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Autism and toe-walking: are they related? Trends and 
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Abstract

Purpose This study quantified toe-walking trends and treat-
ment decisions in patients with autism spectrum disorder 
(ASD) in the United States between 2005 and 2016 using a 
large national private-payer database.

Methods A retrospective database review was performed on 
paediatric patients with ASD, and for International Classifica-
tion of Diseases-9/10 diagnosis codes for toe-walking. Patients 
were filtered based on treatment type by Current Procedural 
Terminology (CPT) code. Continued toe-walking rates were 
assessed for each patient population and treatment group. 
A Pearson’s chi-squared test was used to evaluate differences 
in group characteristics.

Results Of 2 221 009 paediatric patients in the database, 
5739 patients had a diagnosis of ASD, and 8.4% of patients 
with ASD also had a diagnosis of toe-walking (n = 484). For 
typically developing children in the database, 0.47% of pa-
tients had a diagnosis of persistent toe-walking. In all, 59.3% 
of ASD patients underwent physical therapy, 7.4% serial 
casting and 3.3% surgical correction, compared with 38.1%, 
3.6% and 1.2% of normally developing children, respective-
ly (chi-square 6.4031; p < 0.040699). Without intervention, 
63.6% of patients with ASD continued to toe-walk within ten 
years of their diagnosis, with 19.3% of patients without ASD 
(chi-square 82.9762; p < 0.0001). 

Conclusion This study supports the association between a 
greater prevalence of toe-walking in children with ASD. We 
showed that patients with ASD and toe-walking receive surgi-
cal correction at nearly triple the rate of children without ASD 
who toe-walk. The continued rate of toe-walking is compara-
ble between treatment groups as well as between ASD and 
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typically developing children. Typically developing children 
have higher rates of toe-walking resolution without interven-
tion than children with ASD.
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Introduction
Toe-walking is an abnormal gait pattern that can be seen 
in children during development. The majority of toe-walk-
ing cases will regress naturally within six months or after 
two years of age; children who continue beyond this time 
are diagnosed with persistent toe-walking.1 While long-
term effects of toe-walking have not yet been fully eluci-
dated, many gait changes have been noted in patients with 
long-standing toe-walking.2,3 Toe-walking can be observed 
in variety of conditions, including cerebral palsy (CP), mus-
cular dystrophy, Charcot-Marie-Tooth Disease and other 
neuropathies and myopathies, due to anatomical pathol-
ogy present in the extremities of these patients.4-6 Idiopathic 
toe-walking (ITW) is the diagnosis of persistent toe-walking 
in the absence of these neuro-motor conditions.

The prevalence of persistent ITW in children is estimated 
at around 2.1% and has been associated with language dis-
orders and other developmental delays.5-8 In contrast, the 
prevalence of persistent ITW in patients with neuropsychi-
atric conditions has been reported to be as high as 41%.5 
Patients with autism spectrum disorder (ASD) in particular 
have been noted to have an increased prevalence of ITW.4,9-11  
While the underlying mechanism behind the increased 
rates of toe-walking in patients with ASD remains widely 
unknown, it is believed to be associated with underlying 
differences in tactile/sensory responses that are often seen 
in patients with this neuropsychiatric disease.4,6,12,13

The prevalence of ASD is increasing and the causes 
have been under investigation. Current data suggested 
that the increase in prevalence in the past 30 years is 
not due to the changes in diagnostic criteria14. The cri-
teria for ASD are: three social-communication criteria 
(lack of socio- emotional  reciprocity, deficits in non-verbal 
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 communication,  impairment in developing and maintain-
ing relationships) and two out of four non-social criteria 
(stereotypic behaviours, restricted interests, cognitive 
inflexibility, sensory aberrations). The diagnosis of autism 
or CP should raise suspicion of the other. Based on a sys-
tematic review that investigated co-occurrence of CP and 
autism15, the prevalence of autism in CP varies widely from 
2% to 30%, while the prevalence of CP in ASD varies from 
2.9% to 4.3%.

According to Schoenecker and Rich16 patients with per-
sistent toe-walking are recommended to undergo conser-
vative management including physical therapy or serial 
casting before surgical options.17,18 Studies investigating 
the effectiveness of these treatment options are varied, 
with the natural history of sustained ITW remaining uncer-
tain.1,2,17,18,20,21 To our knowledge, current ITW treatment 
guidelines do not include specific recommendations for 
patients with comorbid conditions like ASD, and nonoper-
ative treatments may be more challenging in patients with 
ASD if the patient has difficulty complying with instruc-
tions, sensitivity to tactile foot sensations/manipulation or 
is disturbed by the noise of cast saws. Medical treatment 
decisions should consider family preference, severity of the 
patient’s condition, as well as any comorbid conditions. 

Our study aims to determine the rates at which patients 
with and without ASD who have persistent toe-walking 
are treated with various techniques (e.g. physical therapy, 
casting or tendon lengthening surgery), and compare 
secondary demographic characteristics and toe-walking 
outcomes of these patients. We hypothesize that patients 
with a diagnosis of ASD who present with persistent toe- 
walking are more likely to be treated with surgery because 
of the sensorineural aberrations of children with ASD that 
may complicate treatment with non-surgical measures.

Methods

We conducted a retrospective database review of patients 
within the PearlDiver Patient Record Database (Pearl-
Diver Technologies Inc, Warsaw, Indiana). PearlDiver is a 
commercially available searchable online database with 
information submitted by private insurance companies 
for patients with orthopaedic diagnoses. The database 
includes 11 million patients and 117 million records 
between the years 2005 and 2016. The PearlDiver data-
base does not include any patient data from Medicare, 
Medicaid or uninsured patients. We chose this database 
for this study because it is formed through record collec-
tions across all age groups including paediatric patients 
from multiple private payer insurance agencies, the larg-
est contribution of which is from the UnitedHealth Group 
(Minnetonka, Minnesota).2,7-9

We identified our study population using International 
Classification of Diseases (ICD)-9-CM, ICD-10-CM and 

Current Procedural Terminology (CPT) codes22-24, and 
then filtered based on the patient’s age under 19 years 
old. We compiled all known toe-walking diagnosis codes 
(ICD-9-D-7812, ICD-10-D-M6700, ICD-10-D-M6701, ICD-
10-D-M6702, ICD-10-D-R2689) and queried patients in 
our database between the years of 2006 and 2016. Diag-
nosis of persistent toe-walking for each patient was deter-
mined if a diagnosis of toe-walking appeared within their 
patient chart on more than one encounter, separated by 
at least six months according to literature definitions.25 We 
then searched for patients using ICD-9 and ICD-10 diag-
nosis codes for autism-related diagnoses including ASD 
(F84.0; 299.0), autistic disorder (299.0), Asperger’s syn-
drome (F84.5; 299.80) and pervasive developmental dis-
order (F84.9; 299.9). Next, we filtered all patients by age, 
including only paediatric patients 18 years or younger, 
and further filtered out patients with comorbid neuro- 
motor conditions, including CP, Charcot Marie Tooth, etc.

We subsequently stratified patients based on treatment 
types, namely physical therapy, foot and ankle casting pro-
cedures and surgical procedures. We used ICD-9, ICD-10 
and CPT codes to determine the various treatments that 
were pursued based on the timing of each of the treat-
ments following the toe-walking diagnosis. The break-
down of ICD-9, ICD-10 and CPT codes that were used to 
query the patient population can be seen in the Table 1. 
We collected secondary demographic information on all 
patients within our study population including gender, 
geographic region, comorbid conditions and any diag-
nosis of intellectual disability or language delay. Finally, 
we searched for patients within these queried populations 
that retained a toe-walking diagnosis code two years fol-
lowing intervention. 

A Pearson’s chi-squared test was used to evaluate dif-
ferences in treatment decisions and the prevalence in 
patients with versus without an autism-related diagnosis. 
All statistical analysis was calculated using R Programming 
(R Project for Statistical Computing, Vienna, Austria).

Results

Toe-walking prevalence and patient characteristics

There were 2 221 009 paediatric patients under the age 
of 19 years within the PearlDiver Private Payer Database. 
Of these paediatric patients, there were 5739 patients 
with ASD. Overall, there were 508 paediatric patients total 
with a neuro-orthopaedic condition, and 14 014 (0.6%) 
children with an intellectual disability or language devel-
opmental delay. In all, 10 480 patients had  persistent 
toe-walking in the absence of a neuro-orthopaedic con-
dition or ASD.

In all, 8.4% of patients with a diagnosis of ASD also 
had a diagnosis of toe-walking (n = 484). For typically 
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 developing children, 0.47% of patients had a diagnosis of 
persistent toe-walking. A total of 21.5% (n = 1236) of chil-
dren with ASD had a comorbid intellectual disability. There 
was no significant difference in prevalence of toe-walking 
in patients with ASD and intellectual disability as compared 
with patients with ASD without an intellectual disability. 

In all, 56.8% of patients with both ASD and toe- walking 
were also diagnosed with intellectual disability. For 
patients with toe-walking without ASD, 11.1% of patients 
had an intellectual disability or language development 
delay. There was almost a 3:1 male to female ratio in 
patients with ASD and toe-walking (362:122), while there 
was roughly 1:1 (5703:4777) male to female ratio for chil-
dren with toe-walking in the absence of ASD. 

Treatment decisions

In all, 59.3% (n = 287) of patients with ASD and persistent 
toe-walking underwent physical therapy, 7.4% (n  =  36) 

underwent serial casting and 3.3% (n = 16) underwent 
surgical correction for their gait abnormality. There was no 
documented toe-walking treatment for 30.0% (n = 145) of 
these patients. Of the 10 480 patients with toe-walking 
without a diagnosis of ASD, 57.2% (n = 5995) of patients 
did not have a documented toe-walking intervention. 
Of the typically developing children, 38.1% (n  =  3989) 
underwent physical therapy, 3.6% (n = 374) serial cast-
ing and 1.2% (n = 122) underwent surgical correction 
(chi-square 6.4; p = 0.041). Of patients who were treated 
surgically, 54.4% (n = 68) of patients without a diagnosis 
of ASD were first treated with serial casting prior to sur-
gical intervention. In comparison, for patients with ASD 
and persistent toe-walking, 31.25% (n = 5) patients were 
first treated with serial casting before a surgical option was 
pursued (chi-square 0.98; p = 0.32) (Fig. 1). There were 
no other significant differences in demographic factors 
between the two groups.  

Fig. 1 Treatment decisions (PT, physical therapy).

Table 1 International classification of Diseases (ICD)-9, ICD-10 and Current Procedural Terminology (CPT) code descriptions

Type ICD-9, ICD-10, CPT Descriptions

Toe-walking ICD-9-D-7812, ICD-10-D-M6700, ICD-10-D-M6701,  
ICD-10-D-M6702, ICD-10-D-R2689

Abnormality of gait, tightened Achilles tendon

Autism spectrum disorder ICD-9-D-29900, ICD-9-D-29901, ICD-9-D-29980,  
ICD-10-D-F840, ICD-10-D-F845, ICD-10-D-F848

Autistic disorder, Asperger’s syndrome, pervasive 
developmental disorders not otherwise specified, 
autism spectrum disorder

Neuro-orthopaedic disease ICD-10-D-G729, ICD-10-D-G809, ICD-10-D-G710 Cerebral palsy, muscular dystrophy, Charcot-Marie-
Tooth

Intellectual disability ICD-9-317, ICD-9-D-3180: ICD-9-D-3182, ICD-9-D-3189.  
ICD-10-D-F70:ICD-10-D-F73, ICD-19F78. ICD-9-D-31539

Mild, moderate, severe, profound, and unspecified 
intellectual disabilities. Speech and language 
developmental delay

Physical therapy CPT-97001, CPT-97110, CPT-97112, CPT-97760, CPT-S9131 Physical therapy evaluation, lower leg stretching, 
Achilles stretching

Casting CPT-29425, CPT-29405 Lower leg cast, lower leg splint
Surgical intervention CPT-27605, CPT-27606, CPT-27687, CPT-27685, CPT-27654,  

CPT-28238, CPT-28208
Tenotomy, percutaneous, Achilles, gastrocnemius 
recession, open tendo-Achilles lengthening
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Patient outcomes

For patients with ASD and toe-walking that were treated 
with physical therapy alone, 63.8% (n = 183) patients 
continued to toe-walk within two years of treatment. 
In all, 47.2% (n = 17) of patients that were treated with 
casting alone continued to toe-walk within two years of 
treatment, while 48.1% (n = 13) that had undergone both 
physical therapy and casting continued to toe-walk within 
two years of final treatment. Of the patients with ASD and 
toe-walking that were treated surgically, 75% (n = 12) of 
patients continued to toe-walk within two years of treat-
ment, and 100% (n = 5) of those who had first underwent 
casting prior to surgical intervention.

In comparison, for toe-walkers without ASD, 54.0% 
(n = 2154) continued to toe-walk after being treated with 
physical therapy alone. A total of 52.9% (n = 198) con-
tinued to toe-walk following treatment with casting, and 
63.4% (n = 137) with a combination of physical therapy 
and casting. For patients that were treated surgically, 
67.2% (n = 68) continued to toe-walk following invention. 
For the patients that had received casting prior to surgery, 
71.2% (n = 47) of patients continued to toe-walk follow-
ing surgery (chi-square 2.9901; p = 0.224241). 

Finally, for patients that did not receive any docu-
mented intervention, 63.6% (n = 91) of patients with ASD 
continued to toe-walk within ten years of their diagnosis, 
while 19.3% (n = 1159) of patients without a diagnosis 
of ASD continued to toe-walk within ten years of their 
first documented toe-walking diagnosis (chi-square 83.0; 
p < 0.0001) (Table 2). 

Discussion
Previous studies looking at the prevalence of persistent 
toe-walking in patients with a neuropsychiatric disease 
demonstrated a prevalence of around 40.1%, about 20 
times greater than that of the normal population (2.1%).4,5 
These studies, however, included less than 40 patients 
with ASD, and have been generalized to neuropsychi-
atric conditions as a whole. Our study is currently the 
largest of its kind to evaluate the prevalence of persistent 
toe-walking in patients with ASD. Our results demonstrate 
that roughly 9% of patients with ASD have a diagnosis of 
toe-walking as compared with less than 0.5% of children 

with no ASD diagnosis. These results add to the growing 
body of literature demonstrating increased rates of ITW 
in patients with ASD. Our results further support the link 
between intellectual disability/language developmental 
delay and toe-walking in patients without a diagnosis of 
ASD.6,26

Treatment trends in patients with toe-walking and 
ASD, however, have not been compared with those seen 
in typically developing children. Patients with ASD and 
persistent toe-walking get surgery to correct the issue at 
almost three times the rate that patients with persistent 
toe-walking and no ASD undergo surgical intervention 
(3.7% versus 1.2%). In addition, over half of patients 
with toe-walking without ASD who had pursued a sur-
gical option had serial casting prior to invasive interven-
tion, compared with less than 40% of patients with ASD. 
Patients with ASD also underwent casting as a treatment in 
larger amounts than their non-ASD counterparts (7.4% to 
3.5%). Despite the senior author’s (SF) clinical experience 
of sustained improvement in gait in ASD patients treated 
surgically, this study found surgical correction outcomes 
for patients with ASD lower than those seen for patients 
without ASD, thus it is important to counsel families as 
to how the underlying neurological condition may lessen 
the rate of treatment success. 

The literature surrounding the efficacy of treatment 
methods for toe-walking are varied. Long-term effects of 
toe-walking still have not been fully elucidated, though 
biomechanical as well as gait changes have been noted 
in patients with toe-walking over many years.19,27 Dietz 
and Khunsree20 concluded that toe-walking treatments 
are largely cosmetic in nature, and that, if parents wish to 
correct this abnormal gait, surgical correction is often the 
most effective, and rapid, method to do so. Weiss et al8 on 
the other hand, noted that regardless of intervention, there 
remains a high probability that patients continue to toe-
walk.2,18,27 Our results demonstrate poor rates of toe-walking 
resolution in patients with ASD, although it is possible that 
the diagnosis code of toe-walking was retained in the med-
ical records of patients treated for toe-walking even though 
the toe-walking had resolved. It is also possible that ASD 
patients have underlying neurophysiological difference 
that result in a higher percentage of persistent toe-walking 
as compared with typically developing children (i.e. a less 
favourable natural history than ITW patients).

Table 2 Breakdown of treatment decisions and toe-walking continuation

Surgery Casting PT No intervention* Total

Autism and toe-walking n 16 36 287 145 484
cTW, n (%) 12 (75) 17 (47.2) 183 (63.7) 91 (63.6)

Toe-walking without autism n 122 374 3989 5995 10 480
cTW, n (%) 68 (55.7) 198 (52.9) 2154 (54.0) 1159 (19.33)

*chi-square 98.0017; p < 0.0001
cTW, continued toe-walking
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Orthopaedic decisions often take many factors into 
consideration when determining which treatment option 
to pursue. Our study demonstrates that although the 
research surrounding the efficacy of various treatment 
techniques to address persistent toe-walking is limited, 
surgical options are more likely to be pursued in patients 
with ASD than in typically developing patients. The 
 decision-making process for parents of patients with ASD 
offers unique challenges compared with that of parents 
of typically developing children. Studies have reported 
barriers in communication, physicians’ lack of knowledge 
about specific ASD treatments and community resources 
and uncertainty about the paediatricians’ role in making 
treatment recommendations for a child with ASD.28 It is 
imperative that surgeons recognize any underlying biases 
that may influence their decision to operate or pursue cast-
ing in a patient with sensorineural sensitivities in order to 
reach the best decision for the patient and family. It is also 
possible that the three-fold higher rate of surgical treat-
ment in ASD patients is related to a higher incidence of 
contracture development in this patient population, but 
this database review study does not allow us to assess the 
degree or incidence of gastrocsoleus contractures. 

Our study has some limitations. Of note, the patient 
population from the PearlDiver is a selected population; its 
information is acquired only through private payer medical 
claims. It does not include patients with Medicaid. How-
ever, given the database’s large size, the patient popula-
tion likely remains representative. Furthermore, our study 
is retrospective and observational, thus preventing causal 
inferences. Over the years, ASD diagnoses have increased 
in incidence, with accounts of less severe forms of autism 
than previously reported.29-31 It is possible that our patient 
population may not have severe variants of autism disease 
that may be linked to even greater gait abnormalities. As 
in other large database studies, this study is dependent on 
accurate coding of diagnoses in the database.

Despite these limitations, our large dataset allowed us 
to assess toe-walking treatment trends in patients with and 
without ASD. Future prospective studies are needed to eval-
uate the efficacy of these treatment techniques in patients 
with ASD compared with typically developing children. 
Results from this study may help surgeons with treatment 
recommendations, and eventually develop evidence-based 
treatments. In addition, the evaluation of paediatric ortho-
paedic surgeon rationales for pursuing various treatment 
modalities within these patient populations would help 
both surgeons and parents facilitate conversations about 
treatment decisions for a child with toe-walking and ASD. 

Conclusion
A greater prevalence of toe-walking in children with ASD 
as compared with typically developing patients has been 

reported. Using a national private-payer database, this 
study supports this association. We also identified treat-
ment patterns within the study population, showing that 
patients with ASD and toe-walking receive surgical cor-
rection for their gait abnormality at nearly triple the rate 
of children without a diagnosis of ASD who toe-walk. For 
patients with toe-walking and ASD who undergo surgical 
correction, serial casting was used less frequently prior to 
surgical intervention. All treatment decisions demonstrate 
comparable rates of toe-walking resolution, with patients 
without ASD ‘outgrowing’ their toe-walking without 
intervention at a greater level than patients with ASD.
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