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Abstract

Musculoskeletal disorders (MSDs) leads to loss of work efficiency which could have a negative effect on productivity as well as
the quality of life. Excess fat in relation to lean body mass, known as altered body composition, can greatly increase the risks of
MSDs. A significant positive relationship does exist between the probability of having MSD and altered body composition. A
cross-sectional study with 108 medical practitioners was performed that comprised females (19.4%) and males (80.6%) to
ascertain the body composition of medical practitioners to assess if they have an altered body composition and if it did indeed be
associated with MSDs. The measures obtained were Nordic Musculoskeletal questionnaire and body composition by bioelectrical
impedance analysis. The results revealed the overall prevalence of musculoskeletal symptoms was high (80.55%) with low back,
neck and ankles/feet to be the most commonly affected body parts. The male participants prone to MSDs have a higher fat
percentage (86.11%), BMI (66.66%) and WHR (87.5%). Similarly, the female participants having higher fat percentage (100%),
BMI (53.33%) and WHR (66.66%), showed increased incidences of MSDs. Future studies may be undertaken to determine other
ergonomic domains as precipitating factors for the etiology of MSDs in medical practitioners to set priorities, preventive
strategies, and interventions in the attenuation of MSDs.
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1. INTRODUCTION

Musculoskeletal disorders (MSDs) is described as a
‘discomfort, impairment, disability or persistent pain in
joints, tendons, muscles and other soft tissues with or
without physical manifestations’ (Kroemer 1989, Polanyi et
al. 1997). Generally, the injury development process is
initiated by discomfort and fatigue, and under certain
conditions, the symptoms persist, possibly resulting the
musculoskeletal structures to damage causing impairment or
disability (Das et. al. 2015).

According to U.S Bureau of Labor Statistics, 2009; work-
related musculoskeletal disorders (WMSDs) affect nearly a
million workers in the United States alone each year. It can
affect the capacity of the workers in executing the necessary
occupational activities, which could have a negative impact
on productivity. Economic loss due to WMSDs in the Korea
is estimated to be about US$ 1 billion, which is
approximately 0.3 % of GNP (Kee 2011).

An extremely important part of the healthcare system are
doctors and nurses. In terms of employment and revenue,
healthcare is one of India’s largest and rapidly growing
sectors. According to Indian Healthcare Trends, it is now a
US $35billion industry in India and may reach over US$
150 billion by 2017 (National Health Profile, 2008). Studies
have revealed that the healthcare professionals are
vulnerable to MSDs during the course of their work routine
(Bork 1996; Russo 2002; Das et. al. 2015). In the healthcare
industry, a wide variety of workers are affected by MSDs,
but it appears to be an imperative problem for medical
practitioners (Szeto et. al.2009).

Doctors working in hospitals have higher levels of burnout
than those working in private practice, research institutions
or in any other professional settings (Olkinuora et. al.1990).
The Pune chapter of Indian Medical Association observed
that an average lifespan of an Indian medical practitioner is
55-59 years which is around 10 years lesser compared to the
general population. This analysis was based on the social
security scheme of the Indian Medical association where
5,500 medical practitioners from Maharashtra and
approximately 11,000 medical practitioners across India is
registered (Das et. al., 2016). Prolonged posture, patient’s
expectations, demands of the job, practice administration,
interruptions, dealing with death and dying, social life and
work-home interface, medical responsibilities for relatives
and friends, all these precipitate in abundant stress and strain
among physicians (Sutherland, 1995). The doctors are
considered to be lifesavers and if they come under stress,
their efficiency is reduced, which may affect the lives of the
large number of patients whom they treat (Sharma, 2005;
Das et. al.2016).

Some individuals consume excess food because of stress,
which may culminate into gaining weight and obesity.
Obesity is associated with additional disorders such as
coronary heart disease, hypertension, type 2 diabetes and
dyslipidemia (Rippe et. al.1998). The development of
abdominal obesity has been found to have a linkage with
stress reactions. The HPA axis is repeatedly activated by
stress and with the increase in cortisol it leads to an
activation of adipose tissue lipoprotein lipase leading to the
buildup of abdominal fat mass (Bjorntorp, 2001). The
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cortisol secretion induced by stress has been found to be
greater among both men (Rosmond et. al.1998) and women
(Epel et. al. 2000) with abdominal obesity.

For good health and longevity, there should be a normal
balance of body fat. The fat excess in relation to lean body
mass is known as altered body composition, which may
increase the risks of many ailments and even MSDs. It may
also cause strain and progression of musculoskeletal
conditions over hips, knees, ankle, foot, lower back and
shoulder leading to pain (Wearing et al. 2006). A significant
positive relationship prevails between the probability of
having MSD and altered body composition (Kortt and
Baldry, 2002).

Studies focusing on medical practitioners though are rather
scanty, have indicated the serious prevalence of WMSDs in
them. Few studies have attempted to associate physical and
psychosocial factors with WMSDs in medical practitioners
but no studies have been conducted in India; that ascertain
the body composition of medical practitioners and their
possible association with MSDs.

2. METHODOLOGY
2.1 Study Design and Selection of Subjects

A cross-sectional study with 108 medical practitioners
comprising females (19.4%) and males (80.6%), randomly
selected from different medical institutions located in
Mumbai and Kolkata, India was conducted. Practitioners
working at least for one year at the present workplace were
included in the study. The consent was taken from all the
respondents as well as the ethics approval was obtained,
prior to the commencement of the study. The details of the
study were explained to the participants who were selected
based on purposive sampling technique, whereas the
hospital's selection had been a mix of convenience and
chance.

2.2 Measures

Questionnaires were used to find out the risk factors.
Questionnaires were completed through face to face
interviews. The height was measured with the help of
stadiometer, weight was recorded with the help of weighing
machine respectively. The waist and hip circumference were
taken by measuring tape. This phase is subdivided into sub-
phases viz., (i) MSD Assessment ii) Body composition
assessment.

e Musculoskeletal Disorder Assessment
Nordic ~ Musculoskeletal — Questionnaire  (NMQ)
(Kuorinka et.al.1987) was used to measure the
incidences of WMSDs in nine anatomical regions.
These are three upper limb segments (wrist/hands,
elbows, shoulder), three lower limb segments
(ankle/feet, knees, hip/thighs) and three trunk segments
(lower back, upper back, neck). The questionnaire had
information regarding the location of symptoms in the
past 1 week, past 12 months and whether it interfered

with daily activities in the previous 12 months. The
structured questionnaire was employed during a
personal interview. NMQ has been widely used as a
work-related musculoskeletal system screening tool and
found to have good reliability and validity (Das and
Mukhopadhyay, 2014).

Assessment of body composition by Bio-impedance
Analysis

Bioimpedance Analysis or Bioelectrical Impedance
Analysis (BIA) is a method of assessing the body
composition. It is an integral part of health assessment.
BIA (Quadscan4000, Body stat Ltd., British Isles)
shown in fig 1, used in this study comprised a
sophisticated, computerized analysis system. Following
the input of the data like gender, age, height, weight,
activity level, waist and hip size, the analyzer calculated
and estimated the tissue and fluid compartments using
an imperceptible electrical current (800 mA at 50 kHz),
which is made to pass through pads placed on hand and
foot as the individual sat comfortably in chair and posed
long sitting with a support under the legs. As the current
passed through the body, it faced varying degrees of
resistance, depending on the relative distribution of
muscle and fat tissue. Lean (muscle) tissue contains
more water and electrolytes than adipose (fat) tissue
thus it offers less resistance to the current. The
impedance method is quick in body composition
assessment which comprised fat mass, lean mass, fat%,
body mass index (BMI) and waist-hip ratio (WHR).
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Fig 1: Bioelectrical Impedance Analyzer and placement of

3. RESULTS

3.1 Characteristics of MSDs in Medical

Practitioners

The medical practitioners reported high incidences of
musculoskeletal symptoms. The 12-month and 7-days
prevalence rates of MSDs reported by medical practitioners
are presented in Figure 2.
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Fig 2: Prevalence of symptoms in last 12months and last 7 days

The above figure shows that most of the respondents have
reported low back trouble (40.23% and 23.33%) in last 12-
months and last 7-days, followed by neck (17.3% and
20.76%), ankles/feet (15.23% and 18.57%), knees (15.23%
and 13.8%), upper back (6.61% and 12.5%), shoulders
(3.69% and 7.09%) and finally the wrist/hands (1.71% and
3.95%).

3.2 Assessment of Body Composition Analysis of
Medical Practitioners

The mean values of fat mass, lean mass, fat%, body mass
index (BMI) and the waist-hip ratio (WHR) of male (h=90)
and female participants (n=18) are represented in the table 1.

Table 1: Analysis of body composition measured by bioelectrical impedance

N(108) Categories Fat Lean Fat% BMI WHR
Males(90) Mass(kg) Mass(kg)
Females(18)
N(108) 18.52 55.46 24.56 26.45 944
Mean Males 17.72 55.38 22.57 26.48 958
Females 22.56 53.88 34.51 26.27 873
N(108) 6.45 10.79 7.51 3.64 .068
Std. Deviation | Males 6.47 11.44 6.13 3.72 .060
Females 4.73 6.87 5.66 3.19 .060

The mean fat mass of male and female medical practitioners
was 17.7246.47kgs and 22.56+4.73kgs, mean lean mass of
male (55.38+11.44) kgs and female (53.88+6.87) kgs, mean
fat percentage of male (22.5746.13) % and female
(34.51+5.66) %, mean BMI of male (26.48+3.72) kg/mt?and
female (26.27£3.19) kg/mt2, mean waist-hip ratio of male
(0.958+.060) and female (0.873+.060) respectively.

3.3 Association of MSDs and body composition

The variables of the body composition are associated with
the MSDs. Table (ii) shows the association between reported
12-month prevalence of MSDs and the fat %, BMI, WHR
among the male and female medical practitioners. The rates
of MSDs were significantly associated with fat% (y2 = 4.98;
p= 0.015), BMI (x2 = 4.67; p= 0.030) and WHR (2 = 6.86;
p=0.008) in males and fat% (32 = 5.29; p= 0.021), BMI (32
= 9.25; p= 0.002) and WHR (32 = 4.5; p= 0.033) in female
respondents.
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Table 2: Association of MSDs and variables of body composition among the medical practitioners

Independent Gender | Categories | Incidence | WMSDs Chi- p-value
Variables of WMSDs | Percentage sqzuare
)
Fat Percentage Male <17% 10/72 13.88 4.98 0.015*
(ACE >17% 62/72 86.11
standards) Female | <24% 0/15 0 5.29 0.021*
>24% 15/15 100
Body Mass | Male 18.5-24.9 24/72 33.33 4.67 0.030*
Index >24.9 48/72 66.66
(WHO Female 18.5-24.9 7/15 46.66 9.25 0.002*
standards) >24.9 8/15 53.33
Waist hip ratio | Male <0.90 9/72 12.5 6.86 0.008*
(WHO >0.90 63/72 875
standards) Female | <0.85 5/15 33.33 45 0.033*
>0.85 10/15 66.66

*Significance at the level of p<0.05

The prevalence rate of MSDs was observed to be higher
amongst both the male and female medical practitioners
with altered body composition. The male participants were
prone to MSDs have a higher fat percentage (86.11%), BMI
(66.66%) and WHR (87.5%). Similarly, the female
participants having higher fat percentage (100%), BMI
(53.33%) and WHR (66.66%), showed increased incidences
of MSDs.

4. DISCUSSION

The study was designed to study the incidences of WMSDs
experienced by medical practitioners and to ascertain the
body composition of medical practitioners and their possible
association with MSDs. In the present study comprising 108
medical practitioners, the percentage of overall prevalence
of MSS in at least one anatomic segment ever to have
occurred in last 12 months, was high (80.55%). The study
showed that low back and neck were the most commonly
affected body parts among the medical practitioners which
corroborated the findings of a previous MSC study
conducted across a cross-section of Chinese hospital
physicians (Smith et al., 2006a) and in a study conducted by
general surgeons in Hong Kong (Szeto et. al. 2009).
Physicians had either prolonged sitting posture or constant
bending over the bed while physically examining patients in
indoor, ICU and outpatient departments. While physically
examining patients in outpatient/inpatient or constant
monitoring in ICU may lead to constant bending over the
bed, which may be associated with considerable physical
stress resulting in complaints predominantly of back and
neck pain (Long et. al. 2011). 67% of surgeons reported that
their major part of the time were carried out by the activities
in standing posture. The participants who complained of
shin pain due to prolonged standing activities were
considered and taken into account as the painful region of
the ankles/feet. Physical workplace tasks of the surgeons
also included regular walking from ward to ward, observing/
attending and assisting seniors in OPD for prolonged
duration may load forces over knees and ankle/feet.
Surgeons worked exclusively in the standing position with

mild to moderate bend trunk and neck over operation table
for prolonged periods, especially in long duration surgeries
which may have precipitated significant strain on the lower
back and neck (Szeto et. al. 2009). Studies have reported
that low back pain was found to be the most prevalent MSD
in adult and about 60-80% of all individuals might
experience the condition at some stage in their life (Waddell
and Burton, 2001).

Greater body weight may result in greater demands on the
joints of the spine and lower limbs leading to structural
degeneration and pain (Christensen et al., 2011). Body Mass
Index (BMI) is the ratio of person's weight by his or her
height that is associated with body fat and health risk.
According to Word Health Organization (WHO), normal
BMI is 185 to 24.9 and 25-29.9 is considered to be
overweight but the normal BMI limit for Indians is 18.5 -
22,9 and 23 - 24.9 as overweight. The guidelines were
released jointly by the Indian Ministry of Health, the
Diabetes Foundation of India (DFI), Indian Council of
Medical Research (ICMR), the All-India Institute of
Medical Science (AlIMS), the National Institute of Nutrition
(NIN) as Indian bodies and genetics are different from their
western counterparts. The findings of our study revealed that
the mean BMI of the medical practitioners (n=108) were
26.45 which exceeds both the normal limits of WHO and
Indian standards. Statistical test results also revealed that
BMI had a significant contribution to the prevalence of
WMSDs in medical practitioners. Hence, it can be
conjectured that one of the reasons for the prevalence of
MSS in the lower back, neck, ankles/feet, and knees in
medical practitioners may be because of increased BMI.

However, current evidence indicates that body weight may
be only a weak risk factor for musculoskeletal pain. The
measures of body weight do not take into account an
individual’s body composition, which has differential effects
on pain. Kesavachandran et. al. (2012) in his study,
conducted on 1111 Indian volunteers (18-69 years)
concluded that the subjects who showed higher body fat
percentage had risk factors like type 2 diabetes and
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hypertension even at normal BMI range, as per WHO
guidelines. The altered body composition puts Indian at a
higher risk for diabetes and hypertension. Bio-impedance
analysis performed in the present study also revealed that
fat% and waist-hip ratio were significantly associated with
the prevalence of MSDs among both male and female
medical practitioners. There are different classifications of
body fat percentage based on gender, age, and groups or
categories. According to American Council on Exercise
(ACE), body fat % for fit males ranges from (14-17) % and
females (21-24) %. Based on the study of Lohman and
Going, (1993) body fat% in an average population of males,
ranges from (11-17) % and females (15-23) % in the age
range of 30-50 years, whereas our study reports mean fat%
of males were observed to be 22.57% and for females
34.51%, for the mean age of 34.78+9.19 years which
exceeds both the recommended values of ACE and Lohman
and Going, (1993).

Waist-Hip Ratio (WHR) is the ratio of the circumference of
the waist to that of the hips which are a good indicator of
cardiovascular risk factors (Dobbelsteyn et. al. 2001), body
fat distribution (Ketel et. al. 2007) and hypertension in type
2 diabetes (Picon et al. 2007). According to WHO,
abdominal obesity is defined as a WHR above 0.90 for
males and above 0.85 for females whereas the National
Institute of Diabetes, Digestive and Kidney Diseases
(NIDDK) states that women with WHR of more than 0.8
and men with more than 1.0 are at increased health risk
because of their fat distribution. The finding of the present
study reveals that the mean WHR in males were 0.958 and
females 0.873 which exceeds the recommended limit of
WHO in both males and females whereas according to
NIDDK, only the females exceeded the accepted levels,
which may, to some extent, platters the reason of those
research studies where it has been commonly reported that
females had higher prevalence rates of MSDs than males in
general (Hooftman et. al. 2005).

5. CONCLUSION

The present paper ascertains the body composition of
medical practitioners and shows that the altered body
composition is associated with increased preponderance of
WMSDs. The study reveals that Fat %, BMI, and WHR
exceeds the standardized limits and appears to have a
significant association with prevalence of MSDs in both
male and female participants. Future studies may be
undertaken to determine other ergonomic domains as
precipitating factors for the etiology of MSDs in medical
practitioners to get concrete results. This article may help
medical practitioners and ergonomists to give better tools to
set priorities, preventive strategies, and interventions in the
attenuation of MSDs.

REFERENCES

[1] Bjorntorp, P. (2001). Do stress reactions cause
abdominal obesity and comorbidities? Obesity
reviews, 2(2), 73-86.

(2]

(3]

(4]
[5]

(6]

[7]

(8]

[l

[10]

[11]

[12]

[13]

Bork B. E., Cook T. M., Rosecrance J.C., Engelhardt
K., Thomason M.J., Wauford 1J., Worlg R.
K.,(1996): Work-Related Musculoskeletal Disorders
Among Physical Therapists. Physical Therapy, 76
(8), 827-835.

Christensen, J. R., Faber, A., Ekner, D., Overgaard,
K., Holtermann, A., & Sogaard, K. (2011). Diet,
physical exercise, and cognitive behavioral training
as a combined workplace based intervention to
reduce body weight and increase physical capacity in
health care workers a randomized controlled trial.
BMC Public Health, 11(1), 1.

Sharma, E. (2005). Role stress among doctors.
Journal of Health Management, 7(1), 151-156.

Das, S. K., & Mukhopadhyay, S. (2014). Integrating
ergonomics tools in  physical therapy for
musculoskeletal risk assessment and rehabilitation—a
review. International Journal of Engineering &
Scientific Research, 2(10), 136-155.

Das, S. K., Mukhopadhyay, S., & Koilakuntla, M.
(2015). Analytic Hierarchy Process to Rate Risk
Factors Associated with WMSDs in General
Physicians. Journal of Health Management, 17(2),
241-247.

Das, S. K., Mukhopadhyay, S., & Patyal, V. S.
(2016). Development and validation of a Re-
Modified Work Style Short Form Questionnaire for
assessment of stress in medical practitioners working
in Indian hospitals. Theoretical Issues in Ergonomics
Science, doi: 10.1080/1463922X.2016.1154228.
Dobbelsteyn CJ, Joffres MR, MaclLean DR,
Flowerdew G (May 2001). "A comparative
evaluation of waist circumference, waist-to-hip ratio
and body mass index as indicators of cardiovascular
risk factors. The Canadian Heart Health Surveys".
Int. J. Obes. Relat. Metab. Disord. 25 (5): 652-61.
Epel, E. S., McEwen, B., Seeman, T., Matthews, K.,
Castellazzo, G., Brownell, K. D., & Ickovics, J. R.
(2000). Stress and body shape: stress-induced cortisol
secretion is consistently greater among women with
central fat. Psychosomatic medicine, 62(5), 623-632.
Hooftman, W. E., van der Beek, A. J., Bongers, P.
M., & van Mechelen, W. (2005). Gender differences
in self-reported physical and psychosocial exposures
in jobs with both female and male workers. Journal
of occupational and environmental medicine, 47(3),
244-252.

Kee D. and Seo S. R., (2007): Musculoskeletal
disorders among nursing personnel in Korea.
International Journal of Industrial Ergonomics, 37,
207 - 212.

Ketel 1J, Volman MN, Seidell JC, Stehouwer CD,
Twisk JW, Lambalk CB (June 2007). "Superiority of
skinfold measurements and waist over waist-to-hip
ratio for determination of body fat distribution in a
population-based cohort of Caucasian Dutch adults”.
Eur. J. Endocrinol. 156 (6): 655-61.
Kesavachandran, C. N., Bihari, V., & Mathur, N.
(2012). The normal range of body mass index with
high body fat percentage among male residents of

Volume: 05 Special Issue: 16 | ICRAES-2016 | Sep-2016, Available @ http://www.esatjournals.org 5



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Lucknow city in north India. The Indian journal of
medical research, 135(1), 72.

Kortt, M., & Baldry, J. (2002). The association
between musculoskeletal disorders and obesity.
Australian Health Review, 25(6), 207-214.

Kroemer K.H.E, (1989): Cumulative trauma
disorders, their recognition and ergonomics measures
to avoid them. Applied Ergonomics, 20(4), 274-280.
Kuorinka I, Jonsson B, Kilbom A, et al (1987):
Standardized Nordic questionnaires for the analysis
of musculoskeletal symptoms. Applied Ergonomics;
18:233-237.

Lohman, T. G.,, & Going, S. B. (1993).
Multicomponent models in body composition
research: opportunities and pitfalls. In Human Body
Composition (pp. 53-58). Springer US.

Long, M. H., Johnston, V., & Bogossian, F. (2012).
Work-related  upper quadrant  musculoskeletal
disorders in midwives, nurses, and physicians: a
systematic review of risk factors and functional
consequences. Applied ergonomics, 43(3), 455-467.
Olkinuora, M., S. Asp, J. Juntunen, K. Kauttu, L.
Strid, and M. Aarimaa. 1990. “Stress Symptoms,
Burnout and Suicidal Thoughts in Finnish
Physicians.” Social Psychiatry and Psychiatric
Epidemiology 25 (2): 81-86.

Picon PX, Leitdo CB, Gerchman F, et al. (April
2007). Waist measure and waist-to-hip ratio and
identification of clinical conditions of cardiovascular
risk: a multicentric study in type 2 diabetes mellitus
patients. Arq Bras Endocrinol Metabol 51 (3): 443-9.
Polanyi M.F.D., Cole D.C., Beaton D.E., Chung J.,
Wells R., Abdolell M., Hawley L.B., Ferrier S.E.,
Mondloch MV, Shields SA, Smith JM, Shannon HS.,
(1997): Upper limb work-related musculoskeletal
disorders among newspaper employees: Cross-
sectional survey results. Am J Ind Med, 32(6):620-8.
Rippe, J. M., Crossley, S., & Ringer, R. (1998).
Obesity as a chronic disease: modern medical and
lifestyle management. Journal of the American
Dietetic Association, 98(10), S9-S15.

Rosmond, R., Dallman, M. F., & Bjoémtorp, P.
(1998). Stress-related cortisol secretion in men:
Relationships with abdominal obesity and endocrine,
metabolic and hemodynamic abnormalities. The
Journal of Clinical Endocrinology & Metabolism,
83(6), 1853-18509.

Russo A., Murphya C., Lessoway V. and Berkowitz
J., (2002): The prevalence of musculoskeletal
symptoms among British Columbia sonographers.
Applied Ergonomics, 33, 385-393.

Smith D. R., Wei N., Zhang Y.J. and Wang R. S.,
(2006a): Musculoskeletal complaints and
psychosocial risk factors among physicians in
mainland China. International Journal of Industrial
Ergonomics, 36, 599 — 603.

Sutherland V.J (1995): Stress and the new contract
for general practitioners. Journal of Managerial
Psychology, 10(3), 17-28.

[27]

[28]

[29]

Szeto G.P. Y.,,Ho P., Ting A.C.W., PoonlJ. T.C,,
Cheng S. W. K. and Tsang R. C. C., (2009): Work-
related Musculoskeletal Symptoms in Surgeons.
Journal of Occupational Rehabilitation, 19(2), 175-
184.

Waddell, G., & Burton, A. K. (2001). Occupational
health guidelines for the management of low back
pain at work: evidence review. Occupational
medicine, 51(2), 124-135.

Wearing S.C, Hennig E.M, Byrne N.M, Steele J.R,
Hills AP (2006): Musculoskeletal disorders
associated with obesity: a biomechanical perspective.
Obes Rev; 7(3):239-50.

Volume: 05 Special Issue: 16 | ICRAES-2016 | Sep-2016, Available @ http://www.esatjournals.org 6


http://www.sciencedirect.com/science/article/pii/0003687089901907
http://www.sciencedirect.com/science/article/pii/0003687089901907
http://www.sciencedirect.com/science/article/pii/0003687089901907
http://www.ncbi.nlm.nih.gov/pubmed/9358919
http://www.ncbi.nlm.nih.gov/pubmed/9358919
http://www.ncbi.nlm.nih.gov/pubmed/9358919
http://www.springerlink.com/content/?Author=Grace+P.+Y.+Szeto
http://www.springerlink.com/content/?Author=Pei+Ho
http://www.springerlink.com/content/?Author=Albert+C.+W.+Ting
http://www.springerlink.com/content/?Author=Jensen+T.+C.+Poon
http://www.springerlink.com/content/?Author=Stephen+W.+K.+Cheng
http://www.springerlink.com/content/?Author=Stephen+W.+K.+Cheng
http://www.springerlink.com/content/?Author=Stephen+W.+K.+Cheng
http://www.springerlink.com/content/?Author=Raymond+C.+C.+Tsang
http://www.springerlink.com/content/0h51j213671k3613/
http://www.springerlink.com/content/0h51j213671k3613/
http://www.springerlink.com/content/1053-0487/
http://www.springerlink.com/content/1053-0487/19/2/
http://www.ncbi.nlm.nih.gov/pubmed?term=Wearing%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=16866972
http://www.ncbi.nlm.nih.gov/pubmed?term=Hennig%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=16866972
http://www.ncbi.nlm.nih.gov/pubmed?term=Byrne%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=16866972
http://www.ncbi.nlm.nih.gov/pubmed?term=Steele%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=16866972
http://www.ncbi.nlm.nih.gov/pubmed?term=Hills%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=16866972

