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Our experience in the podological analysis
of children with motor disorders (20 cases)

Zied Mansi', Ben Mahmoud Aymen’, Tounsi Abdelkader', Mahmoudi Ahmed',
Chermiti Wajdi?, Haggui Ali®, Zaidi Bacem'

Introduction and Importance: Pediatric patients with neuromotor disorders frequently experience various podiatric conditions. The
effectiveness and implications of treatments like orthotics and insoles in this demographic are not thoroughly understood, high-
lighting a significant gap in podiatric research and clinical practice.

Case Presentation: This observational study analyzed 20 pediatric patients with neuromotor disorders. The focus was on common
foot conditions such as ingrown toenails and hyperhidrosis, and their association with treatments like orthotics, insoles, and surgical
interventions like Achilles tendon lengthening.

Clinical Discussion: Statistical analysis using chi-square tests revealed significant associations. Notably, orthotic use was linked to a
higher incidence of ingrown toenails (x*= 5.69, p = 0.017). In contrast, insole usage correlated with increased hyperhidrosis (x*= 4.44,
p=0035).

Additionally, a significant tendency for orthotic use was observed in patients who underwent Achilles tendon lengthening (x*= 8.15,
p =0.017). The study also highlighted the prevalence of brittle nails and hyperkeratosis among the participants.

Conclusion: The findings emphasize the critical role of podiatrists in the management of foot conditions in pediatric neuromotor
disorder patients. While interventions like orthotics are generally beneficial, they may also exacerbate or contribute to other condi-
tions, necessitating reqular and careful podiatric monitoring. The study advocates for future research with larger sample sizes and

controlled study designs to further validate and expand upon these observations.
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INTRODUCTION

The role of the podiatrist (1), a healthcare profession that is
often under-recognized, is crucial in the multidisciplinary
approach to managing disabling conditions, particularly
those of neurological origin in the pediatric population
(2-7). The importance of podiatry, as a subspecialty within
orthopedics, becomes even more pronounced when deal-
ing with young patients, where the emphasis should be on
prevention as a primary intervention, in line with ethical
principles (8, 9). Podiatrists participate with assessment and
diagnosis, orthotic management, foot care and monitoring,
collaboration with multidisciplinary teams, education, and
support. In this study, we explore the podiatric issues, often
multiple in a single clinical case, encountered in children

42

with neuromotor disorders. We consider delicate situations
where a podiatrist may not be able to change the life of a
child who, for example, walks with the aid of a brace, but
can certainly alleviate pain by addressing hyperkeratosis
(10), ingrown toenails (11), and phalangeal deformities. Ad-
ditionally, the podiatrist can recommend the appropriate
foot orthosis to modify any pathological gait patterns
(12,13). This study was conducted at the Physical therapy
Unit, where not only children with neurological conditions
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are treated, but also patients with orthopedic issues and
other conditions. These pediatric patients, aged between 4
and 16 years, presented with various conditions that led to
motor deficits and, consequently, podiatric problems. We
observed the different podiatric pathologies specific for
each patient, assessed the conservative treatments previ-
ously adopted, and proposed podiatric solutions where ap-
propriate. The aim of this study is to describe the podiatric
issues of the foot in children with neuromotor disorders. We
seek to determine whether there is a correlation between
neuromotor deficits and the onset of podiatric issues, and
how frequently these issues occur within the examined
case series.

METHODS

This research adopted an observational case series design,
aiming to provide a comprehensive overview of podiatric
issues in children with neuromotor disorders. By focusing
on real-world clinical scenarios, this design allowed for a de-
tailed examination of the specific podiatric challenges faced
by this population and the interventions employed. The
study population comprised 20 pediatric patients, aged be-
tween 4 and 16 years, who attended the pediatric physiatry
outpatient clinic of the Hospital Orthopaedic. These pa-
tients were selected based on the presence of motor defi-
cits that could potentially lead to podiatric problems. We
ensured that the study captured a diverse range of neuro-
motor disorders and their associated podiatric issues.

The breakdown of the study population is as follows:

« Cerebral Palsy (CP): 9 subjects diagnosed with CP, a
group of permanent movement disorders appearing in
early childhood. These patients often exhibit gait abnor-
malities, muscle stiffness, and involuntary movements,
all of which can contribute to podiatric challenges (14).

« |diopathic Toe-Walking (ITW): 2 subjects who exhibited
toe-walking without an identifiable cause. ITW can lead
to issues such as muscle shortening, balance problems,
and increased risk of tripping, necessitating podiatric in-
tervention (15).

« Genetic Syndromes: 9 subjects diagnosed with genetic
syndromes known to impact the musculoskeletal sys-
tem. This group included patients with Marfan syndrome
(16), characterized by elongated limbs and flexible joints,
and Ehlers- Danlos syndrome (17), known for hypermo-
bility and skin that can be easily bruised. Both conditions
can lead to unique podiatric challenges.

For each patient, a detailed medical history was taken, fo-
cusing on previous podiatric interventions, current com-
plaints, and any conservative treatments adopted. A thor-
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ough physical examination was conducted, emphasizing
the foot and lower limb. The findings were documented,
and appropriate podiatric solutions were proposed based
on individual needs.

The study received approval from our institutional review
board. All participants provided informed consent in accor-
dance with our institution’s data collection and disclosure
policy. Further ethical review was deemed unnecessary as
no personally identifiable information was collected or
stored.

Participants were recruited from the pediatric physiatry out-
patient clinic of the Hospital Orthopaedic. The recruitment
process was initiated by identifying potential candidates
based on their medical records, which highlighted the pres-
ence of neuromotor disorders. To ensure a comprehensive
representation of the target population, the clinic’s data-
base was systematically screened for patients aged be-
tween 4 and 16 years with a diagnosis of cerebral palsy, id-
iopathic toe-walking, or specific genetic syndromes (Marfan
syndrome, Ehlers-Danlos syndrome). Once potential partici-
pants were identified, the research team approached them
(or their guardians) during their routine clinic visits. They
were provided with detailed information about the study’s
objectives, procedures, potential benefits, and risks.

Inclusion Criteria:

Pediatric patients aged between 4 and 16 years.
Diagnosis of cerebral palsy, idiopathic toe-walking, or ge-
netic syndromes (Marfan syndrome, Ehlers-Danlos syn-
drome).

- Presence of motor deficits leading to podiatric problems.

- Willingness to participate in the study and adhere to fol-
low-up schedules.

Exclusion Criteria:

- Patients outside the age range of 4-16 years.

+ Absence of neuromotor disorders.

- Previous surgical interventions related to the foot or low-
er limb within the past six months.
Any contraindication to podiatric interventions.

The primary outcome of this study was to evaluate the
prevalence, and nature of podiatric issues in children with
neuromotor disorders.

The primary aim of the statistical analyses was to provide a
comprehensive overview of the podiatric issues in the study
population and to identify potential correlations between
neuromotor disorders and specific podiatric problems.

Determination of the number and percentage of partici-
pants presenting with specific podiatric issues, such as hy-
perkeratosis, Ingrown toenail, foot deformities, etc. Break-
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down of the study population based on primary diagnosis
(e.g., cerebral palsy, idiopathic toe-walking, genetic syn-
dromes) to understand the distribution of neuromotor
disorders.

Chi-Square Test: Used to test the association between two
categorical variables, such as the type of neuromotor disor-
der (cerebral palsy, idiopathic toe-walking, genetic syn-
dromes) and the presence of specific podiatric issues. It de-
termines if the observed frequencies of occurrences differ
significantly from what would be expected under the as-
sumption of independence.

This study analyzed the foot conditions and treatments of
20 pediatric patients with neuromotor disorders. Associa-
tions between conditions like ingrown toenails, hyperhidro-
sis, and treatments such as orthotics, insoles, and surgical
interventions were statistically evaluated using chi-square
tests. The work has been reported in line with the PRO-
CESS[18] criteria to ensure comprehensive and transparent
reporting of this observational study.

RESULTS

The study encompassed a diverse group of participants
(Table 1), with an average age of 10.90 years (SD: 14.78
years) and an average body mass index (BMI) of 18.81 kg/
mA2 (SD: 2.74). The gender distribution was balanced, with
both boys and girls each constituting 50% of the study pop-
ulation. In terms of diagnosis, cerebral palsy was the pre-
dominant condition, affecting 45% of the participants.
Ehlers Danlos syndrome was diagnosed in 20%, while other
conditions such as arthrogryposis, Marfan syndrome, and
syndrome 49 with xxxxy chromosomes (a variant of Klinefel-
ter (19)) were less common. Regarding surgical interven-
tions (Table 2), a significant portion (55%) of the participants
had not undergone any. Achilles tendon lengthening was
the primary surgical procedure, performed on 25% of the
cohort. Additionally, 20% of the participants had received
botulinum toxin injections. Orthotic use was prevalent in
55% of the participants, while 45% did not use them. When
it came to insoles, 60% opted not to use them, with the re-
maining 40% incorporating them into their footwear. The
study also shed light on various podiatric issues. Hyperkera-
tosis was observed in 30% of the participants, hyperhidrosis
in 25%, and toe walking in 40%. Other conditions like brittle
nails and ingrown toenails were noted in 10% and 40% of
the participants, respectively. Misaligned toes were a con-
cern for 30% of the cohort.

The data presents an exploration of the relationships be-
tween various foot conditions and the treatments or inter-
ventions applied. Ingrown Toenail & Orthotics: A notable
association was observed between the use of orthotics and
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TABLE 1. Demographic and Clinical Characteristics of Pediatric
Participants with Neuromotor Disorders

Feature/Diagnosis Frequency % of Total Cumulative %

Demographics

Age (years) 10.90+4.78 - -

Body mass index (kg/m?) 1881+2.74 - -
Gender

Men 10 50.0% 50.0%

Women 10 50.0% 100.0%
Diagnosis

Arthrogryposis 1 5.0% 5.0%

Cerebral palsy 9 45.0% 50.0%

Ehlers Danlos syndrome 4 20.0% 70.0%

Marfan syndrome 1 5.0% 75.0%

Syndrome 49

with xxxxy chromosomes 1 5.0% 80.0%

(Variant of Klinefelter)

Toe-walker 2 10.0% 90.0%

gy”n(ﬁfgrgzsed genetic 2 100%  1000%
Surgical Interventions

Achilles tendon lengthening 5 25.0% 25.0%

Botulinum toxin injection 4 20.0% 45.0%

None 1 55.0% 100.0%
Orthotics

No 9 45.0% 45.0%

Yes 1 55.0% 100.0%
Insoles

No 12 60.0% 60.0%

Yes 8 40.0% 100.0%
Hyperkeratosis

No 14 70.0% 70.0%

Yes 6 30.0% 100.0%
Hyperhidrosis

No 15 75.0% 75.0%

Yes 5 25.0% 100.0%
Toe walking

No 12 60.0% 60.0%

Yes 8 40.0% 100.0%
Brittle nails

No 18 90.0% 90.0%

Yes 2 10.0% 100.0%
Ingrown toenail

No 12 60.0% 60.0%

Yes 8 40.0% 100.0%
Misaligned toes

No 14 70.0% 70.0%

Yes 6 30.0% 100.0%
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TABLE 2. Associations Between Foot Conditions and Treatments
or Interventions in Pediatric Patients with Neuromotor Disorders

Feature/Diagnosis Category No  Yes Total
Ingrown Toenail vs. Orthotics
Orthotics No 8 1 9
Yes 4 7 1
Total 12 8 20
X Value: 5.69 df:1 p:0.017
X (with continuity correction)  Value: 3.71 df: 1 p:0.054
Hyperhidrosis vs. Insoles
Insoles No 7 5 12
Yes 8 0 8
Total 15 5 20
e Value: 4.44 df:1  p:0.035
¥ (with continuity correction)  Value: 2.50 df:1 p:0.114
Orthotics vs.
Surgical Interventions
Surgical Interventions Achilles tendon 0 5 5
lengthening
Botulinum 1 3 4
toxin injection
None 8 3 1
Total 9 11 20
X Value: 8.15 df:2  p:0.017

¥’ (with continuity correction) Value: 8.15 df:2  p:0.017

Legend: Achilles Tendon Lengthening: Surgical procedure stretching the
Achilles tendon for greater ankle movement, Botulinum Toxin Injection:
Treats muscle stiffness/spasms or movement disorders, Brittle Nails: Nails
easily cracked, chipped, split, or peeled, Hyperhidrosis: Excessive sweating,
often affecting the feet, Hyperkeratosis: Thickened skin, commonly on the
foot, Ingrown Toenail: Nail growing into the toe, often leading to infection,
Insoles: Inserts inside shoes for foot support and alignment, Misaligned
Toes: Toes not aligning naturally due to various reasons, Orthotics: External
devices modifying the neuromuscular and skeletal system, especially for
foot support, Toe Walking: Gait abnormality with walking on the balls of
the feet

the presence of an ingrown toenail. Specifically, individuals
using orthotics were more likely to have an ingrown toenail.
The statistical significance of this relationship was evident
(p =0.017), though it became borderline upon applying a
continuity correction (p = 0.054). Hyperhidrosis & Insoles:
There was a suggested relationship between the use of in-
soles and the absence of hyperhidrosis. All individuals using
insoles did not exhibit hyperhidrosis. While the initial chi-
squared test indicated a significant association (p = 0.035),
the significance diminished with continuity correction (p =
0.114). Orthotics & Surgical Interventions: A clear associa-
tion emerged between the type of surgical intervention
and the use of orthotics. All individuals who underwent
Achilles tendon lengthening used orthotics. The relation-
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ship was statistically significant (p = 0.017). Ingrown Toenail
& Surgical Interventions: The data also hinted at a potential
link between surgical interventions and the presence of an
ingrown toenail. For instance, a majority of those who un-
derwent Achilles tendon lengthening or Botulinum toxin
injection had an ingrown toenail.

DISCUSSION

The data presented in this study offers a nuanced under-
standing of the relationships between various foot condi-
tions and the treatments or interventions applied to pediat-
ric patients with neuromotor disorders. The statistical find-
ings further emphasize the indispensable role of the
podiatrist in addressing and managing these conditions. A
significant association was observed between the use of
orthotics and the presence of ingrown toenails. While or-
thotics are designed to provide structural support, they
might inadvertently contribute to certain conditions, pos-
sibly due to pressure distribution or the fit of the orthotic.
The chi-square test indicated a significant association (x> =
569, p = 0.017), underscoring the importance of regular
monitoring by a podiatrist. Contrary to our initial hypothe-
sis, the data suggests that the use of insoles might be asso-
ciated with an increase in hyperhidrosis or excessive sweat-
ing. This association was statistically significant (x> = 4.44, p
=0.035). The role of the podiatrist becomes even more cru-
cialin recommending the right type of insole and providing
guidance on managing associated conditions like hyperhi-
drosis. The data also indicates that individuals who under-
went specific surgical interventions, especially Achilles ten-
don lengthening, were more likely to use orthotics. This as-
sociation was statistically significant (= 8.15 p=0017),
suggesting a post-operative requirement for additional foot
support. The study also revealed a high prevalence of con-
ditions such as brittle nails and hyperkeratosis. These find-
ings underscore the importance of regular podiatric care, as
untreated conditions can lead to further complications.
However, this study has its limitations. The observational na-
ture of the study means we can identify associations but
cannot establish causality. Additionally, the relatively small
sample size may limit the generalizability of the findings.
Larger, controlled studies are needed to validate these ob-
servations. Furthermore, it is essential to consider the po-
tential influence of external factors, such as footwear choic-
es, daily activities, and overall health conditions, which
might play a role in the observed associations. The multifac-
eted nature of foot health requires a comprehensive ap-
proach, integrating various medical specialties to ensure
optimal patient care. The findings of this study pave the way
for future research, emphasizing the need for interdisciplin-
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ary collaboration and patient education to enhance the
quality of life for individuals with neuromotor disorders.

Strengths:

Focused Cohort: The study specifically targets pediatric pa-
tients with neuromotor disorders, providing valuable in-
sights into a specialized and often under-researched popu-
lation.

Practical Relevance: The findings have direct implications
for clinical practice, particularly in the field of podiatry, en-
hancing the understanding of treatment impacts.

Statistical Rigor: The use of chi-square tests for statistical
analysis adds rigor to the findings, providing a reliable mea-
sure of the associations between different variables.

Limitations:

Observational Design: As an observational study, it can
identify associations but cannot establish causality.

Small Sample Size: The relatively limited number of partici-
pants may affect the generalizability of the findings to a
broader population.

Lack of Longitudinal Data: Without long-term follow-up, the
study may not capture the full spectrum of the impact of
treatments over time.

Potential for Unmeasured Confounding: There may be ex-
ternal factors not accounted for in the study that could in-
fluence the results.

CONCLUSIONS

In conclusion, while treatments and interventions like or-
thotics and insoles are valuable for patients with neuromo-
tor disorders, the role of the podiatrist is paramount in en-
suring optimal foot health. Their expertise is essential in
monitoring, managing, and preventing potential associated
conditions. Future studies should consider a larger sample
size and a more diverse patient population to provide a
more comprehensive understanding of these associations.

46

PAEDIATR CROAT. 2024,68:42-7

REFERENCES

18.

Pfeffer GB. Podiatric “physicians and surgeons”. Am J Orthop (Belle Mead
NJ).2013;42:112.

Joseph AM, Labib IK. Pediatric heel pain. Clin Podiatr Med Surg. 2013;30:
503-511. https://doi.org/10.1016/j.com.2013.07.003.

Madden CM, Mahan KT. An Update on Pediatric Flatfoot. Clin Podiatr Med
Surg. 2023;40:365-379. https://doi.org/10.1016/j.cpom.2022.11.006.

Sassi S, Faccioli S, Farella GM, et al. Gait Alterations in Two Young Siblings
with Progressive Pseudorheumatoid Dysplasia. Children (Basel). 2022;9:
1982. https://doi.org/10.3390/children9121982.

Wentz EE, Looper J, Menear KS, Rohadia D, Shields N. Promoting
Participation in Physical Activity in Children and Adolescents With Down
Syndrome. Phys Ther. 101 2021;101:32. https://doi.org/10.1093/ptj/
pzab032.

Zgonis T. Pediatric foot deformitie. Clin Podiatr Med Surg. 2013;30.
https://doi.org/10.1016/j.cpm.2013.08.002.

Tedeschi R. The effectiveness of postural insoles in managing posture

in individuals with cerebral palsy: a scoping review. Cerebral Motor Skills.
2023:42. https://doi.org/10.1016/j.motcer.2023.09.006.

Causby RS, Reed L, McDonnell MN, Hillier SL. Teaching of Manual Clinical
Skills in Podiatric Medicine Theory and Recommendations. J Am Podiatr
Med Assoc. 2018;108:158-167. https://doi.org/10.7547/15-223.

Hawke F, Burns J, Landorf KB. Evidence-based podiatric medicine:
importance of systematic reviews in clinical practice. J Am Podiatr Med
Assoc. 2009;99:260-266. https://doi.org/10.7547/0980260.

Farci F, Mahabal GD. Hyperkeratosis. in: StatPearls, StatPearls Publishing,
Treasure Island (FL), 2023;52. http://www.ncbi.nIlm.nih.gov/books/
NBK562206/ (accessed August 22, 2023).

Chabchoub |, Litaiem N.Ingrown Toenails. in: StatPearls, StatPearls
Publishing, Treasure Island (FL), 2023;26. http://www.ncbi.nIm.nih.gov/
books/NBK546697/ (accessed August 22, 2023).

Tedeschi R. What are The Benefits of Five-Toed Socks? A Scoping Review,
Reabilitacijos Mokslai: Slauga, Kineziterapija, Ergoterapija. 2023;1:21-34.
https://doi.org/10.33607/rmske.v1i28.1357.

Vitrikas K, Dalton H, Breish D. Cerebral Palsy: An Overview. Am Fam
Physician. 2020;101:213-220.

Caserta AJ, Pacey V, Fahey M, et al. Interventions for idiopathic toe walking.
Cochrane Database Syst Rev. 2019;10:CD012363.
https://doi.org/10.1002/14651858.CD012363.pub2.

Yuan SM, Jing H. Marfan’s syndrome: an overview. Sao Paulo Med J. 2010;
128:360-366. https://doi.org/10.1590/s1516-31802010000600009.
Leganger J, Seborg MLK, Farholt S. Ehlers-Danlos syndrome. Ugeskr Laeger.
2016;178:V01160014.

G. Mathew, C. Sohrabi, T. Franchi et al. PROCESS Group, Preferred reporting
of case series in surgery (PROCESS) 2023 guidelines. Int J Surg. 2023;109:
3760-3769. https://doi.org/10.1097/J59.0000000000000940.

Lanfranco F, Kamischke A, Zitzmann M, Nieschlag E. Klinefelter’s syndrome.
Lancet. 2004; 364: 273-283. https://doi.org/10.1016/50140-6736(04)16678-6


https://doi.org/10.1016/j.motcer.2023.09.006
http://www.ncbi.nlm.nih.gov/books/NBK562206/
http://www.ncbi.nlm.nih.gov/books/NBK562206/
http://www.ncbi.nlm.nih.gov/books/NBK546697/
http://www.ncbi.nlm.nih.gov/books/NBK546697/

PAEDIATR CROAT. 2024,68:42-7 Mansi Z., AAymeN BM., ABDELKADER T., AHMED M., Waipi C. HAGGUI A., BACEM Z. OUR EXPERIENCE IN THE PODOLOGICAL ANALYSIS. ..

SAZETAK

Podoloska analiza djece s motori¢kim poremecajima

(20 slucajeva) — nasa iskustva

Zied Mansi, Ben Mahmoud Aymen, Tounsi Abdelkader, Mahmoudi Ahmed, Chermiti Wajdi,
Haggui Ali, Zaidi Bacem

Uvod: Pedijatrijski bolesnici s neuromotorickim poremecajima cesto doZivijavaju razlicita podijatrijska stanja. Ucinkovitost i implika-
cije tretmana kao $to su ortotika i ulosci u ovoj demografskoj skupini nisu u potpunosti shvacene, naglasavajuci znacajnu prazninu
u podijatrijskom istrazivanju u klinickoj praksi.

Prikaz slu¢aja: Ova opservacijska studija analizirala je 20 pedijatrijskih bolesnika s neuromotorickim poremecajima. Fokus je bio na
uobicajenim stanjima stopala kao sto su urasli nokti i hiperhidroza i njihovoj povezanosti s tretmanima poput ortotike, uloZaka i
kirurskih intervencija poput produljenja Ahilove tetive.

Klinicka rasprava: Statisticka analiza koristenjem hi-kvadrat testova otkrila je znacajne povezanosti. Primjetno je da je koristenje or-
totickih pomagala povezano s vecom ucestalosc¢u uraslih noktiju (x* = 5,69, p = 0,017). Nasuprot tome, uporaba uloZaka korelirala
Jje s ucestalom hiperhidrozom (x* = 4,44, p = 0,035). Primijecena je | znacajna tendencija za koristenjem ortoze kod pacijenata koji su
bili podvrgnuti produljenju Ahilove tetive (x* = 8,15, p = 0,017). Studija je takoder istaknula prevalenciju lomljivih noktiju i hiperkera-
toze medu sudionicima.

Zakljucak: Rezultatiistudije naglasavaju klju¢nu ulogu podijatara u lijecenju stanja stopala u pedijatrijskih bolesnika s neuromotor-
nim poremecajima. lako su intervencije poput ortoze opcenito korisne, one takoder mogu pogorsati ili doprinijeti drugim stanjima,
zahtijevajuci redoviti i paZljivi podijatrijski nadzor. Studija zagovara buduca istrazivanja s ve¢im uzorkom i kontroliranim dizajnom

studija kako bi se ta zapazanja dodatno potvrdila i prosirila.

Kljuéne rijeci: BOLESTI MOTORNIH NEURONA; PODIJATRIJA; PACIJENT; DIJETE; BOLEST STOPALA
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