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INTRODUCTION 

 

Talipes equinovarus (clubfoot) is a 

three-dimensional, idiopathic, congenital 

deformity not associated with any other 

abnormalities in the majority of cases.  

Clinical presentation includes a complex 

combination of metatarsus adductus, 

supination, varus through the hindfoot, 

equinous throughout the foot, and an overall 

medial displacement of the foot compared to 

the knee.  It has been approximated that 

150,000-200,000 children each year are 

afflicted internationally and 80% of those 

cases are occurring in developing countries 

according to the Ponseti International 

Association (2001).  A “standard of care”, 

The Ponseti Method, has been established to 

treat the deformity effectively.  This care 

includes serial casting techniques with 

specific manual manupulation, surgical 

means as needed and subsequent foot 

abduction orthoses.  Long-term night and 

daytime bracing techniques are not as 

succinctly established.  Preferred care of the 

Orthopedic Department at Connecticut 

Children’s Medical Center is to continue 

bracing the affected foot/ankle with custom 

thermoplastic day and night articulated 

ankle-foot orthoses (AFOs) once the patient 

begins ambulating and into early adolescent 

development.  The purpose of the articulated 

night and day AFOs are to prevent the 

deforming forces of clubfoot from relapsing 

during early adolescence.  An articulated 

AFO that provides a moment on the 

foot/ankle complex opposite to the 

deforming forces of clubfoot is theorized to 

be optimal.  The purpose of this single 

subject case study is to define and compare 

the ankle kinematic and kinetic profiles of 

the standard articulated AFO, and the new 

offset hinged AFO, during ambulation.  A 

comparison between barefoot walking of the 

same subject will also be made. 
 
Your abstract must not exceed one page.     

METHOD 

 

Overall purpose:  To understand the gait 

characteristics of a patient using the daytime 

offset hinged AFO compared to the standard 

hinged AFO during ambulation. 

  

Hypothesis #1:  The sagittal plane ankle 

range of motion will increase with the offset 

hinged AFO in comparison to the standard 

hinged AFO.   

 

Hypothesis #2:  The ankle power generation 

will be highest during barefoot walking and 

lowest during standard hinged AFO walking 

and in-between for the offset hinged AFO.   

gle throughout the gait cycle, maximum 

plantar flexion angle, maximum dorsiflexion 

angle, peak knee flexion/extension angle, 

peak knee varus/valgus angle, and mean 

knee rotation angle during stance.  Ankle 

kinetic parameters will also be evaluated 

including: peak ankle plantar flexion 

moment and power generation in stance. 

 

Methods 
 

Clinical Examination 

 The planned study is a prospective 

case study to evaluate gait changes caused 

by the offset hinged brace as compared to a 

traditional articulated AFO in a single 

patient with unilateral clubfoot. The 

patient’s involved lower extremity would be 

molded for the fabrication of custom 

thermoplastic AFOs appropriate for the 
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patient following the standard of care for 

fabrication and fitting of AFO’s at 

Connecticut Children’s.  Once fabricated, 

they would be fitted and the appropriate 

footwear would be donned.  

The patient will then be sent to the 

Center for Motion Analysis for a 

comprehensive gait analysis to evaluate 

brace function using the current clinical 

protocol for evaluation of patients with 

braces. This protocol (standard of care for 

all patients coming to the Center for Motion 

Analysis) includes a full clinical exam and 

comprehensive motion analysis.  

The clinical examination will include 

an assessment of the patient’s passive range 

of motion and manual muscle testing of:  

 1. Ankle Plantar flexion and 

Dorsiflexion (range of motion and strength) 

 2. Ankle Inversion and Eversion 

(range of motion and strength) 

 3. Knee Flexion and Extension 

(range of motion and strength) 

 4. Hip Flexion and Extension (range 

of motion and strength) 

 5. Hip Abduction and Adduction 

(range of motion and strength) 

 6. Hip Internal and External Rotation 

(range of motion only) 

 7. Foot-Thigh Angle  

 8. Bi- malleolar axis (angle) 

 9. Femoral Anteversion (angle) 

 10. Silfverskiold Test 

11. Varus/ valgus laxity at ankle & 

knee 

 

 

Motion Analysis 

The motion analysis will follow the 

standard clinical test commonly employed in 

the Center for Motion Analysis. Sixteen 

retro-reflective 14 mm motion capture 

markers (small plastic balls covered in silver 

tape) will be placed on the patient. These 

markers would be aligned to specific bony 

landmarks using hypo-allergenic double 

sided tape. The markers would be placed on 

the C7 spinous process, and right and left 

clavicles midway between the sternal notch 

and distal end of the clavicle. Markers will 

also be placed on the right and left ASIS, 

sacrum, right and left thigh, right and left 

lateral femoral condyle, right and left shank, 

right and left lateral malleoli, and on the 

right and left foot, as dictated by the current 

motion capture model used at the Center for 

Motion Analysis.  

The patient will then be asked to 

walk along the blue walkway as they would 

normally walk if they were in school. The 

data collection will take place until we have 

three right and left foot strikes on the force 

plate. All data will be collected using a 

VICON 512 motion capture system at 

120Hz. 

 Once the initial walking trials are 

completed the patient will change their brace 

and the patient will repeat the walking trials 

in the same manner.  In total the patient will 

walk under three conditions barefoot (to 

obtain a baseline of the patients gait pattern 

and understanding of the impact of both 

AFO designs) using the standard articulated 

AFO, and using the offset hinge AFO.  Each 

condition will include about three walking 

trials in order to assess continuity amongst 

each condition. The patient will be at the 

Center for Motion Analysis for about 2 
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hours. A database of healthy ambulators of 

the same age will be used for comparison 

purposes. 

 Once all the testing is completed all 

of the reflective markers will be removed 

and will be allowed to leave. The motion 

data will then be post-processed using 

VICON workstation software and plotted in 

VICON polygon for the visual assessment of 

the kinematic profiles. The values required 

for the descriptive statistics will be 

calculated using a custom Matlab program 

designed at the Center for Motion Analysis 

for the specific purpose of looking at 

specified gait parameters.  

 

The kinematic and kinetic parameters that 

will be analyzed in the three conditions 

include the following: 

 

1. Peak ankle dorsiflexion in stance 

(deg) 

2. Time to peak ankle dorsiflexion in 

stance (% gait cycle) 

3. Ankle sagittal plane range of motion 

(deg) 

4. Mean foot progression in stance 

(deg) 

5. Mean knee angle in stance (deg) 

6. Peak knee flexion/extension angle 

(deg) 

7. Peak knee varus/valgus angle (deg) 

8. Knee rotation range of motion in 

stance (deg) 

9. Peak ankle plantar flexor moment in 

stance (Nm/kg) 

10. Peak ankle power generation in 

stance (W/kg) 

 

A single subject assessment of the offset 

hinged AFO is intended to provide 

preliminary investigation data and serve as a 

resident orthotist project with the National 

Commission on Orthotic and Prosthetic 

Education (NCOPE).  A single subject study 

initially is anticipated to generate further 

studies and research to draw broader 

conclusions. 
RESULTS 

. 

DISCUSSIONSubject Demographics/ History 

The single subject for the case study 

met the inclusion criteria for the study as 

listed in the protocol.  Specifically, the pt 

was a 6.5yo male with a height and weight 

of 114 cm (45in) and 18.1 kg (40#), 

respectively.  At birth, the pt was treated by 

Dr. Jeffrey Thomson of the CCMC 

Orthopedics department, and by Hanger 

Clinic, CCMC for his orthotic needs.  The pt 

was treated per the standard Ponsetti 

method, including a tibialis anterior 

lengthening (TAL) during serial casting as 

an infant. 

The subject never required daytime 

AFO use after ambulation began.  However, 

the subject still continues use of an 

articulated off-set hinged static progressive 

night time AFO to prevent plantar flexion 

contracture long term. 

 

Procedures 

The subject was molded to fabricate 

AFOs for the study.  Both the traditional and 

off-set hinged AFOs were fabricated from 

the single plaster of paris positive model to 

reduce variability.  The AFOs were 

fabricated with 5/32” thickness natural 

polypropylene and small Becker Tamarack 

joints per standard AFO vacuum forming 

methods.  For visual assistance, the off-set 

hinged AFO was fabricated with red straps 

and the tradition with blue, see Figure 6. 
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Figure 6: posterior view of 

traditional hinged AFO (left) and off-set 

hinged AFO (right) 

 

Each AFO was to fit to the patient 

appropriately.  Per the subject’s mother, he 

was compliant for the planned weaning 

schedule of one hour per brace each day for 

seven days.  There were no changes in skin 

condition during the weaning period.  The 

subject stated that during the weaning 

period, the off-set AFO was “more 

comfortable”. 

The subject returned for the next 

appointment at the Center for Motion 

Analysis.  The subject was vaguely familiar 

with the laboratory from a gait lab 

evaluation at about the age of four.  Clinical 

examination was executed per the protocol 

and results are listed in Tables 1 and 2. 

Gait analysis results are listed in 

Tables 3, 4, and 5.  The raw data results 

were expanded to include more information 

than initially indicated in the protocol.  The 

data for peak knee flexion was reported 

specifically during each phase of the gait 

cycle (swing and stance).  Similarly, the data 

for peak knee extension was reported for the 

stance phase and the gait cycle overall to 

capture heel strike to heel strike completely.  

The timing of each parameter was also 

included in the data for ease of 

interpretation.  Timing of each parameter is 

reported as the percentage of the gait cycle 

(% GC).  The tables are broken up into an 

assessment of the hip, knee, and ankle of the 

left side.  Each condition (barefoot, 

traditional hinged AFO, and off-set hinged 

AFO) is reported within the tables for each 

joint.  Values are based upon a best 

representative trial.  Means reported for 

some parameters reflect an average of three 

runs. In the data, external rotation is 

indicated with a negative value whereas 

internal rotation is a positive value.  Power 

generation is reported as a positive value 

and absorption as a negative.  Lastly, 

dorsiflexion is a positive value and 

plantarflexion is a negative value. 

 

 

 

 

 

Table 1: Clinical examination findings of 

passive range of motion (ROM) and manual 

muscle testing (MMT) 

Assessment ROM 

Right 

(degrees) 

ROM 

Left 

(degrees) 

MMT 

Right 

MMT 

Left 

Ankle 

Plantar 

WNL WNL WNL WNL 
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flexion 

Ankle 

Dorsiflexion 

Knee 

at 0 

Knee 

at 

90  

 

5 

20 

 

0 

0 

 

WNL 

WNL 

 

WNL 

WNL 

Ankle 

inversion 

Full Full WNL WNL 

Ankle 

eversion 

Full Limited WNL  WNL 

Knee 

flexion 

Full Full WNL WNL 

Knee 

extension 

Hip 

at 0 

Hip 

at 

90 

 

+10 

-40 

 

+15 

-40 

WNL WNL 

Hip flexion WNL WNL WNL WNL 

Proximal 

Hamstring 

(Straight 

Leg Raise) 

80 WNL n/a n/a 

Hip 

Abduction 

55 60 WNL WNL 

Hip 

Adduction 

WNL WNL WNL WNL 

Hip internal 

rotation 

55 55 WNL WNL 

Hip 

External 

Rotation 

50 40 WNL WNL 

 

 

Table 2: Clinical examination findings 

continued 

Assessment 
Angle 

Right 

Angle 

Left 

Foot-Thigh -5 -15 

Bi-malleolar axis 10 15 

Femoral anteversion 30 30 

 

 

 

Table 3: Kinematic parameters of the left 

pelvis/ hip 

Left Side Pelvis/Hip Kinematics Barefoot 
Typical 

LHAFO 

Offset 

LHAFO 

Mean Pelvis Rotation in GC ( ° ) 5± 5 -3 ±6 -2 ± 4.1 

Mean Hip rotation in GC  ( ° ) -5 ± 3.5 -15± 2.7 -7 ± 3.8 
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