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Abstract

Goals and Learning objec�ves: 

Understanding SMA: A�endees will be able to explain the gene�c basis, including the role of the SMN protein and 
how its deficiency leads to motor neuron degenera�on.
Understanding current Pharmacological Treatments: Par�cipants will gain insight into available and emerging 
therapies for SMA, focusing on their mechanisms of ac�on, and clinical outcomes. 
Implemen�ng Mul�disciplinary Care Strategies: A�endees will learn how to create effec�ve, individualized care 
plans that address both mobility and suppor�ve needs.
4. Suppor�ve Care Needs: A�endees will be able to iden�fy key components of suppor�ve care to enhance the 
quality of life for SMA pa�ents and their families.

The goal of this 90 min interac�ve session is to facilitate a comprehensive understanding of current SMA management 
prac�ces among healthcare professionals.

Spinal Muscular Atrophy (SMA) is a gene�c neuromuscular disorder characterized by progressive muscle weakness and 
atrophy due to the loss of motor neurons in the spinal cord. Recent advances in gene therapies such as Nusinersen 
(Spinraza), have led to improved motor func�on and survival rates in infants diagnosed with SMA. 

Comprehensive treatment protocols that reflect the unique needs of this pa�ent popula�on need to be developed for 
the pa�ents, their families and all members of the mul�disciplinary team to ensures that pa�ents receive evidence 
based, pa�ent specific, interven�ons that address their unique needs.

This proposed mul�disciplinary SMA management symposium is an ini�al step in bringing clinical experts together 
represen�ng key members of the clinical team: Orthopedic Surgeon, Physical and Occupa�onal Therapists, Ortho�st, and 
pa�ent advocacy to present their experience and findings. 



Orthopedic surgeons will discuss their role in leading the team, and managing skeletal complica�ons, including scoliosis 
and hip disloca�on. They will share their guidelines for surgical interven�ons, preopera�ve assessments and 
management such as halo trac�on, and postopera�ve rehabilita�on. 

Physical and Occupa�onal Therapists will discuss their role in enhancing mobility and func�onal independence both pre- 
and post-opera�vely. They will share their protocols focus on maintaining range-of-mo�on and strength and the need for 
regularly scheduled follow up assessments to adapt interven�ons in response to the pa�ent’s evolving presenta�on.

The Ortho�sts will discuss bracing goals and design to op�mize func�onal mobility while not restric�ng movement or 
respira�on in the case of a spinal orthosis to improve si�ng balance and control the rate of progression of the scolio�c 
curve. Current fabrica�on techniques involving scanning and CADCAM design to be discussed along with ensuring that 
ortho�c interven�ons are appropriately aligned with the pa�ent's developmental stages and func�onal goals.
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Abstract

Introduc�on:
 Surgical interven�on for progressive neuromuscular hip dysplasia is common in children with cerebral palsy (CP) to 
improve their quality of life [1]. However, postopera�ve pain control remains challenging and is not well-studied in this 
popula�on [2,3]. This study aims to compare pain management outcomes in CP pa�ents undergoing single-event 
mul�level surgery (SEMLS) involving the hip, focusing on the impact of epidural analgesia on postopera�ve pain, narco�c, 
and Tylenol consump�on, as well as length of stay (LOS).

Methods:
 This retrospec�ve analysis included pediatric CP pa�ents (<18 years) who underwent SEMLS involving the hip at our 
ins�tu�on between January 2014 and August 2024. Pa�ents were divided into two groups: those who received epidural 
analgesia with mul�modal pain control (MMPC) and those who received only MMPC (control group). Data on post-
opera�ve Tylenol (mg/kg/day), narco�c use (morphine milligram equivalent, MME/kg/day), pain scores, and LOS were 
extracted from medical records. Repeated measures ANOVA and post-hoc Tukey-Kramer tests were used for mul�ple 
comparisons, with adjustments for non-normality and missing data. Chi-square analysis was performed for LOS 
comparisons.

Results:
 A total of 181 pa�ents met the inclusion criteria, with 128 receiving both MMPC and epidural analgesia post-opera�vely, 
and 53 receiving only MMPC. Overall pain scores were low, ranging between 0-2 on a 10-point scale. Pain scores were 
significantly higher on postopera�ve day (POD) 3 in the epidural group compared to the control group (1.23±2.20 vs. 
0.34±1.30, p<0.05). Pa�ents in the epidural group exhibited significantly greater narco�c use post-opera�vely, with the 
largest divergence beginning on POD3 (0.49±0.42 vs. 0.08±0.48 MME/kg/day, p<0.001), and a diminishing difference by 
POD7 (0.09±0.24 vs. 0.01±0.03 MME/kg/day, p<0.01). Tylenol consump�on was also higher in the epidural group on 
POD3 (51.79±1.18 vs. 38.99±2.84 mg/kg/day, p<0.0001), but beyond POD7, the non-epidural group used more Tylenol 
(40.54±1.57 vs. 61.10±1.59 mg/kg/day, p<0.05). On average, the epidural group had a longer hospitaliza�on (7.4 ± 13.8 
days vs. 4.2 ± 3.9 days, p<0.01), though the propor�on of pa�ents staying beyond POD4 was not significantly different 
between the groups.

Discussion:
 This study shows that CP pa�ents undergoing SEMLS who received epidural analgesia had greater postopera�ve narco�c 
needs and longer hospitaliza�ons compared to those without an epidural. The comparable pain scores between the two 
groups raise ques�ons about the overall efficacy of epidurals in this popula�on. The increase in pain scores and analgesia 
requirements on POD3 aligns with the departmental policy of removing epidurals on POD2. However, the criteria for 
administering epidural analgesia are not standardized and o�en depend on pa�ent and family preference due to limited 
research in this area. This study unexpectedly found that the an�cipated benefits of epidural analgesia for pain control 
and earlier discharge were not realized.



Conclusion:
 Pediatric CP pa�ents undergoing hip osteotomies as part of SEMLS who received epidural analgesia reported similar pain 
scores to those without an epidural, but required more narco�cs and had a longer LOS. These preliminary findings 
highlight the need for further research to op�mize postopera�ve pain management strategies in this vulnerable 
popula�on to improve outcomes.
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Abstract

Neuromuscular scoliosis (NMS) is a form of scoliosis that results from a lack of muscular control or spas�city of the 
muscles caused by a neurological or degenera�ve muscular condi�on. Neuromuscular disorders can affect a child's body 
in many ways such as muscle �ghtness and spas�city, which can interfere with the ability to walk and perform everyday 
tasks. Management of NMS curves is o�en difficult due to large curve magnitudes, pa�ent tone, and other complica�ons 
from the pa�ent’s underlying disease.12 The goal of bracing this popula�on includes improved posi�oning, improving 
quality of life, and delaying surgical interven�on as compared to a reduc�on in curve magnitude in the idiopathic 
popula�on. Tradi�onal, rigid plas�c bracing has shown some success but is frequently abandoned due to pa�ent 
intolerance and complica�ons.3 There is limited data on the use and compliance of back bracing in the pediatric NMS 
popula�on, and the data that is available shows mixed results.456 

The purpose of our review is to assess if the treatment op�on of u�lizing a custom-molded Thoracic-Lumbar-Sacral 
Orthosis (TLSO) brace within a pediatric NMS popula�on can improve outcomes. . This par�cular brace is created from 
molded plas�c and custom made to fit each pa�ent. The brace is designed with a posterior thermoplas�c shell and 
anterior flexible apron tradi�onally used for management of propriocep�on, tone, and stability of the spine. Our study 
review includes a sample size of 98 pediatric pa�ents diagnosed with NMS at Cook Children’s Medical Center of Fort 
Worth, TX, from June 2023 to September 2024. Of the 98 pa�ents reviewed, 19 are iden�fied as being prescribed with a 
custom-molded TLSO brace and 79 are prescribed with another tradi�onal type of back brace for their NMS. 
Demographic and radiographic data were compared between the two groups. Treatment outcomes, risk factors, and 
curve progression were also assessed. 

We hypothesize that the custom-molded TLSO will have an increase in pa�ent tolerance, decrease in rate of bracing 
complica�ons, and delay the �me to surgical interven�on of their scolio�c curve as compared to pa�ents who are 
treated with tradi�onal bracing. 
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Introduc�on: Brace treatment in skeletally immature pa�ents for curves <25° is increasing. However, no direct 
comparisons exist between bracing adolescent idiopathic scoliosis (AIS) curves <25° (early) versus observa�on un�l 
bracing at ≥25° (standard). The purpose of this study was to compare 1) curve improvement ≥6° and 2) progression to a 
surgical magnitude of 45°, between early versus standard brace treatment. 

 Methods: A retrospec�ve review was performed among pa�ents Risser 0-1 with AIS curves 15-24° at ini�al visit who 
were followed un�l skeletal maturity or surgery. Pa�ents who were prescribed rigid thoracolumbar sacral orthoses 
(TLSO) for curves 15-24° from 2015-2019 (early brace group) were compared to a historical control observed un�l TLSO 
prescrip�on at ≥25° from 1990-2005 (standard brace group). A sub-analysis of open triradiate car�lage status was 
performed.

 Results: 528 pa�ents (436 F [82%], 92 M) were included. At ini�al visit, the early brace group had larger curves and a 
greater percentage with open triradiates than the standard brace group (22° vs. 19°, p < 0.001). 32% of pa�ents in the 
standard brace group eventually required brace treatment at a higher curve magnitude (30° vs. 22°, p < 0.001) and a 
more advanced maturity (36% vs. 63% open triradiates, p < 0.001) than the early brace group. The early brace group had 
greater curve improvement ≥6° (19% vs. 1%, p < 0.001) with an odds ra�o (OR) of 25.39 (95% CI 9.05-106.04) and less 
curve progression ≥6° (OR 0.29, 95% CI 0.20-0.41) but not to a surgical threshold (6% vs. 10%, p = 0.138) than the 
standard brace group (Table). 

 Pa�ents with open triradiates in the early brace group progressed to a surgical threshold significantly less than those in 
the standard brace group (9% [12/120] vs. 20% [25/128], p = 0.018) with an OR of 0.42 (95% CI 0.19-0.86), especially 
among those with thoracic curves 20-24° at ini�al visit (13% [7/54] vs. 43% [15/35], p = 0.001) with an OR of 0.20 (95% CI 
0.07-0.54). 

 Conclusions: Early brace treatment of AIS curves 15-24° is superior to observa�on un�l 25° in skeletally immature 
children with a 25-fold increased likelihood of improving curves and reducing curve progression to a surgical magnitude 
by >50%.

 Significance: Early brace treatment is recommended for families’ whose brace treatment goals include possible curve 
improvement and as standard-of-care to prevent progression to surgery in pa�ents with open triradiates.  



 Early brace (n=207) Standard brace (n=321) p-value

Biologic Sex 

 Female 

 Male 

 

80% (n=167)

19% (n=40)

 

83% (n=269)

16% (n=52)

 

0.355

Ini�al age (yrs) 12.4±1.2 (n=207) 12.6±1.2 (n=321) 0.047

Ini�al primary curve 

 Thoracic 

 Lumbar/Thoracolumbar 

 

43% (n=89)

57% (n=118)

 

51% (n=164)

48% (n=157)

 

.069

Ini�al Risser stage 

 0 

 1 

 

85% (n=176)

14% (n=31)

 

81% (n=261)

18% (n=60)

 

0.249

Ini�al triradiate car�lage 

 Open 

 Closed 

 

62% (n=130)

37% (n=77)

 

46% (n=128)

53% (n=150)

 

<0.001

Ini�al menarchal status 

 Pre 

 Post 

 

76% (n=128)

23% (n=39)

 

72% (n=190)

27% (n=73)

 

0.510

Ini�al BMI (kg/m2) 18.2±2.5 (n=199) 18.9±3.8 (n=302) 0.008

Ini�al curve magnitude 
(°) 

21.8±2.1 (n=207) 19.3±2.9 (n=321) < 0.001

C-DAR 3.7±0.9 (n=207) 3.3±0.8 (n=321) < 0.001

Growth (cm) 10.2±5.9 (n=199) 12.3±20.4 (n=296) 0.082

Final curve magnitude (°) 24.9±11.4 (n=207) 28.9±10.7 (n=321) <0.001

Total curve progression 
(°) 

3.1±11.2 (n=207) 9.6±10.0 (n=321) < 0.001

Curve improved ≥6° 19% (n=40) 1% (n=3) < 0.001



Curve stable 49% (n=103) 38% (n=122) 0.008

Curve progressed ≥6° 30% (n=64) 61% (n=196) < 0.001

Final curve ≥30° 26% (n=54) 41% (n=132) <0.001

Final curve ≥45° 6% (n=13) 9% (n=32) 0.138

Sub-analysis: Open 
Triradiates

 Final curve ≥45° 

(n=120)

9% (n=12)

(n=128)

20% (n=25)

 

0.002

Sub-analysis: Open 
Triradiates: Thoracic 
curves 20-24° 

 Final curve ≥45° 

 

(n=54)

13% (n=7)

 

(n=35)

43% (n=15)

 

 

0.001

Ini�al=�me of brace prescrip�on; Final=brace discon�nua�on, skeletal maturity, or progression to surgery. BMI=Body 
Mass Index. C-DAR=coronal deformity angular ra�o. 
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Abstract

Halo Gravity Trac�on (HGT) has been used to treat children with severe spinal deformity for decades (BD Roye, 2020). 
Roye et al. established best prac�ce guidelines for applica�on of HGT via a modified Delphi consensus survey, including 
indica�ons, goals, pre-opera�ve evalua�ons, protocols, and complica�ons. Li, et. Al. further described the pathway to 
implement HGT treatments at a new ins�tu�on, including equipment modifica�ons, clinical protocol review, and care 
coordina�on between a large mul�disciplinary team.

In this Symposium, we will discuss applica�ons of these best prac�ce guidelines at 3 major Spine Centers of Excellence: 
Children’s Hospital of Philadelphia, Texas Sco�sh Rite Children’s Hospital, and Children’s Healthcare of Atlanta. 
Representa�ves from Physical Therapy, Orthopedics, and Ortho�cs will discuss applica�ons of these best prac�ce 
guidelines, including:

Evalua�on and pa�ent selec�on
Surgical planning
Halo applica�on and techniques
Physical Therapy assessment
Equipment Modifica�ons
Case Reviews
“When things go wrong”

This symposium will also examine aspects of comprehensive care that make these cases successful and tolerable to the 
pa�ents, including child life/psychology involvement, daily ac�vi�es, medica�on management, and more.
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Abstract

Introduc�on: Spring based halo gravity trac�on (HGT) has been u�lized at our ins�tu�on since the 1980s, however to 
date, no data exists on the actual dynamic forces transmi�ed to the spine of these children. Children with large s�ff 
curves may undergo inpa�ent HGT between 4 to 12 weeks; however, this treatment is costly to the hospital system and 
can disrupt the lives of the pa�ents and their families. In addi�on, concerns exist on the safety of sending pa�ents home 
with HGT, given the inability to monitor trac�on compliance or applied weight. More widespread adop�on of HGT might 
be possible if it could be reliably monitored in a pa�ent’s home. In this pilot study we present the findings of a novel 
cloud-based remote monitoring system used on 4 children undergoing HGT.

Methods: The force applied to the spring based HGT system is measured using a load cell sensor; the load cell is hard 
wired to a load cell condi�oner which both powers the load cell and outputs the load using a milli-amp signal into the 
transmi�ng unit which uploads the milli-amp value to cloud storage via mobile or WIFI connec�vity. In the cloud, this 
milli-amp signal is converted into pounds-force using the calibra�on curve of the load cell (Figure). Signals were 
transmi�ed to the cloud every minute.

Results: A�er receiving IRB approval, four pa�ents, all female, requiring HGT were consecu�vely enrolled between June 
and July 2024. Pa�ents were aged 6, 10, 12, and 13 years old, and diagnoses were infan�le idiopathic, syndromic, 
juvenile idiopathic, and congenital, respec�vely. For each pa�ent, a remote monitoring system was added to their halo 
walker and wheelchair. Trac�on compliance was measurable in all pa�ents during their inpa�ent HGT treatment. 
Example Force data for pa�ent #1 during the en�re trac�on period and each minute during a 24-hour period is displayed 
in the Figure. All pa�ents achieved their goal trac�on prior to defini�ve fusion or growing rod instrumenta�on. The mean 
curve magnitude pre-HGT was 104 (range 83-120) degrees and at comple�on of HGT was 78 (range 63 to 87) degrees.

Conclusion: In this pilot study, we have proven that trac�on compliance can be remotely monitored along with the 
magnitude of trac�on weight transmi�ed to the spine.

Significance: This is the first study in the literature to describe the safe, remote monitoring of children under HGT. This 
pilot data will help to guide future outpa�ent HGT studies.
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Abstract

Children, adolescents, and young adults (youth) with disabili�es are thought to par�cipate in sports less than their peers 
without disabili�es. While low rates of physical ac�vity and sports par�cipa�on are generally cited in youth with 
disabili�es, the topic of sports par�cipa�on in youth has not been well-explored in the literature. 

Physical Health and Youth Sports in Congenital and Amputated Lower Limb deficiency (PHYSICALL) is a mul�-site cross-
sec�onal research study of sports/physical ac�vity par�cipa�on and barriers and facilitators to sports par�cipa�on in 



youth ages 8-25 with lower extremity amputa�ons/transverse congenital lower limb deficiencies. Data was collected 
between November 2021 and August 2023 at Boston Children’s Hospital, Children’s Healthcare of Atlanta, Na�onwide 
Children’s Hospital, Rady Children’s Hospital, Sco�sh Rite for Children, and Sea�le Children’s Hospital. 

 Our study popula�on included 155 youth (80 male, 73 female, 2 unknown); 126 with acquired lower extremity 
amputa�on and 26 with congenital transverse lower extremity limb deficiency. The most commonly played sports were 
soccer, basketball, and track and field/running/jogging, and baseball. 

 Goals and Learning Objec�ves:

1. To provide background informa�on about sports par�cipa�on in youth with lower limb amputa�ons/transverse 
congenital limb deficiency and why this informa�on is important.

a. We will discuss the available literature on the topic, including: 

 i. Available data on physical ac�vity, sports par�cipa�on, and barriers and facilitators to sports par�cipa�on in   
youth with general disabili�es.

 ii. Limited data that is available on physical ac�vity, sports par�cipa�on, and barriers and facilitators to sports 
par�cipa�on in youth with lower extremity amputa�ons/transverse congenital lower limb deficiency. 

b. We will discuss reasons why this knowledge is important:

 i. Impact on pa�ents with new or upcoming amputa�ons curious about ability to par�cipate in sports a�er 
amputa�on.

 ii. Impact on parents learning about their child’s congenital transverse limb deficiency curious about their 
child’s future ability to par�cipate in sports.

 iii. Impact on pediatricians performing physical ac�vity counseling for children with lower limb deficiencies.

 iv. Impact on sports professionals and sports medicine professionals when considering sports prepara�on or 
injury preven�on training/educa�on.

2. To describe the methods of our mul�-site, cross-sec�onal research study and general demographics on our study 
popula�on, including:

a. Methodology including ques�onnaire development, inclusion/exclusion criteria, and recruitment methods. 

b. General demographics including a breakdown of percentages of individuals with different levels of lower 
extremity amputa�on.

3. To provide details regarding self-reported physical ac�vity par�cipa�on among the youth with lower limb 
amputa�ons/transverse congenital limb deficiency in our study popula�on, including:

a. Before the COVID-19 pandemic.

b. During the COVID-19 pandemic.

4. To provide details regarding sports par�cipa�on among the youth with lower limb amputa�ons/transverse congenital 
limb deficiency in our study popula�on, including:

a. General trends of sports par�cipa�on. 

b. Detailed trends of sports par�cipa�on based on lower extremity amputa�on/limb deficiency specifics (i.e. 
bilateral versus unilateral; etc) and geographic loca�on. 

c. Use of adap�ve equipment/sports prosthe�cs during sport.



5. To explain barriers and facilitators of sports par�cipa�on among youth with lower limb amputa�on/congenital 
transverse lower limb deficiency. 

a. Reported barriers to sport. 

b. Reported facilitators to sport.
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Abstract

Lack of physical ac�vity (PA) is one of the top five causes of death worldwide with the people living on the North 
American con�nent greatly impacted. For youth par�cipa�ng in recommended PA, they not only experience physical and 
mental health benefits, but research has also shown they are likely to have a more ac�ve lifestyle as an adult. Studies 
also show that youth and adults with disabili�es par�cipate less in PA when compared to those without. Research has 
iden�fied many environmental and perceived barriers that impact physical ac�vity levels of a person with a disability. 
Some of these include accessibility, a�tudes of others, poor coordina�on between organiza�ons, too few qualified staff, 
�me and financial constraints, and lack of knowledge about opportuni�es for adap�ve recrea�on ac�vi�es to name a 
few. 

Golf, which has been classified as providing moderate intensity PA on average, can also achieve high intensity or be paced 
for low intensity. It is an ac�vity that can be played throughout a person’s lifespan and can accommodate a wide range of 
player abili�es. Golf facili�es are prevalent across North America making for easier access and the golf industry has 
embraced including “ability” as part of their diversity, equity, and inclusion (DEI) ini�a�ves. Adap�ve golf equipment 
contributes to the enjoyment and success of golfers with disabili�es while opportuni�es to play and compete con�nue to 
grow. 

Many health benefits associated with PA have been demonstrated by involvement in golf such as cardiovascular benefits, 
increased longevity, hand-eye coordina�on, muscle strengthening, and improved motor skills. Mental health benefits can 
include increased self-esteem, decreased depression, improved mood, increased levels of perceived competence and 
self-efficacy. Playing golf can provide more opportuni�es for social interac�ons which can lead to greater feelings of 
acceptance, increased social support and reduced feelings of isola�on. 

This session will describe how in 1998 a Cer�fied Therapeu�c Recrea�on Specialist (CTRS) created and facilitates Sco�sh 
Rite for Children’s Learn to Golf (LTG) program to help pa�ents they serve reap the benefits of being involved in golf. 
Designed to reduce or eliminate barriers to access, develop or improve physical skills, social interac�on skills, enhance 
overall quality of life, and aid in connec�ng with community jr. golf programs, LTG does this by providing four important 
components: 1. adap�ve golf clinics; 2. golf clubs; 3.scholarship funds; and 4. annual Tee Up for Teaching seminar 
targe�ng golf instructors and allied health care professionals. Outcomes and benefits will be shared with the audience 
who will be encouraged to use golf as a tool with the pa�ents they serve. 
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Abstract

Background: While our ins�tu�on has offered prenatal clubfoot consulta�ons (PCC) following ultrasonographic diagnosis 
of clubfoot deformity since 2016, it remains unclear as to why some families seek out PCC and others do not. Moreover, 
the effect of PCC on abduc�on bracing compliance following the Ponse� method remains unstudied. This study therefore 
aims to iden�fy differences between families who pursue PCC and those who do not as well as to determine the 
rela�onship between PCC and bracing compliance. 

Methods: An IRB-approved retrospec�ve review of pa�ents presen�ng to a single pediatric ins�tu�on with idiopathic 
clubfoot deformity detected on prenatal ultrasound from 2016-2023 was performed. Pa�ents managed via the Ponse� 
method who began cas�ng prior to 3-months old, with complete bracing compliance data during their ini�al three 
months of bracing were included [1]. Bracing compliance was compared between families who sought PCC and those 
who did not. State Area Depriva�on Index (ADI), race, ethnicity, distance traveled to clinic and insurance type were 
compared between groups [2, 3]. 

Results: 94 infants with an average age of 2.1 weeks (range 0.4-7.9 weeks) at ini�a�on of treatment met inclusion 
criteria. Of these, the families of 38 sought out a PCC. Pa�ents in the PCC group had higher ini�al Dimeglio scores (15.41 
vs 14.05, p=0.01) and began cas�ng at an earlier age (1.73 vs 2.41 weeks, p=0.01). The PCC group had significantly lower 
state ADI scores (4.16±2.18 vs 5.63±2.74; p=0.007) and were more likely to have commercial insurance (76.32% vs 
30.91%, p<0.001) than the non-PCC cohort. All pa�ent families in the PCC cohort were English speaking, while 19.6% 
were Spanish speaking in the non-PCC cohort (p=.004). No significant differences were found in race, ethnicity, distance 
traveled to our clinic, or bracing compliance between groups (p ≥ 0.05).

Conclusion: Only 40% of families with a prenatal clubfoot diagnosis requested a PCC. These families started Ponse� 
cas�ng at an earlier age, had be�er socioeconomic well-being, were English speaking, and were more likely to have 
commercial insurance than families not reques�ng a PCC, though bracing compliance was similar between groups. 

Significance: Though families seeking PCC did not demonstrate superior bracing compliance, concerning differences in 
socioeconomic status, primary language, and insurance type were iden�fied between the PCC and non-PCC groups. 
Efforts should thus be taken to iden�fy and remove barriers to accessing prenatal clubfoot informa�on in the hopes of 
providing more universal prenatal understanding of clubfoot diagnosis and treatment prior to delivery. 
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Abstract

Introduc�on: Children with limb deficiencies have unique barriers to par�cipa�ng in day to day ac�vi�es and in sports 
and recrea�onal ac�vi�es (1). Sa�sfac�on with the prosthesis is an important factor in regaining mobility and is 
important for op�mizing the use of the prosthesis, minimizing rejec�on, and increasing compliance with the medical 
regimen (2,3). Studies have shown that in general, 40-60% of pa�ents with amputa�on are not sa�sfied with their 
prostheses (4,5). Dissa�sfac�on with the prosthesis leading to rejec�on of the prosthesis has been seen in up to 31% of 
the lower limb amputees(6). Non-use rates of upper limb prostheses among children have been reported to be as high as 
50% (7). Hence, providing a prosthesis that children like and are sa�sfied with can poten�ally increase the regular use of 
prostheses in children which can lead to increased par�cipa�on in ac�vi�es and can improve their overall health-related 
quality of life (HRQL). It is important to ensure that sa�sfac�on with prosthesis is assessed directly from a child's 
perspec�ve using an appropriate measurement instrument. Hence the objec�ve of our study is to develop a pa�ent-
reported outcome measure (PROM) to assess sa�sfac�on with prostheses in children with amputa�ons and limb 
differences. 

Methods: A prospec�ve mul�phase, mixed-methods study is in progress. Phase 1(in-progress) included cogni�ve 
debriefing interviews with children between the ages of 8-18 years who use upper limb and lower limb prostheses. Study 
invita�ons were sent through the limb reconstruc�on clinic at BC Children’s Hospital, several prosthe�c clinics in Canada, 
the War Amps newsle�ers and social media. Data were collected on age at the �me of interview, gender, biological sex, 
diagnosis, treatment history including type of amputa�on, treatment, and stage of treatment at the �me of interview. 

Results: At the �me of submission, 7 interviews with children (5 boys, 2 girls) with lower limb prosthesis have been 
conducted. Mean age of interviewed children was 15.62 years (range 8-17 years). Study is open to recruitment and more 
interviews will be conducted. Once data satura�on is achieved for interviews, the current dra� of the prosthesis PROM 
will be revised. 

Analysis of the exis�ng data indicates some minor edits to the current dra� of the prosthesis PROM. New themes that 
emerged from these 7 interviews include flexibility of use across different situa�ons, experience with socks and liners 
and flexibility, look and durability of the prosthe�c foot.

Expert opinion on this dra� version will be obtained from the orthopaedic surgeons, prosthe�sts, nurses, 
physiotherapists, occupa�onal therapists, and psychologists. This final version will be used in Phase 2 to conduct an 
interna�onal study to collect data from a larger sample of children who use prosthesis, and a quan�ta�ve analysis will be 
conducted to finalise the prosthesis PROM. 



Conclusion: Measuring children’s sa�sfac�on with their prosthesis using a validated PROM is the first step towards 
improving sa�sfac�on with prosthesis. This is the first study to develop a PROM by directly engaging children with 
prosthesis during the development and valida�on of this new PROM.
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Abstract

BACKGROUND & PURPOSE: Most children with cerebral palsy (CP) will learn to walk; however, gait abnormali�es are 
common and vary based on the severity of upper motor neuron involvement.1,2,3 Ankle foot orthoses (AFOs) are 
typically prescribed for children with spas�c CP.4,5 Many receive standard AFOs with fixed ankles that have an ankle 
angle of 0 degrees (neutral/ plan�grade) or a few degrees of dorsiflexion.6-9 A standard AFO can be problema�c if a child 
lacks available range of mo�on in the ankle from short muscle length of the gastrocnemius, as is common with spas�c 
CP.10 Current literature recommends op�mizing AFOs using a segmental approach to ortho�c prescrip�on that evaluates 
and accommodates for impairments in body structure/func�on to op�mize func�on called OSKAR, or Op�mal Segmental 
Kinema�c and Alignment Approach to Rehabilita�on.11-17 The purpose of this study was to compare biomechanics, 
func�on, and client sa�sfac�on when wearing OSKAR AFO-footwear combina�on (AFOFCs) versus standard AFOFCs in 
children with CP. 

METHODS: This study used a cross-sec�onal, repeated-measures design and included par�cipants with a diagnosis of 
spas�c diplegic CP, Gross Motor Func�on Classifica�on System levels I-III. Ten children ages 7 to 13 years par�cipated in 
the study and 7 of the ten were male. Par�cipants were assessed and two pair of AFOFCs were fabricated for each 
par�cipant—one standard pair of AFOFCs and one pair designed using the OSKAR method for ortho�c prescrip�on. 
Instrumented 3D gait analysis was used to collect biomechanical gait data when wearing OSKAR AFOFCs and standard 
AFOFCs. Addi�onally, three func�onal outcome measures were performed including the Pediatric Balance Scale (pbs), 
Standardized Walking Obstacle Course (SWOC), and Six-minute Walk Test (6MWT). Client sa�sfac�on with each brace 
condi�on was assessed using the Ortho�c and Prosthe�c User Survey (OPUS). Descrip�ve sta�s�cs were determined for 
all dependent variables. Due to the small number of par�cipants and several normality viola�ons in the data, non-
parametric analyses were performed using the Wilcoxon signed-rank test. 

RESULTS: Peak knee extension improved in OSKAR AFOFCs; however, values were not significantly different between the 
two ortho�c condi�ons. Balance scores were significantly higher when wearing the OSKAR AFOFCs – all other func�onal 
scores were comparable between condi�ons and there were no significant differences in sa�sfac�on scores (see Figure 
1). 



Key: KE=Knee Extension; OPUS=Ortho�c & Prosthe�c User Survey; PBS=Pediatric Balance Scale; SWOC=Standardized Walking Obstacle Course; 6MWT=Six- Minute Walk Test 

Figure 1. Summary of Findings. 

DISCUSSION: Similar to findings in previous research,13 balance scores significantly improved in the OSKAR condi�on. 
There was also a trend towards peak knee extension values that were closer to typical when wearing OSKAR AFOFCs, 
par�cularly in children with hyperextended gait pa�erns. This study provides preliminary data for larger future studies 
and longitudinal designs are needed to explore changes in biomechanics and func�on over �me. 

CONSLUSION: Improved balance could provide greater independence with self-care, par�cipa�on in home/school 
ac�vi�es, and community involvement. 

CLINICAL APPLICATIONS: Results from this study could inform clinical decisions regarding ortho�c prescrip�ons and 
posi�vely impact AFO interven�ons for ambulatory children with CP. 
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Abstract

Introduc�on: While scoliosis bracing is an effec�ve method for controlling curve progression, adherence is o�en 
challenging and mul�factorial, with both physical and psychosocial components. Since braces must be worn for many 
hours each day, brace comfort frequently appears in the literature, and superior brace comfort has been suggested to 
improve brace acceptance. Despite the importance of comfort, it is unclear what factors are associated with brace 
comfort. 

Objec�ve: The purpose of this study was to iden�fy factors associated with brace comfort in order to be�er understand 
the pa�ent experience and improve care. 

Study Design: This study consisted of a cross-sec�onal survey. 

Methods: The survey included the BSSQ-Brace and ques�ons about demographics, diagnosis, bracing appointments, 
comfort, and overall experience. It was distributed via the Scolios-us website, social media, and email newsle�er from 
January to August 2023. Subjects were eligible to par�cipate if they had a scoliosis diagnosis and were currently wearing 
a scoliosis brace. Descrip�ve sta�s�cs, Mann-Whitney U tests, and Kendall’s tau-b correla�ons were used to analyze 
responses. 

Results: Fi�y-one subjects with a median age of 13.5 (IQR: 3) par�cipated in the study. Subjects reported that brace 
comfort/discomfort (41%) is the biggest barrier to brace adherence, followed by extracurricular ac�vi�es (29%), peer 
pressure (10%), brace appearance (6%), and bullying (2%). Ortho�st gender emerged as a key factor, with significant 
posi�ve associa�ons between women ortho�sts and brace comfort at the fi�ng appointment (U = 159.5, p = .002)
(Figure 1), ease of adjus�ng to the brace (U = 192.5, p = .015), and skin integrity (U = 190.0, p = .013). Brace comfort at 
fi�ng was correlated to ease of adjus�ng to the brace (τb = .420, p <.001). Brace pain at the fi�ng (U = 91.5, p = .014) 
and current brace pain (U = 81.0, p = .046) were nega�vely associated with BSSQ-Brace scores, while perceived brace 
appearance and BSSQ-Brace scores were posi�vely correlated (τb = .339, p = .002). The ortho�sts’ understanding of 
subjects’ needs emerged as another key factor, demonstrated by strong correla�ons with perceived brace fit (τb = .515, p 
<.001), perceived ortho�st skill level (τb = .660, p <.001), and desire to choose the same ortho�st again (τb = .571, p 
<.001). Brace type was not found to be associated with brace comfort, ease of adjus�ng, or BSSQ-Brace scores. 

Conclusions and Significance: Brace comfort appears to be linked to the ortho�st, not the brace design. Women 
ortho�sts are associated with superior brace comfort at the fi�ng appointment. Since brace pain and poor brace 
appearance are associated with increased brace-related stress, ortho�sts should focus on these details during fi�ng and 
follow-up appointments. Finally, ortho�sts should ac�vely listen and understand pa�ents’ needs to improve pa�ents’ 
bracing experience. 



Figure 1: Perceived brace comfort at the end of the fi�ng appointment, with 1 represen�ng "very uncomfortable" and 5 represen�ng "very comfortable." 
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Abstract

Background: 

Deforma�onal plagiocephaly (DP) is a common asymmetric head deformity in infants. Cranial orthosis therapy is 
frequently prescribed to treat severe cases, yet robust evidence suppor�ng its efficacy remains limited (1). The first 
randomized controlled trial (RCT) on cranial orthosis therapy, published in 2014 as part of the HEADS trial, found no 
meaningful impact of helmets compared to natural evolu�on (2). However, this study excluded premature infants, those 
with tor�collis, and pa�ents with very severe deforma�ons — popula�ons that cons�tute a large propor�on of those 
treated for DP (1). 

 Objec�ve: 

This pilot study aimed to assess the feasibility of conduc�ng a RCT on the efficacy of cranial orthosis therapy for severe 
DP in infants aged 4 to 7 months. 

 Methods: 

This prospec�ve randomized controlled pilot study was conducted at CHU Sainte-Jus�ne, a pediatric hospital, between 
December 2023 and September 2024. Infants aged 4 to 7 months with severe DP were randomized 1:1 to receive cranial 
orthosis therapy within 1 week (interven�on group) or 7 weeks later (control group, represen�ng the natural course). 
The 7-week delay reflected ins�tu�onal wait �mes. Alloca�on was concealed, and custom cranial orthoses were 
fabricated based on 3D-scans and worn ≥20 hours/day. Follow-ups occurred at 6 and 12 weeks. Outcome assessors were 
blinded. Feasibility metrics included recruitment, adherence to �melines, loss to follow-up, caregiver acceptability, and 
side effects. Descrip�ve analysis was conducted for effec�veness outcomes (CVA, CVAI, ODDI, CI) and parental 
sa�sfac�on. 

 Results: 

Twenty-four pa�ents were recruited over six months. Recruitment was prolonged because of restric�ve inclusion criteria. 
One family randomized to the control group withdrew and sought earlier orthosis fabrica�on at a private clinic. 

 Logis�cal barriers included coordina�ng ortho�st and physician appointments. Helmet deliveries occurred on the 
planned date for 30% of par�cipants, and within 1 week for 74%. At the 6-week follow-up, 65% of par�cipants were seen 
by ortho�sts within 1 week of the planned date. At 12 weeks, 57% saw their ortho�st and 56% saw their physician within 
1 week of planned date, but only 7 pa�ents were seen by both on the same day. 



 Randomiza�on was largely successful, though one early helmet delivery (42 days early) raised concerns about 
randomiza�on applica�on. Caregiver-reported acceptability was high, with a mean sa�sfac�on score of 4.34 (±0.65) (5-
point scale), and all caregivers indicated they would repeat the therapy. Minor side effects were reported, including 
swea�ng (65%), helmet odor (65%), and mild skin irrita�on (56%), primarily when helmets required adjustments. 

 Conclusion: 

This pilot study demonstrates the feasibility of conduc�ng a RCT on cranial orthosis therapy while iden�fying areas for 
improvement. Recruitment strategies and logis�cal coordina�on require op�miza�on to enhance adherence to planned 
�melines. Employing a dedicated research coordinator could address challenges in coordina�ng appointments and 
recruitment. 

These findings will inform the design of a future RCT aimed at establishing the efficacy of cranial orthosis therapy in 
trea�ng severe deforma�onal plagiocephaly.
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Abstract

INTRODUCTION

Current literature shows that heads affected by fla�ening will con�nue to improve post-treatment, as the child ages. It 
has also been found that parents are less concerned with head shape as their child ages. The purpose of this study is to 
review parent sa�sfac�on and changes in head shape of our pa�ents treated with cranial remolding orthoses during a 
follow-up visit at 18 months of age. 

 METHOD

Subjects: Sixty-seven pa�ents who underwent cranial remolding treatment and returned at 18 months of age

Apparatus: Three-dimensional surface tomography scans were acquired using a Polhemus FastScan Handheld Class I 
Laser Scanner (Polhemus, Vermont, United States) or a Bodyscan White Light Scanner (Techmed, Quebec, Canada). The 
images were processed using Rodin4DScan so�ware (Rodin 4D, Merignac, France) or M4DSo� so�ware (Quebec, 
Canada) to create a solid object and align the model. 

Procedures: The scans were exported to the Rodin4D Neo or kept in M4DSo� so�ware to measure head circumference, 
cranial width, cranial length, cranial index, cranial vault asymmetry, and cranial vault asymmetry index. A custom survey 
was filled out by the parent during the visit at 18 months of age.

Data Analysis: Survey results were compiled and scan data from the visit at 18 months of age was compared to the scan 
data taken during the pa�ents’ treatment discharge.

 RESULTS

Sixty-seven pa�ents returned at 18 months of age and completed the custom survey. 4 of the parents did not iden�fy 
their child in the survey, and 24 others were missing scan data, leaving 39 that were included in the reported data. The 
cephalic index (CI) of pa�ents decreased an average of 2.4% (with a range of 4.4% increase to 7.2% decrease). The cranial 
vault asymmetry (CVA) increased an average of .57 mm (with a range of 5 mm increase to 2.5 mm decrease). The cranial 
vault asymmetry index increased by a median of .18% (with a range of 3.45% increase to 1.81% decrease). 

 Only 1 survey respondent reported that they were “somewhat dissa�sfied” with their child’s head shape at the end of 
treatment, and no respondents indicated they were “very dissa�sfied” with their child’s head shape at the end of 
treatment OR at the 18-month visit. 100% of respondents stated they would recommend treatment to others, and 94% 
stated they would make the same decision to pursue treatment (the 4 others did not respond to the ques�on). 

 DISCUSSION

Future work is needed to compare volumetric data from the end of treatment to 18 months of age. Further inves�ga�on 
is needed to iden�fy why some pa�ents’ CVA increased, while others decreased.



 CONCLUSION

From the �me of discharging pa�ents from treatment to 18 months of age, cephalic index was shown to decrease, as 
expected, while CVA and CVAI increased, albeit, only by .57 mm and .18%, respec�vely. Only one parent reported that 
they were dissa�sfied with their child’s head shape at either the end of treatment or at 18 months of age, so this 
reinforced the efficacy of our program standards.

 CLINICAL APPLICATIONS

Based on survey open-ended responses, ini�a�ng treatment at an earlier age was a common request from parents, 
which should be communicated to referral sources.
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Abstract

Introduc�on:

 Deforma�onal head shapes (DHS) such as plagiocephaly (DP), brachycephaly (DB), and asymmetrical brachycephaly 
(DAB) are o�en treated with Reposi�oning Therapy (RT) or a Cranial Remolding Orthosis (CRO)1. The treatment decision 
is typically made using either a visual assessment2 or 2D measurements of the skull3. However, 2D measurements do 
not always accurately portray a 3D shape3-4. 3D measurements are rarely used, but there is a growing interest3-4. In this 
pilot study, infants with DHS were measured and compared in both 2D and 3D as they underwent treatment. 

 Methods:

 This study was approved by the UTSW IRB and caregivers consented to par�cipa�on. Subjects included 34 infants (20 
male, 14 female) who were diagnosed with a DHS. 2D and 3D measurements collected include the Cranial Vault 
Asymmetry Index (CVAI) and the Cephalic Index (CI). Each DHS was defined as follows: DP: CI<90% and CVAI>3.5; DB: 
CI>90% and CVAI<3.5; DAB: CI>90% and CVAI>3.5. Each RT subject was enrolled in the study at 2 months of age. Infants 
in the CRO group were enrolled at 4-6 months of age. 3D measurements were acquired using the 3dMD scanning system 
which uses anatomical landmarks tailored to each subject’s head shape. 2D measurements were acquired using the 
SmartSoc or STARscanner (supplemented by ortho�st caliper measurements when scan measurements were deemed 
not accurate). Sta�s�cal analyses were performed by comparing net change in 2D and 3D measurements in the RT and 
CRO groups for each DHS. A Mann-Whitney U Test was performed for each comparison to test for sta�s�cal significance. 

 Results and Discussion: 



Figure 1: Box plot demonstra�ng the 2D changes in CVAI across 12 DP, 14 DAB, and 8 DB subjects. 

Figure 2: Box plot demonstra�ng the 2D changes in CI across 12 DP, 14 DAB, and 8 DB subjects. 



Figure 3: Box plot demonstra�ng the 3D changes in CVAI across 12 DP, 14 DAB, and 8 DB subjects. 

Figure 4: Box plot demonstra�ng the 3D changes in CI across 12 DP, 14 DAB, and 8 DB subjects. 



 Head Shape Type

 DP DAB DB

 RT CRO RT CRO RT CRO

Count (n) 6 6 6 8 6 2

Mean Star�ng Age 

(weeks) ± SD

10.50 ± 0.79 22.48 ± 3.39 8.83 ± 2.97 22.14 ± 4.58 10.64 ± 1.79 22.21 ± 8.59

Mean Treatment 

Dura�on (weeks) ± SD

18.57 ± 12.50 17.79 ± 7.73 25.19 ± 12.78 22.34 ± 5.33 29.05 ± 16.95 26.36 ± 1.72

Table 1: Table displaying the demographics of the par�cipa�ng subjects for each deforma�onal head shape. The count, 
age at treatment ini�a�on (average and SD), and the treatment dura�on �me (average and SD) are included for each 
treatment modality per head shape. 

 2D analyses demonstrated CVAI mean change was greater in all DHSs with use of a CRO (Figure 1) and on average, 
changed at a faster rate in the DP and DB groups that RT subjects. Treatment of all DHSs with a CRO displayed a greater 
mean correc�on (Figure 2) and rate of correc�on for 2dCI, but was not sta�s�cally significant. 

 3D analyses showed CROs were superior in correc�ng 3dCVAI in the DAB and DB groups (Figure 3) and CRO treatment 
more effec�vely corrected CI for pa�ents diagnosed with DAB (Figure 4) which was sta�s�cally significant. 3dCI had 
greater mean changes in the CRO group for DB and DP; however, these results were not sta�s�cally significant. 

 The lack of sta�s�cal significance is likely due to a low number of subjects. An increase in the number of subjects may 
yield sta�s�cally significant results following the observed trend in the literature regarding CRO treatment achieving 
greater rates of cranial correc�on than RT1.

 Conclusion:

 Usage of a CRO generally demonstrated clinically superior 2D results at a faster rate than RT in correc�ng targeted 
cranial measurements across DHSs, despite CRO infants receiving treatment at an older age. Further 3D analyses are 
warranted but did show CROs have superior 3dCI correc�on.
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Abstract

Background Cranial Remolding Orthosis (CRO) treatment for rare cranial malforma�ons like pansynostosis and cloverleaf 
skull is under-documented. Cloverleaf skull is a severe cranial deformity caused by the premature fusion of cranial 
sutures, leading to a characteris�c "cloverleaf" shape. If le� untreated, this condi�on can result in increased intracranial 
pressure and developmental complica�ons. This case study focuses on the applica�on of CRO therapy in a seven-week-
old female diagnosed with pansynostosis and cloverleaf skull at Boston Children’s Hospital. 

Case Descrip�on The pa�ent underwent an extensive craniectomy and cranial vault remodeling to address the 
pansynostosis and associated cranial deformity. Following surgery, the pa�ent was prescribed a custom CRO to facilitate 
cranial growth and remodeling. The CRO was fabricated using three-dimensional surface scans, with CAD modifica�ons 
made to ensure proper accommoda�on of postopera�ve cranial growth. 

Treatment and Outcomes Over the course of 31 weeks of CRO treatment, the pa�ent exhibited significant improvements 
in cranial shape. The cephalic index, a key measurement of cranial propor�on, decreased from 105% to 87%. 
Addi�onally, there was a 60mm increase in cranial circumference. The most pronounced improvements occurred within 
the first few weeks of therapy, a result enhanced by the family’s excellent compliance with the prescribed CRO wear 
schedule. Due to the pa�ent's rapid growth and evolving cranial shape, three different CROs were u�lized throughout the 
treatment period. Each CRO required unique adjustments to accommodate surgical site complica�ons, manage bony 
overgrowth at the pa�ent’s occipital bone, and address recurring skin irrita�on. 

Discussion This case underscores the cri�cal role of a mul�disciplinary approach involving plas�c surgery, neurosurgery, 
and ortho�sts. Despite the rarity of condi�ons like pansynostosis and cloverleaf skull, this case highlights how CRO 
therapy can be an essen�al adjunct to surgical interven�ons, promo�ng symmetrical cranial growth and enhancing 
surgical outcomes. 

Conclusion CRO therapy, when applied in a coordinated, mul�disciplinary care se�ng, can achieve successful outcomes 
for complex cranial deformi�es such as pansynostosis and cloverleaf skull. This case 

contributes valuable clinical data to the limited body of literature on CRO effec�veness in trea�ng rare cranial 
malforma�ons and reinforces the ortho�st's vital role in such complex cases. 

Implica�ons for Prac�ce Presen�ng this case at ACPOC would offer insights into a seldom-seen condi�on, highligh�ng the 
successful use of CRO in conjunc�on with surgical interven�ons. It emphasizes the importance of a collabora�ve 
approach to managing rare cranial malforma�ons and provides data to support the effec�veness of CRO therapy in these 
complex scenarios. 



CT scan showing mul�ple coronal erosions in the superior skull 

Surgical site a�er the open craniectomy with extensive bone removal and cranial vault remodeling 

Post opera�ve cranial comparison report generated a�er each scan to track changes throughout the process 
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Abstract

Introduc�on 

Posi�onal plagiocephaly/brachycephaly (PPB) is a common problem in infancy. There are several treatment op�ons for 
PPB, including observa�on, reposi�oning, physical therapy, or a cranial remolding orthosis (CRO). A CRO is designed to 
re-direct head growth to areas of asymmetry or fla�ening. Many parents will choose CRO due to concern for the child’s 
appearance, as well as guidance from their provider. As providers, it is important to be knowledgeable of the short- and 
long-term outcomes of PPB to educate families on treatment op�ons, ensuring informed decisions. The purpose of this 
study is to inves�gate the developmental outcomes of children 4-10 years old, diagnosed with PPB during infancy. Socio-
demographic, social, medical, and developmental outcomes were compared across three treatment groups, those: 1. 
treated with a CRO and were formally discharged (treatment), 2. treated with a CRO, did not complete treatment, and 
self-discharged (par�al treatment), and 3. not treated with a CRO (no treatment).

Methods

In this descrip�ve cohort study, a ques�onnaire was created by the inves�gators to elicit parent reports of their child's 
development, following a diagnosis of PPB in infancy. A total of 3,935 children and their parents were iden�fied through 
an Electronic Medical Record query as having been evaluated for a CRO in a Boston Ortho�c & Prosthe�c Boston area 
clinic from April 1, 2011, to June 25, 2019. Parents were sent the ques�onnaire via email and indicated their consent 
prior to comple�ng the ques�onnaire. The addi�onal collec�on of data included head measurements, PPB classifica�ons, 
and treatment decision. Of the 217 (5.5%) respondents, 206 par�cipants were included in the final sample. Data were 
analyzed using descrip�ve and compara�ve sta�s�cs to examine differences across treatment groups and PPB severity.

Results

Almost all of the parents whose child received a CRO (93.4%) reported being sa�sfied with treatment. About half of the 
par�cipants (48.5%) reported their child with PPB needed at least one developmental interven�on, however there were 
no associa�ons with study group assignment. Children with higher levels of occupa�onal therapy (p=0.116) and early 
interven�on (p=0.165), as well as significantly higher levels of individualized educa�on plans (p=0.046) and special 
a�en�on or help in school (p<0.001) were observed in the low severity brachycephaly group, as compared to the high 
severity group. Furthermore , it is important to note that 100% of par�cipants reported their child was not bullied, and 
99.5% reported their child was not teased because of PPB. 

Discussion 

There are two notable discussion points from this study. The first is that many children with PPB required at least one 
developmental interven�on. This finding supports past studies showing associa�ons between PPB and developmental 
outcomes and reaffirms the need to follow these children closely to ensure they are mee�ng their developmental 
milestones. The second finding to note is that PPB is a complex phenomenon with differing outcomes based on severity, 
loca�on, and treatment. This finding suggests that more research is needed to be�er understand the impact of PPB and 
to provide parents with evidence-based guidance as they make their treatment decisions. 
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Abstract

Introduc�on

Tibial deficiency (TD) is a rare congenital anomaly, occurring in approximately 1 in 1 million live births, characterized by a 
shortened or absent �bia. Previous studies indicate that 60-75% of TD pa�ents present with addi�onal limb and organ 
system anomalies, par�cularly affec�ng the upper extremi�es, spine, and viscera. Femoral and hip anomalies have been 
reported 25% of cases. Treatment strategies for TD include ortho�cs, amputa�ons, and limb reconstruc�ons; thus, the 
presence of ipsilateral lower extremity anomalies significantly influences therapeu�c approaches. This study aims to 
characterize femoral, hip, and pelvic anomalies associated with TD and assess their impact on treatment outcomes 
within a cohort of over 650 �bial deficient limbs.

 Methods

A retrospec�ve review was conducted on TD pa�ents treated at seven ter�ary pediatric orthopaedic facili�es from 2004 
to 2022. Pa�ents were retrospec�vely iden�fied by diagnosis code query, and charts and radiographs were analyzed to 
gather demographic data, radiographic findings, and all noted anomalies. Pa�ents lacking sufficient data were excluded. 

 Results

A total of 491 pa�ents with 650 �bial deficient limbs were analyzed. The average age of the cohort at last visit was 10.3 
years (range 0.02-23.2 years). Among them, 121 (19%) exhibited femoral, hip, or pelvic anomalies. Femoral anomalies 
were the most prevalent (13%), followed by hip anomalies (8%) and pelvic anomalies (<1%). Treatment modifica�ons due 
to ipsilateral anomalies were observed in 10% of TD limbs (n=61).

Femoral Anomalies

Eighty-four limbs (13%) had femoral anomalies, with congenital femoral deficiency (6%, n=39) being the most common. 
Other anomalies included femoral sha� duplica�on (4%, n=25, distal femoral duplica�on (2%, n=12), wide distal femur, 
asymmetric distal femoral ossifica�on, hemi-condyle deficiency, and congenital knee fusion in flexion (<1% each, n=2 
each). Approximately 46% of limbs with femoral anomalies had altered treatment courses, necessita�ng interven�ons 
such as excisions, knee fusions, and adjustments in prosthe�c design.

Hip Anomalies

Fi�y limbs (8%) presented with hip anomalies, primarily femoral head disloca�on (n=28). Treatment altera�ons occurred 
in 36% of these cases, including surgical reduc�ons and proximal femoral and pelvic osteotomies.

Pelvic Anomalies

Only six limbs (<1%) had pelvic anomalies, consis�ng of three superior pubic rami (SPR) and ilium deficiencies, two 
persistent SPR synchondroses, and one duplicated ischium. There were no resultant changes in treatment protocols for 
pelvic anomalies. 



 Conclusion

This study highlights the significant impact of associated femoral and hip anomalies on treatment for pa�ents with �bial 
deficiency. Nearly 10% of the analyzed limbs required modifica�ons in management due to these anomalies, including 
surgical interven�ons and differing prostheses. The findings emphasize the need for thorough preopera�ve assessments 
to tailor treatment strategies effec�vely. These insights reinforce the value of a mul�disciplinary approach in managing 
congenital limb deficiencies, ensuring that all aspects of a pa�ent’s condi�on are considered in the treatment plan.
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Abstract

Introduc�on: The rigidity of the thoracic spine has raised concerns regarding the efficacy of night-�me bracing (NTB) for 
thoracic curves in adolescent idiopathic scoliosis (AIS). However, some studies suggest that NTB may yield outcomes 
comparable to full-�me thoracolumbar sacral orthosis (FTB). This study aims to compare the ini�al in-brace correc�on 
percentage (IBC%) and final curve progression between NTB and FTB in AIS pa�ents with thoracic curves.

Methods: In a dual center se�ng, we retrospec�vely included skeletally immature AIS pa�ents with thoracic curves 
measuring 20-45°, treated with either NTB or FTB. Pa�ents with significant compliance issues were excluded (NTB: early 
brace discon�nua�on; FTB: <6 hours of daily wear). Propensity-score matching was conducted for gender, Risser stage, 
age, and curve size at brace ini�a�on. Radiographic parameters were measured at the beginning and end of brace 
treatment, with in-brace radiographs obtained at brace fi�ng. A univariate linear regression analysis was used to 
determine the significance of IBC% on major curve progression.

Results: Among 447 eligible pa�ents, 87 were matched in the NTB group and 134 in the FTB group. Night-�me braced 
pa�ents had significantly higher rates of curve progression (>5° and >50°) compared to FTB pa�ents (60% vs. 33%, 
p<0.001; 35% vs. 19%, p=0.008). The IBC% was significantly higher in the NTB group compared to the FTB group (59% vs. 
37%, p<0.001). In the NTB group, the IBC% did not significantly impact the progression of the major Cobb angle 
(Coefficient -0.08, 95%CI -0.24;0.08). In contrast, for the FTB group, a 1% increase in IBC% was associated with a 0.22° 
decrease in major Cobb angle (Coefficient -0.22, 95%CI -0.30;-0.14).

Conclusion: The NTB demonstrated higher IBC% but also higher progression rates compared to FTB in AIS pa�ents with 
thoracic curves. The IBC% did not significantly influence progression in the NTB group. However, in the FTB group, an 
increase in IBC% was associated with a reduc�on in major Cobb angle.

Significance/Take Home Message: While NTB demonstrated a higher IBC% than FTB, it also resulted in higher progression 
rates. Future studies should focus on iden�fying the op�mal applica�on of NTB in the management of thoracic curves in 
AIS pa�ents.
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Abstract

Introduc�on: The full-�me thoracolumbar sacral orthosis (FTB) treatment for thoracic adolescent idiopathic scoliosis 
(AIS) is well-established, but compliance remains a substan�al issue. The night-�me brace (NTB) with a higher in-brace 
correc�on presents a viable treatment op�on. Whether pa�ents with low compliance in FTB would benefit from 
switching to an NTB is unknown. This study aimed to compare the efficacy of FTB and NTB in pa�ents with similar brace 
wear �me.

Methods: In a retrospec�ve dual center se�ng, we included skeletally immature AIS pa�ents with thoracic curves of 20-
45°, treated with either FTB or NTB. Pa�ents with compliance ranging between 6-10 hours per day, Risser stage 0-3, and 
less than one-year post-menarche were included. Radiographic measurements were collected at brace ini�a�on and 
termina�on. A mixed effects model was used to determine significant predictors of curve progression >5°.

Results: A total of 80 FTB pa�ents and 106 NTB pa�ents were included in the final analysis. At baseline, the FTB pa�ents 
were younger (12.4y vs. 13.1y, p<0.001) and had smaller curves (31±6° vs. 37±6°, p=<0.001). The FTB pa�ents showed 
significantly lower rates of curve progression >5° (44% vs. 63%, p=0.008) as well as progression to >50° (18% vs. 41%, 
p<0.001). The in-brace correc�on percentage was 59% (±18) in the NTB group and 37% (±18) in the FTB group (p<0.001). 
In the mixed effects model, we found decreased odds of progression >5° for treatment with FTB (OR 0.30, 95%CI 0.13-
0.72), Risser stage 3 (OR 0.23, 95%CI 0.06-0.86), and age (OR 0.67, 95%CI 0.48-0.94). The NTB, male gender, and ini�al 
major curve size were associated with increased odds of progression (NTB: OR 3.33, 95%CI 1.39-8.03; Male: OR 5.49, 
95%CI 1.62-18.68; Ini�al curve: OR 1.07, 95%CI 1.01-1.13).

Conclusion: The FTB demonstrated lower progression rates than the NTB in thoracic AIS pa�ents with similar brace wear 
�mes. The NTB may play a role in low-risk pa�ents with smaller curves and higher skeletal maturity.

Significance/Take Home Message: The FTB showed less curve progression compared to the NTB, even when matching for 
brace wear �me.

Level of Evidence: III
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Abstract

Introduc�on: The rela�onship between in-brace correc�on (IBC) and C-DAR (coronal deformity angular ra�o) with brace 
treatment outcomes in idiopathic scoliosis u�lizing Providence nigh�me brace treatment is unknown. We determined 1) 
whether IBC and C-DAR differ by major curve loca�on, and 2) whether IBC & C-DAR predict curve progression a�er 
adjus�ng for possible confounding variables. 

 Methods: 284 children (56 boys, 228 girls) with idiopathic scoliosis ages 10-16 years, Risser stages 0-2, major 
curves 15°-40° treated with Providence nigh�me braces with IB radiographs were retrospec�vely reviewed 
un�l skeletal maturity or surgery. IBC was calculated by comparing curve magnitude differences between the 
standing brace prescrip�on radiograph and supine IB radiograph 2 months later. C-DAR was calculated by a 
single rater who divided the number of vertebrae of the primary curve from the curve magnitude; larger 
values indicate shorter, sharper curves. Major curve loca�on (thoracic, thoracolumbar [TL], or lumbar [L]) was 
defined by the primary curve apex loca�on. 

 Results: IBC of the primary curve averaged 103%±29% (n=282) and secondary curve averaged 72%±29% 
(n=144). TL curves had higher IBC than L and thoracic (113% vs. 94% vs. 88%, p<0.001). L curves had higher C-
DARs than TL and thoracic (4.6 vs. 4.2 vs. 3.3, p<0.001). IBC was inversely associated with curve progression 
(r=-0.33, p<0.001), C-DAR (r=-0.27, p<0.001), curve magnitude (r=-0.18, p=0.002), and body mass index (BMI), 
[r=-0.12, p=0.041]). C-DAR was associated with curve magnitude (r=0.66, p<0.001), age (r=0.22, p<0.001), 
Risser stage (r=0.15, p=0.013), and curve progression (r=0.13, p=0.02). Mul�variate regression analysis 
adjus�ng for age, biologic sex, BMI, triradiate car�lage (TRC) status, curve magnitude, and Risser stage 
revealed that decreased IBC (OR 0.98, 95% CI 0.97-0.99) and C-DAR (OR 1.35, 95% CI 1.03-1.77) were s�ll 
associated with curve progression ≥6°, in addi�on to open TRC status (OR 2.41, 95% CI 1.22-4.91). Each 
addi�onal increase of 1% IBC was associated with a 2% decreased odds of curve progression ≥6°. Each unit 
increase in C-DAR was associated with a 35% increased odds of curve progression ≥6°.

 Conclusion: TL curves have the highest IBC, likely due to thicker brace pads. L curves have higher C-DAR, likely 
due to less vertebrae involved. Both IBC and C-DAR are independent predictors of curve progression in 
Providence nigh�me bracing. 

 Significance: Op�mizing IBC is an important factor for successful Providence brace treatment outcomes for 
idiopathic scoliosis and should be evaluated a�er brace delivery. Determining a child’s C-DAR at brace ini�a�on 
can help educate families about curve progression risk.
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Abstract

Introduc�on: Studies show that some curves improve with brace wear, especially in younger pa�ents with smaller 
curves. The mechanism behind this is unclear; however, one explana�on for this improvement could be growth 
modula�on of the vertebrae during brace wear. The goal of this study was to determine: 1) if curves that improve ≥6° 
during brace treatment show evidence of growth modula�on through improvement in concave versus convex symmetry 
and 2) if curves that progress ≥6° fail to modulate or show asymmetric growth. 

 Methods: Pa�ents who completed nigh�me brace treatment star�ng at Risser 0 for idiopathic scoliosis with 2-year 
follow-up were retrospec�vely reviewed. Improved and progressive groups were matched for age (11.7±1.3 years), sex 
(81% girls), curve loca�on/magnitude (86% thoracolumbar/lumbar curves 22.9°±2.4° pre-brace), triradiate car�lage (69% 
open), brace adherence (7.6±1.8 hrs/night), and growth (13.4±6.1 cm). All measurements were made pre-brace, in-
brace, and post-brace. Vertebral body heights and wedging angles were measured at concave and convex sides of the 
primary curve apex, and one segment superior and inferior to the apex (func�onal spinal unit). Disc wedging was 
measured one segment superior and inferior to the apex. 

 Results:

Improved curves: There were 68 pa�ents in the study; 45 (66%) improved by 9.7°±4.2°. From pre-brace to in-brace, 
vertebral body height changes were greater on the concave vs. convex sides (p<0.001). Vertebral and disc wedging angles 
were greater pre-brace vs. in-brace (p<0.001). From pre-brace to post-brace, vertebral body height changes were greater 
at concave vs. convex sides (superior 3.0 mm vs. 2.4, p=0.007; apical 3.2 vs. 2.5, p=0.015; inferior 3.4 vs. 2.7, p=0.011). 
Post-brace vs. pre-brace, vertebral wedging angles were smaller (superior 1.5° vs. 0.7°, p=0.030; apical 2.1° vs. 0.8°, 
p=0.004; inferior 2.2° vs. 1.0°, p=0.008) and disc wedging angles were smaller (superior 2.9° vs. 1.0°, inferior 4.3° vs. 1.9°, 
p<0.001).

 Progressive curves: 23 curves progressed by 13.3°±8.1°. From pre-brace to post-brace, vertebral body height changes 
were greater at convex vs. concave sides (apical 3.5 mm vs. 2.3, p=0.029; inferior 3.6 vs. 2.8, p=0.030) but not superiorly. 
Post-brace vs. pre-brace, vertebral wedging angles were larger (apical 3.0° vs 4.8°, p=0.033; inferior 3.2° vs. 4.5°, p=0.005) 
but not superiorly. Disc wedging remained unchanged.

 Conclusions: We observed vertebral body growth modula�on in pa�ents whose curves improved from brace treatment 
demonstrated by improved vertebral symmetry, but not in pa�ents whose curves progressed. We hypothesize this may 
be due to the Hueter-Volkmann principle applied ortho�cally across the curve apex in skeletally immature pa�ents. 

Significance: This is the first study to demonstrate that brace treatment leads to vertebral growth modula�on in children 
with idiopathic scoliosis and thus overall improvement in curve magnitude. 



Fig of A) pre-brace, B) in-brace, and C) post-brace radiographic measurements at superior, apical, and inferior segments 
of primary curve:
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Abstract

Popliteal Pterygium Syndrome (PPS) is a rare gene�c condi�on of unknown e�ology that causes webbing of the joints, in 
par�cular knees ankles and elbows. The subcutaneous fibrous band and webbing can extend from the Ischial Tuberosity 
to the heel and includes the Popliteal Artery and Scia�c Nerve. Surgical correc�on can be challenging and ineffec�ve. A 
10 year old boy with right PPS, congenital scoliosis, history of tethered cord release, inability to extend either hip past 40 
degrees, 60 degree right knee flexion contracture, right cle� foot, 45 degree le� knee flexion contracture, crouched gait, 
acute pain and mul�ple other issues, was evaluated for possible right knee disar�cula�on. Preopera�vely he was 
ambulatory and very ac�ve using forearm crutches, a le� AFO and right equinus prosthesis. But his right knee flexion 
contracture worsened with increased pain in his right knee and inverted right cle� foot, along with decreasing ability to 
ambulate. Right knee disar�cula�on was performed at age 10 + 4. Several challenges required unique prosthe�c 
solu�ons. The child’s inability to extend his hips beyond 40 degrees, along with the exis�ng le� knee contracture, meant 
that he con�nued to walk with a very crouched gait. The residual limb was bulbous distally with sensi�ve skin around the 
femoral condyles. The prosthesis needed to reflect marked knee flexion and ankle dorsiflexion to posi�on the foot 
beneath the child’s center of gravity. A sub-ischial socket with liner and suspension pad was constructed with a single axis 
locking knee a�ached in about 30 degrees of flexion. A pediatric hip disar�cula�on pylon with an angled connector was 
used to place the mul�axial foot in dorsiflexion. Later a pediatric shock/torque absorber was added. The pa�ent is 
walking well with this system using forearm crutches. 
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Abstract

Case Study 1: 

 17 y.o. male pa�ent presents during clinic for ini�al evalua�on of his le� hip disar�cula�on amputa�on due to 
osteosarcoma. It is currently Winter of 2024 and pa�ent was amputated in September 2015. Pa�ent has been 
ambula�ng with forearm crutches for almost 10 years with no complaints of overuse or shoulder aggrava�ons. Pa�ent 
has recently decided that he wants a prosthesis for walking across the stage for gradua�on and to ambulate around 
college. His number one ac�vity he hopes to achieve with his prosthesis is to do parkour moves in the future. 

 The challenging part of this case was ini�al gait training. Pa�ent had been ambula�ng for so long now without any 
prosthe�c interven�on that his physical therapist and prosthe�c team were unsure what his gait pa�erns would be. 
Pa�ent underwent a weeklong program of extensive gait training. Videos would be included in the presenta�on of his 
�me working in PT and coaching �ps used to help ini�ate proper ambula�on. Pa�ent does have minor vaul�ng which is 
expected for a hip disar�cula�on pa�ent.

 Case Study 2: 

Pa�ent presents in prosthe�c clinic for second evalua�on for a par�al hip disar�cula�on prosthesis, with her 
grandparents, who are her primary caregivers. Pa�ent is a 2-year-old female that presents with VACTERL contribu�ng to 
spina bifida, scoliosis, and transverse deficiency of the right lower extremity. Pa�ent had been working with Sco�sh 



Rite’s scoliosis team, recently, to receive a TLSO to help address a 41 degree, le� lumbar curve, from T10 to L5. 
Grandparents report that the pa�ent is pulling to stand and scoo�ng on her le� foot when she is standing. Grandparents 
are hoping to find a solu�on to help the pa�ent stand and become more mobile without needing assistance. Both the 
scoliosis team and prosthe�c team are worried about decreasing curve progression and suspending the prosthesis 
properly to allow for maximum ambula�on. 

Pa�ent’s X-ray showed some development of an ilium and upon palpa�on there were bony landmarks of the posterior 
ilium and posterior superior iliac spine but no defined structures. Pa�ent had not been compliant about wearing her 
current TLSO and our fear would be further noncompliance and curve progression. To try and treat both the lower limb 
loss and scolio�c curve, the prosthe�cs and ortho�cs teams tried to use a TLSO-Hip Prosthesis with a reciproca�ng gait 
orthosis (RGO) movement plate. For this concept, we casted from nipple line distally. One clinician was trying to get as 
much spinal correc�on as possible while the other was addressing ge�ng the best shape around the hemipelvis. 

For prosthe�c/ortho�c design, one clinician focused on applying the correct forces to address the scolio�c curve while 
the other clinician ensures proper shaping of the residual and gaining enough suspension for the prosthesis. The 
technicians were key on implemen�ng the RGO por�on of the interven�on. A thermoplas�c thigh sec�on was created, 
for the prosthe�c side, to allow for the reciproca�ng weighted gait movement of the prosthesis/orthosis. An anterior 
panel was used to help suspended the prosthesis/orthosis in place while giving the pa�ent a so�er interface for the 
thoracic sec�on. Grandparent were able to don prosthesis/orthosis successfully. Pa�ent was able to use the 
prosthesis/orthosis with coaching from PT and prosthe�sts/ ortho�sts. With an In-brace X-ray, pa�ent curve progression 
was held at current level. Pa�ent trialed the prosthesis/orthosis for 3 weeks to ensure family felt comfortable with 
proper use and pa�ent found it successful.

Family found it hard to use for everyday life. Pa�ent has gastrointes�nal issue that the anterior panel was causing more 
pressure to the abdominal area. Family had trouble keeping the prosthesis/orthosis on for long periods of �me because 
of the heat of the prosthesis/orthosis and difficulty for the pa�ent to sit and stand. Ul�mately, pa�ent could ambulate 
with coaching and minimal assistance but the family did not think this would be good for a long term op�on. Pa�ent was 
made a tradi�onal hemipelvectomy prosthesis out of thermoplas�c to help not bind her gastrointes�nal system as much 
and heat relive areas as need. Pa�ent worked with prosthe�cs and PT for intensive week of gait training. 

 Case Study 3: 

 Pa�ent is seen for the first �me in prosthe�c clinic for evalua�on of a congenital right hemipelvectomy prosthesis. 
Pa�ent is only 11 months old and trying to pull to stand. Pa�ent was diagnosed with prenatal caudal regression 
syndrome and sacral agenesis that led to the absence of a right lower extremity at birth. Pa�ent has full sensa�on of the 
contralateral side and has full range of mo�on and strength. Pa�ent presents as a true hemipelvectomy on the ipsilateral 
side with a small appendage from the anterior right hemipelvis area. Pa�ent is hi�ng correct developmental milestones 
and parents are eager about helping the pa�ent stand and walk.

The two leading concerns for this prosthesis was suspension and having the correct componentry distally to allow for 
success gait training while s�ll allowing for crawling and si�ng. Prosthe�cs, physical therapy, and the orthopedic team all 
collaborated on what would be best for the pa�ent. The prosthesis was able to fully suspend with a blended flexible and 
rigid prosthe�c socket interface. The pa�ent could slip out of the prosthesis if she flexed to far forward at the waste. This 
will be addressed further as pa�ent hits further along in skeletal maturity. 

The prosthesis was ini�ally design with a single axis pediatric knee backwards to try and help with si�ng while s�ll 
allowing a higher resistance joint for standing. A hip joint wasn’t used due to the weight of the joint and the extreme 
posterior placement of the prosthe�c foot while ambula�ng. Pa�ent did successfully stand and ambulate but had trouble 
si�ng and having too much of a hip imbalance with the length of the knee. During test fi�ng and gai�ng training, the 
knee was turned to its proper alignment. Pa�ent was able to stand and crawl easier. Pa�ent could sit with bending her 
knee and having her prosthe�c foot go behind her. Pa�ent worked with physical therapy about moving objects around at 
quiet standing and taking ini�al step. Pa�ent does at �mes have forward progression with her prosthesis but more work 
with physical therapy and natural progression at home is needed. 
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Abstract

 Our pa�ent is a ten-year-old boy born with congenital absence of all extremi�es: bilateral upper limb phocomelia (short 
humeral segments) and bilateral lower limb amelia. At the age of four years, our pa�ent demonstrated how he colored 
by holding a marker against his chin using his right arm. In order to perform this, trunk flexibility and balance is of 
extreme importance for a pa�ent with his level of involvement. During a follow-up visit, at the age of six years, it was 
noted that one shoulder was higher than the other. X-rays revealed a thoracolumbar curve of 39°. Our pa�ent met the 
criteria for brace treatment and was prescribed night �me use [1].

 A�er one and a half years of brace wear, at the age of seven and a half, he was seen for follow-up. His parents report 
decreased adherence to brace use due to growth and believing it was causing increased gastrointes�nal issues. His x-rays 
revealed a curve of 60° at this visit; however, surgical interven�on was not considered due to the need for him to 
maintain spinal flexibility for his independence, so he con�nued bracing. The pa�ent came in a�er another six months 
and the curve had decreased back to 39°. At this �me, it became apparent that he was able to “sit up straighter” and 
reduce the curve, or “slouch” and sink into it. Night �me brace wearing con�nued for several years. 

 When he returned at age ten, his curve was found to s�ll be at 62° and he was only comple�ng 4-8 hours a day of brace 
wear, therefore surgical considera�ons were discussed. Unfortunately, fusions typically result in a significant loss of spinal 
mo�on which in turn have nega�ve effects on the independence and quality of life of children with amelia [2]. Anterior 
vertebral body tethering (AVBT) was discussed as an alterna�ve method for treatment. AVBT involves a�aching a flexible 
cord to the convex side of the curve of the spine, which provides some immediate correc�on but primarily acts by 
providing guided growth correc�on [3]. The family decided this was the best op�on given the pa�ent’s condi�on.

 Due to the rarity of phocomelia/amelia pa�ents, and the lack of data regarding the use of AVBT for treatment of scoliosis 
in this popula�on, the spine surgeon decided to u�lize the movement science lab to look at the spinal flexibility of this 
pa�ent before and a�er his tethering procedure. 3-dimensional mo�on capture was used to collect range of mo�on with 
him si�ng on the floor. Our pa�ent underwent AVBT of T8-L4 with no complica�ons. On the day of surgery, his 
thoracolumbar curve measured 66°. One-year post, he had improved and was more balanced on the floor and was no 
longer repor�ng being afraid of falling over. His family reported that he was back to moving around the house on the 
floor. X-rays at that �me showed intact instrumenta�on and good curve correc�on in the coronal plane, measuring 12°. 
*Follow-up with Movement Science is s�ll pending.
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Abstract

Children with limb difference may or may not be fi�ed with a prosthesis or orthosis for different reasons. Whether they 
are fi�ed or not, an evalua�on by an occupa�onal therapist can assist with boos�ng independence with adap�ve 
equipment or compensatory strategies. Our popula�on of children are o�en unique and require customiza�on of 
adap�ve equipment. An overview of adap�ve equipment available and how it can be further customized to increase 
children’s independence in daily life ac�vi�es and tasks through all stages of development will be provided. This will 
include a review of the new Enhancing Skills for Life Hands Free Catalog. 
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Abstract

Introduc�on: Children with Unilateral Congenital Below-Elbow Deficiencies (born without a hand, UCBED) have a high 
rate of prosthe�c abandonment [1], poin�ng to unresolved challenges that may be dis�nct from those faced by adults 
with limb loss. There is limited knowledge of the motor control these children have over their affected muscles [2], [3], a 
highly relevant ques�on for dexterous prosthe�c control. Our research aimed to measure the extent of voli�onal, 
propor�onal muscle ac�va�on that exists in the residuum when children a�empt moving their missing hand to varying 
levels of closure. This informa�on is cri�cal for crea�ng highly func�onal, pediatric-specific prosthe�c devices [4]. 

 Materials and Methods: We recruited N=30 pediatric par�cipants (ages 9-19 years, Avg. 13.7 ± 3.1 years, 16 male, 14 
female) with UCBED from 4 Shriners Children’s Hospital loca�ons (Northern California, Portland, Greenville, Chicago). We 
employed ultrasound imaging to capture the muscle ac�vity of par�cipants’ affected and unaffected limbs while they 
a�empted a cursor control task [5]. Par�cipants used their forearm muscles to move a cursor up and down the screen—
a�emp�ng to close their hand would move the cursor up, and opening their hand moved the cursor down—and they 
were instructed to try and match their cursor posi�on with target lines that appeared randomly at 5 levels on the screen. 
We then analyzed the movement of the recorded cursor ac�vity. 

Results and Discussion: All N=30 par�cipants showed a significant level of propor�onal posi�on control in both their 
affected and unaffected limbs. Their average stable cursor posi�ons, when separated by target level, were all significantly 
different from one another (p<.0001), as shown in Figure 1, indica�ng an inten�onal degree of control and ability to 
achieve discrete propor�onal posi�ons. A 2-way ANOVA test revealed there was no significant difference between 
par�cipants’ affected and unaffected limbs (p=.1557), sugges�ng that the muscles in children’s missing limbs are capable 
of the same complexity of control as their intact hand. 

 Conclusions: The design of effec�ve dexterous prosthe�c control systems requires a clear understanding of the motor 
capabili�es of the user. The results from the study indicate that children with UCBED have a robust level of propor�onal 
control over their residual muscles, and thus likely possess innate poten�al to effec�vely operate advanced prosthe�c 
control systems. 



Figure 1: Average stable cursor posi�on, separated by target loca�on (colors), for each of N=30 par�cipants. 
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Abstract

We present a case of an adolescent girl with a history of congenital le� below elbow transverse. deficiency that 
illustrates challenges of selec�ng the appropriate upper extremity prosthesis.

During her elementary years, she intermi�ently wore a passive prothesis, which she found to be hot and uncomfortable. 
Despite these challenges, adap�ve equipment allowed her to play the. ukelele, sparking her interest in ac�ve prostheses. 
At age nine, she received myoelectric prosthesis; however, she felt it to be cumbersome and heavy, causing her soreness. 
Despite undergoing extensive occupa�onal therapy to improve usability and tolerance, she ul�mately stopped wearing 
the prosthesis for two years.

Upon returning to our clinic, she expressed a desire for a new prosthe�c solu�on that would accommodate her new 
interests in swimming and art. A�er discussing mul�ple op�ons, she chose a voluntary opening below-elbow prosthesis. 
Since transi�oning to this device, she has worn it daily and reports feeling happy and is ac�ve in her pursuits.

This case emphasizes that, while myoelectric prostheses represent and exci�ng fron�er in prosthe�c technology, 
individual pa�ent preferences and tolerances play a crucial role in successful prosthe�c outcomes.
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Abstract

Background 

Pa�ent is a 3-year-old female with complex medical history including mul�ple cardiac surgeries, including a Glenn 
procedure for double inlet le� ventricle (DILV). Her hospital course was complicated by le� middle cerebral artery (MCA) 
stroke, resul�ng in right hemiplegia in addi�on to right lower extremity ischemia caused by a common femoral artery 
thrombosis, which required medical and surgical thrombolysis. These severe cardiovascular and neurological issues 
significantly impacted the pa�ent's rehabilita�on process following a right knee disar�cula�on. 

Case Descrip�on 

The pa�ent underwent knee disar�cula�on in September 2021. Ini�ally following amputa�on, she had a 40-degree hip 
flexion contracture, making prone posi�oning painful and limi�ng therapy to side-lying ac�vi�es. With physical therapy 
interven�on, the contracture decreased to 5 degrees by February 2022. She con�nued to have gait devia�ons including 
right circumduc�on and hip hiking. Muscle imbalances due to her stroke and right sided weakness further complicated 
her gait, she had stronger gluteus medius and tensor fascia lata muscles which overpowered her weaker adductors. 
These biomechanical challenges required a specialized approach to her prosthe�c care and therapy. 

Early prosthe�c management occurred while the pa�ent was s�ll hospitalized and receiving Milrinone, a medica�on 
cri�cal to her cardiac stability. The ini�al prosthe�c fi�ng involved a single-axis knee with a manual lock to provide basic 
support and reduce fall risk. This prosthesis was only a temporary solu�on as the pa�ent began to outgrow it, both 
physically and func�onally. 

Challenges and Prosthe�c Solu�ons 

The evolving challenges in this case stemmed from the pa�ent’s unique muscular imbalances and the development of a 
significant abduc�on contracture. We ordered a polycentric knee joint for her second prosthesis for increased stability 
and set in standard bench alignment. This however, inadvertently exacerbated her gait issues by encouraging excessive 
circumduc�on and further increasing her abduc�on contracture to 15 degrees. This was especially noted during play, as 
she found it easier and faster to run without bending her knee. However, she could bend her knee when prompted, 
showing that with further therapy and prosthe�c adjustments, her func�onal poten�al could con�nue to improve. 

In the pa�ent’s newest prosthesis, during a diagnos�c fit, dynamic alignment was assessed with the weight line 
posi�oned behind the prosthe�c knee joint to inten�onally reduce stability, encouraging her to flex the knee during the 
swing phase. Within minutes, she was able to adapt to this and walked with a completely normal gait pa�ern. 

Therapy and Progress 

Rehabilita�on ini�ally required the use of a walker for short distances and a wheelchair for longer distances. Over �me, 
with ongoing physical therapy and adapta�on to her prosthesis, the pa�ent became more independent. From the start, 
she was able to independently don her prosthesis, a notable achievement given her neurological deficits. 



Despite the persistence of circumduc�on, the pa�ent made considerable strides in mobility, balancing the demands of 
her complex medical background with the need for func�onal independence. 

Conclusion 

This complex pediatric knee disar�cula�on case illustrates the challenges of managing prosthe�c care in the presence of 
significant cardiac and neurological comorbidi�es. It highlights the cri�cal role of individualized prosthe�c solu�ons, 
ongoing therapy, and mul�disciplinary collabora�on in achieving the best possible outcomes. 



30

The Risk of Overgrowth Following Trans�bial Amputa�on is Dependent on Age at Ini�al 
Surgery

Anne Marie Dumaine, MD, Corey Gill, MD/MA, Claire Shivers, BS, Kelly Jeans, MS, Jessica Laureano Phillips, 
MS/MPH, and Chan-Hee Jo, PhD

Short Bio of all Presen�ng Authors

Corey S. Gill, MD/MA, is a Pediatric Orthopaedic Surgeon at the Sco�sh Rite Hospital for Children and an Assistant 
Professor in the Department of Pediatric Orthopaedic Surgery at UT Southwestern Medical Center in Dallas, Texas. He 
completed medical school and orthopaedic residency at Washington University in St. Louis, followed by a Fellowship in 
Pediatric Orthopaedic Surgery at the Sco�sh Rite Hospital for Children. Dr. Gill is a Fellow of the American Academy of 
Orthopaedic Surgeons (AAOS) and is an Ac�ve Member of the Pediatric Orthopaedic Society of North America (POSNA) 
and the Associa�on of Children’s Prosthe�c-Ortho�c Clinics (ACPOC). He serves on the ACPOC Board of Directors and the 
POSNA Pediatric Orthopaedic Global Outreach (POGO) Commi�ee. Clinically, Dr. Gill treats pa�ents with a variety of 
congenital and acquired pediatric orthopaedic condi�ons such as musculoskeletal trauma, hip dysplasia, and clubfoot. He 
has a par�cular interest in treatment of children with lower limb differences who have undergone limb abla�on surgery 
and/or u�lize prosthe�c devices.

Abstract

Introduc�on: Terminal limb overgrowth is the most common complica�on a�er trans�bial amputa�on in pediatric 
pa�ents. Overgrowth leads to significant morbidity including pain, inability to wear prostheses, and the need for surgical 
revisions. A more comprehensive understanding of the epidemiology, risk factors, and surgical techniques associated 
with overgrowth treatment is needed to be�er educate families and clinicians involved with care of pediatric amputees.

Methods: We performed a retrospec�ve chart review of trans�bial amputa�ons within our Ins�tu�onal Registry of Lower 
Limb Deficiency Pa�ents (n=1051). Pa�ents were included if they had trans�bial amputa�on for any reason, were <18 
years of age, and had >1 year of follow up.

Results: 191 pa�ents with 213 trans�bial amputa�ons were included in the study. Mean age at amputa�on was 6.34 
years (0-17.96) with a mean follow-up of 9.7 years (1.1-20.1). Over half of pa�ents (108/191) required amputa�on 
revision for symptoma�c overgrowth with a median of 2.00 revisions/limb (range 1-10). The highest incidence of 
overgrowth was in pa�ents with amnio�c band syndrome at 73.7% (28/38). Mean age at ini�al amputa�on was lower in 
pa�ents developing overgrowth (4.51 years) compared to those with no overgrowth (8.58 years) (p<0.0001). The 
incidence of overgrowth was 2.2-fold higher in pa�ents with ini�al amputa�on < 10 years of age (66.2%, 96/145) 
compared to pa�ents >10 (30.3%, 20/66). There was moderate nega�ve correla�on between age at ini�al overgrowth 
revision surgery and total number of revisions (r= -.57, p<0.0001). At the �me of ini�al overgrowth revision, 93 limbs 
underwent simple resec�on versus 24 limbs with modifica�on performed (osseocar�laginous capping, modified Ertl, 
osseous canal plugging) to prevent future overgrowth. While modifica�ons trended towards a longer �me between 
subsequent revisions (3.10 years vs 2.26 years, p= .1093), the need for a subsequent revision was not changed.

Conclusions: Most pediatric pa�ents with trans�bial amputa�ons develop overgrowth (56.5%). Younger age at ini�al 
amputa�on is associated with increased risk of overgrowth and the need for mul�ple revision amputa�ons. Treatment 
for overgrowth is the rule rather than the excep�on for diagnoses leading to trans�bial amputa�on at a young age such 
as amnio�c band syndrome. Future studies are needed to iden�fy effec�ve interven�ons for preven�ng overgrowth in 
this popula�on.

Significance: Within the literature, this review consists of the largest cohort of trans�bial pediatric amputee pa�ents with 
the highest documented incidence of overgrowth and provides important informa�on for counseling pa�ents on risk of 
developing overgrowth based on age and e�ology of amputa�on.
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Abstract

The Amputee Coali�on’s newly commissioned study �tled, Prevalence of Limb Loss and Limb Difference in the United 
States: Implica�ons for Public Policy, published by Avalere Health, shows that there are 5.6 million individuals living with 
limb loss or limb difference in the United States, 3.4 million living with limb difference. This presenta�on will provide an 
overview of this first-of-its-kind study and the public policy implica�ons of its results, specifically focusing on data related 
to the prevalence of limb difference and pediatric amputa�ons. 

 Learning Objec�ves:

Upon comple�on, par�cipants will be able to describe the recently published prevalence data for the limb loss and 
limb difference popula�on.
Upon comple�on, par�cipants will understand the limita�ons of the retrospec�ve claims review data, including 
popula�ons not captured in the data set.
Upon comple�on, par�cipants will be able to discuss trends in the data specific to the most prevalent limb 
difference diagnoses and the most common diagnoses preceding amputa�on for the pediatric popula�on. 

https://www.amputee-coalition.org/
https://www.amputee-coalition.org/
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Abstract

Introduc�on

The Pediatric Outcomes Data Collec�on Instrument (PODCI) has been used as a pa�ent reported outcome tool in 
children with upper1 and lower extremity limb deficiency.2-5 Significant factors affec�ng this pa�ent group include 
underlying diagnosis (congenital v acquired), deficiency level, age, laterality, etc. While previous studies have shown 
Adolescents score themselves higher func�oning than their parents perceive3,4, it is unknown if there is a rela�onship 
between perceived func�on and objec�ve measures of func�on, including gait and walking speed. A recent report 
looking at change in gait compensa�on pa�erns, showed li�le change over �me6, however, it is unknown if pa�ent 
reported outcome scores reflect this result. 

Methods

As part of an IRB approved study, children with lower extremity limb deficiency were invited to undergo 3D gait analysis 
and PODCI tes�ng at 2 �me points. The Gait Devia�on Index (GDI) was calculated for the involved limb(s)7 using 100 
control subjects as reference data. Walking speed (% of TD) was also included. The parent/adult PODCI along with the 
adolescent report from Visit2 included the four subscales (UpperExtremity, Transfer/Basic Mobility, Sport/Physical 
Func�on and Pain/Comfort), Happiness and the cumula�ve Global Func�on score. Sta�s�cal analysis was conducted with 
alpha set to 0.05.

Results

A comparison of PODCI results between Visit1 (age 7.3yrs) and Visit2 (15.0yrs; 7.3yrs follow-up) from 42 children (27 F) 
with limb deficiency (10 Syme, 12 trans�bial, 4 knee disar�cula�on, 2 transfemoral, 9 PFFD and 5 bilateral (4 BK, 1 KD); 
34 Congenital & 8 Acquired) can be found in Table 1. Thirty-three par�cipants were also seen for gait analysis. PODCI 
scores show a significant increase in UpperExtremity, Sport/PhysicalFx and Global Func�on scores (p<0.025) at Visit2, 
while Happiness ra�ngs went down (p=0.021). There were no significant differences in PODCI scores between the parent 
and the adolescent self-report at Visit2. The GDI improved (p=0.030), but the increase in walking speed at Visit2 (98% v 
93%) was not significant (p=0.058). Correla�ons between adolescent PODCI scores and the GDI and walking speed, 
showed weak to moderate correla�on across all subscales (p<0.043), except UpperExtremity (p=0.091).(Table 2) There 
were no significant findings based on congenital verses acquired (p>0.05), however, length of follow-up between visits, 
was posi�vely correlated with Sport/PhysicalFx (r=0.36; p=0.036), Happiness (r=0.47; p=0.006) and Global func�on 
(r=0.40; p=0.019).

Discussion



Current results suggest an improved percep�on of func�on by the parent between Visit1 and Visit2 with a rela�vely 
marginal change in the overall gait score (1.5 change). Correla�ons across most PODCI scores and GDI and Walking 
Speed, were seen in the Adolescent self-reports at Visit2, indica�ng the adolescent report is more indica�ve of their Gait 
score and walking speed. These rela�onships were not made in the parent report at Visit2. It should be noted, that with 
few excep�ons, the PODCI scores were slightly below norma�ve values8 reported by TD children. One excep�on was 
with the Happiness subscale. Although it decreased between Visit1 and Visit2, both were WNL. This study highlights the 
necessity of having adolescents self-report, as they are more closely aligned with func�onal outcomes.
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Abstract

The Problem: 

Prior to October 7th, 2023, access to pediatric orthopedic and prosthe�c care in Gaza was severely limited, despite 
sustained efforts of several ACPOC members, NGOs, and local partners. Since the War in Gaza began in 2023, pediatric 
orthopedic and prosthe�c infrastructure has been eliminated, despite es�mates of over 1000 new pediatric amputees in 
Gaza secondary to war-related injuries. 

As one example, the pa�ent presented is an 8-year-old male from Gaza City who sustained an open femur fracture 
secondary to a bomb striking his home on December 4, 2023. He was brought to a hospital in Gaza and noted to have a 
dysvascular limb. Secondary to hospital resources being overwhelmed, he did not have surgery un�l 4 days a�er 
admission. Ini�al treatment included I&D and external fixator placement. He developed a gangrenous foot and ul�mately 
underwent right trans�bial amputa�on with skin gra�ing from the ipsilateral thigh to cover the end of the residual limb. 

Pa�ent eventually was transferred to Egypt and the external fixator was removed May 4, 2024. At that point, there was a 
femur nonunion/malunion with shortening and varus deformity of the right thigh, and there was evidence of chronic 
osteomyeli�s on radiographs. There was a 45-degree knee flexion contracture and pa�ent did not tolerate contact over 
the end of the residual limb. He had not been measured for or worn a prosthesis.

 The Solu�on:

This pa�ent was brought to the United States for defini�ve management of his complex injury, with the assistance of an 
NGO focused on trea�ng injured children from Gaza. The presenta�on will outline the mul�disciplinary approach to his 
care, including involvement by orthopedic and plas�c surgeons, prothe�sts, psychologists, nurses, child life and 
therapeu�c recrea�on specialists, and physical therapists. 



1. 

2. 

3. 

4. 

5. 

6. 
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Abstract

Background: 
 Pediatric limb differences (LD) present significant challenges worldwide, especially in lower- and middle-income 
countries (LMICs). The World Health Organiza�on (WHO) es�mates that 94% of children with LD are born in LMICs, 
where factors leading to pediatric amputa�on dispropor�onately fall and where access to orthopedic treatment or 
prosthe�cs and ortho�cs (P&O) care is o�en limited. Despite technological advances and organiza�onal efforts, access to 
quality P&O services remains a global challenge. This study explores perspec�ves of professionals providing pediatric 
P&O care in various global contexts, aiming to understand care challenges and iden�fy poten�al solu�ons. It was 
hypothesized that while challenges in the amputa�on care con�nuum might mirror those encountered by adults, there 
would be dis�nct features to pediatric care that exacerbate difficul�es in accessibility and affordability of quality P&O 
care on a global scale. 

 Methods:
 Semi-structured virtual interviews were conducted with 12 P&O professionals who had interna�onal work experience. 
Interviews were about 45-minutes in dura�on and interviews were transcribed in a clear verba�m approach. Through an 
itera�ve deduc�ve-induc�ve approach, thema�c analysis was performed to meaningfully represent the discussions on 
barriers and facilitators in global pediatric P&O care. 

 Results: 
 P&O professionals with experiences in 16 countries across 5 con�nents described a complex landscape, and 6 key 
themes emerged: 

Limita�ons of Personnel and Products: A shortage of skilled professionals, maintaining a trained workforce, and 
inconsistent availability of appropriate materials and technologies led to variable quality of care. 
Barriers to Accessing Services: Geographic challenges, especially for pa�ents and families living in rural areas, were 
o�en compounded by financial constraints and sociocultural factors which impacted access to care. 
Working within Systems: Collabora�on with exis�ng healthcare systems, medical communi�es, and local and 
na�onal government support varied across regions, influencing care delivery.
Con�nual Childhood Needs: Pediatric pa�ents required pediatric-specific components and ongoing adjustments 
due to their development, which exacerbated the strain on resources and services.
Suppor�ng Families and Pa�ents: Family involvement was cri�cal in the rehabilita�on of children with P&O needs; 
however, many families faced overwhelming social and financial pressures.
Holis�c and Person-Centered Care: A comprehensive, child-first approach focusing on community integra�on, 
educa�on, and long-term rehabilita�on was emphasized as crucial for successful outcomes.

 Conclusions:
 The interviews highlighted intricate global challenges in P&O care that are par�cularly nuanced in children. The study 
calls for systema�c improvements in policy, workforce development, and material sourcing to create sustainable, quality 
pediatric P&O care. Moreover, a child-first approach, which addresses growth-related prostheses adjustments, family 
support, and community integra�on, is paramount to improving quality of life for children with LD.

 Significance:



Children with LD have unique and evolving prosthe�c and ortho�c needs as they grow, necessita�ng mul�dimensional 
approaches to op�mize care. For children in resource-limited environments, strategies must be child-centered and 
context-specific to effec�vely meet the needs of these vulnerable popula�ons. Global health ini�a�ves should focus on 
developing accessible, appropriate, and sustainable P&O care to meet the needs of children with LD worldwide. 
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Abstract

According to this year’s United Na�ons (UN) Report on Children and Armed Conflict the number of children killed (5301) 
and maimed (6348) increased overall in 2023 by a staggering 35% as compared with 2022.1 Civilians represented 63% of 
casual�es from explosive weapons in 2021 and 2022.2 O�en over 40% of civilian casual�es are children. Global Burden 
of Disease database prevalence of unilateral lower limb amputa�on among children up to the age 14 years old was 
es�mated to be 92,496 from conflict and terrorism in 2017, the third leading cause globaly.3 In a systema�c review of 
trauma and rehabilita�on interven�ons to women and children in conflict se�ngs, out of the 81 studies reviewed, the 
most reported interven�ons were orthopedic reconstruc�ve surgery and amputa�ons.4 Barriers iden�fied included 
capacity to manage and stabilize trauma cases at site of injury, transporta�on, safety, exper�se for management of 
trauma cases, collabora�on, appropriate medical supplies and surgical equipment, paucity of data on follow up if this 
occurred at all. Addi�onal possible gaps related to limb injury care include preven�on strategies (conflict preven�on and 
civilian harm reduc�on during military opera�ons), physiological needs of children (op�mal tourniquet use, shock, 
hypothermia, transfusion, op�mal limb salvage technics, healing, rehabilita�on, ortho�cs, growth, holis�c support); cost; 
understanding prac�cal and ethical challenges of working and collec�ng data in austere environments.

Capturing the data on numbers of children who are cri�cally injured in areas of war and conflict is limited if not absent. 
Children are innocent vic�ms sustaining unimaginable injuries if not death in areas of conflicts such as Ukraine, Israel and 
Pales�nian Territories including Gaza, Lebanon and other conflicts. Medical, surgical, rehabilita�on, and 
prosthe�c/ortho�c interven�ons are not adequately documented. Therefore, informa�on repor�ng short- and long-term 
outcomes are absent in the literature. 

Solu�on-

Perform a systema�c review of the literature on Pediatric limb injuries in armed conflicts and the global impact of war 
and trauma using PRISMA focusing on:

Es�mate epidemiology 



Popula�on incidence and prevalence

Rates per case series 

Report (with available data)

Mechanism of injuries

Types of injuries

Loca�on of care

Describe immediate and long-term care, what works, and gaps
Es�mate lifelong costs
Form a mul�disciplinary team to iden�fy the need for awareness of the impact of war and trauma in global areas of 
conflict on children. The team can include ACPOC members and others with experience in humanitarian service.
Create a network for communica�on and to share informa�on

Outcome- 

Publish the systema�c review in a journal with the focus on pediatric health and wellness and the impact of 
conflicts and trauma.
Present at pediatric and orthopedic pediatric associa�on mee�ngs
Collaborate with others na�onally and interna�onally who have published on this topic
Iden�fy na�onal and interna�onal resources to increase awareness and so others can become involved
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Abstract

Access to high-quality prosthe�c, ortho�c, and rehabilita�on (P&O) care remains a challenge for pa�ents with limited 
financial resources, par�cularly in areas where there is a large popula�on of foreign-born people who do not possess a 
valid visa or other immigra�on documenta�on.

This presenta�on will discuss our prac�ces for providing comprehensive P&O services to unfunded pa�ents, describing 
our approaches to mi�gate financial barriers while maintaining care standards. Key strategies include iden�fying non-
profit partnerships, developing rela�onships with different departments and organiza�ons, and u�lizing crea�ve 
solu�ons for rehabilita�on and prosthe�cs and ortho�cs. In addi�on, we will discuss community-based programs, 
telehealth services, and consider other ways to enhance accessibility and pa�ent outreach.

 Long term we hope that government-funded ini�a�ves and advocacy for expanded healthcare coverage can be created 
as crucial components of a sustainable care model. By discussing and brainstorming these approaches, our hope is that 
rehab professionals can ensure that all pa�ents, regardless of financial standing, receive the cri�cal support they need to 
regain mobility and improve quality of life.
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Abstract

Introduc�on

 Talocalcaneal coali�ons are one of the most common tarsal coali�ons diagnosed in adolescent pa�ents1-3. It 
occurs when an abnormal connec�on, either osseous or fibrous, forms between the talus and calcaneus, 
limi�ng subtalar mo�on1-3. The coali�on can con�nue to ossify as pa�ents reach skeletal maturity which 
causes various symptoms promp�ng them to seek clinical care3. These coali�ons can cause rigid fla�eet, pain, 
lead to ankle sprains, and other factors affec�ng daily living1-3. Aside from clinical examina�on, gait analysis is 
useful in providing informa�on about how segments move in rela�on to one another during gait. Mul�-
segment foot models have been on the rise to accurately analyze segments of the foot since most general 
models assume the foot to be a single rigid body. It is known that talocalcaneal coali�ons limit or reduce 
subtalar mo�on, but it is important to understand how it may also impact various segments of the foot during 
gait. 

Clinical Significance



 Reduc�on of subtalar mo�on mostly affects func�on of the hindfoot during gait, but further analysis is needed 
to understand resul�ng compensatory pa�erns that hinder func�on. Analysis of foot kinema�cs during ini�al 
presenta�on can set the founda�on to determine what aspects may warrant conserva�ve or surgical 
treatment. 

Methods

 The study consisted of a retrospec�ve review of pa�ents from an IRB approved foot and ankle registry. Eleven 
par�cipants (17 feet) had a confirmed talocalcaneal coali�on diagnosis. Fi�een controls (26 feet) were used as 
the compara�ve control cohort. All par�cipants underwent gait analysis using a Vicon Mo�on Capture System. 
A modified Helen Hayes marker set was used in addi�on to our SRC foot model to analyze different foot 
segments rela�ve to one another during gait. The SRC foot model allows mo�on analysis of the hindfoot 
segment rela�ve to the �bia, and the forefoot segment rela�ve to the hindfoot. A representa�ve trial was 
chosen from a set of consistencies for analysis. Sta�s�cal analysis was completed by using a non-parametric 
Mann Whitney U test with p<0.05. 

Results

 Table 1 shows the results for the kinema�c variables involving the ankle, hindfoot rela�ve to the �bia, and the 
forefoot rela�ve to the hindfoot. 

Discussion

General ankle mo�on shows that feet with talocalcaneal coali�ons exhibit reduced sagi�al plane mo�on and a 
more external foot progression angle. Hindfoot mo�on rela�ve to the �bia shows that the hindfoot in the 
coali�on group remains slightly dorsiflexed during push-off in 3rd rocker. The coali�on group also remains in 
hindfoot valgus during stance with reduced range of mo�on in the coronal plane. There were significant 
differences in all kinema�c variables amongst all planes of mo�on when looking at the forefoot rela�ve to the 
hindfoot. Most notably there is increased plantarflexion seen throughout all three rockers of gait, increased 
inversion, and increased forefoot abduc�on. These can be considered compensatory mo�ons to maintain a 
func�onal foot while the hindfoot mo�on is limited. 
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Abstract

Introduc�on: Idiopathic toe walking is a common variant of gait and natural history suggests most cases resolve by age 
10. At our ins�tu�on, we consider treatment for idiopathic toe walking when it causes pain, interferes with ac�vi�es, or 
leads to contractures. An algorithm is used with the eventual goal of ini�a�ng an intensive brace protocol followed by a 
3-month taper. The ankle-sha� angle is set to neutral dorsiflexion, and if the child has a contracture, serial cas�ng is 
implemented to allow for dorsiflexion to 10 degrees past neutral. 

This study aims to determine if cas�ng and brace tolerance differs in children with sensory processing differences as per 
Short Sensory Profile (SSP) scores. We hypothesized that children who scored outside the norm on the SSP would have 
more skin and cast complica�ons and less brace tolerance. 

Methods: A retrospec�ve chart review was conducted of children seen in a toe walking clinic who had filled out an SSP. 
Children who had a neuromotor diagnoses, structural findings on neuroimaging, under 3 years of age, and those who 
were lost to follow up before interven�on was conducted were excluded. Data collected from 102 pa�ents and included 
demographic characteris�cs, range of mo�on at the ankle before and a�er interven�on, percentage of �me spent on 
toes before interven�on, number of casts placed, and whether cast complica�ons, pain, and brace intolerance occurred. 
A chi-square test was used to compare categorical variables and for the small sample size Fisher’s exact text was u�lized. 
Con�nuous variables were first examined for normality of data distribu�on and then a nonparametric test such as Mann-
Whitney was executed. Significance was set at p < 0.05. 

Results: There were no differences in age, gender, or ethnicity between the different SSP cohorts. Those who scored 
above the norm in both the sensory and behavioral categories of the SSP were more likely to have a neurodevelopmental 
diagnosis compared to those that scored within the norm (P values of .0013 and .00000 respec�vely). There were no 
differences between SSP cohorts with regards to the percentage of �me spent on toes, the number of casts placed to 
reach ankle dorsiflexion goal, or the degree of ankle dorsiflexion achieved a�er cas�ng. Ankle dorsiflexion before cas�ng 
was also all the same bilaterally except for those that scored below the sensory norms. There were no differences in 
number of cast complica�ons or skin problems between the cohorts. Bracing was more likely to be tolerated in the 
cohort that scored above the norm than those that scored in the norm in sensory category (P value of 0.0250), otherwise 
there was no difference in brace tolerance. 

Conclusions: We rejected our hypothesis. Cas�ng and bracing are tolerated in children with idiopathic toe walking, even 
in those with concerns for sensory processing differences. Non-surgical treatment should be considered in all children 
who would benefit from treatment for idiopathic toe walking even when associated with a neurodevelopmental 
diagnosis. 

Table 1: Baseline Characteris�cs and Cas�ng and Bracing Tolerance Variables 

* Designates a sta�s�cally significant difference in values 



 Total 

(N)

Percent Avg 
Spent on Toes

 

Avg ADF Before 
Tx- Right 

(Degrees)

Avg ADF Before 
Tx- Le� 

(Degrees)

Avg Weeks in 
Cast 

(N)

% Avg Cast 
Complica�on 

% Avg Skin 
Complica�on 

% Avg That 
Tolerated Brace

 

Normal Sensory 
Score 

63 83 -6.02 -6.67 5.02 10.81 27.03 80.85

Sensory score 
above norm 

33 91

(.3284)

-4.39

(.5916)

-5.1

(.5078)

4.28 

(.3248)

15.79

(.6876)

31.58

(.6786)

56.00 

(.0250*)

Sensory score 
below Norm 

6 83

(.8222)

1.67

(.0659)

1.67

(.0475*)

4.0

(.5233)

66.67

(.0536)

33.33

(>.9999)

80.00

(>.9999)

Normal 
Behavioral 
Score 

61 85 -5.03 -5.82 5.22 8.57 22.86 77.27

Behavior score 
above Norm 

30 89

(.5813)

-5.57

(.6187)

-6.17

(.6332)

3.90

(.0860)

22.22

(.2110)

33.33

(.4126)

57.14

(.3817)

Behavior Below 
norm 

11 82

(.7471)

-3.64

(.6445)

-3.64

(.5140)

 

4.33

(0.4556)

33.33

(.1476)

50.00

(.3162)

66.67

(.3435)
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Abstract

Introduc�on to clinical case 

Idiopathic Toe Walking (ITW) is a diagnosis of exclusion [1] that refers to an individual without apparent cause for 
persistent toe walking beyond two years of age [2], but is able in the first years of toe walking to voluntarily heel-toe gait. 
Effects of persistent toe walking can result in decreased ankle dorsiflexion range of mo�on (ROM) [3] and lower 
extremity musculoskeletal pain. In youths with ITW, the principal non-invasive treatments to reduce toe-walking are 
physical therapy exercises [4], ankle foot orthosis [5] and serial cas�ngs [6]. The TurtleBrace® (thermoplas�c brace) is a 
non-invasive alterna�ve treatment to serial cas�ng which is less �me consuming to manage, easier to tolerate, can be 
remolded and worn in shoes. There is currently a gap in the literature on the efficiency of TurtleBraces® to treat ITW and 
its effects on the biomechanics of gait. This case study aims to iden�fy objec�ve biomechanical outcome differences 
between pre-and post-treatment of ITW with TurtleBraces to be�er determine its effec�veness in normalizing ankle 
ROM. 

Methods 

Four pa�ents, 2 females (6 and 7 years old) and 2 males (5 and 11 years old), diagnosed with ITW were evaluated pre-
and post-TurtleBraces® treatment bilaterally 23 hours per day for 6 weeks, at a pediatric 

orthopedic hospital in a mo�on analysis center. Three groups were created for comparison: 1- ITW pre-TurtleBraces®; 2- 
ITW post-TurtleBraces® treatment; 3- Database of healthy controls. The par�cipant walked barefoot over ground at a 
self-selected speed. Retroreflec�ve markers were used to iden�fy specific bony landmarks on the pa�ent. A mo�on 
capture system was used to collect kinema�c data. For the main outcome measures, ankle joint angles in the sagi�al 
plane were processed, averaged and output for three complete Gait Cycles (GC) on each side. To iden�fy sta�s�cal 
difference, the main outcome measures were compared using sta�s�cal parametric mapping between groups 1 vs 2, 1 vs 
3 and 2 vs 3. 

Results 

Data showed sta�s�cally significant normaliza�on of ankle ROM post-TurtleBraces® treatment compared to pre-
treatment during ini�al contact through mid-loading response (0.0-5.0% of GC), mid-stance (15.1-26.3% of GC), pre-
swing through early swing (52.7-67.4% of GC) and end of mid-swing through late swing (82.6-100.0% of GC) (Figure 1). 
Data also showed incursion into ankle dorsiflexion post-TurtleBraces® compared to pre-treatment with significant 
differences on ini�al contact through mid-stance (0.0-30.1% of GC) and through swing phase (64.4-100% of GC). 

Conclusion and clinical relevance 



The data of the current case study suggest that TurtleBraces® normalize ankle ROM in the sagi�al plane for 
approximately 48% of the GC. Although preliminary, the current data set shows the poten�al of TurtleBraces® to improve 
ankle kinema�cs in youth with ITW. Larger studies comparing TurtleBraces® to serial cas�ng are warranted to conclude 
firmly on the topic. 

Fig 1. Pre-and Post-TurtleBrace Treatment Ankle Kinema�cs 
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Abstract

Goals and Objec�ves

A�er the seminar, audience members will: 

1. Understand the importance of diagnosing cerebral palsy at an early age 

2. Be familiar with different approaches to diagnosing of infants and older children with CP

3. Understand how to use a standardized approach to disclosing a new diagnosis of CP 

4. Feel comfortable discussing ortho�c recommenda�ons a�er a new diagnosis of CP

5. Recognize the importance of early diagnosis within the context of neuroplas�city 

 Introduc�on: Cerebral palsy (CP) describes a group of permanent disorders of movement and posture a�ributed to a 
non-progressive disturbance in the developing brain. It is the most common cause of physical disability in children. The 
average age of diagnosis in the United States is at about two years of age. Because CP requires mul�disciplinary team 
efforts to maximize func�on, comfort, and independence, many therapists, ortho�sts, and others will interact with 



families with a fresh diagnosis of CP. This seminar is intended to provide background and a pa�ent centered approach to 
discussing diagnosis and treatment op�ons. 

Methods: Four speakers comprised of a research occupa�onal therapist (AS), two pediatric physiatrists (RS and FR), and 
one ortho�st (KT) will make up the team. AS will reviewing the importance of early diagnosis of CP. RS will then review 
the tools and resources available to diagnose infants under 2 years and her experience as a pediatric physiatrist at a large 
ter�ary, academically affiliated children’s hospital. FR will review the resources and tools used to diagnose CP a�er two 
years of age. The approach to delivering the diagnosis of CP to families will then be reviewed by FR and RS using the 
SPIKES protocol. KT will follow by providing an approach to explaining the role of orthoses, answering difficult ques�ons 
and overall best prac�ces when considering orthoses in children with CP. Finally, AS will explain some lessons learned 
from a pa�ent centered outcomes research ini�a�ve sponsored CP conference with the goal of determining research 
priori�es in the early diagnosis of CP. 

Conclusions: Cerebral palsy is a heterogenous condi�on that requires input from a mul�disciplinary team to allow 
children thrive to the best of their ability. Audience members will feel comfortable in approaching treatment 
conversa�ons with families of children with a new diagnosis of CP. 
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Abstract

Amputa�on presents significant physiological and func�onal challenges, leading to decreased quality of life and high 
economic costs. Rehabilita�on is essen�al in promo�ng func�onal recovery, improving quality of life, and reducing the 
financial burden associated with limb loss. Research shows that pa�ents who receive inpa�ent rehabilita�on 
immediately a�er acute care achieve superior outcomes, including lower mortality rates, fewer repeat amputa�ons, 
increased use of prosthe�cs, and improved medical stability, compared to those discharged home or to skilled nursing 
facili�es. 

One of the key advantages of inpa�ent rehabilita�on is access to a comprehensive mul�disciplinary team. Surgeons, 
rehabilita�on physicians, psychologists, prosthe�sts, therapists, and families collaborate closely within the inpa�ent 
se�ng, providing integrated care that addresses both medical and func�onal needs. This coordinated approach ensures 
that all aspects of a pa�ent's recovery—physical, emo�onal, and voca�onal—are managed effec�vely. The availability of 
such a team is a dis�nct benefit of inpa�ent rehabilita�on, driving be�er outcomes and a smoother transi�on to long-
term recovery. 



1. 
2. 

Furthermore, extended inpa�ent rehabilita�on has been shown to significantly improve physical func�on, increase 
energy levels, reduce pain, and enhance voca�onal outcomes, underscoring its importance for amputees’ long-term 
recovery. 

Through case studies, this symposium will highlight: 

The role of comprehensive inpa�ent rehabilita�on for amputees during both acute and chronic phases. 
The cri�cal collabora�on with prosthe�sts and the wider mul�disciplinary team during the inpa�ent rehabilita�on 
process. 

By emphasizing the benefits of mul�disciplinary care within an inpa�ent se�ng, these discussions will offer valuable 
insights on op�mizing care strategies and improving rehabilita�on outcomes for pediatric pa�ents post-amputa�on. 
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Abstract

Considering amputa�on as a poten�al life-saving interven�on introduces excep�onal complexity and uncertainty into 
decision-making in the ICU. The urgency of cri�cal illness further complicates surgical choices, par�cularly for pa�ents 
presen�ng with severe condi�ons such as mul�-organ failure, infec�ons, or trauma�c injuries. This lecture seeks to 
illuminate the intricate clinical, ethical, and emo�onal factors influencing the decision to amputate in cri�cally ill pa�ents. 
By exploring these complexi�es, we can enhance our understanding of this cri�cal aspect of pa�ent care, ensuring that 
decisions are made though�ully and in the pa�ent’s best interest. 

This session will adopt a mul�disciplinary approach, focusing on pa�ent prognosis assessment and essen�al discussions 
regarding quality of life when weighing surgical versus non-surgical op�ons. We will examine the crucial roles of 
intensivists, surgeons, rehabilita�on professionals, pallia�ve care specialists, and families in this high-stakes decision-
making process. To illustrate these dynamics, two case studies will be presented, demonstra�ng how these discussions 
directly impact surgical decisions and pa�ent outcomes. 

Key Topics Include: 

1. How to Discuss Amputa�on: Effec�ve communica�on with pa�ents and their families about the possibility of 
amputa�on is essen�al. These conversa�ons must address fears and uncertain�es while providing clear informa�on 



about the poten�al benefits and risks associated with the procedure. 

2. Naviga�ng Ethical Dilemmas: Ethical considera�ons are cri�cal in amputa�on decisions. This session will emphasize 
the importance of shared decision-making, ensuring that pa�ents’ values and preferences are respected while naviga�ng 
the complexi�es of care goals. 

3. Managing Postopera�ve Care and Rehabilita�on: Postopera�ve care and rehabilita�on are paramount a�er 
amputa�on, especially in cases involving mul�ple limbs. We will discuss pain management, wound care, and the 
appropriate �ming for prosthe�c fi�ng. 

4. Discussing Long-Term Outcomes: Understanding the long-term implica�ons of amputa�on is crucial for pa�ent care. 
We will explore both physical and psychosocial outcomes, considering how amputees adapt to their new reali�es and the 
support systems that can facilitate this process. 

Through this comprehensive examina�on, healthcare professionals will gain a framework for making informed, 
compassionate decisions when faced with complex cases of amputa�on in the ICU. By enhancing communica�on among 
team members and fostering a pa�ent-centered approach, we can improve outcomes and provide be�er support for 
both pa�ents and their families during these challenging �mes. 

Ul�mately, this lecture aims to equip clinicians with the necessary tools and knowledge to navigate the intricacies of 
amputa�on decision-making, ensuring that the care provided is though�ul, ethical, and aligned with the best interests of 
cri�cally ill pa�ents. 


