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ABSTRACT

Background: Down syndrome is a genetic condition that has an impact on a person's health and development on many
levels, including their feet. Children with Down syndrome frequently have flat feet and other foot deformities, which
can make walking painful, uncomfortable, and challenging. Objective: The aim of the current study was to evaluate the
foot alignment and its impact on quality of life in children with Down syndrome. Subjects and methods: This
retrospective study included a total of 40children with Down syndrome from both genders with ages ranged from 8 to12
years old recruited from Alfolk Charity Institution, Outpatient Clinic, Intellectual Educational Schools, in Al Gharbia
and Cairo Governorates. Foot arch angels were assessed by X-ray radiological assessment whereas; health status for
children with foot and ankle problem, Quality of life of children with Down syndrome were assessed by the Oxford
ankle foot questionnaire. Results: There was a significant increase in Talo-calcneal angle of the right foot of study group
compared to the reference value (p = 0.001).There was a significant increase in Talo-calcneal angle of the left foot of
study group compared to the reference value (p = 0.001).There was a significant increase in Bohler's angle of the right
foot of study group compared to the reference value (p = 0.001).There was a significant increase in Bohler's angle of
the left foot of study group compared to the reference value (p = 0.02).There was a significant decrease in school & play
score of study group compared to the reference value (p = 0.001). Conclusion: This study concluded that children with
Down syndrome haveproblems in their feet that affect directly their quality of life.
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INTRODUCTION Somfat_imes flatfeet can b_e uncomfortable, with more
specific symptoms occurring after strenuous activity or
lengthy walks. In the lower legs and feet, there is
widespread discomfort .

People with chromosomal abnormalities, such as
Down syndrome (DS), have 47 instead of 46
chromosomes. Trisomy 21 is the most common

autosomal trisomy and the primary genetic cause of _ Foot X-ray evaluation can offer a more complete
severe learning impairments @. The 21st pair of picture of _the foot anatomy anc_j assist _uncover any
chromosomes are affected by the defective cell that abnor_mal_ltles that may not be ObVIOl_JS during a physical
causes Down syndrome, either by nondisjunction (95%), examination ©. X-ray scans give accurate and
translocation (3%-4%), or, less commonly, mosaicism trustworthy data in a variety of foot diseases. For
(1%) caused by division®. Hypotonia, a small diagnosis, weight-bearing AP lateral radlographs of the
brachycephalic head, epicanthal folds, a flat nasal bridge, feet are frequently adequate®. These radiographs
upward-slanting palpebral fissures, Brushfield spots, a measure the foot ar_ch angles. The dlsease_r can be staged
small mouth, small ears, excessive skin at the nape of the and treatment choices can be Eade with the use of
neck, a single transverse palmar crease, and a short fifth clinical and X-ray examination . Additionally, based
finger with clinodactyly and wide spacing are common on the evaluation of weight-bearing radlograph_s_of the
physical findings. Ligamentous laxity, which can result foot and ankle, foot X-ray assessment can be utilised to
in acquired hip dislocation, chronic patellar dislocation, assist clinical decision-making treatment programs for
pes planus, and ankle pronation, are the most frequent the management of foot abnormalities in children 9.
orthopaedic issues with DS. Degenerative joint disease, An instrument that is reliable for measuring foot
osteoarthritis, and scoliosis are additional prevalent pain, function, and appearance is the Oxford Ankle Foot
orthopaedic issues . For appropriate gait to occur, Questionnaire. It can be used to evaluate how the child's
correct foot morphology is necessary, and various foot quality of life is affected by their foot issues “?. 16 items
abnormalities may be connected to more proximal lower make up the questionnaire, which is divided into four
limb defects that might considerably impede everyday categories: general foot health, footwear, foot function,
activities®. and foot pain 2, Healthcare professionals can assess the

The most common foot variations in DS are flat success of treatment initiatives and make necessary
feet, including pronated flat feet, calcaneal valgus, modifications to treatment strategies by monitoring
hallux valgus, and metatarsus primus varus®but if improvements in q_uallty_ofllfe over time . The Oxford
these foot variations are not detected early, major Ankle-Foot Questionnaire was created to evaluate the
biomechanical and postural issues may d!sablllty associated with foot and ankle prqblem_s in
develop®.Children with DS frequently have flat feet, kids between the ages of 5 and 16. The questionnaire’s
which can lead to pain, discomfort, and walking results can be used to determine how foot or ankle issues
challenges. Severe flat feet can also distort the shoe.
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affect children in three different areas of their lives:
physical, school and play, and emotional @4,

The therapist is more able to pinpoint the foot
disability and its causes when they assess ankle and foot
abnormalities in children with Down syndrome. This
helps the therapist create the best treatment plan in order
to improve balance, stability, reduce foot discomfort,
suggest appropriate footwear, and improve walking and
gait pattern, leading to an overall higher quality of life.
So this study was conducted to evaluate foot arch in
children with Down syndrome and its effect on their
quality of life.

SUBJECTS AND METHODS

This retrospective study included 40children
with Down syndrome from both genders with ages
ranging from 8 tol2 years old recruited from Alfolk

Charity Institution Outpatient Clinic, Intellectual
Educational Schools in Al Gharbia and Cairo
Governorates.

Inclusion criteria: Children with Down syndrome from
both genders, aged 8-12 years, having mild mental
disabilities and their 1Q score ranging from 50 to 69 so
they can understand the commands, having no any
operations in the feet and they can stand independently
and walk alone.

Exclusion criteria: Children with moderate or severe
mental disabilities. Their 1Q score below 50. Unable to
understand commands. Any surgical feet operations.
Children who cannot stand-alone.

Procedures: Each child's foot arch and quality of life
were assessed individually.

Radiographic Measurements (X-ray): Each kid had a
plain x-ray for both ankles in antero-posterior and lateral
views while standing and carrying all of their weight. A
single observer analysed all of the images. The foot
alignment angles from the A-P and lateral views were
sketched on the acquired X-ray film, revealing the talo-
calcaneal angle (25° - 40°) ®®, and Bohler's angle (25° -
40°) 19 (Figurel).
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(b)
Figure (1): (a & b) plain x-ray examination of the right
ankle in antero-posterior view showing talo-calcaneal
angle (60.5) & Bohler angle (50).

For the examination of foot alignment in the
position of static weight bearing, radiographic
assessment is an incredibly trustworthy criteria standard
measure?. The foot alignment angles from the A-P and
lateral views were sketched on the acquired X-ray film,
demonstrating the talo-calcaneal angle (25° - 40°) @9,
and Bohler's angle (25° - 40°)19),

Oxford ankle foot questionnaire for children:

The Oxford Ankle Foot Questionnaire was created
to evaluate the health condition of kids with foot and
ankle problems who are between the ages of 5 and
16.The Physical domain evaluates general activity
restrictions like standing and walking, the school &play
domain evaluates participation limitations in particular
environmental contexts, and the emotional domain
evaluates how much a child is concerned about their foot
or ankle problem due to their appearance or how other
people treat them @9,

The Oxford ankle foot questionnaire provides a
valid and reliable way to measure how foot and ankle
disorders affect the lives of kids aged 5 to 16 by focusing
on issues that matter to kids @”. The Oxford ankle-foot
questionnaire was administered to kids and/or parents,
and the results were recorded as a percentage 2.

There is no overall score the three domain scores are
provided individually. The scoring system was created
to determine the frequency with which each issue,
represented by a questionnaire item, was a problem.
Each response choice was graded on a 5-point scale from
0 to 4, with 4 denoting no difficulty and O denoting a
persistent problem. The sum of the scale item scores
divided by the maximum score for each domain (i.e.,
Physical 24, School & Play 16, and Emotional 16) yields
the domain scores. Better functioning is indicated by a
domain's score increasing®¥. The information was
gathered from x-ray measurements and parents'
responses to the Oxford ankle-foot questionnaire for
kids.

Ethical approval: Medical Ethics Committee of
Faculty of Medicine, Cairo University gave its
approval to this study. Before enrolling any children
in the research, the parents of all possible
participants were informed of the project's aims and
requested to sign an agreement. The Helsinki
Declaration was followed throughout the study's
conduct.
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foot angle and OXAFQ-C values between the study
group and the reference values, a one sample t test was
used. To determine the relationship between X-ray
angels and Oxford score, Pearson correlation coefficient
was used. All statistical tests have a significance
threshold of p <0.05.

Statistical analysis
Statistical analysis was carried out using SPSS
version 25 for Windows. To provide the subject
characteristics, descriptive statistics using the mean,
standard deviation, minimum, maximum, and frequency
were undertaken. For the purpose of comparing the mean
RESULTS
Forty children with Down syndrome participated in this study group. Their mean age was9.75 + 1.27years with
maximum of 12 years and minimum of 8 years. There were 25 (62.5%) boys and 15 (37.5%) girls as shown in table (1).

Table (1):Descriptive statistics for age and sex of study group

Mean £SD Maximum Minimum
Age (years) 9.75+1.27 12 8
Sex, n (%) N %
Boys 25 62.5
Girls 15 37.5

Talo-calcneal angle of the right foot: The mean value of talo-calcneal angle of the right foot of study group was 54.53
+ 11.29degrees, while the reference value was 32.5 degrees. The mean difference was 22.03degrees. There was a
significant increase in talo-calcneal angle of the right foot of the study group compared to the reference value (p =
0.001).

Talo-calcneal angle of the left foot: The mean value of talo-calcneal angle of the left foot of study group was 55.73
9.00degrees, while the reference value was 32.5 degrees. The mean difference was 23.23degrees. There was a significant
increase in talo-calcneal angle of the left foot of study group compared to the reference value (p = 0.001) (Table 2).

Table (2): Comparison of mean values of Talo-calcneal angle between study group and reference value

Talo-calcneal Study group Reference Mean - values values i
angle (degrees) value difference P g
MeanxSD
Right foot 54.53 + 11.29 325 22.03 12.33 0.001
Left foot 55.73+£9.00 325 23.23 16.33 0.001

Bohler's angle of the right foot: The mean value of Bohler's angle of the right foot of study group was 40.33 £ 5.74
degrees, while the reference value was 35 degrees. The mean difference was 5.33 degrees. There was a significant
increase in Bohler's angle of the right foot of study group compared to the reference value (p = 0.001).

Bohler's angle of the left foot: The mean value of Bohler's angle of the left foot of study group was 36.93 £+ 5.25
degrees, while the reference value was 35 degrees. The mean difference was 1.93 degrees. There was a significant
increase in Bohler's angle of the left foot of study group compared to the reference value (p = 0.02) (Table 3).

Table (3): Comparison of mean values of Bohler's angle between study group and reference value

\ Study group Reference .
Bohler's angle(degrees) Mean+SD value MD t- values | p-values Sig
Right foot 40.33+5.74 35 5.33 5.86 0.001 S
Left foot 36.93+5.25 35 1.93 2.32 0.02 S

Comparison of the Oxford ankle foot questionnaire (OXAFQ-C) of children with Down syndrome (study group)
with reference values:
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School & play score: The mean value of school & play score of study group was 63.5 + 20.66, while the reference
value was 100. The mean difference was -36.5. There was a significant decrease in school & play score of study group

compared to the reference value (p = 0.001) (Table 4).

Table (4): Comparison of mean values of 5th metatarsal base angle between study group and reference value

Study group t- .
OxXAFQ-C Mean+SD Reference value MD values p-values | Sig
School & play score 63.5 + 20.66 100 365 -11.17 0.001 S

Relationship between Talo-calcneal
OxAFQ-C:

There were moderate positive significant correlation
between the right talo-calcneal angle and school & play
score and left talo-calcneal angle and school & play
score(r = 0.401, p = 0.010) and (r = 0.380, p = 0.015)
respectively (Table 5).

angle and

Table (5): Correlation between talo-calcneal angle and
OxAFQ-C

i r p .
DIARGHE value | value Sig

Right talo- School & 0401 | 0010 | s

calcneal angle play score

Left talo- School & 038 | 0015 | s

calcneal angle play score

r value: Pearson correlation coefficient
p value: Probability value, NS: Non significant

Relationship between Bohler’s angle and OXAFQ-C:
The correlation between right Bohler’s angle and school
& play score was weak positive significant correlation
(r = 0.094, p = 0.563).The correlation between left
Bohler’s angle and school & play score was weak
positive significant correlation (r = 0.019, p = 0.906)
(Table 6).

Table (6): Correlation between Bohler’s angle and
OxAFQ-C

i r p .
DINRHS value | value Sig

Right Bohler’s | School & 0.094 | 0563 | NS
angle play score
Left Bohler’s | School & 0019 | 0.906 | NS
angle play score
DISCUSSION

Down syndrome (DS), also known as Trisomy 21,
is the most common chromosomal condition

characterised by the presence of all or part of a third
copy of chromosome 21 @819 The prevalence of
orthopaedic pathology in Down syndrome ranges from
25 to 30%®*2Y Foot arch problems are common in
children with Down syndrome, with the prevalence of
pes planovalgus (flatfoot) ranging from 2% to 6%, and
this deformity correlates with ligamentous laxity®@!??),
which can cause pain, instability, uneven plantar
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pressure distribution, gait problems, and foot fatigue @,
all of which can have a significant impact on daily
activities. All of these alterations can contribute to
reduced walking speed, decreased stride length and
cadence, increased stance time®? and reducing
functioning and overall well-being 526 27),

This study was conducted to assess the foot
deformity and its relation with quality of life especially
school and play activities in the population of children
with Down syndrome.

The findings of the study revealed that there
were significant differences of Talo-calcaneal and
Bohler's angels using X-ray assessment in children with
Down syndrome when compared to the normal
reference values. In addition, the score of school and
play domain of Oxford ankle and foot questionnaire was
significantly low. Also, there were a direct relation
between the foot malalignments and quality of life for
these children.

Several studies have been conducted to evaluate
the relationships between foot arch angles and quality
of life in children with Down syndrome, utilising X-ray
measurement and the Oxford ankle foot questionnaire
(26-28)

Our study revealed that in children with Down
syndrome, radiographic assessment of the foot arch
confirmed that they had foot deformities. This comes in
agreement with Parotti et al.?® who discovered that
radiographic imaging of the foot and ankle in children
with Down syndrome indicates a greater frequency of
abnormalities than clinical examination.

Our study emphasized that persons with DS
showed several orthopedic anomalies. This comes
agreement with Concolino et al.®®who showed a
pronated flat foot, isolated calcaneal valgus, flat foot,
and bony malformation of the forefoot. Additionally,
our study supported the conclusion made by Mansour
et al.® that the DS group had foot deformities such as
hallux valgus, syndactyly between the 2nd and 3rd toes,
grade Il and grade Il pes planus, joint laxity, and an
enlarged space between the 1st and 2nd toes.

The OXAFQ is often used in researches to evaluate
the quality of life and foot and ankle function.
According to Evans et al.Ythe Oxford Ankle Foot
Questionnaire (OXAFQ) for children was created as a
site-specific (ankle/foot) tool and a quick and easy way
to evaluate outcomes from the child's point of view. The
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OxFQ questionnaire has been shown to have internal
test-retest reliability and cross-sectional validity,
according to Morris et al.*?, Also, Craxford et al.?
found that the Oxford Ankle Foot Questionnaire for
children (OXAFQ_C) is a validated questionnaire that
was created to measure QoL in this population.

Dynamic flat foot function was shown by Kothari
et al. ®® to be related with reduced OXAFQ_C-based
quality of Life. According to their findings, the bigger
the maximal forefoot and hindfoot supination during
walking, the greater the quality of life impairment. The
severity of foot diseases and quality of life ratings are
significantly inversely correlated. This is in line with the
findings of our study.

Our study revealed that the children with Down
syndrome had flat feet and other malalignments of
different parts of their feet as pronated feet. This is
consistent with the findings of Diamond et al.?Y, who
discovered that 20% to 27% of Down syndrome patients
had musculoskeletal issues, and Merrick et al.?? who
discovered that 30% of all reported orthopaedic
problems are foot abnormalities.

The current study revealed that foot
malalignments had impact on the quality of life
especially the play and school activities in the children
with Down syndrome that had been reported by their
parents. This is consistent with research by Richter et
al.®¥ where they found that foot diseases severely
restrict patients' activities and degrades their quality of
life. It is emphasised that assessing foot functions is
crucial for determining how well conservative and
surgical treatments are working. The findings of the
current study comes in agreement with Lim et al.®®
where they discovered that flat-footed children with
Down syndrome scored considerably worse on the
Oxford ankle-foot questionnaire, indicating a decreased
quality of life associated with foot issues. The study also
discovered a link between the degree of quality of life
impairment and the severity of flat feet as determined
by X-ray examination. Also, the outcomes of the current
study are parallel to Irving et al.®® who reported
persistent heel discomfort The findings suggest that
when a person, regardless of their foot type, records a
low score, they may encounter greater difficulties
engaging in a variety of physical activities, become
socially isolated, and lack the energy to engage in
activities.

These studies reveal a relationship between the
foot arch angles of children with Down syndrome and
their Oxford ankle foot questionnaire-measured quality
of life regarding foot issues. A foot problem's precise
nature and severity may be determined by an x-ray
evaluation, which can determine the best course of
therapy and enhance the child's quality of life.

CONCLUSION
It can be concluded that children with Down
syndrome had abnormal foot alignment detected by X-
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ray and affect their quality of life during school and play
activities.
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