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Abstract:

Background:

It seems to be important to recognize predictors of bone health condition in Japanese super-aged society. The purpose of this study
was to investigate predictors of the speed of sound (SOS) of calcaneus by quantitative ultrasound measurements of mountain village
residents.

Materials and Methods:

Medical examinations were conducted on 214 participants (69 men, 145 women; average age of 63.6 years). Each had completed a
self-administered questionnaire including items such as gender, dominant hand, occupation, and history of smoking and drinking
alcohol, experience of falls, and the EuroQol-5-dimensions-3-level Japanese version and a 25-question geriatric locomotive function
scale proposed by the Japanese Orthopaedic Association. Bilateral grip and key pinch strength were measured. The SOS of calcaneus
was  assessed  using  ultrasound  bone  densitometry.  Body  composition  was  measured  using  a  multi-frequency  segmental  body
composition analyzer. Spearman's rank correlation coefficient was calculated to elucidate the relation between SOS and evaluation
items. Stepwise logistic regression was used to identify predictors of SOS using the investigated factors as explanatory variables. P
values of < .05 were regarded as statistically significant.

Results:

Significant positive correlation was found between the SOS and dominant and non-dominant grip and key pinch strength and Euro
index and QOL VAS in all participants. In stepwise logistic regression, non-dominant key pinch (β coefficient= 0.27, p= .022) and
Euro QOL VAS (β coefficient= 0.24, p= .0001) were predictors of calcaneal SOS for all participants.

Conclusion:

Key pinch strength and Euro QOL VAS assessment might be useful to predict calcaneal SOS in the general population.

Keywords: Bone Quality, Calcaneus, Handgrip, Key Pinch, Osteoporosis, Quality of Life.

INTRODUCTION

In Japan, the percentage of the elderly population (age ≥65 years) reached 25% in 2013. That ratio is expected to
exceed 30% in 2025 and to reach 39.9% in 2060 [1]. Given increasing trends of general population aging in Japan,
osteoporosis looms as a major health problem. The estimated number of patients in  Japan  with  osteoporosis  was  12.8
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million in 2012 [2]. Osteoporosis-related fracture, particularly hip fracture, is associated strongly with mortality and
increasingly higher costs of health care. The incidence of hip fractures in Asia is estimated to increase by 520% during
1990–2050, implying that in 2050, 45% of all hip fractures that occur worldwide will take place in Asia, compared with
26% in 1990 [3]. To prevent the progress of osteoporosis, it is important to check bone status regularly and to elucidate
the related factors of bone health condition in the general population. Quantitative ultrasound (QUS) assessment of the
calcaneus rapidly provides a risk assessment of osteoporosis [4]. Earlier studies have demonstrated a significant relation
between active lifestyles and higher bone mineral density (BMD) and higher quantitative ultrasonometry measurements
[5]. In a preliminary study, we evaluated the association between calcaneal SOS and bilateral grip strength and key
pinch strength in the same area. Results of age-adjusted analysis show significant association between osteoporosis and
bilateral grip strength and key pinch strength [6]. The Japanese Orthopaedic Association (JOA) has proposed a new
pathological concept of ‘locomotive syndrome’ to designate a condition in high-risk populations with musculoskeletal
diseases  including  osteoporosis  for  people  who  might  require  nursing  care  services  [7].  Earlier  studies  have  also
demonstrated a  close relation between bone status  measured by QUS and quality  of  life  (QOL) in  postmenopausal
women [8]. Nevertheless, little is known about the QUS parameters and health-related QOL in general populations.
This  study  was  designed  to  assess  the  association  between  osteoporosis  defined  by  the  speed  of  sound  (SOS)  of
calcaneus using quantitative ultrasound measurements,  to assess the effects  of  multiple factors,  and to evaluate the
predictors of SOS of calcaneus in mountain village residents.

MATERIALS AND METHODS

Local medical examinations intended for early detection of cancer and for prevention of lifestyle-related diseases
are  conducted  regularly  for  residents  of  a  mountain  village  in  Japan,  where  agroforestry  and  tourism are  the  main
industries. For this study, 214 people (69 men, 145 women; average 63.6 years of age, range 29–90) were selected
randomly.  Each  had  completed  a  self-administered  questionnaire  with  items  related  to  gender,  dominant  hand,
heaviness of labor (no job, light, intermediate, and heavy), falling history during the year preceding this examination,
smoking and drinking habits, and personal history. The exclusion criteria of this study were (1) participants who had a
prior  operation  in  bilateral  upper  extremities,  (2)  participants  who  had  pain  of  bilateral  upper  extremities,  and  (3)
participants who took medications that affect bone metabolism, such as bisphosphonates and glucocorticoids. After they
had been informed of the study protocol and had been told that their data would be published, all participants gave their
consent to participate in this study. This study was approved by the regional ethics board.

Locomotive Function Assessment

All participants had completed the 25-question Geriatric Locomotive Functional  Scale (GLFS-25).  Seichi  et  al.
developed it  to  detect  Japanese individuals  presenting high-risk conditions for  care service because of  problems of
locomotive organs [9]. The GLFS-25 is a self-administered comprehensive measure that consists of 25 items, including
4 questions related to pain during the prior month, 16 questions related to activities of daily living during the prior
month,  3  questions  related to  social  functions,  and 2  questions  related to  mental  health  conditions  during the  prior
month. These 25 questions are graded with five-point scales from no impairment (0 points) to severe impairment (4
points). The points are summed to produce a total score (minimum 0, maximum 100). A higher total score is related
with worse locomotive function. Seiichi et al. verified the reliability and validity of the GLFS-25 [9].

Quality of Life (QOL) Assessment

EuroQol-5-Dimension-3Level Japanese version (EQ-5D-3L) and EuroQol-Visual Analog Scale Japanese version
(EQ-VAS)  are  used  to  assess  health-related  QOL.  The  EuroQol-5D-3L  assesses  the  following  five  dimensions:
mobility,  self-care,  usual  activities,  pain/discomfort,  and  anxiety/depression  [10].  The  EuroQol-5D-3L  (Japanese
version) was validated by Tsuchiya et al. as having evaluation capacity equivalent to the original (ver. 1) [11]. The EQ-
VAS records a respondent’s self-rated health on a vertical, visual analog scale with labeled endpoints.

Anthropometric Measurements

Height  was  measured  using  a  digital  height  meter  (A&D  Corp.,  Tokyo,  Japan).  The  body  composition  was
measured using a multi-frequency segmental body composition analyzer (MC780U; Tanita Corp., Tokyo, Japan). The
body mass, body mass index, total muscle mass, fat mass, fat free mass, and body fat ratio were measured.
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Grip and Key Pinch Strength Measurements

A digital dynamometer (Takei Scientific Instruments Co., Tokyo, Japan) was used to measure grip strength. A pinch
gauge (MG-4320NC pinch gauge; B & L) was used to measure the key pinch of both sides. Grip testing was conducted
using the standardized position recommended by the American Society of Hand Therapists. Participants were seated
with the shoulder in adduction and neutral rotation, elbow flexed at 90°, forearm in a neutral position, and the wrist
between 0° and 30° of extension and 0° and 15° of ulnar deviation. Key pinch testing was performed with the shoulder,
elbow, forearm, and wrist in a neutral position. Key pinch is the thumb pad to the lateral aspect of middle phalanx of
index finger. For each grip and pinch test,  three measurements were performed on the bilateral side. All tests were
administered by a single orthopedic surgeon.

Quantitative Ultrasound Assessment of Calcaneus

The SOS of the calcaneus bone of right side was measured using an ultrasound bone densitometer (Furuno Electric
Co. Ltd., Nishinomiya, Japan). This device has a unique sensor to compensate for the participant’s heel temperature to
provide  accurate  SOS  measurements.  The  T-score  is  calculated  from  the  manufacturer-specific  SOS  reference
population database. This machine was calibrated with a physical phantom. All measurements were taken by the same
orthopedic surgeon.

Statistical Analyses

Descriptive statistics  were calculated for  all  direct  measurements.  Differences in the values of  the indices were
assessed for significance using analysis of variance for comparisons among multiple groups. Scheffé’s test was used for
pairs of age groups.

Spearman's  rank  correlation  coefficient  was  calculated  to  elucidate  the  relation  between  SOS  and  age,  height,
weight, body mass index (BMI), dominant and non-dominant grip and key pinch strength, anthropometry variables,
GLFS-25 score, Euro QOL index score, and Euro QOL VAS. Univariate and multivariate logistic analyses were used to
evaluate statistical significance for participants with osteoporosis and without osteoporosis using age, height, weight,
BMI,  gender,  dominant  and  non-dominant  grip  and  key  pinch  strength,  anthropometry  variables,  GLFS-25  score,
EuroQOL index score, EuroQOL VAS, heaviness of labor (no job, light, intermediate, and heavy), the experience of a
fragility related fracture, falling history during one year preceding this examination, smoking and drinking habits, and
personal history as explanatory variables. Osteoporosis was defined as a T-score below -2.5× standard deviation (SD),
according to the WHO definition. Stepwise linear regression was used to identify the SOS predictors using age, height,
weight,  BMI,  gender,  dominant  and non-dominant  grip  and key pinch strength,  anthropometry  variables,  GLFS-25
score,  EuroQOL  index  score,  EuroQOL  VAS  as  explanatory  variables.  All  P  values  of  <  .05  were  inferred  as
statistically  significant.

RESULTS

Tables 1 and 2 present characteristics of the participants, including anthropometry variables, SOS, bilateral grip and
key pinch strength, GLFS-25 score, EuroQOL index, and VAS.

Table 1. Characteristics of anthropometric measurements and SOS of participants to age clusters.

Age group n Height (cm) Weight (kg) Body mass
index (g/cm2)

Fat free
mass (kg)

Total muscle
mass (kg)

Total fat
mass (kg)

Pct.
body fat (%)

Calcaneus speed of
sound (m/s)

Men
Age
<50 9 171.9 (8.1) 70.3 (8.5) 24.0 (2.6) 58.3 (4.9) 55.2 (4.6) 12.6 (5.8) 17.4 (6.4) 1503.2 (21.8)
50–59 10 169.4 (2.2) 67.3 (4.9) 23.6 (1.6) 55.7 (4.0) 52.8 (3.8) 12.2 (4.1) 17.7 (5.1) 1504.8 (25.7)
60–69 18 166.7 (6.7) 68.6 (10.2) 24.4 (2.9) 54.6 (5.3) 51.8 (5.0) 14.0 (6.0) 19.7 (5.3) 1490.6 (27.6)
70–79 21 159.9 (4.3)a,b,c 59.9 (6.5)a,c 23.7 (2.0) 47.8 (4.3)a,b,c 45.4 (4.1)a,b,c 12.8 (4.3) 20.8 (5.3) 1510.5 (34.8)
80– 11 160.1 (3.8)a,b 56.7 (6.4)a,c 22.2 (2.2) 46.9 (5.6)a,b,c 44.4 (5.3)a,b,c 10.1 (5.2) 17.5 (8.0) 1510.5 (44.7)
Total 69 164.6 (7.1) 64.1 (9.1) 23.7 (2.3) 51.3 (6.3) 48.6 (6.0) 12.6 (5.0) 19.8 (5.9) 1503.5 (32.4)
Women
<50 24 157.0 (5.3) 53.6 (6.8) 21.9 (2.9) 38.7 (3.0) 36.5 (2.7) 15.3 (5.1) 27.7 (6.3) 1497.0 (27.5)
50–59 31 155.0 (6.7) 56.6 (11.0) 23.6 (4.4) 38.4 (3.8) 36.2 (3.5) 18.5 (8.5) 31.2 (7.9) 1494.0 (27.6)
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Age group n Height (cm) Weight (kg) Body mass
index (g/cm2)

Fat free
mass (kg)

Total muscle
mass (kg)

Total fat
mass (kg)

Pct.
body fat (%)

Calcaneus speed of
sound (m/s)

60–69 45 152.0 (6.4) 52.9 (8.9) 23.1 (3.3) 36.8 (3.6) 34.7 (3.3) 16.4 (6.5) 29.8 (7.3) 1499.8 (33.0)
70–79 33 149.6 (5.8)a,b 52.0 (8.7) 23.4 (3.5) 35.3 (3.1)a,b 33.4 (2.9)a,b 16.6 (7.2) 30.8 (8.1) 1504.7 (39.1)
80– 12 147.6 (8.9)a,b 48.1 (6.9) 23.5 (2.9) 31.8 (2.6)a,b,c 30.2 (2.4)a,b,c 16.4 (5.2) 33.3 (6.2) 1493.4 (16.0)
Total 145 152.7 (7.0) 53.1 (9.0) 23.1 (3.5) 36.7 (3.8) 34.6 (3.5) 16.7 (6.8) 30.3 (7.4) 1498.7 (31.4)
Mean values are shown with the standard deviation.
SD: standard deviation
a. Significantly different (p< .05) from values of the younger-than-50-years-old age group
b. Significantly different (p< .05) from values of the 50s age group
c. Significantly different (p< .05) from values of the 60s age group
d. Significantly different (p< .05) from values of the 70s age group

Table 2. Characteristics of grip and key pinch strength and Locomo 25 score and EuroQOL of participants according to age
clusters.

Age group Total
examined member

Dominant
handgrip (kg)

Non-
dominant

handgrip (kg)

Dominant
key pinch (kg)

Non-
dominant

key pinch (kg)

Locomo25
score (point)

EuroQOL
index score

EuroQOL
VAS (mm)

Men
Age
<50 9 22.5 (6.1) 25.4 (10.7) 8.2 (2.7) 7.5 (2.6) 6.3 (5.8) 0.85 (0.18) 65.0 (29.0)
50–59 10 22.6 (4.0) 22.3 (5.2) 6.5 (1.1) 6.8 (1.9) 5.1 (5.5) 0.78 (0.32) 75.5 (22.1)
60–69 18 23.9 (7.1) 22.1 (8.1) 6.9 (1.8) 6.8 (1.9) 5.2 (5.0) 0.79 (0.14) 57.5 (21.8)
70–79 21 25.9 (6.9) 25.6 (8.6) 7.9 (1.9) 7.6 (1.9) 8.1 (7.5) 0.80 (0.18) 63.8 (25.8)
80– 11 25.8 (8.3) 27.7 (12.2) 8.2 (2.3) 8.0 (2.3) 10.6 (12.4) 0.74 (0.36) 72.0 (20.5)
Total 69 24.5 (6.7) 24.6 (9.0) 7.5 (2.1) 7.3 (2.1) 7.0 (7.5) 0.79 (0.23) 65.1 (24.0)
Women
<50 24 23.1 (5.0) 22.1 (6.7) 7.0 (1.9) 6.6 (1.8) 3.3 (3.3) 0.86 (0.21) 68.0 (23.6)
50–59 31 27.8 (8.6) 27.4 (7.1) 7.8 (2.2) 7.5 (2.1) 9.1 (11.8) 0.89 (0.11) 75.1 (19.2)
60–69 45 25.7 (6.4) 24.6 (8.2) 7.6 (2.2) 7.6 (2.3) 10.6 (11.3) 0.80 (0.26) 64.3 (24.7)
70–79 33 24.9 (6.7) 24.4 (7.8) 7.5 (2.1) 7.2 (2.1) 12.8 (14.3) 0.80 (0.16) 68.8 (21.6)
80– 12 27.0 (7.3) 26.3 (7.3) 8.1 (2.4) 7.8 (2.1) 28.9 (15.8)a,b,c,d 0.82 (0.13) 55.3 (18.5)
Total 145 25.7 (7.9) 24.9 (7.9) 7.6 (2.1) 7.3 (2.1) 11.0 (13.1) 0.83 (0.19) 67.6 (22.6)
Mean values are shown with the standard deviation.
SD: standard deviation
a. Significantly different (p< .05) from values of the younger-than-50-years-old age group
b. Significantly different (p< .05) from values of the 50s age group
c. Significantly different (p< .05) from values of the 60s age group
d. Significantly different (p< .05) from values of the 70s age group

The  SOS  of  men  showed  significant  positive  correlation  with  dominant  and  non-dominant  grip  and  key  pinch
strength  and  Euro  QOL  VAS.  Positive  correlation  was  found  for  the  SOS  of  women  between  dominant  and  non-
dominant  grip  and  key  pinch  strength  and  Euro  index  and  QOL  VAS.  For  all  participants,  significant  positive
correlation was found between the SOS and dominant and non-dominant grip and key pinch strength and Euro index
and QOL VAS (Table 3).

We divided the participants into two populations according to their calcaneal SOS based on the T-score calculated
from the manufacturer-specific SOS reference population database: osteoporosis (n=63) and non-osteoporosis (n=151).
Table 4 presents the relation between osteoporosis and each anthropometric factor and background factor of activity of
daily life. Significant association was found by univariate analysis between dominant and non-dominant handgrip and
key pinch strength and the Euro QOL index and VAS and osteoporosis. Moreover, using multiple logistic regression
analysis, significant association was found between non-dominant handgrip strength and osteoporosis (Table 4).

Table 3. Correlation between calcaneus SOS and anthropometric and grip, key pinch strength and Locomo25, EuroQOL
data.

Variable Men p value Women p value All participants p value
Age (years) 0.05 .68 0.07 .37 0.07 .28

(Table 1) contd.....
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Variable Men p value Women p value All participants p value
Weight (kg) -0.15 .23 -0.03 .75 -0.02 .78
Height (cm) -0.14 .27 -0.10 .24 -0.04 .61
BMI (kg/m2) -0.11 .35 -0.07 .42 -0.09 .32
Fat free mass (kg) -0.19 .10 0.05 .59 0.05 .44
Total muscle mass (kg) -0.19 .10 0.04 .60 0.05 .43
Total fat mass (kg) 0.01 .91 -0.07 .43 -0.08 .26
Percent of body fat (%) 0.07 .57 -0.11 .19 -0.12 .08
Dominant handgrip (kg) 0.43 .0002 0.38 .00 0.39 .00
Non-dominant handgrip (kg) 0.59 .00 0.41 .00 0.46 .00
Dominant key pinch (kg) 0.56 .00 0.41 .00 0.45 .00
Non-dominant key pinch (kg) 0.55 .00 0.39 .00 0.44 .00
Locomo25 score 0.10 .42 -0.12 .16 -0.06 .41
EuroQOL index score 0.16 .19 0.20 .02 0.18 .0092
EuroQOL VAS (mm) 0.31 .01 0.22 .007 0.25 .0002

Table 4. Data of study participants with and without osteoporosis.

Variable Non-
Osteoporosis

(n=151)

Osteoporosis
(n=63)

Crude odds ratio
(95%CI)

p Adjusted odds ratio
(95%CI)

p

Age (years) 64.1 (13.5) 62.2 (14.0) 0.98 (0.96–1.01) .35 0.99 (0.96–1.02) .56
Weight (kg) 56.2 (10.1) 58.1 (11.2) 1.01 (0.99–1.05) .23 1.01 (0.74–1.38) .96
Height (cm) 156.1 (10.1) 157.4 (9.7) 1.02 (0.98–1.05) .33 1.04 (0.94–1.14) .44
BMI (kg/m2) 23.2 (3.3) 23.7 (3.0) 1.05 (0.96–1.14) .33 1.09 (0.71–1.66) .71
Gender
Men (n) 50 19 1 .67 1 .21
Women (n) 101 44 1.15(0.61–2.70) 5.22 (0.40–68.1)
Fat free mass (kg) 41.5 (8.2) 42.2 (9.5) 1.01 (0.98–1.04) .56 0.09 (0.002–5.26) .24
Total muscle mass (kg) 39.2 (7.8) 39.9 (9.1) 1.01 (0.98–1.04) .56 13.9 (0.18–1093.3) .24
Total fat mass (kg) 15.1 (6.5) 16.1 (7.0) 1.02 (0.98–1.07) .29 0.89 (0.57–1.40) .64
Percent of body fat (%) 26.4 (8.6) 27.5 (9.0) 1.02 (0.98–1.05) .38 1.07 (0.86–1.34) .57
Dominant handgrip (kg) 26.7 (6.5) 21.9 (6.0) 0.87 (0.82–0.93) .00 1.01 (0.91–1.13) .80
Non-dominant handgrip (kg) 26.9 (7.9) 19.7 (7.0) 0.86 (0.81–0.91) .00 0.84 (0.74–0.95) .006
Dominant key pinch (kg) 8.1(2.1) 6.5 (1.9) 0.64 (0.53–0.78) .00 1.05 (0.68–1.64) .81
Non-dominant key pinch (kg) 7.8 (2.1) 6.3 (1.8) 0.64 (0.53–0.78) .00 1.03 (0.65– 1.63) .90
Locomo25 score 9.1 (10.7) 11.5 (14.2) 1.02 (0.99–1.04) .18 1.01 (0.98–1.05) .52
EuroQOL index score 0.85 (0.18) 0.77 (0.30) 0.20 (0.05–0.79) .021 0.50 (0.08–3.39) .48
EuroQOL VAS (mm) 69.3 (22.4) 60.9 (23.9) 0.98 (0.97–0.99) .02 0.99 (0.97–1.004) .12
History of falls/ prior one year
No (n) 117 47 1 1
Yes (n) 34 16 1.17 (0.59–2.32) .65 1.24 (0.49–3.10.) .65
Experience of fragility facture
No (n) 129 53 1 1 .75
Yes (n) 22 10 1.10 (0.49–2.49) 0.81 0.84 (0.29–2.48)
Heaviness of labor
No job 11 7 1 1
Light 44 17 0.55 .29 1.11 (0.27–4.51) .88
Intermediate 76 22 0.41 .1 0.58 (0.15–2.24) .42
Heavy 20 17 1.21 .74 1.51 (0.36–6.40) .58
Smoking history
No smoking 135 53 1 1
Smoking 16 10 1.59 (0.68–3.73) .28 1.66 (0.57–4.84) .35
Alcohol history
No alcohol 121 55 1 1

(Table 3) contd.....
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Variable Non-
Osteoporosis

(n=151)

Osteoporosis
(n=63)

Crude odds ratio
(95%CI)

p Adjusted odds ratio
(95%CI)

p

Alcohol 30 8 0.59 (0.25–1.36) .21 0.31 (0.09–1.04) .06
Mean values are shown with the standard deviation in parentheses. Odds ratios were calculated using univariate and multivariate analyses. A one-unit
change in the explanation variable increases the odds of having osteoporosis by a factor of the odds ratio.
CI, confidence interval

In men, stepwise linear regression analysis revealed that non-dominant handgrip, drinking (alcohol) history and
Euro QOL VAS were significant contributors to increased SOS. The coefficient of determination (R2) for this stepwise
linear regression model was 0.52. In women, stepwise linear regression analysis revealed that non-dominant key pinch
and Euro QOL VAS were significant  contributors  to  increased SOS.  For  this  R2  was 0.27.  In  all  participants,  non-
dominant key pinch and Euro QOL VAS were predictors of calcaneal SOS. For this stepwise linear regression model,
R2 was 0.30 (Table 5).

Table 5. Predictors of calcaneal SOS.

Men Women All participants
Predictors β

coeff.
p Predictors β

coeff.
p Predictors β

coeff.
p

Non-dominant handgrip 0.59 .012 Non-dominant key pinch 0.26 .024 Non-dominant key pinch 0.27 .021
Alcohol history 0.21 .006 Euro QOL VAS 0.23 .003 Euro QOL VAS 0.24 .0001
Euro QOL VAS 0.26 .028

DISCUSSION

QUS offers some parameters for the information related to bone structures and bone quality that are independent of
BMD  by  the  QUS  models.  SOS,  which  is  one  parameter,  has  been  used  as  an  indicator  of  bone  elasticity.  The
ultrasound bone densitometry that we used has been validated [12] and used in earlier studies [13, 14]. It is particularly
interesting that in our study, no significant difference was found in SOS of calcaneus between each age group in men
and women. The employment rate among all participants was 92%. The employment rate in participants aged ≥80 years
was  87%.  This  point  demands  special  mention.  The  degree  of  high  activity  in  old  people  might  affect  the  lack  of
difference of SOS found in each generation.

Earlier studies investigated the relation between body anthropometry and calcaneal SOS. However, their results
were  not  definitive  [14,  15].  Chin et  al.  reported age,  height,  weight,  body fat  percentage,  and physical  activity  as
predictors of calcaneal SOS in a multiple regression analysis of 687 Malaysian men [14]. However, Babaroutesi et al.
reported  no  significant  relation  between  weight  and  BMI  with  calcaneal  SOS  on  the  male  Greek  population  [15].
Results of regression analysis showed that anthropometric factors exerted no significant influence on calcaneal SOS in
men or women, or in all participants. The reason might be that the small sample size influenced the statistical power to
assess the anthropometric factors and calcaneal SOS.

Handgrip strength assessment has been used as a reliable index for whole body muscle strength [16]. Yoshimura et
al. conducted a large-scale population-based cohort survey to investigate the reference value of physical performance in
Japan. This report described that hand grip strength declined significantly with age in a population aged over 40 years
[17]. Furthermore, the association between handgrip strength and BMD was demonstrated by earlier studies [18, 19].
Sinaki et al.  reported a significant positive relation between hand grip strengths and BMD of lumbar vertebrae and
proximal  femur  in  healthy  premenopausal  Caucasian  women  [18].  Aydin  et  al.  reported  a  significant  positive
correlation between the hand grip strength of dominant and non-dominant sides and BMD of forearm in patients with
various rheumatic complaints [19]. It appeared that not only site-specific, but also systemic BMD was associated with
handgrip strength. We investigated the associations between normative grip strength and key pinch strength in high
school students in an earlier study [20]. Results showed that the key pinch strength is a significant predictor of grip
strength on the dominant side. Few reports of the literature have described studies of the relation between hand intrinsic
muscle power and bone quality [6]. In the present study, we investigated the relation not only between handgrip, and
key pinch strength, anthropometric variables, the degree of activity of daily life and the degree of satisfaction of QOL
and calcaneal SOS. In our study, calcaneal SOS was correlated positively with the bilateral handgrip and key pinch
strength. Moreover, non-dominant handgrip strength was associated significantly with osteoporosis, as found through
QUS in multiple logistic regression analysis. In stepwise linear regression, the non-dominant key pinch strength was
found to have a significant association with calcaneal SOS in men and women, and for all participants. The frequency

(Table 4) contd.....
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of use of the non-dominant hand is lower than that of the dominant hand in daily life. Extrinsic and intrinsic muscle
power on the non-dominant-hand-side might therefore reflect the influence of the physical activity condition better than
that on dominant side. Our results suggest that muscle strengthening of extrinsic and intrinsic muscle is an important
indicator of bone quality.

The osteogenic response appears to saturate after external loading [21]. Reportedly, physical activity is associated
with  calcaneal  SOS.  Chin  et  al.  found  that  International  Physical  Activity  Questionnaire  scores  were  correlated
significantly  with  calcaneal  SOS  in  Malaysian  men  [15].  We  investigated  the  relation  between  physical  activity
condition assessed by GLFS25 and calcaneal SOS. The relation was not significant. Muramoto et al. reported that weak
negative correlation was found between the physical activity condition and each of the calcaneal SOS and GLFS 25
scores in women, but no correlation was found for men [22]. Additional studies must elucidate the association between
two variables.

Few reports of the literature have described the relation between falls and QUS parameters. Ou et al. reported that
broadband under attenuation (BUA) derived from calcaneal QUS in women and SOS derived from radial QUS in men
are independently associated with falls [23]. Actually, BUA has been used as an indicator of bone stiffness. However,
our  study  found  no  significant  association  with  osteoporosis  determined  by  calcaneal  SOS  and  fall  history.  The
difference in results might derive from the assessments of bone quality, which were done using different QUS devices
and bone sites assessed using QUS.

An  earlier  study  found  a  significant  relation  with  calcaneal  QUS  parameters  and  fragility  fractures.  Lee  et  al.
evaluated the risk factors for fractures of the proximal humerus among 6901 white women of over 75 years old in the
prospective study [24]. They found that the measure of the SOS at the calcaneus was able to predict humeral fractures
independently of BMD and that the strength of the association between SOS and fracture is similar to that observed
with  BMD.  In  our  study,  no  significant  association  was  found  between  the  experience  of  fragility  fractures  and
osteoporosis.  Furthermore,  the  experience  of  fragility  fractures  was  no  predictor  of  calcaneal  SOS.  Subjects  with
fragility fractures were significantly older than those without fragility fractures (fragility fracture group: Mean age (SD)
70.1 (10.9), No fragility fracture group: Mean age (SD) 62.4 (13.8) P= 0.009). However, no significant difference was
found between each age group in the calcaneal SOS. Moreover, multivariate analysis used to identify the significant
factors of the experience of fragility fractures using all survey variables as explanatory variables identified age (OR
(95%CI):1.07 (1.01–11.2)) and history of falls during the prior year (OR: 2.89 (1.04–8.02)) as significantly associated
with the experience of fragility fractures. We were unable to investigate the site and severity and of fragility fractures
and situation caused by fragility fractures. Additional studies must be conducted for replication with other survey items
related to fragility fractures in large samples.

We used EQ-5D, which is a non-disease specific instrument for evaluating health-related QOL. In an earlier study,
we compared QOL between patients with Dupuytren’s disease and subjects without the disorder using EQ-5D [25].
Health-related  QOL  is  apparently  an  important  indicator  reflecting  the  influences  of  chronic  disease,  therapeutic
management, and disabilities. Earlier studies evaluated the relation between health-related QOL and QUS parameters.
Tashiro et al. assessed the relation between health-related QOL evaluated by Short-Form 36 Health Survey and QUS
parameters  in  88  women  with  mean  age  of  57  years  [26].  Multiple  regression  analysis  conducted  for  their  study
revealed that BMI, physical function, and role limitations caused by emotional problems were factors associated with
higher bone mineral contents. Their results suggest the importance of the psychological state in osteoporosis patients.
From results of analysis of 1,812 postmenopausal women, Gonnelli  et al.  reported that the stiffness index obtained
using  QUS  at  the  calcaneus  is  negatively  associated  with  both  the  Quality  of  life  questionnaire  of  the  European
Foundation for Osteoporosis (QUALEFFO) total score and all domains of the QUALEFFO-41 in stepwise multiple
logistic  regression  [8].  Stepwise  linear  regression  analysis  conducted  for  our  study  revealed  Euro  QOL-VAS  as  a
significant predictor of calcaneal SOS. Our results suggest a positive cycle that includes physical activity and muscle
strength  and  bone  health  and  QOL.  Increased  physical  activity  might  bring  about  gain  of  muscle  strength  and
improvement  of  bone  health.  Consequently,  increased  physical  performance  might  cause  progress  of  QOL.  Self-
assessment of health-related QOL might indirectly reflect the bone status. It is apparently important to try living a full
life to prevent decreasing bone status.

Light and moderate alcohol consumption was positively associated with bone strength, but heavy alcohol intake
negatively affects bone structure [27, 28]. Tucker et al. reported that consuming one portion of beer or other alcoholic
beverage per day was positively associated with hip and spine BMD [27]. Ilich et al. reported positive significance for
the  relation  between  light  alcohol  consumption  (8  g  alcohol/day)  and  lumbar  spine  and  whole  body  BMD  in
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postmenopausal women [28]. In our study, stepwise linear regression analysis revealed drinking (alcohol) history (β
coefficient=0.26, p= .006) as a significant contributor to SOS among men, but not among women. Results show that
40.6% (28/69) of men reported a history of alcohol intake, but only 6.9% (10/145) of women did. The low relative
frequency of female participants reporting a history of alcohol consumption might affect the statistical power of the
analyses used for this study. Earlier reports have described the relation between smoking and quantitative ultrasound
parameters for bone health [29.30]. Bernards et al. demonstrated that current and lifetime smoking are significantly and
negatively associated with SOS in both genders and with BUA in women in 343 participants with average age of 36
years [29]. However, Kim et al. demonstrated that smoking has no association with QUS parameters after correction for
age and years after menopause for 790 Korean women [30]. In this study, the participants judged to have osteoporosis
by QUS showed no significant association with a smoking habit. The relation between smoking and QUS parameters
apparently remains controversial.

Some reports have described the predictors of BMD and bone quality using other metrics [31, 32]. Tingart et al.
measured the cortical thickness at two levels of the proximal humeral diaphysis and evaluated the BMD for the humeral
head,  the  surgical  neck,  the  greater  tuberosity,  and  lesser  tuberosity  using  dual-energy  x-ray  absorptiometry.  They
reported a significant positive correlation between the cortical  thickness and BMD for each region of interest  [31].
Nicks et al. matched younger (44 women of <50 years and 57 men of <50 years) and older subjects (44 women of ≥50
years and 57 men of ≥50 years) for areal BMD at the ultradistal radius and assessed possible differences in trabecular
and cortical microstructure using high-resolution peripheral quantitative computed tomography. They reported that no
sex-specific  differences  was  found  in  trabecular  microstructural  parameters.  However,  significant  differences  were
found  in  the  cortical  microstructure  (all  p  <  .05)  in  these  matched  subjects.  Older  women  and  men  had  increased
cortical porosity (by 91% and 56%, respectively), total cortical pore volume (by 77% and 61%, respectively), and mean
cortical  pore  diameter  (by  9%  and  8%,  respectively)  compared  with  those  of  younger  subjects  [32].  These  results
suggest  new metrics  as  predictors  of  bone condition.  Nevertheless,  further  studies must  be conducted elucidate the
predictors of BMD and bone quality with other metrics in multiple factorial analysis.

Our study had several  limitations.  First,  the  sample size  used for  this  study was small.  We assessed only those
subjects  who  had  completed  all  survey  items,  which  might  explain  the  small  number  of  participants  in  this  study.
Second, we were unable to evaluate the muscle power of lower extremities. Rikkonen et al.  reported from multiple
logistic regression analysis that grip strength and leg extension strength are significantly associated with femoral neck
osteoporosis for postmenopausal women [33]. Third, we were unable to assess the association between weight-bearing
exercise and calcaneal SOS. Yung et al. reported that weight-bearing exercise such as soccer and dancing more strongly
affected the maximization of peak bone mass than non-weight bearing exercise such as swimming [34]. Further studies
must  be  conducted  to  elucidate  the  quantitative  ultrasound  assessment  with  multiple  related  factors  in  the  general
population.

CONCLUSION

Significant association was found between non-dominant handgrip strength and osteoporosis assessed by QUS of
calcaneus in multiple logistic regression analysis. In men, stepwise linear regression analysis revealed non-dominant
handgrip,  drinking  (alcohol)  history,  and  Euro  QOL VAS as  significant  contributors  to  increased  SOS.  In  women,
stepwise linear regression analysis revealed non-dominant key pinch and Euro QOL VAS as significant contributors to
increased  SOS.  In  all  participants,  non-dominant  key  pinch  and  Euro  QOL  VAS  were  found  to  be  predictors  of
calcaneal SOS. Intrinsic muscle of the hand and health outcomes judged for individual respondents might be useful as
tools for bone health assessment. Our results suggest that muscle strengthening of extrinsic and intrinsic muscle of hand
and living a life full of activity are important metrics of bone quality.
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BMD = Bone mineral density
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BUA = Broadband under attenuation
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JOA = Japanese Orthopaedic Association (JOA)

QOL = Quality of life

QUS = Quantitative ultrasound
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SD = Standard deviation

SOS = Speed of sound Of Speed

VAS = Visual Analog Scale

QUALEFFO = Quality of life questionnaire of the European Foundation for Osteoporosis
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