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Development of garment with elastic straps and
pressure applicator in mechanotherapy to correct
children’s genu valgum
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Objective: Genu valgum (GV), also known as valgus knee, or knock-knee, is a
common orthopaedic condition in growing children. Physiological genu valgum have
intermalleolar distance of up to 8 cm, the greatest distance being observed between 3
and 4 years, disappearing gradually after the age of 7-8 years. If the longitudinal axis
of the knee joint is not aligned by then, physiotherapeutic intervention is called for.
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Aim: The aim of our study was to determine if garment with elastic straps and pressure
applicator could be used in mechanotherapy to correct children’s excessive GV.

Methods: The study has lasted last 6 years and there has been three study periods. In
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were not involved in physical therapy and did not wear orthoses during the study. Once
in every month myometric values (tone, biomechanical and viscoelastic properties
of m. sartorius, tensor fasciae latae, semitendinosus, tibialis anterior, gastrocnemius
caput mediale, m. peroneus longus) were determined with MyotonPro (Myoton AS,
Estonia); anthropometric (height, body mass, intermalleolar distance), and goniometric
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(tibiofemoral angle) parameters were measured according to the standard technique.
During the last three months children didn’t wear garment and final measurement was
done to evaluate long term effect of garment. Individual analysis was carried out to
evaluate the results.

Results: After wearing the garments with pressure and elastic components the
changes in the lower limb joint alignment and biomechanical parameters promoted
the correction of GV position. Three months after the wearing period the changes
occurred the worsening of GV position, which indicates that the muscles could not
maintain the condition achieved by wearing the garment.

Conclusion: The relationship between applied mechano therapeutic stimulus and
changes in the lower limb joint alignment and changes of the biomechanical parameters
are individual. Study continues with upgrading a device where a new solution is found
using digital technology to measure tensile strength at a desired period.

Keywords: children, genu valgum, valgus knee, knock-knee, myometria,
mechanotherapy, gespa, tibiofemoral angle, intermalleolar distance

the body’s condition and properties in the desired direction, while
reducing the duration of the impaction process.!! The musculoskeletal
system adapts to physical influences or lack thereof, which in turn
affects the biomechanical function of the musculoskeletal system.
Asymmetrically effective forces cause asymmetric growth and may
cause both deformation of the joints to deepen. The components of
the musculoskeletal system are particularly susceptible to these forces
during the rapid growth period. This is also the best time to correct
any abnormalities.'?

Introduction

Genu valgum (GV), also known as valgus knee, or knock-knee, is
a common orthopedic condition in growing children, the prevalence
is approximately 7%.' In 2 to 6 year-old children, valgus knee is quite
normal within certain limits of tibiofemoral angle (TFA),> which is
defined as the angle between the anatomical axis of femur with the
anatomical axis of tibia),* and it is expressed indirectly as intercondylar
distance and intermalleolar distance (IMD).* Physiological GV
in childhood have IMD of up to 8cm, the greatest distance being
observed between 3 and 4 years,’ disappearing gradually after the
age of 7-8 years.® If the longitudinal axis of the knee joint is not
aligned by then, and the IMD is more than 5cm,” physiotherapeutic
intervention is called for. The degree of GV has a significant effect on
the development of growing pains® and orthrosis because the imposed
loads are no longer equally distributed between the outer and the
inner halves of the knee.” This is the best time-period for deflexion
correction.'” Optimal dosage of mechanical therapies can stimulate
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There are several non-invasive methods of correcting GV (methods
based on the principle of kinesio-tape; Thera Togs Ultra; different
type of garments), but until now, there is no equipment or method
to evaluate mechanotherapeutic intervention while the process is on-
going so that timely decisions could be made on the effectiveness of
the intervention. The aim of our study was to determine if garment
with elastic straps and pressure applicator'!? could be used in
mechanotherapy to correct children’s excessive GV.
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Methods

The study is carried out as an applied research project in
collaboration with Tartu Health Care College and University of
Tartu. The study was approved by Tallinn Medical Research Ethics
Committee with identifier number 2790 (2012).

The study has been lasted last six years and there has been three
study periods. In all periods (2012-2013;2014-2015;2016-2017)
practical part lasted six months, once in every month anthropometric
(height, body mass, IMD), goniometric parameter (TFA in lying down
and standing position), and myometric values (tone, biomechanical
and viscoelastic properties of m. sartorius, m. tensor fasciae latae, m.
semitendinosus, m. tibialis anterior, m. gastrocnemius caput mediale)
were measured. Participants wore special garment every day at least
6-8 hours for three months. During the last three months children
didn’t wear garment and final measurement was done to evaluate long
term effect of garment.

All anthropometrical and goniometrical measurements were done
according to the standard technique: IMD,'® TFA.> Body height was
measured using a Harpender metal anthropometer to the nearest 0.1
cm, body mass was measured with minimal clothing to the nearest
0.1kg with a medical electronic scale (A&D Instruments, Ltd,
Abingdon, UK), and body mass index (BMI) was calculated (BMI=kg/
m?). To determine the tone, biomechanical and viscoelastic properties
of skeletal muscles myometric method in multiscan mode was used.
MyotonPRO (Myoton AS, Estonia) allow to assess the condition of
the surface skeletal muscles safely, non-invasively, cost-effectively
and in real time."

The study included children who had GV deformity (IMD 5 cm
or more). The condition for inclusion was that the subjects were not
involved in physical therapy and did not carry orthoses during the
study. In the first study period, the GV control group was included,
which did not wear garments.

Description of the garment
I study period (2012-2013)

Subjects (n=12) wore specially sewn garment (Figure 1) with
elastic straps based on the individual dimensions of the child. A
5 cm wide strip of elastic material was sewn to the garment at the
entire length of the lower extremity, similar to the kinesiotaping
methodology. The tensile strength of the installed strap was set on
the dynamometer. Similarly to the kinesiotaping methodology the
joints and the muscular physiological processes of the lower extremity
were supported and stabilized by elastic stripe, providing a necessary
amount of mobility for the lower extremity while preventing excessive
stretching of the muscle. The garments were comfortable for the
child and easy to put on with the help of a parent. Children wore the
garments for three months and daylong. Although during and after
the study some limitations of the garments were observed: there was
no possibility to regulate and measure tensile strength of the installed
strap, the used material lost its shape and supportive function.

Il study period (2014-2015)

All subjects (n=2) wore specially sewn garment with elastic straps
and pressure applicator (GESPA; Figure 2) for three months and they
were told to wear them at least eight hours a day. Garments were
equipped with sensor (Force Sensing Resistor, FSR) sensing pressure
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applied to medial localized part of knee joint.!'> The optimal tensile
strength was computed between 1-2N. If the tensile strength was not
in correct range the signal light occured. It was possible to adjust
the tensile strength with a flexible tape running from under the sole.
Limitations of the garment—the light signal was often unnoticed, so
there was a need for an alternative signal.
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Figure 2 Garments with elastic straps and pressure applicator (GESPA).
|,garments; 2,pressure applying mechanism; 3, control unit; 4, elastic straps;
5, adjuster for adjustment of stress in the elastic straps; 6, body; 7, spherical
segment; 8,pressure sensor; 9,wires; |0, on-off switch; | 1, light (study period Il)
and sound indicators (study period lll); 12, sockets; | 3, channels in the garment
and pockets for sensor.

11l study period (2016-2017)

In the third study period, all subjects (n=6) wore GESPA, where
an acoustic signal was added (signal light removed) which signalled
about the tensile strength (too low or high).
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The statistical package for the social science (SPSS 20) was used
for statistical analysis the influence of wearing garment was detected
with paired t-test. For estimating the skeletal muscle tone (oscillation
frequency—Hz) and biomechanical properties: logarithmic decrement
and dynamic stiffness (N/m), individual analysis was carried out.
MultiScan pattern of 20 measurements was used, and the mean
was considered (MyotonPro User manual. The p value 0f<0.05 was
considered significant.

Results

Mean (£SD) of subjects characteristics in the beginning of each
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study period are presented in Table 1. GV is not associated with the
sex,'® so the results are presented altogether.

In first study period according to National Center for Health
Statistics, all subjects of our study were overweight (BMI>19) or
obese (BMI=27.8). All subjects had normal BMI in study period
IT and III. GV position was indicated according to the IMD values
(Table 1). In first study period there were no changes in IMD and
TFAs/TFALI values during the wearing period in experimental group.
In IT and III study period TFA and IMD values decreased which shows
the improvement of the alignment of the lower limb.

Table | Mean (+SD) of subjects characteristics in the beginning of each study period

Period SG n  Age(y) Height(cm)  Weight(kg)  BMI (kg/m?) IMD (cm)
| EG 12 5.83%+0.9 120.2+9.9 27.8+8.8 19.2£3.1 6.2+3.7
CG 4 6.8+0.5 125.5+3.7 31.0+2.8 19.74£3.5 6.612.0
Il EG 2 6.5+0.7 128.0+9.9 25.5+0.7 15.8+2.9 7.8%1.2
I EG 6 72+1.9 124.9+10.2 28.1+8.2 17.54£3.3 7.242.1
SG, study group; EG, experimental group; CG, control group; IMD,intermalleolar distance
The biomechanical parameters of the muscles are very individual, ii. m. tensor fasciae latae — F=];D=1;S=|;

so the results of these parameters are presented in Tabel 2 as an example
of one subject. There were significant differences in parameters
between left and right side of the body, but the changes were greater
on that side in which a higher abnormality was detected at the first
measuring. There were positive changes (shows the correction of
GV) in biomechanical parameters (frequency=F; decrement=D;
stiffness=S) in all subjects (1—increasing; |—decreasing):

i. m. semitendinosus—F=1;D=|;S=1;

ii. m. sartorius—F=1;D=;S=1;

iv. m. tibialis anterior—F=1;D=;S=1;
V. m. gastrocnemius caput mediale-F=1;D=;S=1.

Three months after the wearing period the changes occurred
promoted the worsening of GV position in all study periods (LILIII).

Table 2 The biomechanical parameters (decrement, stiffness) and frequency of the muscles

Pre-wearing period

Post-wearing period

Muscle

Frequency Decrement Stiffness Frequency Decrement Stiffness

Il rl Il rl I rl Il rl Il rl Il rl
semitendinosus 14.3 14.5%  1.19 1.09% 235  219* 15.2%¢ 1 4.9% % 1.03%* 1.09* 262+ 2445k
tensor fasciae latae 13.6 13.3* 075 0.70% 237 21I* I1.9%* 12.8%%* 0.85%* 0.79%;%* | 59%* 183%;%*
sartorius 12 12.4 1.08 1.17% 164 171% 12.3%* 12.9%%* 1.02%* 0.96%;** 1 68** 186%;**
tibialis anterior 18.2 17.5% .13 I.17% 355 340%* 22.0%* 19.6%;%* 0.94%* 0.89%;%* 444+ 399%%k
gISUrOCNEMIUS CAPUE 15 4 y34¢ 107 LI3* 169 I83*  l4l® |35 0.96*  1.10* 2085 197

mediale

Ll left leg; rl, right leg; *,difference with left leg; **,change compared with pre-wearing period

Discussion

The alignment of the lower limb (evaluated by IMD) should be
balanced usually after age of 8 years.® In Tallinn (Estonia), second-
grade schoolchildren (8-9y;n=4427) have IMD approximately 0.3cm,
but 1.78% of them have still IMD>5cm (unpublished data, 2016). It
shows the lasting problem, which may cause functional disturbances
as altered gait pattern, postural instability, and difficulties in standing,
walking, running, and stair climbing.'® Adults with uncorrected GV
are prone to different knee problems (painful knee, joint instability,
chondromalacia, osteoarthritis) and injuries.!"” There is a need for
non-invasive, painless, and effective method for young children,

which helps to prevent and treat excessive GV. Researchers from
Tartu Health Care College and University of Tartu are creating one
possible method — GESPA, it is really easy to use, comfortable to wear
for children, and the price for parents is in the future also hopefully
reasonable.

GV is associated with vitamin-D deficiency,'® knee injuries,
syndromic and metabolic problems,” and obesity.*?**' In our first
study period all participants were overweight (II and III study period
normal BMI) but free from other mentioned diagnosis.

According to the results’ primary data analysis it may say that after
1T and III study period wearing the garment with tensile strength stripe
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and elasticity components for three months the changes in the lower
extremity joint alignment and biomechanical parameters promoted
the correction of GV position. Wearing garment prevented the GV
alignment in the lower extremity, as there was a tendency to decrease
the IMD, more for those subjects with the actual intensity of the
mechanotherapy stimulus remained close to the selected range (1-2N)
and whose who wore garment for a longer time during the day. No
changes in IMD and TFA values in the first study period was probably
because the garments lost their shape and the supporting function to
knee joint disappeared.

TFA reach a maximum at seven years® and the differences might
be associated also with race and ethnicity.*%!¢232* The average TFA
value at the age of 7-8 years is 4-8°,%!¢ and if it is >8°, it should be
considered abnormal and further evaluation should be necessary.'® In
our study in first study period children had essentially higher TFA
values in all six measurement points, which might be explained by
obesity, height, and increased tone and stiffness of m. tensor fascia
latae.

Garment with tensile strength and elastic components affects
the frequency (tone) and biomechanical parameters (decrement,
stiffness) of the muscles that holds the optimal alignment of knee
joint. According to our results the formation of GV is promoted by
slight elasticity (decrement) of m. gastrocnemius caput laterale and
low tone and stiffness of m. tibialis anterior and m. peroneus longus.
The higher tone and stiffness of m. sartorius holds the stability of the
knee joint, allowing tibia to move slightly lateral direction to maintain
the optimal alignment of lower extremity. Higher decrement of the
m. tensor fascia latae and higher stiffness of m. semimembranosus
stabilize the knee joint.

In our II and III study period, three months after the wearing
period the changes occurred promoted the worsening GV position,
which indicates that the muscles could not maintain the condition
achieved by wearing the garment. However, the changes occurred
during the wearing period were greater than those having occurred
after the wearing period, which refers to the ability of the muscles
to partially maintain the condition achieved by wearing the garment.
Although the changes occurred were mainly individual and differed
among subjects.

The one-way development of the results was probably affected
by some limitations. Firstly the garments FSR device for measuring
the tensile strength was often switched off because the audio signal
that signalled about the wrong tensile strength bothered the child's
everyday life. Therefore, the device could not store the tensile
strength exerted by the garments during the entire period of wearing
garment, and it was not known whether the generated mechano
transduction stimulus was within the recommended range or not.
Secondly, participants wore the garments less than 8 hours during the
day, which probably lessened the garments" effectiveness. Thirdly, we
cannot make any final conclusions because of quite small number of
participants in our study.

Conclusion

In conclusion it may say that relationship between applied
mechanotherapeutic stimulus and changes in the lower extremity
joint alignment and biomechanical parameters are individual. Study
continues with upgrading a device where a new solution is found using
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digital technology to measure tensile strength at a desired period.
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