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Abstract 

Background  Arthrogryposis multiplex congenita (AMC) is a group of rare disorders characterized by multiple joint 
contractures present at birth. Early rehabilitation is essential to minimize joint contractures and maximize autonomy 
and participation among individuals with AMC. However, there is little robust scientific evidence to inform best prac‑
tice. This project aimed to develop consensus-based recommendations for the rehabilitation management of chil‑
dren with AMC in the following priority areas: early intervention and motor development, muscle and joint function, 
orthotics, mobility, participation in areas of life, pain, psychosocial wellbeing, and perioperative rehabilitation.

Results  This multi-phase project used an integrated knowledge translation approach. Based on the results 
from scoping reviews on the priority areas identified for the rehabilitation of children with AMC, and a clinician 
survey describing current practices in AMC rehabilitation, three panels of expert clinicians in occupational therapy, 
physical therapy, orthopedics, physiatry, and social work, as well as people with lived experience and researchers 
from 10 countries developed consensus-based recommendations for rehabilitation, in concordance with the Grad‑
ing of Recommendations, Assessment, Development and Evaluations framework (GRADE) criteria. A modified Delphi 
process was completed with a wider group of international AMC experts to revise and validate the recommendations 
(Round 1 = 41 and Round 2 = 37 experts). A five-member external review panel appraised the recommendations 
using the Appraisal of Guidelines for Research and Evaluation II (AGREE II) tool. The final 16 recommendations reached 
a mean agreement rate of 96.6% after two Delphi rounds. The overall quality was rated at 96.6% on the AGREE II tool. 
Interviews with clinicians and managers identified facilitators and barriers to implementation of the recommenda‑
tions in practice using the Theoretical Domain Framework.

Conclusion  Consensus-based, expert validated recommendations for the rehabilitation of children with AMC were 
developed by a wide range of stakeholders, healthcare users and providers. The proposed recommendations are 
expected to contribute to improving child- and family-centered practice and health outcomes. Future work includes 
a knowledge translation strategy to promote sharing and implementation of the recommendations in practice.
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Background
Arthrogryposis Multiplex Congenita (AMC) is a group 
of conditions that present with joint contractures in 
two or more body areas, affecting 1/3000 to 1/56,000 
live births depending on the region surveyed, classifica-
tion and coding used [1]. Causes are variable and may 
include genetic, parental, and environmental factors, as 
well as abnormalities during fetal development [2, 3]. 
Individuals with AMC may have limitations in range 
of motion in different body areas, affecting mobility, 
participation in daily activities and leisure, as well as 
effects on psychosocial wellbeing [4, 5]. Depending on 
the underlying diagnosis, other body systems such as 
the central nervous system and respiratory system may 
be affected [6]. Children with AMC frequently need 
several orthopedic surgeries to correct deformities and 
early intensive rehabilitation is crucial to minimize the 
extent of joint contractures and maximize function [7].

Throughout their career, rehabilitation practition-
ers may encounter only a few individuals with AMC 
who may significantly differ in their clinical presenta-
tion and needs. Our preliminary work with rehabilita-
tion practitioners and youth with AMC has identified 
a need for the development of rehabilitation guidelines 
for the care of children with AMC and identified prior-
ity areas for rehabilitation [8]. Stakeholders (i.e., youth 
with AMC, parents, and clinicians) further validated 
these rehabilitation needs and priorities at the July 
2017 annual AMC support group (AMCSI) meeting 
in Las Vegas by ranking and rating their importance. 
Those priorities included muscle and joint function, 
pain, mobility, self-care, participation and psychoso-
cial wellbeing. Our team also undertook a knowledge 
synthesis consisting of a series of scoping reviews on 
the identified priority areas for rehabilitation [9–12]. 
The results from these scoping reviews revealed a lack 
of high-quality studies to support clinicians’ decision 
when choosing suitable measures and best rehabilita-
tion care. These findings are supported by our French 
colleagues’ extensive 2021 review of the literature on 
the diagnosis and management of AMC [13].

When high-quality evidence is lacking to guide clini-
cal decisions, clinician expertise and lived experience 
are important to inform best practice [14]. The role 
of people with lived experience in research, includ-
ing those with AMC and/or family representatives, 
is important to facilitate the research process, help in 
sharing and applying the results, create partnerships, 

and ensures client-centeredness [15, 16], making them 
a valuable research partner.

The objective of this project was to develop consensus-
based recommendations using a comprehensive review 
of the scientific literature and a consensus approach to 
inform rehabilitation practitioners on the management of 
children with AMC [17]. These consensus-based recom-
mendations target rehabilitation practitioners—physical 
therapists, occupational therapists, kinesiologists, social 
workers, clinical specialists, public and private health 
practitioners, in all care settings that aim to provide 
rehabilitation for children with AMC, as well as program 
managers, policymakers (i.e., individuals at a level of gov-
ernment or decision-making institutions), and children 
with AMC, youth and their families.

Methods
The consensus-based recommendations on the reha-
bilitation of children with AMC were developed using 
an integrated knowledge translation (iKT) multi-phase 
approach, involving clinicians from rehabilitation, social 
work, physiatry, orthopedic surgery, and individuals with 
lived experience. iKT is a collaborative model of research 
that includes knowledge users, such as care providers, 
patient and family representatives, and decision and pol-
icy makers, as research partners helping provide a better 
understanding of the problem, the environment and con-
text where the research will be used, as well as potential 
barriers to dissemination and implementation, ensuring 
the outcomes are in line with priorities of end users [18]. 
We obtained site approval from the Shriners Hospitals 
for Children (CAN2004) and ethics approval from the 
institutional review board of the Faculty of Medicine of 
McGill University (A03- E51-20B).

In 2019, an advisory group composed of experts in 
rehabilitation, research, and lived experience (ND-O, SC, 
AF, FL, AS, AB) was created to inform the methodology 
for the development of rehabilitation recommendations. 
The advisory group identified its objectives, synthesized 
the evidence (Supplementary file 1) and facilitated the 
development of recommendations. The key question 
guiding this work was: “What are the best practices on 
the rehabilitation management of children with AMC 
in the following priority areas: early intervention and 
motor development, muscle and joint function, orthotics, 
mobility, participation in areas of life, pain, psychosocial 
wellbeing, and perioperative rehabilitation?”.

To address this key question, we used a five-phase 
approach: Phase 1. Clinician survey on current practice; 
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Phase 2. Developing recommendations; Phase 3. Con-
sensus building; Phase 4. External appraisal; Phase 5. 
Facilitators and barriers to uptake of recommendations 
(Fig. 1). This methodology was developed in concordance 
with the Grading of Recommendations, Assessment, 
Development and Evaluations framework (GRADE) cri-
teria [17, 19]. GRADE is a systematic, transparent and 
explicit approach used to develop statements that can 
help with decision making regarding a treatment for a 
specific population. GRADE served to guide the process 
for the development of the recommendations based on 
research evidence, values and preferences of end users, 
to facilitate implementation, adaptation to different con-
texts and updating of statements over time [19].

Phase 1. Clinician survey: describing current clinical 
practice
The advisory group conducted an electronic survey to 
describe the current clinical practice of rehabilitation 
practitioners across different countries on the evaluation 
and treatment of children with AMC. The details of the 
methodology used in this study are described elsewhere 
[20]. The findings from this survey along with the scoping 
reviews informed the next phase.

Phase 2. Developing recommendations
The advisory group established three panels to address 
different topic areas selected from the priorities previ-
ously established: “lower limbs and mobility”, “upper 
limbs and self-care”, and “pain, participation and psycho-
social wellbeing”. Researchers, experts in rehabilitation, 

orthopedics, physiatry and social work with at least 
5  years of experience working with children with AMC 
identified from Phase 1, as well as people with lived expe-
rience were invited to participate in the panels (Table 1). 
All panel meetings were led by a guideline development 
expert (AB) together with the project leads (SC, ND-O) 
who coordinated the meetings and prepared the con-
tent for discussions. Each panel met weekly for a 90-min 
meeting on Microsoft Teams®, over a 5–6 weeks period 
in 2021.

Team members received preparatory documents one 
week before the first meeting, including a summary of 
the literature from the scoping reviews [9–12] and a sum-
mary of the results of the clinician survey [20]. The sum-
mary of the literature included levels of evidence of the 
included studies in the scoping reviews [9–12]. Levels of 
evidence were determined using the Levels of Evidence 
for Primary Research guidelines by the Center for Evi-
dence-based medicine [21]. The research evidence con-
sisted of observational studies (i.e., cohort, case series, 
case studies) and was considered low quality (Supple-
mentary file 1). This excluded the possibility of quantify-
ing the effect of the different interventions. As such, the 
GRADE approach was adapted to consider the experi-
ence and expertise of the panel members, in addition 
to the research evidence. When little research evidence 
pertaining to a specific topic was available, review arti-
cles were considered and indirect evidence was sought to 
support discussions and inform recommendations.

The panels first discussed whether the problem at 
hand was urgent and important. Then, they identified 

Fig. 1  Integrated knowledge translation (iKT) multi-phase project for the development of rehabilitation recommendations for children with AMC 
[17]. Legend: IKT approach involving individuals with lived experience, health care practitioners and researchers, in all phases of the research 
process
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pertinent outcomes, related importance and level of pri-
ority. The panels then discussed interventions targeting 
the identified outcomes, weighting the balance of desir-
able (e.g., improved muscle and joint function, mobility, 
autonomy) and undesirable effects (e.g., fatigue, pain), as 
well as aspects of suitability, feasibility, clinical relevance 
and costs of treatment interventions.

The panel members drafted the recommendations 
using an iterative approach, extensively discussing them 
until panel members reached consensus on content, and 
wording, leading to the 16 recommendations. For each 
recommendation, details and information supplementing 
the statements were summarized in a paragraph accom-
panying each recommendation statement.

Phase 3. Consensus building
To ensure the generalizability and acceptance of recom-
mendations, and to improve the likelihood of uptake 
in clinical practice, we sought input from people with 
lived experience and from a wide range of expert clini-
cians from different countries, across different health 
disciplines and working in different settings. A modi-
fied Delphi process was used as this method overcomes 
geographical barriers and allows participants to remain 
anonymous and have equal opportunity to share with-
out bias [22]. Those who completed the clinician sur-
vey (Phase 1) and expressed an interest in participating 
in subsequent phases of the project were invited. Other 
potential participants were identified through contacts 
previously established by the research team. The modi-
fied Delphi process consisted of an online survey sent 

through email with a link to the Qualtrics platform, 
where the survey was housed. The survey presented the 
different recommendations, with a summary of the addi-
tional information supplementing each recommendation 
or group of recommendations.

For each statement, participants were asked to rate 
their level of agreement on a slider scale from 0 (strongly 
disagree) to 100 (strongly agree). A free text space was 
provided for comments regarding the statement content, 
wording, and the additional information provided. The 
two rounds of survey took place between April and Octo-
ber 2022. A statement was kept if it met ≥ 80% agreement 
and could be slightly modified based on participants’ 
comments. For the second round of survey, those who 
participated in round 1 were invited and a summary of 
round 1 results (average agreement and standard devia-
tion for each recommendation) was provided. In all 
rounds, demographic data of participants (e.g., profes-
sion, country, and years of experience and, workplace) 
were collected.

Phase 4. External appraisal
In order to ensure a complete and rigorous appraisal 
process, the Appraisal of Guidelines for Research & 
Evaluation II (AGREE-II) instrument was used to 
appraise the rehabilitation recommendations [23]. First, 
the Reporting Items for practice Guidelines in HealTh-
care—RIGHT checklist [24, 25] was used to organize 
the presentation of the recommendations document 
and to report on its quality. Then, five independent 
experts not involved in the previous phases were invited 

Table 1  Panel group meetings held in 2021

PT physiotherapist, OT occupational therapist, USA United States of America

Topic area Stakeholders (n) Countries Meetings (n)  Dates in 2021

Lower limbs and mobility 3 PTs USA 6 February 15, 22
March 1, 8, 15, 221 OT Poland

1 Orthopedic surgeon Australia

2 People with lived experience Canada

2 Researchers

Upper limbs and self-care 3 OTs Canada 5 May 13, 20, 27
June 10, 171 PT USA

1 Orthopedic surgeon Poland

2 People with lived experience Norway

2 Researchers Spain

Pain, participation and psychosocial 
well-being

2 PTs Canada 5 October 4, 12, 19, 24
November 21 OT USA

2 Social Workers Poland

2 People with lived experience Peru

1 Physiatrist

2 Researchers
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to appraise the rehabilitation recommendations using 
the AGREE-II instrument. Individuals with expertise in 
pediatric rehabilitation, knowledge translation, and/or 
lived experience were identified from contacts known 
to the advisory group. The reviews took place between 
June and August 2023. Reviewers received the AGREE 
II manual, the complete recommendations document 
and accompanying materials (scoping reviews) and 
were asked to complete the online training tools rec-
ommended by the AGREE collaboration/consortium 
before conducting appraisals. They received a link to 
access the Qualtrics Platform which housed all 23 items 
of the AGREE-II instrument divided into its 6 domains: 
score and purpose; stakeholder involvement; rigour 
of development; clarity of presentation; applicability; 
editorial independence. The items were scored on a 
1–7 scale (1 = strongly disagree to 7 = strongly agree). 
AGREE-II percentage scores for each domain were cal-
culated with a formula provided in the manual. Based 
on the literature and the AGREE-II manual, high qual-
ity guidelines are those with domain scores that have a 
percentage score higher than 70%. Items scoring below 
three (i.e., disagree) were reviewed; suggestions were 
taken into consideration and changes were made when 
applicable.

Phase 5. Facilitators and barriers to uptake 
of recommendations
To identify the facilitators and barriers among clinicians 
and managers about the uptake of the recommenda-
tions for rehabilitation of children with AMC in practice, 
individual interviews were conducted with a conveni-
ence sample of 15 clinicians working with children with 
AMC and four pediatric clinical managers. The Theo-
retical Domains Framework (TDF) was used to frame 
the interview guide for data collection, as well as to guide 
the analysis process. Interviews were transcribed verba-
tim and analyzed by four independent reviewers using a 
deductive thematic analysis using the TDF, followed by 
inductive coding. The details of the methodology used 
and the findings of this study are described elsewhere 
[26]. Identifying facilitators and barriers to knowledge 
uptake will help to inform a KT strategy to promote the 
implementation of the consensus-based recommenda-
tions for rehabilitation in practice.

Results
This section focuses on the development of the rehabili-
tation recommendations using the panels of experts, con-
sensus-building with two Delphi rounds and the external 
appraisal using the AGREE-II, which are detailed below.

Phase 1. Clinician survey: describing current clinical 
practice
Sixty-five participants with ≥ 2  years working with chil-
dren with AMC (28 occupational therapists, 37 physical 
therapists) from nine countries reported on the preferred 
assessments and interventions used within the areas 
applicable to their practice. Stretching of upper and lower 
limbs was the most used intervention. Other frequently 
used intervention approaches included strengthening, 
the use of orthotics, positioning, activity-based training, 
and assistive devices for self-care and mobility. Detailed 
results are reported by Cachecho and colleagues [20].

Phase 2. Developing recommendations
Sixteen recommendations on early intervention and 
motor development, interventions targeting muscle and 
joint function, orthotics, mobility training and assistive 
equipment, participation in areas of life (self-care, school, 
work, leisure, domestic and social), pain management, 
psychosocial wellbeing, and perioperative rehabilitation 
were developed. The final version of these recommenda-
tions is found in Table 3 and detailed in the Supplemen-
tary file 2.

Phase 3. Consensus building
Forty-one responses were recorded in round 1 and 37 
in round 2. Demographic information of participants in 
both rounds are summarized in Table  2. Of the 41 par-
ticipants in round 1, seven were individuals with lived 
experience, 32 were health care professionals and two 
were researchers. Health care professionals and research-
ers in round 1 reported they work in hospitals (n = 21), 
rehabilitation centers (n = 11), private centers (n = 3) and 
other sites (n = 6) (clinical research department, commu-
nity school, university, national resource center, motion 
analysis center), some of them working in more than 
one setting. Of the 32 health care professionals, 27 had 
over 10 years of experience. Distribution in round 2 was 
similar.

Consensus on the 16 recommendations was achieved 
after two Delphi rounds. All recommendations achieved 
high level of agreement (mean = 96.6%) in round 1. How-
ever, due to the large variability in the level of agreement 
for seven of the recommendations and based on the 
comments provided, these were modified and sent for a 
second round of validation. Table 3 lists the final 16 rec-
ommendations, the percent agreement obtained, and the 
supporting evidence considered to develop the recom-
mendations with their level of evidence. Additional infor-
mation providing further important details for each set 
of recommendations, as well as a summary of the studies 
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considered, are provided in a supplementary document 
(Supplementary file 2). Table  4 provides a summary of 
rehabilitation goals based on developmental stage.

Phase 4. External appraisal
The five experts were from Brazil (n = 2; Occupational 
Therapy/Rehabilitation Sciences and Physical Therapy/
Pediatrics), Canada (n = 1; Knowledge Translation) and 
the United States (n = 2; Occupational Therapy and lived 
experience), and had between 12 and 28  years of expe-
rience in these fields. As per the external review using 
the AGREE-II tool, the overall quality of the rehabilita-
tion recommendations was rated at 96.6%, ranging from 
82.5% (Domain 5, applicability) to 97.8% (Domain 1, 
score and purpose). Only domain 5 scored below 92.1%. 
One expert scored two out of the 23 items below 3 out 
of 7; item 14 “procedure for updating the guideline is pro-
vided” (Domain 3, rigour of development) was scored a 
2, and item 21 “the guideline presents monitoring and/
or auditing criteria” (Domain 5, applicability) was scored 
1. The research team considered the comments provided 
from the external appraisers and incorporated all the sug-
gestions to ensure that the required procedures would 
apply.

Phase 5. Facilitators and barriers to uptake 
of recommendations
Rehabilitation professionals reported that training, regu-
lar team encounters, and a knowledge broker could sup-
port the implementation of the recommendations in 
practice. Other facilitators included the collaboration of 
managers and professionals in the development of the 
recommendations and the presentation of the recom-
mendations in a visually appealing and easily accessible 
format. Some barriers included lack of time and clinical 
resources and difficulty adapting the recommendations. 
Detailed results of this phase are reported in a recent 
publication by McBain and colleagues [26].

Discussion
This multiphase project embedded in an iKT approach 
led to the development of 16 consensus-based recom-
mendations for the rehabilitation management of chil-
dren with AMC. Clinicians across several disciplines, 
individuals with lived experience and their families from 
10 countries contributed to this effort. Similar to other 
rare disorders such as juvenile dermatomyositis [114] 
and osteogenesis imperfecta [115], we used an evidence-
informed consensus process with experts across several 
countries to develop recommendations. More recently, 
individuals with lived experience in spinal muscular 
atrophy have also been involved in the development of 
consensus-based recommendations [116]. The use of the 
GRADE approach allowed consideration of the experi-
ence and expertise of the panel members, their values 
and preferences, and ascertained stakeholder’s perspec-
tives about the advantages and disadvantages of proposed 
interventions while considering the available research 
evidence.

In order to promote the adoption of the consensus-
based recommendations widely, the 16 recommendations 
will be translated and forwarded to patient advocacy 
groups as proposed by Mercuri and colleagues [116], 
and to rehabilitation practitioners and other potential 
end-users, using professional networks and publications, 
conferences, the internet and social media channels. 
Implementation of clinical recommendations, monitor-
ing and evaluation, are essential to promote their use. 
Future studies should evaluate the effectiveness of the 
proposed recommendations to improve service delivery 
and patient health using appropriate designs, while con-
sidering perceived facilitators and barriers to guideline 
uptake in rehabilitation [26]. To this end, online learning 
modules pertaining to the content of the rehabilitation 
recommendations will be pilot-tested using a multisite 
cluster randomized controlled trial measuring service 
and patient health outcomes.

Table 2  Participants of phase 3. Consensus building

Participants Round 1 (n = 41) Round 
2 
(n = 37)

Expertise

Occupational therapist 11 11

Physical therapist 10 9

Kinesiologist 1 1

Social worker 1 1

Orthopedic surgeon 6 5

Plastic surgeon 1 1

Physiatrist 1 1

Pediatric neurologist 1 1

Lived experience 7 7

Researcher 2 –

Country

USA 17 16

Canada 11 9

Spain 4 3

Israel 2 2

Sweden 2 2

Australia 1 1

France 1 1

Norway 1 1

Poland 1 1

United Kingdom 1 1
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Although there is limited or low quality evidence 
regarding rehabilitation treatment effectiveness of indi-
viduals with AMC, the use of the AGREE II ensured a 
rigorous evaluation process of the consensus-based rec-
ommendations. Therefore, the application of the AGREE 
II using external experts in rehabilitation, knowledge 
translation and lived experience ensured that the devel-
opment process was transparent, well documented and 
replicable. While low-quality evidence may not provide 
strong support for recommendations, the methodology 
used including knowledge synthesis, consensus-based 
methodology and the GRADE approach supports the 
rigor and relevance of the project. Limitations of this pro-
ject include the representation from only two low-middle 
income countries (i.e., Peru, Poland). The applicability of 
the recommendations may be limited by regional, cul-
tural, and socio-economic factors. The overall quality 
of the evidence of the rehabilitation interventions with 
children with AMC is weak at this time, and the strength 
of the recommendations is low, implying that desirable 

effects probably outweigh the undesirable effects, but 
appreciable uncertainty exists. This work highlights the 
need for more robust evidence in the field of rehabilita-
tion in AMC. Multicenter collaborations can enable the 
design of rigorous studies with large samples to produce 
stronger evidence in this field. Further, knowledge trans-
lation products for rare diseases such as the Rare Knowl-
edge Mining Methodological Framework that includes 
other sources of evidence such as registry information, 
qualitative studies as well as the involvement of expert 
patients may be considered [117]. As research evidence 
continues to grow, the recommendations will be updated 
over time while considering topics that were not or only 
briefly addressed in this version. Such topics may include, 
but are not limited to, the role of rehabilitation in prena-
tal counselling and in the transition to adulthood, includ-
ing aspects of intimacy and relationships. Finally, these 
recommendations pertain to rehabilitation practices 
specifically. Recommendations to guide best practice for 
the multidisciplinary management of AMC (i.e., prenatal, 

Table 4  Rehabilitation goals based on developmental stage

Adapted from Wagner and colleagues [43]

A/PROM active/passive range of motion, ADL activities of daily living

Infant Toddler School age Teenager/adult

Therapy Multiple environments Multiple environments School environment Multiple environments

High intensity High intensity Episodic care Needs-based services

Episodic care

Body function A/PROM A/PROM A/PROM A/PROM and strengthening 
through activities

Activation of movements Activation of movements Strengthening Healthy lifestyle-exercise, 
cardiovascular, minimizing 
weight gain

Strengthening Strengthening Orthotics Pain management

Orthotics/taping Orthotics/taping Pain management Post-operative rehabilitation

Casting Casting Post-operative rehabilitation

Pain management Pain management

Post-operative rehabilitation Post-operative rehabilitation

Activity/participation Floor Mobility-transitional move‑
ments; standing/gait; 
wheeled mobility

Mobility-school accessibility Mobility-full accessibility 
within environment/com‑
munity

Mobility-transitional move‑
ments; rolling, sitting

Fine motor-explorative play Transfers

Fine motor-exploratory play, 
reaching, grasping, holding

ADL-emerging acquisition Fine motor-school related Fine motor-job related

Emerging community par‑
ticipation

Assistive technology Assistive technology

ADL-autonomy from home 
caregiver

Community participation-
education, leisure and social 
activities, work

Increased community partici‑
pation

Transition to adult life

Personal factors Psychosocial wellbeing-
caregivers/family

Psychosocial wellbeing- child, 
caregivers/family

Psychosocial wellbeing- child, 
caregivers/family

Psychosocial wellbeing- youth, 
caregivers/family
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medical, genetic, nursing, etc.) would complement this 
project and should be considered in future work.

Conclusions
The development of the consensus-based recommenda-
tions for the rehabilitation of children with AMC used an 
iKT approach and involved clinicians from several health 
disciplines, researchers, and people with lived experience 
across 10 countries. In total, 16 recommendations were 
formulated to guide clinical decision-making. Due to the 
limited research evidence pertaining to rehabilitation in 
AMC, the expertise of clinicians and individuals with 
lived experience was key to this endeavor. This highlights 
the need for more empirical evidence through multicen-
tric prospective studies evaluating outcomes of specific 
rehabilitation interventions. Results from this study will 
be formally disseminated to healthcare users and provid-
ers to promote implementation of the recommendations 
in practice by addressing identified facilitators and barri-
ers to implementation, thereby contributing to child- and 
family-centered care in AMC.
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