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ABSTRACT
Objective: The phenomenon of foot binding, also
known as ‘lotus feet’, has an enduring and influential
history in China. To achieve a man-made smaller foot
size, lifelong foot binding may have had adverse effects
on the skeleton. We investigated bone properties in
postmenopausal women with bound feet, which may
provide new information for developing
countermeasures for prevention of fragility fractures.
Design: Population-based cohort study.
Participants: This study involved 254
postmenopausal women aged 65–80, including 172
with bound feet and 82 age- and gender-matched
control subjects, living in a remote region of China.
Outcomes: Anthropometric, SF-36 Lifestyle
Questionnaire and heel quantitative ultrasound (QUS)
data were collected for the whole study population.
A small subset of two cases was also invited for
assessment of bone mineral density and
microarchitecture at the distal tibia using highresolution peripheral quantitative CT (HR-pQCT) and
gait and balance tests.
Results: Women with bound feet had significantly
lower QUS values than age-matched women with
normal feet; this was supported by HR-pQCT data.
However, SF-36 Questionnaire results did not reveal any
statistically significant differences in any categorical
responses, including physical functioning, general
health vitality and physical component summary score,
and number of previous fractures. No impairment of
body balance was found in the small subset.
Conclusions: The man-made changes caused by foot
binding led to reduced physical activity, making the
subjects prone to osteoporosis. Women with bound feet
and osteoporosis did not have a higher incidence of
fragility fractures than controls. This might be explained
by compensation in physical activity to improve body
balance, implying the importance of improving or
maintaining body balance in overall prevention
strategies against fragility fractures.

INTRODUCTION
Few phenomena in history have been
brought to such a high level of esteem and

Strengths and limitations of this study
▪ Population-based cohort study involving 172
postmenopausal women with bound feet.
▪ Conventional and advanced bone densitometry
and lifestyle questionnaire.
▪ Clinically relevant findings.
▪ Improving or maintaining body balance is essential for prevention of fragility fractures.
▪ Cross-sectional study design.

popularity with a perplexing origin, and even
fewer have shared such extensive, enduring
effects. For over a millennium, Chinese
women of all ages and social classes have
bound their feet to a fraction of their original size, suffering great pain and hardship
during the process. Literature documents
that this tradition was begun in the closing
years of the tenth century either by dancers
during the Song dynasty, which valued the
aesthetic beauty and graceful movements of
small feet, or a hedonistic emperor, who
ordered his concubines to bind their feet to
resemble the shape of a ‘golden lotus’
leaf.1 2 One aspect beyond debate, however,
is the widespread inﬂuence of foot binding
and the longevity of its practice: spanning
over 1000 years and four dynasties in China.
The tradition reached its apex during the
18th century, when over 50% of all women
and close to 100% of women in upper class
societies bound their feet.2 3
Foot binding was ﬁrst outlawed in 1912, but
persisted in various rural regions of China.
Women with small feet were associated with
restricted labour and physical activity, which
promoted feminine behaviour and increased
their likelihood of marriage.1–3 Women aged
65 or above have now become the last generation still living with bound feet. These women
mainly reside in rural and impoverished
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METHODS
Participants
This was a project conducted by clinical scientists and
bioengineers from Hong Kong and physicians from
Mainland China to reveal the social and physiological
effects of lifelong foot binding, with participants
recruited from Luliang County of Yunnan Province,
China (see online supplement 1). Participants who had
any diseases or drug use known to affect metabolism of

the musculoskeletal system or a recent fracture (within
1 year) were excluded. The study was supported by the
Chinese Health Promotion Foundation, and human
ethics approval was obtained from the Second Afﬁliated
Hospital of Kunming Medical College for the part of the
study conducted in Kunming and the Chinese
University of Hong Kong for the part conducted in
Hong Kong.
A total of 254 subjects were included in the study:
172 had bound feet (mean±SD age 74.6±3.5 years, range
65–80) and 82 had normal feet (mean age 74.5±4.0
years, range 69–87). All subjects had their weight and
height measured and body mass index (BMI) calculated.
History of fractures, number of children and years since
menopause (YSM) were also documented.
A modiﬁed 36-item Short Form Health Survey (SF-36)
was given to all participants after translation into
Chinese that had been validated by one of our previous
studies.10 The survey was organised into eight multi-item
scales assessing physical functioning (PF), physical role
(PR), bodily pain (BP), general health (GH), vitality
(VT), social functioning (SF) and emotional role (ER)
in daily activities and mental health (MH), which comprehensively determine the quality of life and physical,
mental and psychosocial health (see online Appendix).
Of the eight categories, the ﬁve that govern physical
well-being of (PF, PR, BP, GH and VT) were linearly
transformed to a 0–100 scale using a standardised threestep algorithm and subsequently scaled by computing
the mean values for each category.11 12 Mean values for
each variable were compared between the two groups to

Figure 1 A side-by-side aerial
view drawing showing the
physical difference between
normal feet (A) and bound feet
(B). Lateral X-ray images
comparing a normal foot (C)
and a bound foot (D) in
postmenopausal women.
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provinces of China. However, while the phenomenon is
well documented, very few reports have collected scientiﬁc
data to study the direct effect of lifelong foot binding on
bone status and fragility fractures.
One of the observable consequences of lifelong foot
binding is the reduced size of the foot and the accordingly signiﬁcant decrease in support area (ﬁgure 1),
which greatly hinders ability to participate in both social
and physical activities throughout life. There is strong
evidence that physical exercise enhances bone health.4–7
The decreased support resulting from the smaller foot
area would be likely to reduce balancing capability,
leading to a greater risk of falling, and increase the
incidence of fragility fracture due to restricted physical
activity.7–9 We therefore hypothesised that women with
bound feet would have adverse effects on musculoskeletal health due to diminished lifelong physical activity,
decreased ability to balance as a result of a smaller foot
support area, and therefore higher fall frequency and
fall-related fragility fractures.
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Heel quantitative ultrasound
All 254 recruited subjects participated in quantitative ultrasound (QUS) evaluation of the heel in Luliang County
using a Lunar Achilles Plus (GE Healthcare, Milwaukee,
Wisconsin, USA) (ﬁgure 2). Speed of sound (SOS; m/s)
and broadband ultrasound attenuation (BUA; Db/MHz
cm) were recorded. A Stiffness Index (SI) was derived
from SOS and BUA based on the following formula:
SI=(0.67×BUA)+(0.28×SOS)−420.14 QUS T-scores were
calculated using a built-in Chinese female reference population. Z-values were subsequently calculated with the
same formula, expressed as SD above or below the mean
SI values of an age-, gender- and weight-matched reference database. Instead of a conventional T-score ≤−2.5
SD, a T-score ≤−1.8 SD was used as the cut-off value for
deﬁning osteoporosis, as previous studies demonstrated
that the T-score threshold of −2.5 SD might lead to underestimation of the prevalence of osteoporosis when QUS
was used for bone measurement at the heel,15 16 while a
QUS T-score threshold of −1.8 SD identiﬁed the same percentage of people with osteoporosis as the WHO threshold
for bone mineral density (BMD) measurements using
dual-energy X-ray absorptiometry.16 17
Owing to the large physical distance between Luliang
County and Hong Kong (see online supplement 1) and
as we lacked ﬁnancial support for international travel,
only two women with bound feet with mean QUS values
representative of the bound feet group were invited to
Hong Kong for case analysis using advanced

assessments: three-dimensional bone densitometry (see
online supplement 2) and relevant gait and body
balance analysis tests for predicting falls and fragility
fractures (see online supplement 3).
Statistical analysis
We used SPSS for Windows V.19.0 for statistical analysis.
Quantitative data were expressed as mean±SD for continuous data and counts by percentage for discrete data.
Student’s t test was used to compare the following variables between the two groups: age, BMI, size of foot,
centre of gravity, number of children, YSM, previous
fractures, and rate of T-score-based osteoporosis. The χ2
test was used to determine the association between previous fracture rate and bound feet status and between
T-score of QUS data and bound feet status. For SF-36
Questionnaire data, we used Student’s t test to determine if statistical signiﬁcance existed between categorical mean values of subjects. The χ2 test was used to
assess statistical difference in rate of osteoporosis and
incidence of low-energy fractures between the two
groups. Values of p<0.05 were considered signiﬁcant.
RESULTS
Anthropometric data and SF-36 Questionnaire
Table 1 shows no statistically signiﬁcant difference in age
between postmenopausal women with and without
bound feet, implying a homogeneous grouping for comparison. Signiﬁcant differences were, however, seen in
body weight, BMI, length and width of feet, number of
children, and T-score-based rate of osteoporosis between
the two groups. SF-36 Questionnaire results are summarised in table 2: no statistically signiﬁcant differences
were found in any categorical responses between women
with and without bound feet except the VT score, which
shows a noticeable but not statistically signiﬁcant
decrease in the subjects with bound feet.
Heel QUS
Figure 3 shows T- and Z-scores of heel QUS bone SI.
The mean T- and Z-scores of women with bound feet
are both signiﬁcantly lower than that of the age- and
gender-matched control subjects ( p<0.01 for both)
(ﬁgure 3). The T-score-based calculation shows 32.51%
more osteoporotic cases found in women with bound
feet (165/172, ie, 95.93%) than in age- and gendermatched control subjects (52/82, ie, 63.42%) ( p<0.01).

Figure 2 Heel quantitative ultrasound measurement in a
woman with bound feet.
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DISCUSSION
Lifelong foot binding is a widespread tradition in
ancient China, which still affects a signiﬁcant number of
older women living in rural regions. We investigated
potential adverse effects of foot binding on the musculoskeletal system, including bone mineral and structural
status along with major fracture risk factors and fracture
incidence. Our ﬁndings conﬁrmed our hypothesis that
women with bound feet had adverse effects on bone
3
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determine differences between subjects with bound feet
and controls. Finally, scaled scores in each category were
combined to produce a higher-order physical component summary (PCS) score. The PCS score was standardised with the 1998 US general population database
with a mean score of 50 and SD of 10.13
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Variable
Anthropometric
Age (years)
Weight (kg)
BMI (kg/m2)
Length of right foot (cm)
Width of right foot (cm)
Lifestyle
YSM
Number of children
Number of subjects with previous fractures
Osteoporosis (QUS-SI)†
OR

Bound feet (N=172)

Controls (N=82)

Difference (%)

p Value

74.6±3.5
46.1±7.4
20.8±3.2
222.7±18.4
74.3±8.4

74.5±4.0
48.7±8.9
21.9±3.5
254.0±7.3
99.8±7.0

0.20%
−5.3%
−5.1%
−12.3%
−25.6%

0.756
0.017*
0.013*
0.000**
0.000**

26.41±5.21
7.02±2.63
13/172 (7.56)
165/172 (95.93)

27.49±5.98
6.21±2.13
6/82 (7.30)
52/82 (63.42)

3.93%
13.00%
0.26%‡
32.51%§

0.142
0.007**
0.846
0.000**

Values are mean±SD or n/N (%).
*p<0.05, **p<0.01 (unpaired t test).
†T-score set at −1.8 SD and χ2 test used for statistical analysis.
‡OR=1.036 (p>0.05).
§OR=13.60 (p<0.01).
BMI, body mass index; QUS, quantitative ultrasound; SI, Stiffness Index; YSM, years since menopause.

health, but disproved our concerns about osteoporosisassociated increases in fragility fractures.
Owing to availability, we only used a portable heel
QUS for bone scans in Luliang County, a remote mountain area of Kunming Province to quantify bone status of
172 postmenopausal women with bound feet and their
peers. However, calcaneus bone is a skeletal site that is
directly affected by foot binding and associated alterations in physical activity. Our QUS measurements
showed a rate of osteoporosis that was one-third higher
in women with bound feet than in the controls.
High-resolution peripheral quantitative CT (HR-pQCT)
used for a small subset evaluation in the present study is
an advanced technology that allows insight into volumetric BMD (vBMD) and microarchitecture. Trabecular
microarchitecture variables for the representative subjects indicated that bone quality was inferior in women
with bound feet, with on average a 20% lower trabecular
number and 42.7% of vBMD in the core region of the
distal tibia, although the cortical vBMD was much less
affected, with only 18.1% lower mean value compared
with the age- and gender-matched reference population

Table 2 Descriptive statistics of five scaled categories
used to assess physical health in the SF-36 Questionnaire
Category
Physical
functioning
Physical role
Bodily pain
General health
Vitality
PCS score

Bound feet
(N=172)

p Value

65.40±22.54 67.53±24.03 0.494
45.76±41.24
64.05±22.53
56.65±18.41
61.32±15.01
42.9

Values are mean±SD.
PCS, physical component summary.
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Controls
(N=82)

47.81±40.41
61.75±21.86
54.69±22.40
64.81±15.44
42.4

0.712
0.448
0.495
0.090

database (see online supplement 2), implying a systemic
adverse effect of foot binding on weight-bearing bones.
If such a difference is independent of weight bearing,
measurements at non-weight-bearing skeletal sites, such
as the distal radius, in a sizeable subgroup in future
studies might provide evidence to support this
hypothesis.
Previous QUS studies in normal postmenopausal
women show the QUS value for evaluation of osteoporosis and predicting fragility fractures.17–20 As fragility
fractures can be associated with both skeletal and nonskeletal factors, we used the SF-36 Questionnaire, a validated instrument for evaluating the relationship
between physical activity and osteoporosis and/or fragility fractures, in this study.13 21 Impaired balance is a
known risk factor for fall-associated fragility fractures in
women with normal feet.8 22 23 However, our analysis
only showed non-detectable inferior VT and PF in
women with bound feet and differences in accumulated
plantar pressure, with more pressure placed on the calcaneus of the heel and less force distributed over the
forefoot in bound feet (see online supplement 2),
implying a compensation mechanism in human kinesiology after foot binding in later life. Our data did not
show any difference in number of previous fractures in
women with or without foot binding.
In 1997, Cummings and coworkers reported the ﬁrst
dual-energy X-ray absorptiometry study to measure BMD
at the spine and hip in postmenopausal women with
bound feet in Beijing, the capital of China, and reported
that lifelong foot binding had signiﬁcant adverse effects
on spine BMD, and the fragility fracture rate was higher
than in control subjects.24 The direct adverse effect to
the bound feet is the signiﬁcantly reduced foot size,
which is described as ‘golden lotus’. The consequence is
an increased tendency to fall and an increased risk of
fall-induced fractures in later life. The overall higher
Qin L, et al. BMJ Open 2015;5:e006521. doi:10.1136/bmjopen-2014-006521
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Table 1 Anthropometric and lifestyle data compared between women with or without bound feet
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fracture rate in the Beijing study was 15%, while a signiﬁcantly lower fracture incidence of 7.5% was found in our
subjects, which might be explained by different lifestyles
between women living in urban areas such as Beijing in
the study of Cummings et al24 and those living in rural
regions such as Luliang, a remote county in Yunnan
Province. There were no balance and gait data available
in the Beijing study. The subjects with bound feet in that
study were mostly descendants of upper class families,
and little physical work was required in their later life,
with impairment in musculoskeletal coordination speculated to explain both higher osteoporosis- and
fall-associated fragility fracture rates.1 3 24 25 The fact
that our study subjects in remote Luliang County were
working class women who often had to perform manual
labour in old age might explain why the balance analysis
and lifestyle questionnaire did not show any differences
between women with and without bound feet evaluated
in a small subset of subjects (see online supplement 3).
The associated active lifestyle might have led to different
adaptations to achieve body balance throughout life to
compensate for the smaller foot support area.
The ﬁndings of our study on heel QUS and lifestyle in
terms of the SF-36 Questionnaire offer a unique insight
into the effects of foot binding. The signiﬁcance of our
study to social and healthcare aspects was the mobilisation of the local government to support our project.
The ﬁndings generated from our study have raised
awareness of osteoporosis-prevention measures in rural
regions of China at more than one site. Apart from differences in nutrition,26 27 the importance of physical
activity and/or exercise is speciﬁcally relevant for maintenance of balance, and this has been known to be a
crucial factor for prevention of falls and fall-induced fragility fractures.7 10 28 29
Our study had a few limitations in addition to its crosssectional nature: (1) non-homogeneous number of study
subjects—the higher percentage of women with bound
feet was due to a greater percentage of older women with
Qin L, et al. BMJ Open 2015;5:e006521. doi:10.1136/bmjopen-2014-006521

bound feet living in the study location; (2) owing to a
limited budget and the long distance between remote
Luliang County and Hong Kong, only a few subjects were
invited to ﬂy to Hong Kong for HR-pQCT and gait and
balance tests (see online supplements 2 and 3); (3) as
only recall was used to obtain fracture history, no reliable
fall frequency could be provided for analysis.
CONCLUSION
Foot binding had a lifelong negative impact on bone
health. However, the neuromusculoskeletal coordination
of the postmenopausal women with bound feet who had
an active lifestyle might have compensated for the negative effects, as no difference was found in incidence of
fragility fractures, implying the importance of maintenance of body balance in prevention of fragility fractures.
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Supplement I

Figure 1 Elderly women with bounded feet mainly reside in rural and impoverished
provinces of China.

Figure 2 A collaborative research project conducted by both clinical scientists and
bioengineers from Hong Kong and physicians from Mainland China to investigate the
social and physiological impacts of lifelong foot binding on female musculoskeletal
health in Luliang County of Yunnan Province of Yunnan Province, China.

Figure 3 Due to significant physical distance between Luliang County and Hong
Kong, only few bound feet women with mean QUS values representative of the
bound feet group were invited to travel long distance to Hong Kong for assessment of
bone microstructure, gait and balance using advanced biomedical technologies, i.e.
the invited women with bound feet needed to take bus from Luliang County to travel
around 200 kilometers to the capital city Kunming of Yunnan Province, China and
then took flight to travel over 1200 kilometers to Hong Kong.

1

Supplement II
1. Measurement of volumetric bone mineral density (vBMD) and microarchitecture
using high-resolution peripheral quantitative computed tomography (HR-pQCT)
vBMD and microstructure of the non-dominant distal tibia of the two women with
bound feet were evaluated using HR-pQCT (XtremeCT, Scanco Medical AG,
Switzerland). A standard scanning program was used and the respective region of
interest (ROI) of the scanned tibia were automatically separated into cortical and
trabecular compartments for calculating bone mineral density and microarchitecture
of both trabecular bone and cortical bone (Figure 1). Hong Kong female Chinese
population specific T-score at -2.5SD was used for diagnosis of osteoporosis.1
Analysis: For HR-pQCT, both T and Z scores from distal tibia of the two women with
bound feet were averaged for comparison with an age-matched reference database.
Mean values for each SPS balancing tests parameter was also calculated by averaging
results of the two bound feet women that were subsequently compared to age-matched
controls from population database of HR-pQCT.

A

B

C

Figure 1 Bone assessment. Heel QUS measurement for a woman with bound feet (A),
HR- pQCT scanning on lower limb (B), and 3-D HR-pQCT images of distal tibia
showing inferior bone structural and density in woman with bound feet (C) and ageand gender-matched control with normal feet (D).
2. HR-pQCT Findings
Mean HR-pQCT values of volumetric BMD and microarchitecture in non-dominant
distal tibia of two women with bound feet is compared with reference population
database to calculate T- and Z-score and their percentage difference (Table 1, Figure
2). All parameters show inferior density and structural values in bound foot women,
with large BMD differences in total trabecular BMD (Dtrab) (42.7%) and inner
trabecular BMD (Dinn) (-90.5%) and large bone structural data in total trabecular
bone volume fraction (tBV/TV) and total trabecular separation (tTb.Sp). Another
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striking structural difference is seen in the total trabecular number (tTb.N) (36.0%),
with a much lower value in women with bound feet. To be noted that the cortical
vBMD (Dcomp) was much less affected as there was only 18.1% lower mean value as
compared with the age and gender matched reference population database.

Table 1 Distal tibia HR-pQCT values obtained for bound feet women (BFW)
compared to age and gender matched reference database values for bone geometry
and microarchitecture
Distal Tibia

BFW

Reference Database
(Age 60-79)

Difference
(%)

509.35
71.65
426.85

622.11±145.45
88.08±32.76
520.55±152.19

-18.1%
-18.7%
-18.0%

Bone geometry
Total Area (mm2)
Ct. Area (mm2)
Tb. Area (mm2)

Bone mineral density and microarchitecture
D100 (mg HA/cm³)
184.7
Dcomp. (mg HA/cm³) 768.10

230.68±74.05
782.58±90.89

-19.9%
-18.5%

Ct.Th. (mm)
Ct.Pm. (mm)
Dtrab. (mg HA/cm³)
Dmeta. (mg HA/cm³)
Dinn. (mg HA/cm³)
tBV/TV
tTb.N
tTb.Th
tTb.Sp

0.91±0.38
97.66±11.26
116.65±42.19
194.10±47.43
63.96±43.34
0.10±0.03
1.25±0.40
0.08±0.03
0.77±0.32

-10.4%
-9.0%
-42.7%
-19.7%
-90.5%
-42.3%
-36.0%
-11.9%
56.3%

0.815
88.85
66.85
155.90
6.05
0.06
0.80
0.07
1.20

BF: Bound Foot; Ct. Area: Corticular Area; Tb. Area: Trabecular Area; D100: average
vBMD; Dcomp: cortical density; Ct.Th: cortical thickness; Ct.Pm: cortical
perimeter; Dtrab: trabecular density; Dmeta: meta-trabecular density; Dinn:
inner-trabecular density (calculated from central 50% of the total trabecular bone
area); tBV/TV total trabecular bone volume fraction; tTb.N: total trabecular
number; tTb.Th: total trabecular thickness; tTb.Sp: total trabecular separation.

3

HR-pQCT T score

HR-pQCT Z score

3
2

BFL

Controls

BFL

Controls

1
0
-0.26

-1

-0.88

-2
-2.38

-3
-3.02
-4

-5

Figure 2 T- and Z-scores of (total or inner) trabecular BMD measured by HR-pQCT
compared between the bound feet women (BFW) (mean of the two subjects)
compared to the controls from the reference database. Osteoporosis (%): 2/2 (100%)
in HR-pQCT trabecular BMD with T-scores set at -2.5 SD.
Key Reference
1. Tang XL, Qin L, Kwok AW, Zhu TY, Kun EW, Hung VW, Griffith JF, Leung PC,

Li EK, Tam LS. Alterations of bone geometry, density, microarchitecture, and
biomechanical properties in systemic lupus erythematosus on long-term
glucocorticoid: a case-control study using HR-pQCT. Osteoporos Int 2013;
24(6):1817-26.
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Supplement III
1. Methods: Gait and balance analysis

Gait analysis: Tekscan Walkway (Tekscan Inc., USA) was used to measure dynamic
plantar pressure distributions during walking for test subjects (Figure 1). This
walkway was 3 meters long, consisting of 4 sensors per cm2 sampling at a rate of 100
Hz. Subjects were asked to walk at a comfortable, self-chosen pattern and allowed to
familiarize themselves with the procedure and equipment before data collection. Peak
pressure of the whole foot and pressure of two major RIOs: forefoot and rearfoot were
collected during the stance phase of walking. Pressure values were also recorded for
analysis suing published protocol.1
Balance analysis: SMART EquiTest® (NeuroCom International, Inc., USA) was used
for assessing static postural stability (SPS) or balancing capabilities of the subjects
that were compared with built-in normal database values of Chinese females.2 Briefly,
a force platform within the system recorded the displacement of center of pressure
(CoP) where the subjects were required to complete three stance conditions, i.e. (a)
bipedal stance with eyes open (BiSEO), (b) bipedal stance with eyes closed (BiSEC)
and (c) single-leg stance with eyes open (SLSEO), with bare feet placed on the
markings of the force platform. Data were acquired at 100Hz over a period of 20
seconds in conditions (a) and (b), and 10 seconds in condition (c). Each condition was
performed thrice and maximum CoP displacements in antero-posterior (AP) and
lateral directions were extracted (Figure 2). In conditions (a) and (b), participants
stood at shoulder width; in condition (c), participants performed single-leg stance tests
on dominant leg.
Analysis: Plantar pressure distribution charts were directly compared between the
right foot of the bound feet lady and that of a weight adjusted normal control of
similar age. What to note is that only two women with bound feet from Luliang to be
invited to Hong Kong and data were compared with Hong Kong local women. The
accuracy of the dada could be confounded by lifestyle difference where more active
lifestyle is normally associated with better gait and balance. However, the major
difference should be explained by foot anatomy, with significant small foot size in
women with bound feet as compared with that of women with normal foot.
Figure 1 Walking gait patterns: Tekscan
Walkway System was used to analyze lady
with bound feet (A) and a typical example of
a three step gait of a woman with bound feet
(B).

A

B
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B

Figure 2 Static Posture Stability (SPS) assessment using SMART EquiTest®
(NeuroCom International, Inc., USA) (A) and the displacement of center of pressure
(B).
2. Findings

Gait analysis Figure 3 displays feet force during stance phase. The force during
propulsion of the stance (gait) phase for control subject is shown to occur at the
forefoot while for women with bound feet, the force occurs at the rearfoot while the
forefoot contributes only a minor force in its total pressure exerted. Foot binding thus
shifts the center of gravity towards the heel. Moreover, the rearfoot contact time is
found prolonged in bound feet women. For the control subjects, the rearfoot contact
begins with the heel strike during the beginning of the stance phase (0%) and ends at
the heel rise (80% of stance phase). For bound feet women, the heel contact time is
prolonged to over 90% of the stance phase. The forefoot contribution to the
propulsion is also only seen at the very end of stance phase. The difference in
accumulated plantar pressure distribution between a normal and a woman with bound
foot is demonstrated where the bound feet lady shows a much larger degree of
pressure placed on the calcaneus of the heel and less force distributed over the
forefoot in comparison to a normal foot (Figure 4).
Balance test Figure 5 summarizes SPS measurements of two women with bound feet
in comparison to data from the gender- and age-matched control database. Overall,
the results indicate no obvious differences in all three categories of anterior-posterior
and lateral sway compared with between women with bound feet and the controls,
including degree of sway in bipedal stance with eyes open (BiSEO), bipedal stance
with eyes closed (BiSEC), and single-leg stance with eyes open (SLSEO).
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Figure 3 Representative foot force compared between subjects with bound feet and
gender- and age-matched control, showing that a bound feet lady places almost the
entirety of her foot force on the rearfoot for the predominant part of the stance phase
with prolonged contact time, while the forefoot contributes to the propulsion only at
the very end of the stance phase (Left). A gender- and age-matched control subject
shows a more balanced pressure distribution of the rear and forefoot (Right).

Figure 4: Comparison of representative plantar pressure distribution in women with
normal feet and bound feet: regions in red represent areas of highest pressure (>231
kPa), while regions in blue represent areas of lowest pressure (>0 kPa).
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Control
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Figure 5: Static postural stability (SPS) balance test shows no obvious difference in
both anterior-posterior and lateral sway categories compared for the mean of two
women with bound feet and the gender- and age-matched reference population
database. BiSEO: bipedal stance with eyes open; BiSEC: bipedal stance with eyes
closed; and SLSEO: single leg stance with eyes open.
Specification of the relevant anthropometric information of the subset of the women
with bound feet for gait and balance tests: both of them were also within the range but
slightly above the average of women with bound feet with BW 48.2 and 47.5 kg;
while with BMI of 21.0 and 20.6, respectively. This number is close to the mean of
the control group (refer to Table 1).
A small subset was tested for gait and balance using state-of-the-art facilities and the
data suggested that in spite of variation in gait patterns, the balance capability were
similar irrespective of size of the feet, i.e. significantly smaller in manmade small feet
in women with bound feet. Since the subjects were old and were not able to delineate
if the previous fracture was a result of fall or spontaneous fracture due to poor bone
quality, the overall findings however might still imply the essential role of body
balance in prevention of fragility fracture.
Key Reference:
1. Mak AF, Zhang M, Boone DA. State-of-the-art research in lower-limb prosthetic
biomechanics-socket interface: a review. J Rehabil Res Dev. 2001; 38(2):161–74.
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2. Cheing GL, Chau RM, Kwan RL, Choi CH, Zheng YP. Do the biomechanical
properties of the ankle-foot complex influence postural control for people with
Type 2 diabetes? Clin Biomech 2013; 28(1):88-92.

The Chinese (Hong Kong) SF-36 Health Survey
簡明健康狀況調查表 – 香港中文譯本

Eight HRQOL Domains (八項健康生活質數範疇)
Physical functioning - 體能
Role-physical - 日常活動
Bodily Pain - 身體痛楚
General Health - 整體健康
Vitality - 精力
Social Functioning - 社交活動
Role-emotional - 日常活動 (心理健康的影響)
Mental Health - 心理健康
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簡明健康狀況調查表 (SF-36)

1. 總括來說，你認為你的健康狀況是﹕
(只圈出一個答案)
極好 ………………………………………………………… 1
很好 ………………………………………………………… 2
好

………………………………………………………… 3

一般 ………………………………………………………… 4
差

………………………………………………………… 5

2. 和一年前比較，你認為你目前全面的健康狀況如何?
(只圈出一個答案)
比一年前好多了 ……………………………………………… 1
比一年前好一些 ……………………………………………… 2
和一年前差不多 ……………………………………………… 3
比一年前差一些 ……………………………………………… 4
比一年前差多了 ……………………………………………… 5
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3. 下列各項是日常生活中可能進行的活動。以你目前的健康狀況，你在進行這
些活動時，有沒有受到時間限制? 如有的話，程度如何?

(每項只圈出一個答案)
活動

有很大限制

有一點限制

沒有任何限制

a. 劇烈運動，比如跑步，搬重
物，或參加劇烈的體育活動

1

2

3

b. 中等強度的活動，比如搬桌
子，使用吸塵器清潔地面，玩
保齡球或打太極拳

1

2

3

c. 提起或攜帶蔬菜，食品或雜貨

1

2

3

d. 上幾層樓梯

1

2

3

e. 上一層樓梯

1

2

3

f. 彎腰，跪下或俯身

1

2

3

g. 步行十條街以上 (一公里)

1

2

3

h. 步行幾條街 (幾百米)

1

2

3

i. 步行一條街 (一百米)

1

2

3

j. 自己洗澡或穿衣服

1

2

3

4. 在過去四個星期裹，你在工作或其他日常生活中，會不會因為身體健康的原
因而遇到下列的問題?
(每項只圈出一個答案)
會

不會

a 減少了工作或其他活動時間

1

2

b 實際做完的比想做的要少

1

2

c 工作或其他活動的種類受到限制

1

2

d 進行工作或其他活動時有困難 (比如覺得更為吃力)

1

2

3

5. 在過去的四個星期裡，你在工作或其他日常生活中，會不會由於情緒方面的
原因 (比如感到沮喪或焦慮) 遇到下列的問題?
(每項只圈出一個答案)
會

不會

a 減少了工作或其他日常活動的時間

1

2

b 實際做完的比想做的要少

1

2

c 工作時或從事其他活動時不如往常細心了

1

2

6. 在過去四個星期裡，你的身體健康或情緒問題在多大程度上妨礙了你與家
人、朋友、鄰居或社團的日常社交活動?
(只圈出一個答案)
毫無妨礙

………………………………………………… 1

有很少妨礙 ………………………………………………… 2
有一些妨礙 ………………………………………………… 3
有較大妨礙 ………………………………………………… 4
有極大妨礙 ………………………………………………… 5

7. 在過去四個星期裡，你私身體有沒有疼痛， 如果有的話，疼痛到什麼程度?
(只圈出一個答案)
完全沒有 …………………………………………………… 1
很輕微

…………………………………………………… 2

輕微

…………………………………………………… 3

有一些

…………………………………………………… 4

劇烈

…………………………………………………… 5

非常劇烈 …………………………………………………… 6
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8. 在過去四個星期裡，你身體上的疼痛對你的日常工作 (包括上班和家務) 有
多大影響?
(只圈出一個答案)
毫無影響

……………………………………………………… 1

有很少影響 ……………………………………………………… 2
有一些影響 ……………………………………………………… 3
有較大影響 ……………………………………………………… 4
有極大影響 ……………………………………………………… 5

9. 下列問題是有關你在過去星期裡你覺得怎樣和你其他的情況。針對每一個問
題，請選擇一個最接近你感覺的答案。
在過去四個星期裡有多少時間﹕
(每項只圈出一個答案)
常常
如此

大部分
時間

相當多
時間

有時

偶爾

從來
沒有

a. 你覺得充滿活力 ?

1

2

3

4

5

6

b. 你覺得精神非常緊張?

1

2

3

4

5

6

c. 你覺得情緒低落，以致
於沒有任何事能使你

1

2

3

4

5

6

d. 你感到心平氣和?

1

2

3

4

5

6

e. 你感到精力充足?

1

2

3

4

5

6

f. 你覺得心情不好，悶悶
不樂 ?

1

2

3

4

5

6

g. 你感到筋疲力盡?

1

2

3

4

5

6

h. 你是個快樂的人?

1

2

3

4

5

6

i. 你覺得疲倦?

1

2

3

4

5

6

高興起來?

5

10. 在過去四個星期裡，有多少時間由於你的身體健康或情緒問題妨礙了你的社
交活動 (比如探親、妨友等) ?
(只圈出一個答案)
常常有妨礙

…………………………………………………… 1

大部分時間有妨礙 …………………………………………………… 2
有時有妨礙

…………………………………………………… 3

偶爾有妨礙

…………………………………………………… 4

完全沒有妨礙

…………………………………………………… 5

11. 如果用下列的句子來形容你，你認為有多正確?
(每項只圈出一個答案)
肯定對

大致對

不知道

大致不對

肯定不對

a 你好像比別人更容易
生病

1

2

3

4

5

b 你好像所有你認識的
人一樣健康

1

2

3

4

5

c 你覺得自己的身體狀
況會變壤

1

2

3

4

5

d 你的健康極好

1

2

3

4

5

6

