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Abstract 
Equinus deformity is one of the most common musculoskeletal deformities of 
Cerebral Palsy (CP) which is defined as an abnormality in ankle dorsiflexion 
that can cause severe walking disability. The standard surgical intervention 
for Equinus deformity is Achilles Tendon Lengthening (ATL) with post- 
operative leg casting, however in some cases, it requires months of recovery 
post-operation to regain movement. The objective of this study was to find an 
alternative to leg casting that would provide a safe and faster time course to 
recovery. Therefore, we conducted a semi-experimental clinical trial study of 
a population that included 62 CP patients between the ages of 6 - 15 years of 
age with diplegia, hemiplegia, or quadriplegia that randomly underwent ATL 
followed by subsequent leg casting (control, 32 patients) or bandage and an-
kle-foot orthosis (AFO; experimental, 30 patients). Patients were periodically 
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evaluated for mobility and walking ability pre-operation and at 2 weeks post- 
operation, 6 weeks post-operation, and then every month for 6 months. We 
found that all 32 patients in the experimental group regained their walking 
ability within two weeks (100%), while majority of patients in the control group 
(84%) regained their walking ability after 4 - 6 weeks, regardless of CP type. 
We also found that on 6-month follow-up, progression of walking abilities 
was similar in both groups. Rupture of the repaired tendon was not observed 
in any of the participants in either group. This study suggests applying a ban-
dage with a foot or ankle orthosis as an alternative to long leg cast in children 
of 15 years of age or younger with CP treated with ATL for Equinus deformi-
ty to facilitate faster post-operative recovery. It also recommends follow-up 
studies on confounding factors, categorization of pre- and post-operative 
range of movement, and post-op complications with longer follow up while 
treating CP patient with ATL followed by AFO. 
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1. Introduction 

Cerebral Palsy (CP) is not an individual disorder with a single underlying etiol-
ogy, but rather an umbrella term with diverse causes and symptomatology, the 
latter of which can change significantly with age [1] [2]. The definition of CP has 
gradually adapted to accommodate a wide range of disease conditions. One 
commonly accepted modern definition describes CP as a group of permanent 
but changing disorders that affect movement and posture, or motor function 
caused by a lesion or deficit of the developing brain [2] [3] [4]. CP with motor 
function disorders is typically associated with other neurological disorders in-
cluding sensation-perceptual, cognitive, or behavioral disorders as well as epi-
lepsy and secondary musculoskeletal disorders [1] [5]. The most recent report by 
the Surveillance of Cerebral Palsy in Europe (SCPE) states that the average rate 
of CP is 1.5 - 3.0 per 1000 live births in Europe. In the United States, it was re-
ported to be 1.76 per 1000 live births in 2002 [6]. A correlation between birth 
weight and CP has also been reported, stating that premature babies weighing 
under 1500 grams had a 70× higher rate of CP than children weighing 2500 
grams or more at birth [1]. 

Complications can also arise in CP such as epilepsy, intellectual impairment, 
gastrointestinal problems (GI), and musculoskeletal (MSK) deformities. MSK 
deformities are quite common in patients with CP and can cause gait abnormali-
ties, leading to significantly diminished quality of life. These deformities can 
range from simple toe walking to Equinus deformity, which is the contracture of 
the gastrocnemius causing persistent plantarflexion of the foot thus preventing 
the heel from touching the ground while walking [7] [8] [9] [10]. Management 
of lower limb deformities depends on severity and is usually a step-wise ap-
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proach over the time course of development of the child. Clinical management 
usually begins with muscle stretching and orthotics to aid in walking. If initial 
management is ineffective, injections of botulinum toxin can then be used to re-
lax the contracture [11]. Typically, these conservative measures are able to re-
solve the issue by 6 - 8 years of age with surgical intervention being considered if 
the Equinus has not resolved [7] [10]. Other complications that should be taken 
into consideration when managing CP is the reduction of spasticity. This can be 
done by introduction of pharmaceuticals into the management plan, such as 
benzodiazepines or GABA agonists [12]. The standard of care for surgical inter-
vention of Equinus is the Achilles tendon lengthening (ATL) procedure, which is 
performed by either operating on the tendon or tendon-muscle junction. Gener-
ally, the lengthened tendon is post-operatively casted using a long leg cast to 
protect the surgical site and minimize tendon rupture [7]. 

Our observations in recent years indicate that some patients have lost their 
ability to move or walk after the ATL procedure, with some requiring months of 
recovery post-operation to regain movement in the limb in question. Consider-
ing the aim of ATL is to improve the walking abilities of a patient with Equinus, 
these observations motivated us to find casting-alternatives that could expedite 
the recovery process and prevent any loss of walking abilities such as non-casting 
methods. In this study, we compared patients who underwent ATL lengthening 
and were either placed in a long leg cast or regular bands and band-aids to de-
termine if the alternative of bandaging would expedite recovery and have re-
duced post-operative injury. The results of this study demonstrate that bandag-
ing as an alternative in the post-operative period can preserve and improve the 
moving abilities of a patient.  

2. Materials and Methods 
2.1. Trial Design  

The present study was a semi-experimental clinical trial study in which patients 
were recruited randomly assigned to either the control or experimental group. 
Among 168 CP patients who established care at Akhtar Educational Hospital, 
Pediatric Orthopedic Clinic affiliated by Shahid Beheshti University of Medicine 
and Science, over a time course of 4 years, 73 patients that met the study selec-
tion criteria were invited to join the study with 62 of them agreeing to partici-
pate. These 62 patients were recruited after a written informed consent was ob-
tained from the parents and randomly underwent ATL followed by subsequent 
leg casting (control) or bandage and ankle-foot orthosis (AFO; experimental). 
The study protocol was approved by Hospital Institutional Review Board, prior 
to study commencement. 

2.2. Inclusion/Exclusion Criteria 

Criteria for selection included patients between the ages of 6 - 15 years of age 
with spastic CP and no other substantial impairments of the limb or spine, no 
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notable vision impairment, and no past history of similar Achilles Tendon Leng-
thening surgeries in the limb on which the operation was planned. Patients were 
also required to have what the research team considered as “adequate IQ”, de-
fined as having any absence of significant or conventional symptoms of mental 
retardation such as defective recognition of time and location, inability to inte-
ract with environment, lack of trainability, or inadequate speech. In this study, 
we used SCPE’s classification which sub-classifies CP into spastic, dyskinetic, 
and ataxic types. Further evaluation is recommended by the SCPE to evaluate 
the motor disorders, but was not performed as it was outside the scope of this 
study [13]. 

2.3. Group Allocation 

Patients were designated pre-procedure into the control group (hard cast) or 
experimental group (bandage) depending on the day in which they were referred 
to the clinic, and further stratified into age groups 6 - 10 and 11 - 15 years of age. 
Patients referred on Wednesday were designated control group, while patients 
referred on Tuesdays were designated into experimental with parental consent. 
All patients that met criteria underwent similar open step-cut lengthening of the 
Achilles tendon.  

2.4. Pre-Operative Care 

Pre-procedure patients were hospitalized for clinical examination by the surge-
ons. Subjects whose clinical characteristics did not meet the pre-established cri-
teria were omitted from the study. Anesthesiologists examined the patients and 
listed them for surgery if they were deemed no-risk. General anesthesia was used 
for both groups, and all anesthesiologists and associates were blinded to the 
study. 

2.5. Achilles Tendon Lengthening 

All patients underwent a similar ATL (open step-cut lengthening of Achilles 
tendon) surgical procedure. Patients were placed in supine position while under 
general anesthesia. Prep and drape were placed and, while under tourniquet 
pressure, a middle posterior incision was made on the back of the ankle. After 
opening of the skin, hypodermis, and tendon sheath, the end of the tendon was 
revealed and divided into the inner and outer halves via a middle incision. Next, 
the inner and outer halves were separated from the lower and upper portions, 
respectively. The ankle was then placed at 10˚ - 20˚ of dorsiflexion and the two 
halved of the tendons were sutured using 0 nylon stitch thread. Afterwards, the 
sheath on the tendon was sutured using 3-0 vicryl thread, and the dermis and 
hypodermis were closed with a sterile bandage placed on the site of incision.  

After the surgical procedure, the control group was placed in a long leg cast 
while the ankle was at 90˚ dorsiflexion with the knee at complete extension. The 
experimental group had a crepe bandage applied at the base of the toes up to be-
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low the knee. The ankle was then placed in a 90˚ dorsiflexion using leucoplast 
sticks and the knee placed in full extension.  

2.6. Post-Operative Care 

Patients were then woken up from anesthesia and sent to the ward under the 
discretion of the anesthesiologist. Post-operative observation was identical in both 
groups including diet, hospitalization period, analgesic use, etc. Patients were 
encouraged to walk once pain was adequately managed and supervised by a chi-
ropractor or physical therapist. Their walking capacity was recorded throughout 
their stay, and discharged from hospital within 2 - 3 days. Patients and caregiv-
ers were educated on continuous walking and bandage application.  

2.7. Outcomes Assessment 

Patients were monitored sequentially after being discharged from the hospital in 
the outpatient setting. This occurred at 2 weeks post-op, 6 weeks post-op, then 
every month for 6 months. Both groups were assessed for quality and amount of 
walking compared to pre-surgery at each interval. At 2 weeks post-op, the expe-
rimental group had their bandage opened, stitches removed, and orthosis placed 
while the control group had their cast opened to reveal the stitches for removal 
and cast repaired. At 6 weeks post-op, the control group had their casts removed 
and referred to the chiropractor for improvement of moving and walking status, 
while the experimental group maintain their orthosis for walking. At the monthly 
visits, patients were examined for re-rupture of the Achilles tendon.  

2.8. Statistical Analysis 

The data were analyzed and frequency distribution tables were created. The ca-
tegorical variables included age, gender, CP type, daily activity (pre-op), disorder 
type, associated deformities, walking time (post-op), and re-rupture of Achilles 
tendon. These variables were categorized in two groups (Experimental and Con-
trol) and three subgroups (Diplegia, Hemiplegia, and Quadriplegia). The data of 
each group and each subgroup were compared in two combined tables (Table 1, 
Table 2). The statistical analysis including a Student’s t-test was performed with 
the SPSS® program (SPSS 20.0 for Windows) to determine the correlates of the 
independent variables. P. Value < 0.05 was considered statistically significant. 

3. Results 

There was a total of 62 patients that recruited to our study, which were stratified 
into 32 experimental and 30 control subjects, which were further sub-stratified 
into patients with diplegia, hemiplegia, or quadriplegia. The experimental group 
contained 8 (57%) male and 6 (43%) female diplegic, 6 (50%) male and 6 (50%) 
female hemiplegic, and 4 (67%) and 2 (33%) quadriplegic patients. The age groups 
for experimental contained a greater number of patients in the 6 - 10 years of age 
group, showing 9 (64%) 6 - 10 and 5 (36%) 11 - 15 years of age diplegic patients, 
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7 (58%) 6 - 10 and 5 (42%) 11 - 15 years of age hemiplegic patients, and 4 (67%) 
6 - 10 and 2 (33%) 11 - 15 years of age quadriplegic patients. The control group 
showed similar numbers, with 6 - 10 years of age group containing 20 (67%) and 
10 - 15 years of age group containing 10 (33%); the distribution can be seen on 
Table 1.  

As for frequency of procedure sidedness, in our experimental group 14 (100%) 
diplegic patients received a two-sided procedure, 12 (100%) hemiplegic patients 
received a one-sided procedure, and 6 (100%) quadriplegic patients received 
one-sided procedure. Similarly, the control group showed 20 (100%) of diplegic 
patients received a two-sided procedure, 6 (100%) hemiplegic patients received a 
one-sided procedure, and 4 (100%) quadriplegic patients received a two-sided 
procedure. Walking status prior to corrective procedure included a larger num-
ber of patients walking without aids in both experimental (20; 63%) and control 
(18; 60%) groups. The experimental group showed that 8 (57%) diplegic, 9 
(75%) hemiplegic, and 3 (50%) quadriplegic patients were walking without aids 
prior to their corrective procedure. Similarly, in the control group 12 (60%) of 
diplegic, 4 (67%) hemiplegic, and 2 (50%) quadriplegic patients were walking 
without aids; the remainder of the frequency of distribution can be seen on Ta-
ble 1. 

 
Table 1. Frequency distribution of the studied patients’ age, gender, CP type, and daily activity in both experimental and control 
groups and their subgroups. 

 

Experimental Group Control Group 

Diplegia Hemiplegia Quadriplegia Total Diplegia Hemiplegia Quadriplegia Total 

f (%) f (%) f (%) f (%) f (%) f (%) f (%) f (%) 

Gender 

Male 8 (57) 6 (50) 4 (67) 18 (57) 13 (65) 4 (67) 2 (50) 19 (63) 

Female 6 (43) 6 (50) 2 (33) 14 (43) 7 (35) 2 (33) 2 (50) 11 (37) 

Age 

6 - 10 9 (64) 7 (58) 4 (67) 20 (62) 14 (70) 3 (50) 3 (75) 20 (67) 

11 - 15 5 (36) 5 (42) 2 (33) 12 (38) 6 (30) 3 (50) 1 (25) 10 (33) 

Type 

One-Sided 0 (0) 12 (100) 0 (0) 12 (38) 0 (0) 6 (100) 0 (0) 6 (20) 

Two-Sided 14 (100) 0 (100) 6 (100) 20 (62) 20 (100) 0 (0) 4 (100) 24 (80) 

Walking status 

Not standing 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (25) 1 (3) 

Standing (and walking-limited) 0 (0) 0 (0) 1 (16.7) 1 (3) 0 (0) 0 (0) 0 (0) 0 (0) 

Walking with parents’ help 2 (14) 1 (8) 1 (16.7) 4 (12) 0 (0) 0 (0) 0 (0) 0 (0) 

Walking with orthopedic aids 4 (29) 2 (17) 1 (16.7) 7 (22) 8 (40) 2 (33) 1 (25) 11 (37) 

Walking without aids 8 (57) 9 (75) 3 (50) 20 (63) 12 (60) 4 (67) 2 (50) 18 (60) 

Total 14 (44) 12 (37) 6 (19) 32 (100) 20 (67) 6 (20) 4 (13) 30 (100) 
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The distribution of onset of walking showed significant difference (p = 0.048) 
between the experimental and control groups at 2 weeks follow-up post-operation, 
however the difference was not significant at 6 weeks (p > 0.05). Also, our data 
did not show significant difference between CP sub-types including diplegia, 
hemiplegia, and quadriplegia (p > 0.05). Everyone in our experimental group 
was found to be walking within 2 weeks, with the majority being 10 (72%) dip-
legic and 10 (83%) hemiplegic patients walking within 1-week post-procedure and 
4 (67%) quadriplegic patients walking within 2 weeks post-procedure. On the 
other hand, 14 (70%) diplegic and 2 (50%) quadriplegic patients in our control 
group began walking within 6 weeks post procedure and 4 (66%) hemiplegic pa-
tients began walking between 3 - 5 weeks. The remainder of patient frequency 
distribution can be seen on Table 2. It should also be noted that both experi-
mental and control groups did not have rupture of the Achilles tendon on all 
follow-ups up to 6 months. The distribution of associated deformities in the ex-
perimental group included 4 knee, 5 hip, 1 spine, and 6 hand deformities. For 
the control group, these included 4 knee, 7 hip, 2 spine, and 1 hand deformities. 

4. Discussion 

Equinus deformity is defined as the inability to create contact between the heel 
and underlying surface while in ankle dorsiflexion without proper compensation 
of the lower limb that can be a debilitating contracture of the lower limb if not 
properly managed [14]. The importance of treating Equinus deformity is to pro-
vide increased quality of life which includes ability to walk without the need for 
aids, resolving deformity, and relieving pain. The standard of care currently is to 
perform an Achilles Tendon Lengthening (ATL) surgery with post-operative leg 
casting, however in some cases it requires months of recovery post-operation to 
regain movement.  

The objective of this study was to find a non-casting alternative to leg casting  
 

Table 2. Frequency distribution of walking time post-operation of patients from the experimental and control groups and their 
subgroups. 

 

Experimental Group Control Group 

Diplegia Hemiplegia Quadriplegia Total Diplegia Hemiplegia Quadriplegia Total 

f (%) f (%) f (%) f (%) f (%) f (%) f (%) f (%) 

Less than 1 week 10 (72) 10 (83) 2 (33) 22 (69) 0 (0) 0 (0) 0 (0) 0 (0) 

1 - 2 weeks 4 (28) 2 (17) 4 (67) 10 (31) 0 (0) 1 (17) 0 (0) 1 (3) 

2 - 3 weeks 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

3 - 4 weeks 0 (0) 0 (0) 0 (0) 0 (0) 1 (5) 2 (33) 1 (25) 4 (13) 

4 - 5 weeks 0 (0) 0 (0) 0 (0) 0 (0) 5 (25) 2 (33) 1 (25) 8 (17) 

5 - 6 weeks 0 (0) 0 (0) 0 (0) 0 (0) 14 (70) 1 (17) 2 (50) 17 (57) 
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that would provide a safe and faster time course to recovery. Therefore, we con-
ducted a semi-experimental clinical trial study of a population that included 62 
Cerebral Palsy patients between the ages of 6 - 15 years of age with diplegia, he-
miplegia, or quadriplegia that randomly underwent ATL followed by subsequent 
leg casting (control) or bandage and ankle-foot orthosis (AFO; experimental). 
Interestingly the findings of this study demonstrated that patients who suffered 
from Cerebral Palsy were likely to regain walking ability earlier if managed 
post-Achilles tendon lengthening procedure with bandaging and AFO rather 
than a long leg cast. The 32 patients who did undergo bandaging and AFO re-
gained walking ability within the first two weeks with no serious obstacles for 
movement. On the other hand, the 30 patients who underwent long leg casting 
were more likely to regain walking ability much later, at 4 - 6 weeks.  

Other studies have discussed the length of the immobilization period as well 
as types of casting, with differing recommendations on how long the immobili-
zation period should be. The standard of care after ATL surgery is to place the 
operated-on limb in a hard leg cast with the knee fully extended, and ankle/foot 
placed in a 90˚ dorsiflexed position with major consensus stating to have an 
immobilization period somewhere between 3 - 6 weeks [15] [16] [17]. This 
recommendation is about the same length of time that our control group took 
for them to regain walking ability.  

There has also been studies that state regaining walking ability at an earlier 
time course is beneficial for long term outcomes [18]. Though our study only 
had a follow-up period of 6 months post-op, none of our patients in either group 
had any complications that included tendon rupture, re-contracture, or loss of 
walking ability. Some studies have shown that long-term outcome complications 
begin forming years later, and so a longer follow-up would be beneficial for us to 
strengthen our case of using bandaging and AFO over hard leg casting. In a 
comprehensive systematic review of patients with CP who underwent ATL, it 
was reported that the variance of outcomes was based on factors that included 
method of ATL used, age of patients and time of follow-up [19]. The study also 
reported that CP type played into recurrence of Equinus deformity, with a strong-
er correlation being in spastic type compared to surgical method used. This was 
also seen in a study conducted by Borton, which showed that a calcaneus gait 
leading to a crouch gait was seen with higher rates in patients with spastic diple-
gia/quadriplegia CP type [20]. Similarly, a case series reported that the best out-
comes post-ATL occur in patients with hemiplegia type or patients who under-
went only a single-limb operation [21].  

Considering that the scope of our study was to distinguish the benefit of using 
bandaging and AFO rather than hard leg casting, our study does have some li-
mitations to it. Our study focused on walking status post-procedure, and so 
when categorizing walking ability, we did not focus on the classifications of range 
of motion, pre-operative daily activity, walking time post-procedure, re-rupture 
of Achilles tendon or other confounding factors that may affect the regaining of 
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walking ability. Distinguishing these confounding factors may have been able to 
explain the discrepancy in length to regaining walking ability between our con-
trol and experimental, though all of our experimental cohorts regained walking 
within two weeks. Another limitation was length of follow-up, which we men-
tioned to be short in length at six months post-procedure considering some stu-
dies show a minimum of two years post-procedure [15] [16] [17] [22]. As pre-
viously stated, some studies have shown that complications post-ATL usually 
occur years later. These considerations would be able to be addressed for future 
directions of this project. 

5. Conclusion 

This study suggests applying a bandage with a foot or ankle orthosis as an alter-
native to long leg cast in children of 15 years of age or younger with CP treated 
with ATL for Equinus deformity to facilitate faster post-operative recovery. It 
also recommends follow-up studies on confounding factors, categorization of 
pre- and post-operative range of movement, and post-op complications with 
longer follow up while treating CP patient with ATL followed by AFO. 
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