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Abstract
Background context: The correlation of idiopathic scoliosis and cavus foot has been previously reported. This 

has been ascribed to possible lesions related to muscular imbalance influenced by the central nervous system.

Purpose: Our study goal is to assess and compare the rate of pes cavus in children with and without scoliosis.

Study design: Prospective, cross-sectional; Case-control study.

Patient sample: 81 subjects, 42 healthy children matched for age and gender with 39 children with idiopathic 
scoliosis.

Outcome measures: Clinical examination of the trunk and the feet, radiological assessment of the spine. The 
statistical analysis was performed using SPSS package.

Methods: Children were examined from a school-screening program at the physical medicine and rehabilitation 
department in the university hospital of Douéra, in Algiers. A number of measurements were assessed including the 
trunk asymmetry in standing forward bend followed by the Cobb angle in upright spine radiography and the footprints 
analysis under weight-bearing on the podoscope (mirror table).

Results: There is a statistically significant difference of pes cavus rate in children without idiopathic scoliosis and 
those with idiopathic scoliosis. Comparing 55.8% to 33.3% we found Chi-square=4.174 with P=0.043.

Conclusions: In our small sample, the significant difference between pes cavus in children without and with 
idiopathic scoliosis was noted, as it has been elsewhere reported. The percentage of cavus foot was traced higher in 
the healthy children than it is in the moderate scoliosis curves studied.
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Introduction
Pes cavus is a high arch in the sagittal plane of the foot that does 

not flatten with weight bearing [1]. It may be idiopathic in 20% of 
cases [2] and caused by malunion of calcaneal or talar fractures, burns, 
sequelae resulting from compartment syndrome, residual clubfoot and 
neuromuscular disease in 80% of cases [3]. Pes cavus or high-arched 
foot is rarely seen at birth or in the first year of life. There is a rare, 
benign form of high-arched foot called pes arcuatus, which is seen in 
the first year of life and tends to be an isolated entity, which resolves 
with time. The majority of feet develop cavus deformity in the first or 
second decade of life [4]. Adolescents Idiopathic Scoliosis (AIS) is the 
most common deformity seen in spine clinics for adolescents [5].

The AIS is an entity of scoliosis with no defines etiology. It is a 
progressive three dimensional spine deformity with vertebral rotation 
causing clinically the rib hump and a modification of a physiologic 
sagittal plane of the trunk. AIS involve a deformation and disorientation 
of the thoracic cage that accompanies the lateral deviation and rotation 
of the spinal column [6]. This pathology presents a high risk of 
aggravation during a growth period [7].

A new risk classification rule for curve progression in AIS identified 
four risk groups of curve progression. Patients with a curvature of 26° 
and more and less than 18° constituted the highest and lowest risk 
groups, respectively. The two intermediate groups were identified by 
the age (11.3 years), menarcheal status, and body height (154 cm) [8].

A school screening program helps to diagnose little spine curves in 
a young age. This early diagnostic prevent the quick aggravation of this 
spine deformity during growth. The effectiveness of screening is based 

upon the reduction in the number of cases requiring surgery, following 
aggressive screening and bracing [9].

Studying AIS together with pes cavus is used in a number of 
neuromuscular diseases (e.g., muscular dystrophy, cerebral palsy, 
friedrich’s ataxia, charcot-marie-tooth disease, poliomyelitis, 
syringomyelia, spinal cord tumors etc) as these pathologies are thought 
to share common origins, share common etiology linked to muscle 
imbalance, and as often pointed out in numerous investigations [10], 
patients with scoliosis are more likely to have cavus foot [11]. So, what 
is the degree of association between idiopathic adolescent scoliosis and 
cavus foot?

This study aims to assess the rate of pes cavus in children with and 
without scoliosis and show if there is a significant difference between 
the two rates. It is beyond the scope of this study to elucidate the 
pathology and etiology of scoliosis cases.
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Patients and Methods
Design and subjects

We performed a prospective, cross-sectional; case-control study 
within a school screening program managed during a 2-year period 
between 2011 and 2012 at the department of physical medicine and 
rehabilitation, in Algiers, Algeria. A total of 81 children were examined 
in our sample: 39 with adolescent idiopathic scoliosis and 42 control 
subjects. All patients were recruited from school screening program. 
Consent was obtained from all and the ethics committee approved the 
study.

The inclusion criteria for patient were age and the Cobb angle. 
School children between the ages of 6 and 17 years old were selected. 
When a Cobb angle of the curves on spine radiography was greater 
than 10° the patient screened were considered having scoliosis and were 
included in the study. Exclusion criteria were patients with evidence 
of abnormalities, thoracic deformity related to others pathologies such 
as Marfan disease, congenital spine abnormalities, skeletal dysplasia, 
neuromuscular diseases and other types of scoliosis.

When children within the same group age are found healthy with 
no known diseases and no 2 history of any disease, they served as 
control subjects. Both healthy and scoliotic subjects were examined for 
cavus foot and were separated in the analysis as comparing groups with 
and without cavus foot.

Assessment

Clinical examination: Scoliosis and cavus foot are screened 
systematically in school children. We took randomly a sample of 
81 patients mixed between children with and without scoliosis. The 
clinical examination was done in ambient temperature, on undressed 
child, standing upright, with complete extension of the knee, hind foot 
joint together and forefoot making 30°. 

The Adams forward bend test is very important in the screening 
of Adolescent Idiopathic Scoliosis “AIS”. The patient bends forward 
at the waist, with the arms relaxed, hand in front of the other, while 
the physician inspects from a posterior to anterior view for the trunk 
asymmetry (the location of the rib hump) using a scoliometer. Before 
this test is performed it needs to eliminate any pelvic tilt due to leg 
length inequality. A difference in relative position of the iliac crest may 
be a sign of an anatomic leg-length discrepancy, or a functional leg-
length discrepancy from a condition such as sacroiliac joint dysfunction 
or scoliosis [12].

Up to 25% of normal adolescents have clinical evidence of a spinal 
deformity in the forward bending position. However, more than 40% 
of the deformities so detected are secondary to the presence of a pelvic 
tilt. These small, non-progressive, predominantly lumbar curves occur 
with equal frequency in both sexes and in both directions. A pilot 
study showed that pelvic asymmetry, leg length inequality, or both in 
combination were the cause of the pelvic tilt [13].

We must not include the scoliotic attitude which is a lateral deviation 
of the spine without rotation. The scoliotic attitude is not equal to AIS; 
one is a deviation of the spine in one plan, the frontal one, and the 
second is a tridimensional deformity. In our study, we underline this 
distinction to say that we have included only the AIS in a scoliotic 
group. It means that all curves diagnosed on X-ray examination 
without vertebral rotation are considered a non scoliotic subject. We 
checked the disappearance of the trunk asymmetry reflecting clinically 
a vertebral rotation on subject in the prone position with the legs placed 

8 out of the examination table. This trunk asymmetry disappearance is 
in favor of scoliotic attitude.

The diagnosis of pes cavus was done in all school children under 
weight-bearing through a podoscope (mirror table) using a footprint 
mat to type a cavus foot grade [14-16]. Foot prints classification of 
the pes cavus on podoscope is illustrated in Figure 1. Two groups of 
patients those with pes cavus and the other control group without pes 
cavus was compared.

Figure 1: Pes cavus foot print : (A) pes cavus at the first level with a decrease 
of the isthmus between the front and rear supports, become less than one third 
of the width of the foot, (B) pes cavus in the second degree, the Isthmus of 
lateral support is interrupted with partial persistence extensions of anterior and 
posterior support, and (C) pes cavus in the third degree with complete loss of 
lateral support strip and (D) pes cavus in the third degree with a loss of pulp 
support related to toe claws [16].
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When comparing the scoliotic school children with the healthy 
control (Table 1) we did not find a significant difference in the gender 
distribution or the pubertal ages, but we found that the scoliotic 
children were older than the healthy control group with p<0.001. We 
have also noted that the scoliotic school children are heavier than the 
healthy control group. This might be related to the difference in age. 
There is a chance we have not diagnosed AIS in the healthy control 
group due to their young age.

Baseline characteristics

Our sample includes 81 children. 36 of these children have Pes 
cavus and of these 36, 29 have cavus foot on both sides and 7 have cavus 
foot on either the left or the right side. So, 80% of the diagnosed pes 
cavus are bilateral (Figure 3).

The percentage of spinal deformity in our sample is 48.1% (39 
children out of 81 are scoliotic).

Footprint types

The predominant footprint types in children with pes cavus were of 
Grade 1 (light cavus foot) (Table 2). 

Scoliosis curve location
The mean Cobb angle in children with AIS is about 18.15° ± 10.10° 

X-ray assessment: For all children with trunk asymmetry we 
performed a standard standing radiograph of the spine to confirm the 
diagnosis of scoliosis by measuring a Cobb angle. Scoliosis is defined by 
Cobb angle equal to 10° or more [17]. Following the Lenke classification 
[18,19] (Figure 2) the scoliosis localization was determined.

Two groups of patients those with idiopathic scoliosis and the other 
control group without idiopathic scoliosis was compared.

Statistical analysis

We used the Statistical Package for the Social Sciences software 
(SPSS Version 20.0) to calculate the Chi-square test to compare tow 
percentages and the Student’s t test to compare two means. The cut off 
mark of our level of significance is set to alpha equal to 13.5%.

Results
Population characteristics

81 school children between the age of 6 and 17 years old were 
screened for the presence of a spinal deformity and 162 feet of those 
81 children were examined for pes cavus. About 59.3% of the children 
screened were girls. The mean age of the population is 12.21 ± 2.25 
years old. The body mass index is about 16.87 ± 2.55 kg/m2 and the 
pubertal age of the population is 12.62 ± 1.33 years.

Figure 2: Classification of adolescent idiopathic scoliosis.

Variables AIS (N = 39) Control (N = 42) p-value 
Girls / Boys 27/12 21/21  NS
Age (years) 13.10 ± 2.01 11.38 ± 2.16 < 0.001
Puberty Age 12.5 ± 1. 38 12.83 ± 1.27 NS
BMI (Kg/m2) 17.64 ± 2.48 16.15 ± 2,42 = 0.008 

Table 1: Population Characteristics.
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and the spinal deformity location the most often noted is the thoraco-
lombar (Figure 4).

The statistical comparison of pes cavus and AIS
There is a statistically significant difference (Chi-square=4.174 

with P=0.043) of pes cavus rate in children without idiopathic scoliosis 
55.8% and those with idiopathic scoliosis 33.3% (Table 3).

The statistical comparison of pes cavus grade and AIS
Foot examination diagnosed cavus foot in 25 out of the 78 feet of 

scoliotics patients including 5 typical and 20 light cavus foot. While 39 
out of 84 feet were diagnosed in non 9 scoliotic patients, with 6 typical 
and 33 light cavus foot.

There is non-significant difference between the two groups (Table 
4), which means for our sample, the pes cavus are more present in the 
healthy control than the scoliotic patients.

The statistical comparison of pes cavus in scoliotic children
The Cobb angle was significantly more important in the group 

of scoliotic children without pes cavus than in the group of scoliotic 
children with pes cavus (Table 5). The location of the scoliosis curve 
between the two groups did not show any statistical significant 
difference (Table 6).

Discussion
My review of other work on scoliosis and pes cavus relationship 

revealed that our study compared to that of Grivas et al., [10] on a 
much larger sample (N=3544), where he found that pes cavus are more 
present in the healthy control than the scoliotic patients. Others, such 

as Carpentiro et al., [11] have shown that pes cavus are frequent in 
scolitic patients (Table 7). However, Barros et al., in a Brazilian study 
did not observe any statistical significance difference between the two 
groups. The first one included 48 patients with idiopathic scoliosis, and 
the second group (control) included 48 patients with similar ages as 
those in the first group. Radiographs were taken to determine the type 
of scoliosis curve and its location and magnitude. The incidence and 
degree of pes cavus were established by means of footprints. Statistical 
analyses were performed and did not display significant correlation 
between scoliosis and pes cavus, nor between the magnitude of the 
curve and pes cavus [20].

Summary and Conclusion
In our small sample, the spinal deformity constituted 48.1% of the 

population. The mean cobb angle in children with AIS is about 18.15° 
± 10.10° and the spinal deformity location the most often noted is 
the thoraco-lumbar. The scoliotic school children were significantly 
older and heavier than the healthy control group. When we randomly 
selected the patients, we might not have diagnosed AIS in the control 
group due to their young age. 

We found pes cavus in 36 children out of 81 with 80% bilateral. 
The predominant footprint 10 types in children with pes cavus were of 
grade 1 (light cavus foot).

In our small sample, the significant difference between pes cavus in 
children without and with idiopathic scoliosis was noted, as it has been 
elsewhere reported. The percentage of cavus foot was traced higher in 
the healthy children than it is in the moderate scoliosis curves studied. 
Comparing 55.8% to 33.3% we found chi-square=4.1748 with p=0.043, 
which suggests that more parameters need to be investigated in future 
studies. For example, what about the local imbalance in the muscular 
function?

Pes Cavus (N=65) n (%)

Grade 1 54 (83.07) 
Grade 2 11 (16.92)

Table 2: Footprint Types.

Figure 3: Representative shaft of school children rate with scoliosis and school 
children rate with cavus foot in the total sample [18].

Figure 4: Regression tree of different scoliosis curve location rates and a mean 
Cobb angle in scoliotic children. Not shown is the double curve scoliosis location.

Scoliosis group 
(N=39) n (%)

Healty control 
(N=42)   n (%) p-value

Pes cavus (N=36)  13 (33.3) 23 (55.8)  0.043

Table 3: Statistical Comparison of Pes Cavus and AIS.

AIS (N=78) n (%) Control (N=84) n (%) p-value 

Pes Cavus 25 (32) 39 (46.4) 0.043 
 Grade I 20 (80) 33 (84.6) NS 
Grade II 5 (20) 6 (15.4) NS 

Table 4: Statistical Comparison of Pes Cavus Grade and AIS.

Pes Cavus (N=13) Control (N=26) p-value 

Cobb angle (°) 13.69 ± 5.82 20.38 ± 11.10 0.018 

Table 5: Statistical Comparison of Pes Cavus and Cobb Angle in Scoliotic Children.

Scoliosis Location Pes Cavus (N=13) Control (N=26) p-value 
Thoraco Lombar 8 13 NS 
Thoracic 4 11 NS 
Lombar 1 2 NS 

Table 6: Statistical Comparison of Pes Cavus and Curve Localization in Scoliotic 
Children.

This Study
N=82

(6-17 years old) 

Carpintero P*
N=540

(Adolescents)

Grivas  TB**
N=3544

(6 -18 years old)

Pes Cavus Control
P=0.043 

AIS
P<0.01 

Control
P<0.05 

Table 7: Study Comparison.
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