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Background: Individuals with Spinal Muscular Atrophy (SMA) often present with 
muscle contractures. Serial casting has been used in a variety of other peripheral 
nerve, muscle, and central nervous system disorders to improve knee and ankle 
range of motion limitations and functional performance in both ambulatory and 
non-ambulatory individuals.

Objective: The goal of this study was to reach a consensus about the parameters, 
considerations and general guidelines that should inform practice when serial 
casting to improve flexibility in individuals with SMA.

Methods: This international effort was conducted between August 2020 and 
May 2023. An expert panel of physical therapists was assembled with multiple 
panel meetings and a 2-round Delphi survey performed covering topics relevant 
to serial casting which included three domains: clinical appropriateness, 
program-based considerations and program adherence/feasibility. Consensus 
was reached for all items in the three topic areas using a validity index of >75%. 
Following completion of the Delphi survey, community insights from patients 
and caregivers were collected via semi-structured interview.

Results: This study included the synthesis of meetings from the initial expert 
panel which produced a comprehensive survey for the different considerations 
when performing serial casting for an individual with SMA. The study also 
included the completion of a Delphi survey by 18 therapists in round 1 and 
15 therapists in round 2 for a consensus on 296 items. Strong consensus was 
obtained in all three domains with 96.6% agreement for clinical appropriateness, 
95.0% agreement for program-based considerations, and 96.9% for program 
adherence/feasibility. A guideline document was developed enumerating the 
specific items detailed in the survey. Community perspectives were utilized 
to support the results of the Delphi survey and to add insight into real-world 
experience.
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Conclusion: The serial casting guidelines developed upon collaborative 
discussions from the expert panel and from the Delphi survey consensus and 
semi-structured interviews, should be  utilized when applying serial casts to 
patients with spinal muscular atrophy. Future endeavors should look to apply 
the guideline recommendations to determine casting efficacy for improving 
joint contracture and impact on function for those with SMA.
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1 Introduction

Spinal muscular atrophy (SMA) is a progressive neuromuscular 
disease that results in global weakness and limitations in functional 
performance. SMA impacts the anterior horn cell, skeletal muscles, 
liver, pancreas, spleen, blood vessels, and the heart (1). Progressive 
joint contractures is one of the hallmark impairments in SMA which 
severely limit a person’s ability to perform certain tasks despite gains 
in strength (2). This impairment persists despite the advent of disease 
modifying therapies.

Contracture presence varies based on the individual’s type of 
SMA. Hip and knee extension limitations greater than 20 degrees are 
observed in 22–50% of those with Type II (3), and ankle dorsiflexion 
is limited in80% of those with Type III (2). Others (Salazar and Fujak 
refs here) demonstrate significant range impairments starting in early 
childhood and increasing with age.

SMN protein is found in skeletal muscle, contributes to disease 
pathology and is transcribed primarily from the SMN1 gene and to a 
limited extent from the SMN2 gene. In typical conditions, the SMN1 
gene is the primary source of full length SMN protein, but in 
individuals with SMA, no SMN1 is present, however a significantly 
reduced functional SMN (~10%) protein is made by each copy of 
SMN2 (1). More copies of SMN2 are typically associated with 
diminished severity of SMA and have been associated with better 
functional outcome (1). SMN deficiency results in defects in individual 
myofibers, neuromuscular junctions, muscle dysfunction and overall 
survival (4). While SMN protein has an essential impact on muscle 
performance, there is, “no obvious function, pathway or set of factors 
that connect SMN uniquely to the health of the muscle (5).” SMN2 
copies have a role in ensuring muscle growth through certain periods 
of life but are unable to sustain myofiber health for the lifespan. There 
is also evidence that different muscles are more vulnerable to low 
SMN with observed myopathy increased in muscles that have more 
sustained activity (5).

While the presence of joint contracture is widely accepted as a 
common impairment, there is a paucity of understanding of muscle 
architecture in SMA and how changes in muscle might relate to 
contracture formation. There is suspicion that a primary defect 
actually occurs at the level of the muscle (5). Studies highlight elevated 
levels of creatine kinase and a disorganization of myofibrils, 
sarcomeres and filaments across SMA types (5). Explorative studies 
have investigated low SMN levels and observed the disruption of 
myogenesis as well as the presence of myoblast fusion defects. 
Additional studies using the fly model have observed the profound 
alteration of thoracic muscle morphology and gone on to demonstrate 
the interaction and colocalization of SMN with myofibrillar α-actinin 
(6). SMN is known to be a sarcomeric protein that creates a complex 

with α-actinin and is localized in Z-discs in Drosphilia and mouse 
myofibrils (7). In humans, SMN is localized to the I-band and the 
M-band of the sarcomere, which suggests it may play a role in the 
sacromere’s structure. In SMA type I, the loss of SMN results in both 
atrophic and hypertrophic myofibers with alterations of Z-disc 
formation and actin filaments present. Unlike previous studies on 
Drosphilia models, human SMA localizes in the M-band and forms 
granules “flanking” the Z-disc, as opposed to being in the actual 
Z-disc, itself (4).

Regardless of emerging literature and suggestive contributions of 
SMN and the role it plays in muscle and muscle development, the 
mechanisms and underlying muscle pathology in SMA are poorly 
understood which challenges providers seeking best treatments for 
resulting phenotypic presentations and the associated impairments 
affecting muscle, specifically contractures and altered muscle length.

However, acknowledging a pathological presence at the level of 
the sarcomere can initiate a consideration for interventions at this 
level. In a study investigating sarcomere adaptations, Williams and 
Goldspink (8) found that during postnatal growth, increased muscle 
length resulted from the serial addition of sarcomeres with stimulus 
including increased bone length and movement of muscle through a 
typical range. This study noted that when newborn muscles are 
immobilized in extended positions, sarcomeres are reduced.

In order to provide immobilization in extension that could allow 
for improved muscle length with true sarcomere addition, serial 
casting has been applied as a potential strategy to modify/reduce the 
presence of contractures in a variety of disorders, including SMA (9). 
Serial casting uses a series of lower leg plaster casts applied successively 
and progressively over a period of time in order to immobilize a joint 
and hold the musculotendon unit in relative stretch with the goal of 
improving a joint’s mobility Casting supplies a form of static, low load 
stretch over prolonged periods of time (10). When a muscle is held in 
a relatively shortened position a subsequent loss of sarcomeres leads 
to shortening and the muscle fibers then adapt with a decreased length 
(11). One might hypothesize that through casting, growth of fiber 
length is promoted through serial sarcomerogenesis by building new 
contractile material in series with the muscle tendon unit. This then 
allows the muscle the opportunity to improve range of motion and 
extensibility (12). The overall goal of casting is to increase passive 
range of motion in the interest of promoting an individual’s highest 
level of function and mobility (13).

In animal models, muscle lengthening was demonstrated with an 
increase in the number of sarcomeres and an increase in tendon 
extensibility following immobilizations in elongated positions using 
casts (14). There are no noted changes in fascicle and muscle 
extensibility nor muscle belly or tendon length, but the improved 
tendon extensibility is noted to increase by about 20% (10). Conversely, 
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immobilization in positions of shortened muscle length leads to a loss 
of sarcomeres, an increase in muscle tension, and profoundly 
decreased stretch (14, 15).

There is no direct evidence to support serial casting in SMA, 
however casting has been used to treat joint contractures present in 
other neuromuscular diagnoses such as DMD and Charcot Marie 
Tooth Disease (CMT) (16–18) and a general evidence-based care 
guideline for management of serial casting for those with cerebral 
palsy (CP), traumatic brain injury (TBI), DMD, and idiopathic toe 
walking (ITW) and spasticity has been published (19). This guideline 
highlights that in the presence of decreased range of motion at a joint, 
there is abnormal movement and alignment and subsequently 
decreased functional ability. When used in DMD, casting yields an 
increase in calf muscle length and no loss of function or strength (16). 
Casting outcomes in DMD have also demonstrated an associated 
stability on timed tests as well as stable gait function and speed with 
the improvements in ROM (17). Casting in CMT has demonstrated 
improved ankle range of motion and performance on 10 m walk test 
when applied for 4 weeks (18).

When applied to individuals with CP, serial casting is noted to 
improve the range of motion at the ankle and has a positive effect on 
function as measured by the Gross Motor Function Measure. 
However, it does not appear to change an individual’s gait velocity or 
stride length. CP typically presents with concerns of spasticity, which 
is not a characteristic of SMA, thus limiting the generalizations that 
can be  made when comparing serial casting in both groups. The 
specific concerns regarding spasticity should be  acknowledged, 
however, as spastic muscle fibers have notably long sarcomeres which 
may prevent additional sarcomeres from forming (20). In one study, 
negative effects of casting were reported, including difficulty bathing 
at home and dissatisfaction with the procedure. Other potential 
adverse effects of casting included foot pain, calf pain, skin 
inflammation, pressure sores and lower limb atrophy (19). One must 
also consider that variations in casting protocols and post-casting 
follow through may affect outcomes.

Casting has been presented as a less costly, less stressful, and less 
invasive alternative to surgical interventions such as achilles tendon 
lengthening, with casting demonstrating as much efficacy in range 
improvement as surgical lengthening (17). For CMT when 
non-invasive casting strategies are applied, surgical intervention is 
avoided or delayed by up to 4.5 years allowing for appropriate time for 
growth and continued mobility (21). Additional evidence 
demonstrates a loss of strength of one manual muscle test grade in 
individuals who have undergone surgical lengthening, which provides 
additional support for conservative management (22) Furthermore, 
serial casting for one limb over 4 weeks costs less than one-half of the 
surgical costs and avoid spotential risks such as infection, scarring and 
effects from anesthesia (19).

Though serial casting is a potentially effective conservative 
strategy for contracture management, challenges to note and 
consider at the outset of creating a serial casting process guideline 
include: variability in patient response; concerns for skin integrity; 
patient cognitive ability and ability to communicate; variation in 
materials; variation in length of casting procedures and variation in 
casting procedures, themselves (19). While serial casting is cost-
effective and safe for managing contractures, given the lack of direct 
evidence and standardization of procedures for serial casting in 
SMA, a standardized process needs to be established before efficacy 

can be  fully examined under controlled clinical conditions. 
Consensus based guidelines could improve care, functional 
outcomes, and patient/family satisfaction and decrease unwarranted 
variation in care and the need for invasive procedures (19). Using 
categories of clinical appropriateness, program-based 
considerations and program adherence/feasibility, this study sought 
to identify specific criteria for each category based on the consensus 
opinion of an international panel of expert clinicians. Consensus 
was then expanded to include a larger group of therapists 
representing practices in the United States and in Europe. Finally, 
community perspectives were added to ensure the guidelines 
reflected a real-world experience and would be  realistic to the 
SMA community.

2 Methods

An expert panel composed of 18 physical therapists were selected 
based on their experience and knowledge in the field of SMA. While 
other provider types were initially considered, given the background, 
scope of practice and expertise of physical therapists for movement 
impairments, this provider group was thought most capable of 
providing recommendations. There were two representatives chosen 
for each expert site in the US with representation from the East and 
West Coasts and Midwest and Southern regions. The lead site had one 
additional therapist representative and one panel member with 
licensure in both physical therapy and orthotics. European panel 
members were selected based on interest and availability and 
ultimately included one representative from the UK and one 
from Italy.

Three initial meetings of the expert panel were held virtually prior 
to the creation and matriculation of the Delphi survey. The first two 
meetings reviewed the proposed domains and associated list of 
questions by the lead site with discussions concerning each area. The 
discussions were recorded and summarized following both meetings 
with additions, modifications, and recommendations made to the 
developing list of questions. The third meeting consisted of case study 
reviews from three different panel member locations. The outcome of 
these meetings was the creation of the first round of the Delphi survey.

A two-round on-line modified Delphi survey was utilized to 
obtain a consensus on criteria necessary for successfully performing 
serial casting on individuals with SMA. The Delphi method was 
initially developed by Dalkey (23) and is commonly utilized in health 
science research as a reliable way to reach a consensus on areas of 
clinical concern. The Delphi method involves both a working group 
and a participant group.

Between rounds one and two of the survey, the expert panel 
(working group) convened again with two optional virtual meetings 
to review the results of the initial round. Discussions were held in the 
areas where there was not agreement with recommendations made for 
survey wording. From these discussions, the second-round survey 
was developed.

RedCap, a secure web application for building and managing 
online surveys and databases, was used for conducting the survey 
rounds online (Vanderbilt University, Nashville, TN, USA).

Patient and parent interviews were conducted via semi-structured 
strategy. Interviews were conducted over Zoom with conversations 
recorded for analysis and extraction of important information.
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This study was approved by the International Review Board (IRB) 
(STU00215236). The research was conducted according to the 
Declaration of Helsinki.

3 Participant group

Participant recruitment for the survey was conducted via physical 
therapy Facebook groups, email list serves and the American Physical 
Therapy Association newsletter. Consideration was given to include 
other disciplines, but ultimately only physical therapists were included 
to assure the results were reflective of and applicable to physical 
therapy practice. To assemble a group of relative experts, strict 
inclusion criteria was established. In order to qualify for survey 
participation an individual had to be a physical therapist who applied 
casts specifically for spinal muscular atrophy. The participant 
qualification process is depicted in Figure 1. Many individuals (102) 
were able to initiate the survey but were unable to continue (n = 61) 
as they did not fit the criteria. The 18 individuals on the expert panel 
were included in the survey recruitment, but the 18 individuals who 
completed the survey were not solely the individuals on the expert 
panel. The expert panel included individuals who were knowledgeable 
in the field of SMA, but all were not involved in serial casting.

Prior to finalizing consensus, members of the SMA community 
who had participated in at least one bout of serial casting were 
recruited to add patient and family input to the recommendations. 
Community members were recruited to participate in semi structured 
interviews based on recommendations from the expert panel. Interest 
in participation was confirmed by the study’s investigators, with one 
secondary investigator completing the interview. A total of three 

interviews were conducted, with representatives from different 
programs throughout the United  States: Pennsylvania; Ohio; and 
California. All programs were based in large, metropolitan areas.

4 Procedures

For all Delphi rounds, the participants received an invitation by 
email with a link to an online REDCap questionnaire. The participants 
were initially given 12 weeks to complete each round with reminders 
emailed weekly and more frequently near the end of survey collection. 
The invitation and study objectives were provided prior to the initial 
survey with informed consent obtained in conjunction with survey 
initiation. In order to meet inclusion criteria, an individual had to 
select that they were a clinician who works with patients with SMA 
and were familiar with serial casting.

The first part of the questionnaire included a list of demographic 
questions. The second part of the survey was structured into 3 primary 
domains: clinical appropriateness; program considerations and 
program feasibility/adherence. Clinical appropriateness was defined 
as appropriateness of the individual being considered for casting and 
whether individual characteristics would lead to a positive casting 
outcome. Program-based considerations were defined as the qualities 
a successful casting program should include and what procedures 
should be  followed. Feasibility/Adherence was defined as 
considerations to determine if an individual could feasibly participate 
in the program and adhere to the determined guidelines.

The clinical appropriateness domain included sub-categories of 
consideration for function, range of motion, alignment, strength, 
timing, patient characteristics and outcome measures. The program-
based considerations domain included sub-categories of timing, skin 
tolerance, functional considerations, patient characteristics, program 
follow-up, alignment factors when casting, home exercise 
recommendations, goals, patient/caregiver experience, and post-casting 
recommendation. The program adherence/feasibility domain included 
determining factors for adherence/buy-in, compliance factors, patient/
caregiver education, staffing, reimbursement and scheduling.

These categories and the questions that fell under each of them 
were initially provided by the lead site and revised by the expert panel 
after deliberation and consideration in three pre-survey meetings. For 
the first round of the Delphi study, participants were asked to select 
“agree” or “disagree” for each of the questions. When a participant 
disagreed, a text box was provided to explain rationale. Additionally, 
for the first survey round, at the end of each category a participant was 
asked if any questions were redundant and, if so, which were thought 
to be repetitive. This information was then considered when updating 
the survey for the second round.

The level of agreement among the experts was analyzed 
dichotomously by means of average agreement. Agreement of > = 75% 
was considered reflective of group consensus as recommended for 
Delphi studies (23).

For the second-round survey, participants who completed the 
initial survey were recruited and informed of the results from the 
initial round. The second round of questions again included potential 
selections of agree or disagree with one more open-ended question 
regarding definition of plateau.

For the semi-structured interviews, recordings were synthesized 
with themes drawn and recorded. These themes and notes were then 

FIGURE 1

Participant selection process.
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compared for consistency to the recommended guidelines. When 
consistency was not present, additional considerations and notes were 
added to the guidelines.

4.1 Data analysis

Analyses were performed using Excel and R Studio to obtain 
consensus. For each question, a total percentage of agreement was 
reached. Based on a paper by Keeney et al. (24), strong consensus was 
defined as anything above 90%, general consensus was defined as 
above 75% and lack of consensus was defined as less than 75% 
agreement.

Excel and R studio were also used to analyze participant 
demographics. RedCAP software was used to assess the standard 
deviation and frequency of the nominal variables.

5 Results

After two survey rounds conducted between June 2022 and March 
2023, a consensus was reached among expert clinicians in all three 
areas proposed for the serial casting domains.

In the initial round, 103 individuals initiated the survey. Of those 
individuals, 61 qualified to complete the survey based on the specific 
inclusion criteria of experience in serial casting in SMA. Forty-five 
participants provided consent and agreed to participate with 18 
participants fully completing all components of the first survey round 
for a response rate of 40%. Most (n = 14, 78%) of the 18 participants 
who fully completed all components indicated having over 15 years of 
experience as a practicing clinician and over half had completed 
doctoral degrees. Most participants also indicated having between 0 
and 5 years of experience with serial casting (n = 7) and 0–5 years of 
experience casting neuromuscular disorders (n = 7). Two countries 
and 8 states from the US were represented in the study. Full 
demographic information for the participants is provided in Table 1.

Fifteen participants fully completed all components of the second 
survey round for a response rate of 83.3%. Most (n = 13, 86.6%) of the 
15 participants who fully completed all components indicated having 
over 15 years of experience as a practicing clinician. Most participants 
also indicated having between 0 and 5 years of experience with serial 
casting (n = 5) or over 15 years of experience casting (n = 5) and 
0–5 years of experience casting neuromuscular disorders (n = 5).

For round two, a revised list of questions in the areas of 
non-agreement were distributed to the initial 18 respondents. In this 
round, 15 surveys (83.3%) were completed. Responses were reviewed 
with 96.6% agreement for the revised questions on clinical 
appropriateness, 95.0% for program-based considerations and 96.86% 
for program adherence/feasibility.

At the end of two rounds, a total of 296 items reached consensus. 
These items were distributed among three primary domains: clinical 
appropriateness (n = 184), program considerations (n = 124) and 
feasibility/adherence (n = 88).

For Clinical Appropriateness, in round one, 3% of the items did not 
reach consensus. There were six new questions proposed and in 
Round two, all items reached consensus.

During round one, participants’ concerns focused around being 
able to maintain transfer ability and function. Specifically, concerns 

TABLE 1 Demographics.

Round 1 Round 2

Geography

Canada 1 1

India 1 0

UK 1 1

USA 15 13

Highest level of education obtained

Certificate 1 0

BS 4 3

MS 4 3

DPT 10 9

Additional Doctorate 0 0

Years as a practicing clinician

0–5 1 0

6–10 1 1

11–15 2 1

>15 14 13

Primary discipline

PT 17 15

OT 0 0

Orthotist 1 0

Other 0 0

Areas involved (past 3 years)

Academic—Teaching 6 5

Academic—Research 5 4

Industry Clinical Trials 6 6

Clinical Trial Evaluation 8 8

Multidisciplinary Evaluation/

Management Clinic for SMA

10 8

Outpatient treatment of SMA 12 10

Inpatient Treatment of SMA 8 5

Day Rehabilitation 2 1

Early Intervention 6 5

School System 1 0

% of Caseloads w/ Neuromuscular Disorders

0–25% 8 7

26–50% 4 3

51–75% 1 1

76–100% 5 4

SMA specific questions

Ages of Individuals w/ SMA Worked With

Infants (<2 years) 14 11

Toddlers (2–4 years) 16 13

Children (>4–10 years) 15 14

Adolescents (>10–18 years) 12 11

(Continued)
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about the weight of the cast and alternative methods of transport were 
mentioned as reasons for disagreement. For loss of function, 
participants raised concerns about there being a decrease in function 
when a cast is first donned that is later recovered. In round two, all 
four of the question modifications in the Clinical Appropriateness 
Domain made after Round 1 obtained consensus, although in some 
situations a participant would disagree with a statement on the basis 
of not having encountered the situation in their experience and 
practice (n = 1) or misinterpretation of the question (n = 2) regarding 
expected functional level and the need for patient specificity.

For Program Based Considerations, in round one, 9% of the items 
(n = 16) did not reach consensus. There were four question 
modifications proposed and in round two, all items (n = 4) 
reached consensus.

In round one, participants disagreed with the time of casting, the 
type of cast used, and casting goals. For the time, participants 
mentioned longer or shorter casting time from the proposed 
7–8 weeks. In round two, the proposed question modification 
specified casting until reaching a plateau which achieved consensus. 
The type of cast questions was excluded, since multiple participants 
(n = 5) did not have experience with the two types of boots [CAM 
boot (3) and AFO braces (2)] and the question did not reach 
consensus. Lastly, casting degree goals were switched to being patient 
specific, which all but one participant agreed with, on the basis that all 
decisions in casting should be patient specific.

For Program Adherence/Feasibility, in round one, 24% of the 
items did not reach consensus. There were two new questions 
proposed in round two, and all items then reached consensus. Most 
of the questions that failed to reach consensus involved who could 
perform serial casting and who could do the billing. Most participants 
felt that a physical therapist should be performing the casting and 
subsequently doing the billing. The two new questions constructed 
from this feedback stated that a physical therapist should be present 
during the casting and that billing should be done by the person who 
performed the casting. Both questions reached consensus, and only 
one participant disagreed with the casting question on the basis that 
the orthotists could do the casting if they had sufficient experience.

Common themes emerged in the semi-structured interviews. 
These included the need for clear expectations and education prior 
to casting (likely functional performance in casts including potential 
impact to sleep, bathing considerations, common tools and 
strategies for maintaining comfort, process for cast removal, 
potential for pain, definition of frequently used terms, addressing 

TABLE 1 (Continued)

Round 1 Round 2

Young Adults (>18–40 years) 8 7

Adults (>40 years) 2 2

Phenotypes worked with

Presymptomatic 12 10

Non-sitters 14 12

Sitters 16 14

Walkers 14 13

Adults—onset in childhood 4 4

Adults—onset in adulthood 1 1

Casting specific questions

Years of experience with serial casting

0–5 7 5

6–11 1 1

12–20 5 4

>20 5 5

Years of experience casting neuromuscular disorder

0–5 7 6

6–10 3 2

11–15 6 2

>15 5 5

How much of casting time is occupied by neuromuscular 

individuals

0–25% 14 12

> = 26–50% 2 1

> = 51–75% 0 0

> = 76–100% 2 2

Of those neuromuscular serial casting encounters, how many 

individuals have SMA

0–25% 14 11

> = 26–50% 2 2

> = 51–75% 2 2

> = 76–100% 0 0

Joints casted for SMA

Elbow 1 0

Wrist 1 0

Knee 8 7

Ankle 17 15

Other 1 0

Serial casting for non-SMA diagnosis

Yes 16 13

No 2 2

Diagnoses (for question above)

Cerebral palsy 15 12

Muscular dystrophy 12 11

(Continued)

TABLE 1 (Continued)

Round 1 Round 2

Arthrogryposis 5 2

Idiopathic toe walker 5 4

Other 4 1

Who does serial casting for SMA at facility

Physician 2 1

Ortho tech 5 4

Orthotist 5 4

PT 14 14

OT 0 0
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both typical and atypical responses, need for skin protection and 
practice of safe falling), considerations for timing and feasibility in 
regard to patient age, family schedule and emergency preparedness. 
In congruence with the guidelines, all individuals interviewed had 
participated in casting with a clear functional goal and underwent 
casting for a predetermined period of time and all highly 
recommended casting be conducted by a trained individual with 
inclusion of a physical therapist on the team. Some discrepancies 
from the draft recommendations were noted regarding who was 
performing the casting and their training background, exercise 
recommendations during and post-casting, and the extent of post-
casting follow-up.

Some interviewees noted a significant benefit to casting. Another 
spoke of its potential to prolong an inevitable need for surgery. 
Another described the process as being a time-consuming and poor 
experience overall, but noted it being potentially more beneficial for 
an older child. One individual performed casting multiple times and 
noted a variability in techniques between providers but felt that having 
an expected casting routine provided good support to contracture 
management and maintained range in the interest of optimizing 
functional performance in a stander. Overall, the advantages of 
casting could be  realized when standards were defined, casting 
methods were sound, and comfort and performance were given 
first priority.

The final list of critical information for serial casting in SMA, 
derived from consensus, for each domain was modified once 

community input was added and can be  found in Appendix and 
Figure 2.

6 Discussion

The presence of contractures in SMA is a known and on-going 
concern even with the advent of disease-modifying therapies. When 
contractures are present, they can significantly limit an individual’s 
functional performance. Serial casting is one strategy to address 
contractures though there are no specific guidelines or evidence to guide 
this process with this specific diagnosis. Prior to collecting evidence to 
better assess the use of serial casting in SMA, a consensus approach to 
achieve guidelines for casting was undertaken using a modified-Delphi 
with additional validated information gained from semi-structured 
interviews. The Delphi approach is considered the most valid for 
obtaining expert opinions and given its widespread use in health science 
research, the information obtained is considered valuable in establishing 
the recommended guidelines. Additionally, the consideration of the 
community perspective gained through semi-structured interviews 
ensures that the established guidelines are meaningful and feasible to the 
impacted population. This insight of real and lived experience serves to 
validate and crosscheck the viewpoint of the clinician.

To establish guidelines in a survey format, it is necessary that 
participants have an appropriate level of experience and background 
treating individuals with SMA and in use of serial casting while also 

NAME: _______________________ Age: ______ Dx: _______________ MD:______________

: Crouch Toe Walker Other: ________________ Non-ambulatory Non-stander

Trunk: Asymmetric Symmetric

LEFT LOWER EXTREMITY

Foot Progression: __LAT N MED__

PELVIS: Forward    Back High Low

FEMUR: Int Rot N Ext Rot

KNEE:   Varus N Valgus
Hyperextension N Flexion

TIBIA: Varus N Valgus
Med Rot N Lat Rot

ANKLE: Dorsiflexion N Plantar Flexion
Prom Med Malleolus Prom Lat Malleolus

CALCANEUS: Varus N Valgus Tipped
Front Int Rot N Front Ext Rot

MIDFOOT: Pronated N Supinated

FOREFOOT: ABD N ADD
Dorsiflexed N Plantarflexed

OTHER: 

RIGHT LOWER EXTREMITY

__LAT N MED__

Forward    Back High Low

Int Rot N Ext Rot

Varus N Valgus
Hyperextension N Flexion

Varus N Valgus
Med Rot N Lat Rot

Dorsiflexion N Plantar Flexion
Prom Med Malleolus Prom Lat Malleolus

Varus N Valgus Tipped
Front Int Rot N Front Ext Rot

Pronated N Supinated

ABD N ADD
Dorsiflexed N Plantarflexed

FIGURE 2

Recommended alignment assessment for initial serial casting.
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being representative of a variety of programs and locations. After 
analyzing the respondents, their years of clinical experience treating 
neuromuscular disease, years of experience in casting and diversity of 
background regarding geographic location, the results from the survey 
are considered reflective of expert opinion with a generalizability 
across regions. While other countries are represented in the survey, a 
majority of respondents were from the United States. Due to the high 
variability noted throughout healthcare systems internationally, areas 
such as billing and reimbursement were intentionally less specific.

The three domains surveyed reached a minimum of 75% 
consensus and thereby created a comprehensive guide to the different 
elements of serial casting considered critical for this population.

The comparison of the guidelines with semi-structured interviews 
provided valuable, real-world information and generally validated the 
previously established recommendations. However, the interviews 
noted some specific areas to highlight with the guidelines modified to 
increase the emphasis on and elaborate the components to be included 
in pre-casting education. Further, additional comments were added 
regarding the feasibility consideration for age not just from the 
perspective of range gained, but from the overall maturity standpoint 
and additional comments were added for timing to include 
consideration for family burden and impact. The interviews reinforced 
the need for increased consistency in training and background of 
individuals performing casting and for post-casting recommendations. 
This recommendation is consistent with the published guidelines for 
serial casting in the lower extremity recommending that therapists 
be appropriately educated, trained in competent in casting procedures 
(19). The difference in overall impact and casting experience provides 
helpful background related to patient and caregivers and acknowledges 
the lived experience in a manner that the clinician generated 
guidelines could not. With this information supplementing the 
guidelines, the resulting document is felt to be comprehensive, feasible 
and reflective of a detail necessary to optimize the casting experience.

The established guidelines should be shared using education and 
knowledge translation to establish feasibility and implementation/uptake 
of use. Utilization and application by individuals involved in serial 
casting programs involving individuals with SMA is recommended. 
Future work should aim at using these guidelines as a platform for 
assessing the efficacy of serial casting to improve and maintain range as 
well as influence function in those with SMA. Collecting both single and 
multi-site data using the recommended guidelines in a standardized 
format could ultimately inform efficacy of use across the spectrum of 
those with SMA. Translation of the guidelines into different languages 
with global access and distribution should occur over time. It should 
be noted that while other countries are represented on the expert panel, 
there are limited survey respondents from countries outside of the 
US. This limits the overall generalizability and should be considered as 
guidelines are applied.

There are certain limitations to acknowledge that may have 
affected the ultimate outcome of the survey. The number of responses 
were limited and may have been a result of the initial length of the 
survey, limited number of professionals involved with both serial 
casting and treating those with SMA or influences of the response 
platform utilized. Additionally, these guidelines are limited to physical 
therapy experience and input. Other practitioners who participate in 
serial casting offer valuable insights, but it is the consensus of the 
group that as experts in movement, a physical therapist should always 

be involved. Future surveys could further consider insights of other 
provider types. Limitations to consider in the semi-structured 
interviews were the small number of participants and are that all 
programs represented were from large and metropolitan areas. This 
may have biased the standardization of procedures and background 
of the individuals performing the casting.

Finally, future work should aim at establishing guidelines for the 
upper extremity, as well. Casting for the elbow joint has been 
frequently reported in other disorders and can result in considerable 
functional gains. Therefore, the guidelines could be  expanded to 
include upper extremity application as well.

After expert panel discussions, a two-round Delphi survey and semi-
structured interviews with community participants regarding serial 
casting in SMA, there were specific areas of consensus in the domains of 
clinical appropriateness, program-based considerations and program 
adherence/feasibility. Guidelines for serial casting in SMA have been 
established to provide a platform for future research and consideration 
in contracture management. This framework can be  used to guide, 
create, and revise casting programs for those with SMA.
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