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Is There an Association Between the Familial Form of
Generalized Joint Hypermobility and Developmental Dysplasia
of the Hip in Children?
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Background and Objectives: This study aimed to examine the association between the familial generalized joint hypermobility (GJH)
and developmental dysplasia of the hip (DDH) in children. Materials and Methods: All infants and children included in this case
(with DDH)-control study were examined for features of GJH by the revised Beighton’s Test Scale (BTS), provided that they had
no teratogenic or pathological causes of DDH or GJH. Results: Two hundred and eight participants were included in this study:
101 (48.6%) cases and 107 (51.4%) controls; age mean 16.57 [standard deviation (SD) 18.1] months; 61.1% (127) females and 38.9%
(81) males. The odds ratio was 2.1 (95% confidence interval 1.197-3.679). The cases had a higher value of BTS score (mean = 4.7,
SD =3.015) when compared with the controls (mean = 3.42, SD = 3.448). The difference was statistically significant, but the correlation
coefficient (r) between the study groups and BTS scores was weak (r = 0.194, P = 0.005). The correlation gained slight improvement
by justification of the age to obtain homogeneity between the groups (r = 0.276, P < 0.001), but deteriorated and lost its significance
when the sex was controlled as a confounder (r = 0.121, P = 0.082). There was a gradual increase in the mean BTS score from grade 1
to grade 4 of DDH but without a statistically significant value (r = 0,132, P = 0.128). Conclusion: The familial GJH has a weak positive
correlation with DDH but cannot be considered as a possible risk factor for it.
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genetics (as in some families), hormonal (as in females),
and some connective tissue disorders (as in the teratogenic
form of DDH) are also incriminated.[-3

INTRODUCTION

Developmental dysplasia of the hip (DDH) has a wide
spectrum of abnormalities ranging from mild acetabular

dysplasia to irreducible dislocation.l!! The exact etiology
is unknown but suspected to be multifactorial. It may be
genetic, hormonal, or mechanical whether intrauterine
(positioning and packaging abnormalities) or postnatal
factors.>

The pathological changes involve both bony parts
(especially acetabular dysplasia) and surrounding soft
tissue elements (especially capsule-ligamental structures).
Most of the studies outweigh the acetabular dysplasia to
be the primary changes in the pathogenesis of DDH.2>*

The capsule-ligamental structures in DDH undergo
stretching and laxity. This laxity is claimed to occur
from the abnormal mechanical loading on the joint, but
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Ligamental laxity may cause joint laxity or joint
hypermobility (which may be localized or generalized).
The generalized joint hypermobility (GJH) may be
inherited either in a familial form which is usually
asymptomatic and present in healthy persons or is part
of certain chromosomal or connective tissue disorders.
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Also, it may be acquired from widespread inflammatory
or endocrinal disorders.® !

It may be noticed that patients who have the typical
type of DDH may also have clinical features of GJH in
their extremities. In the literature, it is not clear whether
excessive ligamental laxity due to the familial GJH has a
role as a risk factor (etiology) of DDH or not.

Aim of the study
This study aimed to examine the association between the
familial GJH and DDH in children.

Objectives

1. How many patients with DDH also have features of
GJH (proportion and percentage)?

2. How many persons (especially children) who had
features of GJH have also DDH (proportion and
percentage)?

3. Is there a correlation between the presence of GJH
features and the occurrence of DDH?

4. Could the GJH be a risk factor for DDH?

Hypothesis

*  Null hypothesis (Ho): There is no correlation between
DDH and GJH.

* Alternative hypothesis (Ha): There is a correlation
between DDH and GJH.

MarteriaLs AND MEeTHODS

Approvals

The approvals to perform this study were gained from the
Institutional Scientific Committee and the Local Health
Authority/Committee of Ethics for medical researches.

Study type, source population, and sittings

The study was an unmatched case—control observational
type. The children who attained three medical places
(Early Detection of Childhood Disability Center, Heevi
Pediatric Teaching Hospital, and the Emergency Teaching
Hospital) in Duhok city/Iraq during the period from
October 1, 2020 to January 30, 2021 were chosen as a
source population for this study. The children attained
these medical health centers for different complaints
including musculoskeletal problems. The sampling was
done in the outpatient clinics of these centers.

Participants, sampling, and eligibility

To achieve a sort of random selection of the participants,
the sampling was done every other day and every other
patient from the waiting list.

The inclusion criteria were infants and children whose
ages ranged from 6 months to 12 years (infants less than

6 months might have the residual effect of the maternal
hormone on their ligaments)'¥ of both sex and Kurdish
race only. Exclusion criteria were as follows:

* Children with syndromic disorders which may cause
the teratogenic type of DDH or non-familial cause
of GJH (such as arthrogryposis, Ehlers—Danlos
syndrome, Marfan’s syndrome, Down’s syndrome, and
osteogenesis imperfecta);

* Children with the acquired cause of GJH (such as
juvenile rheumatoid arthritis, hypothyroidism, etc.);

e Children with neuromuscular disorders (such as
meningomyelocele, cerebral palsy);

* Children with a history of pyogenic arthritis of their
hip during the neonatal period;

* Children with possible confounders such as the first
baby in the family; a history of breech presentation; a
history of oligohydramnios; a history of swaddling.

The eligible participants were checked for evidence of DDH
and GJH. Those who had clinical and radiological evidence
of DDH were considered as cases and those without this
evidence were considered as controls. All the included
children (of both groups) were examined for features
of GJH. In this study, the presence of GJH features was
considered as an exposure (possible risk factor) and the
presence of DDH as the outcome (the disease).

Data sources, variables, and measurements

After taking permission from the parents with a signed
concept, the data of each patient were reported in a special
worksheet paper with a code.

The data included age, gender, race, evidence of DDH,
side of DDH, grade of DDH (according to the Tonnis
Classification—four grades),!”! and finally the score of
GJH by using the revised Beighton’s Test Scale (BTS) for
joints hypermobility in children (which evaluates five parts
of the body bilaterally and the total score was recorded
between 0 and 10, a score of 5 and more was considered
to have GJH).['¥ This revised form of BTS was suggested
by Romeo et al. for the younger preschool children (less
than 5 years). It is a mixture between the classical BTS and
that described by Carter er al'"~17 It replaces putting the
palms flat on the ground (a step which may be difficult to
be performed by the toddlers and impossible by the infants)
by dorsiflexion of ankles. It was found to be suitable for the
present study because most of the participants suspected to
be included would be young children (infants and toddlers).

Sample size calculation

The assumed sample size was calculated by using the G*Power
3.1.9.7 computer software program. A minimum of 138
participants (69 for each group) was required to have a power
of 95% chance of detecting the association between GJH and
DDH and a two-sided 95% level of confidence (0.05 level of
significance) to avoid the type 1 alpha error, with a probable
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hypothetical correlation of about 0.3. However, during the
sampling process, the number of cases and controls was
increased to overcome the justification for homogeneity of
other characteristics such as age. This increase was aimed also
to diminish and minimize the random error and sampling
error and to narrow the margins of error during estimation
of the confidence interval (CI) bounds.

Statistical methods

The collected data were transferred to a computer by
using the Statistical Package for Social Sciences software
program (IBM Corp., Released 2015, IBM Corp., IBM
SPSS Statistics for Windows, Version 23.0, Armonk, NY,
USA) for further statistical analysis with a 2X2 contingency
table. The following estimations and analysis were done:

* To know how many cases of DDH also had features
of GJH, the proportion and the percentage were
calculated by dividing the number of DDH cases who
had GJH by the total number of DDH cases, and then
the result was multiplied by 100.

* To know how many participants with GJH also had
DDH, the proportion and percentage were calculated
by dividing the number of participants with GJH and
had DDH by the total number of participants with
GJH, and then the result was multiplied by 100.

e To examine the association between DDH and GJH,
the following statistical analytic tests were conducted:

1. First, to know whether there was a relationship
between them or not, the odds ratio (OR) was
estimated by dividing the odds of cases with GJH by
the odds of controls. The relationship was considered
to be present when the OR was more or less than 1
and considered absent when it was equal to 1. The
CI was calculated at a 95% level of confidence.

2. Secondly, to determine the direction and strength
of the relationship (correlation) between them, a
correlation coefficient (CC) was calculated according
to the type of data:

e The Phi CC was used when the data of both the
exposure and outcome were of nominal binary
dichotomous (two levels) type.

* Goodman and Kruskal lambda CC or Pearson’s y>
tests were used when the data of both exposure and
outcome were nominal but not dichotomous (more
than two levels).

* The point-biserial correlation was done by using
Pearson’s CC if one variable was nominal and the
other was continuous numerical scale type.

* The rank-biserial correlation was done by using
Spearman’s CC when one variable was of the ordinal
type and the other one was of the nominal type.

* Kendall’s tau_b CC was used when one variable
was ordinal and the other one was of continuous
numerical scale type.

» Partial correlation was done to control the effect of
confounder (gender).

The value of the CC (r) was used to interpret the direction
of the correlation (positive or negative values) and the
strength of the correlation according to the recommended
guidelines of Cohen (less than 0.3 has a weak relationship,
between 0.3 and 0.5 has a moderate relationship, and more
than 0.5 has a strong relationship).l'®

3. To control the effect of the confounders (especially for
gender), the partial correlation was used.

4. For further confirmation of the confounder control
and to make a possible prediction for the occurrence of
DDH from the BTS score, the binary logistic regression
was conducted.

5. An independent 7-test was used to compare the means
of variables when they were of numerical scale type.

6. The result of any statistical analysis test was considered
statistically significant, and the null hypothesis was
rejected when the P-value (P) was less than 0.05.

Bias, chance (random error), and confounders

To prevent or minimize an incorrect estimation of the
association between GJH and DDH, the following
points were taken into consideration to prevent bias
during the conduction of the study: the selection criteria
(inclusion criteria) of participants’ characteristics for
both groups (cases and controls) were unified especially
for age; the same method for measurements and
classifications was used for all participants (of both
groups) for diagnosis and grading DDH and GJH to
prevent misclassification bias.

To minimize the probability of detection of the association
by chance, the following points were taken into consideration:
the sampling of the participants (especially for controls)
was done randomly according to the presentation of the
participants to these centers, which was beyond the control
of the authors; the sampling was done for children who
presented to these medical centers for different complaints
(not for musculoskeletal problems only especially during
sampling of controls); the sample size was increased beyond
the estimated one to minimize the random error (i.e., detection
of the finding by chance); the confidence level was set at 95%
of detection, and the P-value was set at 0.05.

The following points were taken into consideration to
control the effect of confounders: the eligibility of the
participants was restricted—for those with possible
confounder effect—in the exclusion criteria; the statistical
analysis included partial correlation and logistic regression
to control the effect of gender as a confounder.

ResuLts

Two hundred and eight participants were included in
this study: 101 (48.6%) were children who had DDH
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and they were considered as cases, whereas the rest 107
(51.4%) were considered as controls because they did not
have DDH. Their age ranged from 6 months to 11 years
with a mean of 16.57 and a standard deviation (SD) of
18.1 months. The participants were mainly females 61.1%
(127) vs. 38.9% (81) males. The details of differences
between the cases and controls were summarized in
Table 1.

The percentage of the cases (had DDH) with features of
GJH was 50.5% among whole cases. The percentage of
those with GJH features among the cases was 59.3% and
among the controls was 32.7%. The OR was 2.1 with 95%
CI bounds (1.197-3.679) [Table 2].

The study groups had a statistically significant
correlation with the GJH features (Phi CC = 0.180,
P = 0.009). The cases had a higher value of BTS
score (mean = 4.7, SD = 3.015) compared with the
controls (mean = 3.42, SD = 3.448). The difference
was statistically significant when their means were
compared by the independent z-test with equal variance
assumed (z-value = 2.849, P = 0.005). The point-biserial
correlation between the study groups and the BTS score
also had a statistically significant value (r = 0.194,
P =0.005) [Figure 1].

The age variable had several extreme values (outliers)
which caused a high SD. After justification of the data
regarding the age variable (by deleting the outliers) to
obtain homogeneity of the groups, there were a mild
rise in the OR (2.7, 95% CI 1.46-5.01), Phi CC between
study groups and GJH features (r = 0.236, P = 0.001),
and between study groups and BTS scores (r = 0.276,
P <0.001).

When partial correlation was performed to control the
effect of sex as a confounder, the correlation of the study
groups with GJH features was diminished and became
non-statistically significant (r = 0.108, P = 0.123). The
same thing occurred for its correlation with the BTS score
(r=0.121, P = 0.082).

Logistic regression was conducted to predict the
log odds of DDH from the BTS score. There was a
statistically significant rise in the likelihood of DDH

log odds by 1.129 (95% CI 1.036-1.229) when the BTS
score increased by one point. This prediction became
non-significant when the sex variable holds constant
(controlled as a confounder). The likelihood of DDH
log odds became 1.083 and the CI bounds became 1
(95% CI 0.990-1.185) with the increase of the BTS score
by one point [Table 3].

The cases (those who had DDH) were 101. Twenty-four
(23.8%) of them were males and the other 77 (76.2%)
were females. The mean age was 12.19 (SD 6.2) months.
The type of DDH according to the side involved was as
follows: right-sided 41 (40.6%), left-sided 16 (15.8%), and
bilateral 44 (43.6%). The severity (grades)of DDH was as
follows: Grade 1 20 (19.8%), Grade 2 75 (74.3%), Grade
35 (5%), and Grade 4 1 (1%). The cases that had features
of GJH were 51 (50.5%) and those who did not have these
features were 50 (49.5%). The mean of BTS score for GJH
features among the participants of this group was 4.7 (SD
3.015). There were no statistically significant results from
the correlation tests, which had been conducted between
the different variables of this group [Table 4]. There was
a gradual increase in the mean BTS score from grade 1
to grade 4 of DDH but without a statistically significant
value (r = 0.132, P = 0.128) [Figure 2].

Discussion

DDH and ligamental laxity

The shoulder and the patellofemoral joints have a
preliminary deficiency of their bony restrained function.
Their primary stabilizers are the capsule-ligamental
structure and the surrounding muscle tone. These joints
sustained recurrent instability when the ligaments
become lax or lost their integrity. Contrary to them,
the bony arrangement is an important stabilizer for the
hip. Acetabular dysplasia is thought to be the primary
pathology in DDH. Capsulo-ligamental stretching and
laxity with subsequent femoral head displacement are
supposed to be secondary changes.!* It might be unusual
to find a hip with a typical type of DDH (in a healthy
child) with a normal acetabulum unless the familial form
of GJH is to be blamed for that. Hence, it was interesting
to examine the relationship between the presence of GJH

Table 1: Differences between both study groups

Participants characteristic Study groups Total
Cases (have DDH*) n* = 101 Controls (do not have DDH) n = 107
Gender (frequency)
Female 77 50 127
Male 24 57 81
Age in months [mean (SD?)] 12 (6) 21 (24) 16.57 (18.1)

*DDH = developmental dysplasia of the hip
n = number
fSD = standard deviation
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Table 2: Study groups with GJH features

Study groups Total
Cases (have DDHY), n* (%) Controls (do not have DDH), n (%)
GJH* features With 51 (59.3%) 35 (32.7%) 86 (100%)
Without 50 (41%) 72 (59%) 122
Total 101 107 208

*GJH = generalized joint hypermobility
"DDH = developmental dysplasia of the hip
n = number

107 (¢} o
8- L] o
o o

Beighton's Score
-
1
)
)

2+ © =]

o

Study Groups

Figure 1: Scatterplot with a fit line at total (line of trend) for point-biserial
correlation examination of Pearson’s CC between the study groups and
the BTS scores (0 = controls, 1=cases)

features and the occurrence of the typical type of DDH,
excluding list-wise the pathological causes of GJH.

Association

The percentage of those with GJH features among cases
(59.3%) and controls (32.7%) was more than that reported
by Carter and Wilkinson," but less than that reported by
Wynne-Davies,!'**! Muldoon et al. *"' and Santore et al.l*?
However, the former study calculated only proportions
and percentages without any statistical inferential analysis
to test a hypothesis, and the latter two articles included
adult participants only.

In this study, the odds of DDH with GJH were 2.1 times the
odds of those without GJH features. In other words, there
were greater (2.1 times) odds of the DDH happening in
those with GJH features vs. those without. This result was
considered statistically significant because the CI did not
include the value of 1 within its bounds (95% CI = 1.197—
3.679). The presence of association was confirmed and
the role of chance was excluded. So, it could be concluded
that with repeated sampling the possibility of detecting
DDH in those with GJH features would be between 1.2

and 3.7 (average 2.1) times greater than those without
these features in about 95% of the samples.

Correlation

The results of the present study showed a weak positive
but statistically significant correlation between the study
groups and the presence of GHIJ features (+r = 0.18,
P = 0.009). After justification of the data to obtain
homogeneity between the study groups, the new results
showed a minimal rise of the OR and CC, but still within
the weak zone of correlation according to the Cohen-
recommended guidelines. The authors sympathized to
keep the data as such without justification because the
extreme values (outliers) of the samples—especially for
the age—were still within the inclusion criteria, which had
been settled before conducting the sampling procedure.

There was a gradual increase in the scores of joint
hypermobility (BTS), and there was a slope in the fit line
of the trend when moving from the group of controls to
cases [Figure 1]. That is to say, the cases with DDH had
a higher degree of GJH features than the controls. The
difference was mild and the correlation was weak but
was statistically significant. These results encouraged the
rejection of the null hypothesis and made the alternative
one more favorable.

Risk factor

Wynne-Davies and Dunn differentiated two types of
DDH: the first group had GJH (from hormonal, genetic,
or constitutional factors) and manifests as hip instability
at birth and the second group is characterized by dysplasia
of the acetabulum without any significant ligamental
laxity.">?1 As mentioned before, acetabular dysplasia is
now thought to be the primary pathology in DDH, and the
capsulo-ligamental stretching and laxity with subsequent
femoral head displacement are supposed to be secondary
changes.!*

It is unusual in DDH cases to find a displaced hip with the
normal acetabulum. For example, in Graf’s evaluation for
hips, all types which have an increase in the beta angle also
have diminished alpha angle (indicating that the acetabulum
is dysplastic) apart from what is called the “elastic whipping”
phenomenon.? But, the acetabular growth and maturation
were not finished yet by the end of the first year of life.

-Medical Journal of Babylon | Volume 18 | Issue 4 | October-December 2021
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Table 3: Variables entered in the regression equation

Variable(s) entered B* SEf Wald* dfs Sig.** Exp(B) 95% CI** for Exp(B)
Lower  Upper
Step 0 Constant -0.058 0.139 0.173 1 0.677 0.944
Step 1 BTS score 0.121 0.044 7.693 1 0.006 1.129 1.036 1.229
Constant —-0.547 0.226 5.873 1 0.015 0.578
Step 2 BTS score® 0.080 0.046 3.034 1 0.082 1.083 0.990 1.189
Sex (1) -1.167 0.313 13.942 1 0.000 0.311 0.169 0.574
Constant 0.056 0.280 0.040 1 0.841 1.058
*B = values for logistic regression equation (in log odds units)
'SE = standard error associated with the coefficients
fWald = Wald y? value
Sdf = the degree of freedom for each test of the coefficients
**Sig. = two-tailed P-value
Exp(B) = odds ratios for the predictors (exponentiation of the coefficients)
#CI = confidence interval
SBTS: Beighton’s Test Scale
Table 4: Correlation tests between the different variables of the group of cases
Variables Correlation coefficient P-value
Variable 1 Variable 2 Type Value
(type) (type)
DDH* sides (nominal) GJH' groups (binary dichotomous) Goodman and Kruskal lambda coefficient 0.022 0.108
Pearson % test 4.733 0.094
DDH sides (nominal) BTS’s scoref (scale) Point-biserial correlation by Pearson’s CC 0.176 0.078
DDH grades (ordinal) GJH groups (binary dichotomous) Rank-biserial correlation by Spearman’s CC -0.174 0.082
DDH grades (ordinal) BTS score (scale) Kendall’s tau_b 0.132 0.128

*DDH = developmental dysplasia of the hip
'GJH = generalized joint hypermobility
iBTS = Beighton’s Test Scale

When the walking commences, the shearing force between
the femoral head and the acetabulum might cause micro-
instability and acetabular maturation defects if the capsule-
ligamental structures are not tight enough. Muldoon
et al®V and Santore et al.®® found that hypermobility was
an important factor for hip dysplasia and pain in adults.
Devitt et al® found a significant negative correlation
between the presence of GJH and the thickness of the hip
joint capsule. They proposed that thinning of the capsule in
those with GJH may weaken the static stabilizer of the hip
joint and initiate micro-instability. The same scenario may
occur during fetal intrauterine life. Here, the ligamental
laxity would be the primary defect, and the acetabular
changes would be the secondary one.

Although up to date the magnitude of ligamental laxity
(not joint laxity) was not been measured objectively, the
ligamental laxity from pathological causes (such as in
Ehlers—Danlos syndrome) may not be equivocal to that of
familial GJH. The present study looked for an association
between the familial GJH and typical DDH and excluded
the teratogenic and possible pathological risk factors for
both DDH and GJH.

The results of the present study showed that the correlation
between familial GJH and BT'S score with DDH diminished

and became statistically not significant when the effect of the
sex as a confounder was controlled. It could be concluded
that sex masked the real association. So, the familial GTH
could not be incriminated (according to the results of the
present study) to disturb the stability of the hip joint. The
results of the mentioned studies (Muldoon ef al., Santore
et al., and Devitt et al.) probably did not come from cases
with the familial GJH. So, it can be concluded that familial
GJH could not be considered as a possible risk factor for
secondary acetabular dysplasia (DDH) and hip pain in
adults. The field now became far away from the discussion
about the possibility of causality in this association (cause—
effect relationship).

BTS scores and DDH grades

When examining the data of the cases only, the degree
of BTS score was gradually increased when the grade of
DDH increased. This could be noticed easily from the
positive value of the CC (r = 0.132) and the slope of the
fit line of the trend in the scatterplot diagram [Figure 2].
However, this correlation was considered weak and it did
not assume the significance level (P = 0.128). So, it could
not be accepted that the raise of the BTS score had a role
in raising or determining the grade of DDH. Therefore,
the authors of this study were not encouraged to do the
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Figure 2: Scatterplot with a fit line at total (line of trend) for the grades
(severity) of DDH and BTS score

regression analysis to predict the raise of DDH grade
from the raise in the score of the BTS score.

It can be noticed that the values of all the CCs which
had been counted between the different variables in this
study were low and considered weak according to Cohen’s
recommended guidelines.

CoNcLUSION

The familial GJH has a positive weak correlation with DDH
but cannot be considered as a possible risk factor for it.

Limitations

The sampling of the participants was from the children
who attained the outpatient clinics of some medical
centers (hospital-based source). None of the participants
(especially controls) was chosen from schools or public
places (general population-based source) because the
study was conducted during the crisis of Covid-19.

For comparative purposes, the authors of the present
study did not find satisfying recent articles or studies
discussing the association between the familial forms of
GJH and DDH during literature reviews.
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