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Synopsis

Background and justification: African children are reported as having a higher
prevalence of generalised joint hypermobility (GJH) than their Caucasian counterparts
(1). It is believed that abnormal joint biomechanics as a result of the jomnt laxity

contribute to the damage of joints(2). The ability to perceive movement or position sense
at joints (proprioception) is necessary for good postural control and motor
performance(3). Sensory receptors carry information from the joints to the central
nervous system for interpretation and appropriate motor response. Damage to these
receptors or joint pain may have a negative effect on proprioception and motor control. A
number of children with GJH also present with poor motor coordination and some may
even have Developmental Coordination Disorder (DCD). Children with DCD and GJH
also have similar functional difficulties (4). Both groups of children display difficulty in
motor activities at school and home and are referred to as clumsy. There is evidence that
poor motor coordination seen in children with DCD may be as a result of therr nability to
adequately control their flexible joints during movement (5). The role proprioception,
balance and muscle strength plays in the relationship between GJH and DCD is still not

clear.

Aims and objectives: The main aim of this study was to determine whether
proprioception, standing balance and strength in the lower limbs was different between
children with GJH and children with normal joint mobility (NM). The specific objectives
were to firstly identify the prevalence of GJH in a sample of Nigerian children and
determine whether age and gender are related with the prevalence of GJH. Secondly, to
determine whether having DCD or not was associated with differences in performance on

these measures in children with and without GJH.

Method: Children aged 7 to10 years, attending private and public schools in Southern
Nigeria participated in this study. Joint hypermobility was measured using the Beighton
score with goniometry. A cut-off score of >5 hypermobile joints was used to determine
group allocation (GJH and NM). This cut-off point was one score higher than the score
used by Birrell et al., (1994) to measure hypermobility in a Nigerian sample (>4 joints)

(6). The two groups were then assessed and compared on measures of isomeric lower
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limb muscle strength (using a hand-held dynamometer), balance (using the Y-Balance
test), and proprioception (measured using a novel experimental test, created for this study,
called the Wedge Test). The wedge test comprises of four sets of wooden wedges, each
set varying in height: 3mm, 6mm, 9mm and 12mm. The sets were randomly presented.
Sets were either the same (e.g. 3mm and 3mm, 6mm and 6mmm, etc.) or different heights
(for example, 6mm and 3mm or 9mm and 6 mm, etc.). The children were requested to
report the difference in perceived height while standing on two wedges. A penalty score
was calculated related to the child’s mability to detect the height difference. Thus higher

penalty scores were indicative of poorer performance.

The motor performance of the two groups was assessed using the Movement Assessment
Battery Children 2nd edition (MABC-2) (two groups were subsequently formed:
Typically developing (TD) group, who had MABC-2 scores >16th percentile, and the
DCD group who scored < 16th percentile).

Data analysis: Descriptive statistics were used to describe the sample demographic
characteristics, motor performance and jont mobility of the children. The Shapiro Wiks
test was used to check for normality of the data on proprioception, balance and strength.
Mann-Whitney-U test was used to determine whether the ranking of scores in
proprioception, lower limb strength and balance were significantly different between GJH
and NM groups. The two-way ANOVA was used to examine the influence of two
independent variables GJH/NM and DCD/TD on proprioception, lower limb strength and

balance.

Results: 162 pupils participated i this study. 84 children (girls =52, boys=32) were
classified as having GJH (51.85%) using the selected cut off score (>5). Using our
convention of hypermobility defined as >5 joints, we found that children with NM were
less able to detect difference in wedge height in comparison children with GJH (U=
2547.5, z= 2.44, p=0.013), suggesting poorer proprioceptive ability. Children with NM
and children with GJH were not different in performance on any of the six components of
the Y-balance test [right anterior (p=0.87), left anterior (p=0. 96), right posteromedial
(p=0.30), left posteromedial (p= 0.16), right posterolateral (p=0.29), left posterolateral
(p=0.63)]. On the six lower limb strength measures the groups were only different in the
left knee extensors (p=0.01), right plantarflexors (p=0.28), left plantarflexors (p=0.19),
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right dorsiflexors (p=0.05), left dorsiflexors (p=0.10)]. The result of the two-way
ANOVA showed that DCD did not have an effect on proprioception (p=0.22), balance
(p=0.69), and strength (p=0.59) in the lower limbs of children with GJH.

Conclusion: It seems GJH does not appear to affect balance or motor ability. However
the result of better proprioceptive awareness in children with GJH as reported in this
study needs to be varied in other future studies. The high prevalence of hypermobility in
the sample using a cut off score of >5 joints, warrants further investigation as
recommended cut off pomnts appear to overestimate GJH in this population. The fact that
only two children in the GJH group reported pain contradicts the notion that
hypermobility is necessarily associated with more jomt pain. However, since this was a
relatively young sample, further longitudinal studies are required to give more insight into
why some children with joint hypermobility develop symptoms later in life. In practical
terms, we suggest that children with GJH be monitored to determine if they eventually
develop arthralgia later in life.

Keywords:

Joint hypermobility
Balance
Proprioception
Motor coordination

Developmental Coordination Disorder
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Glossary of abbreviated terms

AMEDA: Active Movement Extent Discrimination Apparatus.

The AMEDA is a measure of proprioception that is conducted using active movements.

BMI: Body Mass Index.
It is measured as weight (kilograms) divided by the height squared (metres).

COG: Centre of Gravity
COG is an imaginary point in space calculated biomechanically from measure forces and

moments, where the sum total of all the forces equal zero (7).

COP: Centre of Pressure
COP refers to the location of the global ground reaction force of the centre of mass. An
increase in the centre of pressure excursion velocity measures, is an indication of an

mmpaired postural control (8,9).

DCD: Developmental Coordination Disorder

DCD is a neurodevelopmental motor disorder characterised by delayed motor skill
acquisition and poor motor performance that occurs in the early developmental period.
The deficit in motor skills is sufficient enough to impact the performance of activities of
daily living as well as academic performance and it should not be as a result of a medical

condition like cerebral palsy or muscular dystrophy (10).

FPS: Faces Pain Scale

The FPS is a questionnaire that can be used to measure pain in children and adults with

illiterate adults having a stronger preference for it because of its simplicity (11).

HDCT: Heritable Disorder of Connective Tissue
The HDCT is a group of genetic disorder that affects connecting tissues matrix. They

comprise of Ehlers-Danlos syndrome, Marfan syndrome and Osteogenesis Imperfecta
(12,13)
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HHD: Hand-Held Dynamometer
The HHD is a device that is able to measure the force or power created by contraction of

amuscle or muscle group (14,15).

JHS: Joint Hypermobility Syndrome
JHS is a condition i which joint hypermobility is associated with musculoskeletal

symptoms in more than four joints, including pain of over a period of more than 12 weeks
(16,17).

JPR: Jomnt Position Reproduction
JPR is a measure of proprioception and it occurs when a previously experienced joint
position (target position) is reproduced, either when the joint is passively or actively

moved mto the same range (18).

JPS: Jomt Position Sense
JPS refers to an individual’s awareness of (ability to perceive) joint position in space as a

result of sensation from the joint receptors (19-21).

MABC-2: The Movement Assessment Battery for Children 2nd Edition
MABC-2 is a norm-referenced assessment measure that can be used to assess movement
problems i children, and is the most commonly reported assessment used to determine

the presence of DCD in school aged children (22).

NM: Normal Mobility is the acceptable value of movement at a joint and it is measured in

degrees

ROM: Range of Motion

ROM is the amount of movement at a joint (23,24).

SEBT: Star Excursion Balance Test
SEBT is a physical test that can be used to measure balance. It involves maintaining a
single leg stance while the other leg is used to move the indicator reach (a wooden block)

with the foot as far as possible without falling (25,26).
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TD: Typically Developing

TD refers to children who follow normal developmental milestones in the appropriate and
commonly accepted time frame (27,28).

TTDPM: Threshold To Detection of Passive Motion is a measure of proprioception and
it is reported as soon as joint movement and direction is perceived (18). This assessment

requires that joint movement be detected under different velocities.
TTLQ: The Teachers Traffic Light questionnaire assists teachers n identifying children

that may have functional motor problems. It gives a global mpression of the child's

motor performance according to the teacher’s observation.
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1 Introduction

Generalised Jomt Hypermobility (GJH) is common among African children and occurs as
aresult of their inherent ligamentous laxity (6,29,30). It has been reported that the excess
movement in the hypermobile joint account for the number of challenges. These includes
a higher prevalence of pain and a greater incidence of njury (31,32). In addition, children
with hypermobility in the lower limbs joints have reduced proprioception (33,34), weaker
lower limb muscles (35), and poorer balance compared to their peers with normal
mobility (3,36,37). Whether Afiican children who are hypermobile are affected by these

same challenges is not well described in the literature.

In this thesis, we explored the relationship between GJH, proprioception, balance and
strength in children aged 7-10 years attending a mainstream school, in southern Nigeria.
We further explore the effects of poor motor coordination (Developmental Coordination

Disorder) on these aspects in children with and without GJH.

1.1 Defining Generalised Joint Hypermobility

GJH is characterised by increased laxity of the connective tissue (ligaments, joint
capsules, tendon) surrounding a joint, which manifests as a more than normal range of
motion (ROM) at several joints (13,26). GJH is not considered a pathology, as most
individuals with GJH lead a symptom-free life (35,36).

Individuals with GJH are distinct from other groups, who may acquire joint laxity as a
result of excessive stretching through therr nvolvement in sports (40,41). Other groups
with diagnosed heritable disorders of connective tissues (HDCT), such as Marfan

syndrome, Ehlers-Danlos syndrome and Osteogenesis Imperfecta, also experience joint
hypermobility (36,38,39).

1.1.1 Prevalence and Epidemiology

The prevalence of GJH is varied and is widely reported to be between 3% and 30%,
depending on ethnicity, age and gender (5,16,43). The prevalence of GJH is reported to
be higher among Afiicans and Asians than Caucasians (12,30,44). Though no evidence
has been provided for the high prevalence of GJH among Africans and Asians, it is



assumed that it may be as a result of their genetic make-up (45). To date only one
documented study on GJH has included a population of children and adults from western
Nigeria (6); the other studies have been among adults Nigerian population only (46,47).
Although females are more frequently reported to have GJH, not all studies have shown
an association between GJH and gender (16,29,48). However, there has been a consistent
association between age and GJH with younger children having more hypermobile joints

than adults(16,42,49,50).

In this thesis, we explored whether the prevalence of GJH in our sample of Nigerian
children is indeed higher compared to other studies, and whether age and gender are
related to the prevalence of GJH.

11.2 Consequences of GJH

The presence of GJH has been found to have dual consequences. While some individuals
with GJH enjoy the positive consequence of GJH and remain asymptomatic throughout

life, some individuals experience problems.

A positive consequence of GJH is seen in hypermobile individuals that participate in
sports that require lot of flexibility, examples include ballet, and gymnastics. GJH
coupled with good motor control enables the performer to achieve complex poses and
postures necessary to excel in therr sports (5,51). Gymnasts and ballerinas with GJH for
example are able to take advantage of the extra degrees of movements at their jomnts and

can use it to exhibit better performance than their colleagues with normal mobility (NM).

There are cases of individuals with GJH, who experience the negative consequence of
excessive joint laxity (38,39,52). Several studies have reported that GJH results in
abnormal biomechanics at the joint, which may give rise to pain and increase the risk of
mjuries (31,33,53). Itis also believed that some individuals with GJH may develop Joint
Hypermobility Syndrome (JHS) (46). JHS has been defined as an association of GJH with
musculoskeletal symptoms, such as pain and mild swelling after exercise or activity in
more than four jonts, including pain over a period of 12 weeks when HDCT and other

causes of symptoms have been excluded (16,54).



In some children, laxity in several joints may delay motor development (55) or be
associated with motor coordination problems (4,5,56). Motor control requires
musculoskeletal, neuromuscular, sensory systems, anticipation, balance and internal
representation (57,58), but in a situation where the jont laxity changes the biomechanics
of the joint, the motor control process may be affected. The movement patterns of
children with GJH have been referred to as clumsy and uncoordinated (36,59). It has been
suggested that their clumsy movement patterns seen in chidren with DCD may be as a
result of impaired proprioception (37,60).

We hypothesise that GJH in the lower limbs would affect proprioception and therefore
balance control, which is an aspect of motor coordination. However it is not known if
GJH on its own can cause a deficit in proprioception thereby leading to uncoordinated

movement patterns.

1.2 The Influence of Proprioception on movement

There are various kinds of mechanoreceptors at the joints which provide (the individual)
with important proprioceptive information. Proprioception is one’s ability to perceive
body/joints movements or body/ imb position in space whereas kinaesthesia has been
referred to as the awareness of joint motion (18). When a joint is moved or a limb is in a
position, the mformation is passed to the brain through mechanoreceptors embedded in
the muscles, ligaments, tendons, capsules and skin surrounding a jont (58,61-63). The
proprioceptive information is then organised, interpreted and integrated i a feed forward
loop within the central nervous system to produce an appropriate motor response (64).
Proprioception thus starts from when the sense organs receives a stimulus to the point
where it ends with an appropriate motor response. This function makes proprioception

essential in both motor skill learning and motor control (3).

Jomt movement and joint position seem to go hand in hand during performance of
activities of daily living, indicating a strong association between them and in effect
making it difficult to discriminate between proprioception and kinaesthesia (18,34). For
the purpose of this thesis we will use the term proprioception since it will give a
reflection of both the jont position and joint movement as demonstrated during

performance of activities of daily living (18).



It was hypothesised that GJH increases the risk of injury at a joint which could lead to
damage of various mechanoreceptors and thus reduce proprioception (5). When GJH is
associated with musculo-skeletal symptoms i more than four joints, including pain of
over a period of more than 12 weeks It is referred to as Joint Hypermobility Syndrome
(JHS) (16). Fatoye et al., (2009) found proprioception to be significantly different
between children with JHS and children without JHS (36). The authors suggested that
proprioception deficit in participants with JHS maybe linked to their joint laxity.

However, these studies were limited because the participants had pamn, which in addition
to jomt laxity may have altered afferent sensory mput (33,60).

1.3 The Role of Balance on Motor Performance
Balance is the ability to mamntain one’s centre of gravity (COG) within a base of support
while performing functional activities (57,65). Control of balance results from integration

of multiple systems and overtime with practice, proficiency is achieved (66—68).

Studies have shown that individuals with proprioception deficit present with balance
difficulties during functional activities (7,8,69)(67,70—-72). Lee et al., (2009) in a study of
ten young men with unilateral anterior cruciate ligament injury observed a positive
correlation between balance and threshold for detection of passive motion (TTDPDM)
(73). TTDPDM 1is a measure of proprioception and it is reported as soon as jont
movemnet and direction is perceived (18,74). Schbert-hjalmarsson and colleagues (2012),
studied 20 children with JHS and 24 Typically Developing (TD) children, the children
with JHS were limited in balance as compared to the TD children.

It is still not clear if other factors apart from proprioceptive deficit, can negatively impact

on balance performance i children with GJH.

1.4 The Effect of Strength on Movement
Having adequate muscle strength is one of the building blocks for motor control. Muscles
contain sensory receptors that provide the CNS with information regarding jomt position

and movement (74,75). It is thus possible that muscle weakness may be a reason why



some individuals with GJH have poor motor control (5,76). This reasoning becomes
significant since we have ballerinas and gymnasts who have good muscle strength and
can therefore demonstrate good motor control despite their joint laxity (77). Though they

are more susceptible to injuries than their non-hypermobile counterparts.

Grahame (1999) suggested that the difference in the motor performance of individuals
with GJH may be as a result of variety in the degree of hypermobility (13). For instance,
motor control in an individual with a Beighton score of 5 will have a different from an
mndividual with a score of 7 and above (78). Clinch et al., 2011 found a stronger evidence
of association between GJH and physical activity on a Beighton cut off of >6 compared
with >4 (29). In addition, it is not clear if the connective tissues of individual who acquire
hypermobility through stretching are different from those who are genetically
hypermobile (13).

Ageberg et al., (2005), investigated the influence of muscle strength on balance among 36
patients with unilateral, non-operated acute anterior cruciate injury, the study found an
association between high muscle strength and good balance performance, implying that
muscle strength seems to be significant in balance performance (74). Also, Juul-
Kristensen et al., (2009), found that children with GJH and children without GJH were
not different in knee function and strength (79).

1.5 Motor Control Disorders and GJH

Clumsy, uncoordinated movements are characteristic of children with Developmental
Coordination Disorder (DCD). DCD is a disorder that affects the learning and
performance of motor activities of daily living (10). Children with DCD present with a
wide range of motor impairments, some may manifest deficiencies in gross motor skills,

others may have difficulties in fine motor skills while some may combine difficulties in

both areas (80-82).

Perceptual mformation processing and motor control mechanism are the two path ways
that lead to movement and the process is sequential (83). Perceptual processing has to do
with the way sensory information is registered, mtegrated and interpreted while motor

control mechanism is the ability to choose an appropriate motor response to the processed



sensory information.” A disruption in either/ both of the perceptual processing and motor

control mechanism will lead to motor deficit.

Children with DCD have shown deficits in internal modelling, rhythmic coordnation,
and sensoriperception among many others. Of all the deficits identified in children with
DCD, mnternal modelling and stable coordination pattern have been the most significant
(84).

Internal modelling which is also referred to as predictive control of movement is the
ability to either copy a motor command already stored in the brain or generate a new one
to achieve a desired goal (Wilson etal., 2013).

In performing activities like writing, dressing running that require motor skills, the ability
to either generate a copy or new motor command is very important in learning a new
motor skill or perfecting an old one (Bo & Lee 2013). However, it is still not clear how

biomechanics affects prediction of movement (84).

Kirby and Davies (2007) found an overlap of symptoms between GJH and DCD, with a
high percentage of children with DCD also being hypermobile (4). Jelsma and colleagues
(2013) also found a high percentage of GJH among children with DCD i their study
(64%) and found a negative correlation between their motor performance and joint
mobility (5). It is possible that, the similarities in symptoms between JHS and DCD may
be as a result of the GJH (5). With high number of children with DCD also found to be

hypermobile, it is not known if their poor motor coordination is as a result of joint

laxity(5).

As previously highlighted GJH increases the risk of trauma to the joint receptors and may
reduce proprioception at the joint. Considering the role of proprioception in motor
control, a deficit in proprioception will negatively impact on motor performance (83,84)
Studies that have investigated proprioception have reported deficits in children with DCD
when compared to typically developing children (85-87). However, all these studies were
done in the upper limbs. In addition, none of the studies considered the joint mobility of
the participants.



It therefore appears that when the flexibility and motor control of individuals with GJH is
optimum, the negative consequence of joint laxity is reduced and the ability to mamntain

control at the joints is enhanced (5,53).

1.6 Rationale

To date, the only known study of GJH among Nigerian children was reported by Birrell
and colleagues (1994). Their study found a high prevalence of GJH among their sample
population of children and adults (6). With a documented high prevalence of GJH among
a Nigerian population, it will also be necessary to investigate if there will be any
association between GJH and motor coordination among children in Nigeria. There are
several other issues around GJH that require further investigation. The first relates to the
relationship between GJH and pain. There is limited information concerning the
association between joint pain and GJH in children. Previous studies linking GJH with
pain in children had limitation relating to sample size, methods of assessing
hypermobility and pain (29). Evidence suggests that the prevalence of pain among
children with GJH varies between 30% to 55% (29) and thus it will be useful to

mvestigate the prevalence of pain in Nigerian children with GJH.

It is believed that controlling extra degrees of movement at the joints requires more
postural control (5), but it is known that some individuals with GJH can use their
flexibility to gain supremacy in motor performance over their contemporaries who have

NM. However, the mechanisms by which they are able to achieve this are not known.

Children with DCD and GJH also have similar functional difficulties (4). Both group of
children display difficulty in motor activities both at school and home. Investigating
proprioception in the lower limbs of children with DCD will give more mnsight into how
they control degrees of freedom at the joint. In addition, we may gain a better
understanding of the relationship between balance impairment and deficits in

proprioception.

1.6.1 Research Questions
Therefore, based on the literature, we have identified the following questions:
1. Is there a difference in proprioception (as measured by the wedge test) in children

with GJH and children with NM?



2. Is there a difference in balance (as measured by Y-balance) in chidren with GJH
and children with NM?

3. Is there a difference in lower limb strength (as measured by the hand held
dynamometer) in chidren with GJH and NM?

4. In all of the above, does having DCD or not (TD) influence the results?

1.6.2 Hypotheses
It was hypothesised that the children with NM would perform better on the

proprioception and balance test than children with GJH. It was also hypothesised that
poor motor coordination will impact negatively on the proprioception, balance and

strength of children with GJH.

1.7 Aims and Objectives
The aims of this study were to determine whether proprioception, strength in the lower
limbs and balance was different between children with GJH and children with NM, as

well as, to find out if motor performance had any effect on the abovementioned variables.

The specific objectives were to:
1. Identify the prevalence of GJH in our sample of Nigerian children and determine
whether age and gender are related with the prevalence of GJH.
2. Compare four groups of children: with and without GJH and with /without DCD in
terms of:
1. Demographic characteristics (BMI, handedness, age, gender.)
ii. Lower limb strength using the Handheld Dynamometer
iii. Proprioception using the wedge tests.

iv. Balance using the Y-balance test.

1.8 Research Setting

The study was conducted in Uyo Local Government Area, the capital of Akwa Ibom State
in Southern Nigeria. Figure one shows the various local government areas in Akwa Ibom
state. Uyo covers an area of 187km? and has a population of 309,573. Data collection took
place in two private owned and one government owned (public) schools. The mitial plan

was to conduct the study in a public school, where there was access to more children.



However, majority of the parents could not provide basic information on the exact date of
birth of the children, which was necessary for the study. This informed the decision to
include private schools where the parents could provide information about their children’s
date of birth. All the schools that participated in the study were English speaking schools.
The schools are located in areas of low socioeconomic status with low and medium
income earners. The children were active and apparently healthy. Data collection took

place over three school terms.

Figure 1.1: The map of Akwa Ibom state, southern Nigeria

1.9 Significance of Study

As physiotherapists are involved in the management of children with GJH, identifying the
deficits as it relates to motor performance is important. This will ensure that right form of
management is provided for children with GJH. The result of this study will also provide
more evidence on the characteristic of GJH among children between the ages of seven
and ten years. The information on pain, muscle strength, balance, and proprioception will
also enable health care providers to know if children with GJH are different from children

without GJH as evidenced in literature.



2 Literature Review

In this section, we reviewed and synthesised nformation from literature related to the
various objectives of this study, such as prevalence of GJH in children, motor
coordination and motor control in children with GJH. The review is focused on defining
GJH and evaluating the impact of GJH on proprioception, strength and balance in

children. We also examined the relationship between motor coordination and GJH.

Data for the review were sourced from several online databases; such Clinical key,
PubMed, EBSCOHost, JSTOR, Google Scholar, Science Direct and Wiley online library.
Key words that were used to search included ‘DCD’, ‘joint hypermobility’, ‘muscle
strength’, ‘proprioception’ and ‘balance.” References of useful articles found from the

above databases were further investigated for more leads.

2.1 Joint Hypermobility
Jont hypermobility (JH) is defined as an increase in the joint range of motion (ROM) of
an individual when sex, age and ethnicity have been taken into consideration (88). JH can

be localised, that is, n one jomt, or generalised, across several joints (GJH).

2.1.1 Pathophysiology/underlying mechanisms of GJH
GJH occurs as a result of laxity of the connective tissues of the joint, particularly the

ligaments. Joint connective tissues, such as ligaments, joints capsules, and tendons
contain collagen that enables them to elongate/stretch during movement. There are two
main causes of GJH. The first relates to the hereditary disorder of the collagen, and the
second is the purposeful acquisition of increased range by stretching (13,40,89).

21.2 Assessment of Generalised Joint Hypermobility
Simple scoring systems are the general means by which researchers have defined GJH. It
was first devised by Carter and Wilkinson (1964) than modified by Beighton et al., 1973.
The defined GJH as being present when three of the following test is positive, provided
both upper and lower limbs are involved,

e Passive apposition of the thumb to the flexor aspect of the forearm.

e Passive hyperextension of the fingers so that they lie parallel with the extensor

aspect of the forearm.
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e Ability to hyperextend the elbow more than 10°.

e Ability to hyperextend the knee more than 10°.

e An excessive range of dorsiflexion of the ankle and eversion of the foot (90).
Other methods of assessing GJH include Comtompasis score and the 10 point hospital
del mar (Barcelona criteria) (2,17,91). The scoring systems are most useful in
epidemiological studies because they are fast and easy to administer (90). However, when

precise quantification of movement at a joint is required goniometry is used.

The Beighton Scale was first devised by Carter and Wikerson (1964) and later modified
by Beighton and Horan (1973) and Grahame and Jenkins (1972) (90). Ofall the
modifications that were made to the scoring system devised by Carter and Wilkerson
(1964), t is the modification by Beighton and Horan (1973) that gives a better reflection
of generalised joint laxity because of the inclusion of forward flexion of the trunk and
dorsiflexion of the little finger beyond 90°.

The Beighton score mvolves allocating a point for each side of the body that is
hypermobile. The following joints are tested 1) passive dorsiflexion of the little finger
beyond 90 degrees, 2) passive apposition of the thumb to the flexor aspect of the forearm,
3) hyper extension of both elbows beyond ten degrees, 4) hyper extension of the knees
beyond ten degrees, 5) forward flexion of the trunk, with knees straight, so that the palms
of the hands rest easily on the floor. The score ranges from 0-9, a high score indicating
GJH. Beighton scores of >4 and > 5 have been the most commonly used cut-off scores in

studies to define GJH (6,29,33).

Smits-Engelsman et al, (2011) conducted a study of the validity of the Beighton score
among 551 children, aged 6-12 years recruited from elementary schools (16). The authors
measured passive ROM of major joints in the extremities using goniometry in a
standardised manner. 35% of the children scored more than 5/9 on the Beighton score.
The children who scored high on the Beighton score also showed increased ROM in other
joints measured (16). Juul-kristensen et al., (2007) reported interrater reliability of the
Beighton score to be above 0.80 except for little finger and elbow that was >0.60 (92). In
another study of intrarater and interrater reliability of the Beighton score by Remvig et
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al., (2007) the Kappa score for intrarater and interrater reliability were 0.75 and 0.78
respectively (93).

2.13 Epidemiology of Generalised Joint Hype rmobility

The lack of international consensus on the Beighton score cut-off to be used to define
GJH has accounted for the variation m the reported prevalence of GJH (3%-33%). For
example, Smits-Engelsman and colleagues (2011) considered two different cut off points
to identify children with GJH in the sample population (16). Using a Beighton score cut-
off of > 5 they found the prevalence was 35.7% but it reduced to 9.5% in the same sample

population when a Beighton score cut-off of >7 was used.

Seckin et al.,(2005) reported a prevalence rate of GJH at >4=62% and >5=15 among 861
Turkish high school students with mean age (S.D.) =15.4 years (1.1) % (43). Birrell and
colleagues (1994) used a score of > 4 to define GJH in 204 Nigerian individuals aged
range 6-66 years (6). Toit and colleagues (2011) defined GJH among 480 individuals in
South Africa, age range of 18-25 years, with a Beighton score cut of > 4 (42). The
prevalence of GJH was 26.19% among the sample population. Van Dongen et al., (1999)
mvestigated GJH among 509 South African pregnant women (94). GJH was defined with
Beighton score cut-off of >5.4.9% of the women were hypermobile. It appears literature
on hypermobility among African children is limited. There is no consensus on the

Beighton score cut-off for children.

Studies that used a score of >4 was reported to be an exaggerated prevalence of GJH and
have therefore called for a stricter cut off of the Beighton score (16,29,51). Some studies
have shown how prevalence of GJH changes when different Beighton cut off scores is

used.

Therefore several authors have called for consensus on the Beighton cut-off pont so that
hypermobility will not be under or over represented in a population (29,90). However,
since joint laxity reduces as age increases it might therefore seem appropriate to have a
higher cut-off for children and a lower cut off for adults (6,53). In addition, it has been
recommended to take ethnicity as consideration and use a higher cut-off score for

Africans and Asians. A Beighton score of >7 may be appropriate.
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2.14 Distinguis hing between Generalised Joint Hypermobility and Joint Hype rmobility
Syndrome

GJH and Joint hypermobility syndrome (JHS) are not the same condition although

mnformation about these two terms have been mixed up in literature (90). While GJH

presents with only articular features, JHS has shown both articular and extra-articular

features.

JHS is characterised by the presence of musculoskeletal symptoms (joint pain, dislocation
and subluxation) in more than four joints over a period of 12 weeks in the absence of

other rheumatic, neurological, skeletal and metabolic disorders (13,16). Although JHS is
a multi-system disorder, the symptoms are mild and not life threatening, for this reason it

is also referred to as Benign Joint Hypermobility Syndrome (BJHS) (33,95).

The presence of these extra-articular features made the Beighton scoring system
inadequate to diagnose JHS so this led to the formation of the Brighton criteria which
comprises of major and minor criteria to identify JHS. The major criteria are, a Beighton
score of 4/9 or greater (either currently or historically) and arthralgia for longer than 3
months in 4 or more joints. Minor criteria are, 1) a Beighton score of 1,2 or 3/9 (0, 1, 2 or
3 if aged 50+). 2) Arthralgia (>3 months) in one to three joints or back pain (>3 months)
Spondylosis, Spondylolysis or spondylolisthesis. 3) Dislocation/subluxation in more than
one joint, or in one joint on more than one occasion. 4) Soft tissue rheumatism >3 lesions
(e.g. epicondylitis, tenosynovitis, bursitis). 5) Marfanoid habitus (tall, slim, span/height
ratio >1.03, upper: lower segment ratio <0.89). 7), Arachnodactyly (positive
Steinberg/wrist signs). 6) Abnormal skin: striae, hyper extensibility, thin skin,
papyraceous scarring. 7) Eye signs: drooping eyelids or myopia. 8) Varicose veins or

hernia or uterine/rectal prolapse, (52).

JHS is diagnosed in the presence of two major criteria, or one major and two minor
criteria, or four minor criteria. Although there is no biological maker for JHS, it has

autosomal dominant inheritance, so two minor criteria will suffice where a family

member has similar problem (39,90).
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2.2 Generalised Joint Hypermobility and Pain

Laxity of joint makes the joint unstable, predisposing it to joint subluxation and
dislocation in the short term and osteoarthritis in the long term. The soft tissues around
the joints are not usually strong enough to cope with the laxity and this may also increase
the frequency of strain and sprain of the soft tissues during activities (13). The resultant
effect of this on the joint is repetitive trauma at the joint and the consequence is pain and

dysfunction (31).

Pain is measured using either the self- reported one-dimensional or multidimensional
scales (96). Examples of the one dimensional scale include Visual Analogue Scale
(VAS), the Numerical Rating Scale (NRS) and the Verbal Rating Scale (VRS), and the
multidimensional scales are McGrill pain questionnaire and St. Antonine pain scale.
These tools have been found to be reliable and valid measure of pain in both adult and
children population (97,98).

The Faces Pain Scale (FPS), NRS, VAS, pieces of hurt, colour scales and adjective scales
have been used to evaluate pain in children and FPS is reported to be the most preferred
by children, probably because it is simple to administer (99). It has a reliability range of
0.26-0.70. The FPS has six faces ( see figure 2.1) with numeric values of 0, 2, 4, 6, 8, and
10 assigned to each (97). The first which has a neutral face measure 0, signifies no pain

and the last face measures the most pain I have ever experienced.
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LITTLEBIT  LITTLE MORE EVEM MORE  WHOLE LOT WORST

Figure 2.1: The Faces pain scale

Tobias et al., (2013), assessed pain with the focus 17 pain questionnaire and reported that
adolescents with GJH had higher musculoskeletal pain at the knee jomnt (8.8%) than the
ankle joint (6.8%) (31).

Evidence has shown that children with GJH (age ten and below) experience less pain and

dysfunction compared to adolescents (age 13-18 years) with GJH. Smits-Engelsman and
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colleagues (2011), argued that pain was not a necessary symptom to assess in the children
with GJH i the age range 6-12 years because they were not different in frequency of
reported pain after exercise from children with normal mobility (16). Similarly, Juul-
Kristensen et al (2009) found the frequency of musculoskeletal pain in eight years old
children with and without GJH to be the same (51).

Tobias and colleagues (2013), in their study of 2901 children, first identified children
with GJH at a mean age of 13.8 years and found a prevalence of 4.6% among the study
population (31). They re-evaluated the children 5 years later at the mean age of 17.8 years
for moderate to troublesome musculoskeletal pain which has lasted for over 1 day, 16.1%
reported pain at the lower back, 9.5% reported pain at the shoulder, 8.8% reported pain at
the knee and 6.8% reported pain at the ankle. They also found that knee pain was higher
among the participants with GJH who were also obese. Their study result showed an
association between GJH and pain at the shoulder, knee and ankle but not at the lower
back, they argued that this association may be as a result of age and Beighton cut-off of
>6 that was used. This study provides evidence that older children with GJH may
experience more pain than younger children with GJH. However, there is an indication

that their body mass should also be taken into consideration.

2.3  The Impact of Obesity on Generalised Joint Hypermobility and
proprioception
It has been suggested that an increase in the mechanical load on weight-bearing joint can
increase the risk of pain and mjuries at the joint (76,100). It has also been suggested that
the report of musculoskeletal pain will higher in hypermobile individuals who are obese
(100). This is because of the impact of excessive body weight on the abnormal joint
structure. The effect of this over time is possible deficit in proprioception or balance (76).
Clinch etal, 2011 i their study found an association between an association between
GJH and obesity (29). Smilarly, Tobias and colleagues (2013) found an association
between GJH and obesity. Their study found a higher risk of knee pain in adolescents
with GJH (31). In contrast, Bout-Tabaku et al., (2014) in their study of 142 adolescents
did not find an association GJH and obesity (76).
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2.4 Generalised Joint Hypermobility and Motor Control

Effective movement gives children the opportunity to play, mnteract with their
environment, perfect their motor skills and learn new ones (101). For individuals who are
mvolved in competitive sports, success in their field will rely on control and accuracy of
movement (18,64). The ability to gain good motor control when performing movement is
as aresult the brain integrating sensory mnformation on proprioception, balance and

strength (3). This cerebral processing shows the complexity of motor performance.

Children with GJH may demonstrate the same level of motor performance and physical
activity as their counterpart without GJH (51,102). There has also been a high prevalence
of GJH among ballet dancers gymnasts and swimmers, most likely because those sporting
activities require joint flexibility for their good performance (5). However, it is important
to know if the presence of GJH affects motor performance (coordination and balance) in a
negative way. It may be logical to assume that if by reason of trauma or disease condition
to a joint there is a breakdown in the passage of information to the CNS and feedback

from the CNS, motor coordination will be affected.

24.1 The Impact of Proprioception on Generalised Joint Hypermobility

Proprioception has been defined both as joint position sense, and a perception that helps
to identify, organise and interpret sensory information from musculoskeletal, vestibular
and visual systems (73). Proprioception helps us to know how the body moves as well as
the position of body, or body segment in space. That way, proprioception can help an

mndividual internally represent and understand his environment.

Jomt receptors, muscle spindles and skin receptors provide sensory information on joint
position and joint movement but evidence has shown while the primary ending of the

muscle spindle give sensory information on both joint position and joint movement, the
secondary ending of the muscle spindle gives sensory mnformation on only joint position

(103).

Musculoskeletal mechanoreceptors that are embedded in the muscles, tendon, ligament,
and joint capsule, includes Ruffini ending, Pacinian corpuscles and Golgi bodies and free
nerve endings (73,104). Pacinian corpuscles are quick adapting mechanoreceptors; they

are thought to mediate sensation of joint motion. The Ruffini endings and Golgi tendons
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are slow adapting mechanoreceptors which mediate sensation of joint position and most

importantly joint movement as they are able to detect change in muscle tension (103).

Michelson & Hutchins, (1995), investigated the distribution and classification of
mechanoreceptors in the ankle ligaments (105). Type-1 receptors which provide position
sense were less frequently found in the ankle ligament, the authors however found in
abundance, Type-11 receptors which is believed to provide a sense of beginning of jont
motion and Type-111 receptors which is thought to provide sensation at the extreme of
motion. The abundance of Type-111 receptors in the ankle ligaments is very significant,
as this should ensure prevention of injuries. In addition the receptors carry sensory
mformation required for a good postural control that ensures one’s ability to maintain

stable base after a perturbation in order to prevent falls (72).

Based on significance and use, the musculoskeletal and vestibular systems are also
referred to as full time proprioceptive receptors, while the visual system is viewed to be a
part time proprioceptive receptor (3). However, in standing position and some other
dynamic functional activities, the visual and cutaneous receptors at the feet that have
otherwise been referred to as part proprioceptive receptors, may find high relevance.
They can also help to clarify body segment positions. Full Weight Bearing (FWB) and
Partial Weight Bearing (PWB) facilitate different proprioceptive effects. In FWB
condition the body weight puts more load on the joint capsule and causes maximum
approximation of joint that will enhance the recruitment of sensory receptors necessary
for carrying proprioceptive information to the bram, increased stimulation of jomt

receptors acts as afferent inputs to the muscle spindles thereby increasing the muscle tone
(106).

Kinaesthesia is defined as sensory stimuli that result from movement, these stimuli is
what the brain uses to tell positions and movement of the imbs and as a result will
unconsciously guide motor performance accurately (18). It may therefore be right to say
the two terms ‘kinaesthesia’ and “proprioception” are synonymous (3). When we also
consider our everyday activity separating kinaesthesia and proprioception may be
difficult, because as movement that ends in a position it will also commence from a

position.
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2.4.1.1 Measurement of Proprioception

Proprioceptive acuity is demonstrated both by how proprioceptive information is received
and how it is integrated and used (18,101). There are three techniques that can be used to
assess proprioception, they are: 1) Jomt position reproduction (JPR), 2) Threshold to
Detection of Passive Motion (TTDPM), and 3) Active movement extent discrimination
(AMEDA) (18). These techniques are based on different concepts, assess the different

aspects of proprioception and are carried out using different methods.

e JointPosition Reproduction (JPR)

During a JPR test the participant is required to control the level of a stimulus, (which may
either be greater or lesser than the reference stimulus) and adjust it to a reference

stimulus. It is also referred to as a form of method of adjustments (18). For example, a
limb is first moved to a certain position at a certain velocity, which the individual is
required to note and reproduce. This first position is the reference position. Moving the
limb at the same velocity either from a position greater or less than the reference position,
the individual is the required to stop the movement once he perceives the reference

position.

In a systematic review of measurement of knee joint position sense, Smith et al., 2013
reported an intrarater reliability ICC range of 0.18-0.88 (101). Active positioning and
replication of the knee joint in standing position intrarater relability ICC range 0.87-0.88.
Angle motion chair to measure passive knee position and replication, intrarater reliability

ICC range = 0.86, interrater reliability ICC=0.73 (94).

e Thresholdto Detection of Passive Motion (TTDPM)

The TTDPM is one form of method of limits and it can be performed either in ascending
or descending order (18). In the ascending method, the limb is moved at such a low level
that the participant is unable to detect it; the movement is then gradually increased until
the participant can just detect it. The reverse is the case for the descending method. In
which case the test starts from when movement can be perceived to when it becomes

unnoticeable.

Deshpande et al., (2003) used a motorised footplate to investigate movement perception

at the ankle m 3 groups of participants, young adults (20-39 years), middle aged adults

18



(40-59 years), and older adults (>60 years) (61). The study included a total of 24
participants with 8 participants in each group, they reported a test-retest reliability of
TTDPM range of 0.79-0.95 for the three groups (61).

e Active Movement Extent Discrimination Apparatus (AMEDA)

The AMEDA method is called a method of constant stimuli. In this method, movements
are presented in pairs (a constant position and variable positions). The individual is
expected to make a comparison between the two movements either by reporting a
perception of movement (absolute threshold) ora comparison between the constant
stimulus and variable stimuli (18). The constant stimuli method is the only method that
requires practice trials because it is a measure of discrimination between the constant
movement and the variable movement. The standard stimulus is presented randomly; this
prevents the participant from anticipating the next stimulus. This way error of expectation

and habituation is reduced (18).

In conclusion, of the three technique used in assessing proprioception, it is only the
AMEDA technique that gives a picture of the role proprioception plays in motor activities
of everyday life (18).

2.4.1.2 GJH and Proprioception

It is suggested that the poor motor control sometimes seen in children with GJH may be
linked to dysfunction in proprioception (36,107). The proprioceptive information
available to the central nervous system (CNS) on posture, mitiation and extremes of joint
movements is highly relevant in the coordination of movement. Due to the laxity of the
connective tissues in GJH the joint biomechanics is abnormal, this will cause instability,
repeated stress on the joints, and the resultant effect will be deficit in proprioception
because of the damaged joints receptors (31). In addition, pain can alter afferent sensory
mnput and cause a deficit in proprioceptive awareness. A deficit in proprioception will
affect motor coordination and balance (33,60).

More studies have mvestigated proprioception at the knee joint than other joints in the
lower limb, this might be because the knee jont has been reported to be more at risk of
mjury than the other joints of the lower imb (102). Fatoye et al., (2009) investigated knee
joint proprioception in 66 children (8 and 15 years), 29 children had JHS and 37 were
healthy with NM. A purpose built motorised proprioception measuring device was to test
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JPS and joint movement. Their findings showed that children with JHS had significantly
poorer proprioceptive acuity compared to healthy controls (36). The authors were of the
opmion that the poor proprioception at the knee might be because of damage joint
receptor, although a causal relationship between damaged joint receptors and poor
proprioceptive acuity was not established in the study. The result of this study is the only
known data investigating proprioception in children with JHS (36). Given that joint laxity
can predispose to damage of joint receptors, it will also be important that sensorimotor

function of children with GJH be investigated.

Proprioception has been found to reduce as age increases; however what is not known is
if this deterioration starts from childhood. A longitudinal study will help answer this
question, if this is known appropriate help and advice can be given to individuals who are

at risk damaging their joints and ligaments receptors.

Mishra et al., (2013) compared knee JPS and ROM between young adults and elderly
subjects, the authors found JPS and joint movement to be poorer in the elderly subjects

(108). According to them, the deficit maybe because of aging process.

There is a suggestion that pain can affect afferent mnput, which will manifest as a deficit in
proprioception. Jeremiah and Alexander (2007) found that individuals with GJH who had
significantly greater shoulder mobility (p=0.004) but were not different in proprioception
from individuals without GJH (p=0.27). Both groups were pain free (60). They were also
of the opinion that pain will be higher among subjects recruited from clinical settings,

who may also be experiencing pain.

24.2 Relationship between Balance, Proprioception, and Generalised Joint
Hypermobility

Static balance is the ability to maintain one’s centre of gravity with minimal movement

while dynamic balance is the ability to maintain a stable/upright position while moving

(108). Balance is significant in the process of motor learning as it ensures that the child

continues to participate in activities that will promote motor learning (69,109). Individuals

with balance impairments, individuals with GJH may also show reduction in levels of activities

and participation, as they do not have the stable platform for motor activities (70).
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Keeping balance requires inputs from the visual, proprioceptive and the vestibular
systems to the Central Nervous System (CNS) for the required motor response (108).
When there is a perturbation there must be a proper integration of sensory inputs by the
CNS for good balance performance (8,72). It therefore implies if there is a deficit in
proprioception balance will be affected negatively (65). This will ultimately affect the

motor control of the ndividual

Balance control may also be affected by jomt ROM. Falkerslev et al., (2013), found from
their study, that the strategy utlilized by children with GJH to achieve balance when the
task is difficult is similar to the strategy utilised by typically developing children between
ages three and six years who are still developing ther balance skills (40). In a group of
children 8-16 years, Schubert- Hjalmarsson et al., (2012), found a significant difference
between the balance performance of children with JHS and children without JHS (70).
The authors were of the opiion that the joint laxity may be responsible for the poor
balance performance i the children with JHS. Suggesting that motor control may be poor

i individuals with GJH.

However, Juul-Kristensen et al., (2009), did not find a significant difference between the
balance performance of eight year old children with GJH and the children without GJH
(51). Itis believed that GJH may not present with deficit in 8 year old children as
prevalence of musculoskeletal pain, njuries and fatigue is low among children below the
age of 12 years (16,31).While Juul-Kristensen et al., (2009), in their study did not find a
difference i the level of activity between children with and without GJH (51), it was
significantly different between children with JHS and children without JHS in the study
by Schubert-Hjalmarsson et al, (2012) (70).

2.3.2.1 Measurement of Balance

Balance can be assessed under different sensory conditions (e.g. with eyes opened or
closed, soft surface or hard surface) and during static and dynamic conditions. Force
platforms and clinical equipment can also be used to assess balance. For the purpose of
this study, we chose to evaluate the Y-Balance test, which is a valid instrument that can

be used to measure balance.
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o Y-balancetest

An example of clinical apparatus used to assess balance is the Y-Balance test (Functional
Movement.Com Danville, VA). The Y-Balance test is used to measure balance in an
mndividual maintaining single leg stance while the contralateral limb is used to move the

indicator reach as far as possible without falling (25).

The Y-balance test consist of a platform for stance and 3 pipes connected to the stance
platform, the subject to be tested stands on the stance platform and uses the other limb to
move the reach indicator along the calibrated pipe (110). Each reaching direction offers
different challenges can be used to identify individuals chronic ankle instability (25). The
goal of the task is to have the ndividual establish a stable base of support on the stance
limb in the middle ofthe testing grid and maintain it through a maximal reach excursion

in one of the prescribed directions.

Each reaching direction offers different challenges and requires combinations of sagittal,
frontal, and transverse movements. The goal of the task is to have the individual establish
a stable base of support on the stance limb in the middle of the testing grid and maintain it
through a maximal reach excursion in one of the prescribed directions. It has been
reported that the anterior, posteromedial and posterolateral reaches on the Y-balance test

can be used to identify individuals chronic ankle instability (25).

Faigenbaum et al., (2014) found the Y-Balance test to be a feasible and reliable test of
balance i children between the age 6.9-12.1 years (109). The overall ICC was reported
as between good and moderate, anterior (right=0.82, left=0.82), posteromedial
(right=0.77, left=0.75), posterolateral (right=0.88, lefi= 0.77). The ICC within session
was 0.995 and between sessions was 0.907-0.974.

243 The interaction be tween Strength, Generalised Joint Hypermobility and
proprioception

Development of motor control requires that motor skills be reinforced through daily use

in purposeful activities (111). However, the strength an individual is able to generate

from the muscle determines to a large extent the activity he will be able to participate in

(75,112,113). Also, muscles contain receptors that carry sensory nformation as it pertains
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to proprioception to the brain, and this information is used for the maintenance of postural

control and balance (73).

Children with JHS have demonstrated neuromuscular deficits such as muscle weakness
which has been linked to joint laxity and deficit in proprioception (33,114). Over time,
especially in cases where the joint instability leads to frequent mjuries, activities will be

reduced thereby leading to muscle weakness

2.4.3.1 Measurement of Strength
Parametric measures of muscle strength have been found to be a more objective means of
quantifying muscle strength than manual muscle testing (115). It is also a good means of

detecting early muscle weakness in pathological conditions.

o The Hand Held Dynamometer (HHD)
The Hand Held Dynamometer (HHD) can be used to evaluate isometric muscle strength
and because of the size, ease of use and low cost compared to other isokinetic

dynamometers makes it the preferable instrument of use (115).

The HHD has a reported test-retest correlation coeflicient reliability range from 0.84-0.99
indicating good to excellent reliability and the median and modal correlations for all the

muscle groups of either 0.97 or 0.98 (116).

Measurement of the lower limb strength is necessary as we will also be investigating

proprioception at the ankle jomnt.

2.5 The impact of Motor Coordination Problems in children with
Generalised Joint Hypermobility

GJH is not a developmental disorder, but some children with GJH also suffer

coordination impairments (117). Itis assumed that if proprioception that is required for

coordinated movements is reduced in children with GJH, their opportunities to practice

and mature in motor skills may be reduced and this may eventually lead to delayed motor

development.
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Tirosh and colleagues, (1991) refuted this assumption who examined a group of 59
mfants at 18 months, who were divided into groups according to their joint mobility and
motor development. Group A consisted of 20 infants with GJH and delayed motor
development, group B consisted of 19 infants with GJH and normal motor development
and group C consisted of 20 infants with normal mobility (NM) and normal motor
development. The children were reassessed 3.5 years later on their gross motor skill and
mtegration of their visual and fine motor skill The result of their study showed that
children who had GJH and delayed motor development at 18 months were significantly
delayed mn therr motor performance at five years. The children who had GJH and normal
motor development at 18months did not show any significant delay in their motor
performance at 5 years. GJH was also reported to have resolved more frequently (84%) in
children who had GJH and no motor delay than in infants (40%) whose joint mobility
was associated with motor delay at 18 months. The findings from this study contradict the
opmion that GJH is associated with motor delay (55). However, this study has also
provided evidence that there may be 2 subgroups of GJH. The first consisting of
individuals with GJH and normal motor development and the second group consisting of
ndividuals with GJH and motor dysfunction. Tirosh and colleagues (1991) suggested that
the motor dysfunction i individuals with GJH and motor deficit may be as a result of an

mpairment from the CNS (55).

Kirby and colleagues (2005), demonstrated from their study that children with JHS also
have difficulties with activities of daily living and academic performance similar to
children with Developmental Coordination Disorder (DCD) (56). DCD is a motor control
disorder that manifests as a delay or deficit in acquisition and execution of motor skill, in
which an individual’s motor performance is below the expected chronological age (10).
The motor deficit must be sufficient enough to affect activities of daily living and
academic performance that must not be explained by the presence of other medical

conditions like cerebral palsy and muscular dystrophy (10).

Jelsma etal, (2013) found the prevalence of GJH was twice as high in children referred
for DCD as compared with the prevalence of GJH i both the random and matched
Typically Developing (TD) groups (5). They reported a negative correlation that was
significant between joint mobility and motor coordination. This was not the case i the

study by Engelbert and colleagues, their study did not find an association between GJH
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and motor development, though they observed that one third of the children with GJH
had severe motor delay (89). This evidence gives a possible association between motor
coordination and GJH. With the high prevalence of GJH among children with DCD, the
evidenced link has however not demonstrated a conclusive association between them.

The most prominent reason is the methodological differences in reported studies (118).

In the study by Jaffe et al,(1988), which consisted of 715 infants within the age range of
8-14months, demonstrated an association between GJH and motor development (119).
Apart from the lack of a conclusive association between DCD and GJH, it is also

important to know why only some children with GJH have poor motor coordination.

251 Assessment of Motor Coordination
The Bruininks—Oseretsky test of Motor Proficiency (BOTMP), the Movement
Assessment Battery for Children 2nd Edition (MABC-2), are tools that have been used to

measure motor coordination in children (120-122).

° Movement Assessment Battery for Children 2nd Edition (MABC-2)

The MABC-2 is a norm referenced tool that has been more frequently by researcher
among children of various cultures to assess motor coordination in school aged children
(22,123-127). It can also be used to design or plan programme for management of these
children (22).

The MABC-2 has 8 items divided into 3 motor skill categories which are: Manual
dexterity, Aiming & catching and Balance. The raw score obtained from each item is
converted to a standard score, a total test score was then obtained by the summation of the
eight task standard scores, the total test score was used to obtain the percentile score, see

appendix 10.

A percentile score of <5 is classified as definite motor problem, a percentile score

between the 5t and 16 is classified to be at risk of DCD, while percentile score of >16 is
classified as no motor problem. The MABC-2 was also reported as a reliable measure of
mild to moderate motor impairments in young children in a research by van Waelvelde et

al.,, 2007 (128). The test retest of the total score yielded an intra-class ICC of 0.88.
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2.6 Conclusion

Afiican children are more hypermobile than their Caucasian peers. For individuals with
GJH, lax ligaments give them extra degree movement at the jont that can lead to
abnormal joint biomechanics, joint dysfunction (pain) or abnormal motor coordmnation.
Taken together, it is therefore important that prompt attention be given to African
children with GJH.

It is assumed that controlling extra degrees of movement at the joint should be more
difficult in persons with GJH (5), but it is still not known how some individuals with GJH
are able to use their flexibility to gain supremacy in motor performance over their
contemporaries who have NM (5). Considering that an efficient motor performance is
based on good motor control, the available information on motor control in children with
GJH is not sufficient. The extent to which the hypermobility affects proprioception,

balance and motor coordination in GJH is also not known.

With the evidence of DCD co-existing with GJH the extent of impact of DCD on motor

performance i individuals with GJH is also not known.
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3 Methodology

3.1 Research Design

A cross-sectional, descriptive study design was used.

3.2 Study Participants

The study participants included pupils between the ages of 7 and 10 years old from two

private and one public schools, all located in Uyo Local Government Area, Akwa Ibom

State. The following exclusion criteria were applied:

e Children two years older than the standard age of the class.

e Self-reported acute mjury or illness on the day of the assessment by the children.

e Diagnosis of a developmental disability such as cerebral palsy, muscular dystrophy,
known to affect motor performance as identified by a parent or

teacher.

3.2.1 Sample Size Determination

The sample size for this study was calculated using the hypothesis that there would be no
difference in the proportion of children with proprioceptive deficits in the two groups,
children with JHS and children with NM. Fatoye et al., (2009) demonstrated that children
with JHS had significantly poorer proprioception compared to children with NM (36). The
calculation was based on two independent group comparisons (assuming normality) with
a minimum clinically relevant difference of 3° and an SD of 2.7° in knee joint position
sense (JPS). Alpha was set at 0.05 and power level at 90%. A minimum sample size of 27

children in each group was estimated on this basis.

3.3 Instruments?!

The following mstruments were used in the assessment of the participants:

33.1 Measuring Body Mass Index-for-age (BMI)
The World Health Organisation (WHO) developed an age-gender specific BMI for school
children and adolescents (129). According to the WHO protocol, anthropometric

! Additional information conceming each instrument is presented in the Literature review
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measurements of the children were taken in standing position. The date of examination
and the child’s date of birth was used to obtain the exact chronological age at the time of
assessment. The WHO Anthroplus software was used to obtain the age-gender specific
BMI. After which they were categorised according to WHO classification;

e Overweight: >+1SD.

e Obesity: >+2SD.

e Thinness: <-2SD.

e Severe thinness: <-3SD

3.3.2 Beighton score with Goniometry

The nine-point Beighton score along with goniometry (16) was used to assess joint
hypermobility (Appendix 6). Children are given a numerical score of 0 to 9, one point for
the ability to perform each of the following tests 1) Passive dorsiflexion of the little finger
beyond 90 degrees, 2) Passive apposition of the thumb to the flexor aspect of the forearm,
3) Hyper extensions of both elbows beyond ten degrees., 4) Hyper extension of the knees
beyond ten degrees., 5) Forward flexion of the trunk, with knees straight, so that the
palms of the hands rest easily on the floor.

Birrell etal., (1994) assessed a sample population of adults and children (6-66 years) for
JH in south west Nigeria using a Beighton score cut-off of >4. We decided to use a
Beighton score cut-off of >5 since our study population consisted only of children who
have been reported to be more hypermobile than adults.

A 15cm, 360 degrees goniometer was used in this study to assess the range of motion at

the elbow, knee and a 180° goniometer was used for the 5" metacarpophalangeal joint.

3.3.3 Measurement of pain with Pain Questionnaire

The Faces Pain Scale (FPS) was used to assess pain in this study because it uses pictures
which, are easy for the children to give the appropriate response. Participants were first
asked if they have pain in any part of their body and they were expected to respond with a
yes or no answer. If their response is yes, they are shown a picture of the human body and
asked to circle the part of the body they are experiencing pamn. After which FPS is used to

indicate the ntensity of the pain they are experiencing (11).
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The faces pain scale (FPS) is a valid and reliable tool that can be used to measure pain in
children (98). The FPS has also been compared with the visual analogue scale and verbal
scale, the correlation between scores ranged from r=0.69-0.79, p< 0.001 (98).

334 The Teachers Traffic Light Questionnaire

The Teachers Traffic Light questionnaire (TTLQ) (appendix 10) gives a global
impression of the child's motor performance according to the teacher’s observation. This
assists teachers in identifying children that may have functional motor problems. The
teacher uses colour based on the child functional motor performance to indicate if a child
has motor coordination problem. RED = has a coordination motor problem, ORANGE=
Maybe has a coordination motor problem and GREEN= Does not have a motor

coordination problem.

The TTLQ is based on the procedure for identifying DCD, and it was used in this study to
screen for children with DCD. Ferguson et al (2013) compared the TTLQ with MABC-2
which is considered as the gold standard for assessing motor coordination. They reported
positive predictive value of 54% and negative predictive value of 76%. According to the

authors, TTLQ has five times chance of identifying children with motor difficulties.

33.5 The Movement Assessment Battery for Children (MABC-2)
The Movement Assessment Battery for Children (MABC-2) is a norm-referenced

assessment measure that was used to assess movement problems in children (22). It has
been tested to be valid among children with DCD i various cultures (130,131). The test
retest of the total score yielded an intra-class correlation (ICC) of 0.88.

The MABC-2 has eight items divided into three motor skill categories which are: Manual
dexterity, Aiming & catching and Balance. The raw score obtained from each item is
converted to a standard score, a total test score was then obtained by the summation of the
eight task standard scores, the total test score was used to obtain the percentile score, see

appendix 10.

A percentile score of <5 is classified as definite motor problem, a percentile score
between the 6t and 16t is classified to be at risk of DCD, while percentile score of >16 is

classified as no motor problem. Dutch norm were used because it has been used by
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Ferguson and colleagues (2013) to identify South African children with motor
mpairment (132).

Children with poor motor coordination were identified using the Teacher Traffic Light
Questionnaire and the MABC-2. Children who were identified by teachers and had a
score of < 16" percentile on the MABC-2 were classified as DCD. Children that achieved
percentile score of > 16 who were not identified as having problems on the TTLQ formed

the TD group.

33.6 Hand-Held Dynamome ter

A hand-held dynamometer (HHD) (Lafayette Manual Muscle Testing System, Lafayette
Instrument NY) was used to assess maximum isometric muscle contraction. The break
method was used, in this case the tester gradually overcomes the muscle force and stops
the moment the extremity gives way (115). Three muscle groups were tested in the lower
limbs they were knee extensors, plantarflexors and dorsiflexors, the measurement were
taken in Newton (133). For each muscle group, the participants were tested thrice on the
HHD and the highest score was used for data analysis. As a result of the association
between muscle strength and body mass, the muscle strength was normalized with the
participant’s body weight (134). The subject and dynamometer position is presented in
table 3.1.

Table 3.1 Subject position and Dynamometer placement for measurement of strength using HHD
Muscle group Subject position Dynamometer position

Knee extensors Sitting, knee at 90°. Anterior surface of the distant

shunt just proximal to the heel.

Ankle dorsiflexors Supine, foot at 90°. Proximal to the

metatarsophalangeal joint.

Ankle plantarflexors Supine, foot at 90°. On theball of the foot.

The HHD has a reported test-retest correlation coeflicient reliability range from 0.84-0.99
indicating good to excellent reliability and the median and modal correlations for all the

muscle groups of either 0.97 or 0.98 (116).

30



3.3.7 Measurement of balance using the Y-Balance test

The Y-balance test is unilateral limb stance balance test, which consist of a platform for
stance and three pipes connected to the stance platform, the subject to be tested stands on
the stance platform and uses the other limb to move the reach indicator along the
calibrated pipe (110). The test is disqualified if the child is unable to return the leg to the
stance platform. The distance measured in centimetres is recorded. The test is performed
three times and the best of the three is normalised with body height or imb length. The
reach distance is normalised because of its reported correlation with the body height or

limb length (135,136). See appendix eight for the result sheet

In this present study, participants were instructed to stand on the stance platform on one
leg then move the reach indicator right anterior then left anterior, right posterior medial
and left posterior medial, finally right posterior lateral and left posterior lateral (109).
They were expected to return the leg back to the stance platform. The participants had a
practice session and three test trials, the best of the test trials was used for the data

analysis.

3.4 Experimental Task: Assessment of proprioception

In this present study, AMEDA technique was used to assess proprioception.
Proprioception was assessed using wooden wedges. Five wedges of different heights
were placed on the floor (3mm, 6mm, 9mm, and 12mm high). The wedges were
presented in pair, with the participant in standing position with their eyes closed. The
ndividual was required to make a comparison between constant stimuli and other stimuli
at different levels. Along with the pair of wedges with different heights, a pair of wedge
of same height that served as the catch was also presented during the course of the test

(e.g 3mm and 3mm). The wedges were presented in variable order (see appendix 11).

Participants were asked to identify the leg that is higher without looking down. The
higher leg was identified by lifting up the hand on the side of the leg. The participant’s

response was scored as correct =1 and incorrect=0, see appendix 11, for score sheet.

A penalty score was awarded to every incorrect response and it was based on the height
difference the participant is unable to detect. Inability to detect the highest wedge
difference got the highest penalty score. The wedge difference and their penalty score is
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as follows: wedge difference of 9mm: penalty score=4, wedge difference of 6mm:
penalty score=3, wedge difference of 3mm: penalty score =2 and wedge difference of
Omm: penalty score =1. The individual penalty scores were summed up to get a total
penalty and this was used for the data analysis. Higher penalty score indicated poor

proprioception and vice versa.

3.5 Procedure

3.5.1 Ethical Approval, Permission and Informed Consent

Ethical approval was obtained from the University of Cape Town, Human Research
Ethics Committee (RefNo: 096/2015, appendix 1), and the Akwa Ibom State Health
Management Board (Ref No: MH/PRS/99/V.VI/260, appendix 2). Permission was
obtained from the Uyo Education Authority, school proprietors and class teachers
(appendix 3). Informed consent was obtained from the parents of all the study participants
(appendix 4) and the children all gave assent (appendix 5).

3.5.2 Preparation and Training of Research Assistants

The research assistants consisted of five physiotherapists with clinical experience ranging
from 3 to 10 years and four university undergraduate students. The five physiotherapists
handled different instruments. The goniometry measurement was the only measurement
that was conducted by the more experienced physiotherapists and the principal
researcher. The research assistants collected the data on weight and height. All the

research assistants were taken through traning by the principal researcher.

353 Pilot Study

The feasibility of the study was assessed in a public school in Uyo Local Government
Area. The purpose of the feasibility study was to enable the researcher to gain insight mto
the possible challenges that might be encountered during the actual data collection and
how they could be solved. There were 20 children who took part in the feasibility study
(those were children whose parents gave consent), but were not incluided in the main
study. Under the same condition, the 20 children were assessed for JH using the Beighton
score with goniometry, muscle strength test for bilateral knee extensor, knee flexors,
plantarflexors and dorsiflexors using the HHD (Lafeyette Manual Muscle Testing

System, Model 01163, Lafeyette Instrument Company, USA). Proprioception at the ankle

was assessed with wedges, dynamic balance was assessed with the Y-Balance test, and
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motor coordination was assessed with the MABC-2. The only difficulty encounter was
the mability of the parents to provide accurate information about their children. This
nformed the reason why the main study was carried out in two private schools where the
parents were literate. No other change was made in the procedure. Detail of results of the

pilot study is in the appendix 12.

354 Recruitment of Participants

The researcher held an information meeting with teachers before the data collection
commenced and information letters and consent forms were given to all the pupils to take
home to their parent. The information letter contained the contact details of the principal
researcher and supervisor in the event that a parent needs further clarification on the

study.

3.5.5 Data Collection

The assessment was divided into 2 parts for two reasons; the first was so that the children
will not be kept out of the classes for too long and second was to prevent the children
getting tired and injured. Part 1 consisted oftesting the participants for GJH using the
Beighton score with goniometry, the result of this test led to the formation of two groups;
1) children with normal mobility (NM) 2) children with GJH.

The participants were then assessed for their muscle strength using the HHD and finally
the experimental task was done using wedges and the balance test using the Y-balance

test. In all the first part of the assessment took between 20-30 minutes.

Part 2 consisted of testing the children’s motor coordination using the MABC-2, the test
took 20-30 minutes per child.

3.5.6 Data Management

All consent forms, assessment forms and the records of treatment were kept in individual
folders for each child. Folders were numbered to protect anonymity. The data were
entered into Excel spreadsheets and analysed using STATISTICA™ and IBM Statistical
Package for Social Sciences (SPSS).
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3.6 Statistical Analysis

Descriptive statistics (frequencies, means and standard deviations) were used to describe
the sample demographic characteristics, motor performance and joint mobility of the
children. The Shapiro-Wilks test was used to test for normality of data on, balance,
proprioception and strength. The Mann Whitney U test was used to determine the
difference between joint mobility, proprioception, strength, and balance as data was not
normally distributed. Pearson’s Chi square test was used to check for association between
demographic characteristics and joint mobility. The two-way factoriall ANOVA was used
to examine the influence of two independent variables (joint mobility and motor

coordination) on proprioception strength and balance. Statistical significance was set at

p<0.05.

3.7 Ethical Considerations
The study adhered to the research ethics guidelines of the Declaration of Helsinki (World
Medical Association, 2013).

3.71 Autonomy

Before the data collection began, information leaflets and consent were sent to parents of
the children recruited to participate in the study. Parents were given the option to decline
participation in the study. A negative consent from the parent was without prejudice from
the principal researcher and the school. Only children whose parents gave positive
consent participated in the study. No child or parent requested for withdrawal from the

study after positive consent was given.

3.7.2 Confidentiality

The information provided by the parents and the teachers through the questionnaire were
stored under password control access with the principal researcher. All the children that
participated in the study were given identification codes, which only the principal
researcher and supervisors will be able to link specific information to individuals (for the

purpose of referral).

3.73 Referral
Parents received a report on their child’s performance on the MABC-2. Information

sheets on how the children with DCD could be helped at home and in school were given

34



to teachers and the parents respectively. There was no request for referral to a

physiotherapist from any parent.

35



4 Results

The results of the study are presented mn this chapter. The first set of results were on the
sample population. This was followed by the joint mobility of the sample population and
their performances on proprioception, strength and balance tests. Lastly, the result on the

effect of motor coordination on joint mobility was also presented.

4.1 Sample
220 Recruited children
20 Negative response 38 unreturned forms
v
162 positive consent
18 children school 1 123 children School 2 21children School 3
Male=38 Male=56 Male=10
female=10 female =67 female=11

Figure 4.1: Sample distribution among the three schools

According to the WHO age-gender specific BMI classification, 108 children were
between the range of +1SD and -2SD, which is categorised as healthy weight. Details of
the age-gender specific BMI is presented in table 4.1.
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Table 4.1: BMI for the sample population

BMI Total | Percent
Overweight 30 18.52
Obesity 13 8.02
thinness 2 1.23
tsheijlflr:s S ? >-36
normal 108 66.67
total 162

160participants were right-handed and two were left-handed.

4.2 Prevalence of Generalised Joint Hypermobility

Using a Beighton score cut- off of >5 we identified 84 children (51.8%) who were
hypermobile (GHJ group) and 78 (48.2%) who had normal mobility (NM group). With
higher cut off scores, the prevalence of GJH dropped, as seen in Table 4.2. The
participants on the different Beighton score cut-off were also compared on the various

outcomes. The details of the results are presented n appendix 13.

Table 4.2: Prevalence of GJH with different Beighton score cut-off

:g[)roeff Category N %
=5 NM 78 438.2
HM 84 51.8
>6 M 110 67.9
HM 52 32.1
>7 NM 141 87.0
HM 21 13.0
>8 M 153 94.0
HM 9 6.0

4.3 Differences between Generalise Joint Hypermobility and Normal
Mobility groups

We chose to maintain the cut off score of >5 jomts for further analysis. Groups were

compared in terms of demographic characteristics, pain, age-gender specific BMI,

performance on the Y-balance test, performance on the lower limb strength tests (using

the HHD) and performance on the proprioception test (Wedges).
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43.1 Demographic characteristics and Body Mass Index of the Generalised Joint

Hypermobility and Normal Mobility groups
The overall prevalence of GJH among females (n=52) was higher than males (n=32) (see

table 4.3 for details of the result) and the Pearson Chi-square indicated that the
association between gender and GJH was significant (chi=4.04, p=0.04).

Table 4.3: Demographic distribution of the GJH and NM groups

Groups Male Female Total
NM 42 36 78
56.76% 40.91%
HM 32 52 84
43.24% 59.09%
Total 74 88 162
chi=4.04, p=0.04

The GJH group was significantly different from NM group in terms of age (U=2577.5,
7=2.34, p=0.02). As illustrated in figure 4.2, there were more 7 and 8 year olds in the
GJH group (64.5%) than in the NM group (38.5%).

Categorized Histogram
Variable: age years
35
30
25
20
[%]
Qo
o
o 15
z
10
5 \
0 / ~
7 8 9 10 7 8 9 10
NM Group (n=78) age years GJH Group (n=84)

Figure 4.2: Agedistribution among the GJH and NM groups
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Overweight and obesity were defined using the WHO age-gender BMI classification. 108
children had healthy weight, and nine were severely thin. Details of the result is presented
in table 4.4. As presented in table 4.5 the GJH group had more children who were
overweight (n=16) and obese (n=10), the NM group had more children with healthy
weight. The Pearson chi square did not show any association between joint mobility and
BMI (chi-square= 6.73, df=4, p=0.15). The GJH group had higher z score rank sum than
the NM group, the Mann-Whitney U test did not find the difference to be significant
(v=3037.5, z=-0.96, p=0.34).

Table 4.4: Age-gender specific BMI

Category Total Percent

Overweight 30 18.52
Obese 13 8.02
Thin 2 1.24
tS}fi;/lflreess o 336
Normal 108 66.67

Table 4.5: Comparison of GJH/NM on BMI

category HM NM
Overweight 16 14
Obese 10

Thin 2 0
Se.vere 3 6
thinness

Healthy 53 55
weight

4.3.2 Faces Pain Scale

This study found only two children both from the GJH group that reported jont pain.
Both children reported a pain score of 2 (hurts a bit); one at the right elbow and the other
at the left wrist jont. The Pearson Chi-square indicated that the association between GJH

and pain was not significant (chi=1.88, p=0.17).
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433 Y-Balance Test
The Mann-Whitney U test indicated that the rank sum of distances reached on the Y-

Balance were not significantly different between the GJH and NM groups. Details of the
result is presented in table 4.6.

Table 4.6: Comparison of the GIH and NM groups on the Y-Balance test

NM group (n=78) GJH group (n=84) Statistics
Y-balance Medi Minimu Maximu Media Minimu Maximu
direction an m m n m m U z |7
value
component
Right 03 0.8
Anterior 9 0.07 0.53 0.39 0.26 051 3226.0 -0.17 7
Left 0.3 0.9
Anterior 9 0.08 0.50 0.39 0.23 0.52 3260.5 -0.05 6
Right 0.4 03
Posteromedi ’ 0.04 0.65 0.51 0.28 2964.5 -1.04 )
al 7 0.66 0
Left 0.5 0.1
Posteromedi ) 0.05 0.69 0.53 0.35 2856.0 -1.41
0 0.70
al
Right 0.4 02
Posterolatera ’ 0.04 0.72 0.51 0.36 2962.0 | -1.05 ’
| 8 0.63 9
Left 0.4 0.6
Posterolatera ’ 0.04 0.67 0.51 0.30 3130.0 | -0.49 ’
I 9 0.67 3
434 Lowerlimb strength test
Using the Mann-Whitney U test, the GJH and NM groups were only significantly
different in their left knee extensor strength (p=0.01). The median score of the NM group
was greater than the GJH score. Details of the result is presented in table 4.7.
Table 4.7: Comparison of the GJH and NM groups on the lower limb strength test
NM group (n=78) GJH group (n=84) Statistics
Media | Minimu Maximu Media | Minimu Maximu P
Muscle
n m m n m m U Z valu
groups e
Right knee 0.34 0.17 0.60 0.33 0.1 176 | 2P7 | 18| 007
extensors 0
Left knee 0.33 0.16 0.58 0.30 0.15 062 | 22| 266 | o001
extensors 0
Right 2952
plantarflexo 0.32 0.14 0.53 0.30 0.13 0.51 5 1.08 0.28
IS
Left 2882
plantarflexo 0.31 0.15 0.52 0.29 0.11 0.53 5 1.32 0.19
s
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ngh.t 0.30 0.16 0.51 0.27 0.14 0.42 2688, 197 | 0.05
dorsiflexors 0
Left . 0.28 0.14 0.45 0.26 0.13 0.40 2789. 1.63 0.10
dorsiflexors 5

435 The Wedge Test
The wedge set 9mm-9mm, (catch trial), had the highest number of fails (67.9%) overall

as participants were not clearly able to determine that these two wedges were the same

height. The wedge set with the largest difference, 12mm-3mm and 3mm -12mm had the

highest number of correct response (100%). A significant difference was detected
between NM and GJH groups on wedge set 9mm-12mm (Chi= 4.09, df=1, p=0.04). Most

of participants getting the set incorrect were in the NM group. Details of the result is

presented in table 4.8.

Table 4.8 Performance of the GJH and NM

roups on the wedge test

i All (n=162 NM (n=78 GJH (n=84
Wedge Helght & ) (o ) @ ) stats (NM
¢ difference GJ
s¢ (mm) Correct | Incorrect | Correct | Incorrect | Correct | Incorrect w (GIH)

n (%) n (%) n (%) n (%) n (%) n (%)
. . 74 88 34 44 40 | 44 dcgo'%’
45.7) (43) | (43.6) (564) | (47.6) | (52.38) 061
19 6 154 8 73 5 78 6 gg 003,
(95.1) @9 | (93.6) 64| (929 an| S
p=0.85
162 0 78 0 84 0
29 (100) © | (100 0) (100) | V2
63 3 128 34 57 21 71 13 dcg&w,
- (79.0) 209) |  (73.1) 269) | (84.5) (155) | <2007
o 5 110 52 50 28 60 24 dcgo.%,
(67.9) G20 | (64.0) 359 | (714 (286) | )73
03 p 151 11 70 8 81 3 gj 285,
(93.2) 68| (89.7) 103) | (96.4) GO | o0
06 3 92 70 41 37 51 33 gj 1.09,
- (56.8) 32| (526) @14 | (60.7) (93) | <2530
0o . 52 110 23 55 29 55 SET 047,
(32.1) 679 | (9.5 (70.5) | (34.5) (655 | 1209
o2 |3 140 2 63 15 77 7 gﬁ: 409,
(86.4) 136) | (80.7) 192) | (91.6) ®3) | 004
162 0 78 0 84 0
123 ? (100.0) ) (100) (0) (100) © | ™2
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e e 157 5 75 3 82 2 | (0%
(96.6) G| ©62) 38| 976 4 | ok

4.3.5.1 Wedge penalty score

A penalty score was awarded to any incorrect response. The higher the wedge difference
the higher the penalty that will be awarded. The Mann-Whitney U test showed that the
penalty score of the children with NM was significantly different to the children with
GJH (U= 2547.5, z= 2.44, p=0.013), indicating that the children with GJH performed
better than the NM group on this test. Details of the result is illustrated in figure 4.3.

NM vs GJH
Variable: total penalty score

14

13+ S

12 ¢

11 ¢ —_—

10 +

9 L
@
g 8¢
(2]
2 77
g
o 6
o
8 5t
iS]

4 r [m] [m]

3 L

2 L

1 L _

O L PN EE—

-1 : : 0 Median

NM HM [0 25%-75%
HM/NM T Min-Max

Figure 4.3: Box plot showing penalty score difference between the GJH and NM groups

Differences between groups remained significant when higher cut-off' scores were used
(=6, p=0.04, >7: p=0.03,) however differences were not detected at cut off scores of 8 or

more p=0.81 possibly to due small sample size of the GJH group.

4.4 Motor performance Developmental Coordination Disorder/Typically
Developing

74 participants (45.67%) were classified as having a score <16t percentile on the MABC-

2 (29 boys, 45 girls). The distribution on MABC-2 scores are presented in table 4.9.
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Table 4.9: Motor performance DCD/TD

MABC Percentile

Classification Count Percent

Category
0.5 1.2
1 1.2

RED
2 1.9
5 14 8.6
SUBTOTAL definite motor problems 21 12.9
6 1 0.6
9 17 10.5
ORANGE
11 1 0.6
16 34 21.0
SUBTOTAL at risk 53 327
25 18 11.1
37 23 14.2
50 25 154
63 7 43
GREEN

75 9 5.6
84 4 2.5
95 1 0.6
98 1 0.6
Subtotal no problems 88 54.3

Using the TTLQ and MABC-2 together, we found 58 children as presented in table 4:10
as who had no problems on either test (TD) and 31 children whom we classified as DCD.
Those who did not meet these criteria (n=73) were excluded from the next set of analyses.

As expected, groups were significantly different on all aspects of the MABC-2

(p<0.0001)

Table 4.10: Performance of the children on TTLQ and MABC-2

TTLQ MABC-2

Green Orange Red
Green 58 29 14
Orange 26 22 5
Red 4 2 2
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The Pearson Chi-square indicated no significant association between gender and DCD
(Chi=0.35, df=1, p=0.55). Although there were older children n the DCD group (median
age TD=8 years, IQR: 7-9 vs median age DCD= 9, IQR: 7-10), Mann-Whitney U test
indicated that the difference in mean rankings of age was not significantly different

between DCD and TD groups (U=1694, z=-0.95, p=0.05).

Categ. Histogram: age y ears
24

22

20 t

18 t

16

14 t

| f\
.t :/ N

™D DCD

No of obs

Figure 4.4 Age distribution among the DCD/TD groups

4.5 Effect of Developmental Coordination Disorder/Typically Developing on
outcomes

All children with a DCD/TD classification (n=89) were then grouped according to their

coordnation and jomt mobility. This led to the formation of four groups, chidren with

joint hypermobility and DCD [GJHDCD (n=16)], children with GJH and typical motor

performance [GJHTD (n=32)] and two normal mobile groups, with DCD [NMDCD

(15)], and without [NMTD (n=26)].

Next, we examined the differences between the four groups by testing the effect of
DCD/TD and GJH/NM using the two-way ANOVA test.
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4.5.1 Y-Balance Test

On examination of the median scores of the Y-balance test (Table 4.11), it is evident that

the TD and DCD groups were significantly different [df (6, 80) =3.66, p=0.003)].

However, the interaction effect of TD/DCD and GJH/NM was not significant, suggesting

that the four groups were not different in terms of performance on the Y-balance test [df

(6, 80) =1.88, p=0.094)] as seen in Table 4.12.

Table 4.11 Median and Interquartile range (IQR) of the GJH/NM and DCD/TD groups on balance

Variable GJHDCD (n=16) GJHTD (n=32) NMDCD (n=15) NMTD (n=26)
Normalised anterior right(cm) 0.4 0.39 0.36 0.42
Median (IQR) (0.36-0.43) (0.37-0.44) (0.33-0.39) (0.38-0.44)
Normalised anterior left (cm) 0.41 0.39 0.36 0.42
Median (IQR) (0.39-0.42) (0.36-0.43) (0.32-0.39) (0.38-0.44)
Normahsed posteromedial 05 051 043 051
right(cm)
Median (IQR) (0.43-0.51) (0.49-0.57) (0.38-0.45) (0.46-0.56)
Normahsed posterolateral 049 0.55 047 0.53
right (cm)
Median (IQR) (0.45-0.53) (0.50-0.58) (0.45-0.55) (0.48-0.59)
Normalised posteromedial left 048 0.52 046 0.52
(cm)
Median (IQR) 0.47-0.52) (0.49-0.54) (0.43-0.48) (0.47-0.58)
Normalised posterolateral left 048 0.52 047 0.55
(cm)
Median (IQR) (0.44-0.52) (0.49-0.56) (0.43-0.51) (0.43-0.60)
N=89

Table 4.12 Effect of GJH/NM and DCD/TD on balance

Effect Wilks Value F p

Intercept 0.008 1666.134 <0.001

DCD/TD 0.785 3.656 0.003

GJH/NM 0.940 0.857 0.530

GJH/NM*DCD/TD 0.876 1.883 0.094
F=6, 80, N=89
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truDCD*HM/NM; LS Means
Wilks lambda=.87625, F(6, 80)=1.8830, p=.09386
Vertical bars denote 0.95 confidence intervals
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0.35
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DCD TD DCD TD
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Figure 4.5 Effect of GJH/NM and DCD/TD on balance

45.2 Lowerlimb Strength tests

On examination of the median scores of the various HHD tests (see table 4.13), no

differences were found between TD/DCD and NM/GJH groups. Using the two-way
factorial ANOVA, joint mobility (NM/GJH) and motor coordmation (TD/DCD) was not
associated with lower limb strength [F (6, 80) =0.733, p=0.62). Detail of the result is

presented in table 4.14.

Table 4.13 Median and Interquartile range (IQR) of GJH/NM and DCD/TD on lower limb strength

Variable GJHDCD GJHTD NMDCD NMTD
(n=16) (n=32) (n=15) (n=26)

Normalised knee extensors right

0.30 0.33 0.33 0.37
(N/kg)
Median (IQR) (0.23-0.37) (0.25-0.40) (0.28-0.37) (0.32-0.44)
I\(Il\?/rllrg)ihsed knee extensor left 027 0.29 035 035
median (IQR) (0.21-0.36) (0.25-0.36) (0.27-0.38) (0.31-0.40)
Normalised plantarflexors right

0.30 0.28 0.29 0.31
(N/kg)
median (IQR) (0.24-0.39) (0.22-0.37) (0.22-0.35) (0.29-0.37)
Normalised plantarflexors left

0.28 0.3 0.29 0.3
(N/kg)
median (IQR) (0.24-0.38) (0.26-0.35) (0.25-0.35) (0.27-0.36)
Normalised dorsiflexors right

0.29 0.27 0.28 0.3
(N/kg)
median (IQR) (0.22-0.32) (0.23-0.30) (0.23-0.31) (0.23-0.35)
Normalised dorsiflexors left

0.25 0.25 0.28 0.3
(N/kg)
median (IQR) (0.21-0.29 (0.23-0.32) (0.24-0.31) (0.24-0.35)
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Table 4.14 Effect of GJH/NM and DCD/NM on lower limb strength test

Effect Value F P
Intercept 0.039 323.73 <0.001
GJH/NM 0.929 1.009 0.43
DCD/TD 0.913 1.271 0.28
GIH/NM*DCD/TD 0.948 0.733 0.62
F=6,80, p=0.62

DCD/TD*HM/NM; LS Means
Wilks lambda=.94787, F(6, 80)=.73323, p=.62427
Vertical bars denote 0.95 confidence intervals
0.44
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0.40
0.38
0.36
0.34
0.32
0.30
0.28
0.26

0.24

0.22
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—$= norm plantar rt(N/kg)
—4— norm plantar It(N/kg)
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Figure 4.6 Effect of GJH/NM and DCD/TD on lower limb strength

453 The wedge Test

On examination of the median scores of the various wedge tests, there was a trend for
difference between DCD and TD groups on the wedge tests (p=0.05). Using the two-way
factorial ANOVA, joint mobility and motor coordination did not have an effect on
proprioception at the ankle [F(1,85)= 0.490, p=0.486], as presented in table 4.15.

Table 4.15 Effect of GGH/NM and DCD/TD on proprioception at the ankle
SS MS F p
Intercept 1334.07 1334.07 237.08 0.00
GJH/NM 0.19 0.19 0.03 0.85
DCD/TD 22.19 22.19 3.94 0.05
GJH/NM*DCD/TD 2.75 2.75 0.49 0.49
Error 478.30 5.62
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F (1,85)= 0.490, p=0.486

Table 4.16 Median, Interquartile range (IQR) of the GJH/NM and DCD/TD on proprioception

Variabl GJHDCD GIHTD NMDCD NMTD
anable (n=16) (01=32) (n=15) (n=26)
total penalty score 2 4 4 4
median (IQR) (1.50-5.50) (2.00-5.00) (4.00-6.00) | (2.00-6.00)
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5 Discussion

The aims of this study were to determine whether proprioception, strength in the lower
limbs and balance was different between children with GJH and children with NM, as

well as, to find out if motor coordination had any effect on proprioception, strength and

balance.

Our main findings were that children with GJH were significantly better in proprioception
than the children with NM. Though the children with GJH had slightly longer reaches on
the Y-Balance test than the children with NM in the three directions, the difference
however was not significant. Out of the six muscle strength test that was carried out the
GJH and NM groups were only different in the left knee extensor strength test. Motor
coordination did not have any effect on proprioception, strength, and balance

performances in children with NM and GJH.

The nature of the sample are discussed below, the results on the outcome measures that

were used. The limitations of the study is presented.

5.1 Sample

The study population consisted of 162 Nigerian children between the ages of 7- 10 years.
This study had higher number of female participants (88) than males (74), with a total
GJH prevalence of 51.8%. Among the children with GJH the females (59%) were more
hypermobile than males (41%). This is similar to the reported prevalence of GJH.

Females are more affected than males.

Majority of the children (n=108) had healthy weight and 13 were classified as obese. This
result is comparable to the study of Adegoke and colleagues (2009) who studied 720 school
children in south west Nigeria and reported the BMI of 77.8% of the children to be less

than 18.50 suggesting that overweight was not a problem among Nigerian children. This
study did not find an association between BMI and jont mobility. This we found to be
comparable to the study result by Clinch etal., (2011), an epidemiological study of GJH
among 14 year old children from the UK, they also found no association between BMI
and joint laxity (29).
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5.2 Prevalence of Generalised Joint Hypermobility

The Beighton score is the generally accepted means of identifying GJH m any study
population but the cut-off score used determines what the prevalence rate will be. There
has been a lack of consensus about the cut off to be used among different groups of

people.

The prevalence of GJH m this study was 51.8%, this is difficult to accept because the
widely reported range of GJH is 3%-30%. A very high prevalence of GJH gives the
mmpression that more than half of the population is hypermobile. Birrell and colleagues
(1994) used a Beighton score cut off >4 in their study among South Western Nigerians
(6). They reported a GJH prevalence of 43% among a population of children and adults.
For this reason, we considered a Beighton score cut-off of >5 to be higher and expected a
prevalence lower than the one reported by Birrell et al., (1994). While it may be difficult
to control the influence of age, gender and ethnicity on the prevalence of GJH, a stricter
Beighton score cut-off may reduce the exaggeration of GJH in the same study population
(16,31). For this study if a Beighton score cut-off of >6 was used, the prevalence of GJH
would have dropped to 32% and it would have dropped further to 13% if a Beighton

score cut-off of >7 was used.

In this study, the prevalence of GJH among the females (32.1%) was significantly higher
(p=0.04) than the males in accordance with findings from previous studies (16,29,137).

The GJH group was significantly younger than the NM group. The prevalence of GJH
among the different age groups in the study population was not significantly different,
though there was a decline in prevalence as the age increased. This result is consistent

with results from previous study (6,42).

Comparable to the study by Sohrbeck-Nghr et al., (2014), the result of this study showed
that more children with GJH were classified as overweight and obese (138). It is believed
that children with GJH have reduced muscle strength that may not allow them to
participate in physical activities. As a result they tend to have higher BMI than children
with NM (139).
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5.3 Generalised Joint Hypermobility and pain
When there is joint laxity, the chances of injuries that can inflict pain is high (31). As a
result it was hypothesised that there will be more pain n the GJH group.

The lack of association between pain and GJH may be as a result of the low prevalence of

pain in this study. This means the children have asymptomatic joint hypermobility.

Juul-Kristensen, et al, (2012) investigated knee function in 10 year old children and
adults with GJH and without GJH. In their study the Visual Analogue Scale (VAS) was
used to assess pain, while the children with GJH and without GJH were not significatly
different in theirr report of pain, the adults with GJH and without GJH were significantly
different in their report of pain (p< 0.05) (79). Similarly, Smits-Engelsman et al.,(2011)
did not find a significant difference in frequency of reported pain after exercise and sports
in children ages 6-12 years with GJH and without GJH (16). They argued that pain may
not be a necessary symptom to assess in children with GJH under the age of 13 years.
Tobias et al.,(2013) found an association between GJH and pam, in children ages 13-17
years with GJH, supporting the argument that pain is a significant problem in adolescent
with GJH (31). Although the evidence for this is not clear, it may be that the risk of injury
in children below age 13 years is low. It is also not known if children will consider pain

as abnormal.

5.4 Generalised Joint Hypermobility and obesity

Most of the children in this present study had healthy weight (n=108), therefore it is not
likely that their weight will cause pain in any weight bearing jont. It has been reported
relationship between overweight and obese in GJH and pain at weight bearing joints
(140). This has been attributed to the additional weight on the hypermobile jomnt causing

abnormal joint biomechanics.

5.5 Generalised Joint Hypermobility and Motor Control

5.5.1 Balance

In this study, the balance performance of the GJH and NM groups was tested on the Y-
Balance. Although the GJH group had slightly longer reaches i all the three directions
than the NM groups, the performances were not significantly different between the two
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groups. It was assumed that the laxity at the knees would have given the GJH group
longer reaches on the Y-Balance test but it appears from the result of our study that GJH

does not seem to make a difference in balance performance.

This result is in line with the study by Juul-Kristensen et al., (2009). The authors
mvestigated balance in eight year old children and found no difference i the balance
skills of children with GJH and without GJH (51). They related this to the fact that GJH
did not negatively affect the physical activity level of the children with GJH i their
study. Involvement in physical activities and ball games give children opportunity to
improve their balance skills. Our study participants were physically active children that
also participate in ball games. Although the physical activity level of the study population
was not assessed, it is likely that the two groups were not different in their level of
physical activity. As a result, both groups of children demonstrate same level of balance

skills.

It is of interest that in this study, the significant difference in the proprioceptive
awareness of the GJH and NM groups did not translate into a difference in their balance
performance. It has been argued that the ability to recognise and attend to relevant
proprioceptive cues requires training (141). This implies that though the children with
GJH i this study had a significantly better proprioceptive ability, they probably lacked
the required training that would have enabled them translate it to better balance

performance.

The result of the study by Bresselet al, (2007) supports the fact that training is required for
proficient balance skills (141). Though ther study was among female college athletes,
they found that the gymnast and soccer players were not significantly different in static
and dynamic balance, but the basketball players demonstrated a poorer dynamic balance
compared to the soccer players and gymnasts By virtue of the fact that gymnasts and
soccer players have more lower limb activity during their training, they will recognise

proprioceptive cues from the lower limbs better (141).

Another consideration i relating the proprioceptive awareness to balance performance
might be the demands of the task to be performed. When a task poses a greater challenge

on an individual’s proprioception, a poor balance performance will be noticed and a less
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demanding task will reflect a good balance skill in the same individual (40). The Y-
Balance is believed to be a challenging test that can be used to assess balance (66,142). It
is likely that both groups found the Y-Balance test equally challenging and therefore did
not perform differently.

Individuals classified as obese and overweight have been reported to have poor balance
performance because of their sedentary lifestyle (138,143). Though this study had more
children with GJH who were obese and overweight, the GJH and NM groups were not
significantly different on ther BMI. This maybe the likely reason there was no difference
in balance performance between the GJH and NM groups.

5.5.2 Proprioception

In this study, the total penalty scores of the NM group were significantly higher than the
GJH group. This result suggests that the GJH group children were able to detect
movements at the ankle joint better compared to the NM group. This result led to the

rejection of our hypothesis and challenges the opinion that proprioception is reduced in

children with GJH (36).

It is believed that an individual’s ability to detect movement at the joint can be reduced
by pain and mjuries (64,102,144). It is therefore possible that the low prevalence of pain
i this present study may account for the better proprioceptive acuity seen in children
with GJH. It is assumed that children with GJH recruited from clinics are likely to report
more pain than those recruited from the general population (60). The children i this
study were recruited from the general public, so it is not likely that they have suffered
trauma that would have led to reduction of therr joint receptors. Therefore detecting
movement at the ankle will not be difficult. Evidence from studies have shown that the
knee and not the ankle joint has higher risk of mjury among individuals with GJH
(64,102,145). This implies that proprioception at the ankle may be better than the knee in
mndividuals with GJH, and may be the reason why the children with GJH performed better

on the wedge test.

It is also possible that the age group of our sample may account for the better

performance of the children with GJH on the wedge test. This is because of the

53



converging evidences that children with GJH below the age of 13 years may not present
with pain and sensorimotor deficits (16,29,138,139).

Full Weight Bearing (FWB) and Non-Weight Bearing (NWB) have been found to have
different proprioceptive effect (106). In the FWB position, there is maximum contribution
of sensory information from the muscle spindles, increased jomnt approximation and stress
on the joint capsules. In relation to this present study, where participants also performed
the wedge task n FWB, the GJH and NM groups should have performed alike except if
other factors like muscle weakness or fatigue was present (146—148). However, both
groups were not different in strength except at the left knee extensors. It is therefore not

clear why the GJH performed better than the NM group on the wedge test.

In this study, the wedge test was performed with the participants barefooted, which

implies additional sensory nput for proprioceptive information for the participants. In as

much as studies had tried to limit proprioception to mput from muscle and jomt receptors

only, tactile receptors also contribute to or boost proprioceptive awareness (3). It has been
suggested that increased skin extensibility can also contribute to symptoms in GJH (148).
It is not known if this serves as a compensatory mechanism by which they get more

sensory signals to control ther lax joint (3).

553 Strength and Generalised Joint Hypermobility
It has been suggested that optimal muscle strength is required for good balance skill, this

might be because muscle spindles also serve as afferent nput for sensory system (141).
There has also been reported association between body weight and muscle strength
(1,134). This is probably why it is believed that more body weight will generate stronger
muscle contraction. Though this study did not find an association between body weight
and joint mobility (chi=26.84, df=30, p=0.63), the GJH and NM groups were only
different in their left extensor strength test. This result supports evidence that the non-
dommate side is usually more hypermobile and weaker (1). Specifically, the knee is more
often affected than the ankle (31,102). This may the reason the two groups were not
different in their left plantarflexors and dorsiflexors strength.

This result is supported by the finding of Juul-Kristensen et al., (2012).They mnvestigated
knee functions in 10 year old children with and without GJH, and found that the
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isokinetic strength of the 10 years old children with GJH was not different from the
children without GJH (79).

5.6 Associationbetween Motor Coordination and Generalised Joint
Hypermobility

The motor performance of the GJH and NM groups was assessed on the MABC-2/TTLQ

and this led to the formation of 4 groups, GJHDCD (n=16), GJHTD (n=32), NMDCD

(n=15), NMTD (n=26). The findings of this study shows a high number of participants

with DCD (random group) and GJH (n=16) supporting the fact that there is increased

joint mobility among children with DCD (4,5). However, the extent jomnt laxity affects

the motor performance of children with DCD is not known (5).

The result of this present shows that motor coordination did not have effect on children
with GJH.

Poor internal representation of movements and insensitivity to jont movements have
been suggested as reasons for poor motor performance in children with DCD (84,149).
The studies by Li et al (2015) and Smyth and Mason (1998) both indicated that poor
motor performance in children with DCD maybe related to poor proprioceptive awareness
(85,149). Wilson and colleagues (2013), had strongly suggested that the poor motor
performance in DCD may be a result of poor internal representation (84). Our result
however indicates that uncoordinated movement in DCD is not related to abnormal joint

biomechanics caused by GJH.

Tirosh etal., (1991) compared the motor performance in a group of children with GJH at
the age of 18 months and five years (55). Their findings showed that children with GJH
and early motor delay were significantly delayed n both fine and gross motor skills when
they were reassessed at five years. The children with GJH and normal motor development
at 18 months had no delay in their motor development when they were reassessed at age 5
(55). In their study, Tirosh and colleagues (1991) also found that GJH resolved in some
of the children at age 5. But it was found to resolve more among children who had GJH

with normal motor development than those with GJH and early motor delay as infants.
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It appears not all children with GJH suffer motor difficulties because of joint laxity
(51,55,89). It may then seem right to assume that poor motor development is more likely
to be as a result of a dysfunction in the CNS than an abnormal biomechanical structure of
the joints (118). It can also be assumed that if the motor development is normal, then jont

mobility might not necessarily affect motor performance negatively (137).

This was seen in the study of 8 years old Danish school children with GJH by Juul-
Kristensen and colleagues (2009), the defined GJH with a Beighton cut-off of >6 and they
found that children with and without GJH were not different in their motor competence
(51). They argued that presence of co morbidities in children with GJH might be a likely
reason for poor motor performance m children with GJH. Especially when we have

people with GJH perform well i elite sports like ballet, dancing and gymnastics(79).

Studies that reported poor motor performance had children with symptomatic GJH
(36,64,150), while the children m this present study were asymptomatic as the prevalence
of pain was low. It appears pain is a significant factor when it comes to motor

performance in children with GJH (102).

A number of studies have assessed proprioception using techniques that require the limbs
to be moved passively (36,71,85,151). It has been recently suggested that proprioceptive
test done actively gives the reflection of what happens during functional activities (18).
Apparently the results from tests performed actively or passively are different. Pacey et
al., (2014) actively assessed proprioception in children with JHS and they found the
children to be similar in both the flexion and hyperextension positions (114). Li etal,
(2015) compared proprioception in the elbow jomts of 30 children with DCD and 30 TD
children within the age range of 6-11 years using a passive motion apparatus, their
findings showed that the children with DCD were less sensitive to passive motion at their

elbow jomt (85).

Although the DCDNM group had the lowest reach distance among the four groups, there
was no effect of motor coordnation on balance in children with GJH. It was expected that
the reported balance deficit n children with DCD (8,152—154) will have an impact on
balance in children with GJH. However, it appears from the result of this study that GJH

may not necessarily be a disadvantage (155). In contrast to the result by Jelsma and
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colleagues (2013), they found a significant negative correlation (1,=0.38, p=0.02)
between GJH and DCD (5). Therr study included participants from ages 6-16 years,
unlike this present study that had children between the ages 7-10 years.

It may seem logical to assume that the age range of this sample population may be the
reason children with DCDGJH and TDGJH are not different in their balance

performance. Since children from age 12 years and below are still developing their
balance skill (79).

Our finding that motor coordmnation did not have an effect on strength in children with

GJH maybe the reason the four groups were not different in ther balance performance.

5.7 Study limitations
This is a cross-sectional, descriptive study design, so it is difficult to establish causal

relationships between joint mobility and motor coordnation.

The protocol of the wedge test is based on the AMEDA technique, which has the
advantage of being the only technique that shows the role of proprioception during
functional movement. Therefore it is considered to be the most accurate measure of
proprioception. Despite the ecological validity of the wedge test it was only the wedge set
of 12mm and 9mm out of the 12 wedge sets that demonstrated a significant difference
between the GJH and NM groups. It will therefore require that the result of the GJH and
NM groups be interpreted with caution.

The children were not blind folded during the wedge test. So, we are not sure if they did

not peep when the wedges were placed on the floor for them to step on.
It is also possible that because the test were novel to the children it could have affected the

outcome of the study, familiarisation sessions should be given to the children for future
study.
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The study population was not matched for age and gender. The study population had
more females than males who were also more hypermobile than males. The GJH group

had more young participants than the NM group.

There is also the possibility of fatigue setting in due to the number of tests that was

carried out on each child
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6 Conclusion

The aims of this study were to determine whether proprioception, balance and strength in
the lower limbs was different between children with GJH and children with normal
mobility as well as, to find out if motor performance (DCD) had any effect on the above

mentioned variables.

Our study findings showed a difference between the hypermobile children and children
with NM i their proprioception ability as measured by the wedge test. Children with
GJH were better able to discriminate between wedges of different heights than children
with NM. There was no difference in therr lower limb strength and balance. No
iteraction was found between motor coordination and joint mobility on the

proprioception, balance and strength test.

6.1 Recommendations

A longitudinal study design may be used to determine the effect of jomt mobility on

motor coordmation over time i children with GJH.

As aresult of age and ethnicity, a higher Beighton score cut-off of >7 may be used to
define GJH among Nigerian children in order to avoid an overrepresentation of GJH

among the population.

The children should be blind folded during the testing of the wedge test. To ensure that

they do not peep while the test is carried out.

Since it was the higher wedges that was able to pick the difference in proprioception
between the GJH and NM groups, wedges higher than the ones used in this present study
may therefore be considered in future study.

Though this study did not find an effect of DCD on GJH, it may seem appropriate that the

Beighton criteria be included i the assessment of children with poor motor coordmnation
as a high number of chidren with DCD have been found to be hypermobile. So that

mstructions on joint care can be included in their rehabilitation.
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Groota Schuur Hospital

Observatory 7925

Telephona [021] 404 7582 « Facsimila [021] 406 6411
Email: rositsama@uct.ac 23

17 February 2015

HREC REF: 096/2015

Dr G Ferguson

Physiotherapy

Health & Rehabilitation Sclences
Qld Main Building

Dear Dr Ferguson

PROJECT TITLE: HYPERMOBILITY AND MOTOR CONTROL IN CHILDREN WITH
DEVELOPMENTAL COORDINATION DISORDER (MSc candidate- Ms Oluwakemi Ttuen)

Thank you for submitting your study to the Faculty of Heaith Sciences Hurman Research Ethics
Committee for review.

It is a pleasure to Inform you that the HREC has formally approved the above-mentioned study.
Approval is granted for one year until the 29" February 2016.
Please submit a progress form, using the standardised Annual Report Form if the study continues

beyond the approval period. Please submit a Standard Closure form if the study is completed within
the approval period.

(Forms can be found on our website: www.health.uct,ac.za/fhs/research/humanethics/forms )
We acknowledge that the MSc student, Ms Oluwakemi Ituen is also involved in this study.

Please note that the ongoing ethical conduct of the study remains the responsibility of the principal
investigator,

Please quote the HREC REF in all your correspondence.

Yours sincerely

T Buges

MAN MM
Federal Wide Assurance Number: FWAQDOO01637.
Institutional Review Board (IRB) number: IRBO0001938

This serves to confirm that the University of Cape Town Human Research Ethics Committee complies
to the Ethics Standards for Clinical Research with a new drug in patients, based on the Medical

77



8.2 Appendix 2: Ethics approval from Akwa Ibom state Hospital

Management Board
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8.3 Appendix 3: Letter of permission from Local Government Education

Department- Uyo
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8.4 Appendix 4: Parent’s information sheet and consent form

UNIVERSITY OF CAPE TOWN
Faculty of Health Sciences
Department of Health and Rehabilitation Sciences
Divisions of Communication Sciences and Disorders, Nursing and
Occupational Therapy, Physiotherapy; and Disability Studies
F45 Old Main Building, Groote Schuur Hospital
Observatory, Cape Town, W Cape, 7925
Tel: +27 (0) 21 406 6628/ 6428/ 6534
Fax: +27 (0) 21 406 6323
www.dhrs.uct.ac.za
29/05/14
Dear Parent/Guardian,

[ am Ituen Oluwakemi, a post-graduate student at the University of Cape Town. It is in
fulfilment of the requirements to obtain my M.Sc. degree. I am investigating the effect of
increased movement at the joint in children with developmental coordmnation disorder. I

will have some of my colleagues assist me i this study.

Developmental coordination disorder is a motor disorder that presents with difficulty in
the acquiring and performing motor skills. Children with DCD are slower in performing
motor activities. They find it difficult dressing up ndependently, riding bikes, playing
ballgames with their friends and writing legbly. Till date little is known about why some

children are present with these difficulties.

What am I asking you as parent(s)/guardian(s) to do?

[ am asking for your permission to check how well your child plans his/her motor
activities like combing his hair, writing, throwing and catching ball. If you agree, would
you kindly sign the declaration below and please fill the questionnaire attached? The first
part of the questionnaire is about your child and the second part is about you. I am asking

these questions to know more about you and your child.
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What does your child have to do?

We will ask your child to perform some activities to test your child’s motor skills. A few
examples: we will ask your child to throw and catch a ball, to stand and hop on one leg, to
run, to write and balance on a beam. The tests will take 20-30 minutes. The jonts of the
elbows, knees and 5" finger will also be measured after which he perform some simple
tasks with wedges and perform some balance test, which will last for another 20 minutes.
We do not wish to nterrupt your child’s learning at all. Therefore we will negotiate with
the teachers to perform the tests during physical education sessions, break times or after
school. If your child chooses to participate he/she will be asked to sign a form to show
that he/she has agreed. Your child may also stop the test whenever he/she wishes: it is all
up to him/her.

What are the risks involved and what will ensure their safety?

Some of the tests your child will be asked to perform are physical tests, for example
running and jumping. This means that your child may feel tired during the tests or after.
Your child will be allowed to rest between tests to ensure theirr safety and they will also
be provided with water. We will be present during the assessment of your chid with a
first aid kit. If your child is seen to show any discomfort, we will stop them immediately.
We will watch your child for signs of being upset, such as whining, crying, or struggling.
If your child becomes upset we will stop the session for short break of 5-10 minutes. If he

or she remains upset, we will stop the sessions for that day.

What are the benefits of participating?

A report will be sent to you about your child’s motor performance. Ifthe motor
performance is found to be poor you will be advised on how best to support him/her.
He/she will receive physiotherapy treatment at the physiotherapy unit in their school If
you will like to seek the services and support of other professional, we will provide you

with a letter that you can take to any other physiotherapist.

What happens if I do not want my child to take part in the study?

Your child’s participation depends entirely on your consent. Your consent is voluntary.
There will be no consequence if you withdraw your child from the study. Refusal to take
part in this study will not affect the quality of education your child will receive. If you
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agree and then you change your mind and you no longer want them to take part, they can

withdraw at any stage with no consequence.

What about confidentiality and privacy?

Both the information you provide through the questionnaire and child’s results from all
the tests will be stored under a password controlled access. All the information I will
gather about you and your child will be confidential. No names will be mentioned when I
report the result of my research study. A report on your child will be given to you at the
end of the study. The video that will be used to record the experimental tasks will be
destroyed after the conclusion of the study.

As aresearcher, I may not be able to maintain as confidential, information about known
or reasonably suspected incidents of deliberate neglect or physical, sexual or emotional
abuse of a child. If I am given such information, I may report it to relevant authorities

such as child welfare

Will we be paid for taking part in the study?

[ am not offering any money to the parents or the children for taking part in this research
study. However, all the children who take part in the study will receive snacks (fruits) at
the end of the tests.

If you would like further information, please contact me.

You can visit me at your child’s school. I will be there from Monday to Friday 8am-
12pm. Telephone +2347031181086. Email itnolu001@ myuct.ac.za

If you will like to speak to someone from UCT physiotherapy department, you may
contact my supervisor: Mrs Gillian Ferguson, 0214066045/0829743924, Email

Gillian. ferguson@uct.ac. za.

If you will like to speak to UCT Human Research Ethics Committee, please contact Prof
Marc Blockman (Chairman of the University of Cape Town Human Ethics Research
Committee telephone: 021406338. Email marc.blockman@uct.ac.za)
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Consent form

(Name and surname), am the
parent/guardian of......... ... (Name and
surname of child n grade).............oooiiii

I have read through the attached letter and I understand what is required of me and my
child. Ido not feel that I am forced to have my child participate and I am doing so out of
my own free will. I know that I can withdraw my child at any time that I so wish. |

understand that withdrawal will have no consequences on the child.

PLEASE INDICATE YOUR CHOICE BY TICKING ONE BOX BELOW AND
SIGNING NEXT TO THE BOX.

YES, I AGREE to let Kemi Ituen assess my child

Thank you

Please return this form to the researcher
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8.5 Appendix 5: Child Information Sheet and Assent form
University of Cape Town
Faculty of Health Sciences
Department of Health and Rehabilitation Sciences
Divisions of Communication Science and Disorders, Nursing and
Midwifery, Occupational Therapy, Physiotherapy; and Disability Studies
F45 Old Main Building, Groote Schuur Hospital
Observatory, Cape Town, W Cape, 7925
Tel: +27 (0) 21 406 6628/ 6428/ 6534
Fax: +27 (0) 21 406 6323

www.dhrs.uct.ac.za

Dear Learner,

My name is Ituen Kemi and I am a student from the University of Cape Town. I and my
colleagues want to come to your school to find out how well you perform your motor

skills.

Motor skills are activities you perform with your arms, hands and legs. For example, you
use your hands to get dressed, write and catch ball,while you use your legs to kick ball,
jump and run around the playground. These are things you do everyday, some children do
them well while others may find them difficult.

We want to find out why some children find them difficult. We will like to ask if you will

help us with this study so we can learn more about why such children have difficulties
with their motor skills.

What do I have to do?

We will show you pictures or demonstrate the activiites. We will ask you to
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Run, jump,catch, walk on a line, stand on one leg, hop, write and draw, bend your arms
and legs, reach forward and touch your toes, and put beads on a string. You will also have

wedges put under one foot and you will be asked to identify the leg that is higher.

What are the risks?

These activities you will perform are like the ones you do everyday. They are not harmful
and wouldn’t hurt you. We will be around when you do the activities so as to make sure
that you are safe.

You can stop and rest when you are tired. There will be water for you to drink if you need
it. If you fall and get hurt we have a first aid kit to help you. We will tell your teacher and

parents if you get ijured so that we can make plan to help you.

Can I disagree?

You are allowed to say you don’t want to take part in the study. You can stop at any time
if you wish to and you don’t have to do all the things you are asked to do. All you have to
do is say so and you would not get into trouble.

Before you decide, you can ask us questions or talk to your parents if there is anything
you do not understand.

We will not tell anyone the mformation you give to us without your permision unless
there is something that could cause harm to you or someone else. We may have to tell

people that are responsible for taking care of children.

If you want more information, you or your parents can talk to my supervisor

Mrs. Gillian Ferguson, Department of physiotherapy University of Cape Town. Tel
0214066045/0829743924 Email gillian. ferguson@uct.ac.za or

Prof. M. Blockman at the University of Cape Town, Human Research Ethics Committee
Tel. 021406338. Email marc.blockman@uct.ac.za
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Assent form

I agree to show the researchers how I do these activities. I may be tired after the tests. I
understand that I do not have to do all the things, I can stop at any time and no one will be
angry with me. I understand that the researcher will tell my parents how well I performed
so that plans can be made to help me if necessary.

If you understand and agree to show us how you do some of these activities please write

your name in the box below.

If you understand and DO NOT want to show us how you do these activities, please write

your name in the box below.
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8.6 Appendix 6: Protocol for Beighton criteria
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8.7 Appendix 7: Beightonscore sheet

Name: I.D. No:

Sex:

Tester:

JOINT

RIGHT

LEFT

SCORE

Passive dorsiflexion M CP5

Passive hyperextension of elbow

Passive hyperextension of knee

Passive opposition thumb to

forearm

YES/NO

YES/NO

Forward flexion of trunk

YES/NO

YES/NO

Total
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8.8 Appendix 8: Score sheet for the lower limb strength test

Name: I.D. No:

Sex:

Tester:

Muscles

Trial 1
™)

Trial 2
N)

Trial 3
N)

Bestscore

™)

Knee extension right

Knee extension left

Ankle Plantarflexion
right

Ankle Plantarflexion
left

Ankle Dorsiflexion right

Ankle dorsiflexion left
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8.9 Appendix 9: Score sheet for Y-Balance test

Name: I.D. No:

Sex:

Tester:

R; (CM)

R; (CM)

R; (CM)

BEST
SCORE

Right anterior

Left anterior

Right posteromedial.

Left posteromedial

Right posterolateral

Left posterolateral

TOTAL
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8.10 Appendix 10: Score sheet for MABC-2
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8.11 Appendix 11: Score sheet for the wedge test

Name: I.D. No: Sex: Tester
Set1 Rig L answe Response
ht e r 1=correct
f O=incorre
t ct
1 9 1 Left
2
2 12 3 Right
3 3 9 Left
4 9 6 Right
Set2 Rig L answe Response
ht e r 1=correct
f O=incorre
t ct
1 3 1 Left
2
2 12 6 Right
3 6 3 Right
4 3 3 Catch
Set3 Rig L answe Response
ht e r 1=correct
f O=incorre
t ct
1 6 9 Left
2 9 9 catch
3 9 3 Right
4 3 9 Left
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8.12 Appendix 12: Pilot Study

Aim of study: The aim of the pilot study was to determine whether proprioception and
balance was different in children with GJH and children with NM.

Specific objectives: To investigate the feasibility of assessing the children on
1. The Beighton criteria.

2.  The HHD.

3. The Y-Balance test

4. The wedge test

Participants: 50 children between the ages 7-10 years were randomly selected to
participate in the study. Parents who gave consent and accurate information on their

wards’ age were 22.

Researchsetting: The pilot study was carried out in an English speaking public school in

Uyo local government, Akwa Ibom state.

Methodology: Research design: A cross-sectional, descriptive analytical design was

used.

Permission and recruitments:

Ethics approval was obtained from the Faculty of Health Sciences, Human Ethics
Research committee (Ref No: 096/2015) and the Akwa Ibom state hospital management
board (MH/PRS/99/V.V1/260). Permission was also obtained from the Local Government

Education Authortity.

Participant’s exclusion criteria:

e Children two years older than the standard age of the class.

e Acute injury or illness on the day of the assessment.

e Known diagnosis of a developmental disability known to affect motor performance

as identified by a parent or teacher.
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Instrumentation: The following outcome measures were used; The Beighton criteria, the
HHD, the Y-Balance test, the MABC-2, and the wedges.

Procedure:

Ethical considerations: the same ethical consideration for informed consent, beneficence,
non-malfeasance, confidentiality and privacy which were taken for the main study, were

also taken in for the pilot study.

Data analysis:
Descriptive analysis was used to describe the demographics of the participants. T-test was

used to check for differences between GJH, proprioception and balance.

Results

Demographic characteristics:

A total of 22 (12 males, ten females) children took part in the study. The pilot study mean
age was 8.95 years, S.D. =0.89. The pilot study mean BMI was, 15.09 S.D. =2.37.

Joint mobility:
The pilot study had 11 participants with GJH and 11 participants with NM.

Table 8.1 Distribution of gender and joint mobility

NM GIH Total
Male 8 4 12
Female 3 7 10
Total 11 11 22

Performance of the Generalised Joint Hypermobility and Normal Mobility groups
on the Y-Balance test, HHD, and wedges

The GJH and NM groups were not significantly different in strength, (except at the right
plantarflexion) balance and proprioception. Details of their performance are in table 8.2.
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Table 8.2 Performance of the GJH and NM groups on the Y-Balance test, HHD, and wedges

Mean Mean t df p
VARIABLE

NM GJH
anterior right

0.39 0.38 0.28 20 0.78
(cm)
anterior left(cm) 0.40 0.39 0.64 20 0.53
posteromedial
i 0.48 0.47 0.47 20 0.65
right(cm)
posterolateral

0.51 0.49 0.87 20 0.40
right(cm)
posteromedial

0.51 0.48 1.04 20 0.31
left(cm)
posterolateral left

0.50 0.48 0.76 20 0.46
(cm)
knee extension

0.33 0.28 1.43 20 0.17
right(n/kg)
knee extension

0.32 0.28 1.36 20 0.19
left(N/kg)
Plantarflexion
] 0.34 0.27 2.35 20 0.03
right(N/kg)
Plantarflexion

0.32 0.27 1.69 20 0.11
left(N/kg)
Dorsiflexion

0.30 0.25 1.49 20 0.15
right(N/kg)
Dorsiflexion

0.26 0.24 0.70 20 0.49
left(N/kg)
total penalty score 2.36 3.00 0.56 20 0.57

Discussion:

The pilot study was conducted in a public school. The only challenge that was
encountered inability of parents to provide information on their Childs’ exact date of
birth. It is probably because of their level of education. They were illiterate parents. It
also shows that the birth of the children were not registered, if not there would been an
official document to show their dates of birth.

Another challenge faced was the reluctance of some teachers to allow the children to be
tested. We were allowed to only test the children during lunch break and after school
This slowed down the pace of the study.
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We were able to use the Beighton criteria to identify children with GJH. The protocols of

the HHD and experimental tasks were easy for the children to understand and perform.

Conclusion:

From the results of the feasibility, it was decided that the study should be conducted in a
private school setting where the parents are usually more educated. This will reduce the

problem of delayed response from parents and inaccurate information about wards from

parents.

8.13 Comparison of Generalised Joint Hypermobility and Normal Mobility
groups on strength, and balance
GJH was also defined with Beighton score cut off of >6,>7, and >8 to check if the

outcome of the results will be different from when Beighton score cut off of >5 was used.

The two groups were not different in balance when compared on the different Beighton

score cut off. Details of result is presented in table 8.3.

Table 8.3: Comparison of GJH and NM on balance using different cut off scores

p-value p-value p-value
if if if
L Cut off Cut off Cut off

Y-balance direction score score score
component >6 >7 >8
Right Anterior 0.39 0.83 0.99
Left Anterior 0.43 0.68 0.29
Right Posteromedial 0.59 0.84 0.55
Left Posteromedial 0.37 0.44 0.52
Right Posterolateral 0.63 0.87 0.76
Left Posterolateral 0.65 0.77 0.49
Right Anterior

A difference was found between the GJH and NM groups only at the left knee extensors
using a Beighton score cut off of >6. Details of the result is presented in table 8.4
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Table 8.4: Comparison of the GJH and NM on lower limb strength test

Muscle groups p-value if p-value if p-value if
Cut off score Cut off Cut off
>6 score >7 score >8
Right knee
0.052 0.632 0.892
extensors
Left knee
0.003 0.267 0.365
extensors
Right
0.586 0.317 0.402
plantarflexors
Left
0.201 0.551 0.756
plantarflexors
Right
0.432 0.373 0.846
dorsiflexors
Left dorsiflexors 0.394 0.412 0.821
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