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ABSTRACT

Introduction: Obesity is a common health issue among children and adole-
scents leading to serious consequences later in life. There are reports on postural
stability in children in relation to their nutritional status, but there are few stu-
dies involving a stabilometric platform.

Aim: A comparison of postural stability in children with normal body mass and
obese children.

Material and methods: The stabilometric study involved 166 subjects. The
postural stability evaluation was performed with the use of the Biodex Balance
System platform. The following four postural stability tests were carried out: (1)
eyes open, stable platform (SI0); (2) eyes open, level 4 unstable platform (SI4);
(3) eyes open, level 4 unstable platform with the screen covered (SI4SC); (4) eyes
closed, level 4 unstable platform (SI4EC), and the fall risk test (FRT).

Results and discussion: There were statistically significant differences fo-
und in the SI4, SI4SC, SI4EC, and FRT tests in all the inspected parameters.
Only in the postural stability test on a stable platform (SI0) no differences were
noted. The most marked differences between arithmetic means obtained for both
groups were observed in the postural stability test on an unstable platform with
closed eyes.

Conclusions: Children with obesity are characterised by increased instability
on a moving surface compared to children of normal body mass. Obese children
experience the biggest problem when regaining balance with their eyes closed. It
is advisable to include training on an unstable surface in physiotherapy program-
mes for obese children.
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1. INTRODUCTION

Obesity is a global health issue among children and adoles-
cents. According to the World Health Organisation (WHO)
approximately 340 million of children and teenagers aged
5-19 were overweight or obese all over the world in 2016.!
Obesity in girls in this age group increased from 5 million in
1975 to 50 million in 2016 whereas boys showed a rise from 6
million to 74 million in the respective years.? At present there
are more obese people in the world than underweight people.!
In Poland a variety of classification systems for over-
weight and obesity are used. Depending on the definition,
a percentage of children and adolescents with excess body
mass in a population varies in individual reports. Accord-
ing to data from research project ‘Blood Pressure Norms
for Children and Adolescents in Poland OLAF (PL0080),’
a representative study run in 416 schools between 2007 and
2009 with body mass index (BMI) cut-off points suggested
by the International Obesity Task Force (IOTF), the inci-
dence of obesity in Poland in the 7-12-years group account-
ed for 5.5% and 3.6% in case of boys and girls, respectively,
and in the 13-18-years group it accounted for 3.4% and 2.0%
in boys and girls, respectively. Compared to other European
countries Poland showed moderate to high incidence of
overweight and obesity among children and teenagers.>*
Occurrence of overweight and obesity in childhood lead
to serious consequence later in life. The risk of being over-
weight in adult age is at least twice as high in overweight
children versus normal body mass subjects.” Overweight
and obese children demonstrated a greater risk of diseases
and disorders, e.g. type 2 diabetes, hypertension, sleep ap-
noea, asthma, menstrual disorders, hormonal abnormali-
ties, decreased physical capacity or depression.?®’ Addi-
tionally, people with excess body mass show undesirable
consequences associated with the motor system. The pos-
sible problems include osteoarthrosis, lumbar spine pain,
increased risk of fracture and other injuries, axial deviations
of lower extremities, and flat foot.”!? Children with excess
body mass typically show inferior coordination and achieve
lower motor ability test scores compared to their overweight
and normal BMI.!*!* There are some reports on postural sta-
bility of children depending on their nutritional status, but
studies employing stabilometric platforms are scarce.

2. AIM

The study objective was to compare postural stability in
children with normal body mass and children with obesity.

3. MATERIAL AND METHODS

The stabilometric study involved 166 children aged 7-18.
Apart from children with normal body mass they were
patients of the Department of Paediatric Neurology, Epi-
leptology, and Rehabilitation in the Children’s Memorial

Table 1. Group characteristics.

Normal BMI Obese

N 74 92
females 38 58
males 36 34

Age, years 11.2 £ 2.7 12329

Body mass, kg 395+ 114 70.2 = 21.0

Height, m 148.2 = 15.0 155.4 £14.4

BMI, kg/m? 17.6 = 2.1 283 44

Health Institute in Warsaw coming for rehabilitation stays
dedicated to overweight and obese patients. The study was
conducted within Research Project No. 220/12 titled Devel-
oping Standards for Adipose Tissue Distribution in Over-
weight, Obese and Normal Body Mass Children from War-
saw in a Wide Age Range (5-18). Informed written consent
was obtained from all participants’ parents or legal guard-
ians. Children who participated at the study wasn’t training
any sports and was attending Physical Education classes at
school. Exclusion criteria covered chronic diseases, injury
or surgery within a year before the study as well as under-

weight and overweight without obesity. Children were di-

vided into two groups according to BMI compared to the

centile grid (for boys and for girls) developed by Kulaga
with cut-off points suggested by Cole.>"> Group 1 comprised

normal BMI subjects and group 2 — obese children (Table 1).
Postural stability evaluation was performed based on the

Biodex Balance System (Biodex, Shirley, NY, USA). During
examination patients were standing barefoot with legs apart
at the width of their hips and arms hanging freely down the
trunk. Patients’ personal data, their height, and coordinates
of the feet position on the platform were entered in the sys-
tem. The following four postural stability tests were carried
out:

(1) Eyes open, stable platform (SI0);

(2) Eyes open, level 4 unstable platform (SI14);

(3) Eyes open, level 4 unstable platform with the screen cov-
ered (S14SC);

(4) Eyes closed, level 4 unstable platform (SI4EC), and the
fall risk test (FRT), where platform instability varied
from 6 to 2.

The FRT was conducted with patients’ eyes open. Each
test consisted of three 20-s trials with 10-s intervals. Dur-
ing the open eyes tests with the screen uncovered, patients
followed a dot on the screen corresponding to the centre of
pressure (COP) exerted by feet on the supporting surface.
Their task was to keep the dot in the centre of the circle
by subtle body shifting. Detaching or moving feet was not
allowed, neither was grabbing the barrier. Patients were as-
sisted by the physiotherapist during the tests. Patients rest-
ed before each stability test.

The four postural stability tests evaluated the overall sta-
bility index (O), anteroposterior stability index (A-P), medi-
olateral stability index (M-L), and the fall risk index (FRI)
in the FRT. A higher index value was indicative of more
marked body sway associated with inferior postural stability.
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Statistica v. 13 software was used for the statistical analy-
sis. The normality of distribution of the investigated param-
eters was verified with the Kolmogorov—Smirnov test. The
statistical analysis was performed with the Student’s ¢ test.
The confidentiality interval was set at o= 0.05.

4. RESULTS

Statistically significant differences between the groups were
observed in all the parameters investigated in the following
tests: SI4, SI4SC, SI4EC, and FRT. Only in the SIO test the
groups showed no differences (Table 2). The largest differ-
ences between arithmetic means obtained in both groups
were noted in the postural stability test on an unstable plat-
form with eyes closed.

5. DISCUSSION

Stability defined as resistance to disturbances coming from
the body but also those resulting from changeability of the
Table 2. Results of postural stability tests.

Postural stability

Test indices Group Mean
o Normal BMI 0.830
Obese 2.492
Normal BMI 0.691

SI10 A-P
Obese 0.671
Normal BMI 0.559

M-L
Obese 0.498
o Normal BMI 0.303
Obese 0.341
Normal BMI 0.759

S14 A-P
Obese 1.907
Normal BMI 0.511

M-L
Obese 1.251
o Normal BMI 0.432
Obese 1.149
Normal BMI 1.215

SI4SC A-P
Obese 2.863
M-L SI Normal BMI 0.843
Obese 1.996
Normal BMI 0.705

0 SI
Obese 1.633
Normal BMI 3.308

SI4EC A-P SI
Obese 7.715
Normal BMI 2.270
M-L SI

Obese 5.540
Normal BMI 0.830

FRT FRI
Obese 2.492

environment is very important in everyday functioning.
Stable platform tests are useful for postural stability evalu-
ation, but unstable platform trials are particularly impor-
tant.!* Maintaining the posture on an unstable supporting
surface requires greater motor control; therefore, unstable
platform tests may be more sensitive.!’$

Studies demonstrated, that in all the postural stability
tests on an unstable platform, obese children had signifi-
cantly worse results compared to their healthy-bodied peers.
Similar differences were noted in the FRT, where platform’s
instability was changing. Different results were obtained by
Goulding et al., who with a test on a stabilometric platform,
demonstrated that on a static as well as unstable surface
obese boys had similar scores to boys of normal body mass.?

In the discussed research significant differences in O,
A-P, and M-L mean indices between the groups were ob-
served in the postural stability test on an unstable platform
with eyes closed. Similar outcomes were obtained by other
researchers. Closing eyes led to longer path of the centre of
pressure (COP) in obese subjects compared to participants
of normal body mass and overweight in the test on hard and
soft supporting surface.?’ Stability in obese boys was dem-

SD SE T df P

0.5236 0.0609

0.210 164 0.834
1.8637 0.1943
0.5232 0.0608

0.898 164 0.371
0.6675 0.0696
0.4554 0.0529

—0.676 164 0.500
0.4266 0.0445
0.2054 0.0239

-8.337 164 0.000
0.4553 0.0475
0.3256 0.0378

-7.484 164 0.000
1.1463 0.1195
0.2557 0.0297

-8.304 164 0.000
0.8189 0.0854
0.2146 0.0249

-8.663 164 0.000
0.7164 0.0747
0.4956 0.0576

-6.942 164 0.000
1.5743 0.1641
0.4092 0.0476

-9.056 164 0.000
1.3794 0.1438
0.2838 0.0330

-9.449 164 0.000
0.8427 0.0879
2.1614 0.2513

-8.873 163 0.000
3.5116 0.3661
1.7530 0.2050

—9.449 164 0.000
2.7300 0.2850
0.5236 0.0609

—7.438 164 0.000
1.8637 0.1943

Comments: SD - standard deviation, SE - standard error, 7 — Student’s ¢ test, df — degrees of freedom, P — statistical significance.
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onstrated to depend on changing the visual conditions to a
greater extent than in boys with no obesity.*

The results showed no differences in postural stability
testing in obese and normal body mass children when using
the static platform with eyes open. Niederer et al. demon-
strated that obese children aged 4-6 achieved better results
in the static balance test on a stable platform compared to
their peers of normal body mass.?> Nevertheless, research by
Colne et al. found greater COP sway in obese teenagers in
a test on a stable platform compared to subjects of normal
body mass, which may be indicative of inferior stability in
obese patients.?® Static tests do not entirely reflect the prob-
lem of balance sustaining mechanism, because they do not
provide for disturbances caused by changeability of the en-
vironment affecting people’s stability.

Unfortunately, few studies have been conducted so far
with the use of specialist devices for stability evaluation in
children with excess body mass and conclusions on the abil-
ity to maintain and regain balance are mainly drawn based
on studies employing different batteries of motor abil-
ity tests. In simple balance tests with no specialist devices
obese and overweight children had worse results compared
to healthy bodied peers.??* Obese and overweight children
also performed less well in stability trials comprising Bru-
ininks—Oseretsky Test of Motor Proficiency, 2nd edition
(BOT-2) as well as Movement Assessment Battery for Chil-
dren (MAB-C).131%2

There are many more publications on postural stability
in adults. Some researchers indicated lack of differences in
balance tests between groups of obese subjects and normal
body mass subjects.?*?” Other reported that worse score in
different postural stability tests strongly correlated with the
increase of BMI.'7%% In obese adults more frequent falls
were noted.” This was also confirmed by a mathematical
model developed by Corbail et al., according to which the
fall risk increased as BMI rose and reduction of the body
mass improved postural stability.>

Maintaining balance depends on analysis of stimuli from
three systems of senses: visual, proprioceptive, and vestibu-
lar.3! With disturbances from the environment obese sub-
jects probably rely on their vision to a larger extent. It may
be caused by decreased sensitivity of mechanoreceptors in
their feet.3»3 It was proven, that subjects with greater body
mass have larger foot-surface contact area, suffer from flat
foot more often, and additionally, due to high body mass,
more pressure is exerted on their feet at the area of the heel
and metatarsus. Higher values of blood pressure and larger
contact areas in obese patients may reduce the receptor sen-
sitivity and affect the process of maintaining balance.!-?34%
The problem with controlling a stable position in children
with excess body mass may also be caused by less well-de-
veloped musculoskeletal system or differences in balance re-
gaining strategies.!%?3

The authors are aware, that there are more accurate
tools to analyse the body composition, which define the
nutritional level better than BMI. BMI does not provide
for the body built and structure. However, it is commonly

used. It defines the nutritional status in adults and is em-
ployed to classify them into groups. In people of over 20
years of age consistent BMI ranges are used, which indicate
underweight, normal body mass, overweight, and obesity.
In childhood and adolescence the weight to height ratio
changes depending on gender and age.’>” Therefore, it is
necessary to compare the calculated BMI value with centile
grids developed by Kulaga.>

In view of the results from this study it seems advis-
able to introduce unstable surface training in treatment and
physiotherapy programme for obese children. Fall preven-
tion in this group of patients is of crucial importance.

6. CONCLUSIONS

Children with obesity were characterised by higher insta-
bility on a moving surface compared to children of normal
body mass and performed much worse in regaining balance
with their eyes closed. It is advisable to introduce unstable
surface training in the physiotherapy programme for obese
children and modify it e.g. by instructing the patient to car-
ry out tasks with their eyes closed.

Conflict of interest
None declared.

Funding
None declared.

References

! World Health Organization Obesity and overweight. 2018.
https://www.who.int/news-room/fact-sheets/detail/obesity-
-and-overweight. Accessed: 20 January 2019.

2 NCD Risk Factor Collaboration. Worldwide trends in bo-
dy-mass index, underweight, overweight, and obesity from
1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128+ 9 million children, adolescents,
and adults. Lancer. 2017;390(10113):P2627-P2642. https://
doi.org/10.1016/S0140-6736(17)32129-3.

3 Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Establishing
a standard definition for child overweight and obesity worl-
dwide: international survey. BMF. 2000;320(7244):1240.
https://doi.org/10.1136/bm;j.320.7244.1240.

4 Kulaga Z, Grajda A, Gurzkowska B, Wojtylo M, Go6zdz
M, Litwin MS. The prevalence of overweight and obesity
among Polish school-aged children and adolescents. Przegl
Epidemiol. 2016;70(4):641-651 [in English/Polish].

> Singh AS, Mulder C, Twisk JW, Van Mechelen W, China-
paw M]. Tracking of childhood overweight into adulthood:
a systematic review of the literature. Obes Rev. 2008;9(5):
474-488. https://doi.org/10.1111/j.1467-789X.2008.00475.x.

¢  Quek YH, Tam WW, Zhang MW, Ho RC. Exploring the
association between childhood and adolescent obesity and
depression: a meta-analysis. Obes Rev. 2017;18(7):742-754.
https://doi.org/10.1111/0br.12535.


https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1016/S0140-6736(17)32129-3
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1111/j.1467-789X.2008.00475.x
https://doi.org/10.1111/j.1467-789X.2008.00475.x
https://doi.org/10.1111/j.1467-789X.2008.00475.x
https://doi.org/10.1111/j.1467-789X.2008.00475.x

38

PorL ANN MED. 2020;27(1):34-38

20

21

Lobstein T, Baur L, Uauy R. Obesity in children and young
people: A crisis in public health. Obes Rev. 2004;5(Suppl
1):4-85. https://doi.org/10.1111/j.1467-789X.2004.00133.x.
Kessler J, Koebnick C, Smith N, Adams A. Childhood obe-
sity is associated with increased risk of most lower extremi-
ty fractures. Clin Orthop Relat Res. 2013;471(4):1199-1207.
https://doi.org/10.1007/s11999-012-2621-z.

Zonfrillo MR, Seiden JA, House EM, et al. The associa-
tion of overweight and ankle injuries in children. Ambul
Pediatr. 2008;8(1):66-69. https://dx.doi.org/10.1016%2F;j.
ambp.2007.08.003.

de Sa Pinto AL, de Barros Holanda PM, Radu AS, Villares
SM, Lima FR. Musculoskeletal findings in obese children.
J Paediatr Child Health. 2006;42(6):341-344. https://doi.or-
2/10.1111/;.1440-1754.2006.00869.x.

Stolzman S, Irby MB, Callahan AB, Skelton JA. Pes planus
and paediatric obesity: a systematic review of the literature.
Clin Obes. 2015;5(2):52-59. https://doi.org/10.1111/cob.12091.
Adams AL, Kessler JI, Deramerian K, et al. Associations
between childhood obesity and upper and lower extremity
injuries. Injury Prev. 2013;19(3):191-197. https://dx.doi.or-
g/10.1136%2Finjuryprev-2012-040341.

D’Hondt E, Deforche B, De Bourdeaudhuij I, Lenoir M. Re-
lationship between motor skill and body mass index in 5-to
10-year-old children. Adapt Phys Act Q. 2009;26(1):21-37.
http://dx.doi.org/10.1123/apaq.26.1.21.

D’Hondt E, Deforche B, Gentier I, et al. A longitudinal
analysis of gross motor coordination in overweight and
obese children versus normal-weight peers. Int F Obes.
2013;37(1):61-67. http://dx.doi.org/10.1038/ijo.2012.55.
Kutaga Z, R6zdzynska-Swiatkowska A, Grajda A, et al. Per-
centile charts for growth and nutritional status assessment
in Polish children and adolescents from birth to 18 year of
age. Stand Med Pediatr. 2015;12:119-135 [in Polish].
Wiszomirska I, Kaczmarczyk K, Zdrodowska A, Btazkie-
wicz M, Ilnicka L, Marciniak T. Evaluation of static and
dynamic postural stability in young, elderly and with vi-
sion loss women. Post Rehab. 2013;(3):33-39. https://doi.
org/10.2478/rehab-2014-0019

Greve ], Alonso A, Bordini ACP, Camanho GL. Correla-
tion between body mass index and postural balance. Cl-
nics.  2007;62(6):717-720. https://doi.org/10.1590/s1807-
59322007000600010.

Alonso AC, Luna NMS, Mochizuki L, Barbieri F, Santos
S, Greve JMDA. The influence of anthropometric fac-
tors on postural balance: The relationship between body
composition and posturographic measurements in young
adults. Chinics. 2012;67(12):1433-1441. https://dx.doi.or-
2/10.6061%2Fclinics%2F2012(12)14.

Goulding A, Jones IE, Taylor RW, Piggot JM, Taylor D. Dy-
namic and static tests of balance and postural sway in boys:
effects of previous wrist bone fractures and high adiposity.
Gait posture. 2003;17(2):136-141. https://doi.org/10.1016/
80966-6362(02)00161-3.

Cruz-Goémez NS, Plascencia G, Villanueva-Padrén LA,
Jauregui-Renaud K. Influence of obesity and gender on
the postural stability during upright stance. Obes Facts.
2011;4(3):212-217. https://doi.org/10.1159/000329408.
McGraw B, McClenaghan BA, Williams HG, Dickerson ],
Ward DS. Gait and postural stability in obese and nono-
bese prepubertal boys. Arch Phys Med Rehabil. 2000;81(4):
484-489. https://doi.org/10.1053/mr.2000.3782.

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Niederer I, Kriemler S, Zahner L, et al. BMI group-related
differences in physical fitness and physical activity in pre-
school-age children: a cross-sectional analysis. Res Q Exerci-
se Sport. 2012;83(1):12-19.

Colné P, Frelut ML, Pérés G, Thoumie P. Postural control
in obese adolescents assessed by limits of stability and gait
initiation. Gait Posture. 2008;28(1):164-169. https://doi.or-
g/10.1016/j.gaitpost.2007.11.006.

Deforche BI, Hills AP, Worringham CJ, et al. Balance and
postural skills in normal-weight and overweight prepuber-
tal boys. Int J Pediatr Obes. 2009;4(3):175-182. https://doi.
org/10.1080/17477160802468470.

Gentier I, D’Hondt E, Shultz S, et al. Fine and gross mo-
tor skills differ between healthy-weight and obese chil-
dren. Research in Developmental Disabilities. 2013;34(11):
4043-4051. https://doi.org/10.1016/j.ridd.2013.08.040.
Fjeldstad C, Fjeldstad AS, Acree LS, Nickel K], Gardner AW.
The influence of obesity on falls and quality of life. Dyn Med.
2008;7(1):4. https://dx.doi.org/10.1186%2F1476-5918-7-4.
Pataky Z, Armand S, Miiller-Pinget S, Golay A, Al-
let L. Effects of obesity on functional capacity. Obesity.
2014;22(1):56-62. https://doi.org/10.1002/0by.20514.

Hue O, Simoneau M, Marcotte ], et al. Body weightis a strong
predictor of postural stability. Gait Posture. 2007;26(1):
32-38. https://doi.org/10.1016/j.gaitpost.2006.07.005.

Ku PX, Osman NA, Yusof A, Abas WW. Biomechanical
evaluation of the relationship between postural control and
body mass index. ¥ Biomechanics. 2012;45(9):1638-1642.
https://doi.org/10.1016/j.jbiomech.2012.03.029.

Corbeil P, Simoneau M, Rancourt D, Tremblay A, Teas-
dale N. Increased risk for falling associated with obesity:
mathematical modeling of postural control. IEEE Trans
Neural Syst Rehabil Eng. 2001;9(2):126-136. https://doi.
org/10.1109/7333.928572.

Walicka-Cuprys K, Skalska-Izdebska R, Drzal-Grabiec ],
Sotek A. [Correlation between body posture and postural
stability of school children]. Post Rehabil. 2013;(4):47-54.
https://doi.org/10.2478/rehab-2014-0026.

Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP.
Musculoskeletal disorders associated with obesity: a biome-
chanical perspective. Obes Rev. 2006;7(3):239-250. https://
doi.org/10.1111/j.1467-789X.2006.00251..x.

Del Porto H, Pechak C, Smith D, Reed-Jones R. Bio-
mechanical effects of obesity on balance. Int ¥ Exerc Sci.
2012;5(4):301-320.

Birtane M, Tuna H. The evaluation of plantar pressure di-
stribution in obese and non-obese adults. Clin Biomech.
2004;19(10):1055-1059.  https://doi.org/10.1016/j.clinbio-
mech.2004.07.008.

Hills AP, Hennig EM, McDonald M, Bar-Or O. Plan-
tar pressure differences between obese and non-obese
adults: a biomechanical analysis. Int ¥ Obes Relat Metab
Disord. 2001;25(11):1674-1679. https://doi.org/10.1038/s;.i-
j0.0801785.

Nuttall FQ. Body mass index: obesity, BMI, and health: a
critical review. Nutr Today. 2015;50(3):117-128. https://doi.
org/10.1097/N'T.0000000000000092.

World Health Organization. Body mass index — BMI. 2017.
https://www.who.int/gho/ncd/risk_factors/bmi_text/en/. Ac-
cessed January 20, 2019.


https://doi.org/10.1111/j.1467-789X.2004.00133.x
https://doi.org/10.1111/j.1467-789X.2004.00133.x
https://doi.org/10.1111/j.1467-789X.2004.00133.x
https://doi.org/10.1007/s11999-012-2621-z
https://doi.org/10.1007/s11999-012-2621-z
https://doi.org/10.1007/s11999-012-2621-z
https://doi.org/10.1007/s11999-012-2621-z
https://dx.doi.org/10.1016%2Fj.ambp.2007.08.003
https://dx.doi.org/10.1016%2Fj.ambp.2007.08.003
https://dx.doi.org/10.1016%2Fj.ambp.2007.08.003
https://dx.doi.org/10.1016%2Fj.ambp.2007.08.003
https://doi.org/10.1111/j.1440-1754.2006.00869.x
https://doi.org/10.1111/j.1440-1754.2006.00869.x
https://doi.org/10.1111/j.1440-1754.2006.00869.x
https://doi.org/10.1111/j.1440-1754.2006.00869.x
https://doi.org/10.1111/cob.12091
https://doi.org/10.1111/cob.12091
https://doi.org/10.1111/cob.12091
https://dx.doi.org/10.1136%2Finjuryprev-2012-040341
https://dx.doi.org/10.1136%2Finjuryprev-2012-040341
https://dx.doi.org/10.1136%2Finjuryprev-2012-040341
https://dx.doi.org/10.1136%2Finjuryprev-2012-040341
http://dx.doi.org/10.1123/apaq.26.1.21
http://dx.doi.org/10.1123/apaq.26.1.21
http://dx.doi.org/10.1123/apaq.26.1.21
http://dx.doi.org/10.1123/apaq.26.1.21
http://dx.doi.org/10.1038/ijo.2012.55
http://dx.doi.org/10.1038/ijo.2012.55
http://dx.doi.org/10.1038/ijo.2012.55
http://dx.doi.org/10.1038/ijo.2012.55
https://doi.org/10.2478/rehab-2014-0019
https://doi.org/10.2478/rehab-2014-0019
https://doi.org/10.2478/rehab-2014-0019
https://doi.org/10.2478/rehab-2014-0019
https://doi.org/10.2478/rehab-2014-0019
https://doi.org/10.1590/s1807-59322007000600010
https://doi.org/10.1590/s1807-59322007000600010
https://doi.org/10.1590/s1807-59322007000600010
https://doi.org/10.1590/s1807-59322007000600010
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://dx.doi.org/10.6061%2Fclinics%2F2012(12)14
https://doi.org/10.1016/s0966-6362(02)00161-3
https://doi.org/10.1016/s0966-6362(02)00161-3
https://doi.org/10.1016/s0966-6362(02)00161-3
https://doi.org/10.1016/s0966-6362(02)00161-3
https://doi.org/10.1016/s0966-6362(02)00161-3
https://doi.org/10.1159/000329408
https://doi.org/10.1159/000329408
https://doi.org/10.1159/000329408
https://doi.org/10.1159/000329408
https://doi.org/10.1053/mr.2000.3782
https://doi.org/10.1053/mr.2000.3782
https://doi.org/10.1053/mr.2000.3782
https://doi.org/10.1053/mr.2000.3782
https://doi.org/10.1016/j.gaitpost.2007.11.006
https://doi.org/10.1016/j.gaitpost.2007.11.006
https://doi.org/10.1016/j.gaitpost.2007.11.006
https://doi.org/10.1016/j.gaitpost.2007.11.006
https://doi.org/10.1080/17477160802468470
https://doi.org/10.1080/17477160802468470
https://doi.org/10.1080/17477160802468470
https://doi.org/10.1080/17477160802468470
https://doi.org/10.1016/j.ridd.2013.08.040
https://doi.org/10.1016/j.ridd.2013.08.040
https://doi.org/10.1016/j.ridd.2013.08.040
https://doi.org/10.1016/j.ridd.2013.08.040
https://dx.doi.org/10.1186%2F1476-5918-7-4
https://dx.doi.org/10.1186%2F1476-5918-7-4
https://dx.doi.org/10.1186%2F1476-5918-7-4
https://doi.org/10.1002/oby.20514
https://doi.org/10.1002/oby.20514
https://doi.org/10.1002/oby.20514
https://doi.org/10.1016/j.gaitpost.2006.07.005
https://doi.org/10.1016/j.gaitpost.2006.07.005
https://doi.org/10.1016/j.gaitpost.2006.07.005
https://doi.org/10.1016/j.jbiomech.2012.03.029
https://doi.org/10.1016/j.jbiomech.2012.03.029
https://doi.org/10.1016/j.jbiomech.2012.03.029
https://doi.org/10.1016/j.jbiomech.2012.03.029
https://doi.org/10.1109/7333.928572
https://doi.org/10.1109/7333.928572
https://doi.org/10.1109/7333.928572
https://doi.org/10.1109/7333.928572
https://doi.org/10.1109/7333.928572
https://doi.org/10.2478/rehab-2014-0026
https://doi.org/10.2478/rehab-2014-0026
https://doi.org/10.2478/rehab-2014-0026
https://doi.org/10.2478/rehab-2014-0026
https://doi.org/10.1111/j.1467-789X.2006.00251.x
https://doi.org/10.1111/j.1467-789X.2006.00251.x
https://doi.org/10.1111/j.1467-789X.2006.00251.x
https://doi.org/10.1111/j.1467-789X.2006.00251.x
https://doi.org/10.1016/j.clinbiomech.2004.07.008
https://doi.org/10.1016/j.clinbiomech.2004.07.008
https://doi.org/10.1016/j.clinbiomech.2004.07.008
https://doi.org/10.1016/j.clinbiomech.2004.07.008
https://doi.org/10.1038/sj.ijo.0801785
https://doi.org/10.1038/sj.ijo.0801785
https://doi.org/10.1038/sj.ijo.0801785
https://doi.org/10.1038/sj.ijo.0801785
https://doi.org/10.1038/sj.ijo.0801785
https://doi.org/10.1097/NT.0000000000000092
https://doi.org/10.1097/NT.0000000000000092
https://doi.org/10.1097/NT.0000000000000092
https://www.who.int/gho/ncd/risk_factors/bmi_text/en/

