mean±SD. The unpaired t-test and the Fisher’s exact test were used to compare data between the two groups. The

lumbar spine BMD was measured in 77 subjects, the metacarpal BMD was measured in 31 subjects, and the calcaneus SOS was measured

in 35 subjects.BMD: bone mineral density, YAM: young adult mean, SOS: speed of sound, NS: not significant.

Table 1. Characteristics of study subjects.

Normal ranges Nonvertebral fracture Control Group P value

Group (n=27) (n=116) 

Serum 

Hemoglobin (g/dL) 11.2-15.2 12.7±1.1 13.0±1.0 N S

Total protein (g/dL) 6.5-8.2 7.1±0.4 7.3±0.5 N S

Albumin (g/dL) 3.7-5.2 4.2±0.3 4.2±0.3 N S

Calcium (mg/dL) 8.4-10.2 9.2±0.5 9.2±0.4 N S

Phosphorus (mg/dL) 2.5-4.5 3.1±0.4 3.4±0.5 <0.01

ALP (IU/L) 100-340 237±88 257±89 N S

AST (U/L) 11-35 22.9±4.3 23.2±6.4 N S

Creatinine (mg/dL) 0.47-0.79 0.66±0.13 0.64±0.13 N S

Urine 

NTX (nmol BCE/mmol Cr) 9.3-54.3 51.6±18.5 55.8±23.3 N S

eGFR (mL/min/1.73 m2) >60 69.6±15.6 72.6±16.2 N S

Data are expressed as the mean±SD. The unpaired t-test was used to compare data between the two groups. No significant differences 

were found in any parameters except for the serum phosphorus between the two groups. ALP: alkaline phosphatase, AST: aspartate 

aminotransferase, NTX: cross-linked N-terminal telopeptides of type I collagen, eGFR: estimated glomerular filtration rate, NS: not significant.

Table 2. Biochemical markers and eGFR.

Table 3. Number of subjects by unipedal standing time.

Unipedal standing Nonvertebral fracture Control Group P value

time Group (n=27) (n=116)

0-29 sec 18 57 N S

30-59 sec 3 21 N S

60 sec 6 38 N S

The Fisher’s exact test was used to compare data between the two groups. N S: not significant.
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Discussion

We conducted a cross-sectional study to clarify the relation-

ships between physical function (muscle power index: chair-

rising time, and body balance index: unipedal standing time),

bone mass, biochemical markers, renal function and history of

nonvertebral fracture in postmenopausal women with osteo-

porosis. A significant association was found between the im-

pairment of muscle power (longer chair-rising time) and a

history of nonvertebral fracture in postmenopausal women

with osteoporosis.

We were not able to assess the chair-rising time (muscle

power) and falling before suffering from nonvertebral fracture.

A nonvertebral fracture is a deconditioning event which dete-

riorates physical function. Thus, it remains uncertain whether

the impairment of muscle power was the causes or conse-

quences of fractures in the present study, although nonvertebral

fracture of the lower extremities (tibia or fibula) was experi-

enced only in 18.5% of the study subjects. However, it is

known that close to 75% of hip and non-hip fractures occur

among seniors age 65 years and older18. The primary risk fac-

tor for a hip fracture is a fall, and over 90% of all fractures

occur after a fall18. Furthermore, odds ratios (95% CI) predict-

ing nonvertebral fractures are reported to be previous fracture,

2.67 (2.10-3.40); a fall in the last 12 months, 2.06 (1.63-2.59);

and age (per year increase), 1.03 (1.01-1.05)19. These reports

suggest that critical for the understanding and prevention of

nonvertebral fractures at later age is their close relationship

with muscle weakness and falling. Thus, a significant associ-

ation between the impairment of muscle power and a history

of nonvertebral fracture in the present study could possibly be

attributable to physical function status before or after suffering

from nonvertebral fracture, or a mixture of both. Individuals

who sustain a low-energy fracture of the hip, wrist, proximal

part of the humerus, or ankle between the ages of forty-five

and eighty-four years are reported to have an increased relative

risk of sustaining another low-energy fracture20. Physician

must pay attention to an increased risk of nonvertebral fracture

in postmenopausal osteoporotic women with the impairment

of muscle power and a history of nonvertebral fracture.

The unipedal standing time did not differ significantly be-

tween the two groups. We measured physical function param-

eters only one time. The reproducibility of unipedal standing

time measurement in terms of the reliability of this parameter

may be an issue than those of five-repetition chair-rising time

in the present study. The average value of two or three times

measurements should have been evaluated. Sihvonen et al.21

reported that community-dwelling older adults with a history

of hip fracture had a poor balance control as evaluated with

the semi-tandem standing with their eye closed. Schacht et al.22

reported that successful performance in the muscle tests (timed

up and go, chair-rising test, and tandem gait test) was associ-

ated with a lower risk of falls and nonvertebral fractures in eld-

erly patients with low bone mass. Dukas et al.23 showed that

treatment with alfacalcidol for 6 months improved parameters

of timed up and go, chair-rising test, and tandem stand test,

leading to a decrease in the absolute numbers of fallers and

falls among elderly adults with a creatinine clearance of ≤65

ml/min. These reports suggest that chair-rising time (muscle

power) and time up and go (dynamic body balance) are key

parameters in the elderly with an increased risk of falls and

that lateral balance as evaluated with tandem maneuver is cor-

related with falls and fractures. Further studies are needed to

clarify the relationships between body balance as evaluated

with tandem maneuver and a history of nonvertebral fracture

in postmenopausal women with osteoporosis.

The Osteo-cise: Strong Bones for Life study evaluated the

feasibility and effectiveness of a multifaceted community-

based exercise, osteoporosis education/awareness and behav-

ioral change program for improving musculoskeletal health

and function in older adults at increased risk of osteoporosis,

falls and fractures24. This study provided new information on

the efficacy of a targeted multi-modal community-based exer-

cise program incorporating high-velocity resistance training,

together with osteoporosis education and a behavioral change

program for improving multiple risk factors for falls and frac-

tures. High-velocity resistance training aims to improve both

muscle strength and muscle power. A randomized controlled

trial also showed that power training improved balance, par-

ticularly using a low-load, high-velocity regimen, in older

adults25. Thus, muscle power should be one of the key factors

in strategies for preventing falls in the elderly.

Yamashita et al.26 conducted a randomized controlled trial in

patients with locomotive disorders to compare the effect of a

one-leg standing exercise (static balance training) and a chair-

rising exercise (muscle power training) on physical function.

They showed that the chair-rising exercise was more effective

than the one-leg standing exercise for improving dynamic body

balance, probably because the chair-rising exercise improved

Figure 1. Five-repetition chair-rising time. The five-repetition chair-

rising time was significantly longer in the nonvertebral fracture group

than in the control group (12.3 sec vs. 9.6 sec).
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the function of the quadriceps and gluteus medius muscles and

the joint movement of the lower extremities more effectively

than a one-leg standing exercise. In the present study, the chair-

rising time was significantly associated with a history of non-

vertebral fracture and the odds ratio for nonvertebral fracture

in subjects with a chair-rising time >10.1 sec was 4.28. So, a

five-repetition chair-rising time of 10 sec could be a candidate

cut-off value for the initiation of intervention to prevent falls

in postmenopausal Japanese women with osteoporosis.

Bone mass, biochemical markers, and renal function were

also included in the analysis, since the evaluation of these pa-

rameters is essential in patients with osteoporosis. The clinical

risk factors for nonvertebral fractures other than hip fracture re-

main to be established, although the risk factors for hip fracture

have already been established. BMD and a bone resorption

marker (serum cross-linked C-terminal telopeptides of type I

collagen [CTX]) have been reported as clinical risk factors for

hip fracture8. Renal function is also reportedly related to the risk

of hip fracture27,28. In the present study, however, the bone mass,

urinary NTX, serum creatinine, and eGFR were not significantly

different between the nonvertebral fracture and control groups.

One possible explanation for these results may be that the study

subjects in the present study were not frail enough to develop

hip fractures, based on the mean serum albumin and creatinine

levels and the eGFR (which were all within the normal ranges)

and the mean bone mass (%YAM >60). Furthermore, we did

not measure the serum CTX, but rather measured the urinary

NTX. Therefore, these parameters were not correlated with a

history of nonvertebral fractures other than hip fracture.

Not only the muscle function, but also the muscle mass

should be evaluated in the elderly because sarcopenia is an in-

creasing problem in Japan’s aging society29,30. Sarcopenia is an

age-related condition defined by the combined presence of re-

duced muscle mass, defined as 2SDs or less compared with the

young adult mean, and reduced muscle function, measured as

a gait speed of less than 0.8 or 1 m/sec31. The European Work-

ing Group on Sarcopenia in Older People (EWGSOP) suggests

an algorithm for sarcopenia case finding in older individuals

based on measurements of gait speed, grip strength, and muscle

mass32. So, gait speed and grip strength must have been in-

cluded in the neuromuscular test battery. Further studies are re-

quired to assess not only muscle power and body balance, but

also grip strength and habitual/maximum gait speed in elderly

women with or without a history of nonvertebral fracture.

An epidemiological study in Japan showed that the use of

age, BMD, prior clinical fracture and vertebral fracture pre-

dicted future fracture risk33. Thus, the prevalence of vertebral

fracture is considered to be a significant risk factor for frac-

tures. However, the prevalence of vertebral fracture was sig-

nificantly higher in the control group without a history of

nonvertebral fracture than in the nonvertebral fracture group.

The age-specific incidence rates of vertebral fracture per 1000

person-years in Japanese women are reported to be 5.2 for 50-

59 years, 12.4 for 60-69 years, 24.5 for 70-79 years, and 56.1

for ≥80 years34, and those of distal radius fracture are reported

to be 1.79 for 50-54 years, 3.18 for 55-59 years, 3.32 for 60-

64 years, 3.40 for 65-69 years, 3.64 for 70-74 years, 3.34 for

75-79 years, 3.80 for 80-84 years, and 4.21 for ≥85 years35.

The incidence of vertebral fracture among elderly women aged

≥60 years is considered to be higher than that of distal radius

fracture (12.4-56.1 vs. 3.34-4.21). The mean age of the present

study subjects was 71.2 years. Hip fracture was not included

in the nonvertebral fracture group and the main nonvertebral

fracture in the nonvertebral fracture group was distal radius

fracture (51.9%). Because of the greater incidence of vertebral

fracture than that of distal radius fracture, the number of eld-

erly women with prevalent vertebral fracture but without a his-

tory of nonvertebral fracture was greater than that with

nonvertebral fracture (mainly distal radius fracture).

The imitations of the present study should be discussed.

First, the present study was based on a conventional cross-sec-

tional sample of elderly women. The objective of the present

study was to clarify the relationship between the chair-rising

time (an index of muscle power) and a history of nonvertebral

fracture in postmenopausal women with osteoporosis, and the

chair-rising time was a key parameter. However, the standard

value of this parameter was not established so that no power

analysis was done. A lack of a power analysis could make the

study underpowered for the statistical analyses of physical

function as well as laboratory parameters. Second, the preva-

lence of vertebral fracture was significantly higher in the con-

trol group than in the nonvertebral fracture group. Existing

vertebral fracture and subsequent changes in the posture could

affect physical function. Third, the method of bone mass meas-

urement in the diagnosis of osteoporosis was different among

three outpatient clinics. A DXA as the gold standard was avail-

able only at one outpatient clinic, and other methods were uti-

lized in other two outpatient clinics. Therefore, there might

have been a bias of including and excluding patients who were

eligible for participating in the present study. Fourth, we did

not evaluate vitamin D insufficiency/deficiency by measuring

the serum 25(OH)D level. In Japan, vitamin D supplementa-

tion is uncommon, and the measurement of serum 25(OH)D

levels is not covered by health insurance. Because low serum

levels of 25(OH)D are correlated with an increased risk of falls

and vitamin D supplementation reduces the incidence of falls

in the elderly36-38, evaluating the vitamin D status is important.

Further studies are needed to resolve these limitations.

In conclusion, the present study showed that the chair-rising

time was significantly longer in the nonvertebral fracture

group than in the control (no nonvertebral fracture) group. The

odds ratio (95% CIs) for nonvertebral fracture in subjects with

a chair-rising time greater than the mean value was 4.28 (1.78,

10.30). These results suggest a significant association between

the impairment of muscle power and a history of nonvertebral

fracture in postmenopausal women with osteoporosis.
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