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Abstract

Purpose: This study evaluated the changes in gait of pediatric cerebral palsy patients after
serial casting alone and serial casting in conjunction with botulinum neurotoxin treatments.
Methods: Retrospective data of 31 children were investigated. Sixteen children were treated
with serial casting combined with BoNT injection and 15 children were treated only with
serial casting treatment. GAITRIte was used to collect velocity, cadence, swing %, stance %,
step length, stride length, and step time parameters to compare the outcomes of the treatments.
Results: Combined treatment group unaffected side swing % showed a statistically significant
difference at completion (M =35.16 +£1.21; M = 32.46 + 1.38; t (15) = 2.12, p = 0.049).
Unaffected side stance % at pre-intervention was statistically different for serial casting only
and the combined treatment groups (M = 61.69+ 0.73; M = 64.88+1.20; t (14) =-2.273,p =
0.039). Pre- and post-intervention hemiplegic side swing % comparison was statistically
significant for the serial casting only group (M = 40.87+ 0.57; M = 42.39+0.79, t (14) = -
0.151, p = 0.032). The baseline velocity of the combined treatment group was slower than the
serial casting-only group (88+11.2 vs. 107+14.4 (cm/s), p=0.007).

Conclusions: This investigation suggests that for patients, who have poor ambulation quality,
abnormal spatiotemporal gait parameters, and significant spasticity at pre-intervention, BONT
in conjunction with serial casting is more effective for improving ambulation quality. Serial
casting can be used in conjunction with botulinum neurotoxin, which is efficient in muscle
morphology and function regulation by reducing spasticity.

Keywords: Botulinum Neurotoxin, Cerebral Palsy, Gross Motor Functional Classification,

Serial Casting, Spasticity



1. Introduction

The main cause of motor impairments in children is cerebral palsy (CP). There are 3.6
incidences of cerebral palsy for every 1000 children worldwide, affecting over 18 million
people of all ages. In ambulatory children with CP, dynamic ankle equinus changes the location
of the ankle during locomotion and results in abnormal gait patterns that shorten the posterior
muscle group and produce plantar flexion contracture [12]. Surgery can be performed, but as
children who are still growing do not benefit from it, non-operative treatments are utilized to
postpone surgery until skeletal maturity [19]. When surgery is not advised, botulinum
neurotoxin (BoNT) injections, serial casting, or a mix of pharmacological and biomechanical
therapies are frequently used. To reestablish the proper balance between the agonist and
antagonist muscles, BONT lowers the tone of hyperactive muscles. The primary goal of using
BoNT is to enhance gait by inducing graduated levels of muscular weakness by adjusting the
toxin injection dose [2], [7], [17], [18], [23], [29]. Chemodenervation with BoNT is reversible,
repeatable, and has been shown to benefit people with cerebral palsy [4], [9], [13], [15]. For
ambulatory children with GMFCS I-I11, the main advantages of the treatment include increased
range of motion (ROM) and decreased muscle stiffness. BoONT specifically inhibits
Acetylcholine release presynaptically at the peripheral neuromuscular connections of the
targeted muscles, which has neurotoxic and paralytic consequences [5].

Serial casting, which involves applying a series of casts with increasingly different angles
to gradually modify the joint position, has previously been used to minimize the development
of ankle contractures and equinus [8]. A rise in the passive muscular stretch was observed after
therapy in individuals who had only serial casting, according to recent investigations [21].
Increased ankle ROM and decreased resistance to stretching have been seen in children with
CP and idiopathic toe walking but changes in gait characteristics like velocity and stride length

have not been seen [8].



Ankle dorsiflexion and gross motor function improved more in the combined treatment
group than in the BoONT injections alone when the kinematic characteristics of the two
treatments were examined [11]. Compared to BoNT treatment, combined treatment has been
shown to increase walking speed [6]. In a different research, combination therapy dramatically
increased ankle ROM and increased ankle joint angular velocity [25]. Contrarily, the combined
therapy group returned to spasticity, contracture, and ankle equinus more quickly than serial
casting, according to the findings of a prospective randomized experiment [1]. Two studies that
evaluated all three treatments—BONT, serial casting, and BoNT combined with serial casting—
found that both groups who underwent serial casting improved their ankle ROM more than the
BoNT-only group. Contrarily, no overall change in velocity or stride length was obtained in
any of the groups, even though the patients in the combination group had more severe
contractures and lower ROM at the start of the research [30]. Pediatric CP patients with dynamic
equinus have benefited from serial casting and BoNT treatments, either individually or in
combination [10], [14], [16], [20], [22], [26], [27], [28]. However, serial casting and the
combined treatment's effectiveness on gait quality and spatiotemporal parameters have not been
studied. This retrospective study evaluated the changes in gait after serial casting combined
with BONT compared to serial casting-only treatments for children diagnosed with hemiplegia
and spasticity secondary to CP.

2. Materials and Methods
2.1. Participants

This study reviewed the health records of 31 children (15 female, 16 male) between the ages
of 4 and 16 (mean= 7.4 + 3.6 years) diagnosed with CP [24] receiving serial casting treatment
for dynamic equinus and gait-related spasticity impairments. This retrospective cohort study
was conducted at Children’s Specialized Hospital, New Jersey, USA. Participants were

diagnosed with unilateral hemiparesis, had a Gross Motor Functional Classification System



(GMFCS) level of I-11l, and had a Modified Ashworth Scale (MAS) score of 3 or below.
Determination of the sample size was done with G-Power (GPower - Universitit Diisseldorf)
version 3.2.1. Fifteen children were included in the “serial casting only” group (independent
samples t-test, 0.68 effect size, 5% standard deviation, and 95% accuracy rate (z=1.96)). Sixteen
children were included in the “combined treatment” group (independent samples t-test, 0.66
effect size, 5% standard deviation, and 95% accuracy rate (z=1.96)). Overall, with 31 patients,
the sample size requirements were statistically satisfied (independent samples t-test satisfies
0.95 actual power and 0.52 effect size (5% standard deviation, 95% accuracy rate (z=1.96)).
The included participants had CP diagnosis with dynamic ankle equinus and they were between
4 and 16 years old of age. Inclusion criteria included patients, who had normal joint range of
motion required for ambulation, had appropriate cognitive status and ability to communicate,
and had no previous history of surgical intervention for spasticity. Participants were ambulatory
with or without assistive devices, such as loft strand crutches or walkers (GMFCS I-111,) and
had the ability to follow simple instructions, non-ambulatory children were excluded from the
study (Table 1). Patients, who had a previous diagnosis that may cause exercise intolerance
(uncontrolled hypertension, coronary artery disease, cardiac arrhythmia or congestive heart
failure, etc.), received treatment for heart attack, heart surgery, or acute heart failure within 3
months before the date of enrollment in the study, had severe cognitive or psychiatric problems
and received or received medical treatment with a diagnosis of epilepsy, were not included in

the study.



Table 1: General Characteristics of Participants (Distribution of age, weight, height, sex and

GMFCS level)

Age (years) Weight (N) Height (cm) Boys n (%0) Girls n (%) Total n (%)
1-3 0 0 0(0) 0(0) 0(0)
4-6 195 113 7 (47) 4 (25) 11 (36)
7-9 270 130 5(33) 7 (45) 12 (39)
10-12 345 145 0(0) 2(12) 2 (6)
13-15 412 156 3(20) 3(18) 6 (19)
GMFCS Level Boys n (%0) Girls n (%) Total n (%)
| 9 (53) 9 (65) 18 (59)
1 7(41) 4 (28) 11 (35)
1 1 (6) 0(0) 1(3)
vV 0(0) 1(7) 13
\% 0(0) 0(0) 0(0)
(Number of children, n (%), in relation to age, sex, and GMFCS level (GMFCS = Gross Motor Function Classification System.))

Sixteen children were treated with serial casting combined with BoNT injection (on the
hemiplegic side) and 15 children were treated only with serial casting treatment. Group
assignments were done according to the clinical recommendations of the same treating
physician at the same outpatient pediatric rehabilitation hospital. All physical therapy sessions
were performed by the same licensed physical therapist. Ethics committee approval was
obtained from the Institutional Review Board of Children’s Specialized Hospital,
Mountainside, New Jersey, USA with issue number: E-736-12, March 1%, 2018. Consent was

obtained from the patients and their parent(s) prior to the investigation.

2.2. Methods

GAITRite (Franklin, NJ, USA) is an instrumented walkway system used for collecting
spatiotemporal parameters during walking on a 10-meter walkway at self-selected walking
speed. The reliability and validity of the system have previously been shown in children with
and without disabilities [3]. The average values of three consecutive strides were used for

analysis. Data were collected at the beginning and at the end of the 8th week of the treatment.
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Serial casting was administered to the affected sides of each patient and replaced weekly. The
first data collection was done at the first visit before the earliest cast was administered. The
final set of data was collected at the end of the eighth week when the last cast was removed.

Muscle selection, doses, and dilution rates were individualized for each patient based on body
weight and severity of spasticity. BONT was injected into the target muscle(s) of the affected
sides under the guidance of electrical stimulation and ultrasound at the first visit to the hospital
before the first cast was administered. Both groups received a physical therapy program of 2
hours per week before the new cast administration. Physical therapy included stretching weight
bearing, balance, proprioception, and ambulation exercises. Step time (s), step length (cm),
swing %, stance %, stride length (cm), cadence (steps/min) and velocity (cm/s) parameters were
collected and compared for two groups.

2.3. Statistical Methods

Each patient performed the normal walking activity 5 times on the instrumented
walkway. The averages of the five trials were analyzed and reported. All continuous variables
were presented as mean + SD and were subjected to statistical analysis. The Kolmogorov-
Smirnov normality test was conducted to examine the distribution of the continuous variables.
A paired samples t-test and independent samples t-test were used in the research. A paired-
sample t-test was established to compare the mean differences between the pre and post-
outcome measures of the two treatment groups. An independent samples t-test was used to
evaluate the pre- and post-outcome measures of both groups. The statistical analysis was
performed using SPSS (version 12, Chicago, IL). All analyses used a confidence interval of
95% and a significance level of <0.05.

3. Results
The health records of thirty-one participants were analyzed. No significant differences were

found between age, gender, or the GMCEFS level of the combined treatment group or serial



casting group. Improvements in cadence, step time, cycle time, and step length were not
statistically significant. Looking at the GMFCS levels, the numbers of participants at levels I
and Il are similar, but the numbers of participants at levels 111 and IV were lower.

The baseline velocity of the combined treatment group was slower than the serial casting-
only group (88+11.2 vs. 107+14.4 (cm/s), p=0.007), but the difference between the groups at
completion was not significant (91+15.2 vs. 106+21.0 (cm/s), p=0.035). The swing phase
percentage of the unaffected side for the combined treatment group has increased and showed
a statistically significant difference between pre-treatment and post-treatment measures (M =
35.16 £1.21; M = 32.46 + 1.38; t (15) = 2.12, p = 0.049). Swing phase percentages of the
affected side and stance phase percentage of the unaffected side of the serial casting-only group
have increased and showed statistically significant differences between pre and post-treatment
measures (M = 40.87+ 0.57; M = 42.39+0.79, t (14) = -0.151, p = 0.032 respectively) and (M
=61.69+0.73, M = 64.12+ 0.76; t (14) = -5.261, p=0.001 respectively). The stance percentage
of the unaffected side of the combined treatment group pre-intervention outcomes showed
statistically significant differences compared to serial casting only group pre-intervention
outcomes (M = 61.69+ 0.73; M = 64.88+1.20; t (14) = -2.273, p = 0.039 respectively) (Figure
1).

The stride length of the unaffected and affected sides of the combined treatment group at pre-
intervention did not show a statistically significant difference compared to post-intervention

outcomes (M = 83.38+5.16 cm; M = 72.87+8.45 cm; p = 0.141 respectively). (Table 2)

Table 2: Means, SD of Spatiotemporal Measures for Combined Treatment (BoNT and Serial Casting) and

Serial Casting Alone Groups

Serial Casting Alone Group (n=15)

Step Length ; Stride Length Cadence .
Step Time (s) p(cm) 9 Swing % Stance % (cm) ’ (steps/min) Velocity (cm/s)
pre post pre post pre post pre post pre post pre Post pre post

Hemiparetic | 0.47+ | 0.54+ | 49.82 50.39 40.87 | 42.39 | 59.17 | 58.03 | 98.40 100.56 | 135.33 | 127.68 | 107.59 106
Side 0.02 0.04 +2.05 +3.05 | +0.57 | +£0.79 | +0.57 | £0.84 | +£3.54 +5.47 +4.67 +6.11 +14.4 +21.66




Unaffected 043+ | 044+ | 48.17 51.08 38.32 35.84 | 61.69 | 64.12 98.54 101.43
Side 0.02 0.03 +1.93 +2.62 | +0.73 | £0.76 | £0.73 | £0.76 | +3.45 +5.33
Combined Treatment (BoNT and Serial Casting) Group (n=16)
Step Time (s) Step(cl_n?; gth Swing % Stance % St”d(ec rl]_qungth (s?eap?se/;(:ii) Velocity (cm/s)
pre post pre post pre post pre post pre post pre Post pre post
Hemiparetic | 0.51+ | 0.52+ | 43.29 43.53 42.32 4428 | 54.44 | 55.73 82.88 72.16+
Side 0.02 0.03 +2.80 +3.65 +0.90 +1.11 +3.29 | *1.11 +5.18 8.46 127.30 134.48 8?.12§i 9131+
Unaffected | 0.44+ | 0.40+ | 39.37 | 4333 | 3516 | 32.46 i‘l"gg 66.32 | 8338 | 72.87+ | =583 | +538 ' 152
Side 0.02 0.02 +2.73 +3.33 +1.21 +1.38 ‘ +1.71 +5.16 8.45

All data are presented as mean + standard error. The spatiotemporal parameters were normalized to the leg lengths of the

participants.

4. Discussion

Options for improving the ambulation of children with CP and spasticity should be considered
adeptly. Early, ideal, and thorough treatment is required for these patients to enhance motor
capabilities and prevent bone abnormalities. The findings demonstrated that children with
hemiplegic CP benefit further from serial casting in combination with BoNT injection therapy,
particularly if the degree of stiffness is significant. To control the spatiotemporal parameters,
such as the stance/swing percentages and stride length, combined treatment is more effective
than serial casting alone.

It may be inferred from several studies and several decades of clinical use that BoNT and
serial casting treatments, when used correctly and on time, enhance the spatiotemporal
characteristics of children with CP's afflicted side. BONT therapy decreases spasticity, results
in less muscle strength loss [14], [15], and lowers the possibility of muscles or tendons
extending. Similarly, serial casting improves ankle range of motion and lessens stiffness. In
the absence of a fixed myostatic contracture, BONT injection primarily meets expectations
regarding spasticity by enabling dynamic contracture. To increase the ROM of the ankle joint,
casting has been suggested as a possible treatment.

The findings of this study may be evaluated considering these limitations: (1) this

retrospective study did not report the control group results; rather it investigated the




spatiotemporal parameters of children with CP, treated with serial casting with and without
BoNT (2) the population size is relatively small, however, it satisfies the statistical power
requirements and (3) the group assignments of the participants were not performed randomly,
in fact, same clinician recommendation- depending on the severity of spasticity- was considered
during group assignments for each participant. A further aim is to investigate the long-term
effects of the interventions on a larger population.

5. Conclusions

This investigation suggests that for patients, who have poor ambulation quality, significantly
unnatural spatiotemporal gait parameters, and significant spasticity at pre-intervention, BONT
in conjunction with serial casting is more effective for improving ambulation quality. Besides,
if improved ankle ROM is the goal of the treatment, then serial casting is essential and should
be included in the treatment plan because achieving the desired ankle ROM and therefore
improving spatiotemporal parameter symmetry in a shorter period is critical for managing the
surgical interventions more efficiently. If these interventions are insufficient, surgical
interventions should be considered depending on the patient’s medical condition, age, and
physical development.

This exploratory study showed the efficacy of two treatments in terms of spatiotemporal
parameters. The results do not provide a decisive sign of the effectiveness of serial casting used
with or without BoNT, yet it suggests that patients may obtain improved spatiotemporal
parameters at the completion of the combined treatment.

Acknowledgments

The authors gratefully acknowledge the support of Martin Diamond MD., JenFu Cheng, MD.
and physical therapists Adrienne Espin, Diana Deshefy, Judy Sedlak, Sue Winning and Amanda
L. Botticello, Ph.D., MPH at Children’s Specialized Hospital for their contribution in the

completion of this study.

10



References

[1]. Ackman JD, Russman BS, Thomas SS, Buckon CE, Sussman MD, Masso P, Sanders
J, D'Astous J, Aiona MD; Shriners Hospitals BTX-A Study Group. Comparing
botulinum toxin A with casting for treatment of dynamic equinus in children with
cerebral palsy. Dev Med Child Neurol. 2005 Sep;47(9):620-7. PMID: 16138670.

[2]. Almina S, Karile Y, Audrone P, Indre B. Analgesic effect of botulinum toxin in
children with cerebral palsy: A systematic review. Toxicon. 2021 Aug;199:60-67. doi:
10.1016/j.toxicon.2021.05.012.

[3]. Blumetti FC, Belloti JC, Tamaoki MJ, Pinto JA. Botulinum toxin type A in the
treatment of lower limb spasticity in children with cerebral palsy. Cochrane Database

Syst Rev. 2019 Oct 8;10(10):CD001408. doi: 10.1002/14651858.CD001408.pub2.

[4]. Blumetti FC, Belloti JC, Tamaoki MJ, Pinto JA. Botulinum toxin type A in the
treatment of lower limb spasticity in children with cerebral palsy. Cochrane Database
Syst Rev. 2019 Oct 8;10(10):CD001408. doi: 10.1002/14651858.CD001408.pub?2.

[5]. Bonikowski M, Stawek J. Safety and efficacy of Botulinum toxin type A preparations
in cerebral palsy - an evidence-based review. Neurol Neurochir Pol. 2021;55(2):158-
164. doi: 10.5603/PJNNS.a2021.0032.

[6]. Booth MY, Yates CC, Edgar TS, Bandy WD. Serial casting vs combined intervention
with botulinum toxin A and serial casting in the treatment of spastic equinus in
children. Pediatr Phys Ther. 2003 Winter;15(4):216-20. doi:
10.1097/01.PEP.0000096382.65499.E2.

[7]. Cahlin BJ, Lindberg C, Dahlstrom L. Cerebral palsy and bruxism: Effects of
botulinum toxin injections-A randomized controlled trial. Clin Exp Dent Res. 2019

Jun 29;5(5):460-468. doi: 10.1002/cre2.207.

11



[8]. Dursun N, Gokbel T, Akarsu M, Bonikowski M, Pyrzanowska W, Dursun E.
Intermittent serial casting for wrist flexion deformity in children with spastic cerebral
palsy: a randomized controlled trial. Dev Med Child Neurol. 2021 Jun;63(6):743-747.
doi: 10.1111/dmcn.14765.

[9]. Farag SM, Mohammed MO, EI-Sobky TA, ElKadery NA, ElZohiery AK. Botulinum
Toxin A Injection in Treatment of Upper Limb Spasticity in Children with Cerebral
Palsy: A Systematic Review of Randomized Controlled Trials. JBJS Rev. 2020
Mar;8(3):e0119. doi: 10.2106/JBJS.RVW.19.00119.

[10]. Fathi M, Hussein AS, M Elghazaly S, Al-Kinawy AM, Abdeltawab AK, Mansour
YM, Elbehbeh NA, Sherif A, Afifi AM. Effect of Botulinum Toxin on Equinus Foot
Deformity in Cerebral Palsy Patients: A Systematic Review and Network Meta-
analysis. Curr Pharm Des. 2020;26(37):4796-4807. doi:
10.2174/1381612826666200518105633.

[11]. Franzén M, Hégglund G, Alriksson-Schmidt A. Treatment with Botulinum toxin A
in a total population of children with cerebral palsy - a retrospective cohort registry
study. BMC Musculoskelet Disord. 2017 Dec 11;18(1):520. doi: 10.1186/s12891-017-
1880-y.

[12]. Gulati S, Sondhi V. Cerebral Palsy: An Overview. Indian J Pediatr. 2018
Nov;85(11):1006-1016. doi: 10.1007/s12098-017-2475-1.

[13]. Hagglund G, Hollung SJ, Ahonen M, Andersen GL, Eggertsdottir G, Gaston MS,
Jahnsen R, Jeglinsky-Kankainen I, Nordbye-Nielsen K, Tresoldi I, Alriksson-Schmidt
Al. Treatment of spasticity in children and adolescents with cerebral palsy in Northern
Europe: a CP-North registry study. BMC Neurol. 2021 Jul 12;21(1):276. doi:

10.1186/s12883-021-02289-3.

12



[14]. Lee SJ, Sung 1Y, Jang DH, Yi JH, Lee JH, Ryu JS. The effect and complication of
botulinum toxin type a injection with serial casting for the treatment of spastic equinus
foot. Ann Rehabil Med. 2011 Jun;35(3):344-53. doi: 10.5535/arm.2011.35.3.344.

[15]. Mathevon L, Bonan I, Barnais JL, Boyer F, Dinomais M. Adjunct therapies to
improve outcomes after botulinum toxin injection in children: A systematic review.
Ann Phys Rehabil Med. 2019 Jul;62(4):283-290. doi: 10.1016/j.rehab.2018.06.010.

[16]. Milne N, Miao M, Beattie E. The effects of serial casting on lower limb function for
children with Cerebral Palsy: a systematic review with meta-analysis. BMC Pediatr.
2020 Jul 2;20(1):324. doi: 10.1186/512887-020-02122-9.

[17]. Multani I, Manji J, Hastings-Ison T, Khot A, Graham K. Botulinum Toxin in the
Management of Children with Cerebral Palsy. Paediatr Drugs. 2019 Aug;21(4):261-
281. doi: 10.1007/s40272-019-00344-8.

[18]. Multani I, Manji J, Tang MJ, Herzog W, Howard JJ, Graham HK. Sarcopenia,
Cerebral Palsy, and Botulinum Toxin Type A. JBJS Rev. 2019 Aug;7(8):e4. doi:
10.2106/JBJS.RVW.18.00153.

[19]. Nicolini-Panisson RD, Tedesco AP, Folle MR, Donadio MVF. Selective Dorsal
Rhizotomy in Cerebral Palsy: Selection Criteria and Postoperative Physical Therapy
Protocols. Rev Paul Pediatr. 2018 Jan 15;36(1):9. doi: 10.1590/1984-
0462/;2018;36;1;00005.

[20]. Park ES, Rha DW, Yoo JK, Kim SM, Chang WH, Song SH. Short-term effects of
combined serial casting and botulinum toxin injection for spastic equinus in
ambulatory children with cerebral palsy. Yonsei Med J. 2010 Jul;51(4):579-84. doi:

10.3349/ymj.2010.51.4.579.

13



[21]. Pérez-de la Cruz S. Childhood cerebral palsy and the use of positioning systems to
control body posture: Current practices. Neurologia. 2017 Nov-Dec;32(9):610-615.
English, Spanish. doi: 10.1016/j.nrl.2015.05.008.

[22]. Rosenbaum P, Paneth N, Leviton A, Goldstein M, Bax M, Damiano D, Dan B,
Jacobsson B. A report: the definition and classification of cerebral palsy April 2006.
Dev Med Child Neurol Suppl. 2007 Feb;109:8-14. Erratum in: Dev Med Child
Neurol. 2007 Jun;49(6):480. PMID: 17370477.

[23]. Sadowska M, Sarecka-Hujar B, Kopyta I. Cerebral Palsy: Current Opinions on
Definition, Epidemiology, Risk Factors, Classification and Treatment Options.
Neuropsychiatr Dis Treat. 2020 Jun 12;16:1505-1518. doi: 10.2147/NDT.S235165.

[24]. Schweizer M, Eylon S, Katz-Leurer M. The correlation between rhythm perception
and gait characteristics at different rhythms among children with cerebral palsy and
typically developing children. Gait Posture. 2020 Oct;82:83-89. doi:
10.1016/j.gaitpost.2020.08.120.

[25]. Shoval H, Friel K, Levin J, Kim H. Cumulative Efficacy of Longitudinal Repeat
Salivary Gland OnabotulinumtoxinA Injection: A Retrospective Study. Am J Phys
Med Rehabil. 2021 Aug 1;100(8):798-802. doi: 10.1097/PHM.0000000000001675.

[26]. Shoval H, Levin J, Friel K, Kim H. Safety of combined salivary gland and multilevel
intramuscular onabotulinumtoxinA injections with and without ethanol in pediatric
patients with cerebral palsy: A retrospective study. J Pediatr Rehabil Med.
2019;12(2):189-196. doi: 10.3233/PRM-180552.

[27]. Thorley M, Donaghey S, Edwards P, Copeland L, Kentish M, McLennan K,
Lindsley J, Gascoigne-Pees L, Sakzewski L, Boyd RN. Evaluation of the effects of

botulinum toxin A injections when used to improve ease of care and comfort in

14



children with cerebral palsy whom are non-ambulant: a double blind randomized
controlled trial. BMC Pediatr. 2012 Aug 9;12:120. doi: 10.1186/1471-2431-12-120.

[28]. Wesseling M, Kainz H, Hoekstra T, Van Rossom S, Desloovere K, De Groote F,
Jonkers I. Botulinum toxin injections minimally affect modelled muscle forces during
gait in children with cerebral palsy. Gait Posture. 2020 Oct;82:54-60. doi:
10.1016/j.gaitpost.2020.08.122.

[29]. Yadav S, Chand S, Majumdar R, Sud A. Effect of botulinum toxin type-A in
spasticity and functional outcome of upper limbs in cerebral palsy. J Clin Orthop
Trauma. 2020 Mar-Apr;11(2):208-212. doi: 10.1016/j.jcot.2020.01.002.

[30]. Yigitoglu P, Kozanoglu E. Effectiveness of electrical stimulation after
administration of botulinum toxin in children with spastic diplegic cerebral palsy: A
prospective, randomized clinical study. Turk J Phys Med Rehabil. 2019 Feb
4;65(1):16-23. doi: 10.5606/tftrd.2019.2236.

Figure Legends

Figure 1: Bar graph comparing spatiotemporal parameters of Serial Casting and Serial Casting
with BoNT Treatments. Solid black bars represent pre-treatment and dashed bars represent the

post-treatment outcomes. The statistically different parameters are indicated with *.
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