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Introduction 
Fixed knee flexion contracture can develop in the older ambulatory patient with cerebral 
palsy.1  This makes gait inefficient with increased energy requirements and can cause anterior 
knee pain. There are two current treatments for fixed knee flexion contracture, serial casting 
or extension osteotomy, which can be combined with lengthening of contracted muscle-
tendon units and restoration of the extensor mechanism to manage the dynamic flexed knee 
gait pattern present.2  The purpose of this study was to report our results following distal 
femoral extension osteotomies in children with spastic cerebral palsy, specifically evaluating 
correction of the contracture and the effects on gait. A secondary analysis compared the 
results of an isolated osteotomy to those with additional soft tissue procedures including 
patellar advancement or a hamstring lengthening. 
 
Statement of clinical significance 
Distal femoral extension osteotomy is one option that is currently used to treat patients with 
cerebral palsy and knee flexion contractures.  Evaluating the overall outcome of this surgery 
and when it is combined with other surgeries will aid in the treatment of patients with fixed 
knee flexion contracture. 
 
Methods 
This study is a retrospective cohort of 23 patients (43 sides, average age 14 ± 4 years) with 
spastic diplegic, hemiplegic, or quadriplegic cerebral palsy who had a fixed knee flexion 
contracture treated with distal femoral extension osteotomy.  All patients included in the study 
had both pre and post operative physical exams, radiographic exams, and 3D computerized 
gait analysis.  Physical exam data included motion about the hip, knee, and ankle.  The 
dynamic gait data focused on knee extension and flexion kinematics and kinetics at selected 
positions in the gait cycle.  PODCI data was also collected from a subset of these patients as it 
is not currently a required part or our gait analysis procedures.  Twelve sets of data were 
available and were evaluated for patient and family satisfaction following surgery. A t-test 
was performed on all data to determine if significant differences existed.   
 
Results 
Significant results (p<0.05) are shown in Table 1 below.  The entire group analysis showed 
significant improvement in the static contracture, which resulted in improvement in gait with 
less knee flexion in both stance and swing phase.  The groups were separated into those with 
combined patellar advancement or a hamstring lengthening.  These comparisons showed that 
there were significant beneficial changes in knee flexion and extension for both physical 



exams and kinematics for children who have had combined femoral osteotomies and patellar 
advancements. Patients improved an additional degree with the addition of patella 
advancement, and there was an improvement in knee position for combined hamstring 
lengthenings on kinematic data.  Energy absorption decreased as the persistent knee flexion in 
stance decreased as did the demand on the quadriceps to maintain upright posture. 
 
Variable Pre Post Change 
Physical Exam (N=41) (degrees) 
Knee Flexion 140 130 -10 
Knee Extension (Knee Flex Contracture) -15 -3 12 
Straight Leg Raise 56 61 5 
Popliteal Angle 61 47 -14 
Kinematics (N=41) (degrees) 
Knee Flexion at Initial Contact 39 22 -17 
Peak Knee Extension in Single Limb Stance 37 12 -25 
Peak Knee Flexion in Swing 60 52 -8 
Kinetics (N=27) (Nm/Kg) 
Knee Peak extensor – EST 0.76 0.51 0.25 
Knee Peak Flexor – MST 0.08 -0.05 0.13 
Knee Peak extensor – TST 0.73 0.46 0.27 
Knee Power Peak absorption – EST -0.76 -0.41 0.35 
Knee Power Peak  absorption – TSW -0.51 -0.67 0.16 

Table 1: Significant overall results for physical exam, kinematics, and kinetics. 
 
Data on patients who had a combined osteotomy and patellar advancement showed a 
significant increased knee extension on physical exam from a 17 degree contracture pre-
operatively to 0 degrees post operatively compared to a change from a 13 degree to a 6 degree 
contracture for patients who underwent an isolated knee osteotomy.    These patients also 
increased knee extension kinematically in single leg stance from 46 degrees flexed 
preoperatively to 7 degrees postoperatively as compared to a change from 29 to 16 degrees for 
isolated osteotomy patients.  The PODCI data collected also showed that the families and 
patients had improvements in their overall satisfaction following this procedure.   
 
Discussion 
Distal femoral extension osteotomy when used on patients with cerebral palsy obtained a 
significant correction of fixed knee flexion contracture as measured by physical exam with 
minimal complications.  There is increased knee extension and an associated decrease in knee 
flexion when this osteotomy is performed, which is seen on both physical exam and gait 
evaluations.  This improved the kinematics and kinetics at the knee joint during ambulation.  
Combining this procedure with a patellar advancement resulted in further improvement and 
should be considered to improve gait further. 
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PATIENT HISTORY: The patient, a 41 year old female, was involved in an auto accident 
21 years ago. She sustained a T6-T7 compression fracture, clavicle fracture, and partial 
meniscal tear in her right knee. Long-term recovery focused on chronic knee related issues, 
resulting in multiple knee surgeries over time with progressive development of arthrofibrosis 
(Table 1). She received physical therapy 3x/week off and on since the accident. This patient 
was referred to the University of Iowa Hospitals for orthopaedic consultation along with gait 
nalysis and EMG prior to possible realignment osteotomy. a

 
Table 1: Significant medical history detailed above. 
 
1987 partial menisectomy                        
1988 scope debridement  
1988 manipulation under anesthesia 
1989 McKay Osteotomy 
1990 posterior capsule release and 
notchoplasty 
1991 ACL resection and hamstring release 
1993 valgus-producing tibial osteotomy for 
medial compartment overload with over 
correction 
1994 revision HTO varus producing to 
revive overcorrection 
1995 HTO hardware removed 

1996 referral to another surgeon 
1997 arthroscopic lysis of adhesions and 
anterior interval release 
1999 arthroscopic lysis of adhesions  
1999 coronal plane medial & lateral, 
posterolateral, and ACL instability 
2003 arthroscopic loose body removal, lysis 
of adhesions, and synovectomy 
2005 MRI findings: scarred ACL, fibers 
remaining in continuity. Arthroscopic ACL 
healing response 
2006 progressive perceived instability 
2007 reports of knee giving way

 
CLINICAL DATA: AROM right knee 1-114 degrees, PROM 0-130 degrees. No significant 
hip or ankle deficiencies in active range of motion. Strength findings include right side hip 
extension (3+/5), hip adduction (3+/5), hip flexion (4/5), knee flexion (4/5). All other hip, 
knee, and ankle strength 5/5 including the left lower extremity. Long leg films showed neutral 

echanical axis alignment, but single stance films showed a varus mechanical axis.  m
 
GAIT DATA: Patient typically used bilateral crutches to ambulate. Visual observation of gait 
shows an abnormal rapid thrust of her right knee into varus, then to valgus, then back to varus 
during stance phase.  
 
3-D analysis, stance phase 0-75%: Sagittal plane kinematic patterns showed the right hip to be 
in flexion throughout the stance phase. The left knee was in hyperextension throughout 
stance. In the frontal plane, oscillations of the knee were documented with rapid movement 
into varus/valgus shortly after foot contact. In the transverse plane, hip abduction was 
associated with external rotation. The kinetics on the right side were generally decreased in 
amplitude, reflecting decreased weight support (max 60%) due to the use of a crutch on the 
left side. The oscillation seen in the frontal plane moment reflected relative motion of the 
round reaction force in the frontal plane as the knee position changed. g

 
EMG linear envelope data for the hip abductors and adductors did not indicate classic co-
contraction to increase stiffness at the hip in the frontal plane during weight acceptance. EMG 
data did show a cyclic activation pattern which would more likely be associated with central 



control to govern the movement of the femur.  When these EMG patterns are matched to the 
knee kinematic patterns in the frontal plane (Figure 1) the coordinated actions of these 
muscles aligned well with the motions at the knee (abductor activation being associated with 
lateral motion of the femur and a more varus position of the knee). It should be noted that 
during this interval the patient is bearing less than 25% of their weight through the right lower 
limb (as compared to 60% during the later part of stance). 
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Figure 1: Overlay plot of knee motion in the frontal plane along with EMG of the hip 

uscles.  m
 
TREATMENT DECISIONS AND INDICATIONS: The knee control issue suggests two 
main possible explanations: 1) this patient has sufficient instability in her knee with poor 
proprioception and poor control of her muscles; when she weights her knee it falls into varus 
alignment rapidly causing a rapid response motion. 2) the rapid thrust and instability is due to 
central control rather than a distal mechanical problem. The EMG data suggest that the gait 
deviation may be a consequence to central control factors.  The timing of hip muscle 
activation within the gait cycle was inconsistent with expected activation patterns through the 
stance phase and at times during the swing phase. The hip muscles appeared to create the 
varus then valgus then varus position of the knee by alternate activation of the abductors and 
adductors. She had fairly little quad and hamstring activity during this time. The cyclical 
muscle activation preceded the movement of the knee suggesting central control involvement 
rather than a reaction to an unstable position.   
 
SUMMARY: Visual observation revealed an unstable gait, dependency on crutches and 
disability. During the oscillations of this patient’s knee into varus, valgus, then back to varus, 
double stance phase was maintained bearing approximately 25% weight on her right knee; 
although she carries 60% of her weight later in stance phase. During the rapid oscillations, the 
right hip abductor and adductors fired sequentially. The timing of muscle activation and 
kinematic patterns were determined through motion analysis. Assessment of this patient 
through the use of clinical gait analysis led to the conclusion that this was conscious or 
unconscious voluntary knee motion.  Following gait analysis with EMG, kinematic, and 
kinetic components, the data did not support proceeding with the original surgical re-
alignment osteotomy plan. Motion analysis data was an integral component in the evaluation, 
understanding, and decision making for this patient.  
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Introduction: With the development of a multi-segment foot model for objective 
analysis 1, it is possible to assess the function of a variety of foot deformities in adults. 
However, few case studies have been conducted evaluating multiple segment foot models 
in children with clubfoot2.  The purpose of this study was 1) to have a long-term follow-
up on clubfoot patients with post surgical status using the 7-segment-foot model; 2) to 
compare the differences in the foot model’s kinematics between normal and clubfoot 
children. 

Clinical Significance: Clubfoot clinical evaluation systems such as the Laaveg-Ponseti 
score, and the McKay score reflect subjective parameters based upon satisfaction, pain, 
and observational function. The 7-segment foot model may provide insight into the 
surgical outcome in children with clubfoot. 

Methods: 26 patients with 45 clubfeet and 23 children with 46 normal feet were 
evaluated with a mean age of 11 years, 11 months.  The mean follow-up for each patient 
was 10 years, 2 months. Subjects had physical and radiographic examinations, a dynamic 
foot analysis, clubfoot-specific instruments, and generic patient-based assessments. The 
dynamic foot analysis included the use of the 7-segment-foot model and a plantar 
pressure analysis.  

The 7-segment-foot model consists of the tibia, calcaneus, navicular, cuboid, 1st 
metatarsal, 5th metatarsal and hallux. The patients had sensors attached and were asked to 
walk along a 20 ft walkway at a self selected pace.  Each patient did three gait trials. The 
system enabled us to measure movement bilaterally using the 7-segment-foot model. 
Motion was sampled at 120Hz using the StarTrak electromagnetic tracking system 
(Polhemus Inc., Colchester, VT) (ETS).  Differences between children with clubfoot and 
normal populations were tested through analysis of variance (ANOVA) using SPSS 
(Statistical Program for the Social Sciences, 11.0, Chicago, IL). A discriminate analysis 
was performed to determine the important predictors differentiating a clubfoot from a 
normal foot. 

Results:  Five kinematic variables were identified as significantly different between the 
normal and clubfeet by the Stepwise discriminate analysis using the 7-segment model 
(Table 1and Figure 1).  

Table 1. Significant differences between normal and clubfeet children (P<0.05) 
Kinematic Variables Normal Clubfoot P-Value 

Ankle plantarflexion ST -11.2±4.6 -6.8±3.9 <0.0001 

Ankle Supination SW 6.9±4.1 4.4±3.9 0.003 

1stMet.-Hallux Max.dorsiflexion SW 34.8±9.5 17.5±8.2 <0.0001 



1stMet.-Hallux Max.supination SW 7.1±5.3 4.1±6.8 0.02 

Nav.-1st Met.Max.dorsiflexion SW -1.8±3.4 2.4±5.7 <0.0001 

 

 
Figure 1. Comparison of dorsiflexion/plantarflexion of 1st metatarsal-hallux joint in one 
patient between normal foot (solid line) and clubfoot (dot line). 

Discussion: Although clubfoot clinical evaluation systems (Laaveg, and McKay etc) 
indicated significant differences of the overall scores between clubfoot and normal foot, 
they were unable to determine the degree or the location of the foot deformities. Our 
current 7-segment-foot model reliably provides a 3D kinematic explanation of these 
deformities, and successfully detects a correction resulting from a completed subtalar 
release procedure in children with clubfoot.     
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Introduction 
Multilevel surgical intervention is a common approach to the surgical correction of gait 
abnormalities in children with cerebral palsy (CP).  The short-term outcomes for the 
combination of rectus femoris transfer, hamstring lengthening and gastrocnemius 
lengthening have been well documented using three-dimensional motion analysis 
techniques1.  However, the impact of time, growth, and puberty on these short-term 
outcomes for this common combination of procedures is not well understood.  Therefore, 
the purpose of this study was to evaluate the long-term effects of these same soft tissue 
procedures on gait in patients with CP.   
 
Statement of Clinical Significance 
Studying long-term outcomes of surgical intervention will allow clinicians to 1) 
understand long-term benefits and sequela of surgical procedures 2) better estimate 
ambulatory prognosis for their patients and 3) ultimately allow for more critical surgical 
decision-making which will improve outcomes. 
 
Methods 
Forty persons with CP volunteered to participate in this study.  A subgroup of 20 subjects 
(n=33 sides) underwent rectus femoris transfers, medial hamstring and gastrocnemius 
lengthenings in combination with a selection of other soft tissue and/or bony procedures 
at the foot and hip.  Each subject underwent a pre-operative (P0) and post-operative (P1) 
gait analysis study before and 1-year after orthopedic surgery as part of the routine 
clinical decision making process which included the following procedures: physical 
examination, video and motion analysis2.  Subjects were then recruited to participate in a 
second post-operative gait analysis study (P2). Subjects were excluded if they had any 
intervening surgery between P1 and P2.  Kinematic, kinetic and clinical variables 
collected at P0, P1 and P2 were compared using a repeated measures analysis of variance 
(ANOVA) and Duncan’s Multiple Range post-hoc testing. 
 
Results 
The average age at P0 was 9±4, P1 was 10.6±4 and P2 was 20±4 years.  The P2 was a 
mean of 11±2 years after surgery. Results show initial improvements in passive range of 
motion measures are not sustained over time, however, gait changes in many cases are 
maintained over time (Tables 1 and 2).   
 
Table 1: A comparison of selected mean (±1 S.D.) P0, P1 and P2 clinical examination and 
kinematic parameters for the ankle.  (1 significant difference between P0 and P1, p<0.05; 2 
significant difference between P0 and P2, p<0.05; 3 significant difference between P1 and P2, 
p<0.05; g.c. = gait cycle; deg = degrees) 
 



  Dorsi-
flexion 
knee 0 
(deg) 

Dorsi-
flexion 
knee 90 

(deg) 

Ankle 
angle 
initial 

contact 
(deg) 

Peak 
dorsi-

flexion  
stance 
(deg) 

Time peak 
dorsi-

flexion 
stance 
(%g.c.) 

Peak 
plantar 
flexion  
swing 
(deg) 

Ankle 
range 

of 
motion 
(deg) 

P0 2±14 10±12 -9±14 1±19 23±19 -24±19 26±12 
P1 15±91 21±71 1±51 15±71  40±191  -5±81 22±61 
P2 -3±102,3 10±83 -1±62  15±72 44±102 -4±62 20±52 
typical   -1±5 14±3 34±9 3±4 32±7 

 
Table 2: A comparison of selected mean (±1 S.D.) P0, P1 and P2 clinical examination and 
kinematic parameters for the knee.  (1 significant difference between P0 and P1, p<0.05; 2 
significant difference between P0 and P2, p<0.05; 3 significant difference between P1 and P2, 
p<0.05; g.c. = gait cycle; deg = degrees) 
 
  Straight 

leg 
raise 
(deg) 

Popliteal 
angle 
(deg) 

Knee 
angle 
initial 

contact 
(deg) 

Mean 
flexion 
knee 

stance 
(deg) 

Peak knee 
extens 

mid stance 
(deg) 

Peak 
knee 

flexion 
swing 
(deg) 

Peak 
knee 

flexion 
swing 

(%g.c.) 

Knee 
range 

of 
motion 
(deg) 

P0 52±10 -51± 14 34±9 23±10 13± 12 56±11 82±7 43±15 
P1 63± 101 -32±101 22±81 18±10 9±11 55±11 77±51 47±13 
P2 51±133 -54±133 23±92 19±10 10±11 47±92,3 77±62 38±93 
typical   9±6 15±5 6±6 66±7 71±2 63±7 
 
Discussion 
Significant changes in both clinical and gait variables from pre to 1 year post surgery 
indicate the short-term gait benefits of the combination of rectus femoris transfer, 
hamstring lengthening and gastrocnemius lengthening procedures.  At an average of 11 
years following surgical intervention, passive range of motion gains noted at 1 year after 
surgery were lost at the knee and ankle, however, certain gait changes are maintained.  At 
the ankle, the peak dorsiflexion in stance is maintained over 11 years; however the time 
to peak dorsiflexion is delayed. This may be due to increasing functional weakness of the 
ankle plantar flexors relative to body weight over time as ankle plantar flexor strength on 
clinical assessment remained unchanged.  At the knee, improvements in extension at 
initial contact are maintained over the long-term; however, mean knee flexion in stance is 
not changed.  Peak knee flexion in swing shows a decline over time, which is similar to a 
non-operative comparison group over a 4 year interval3.  The reason for this decline is 
unclear but may be related to increasing “stiffness” over time experienced by many 
persons with CP.  In the future, patients will be divided into preoperative knee kinematic 
patterns to assist in the assessment of outcomes based on preoperative knee function. 
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Introduction 
The rehabilitation intervention considered standard of care for ankle weakness in multiple 
sclerosis (MS) is an ankle-foot-orthosis (AFO) [1], which holds the ankle in a neutral position for 
a safe heelstrike, but inhibits residual ankle motor movement. Functional electrical stimulation 
(FES), in the form of a peroneal nerve stimulator (PNS) [2], may be a promising alternative to 
the use of an AFO.  With FES, intact lower motor neurons in paralyzed or paretic muscles are 
activated in a precise sequence to create muscle contractions to accomplish functional tasks [3].  
 
Clinical Significance 
Lower extremity motor impairment secondary to pyramidal tract involvement in MS is an early 
[4] and significant contributing factor to gait dysfunction.  In chronic MS, motor impairment is a 
central feature in approximately 80% of all patients [5].  Although weakness in the tibialis 
anterior is often present [6], isometric dorsiflexion (DF) endurance exercises can improve 
walking ability [7].  A PNS to augment volitional DF is an appropriate alternative to an AFO for 
ankle stability and positioning during gait.  To date, no direct comparison of the biomechanical 
effect of an AFO versus PNS has been performed.  This knowledge would be critical to clinical 
decision making, as there are no guidelines as to who would benefit from which device. 
 
Methods 
Four subjects diagnosed with MS (> 6 months), ankle DF strength ≤ 4/5, and prior usage of a 
physician-prescribed AFO completed a minimum of 4 weeks of daily usage with a PNS for 
ambulation before undergoing quantitative gait analysis (QGA).  QGA was performed under 3 
test conditions in the following order: 1) no device (ND), 2) AFO and 3) PNS.  The order of the 
testing conditions was purposefully not randomized to eliminate the concern that the ND or AFO 
performance might have been enhanced by a �carryover� effect of prior application of the PNS. 
 
Retro-reflective markers were adhered to the skin at the anatomical locations for the lower 
extremity Plug-In-Gait model.  Subjects ambulated along a 10 m walkway at their self-selected 
speed in view of the cameras of the Vicon 370 system.  The following subset of spatio-temporal 
and kinematic parameters were compared for the affected limb under the 3 testing conditions: 
walking speed (m/s), peak pelvic obliquity and knee flexion during swing (deg), and ankle angle 
at initial contact (IC) (deg).  The global variable speed and a peak angle for each joint were 
selected to give a representation of the subjects� walking patterns. 
 
Results 
Data are presented as a case series in the table below.  A single asterisk (*) signifies that the PNS 
demonstrated a statistically significant improvement (p < 0.05) over the ND or AFO conditions, 



while a double asterisk (**) signifies that the PNS demonstrated a statistically significant 
improvement (p < 0.05) over both the ND and AFO conditions. 
 

Walk Speed S1 S2 S3 S4 
(m/s) Mean StDev Mean StDev Mean StDev Mean StDev 
ND 1.01 0.02 0.23 0.03 0.84 0.08 0.92 0.33 

AFO 0.96 0.04 0.22 0.04 0.80 0.05 1.00 0.03 
PNS 1.05 * 0.01 0.27 ** 0.03 0.79 0.05 0.95 0.06 

  
Pelv Obliq Sw S1 S2 S3 S4 

(deg) Mean StDev Mean StDev Mean StDev Mean StDev 
ND -2.22 1.52 1.62 1.44 .4-97 2.63 -2.75 0.63 

AFO -3.09 1.17 3.37 2.33 -5.11 1.26 -1.44 0.82 
PNS -5.04 2.32 1.54 0.97 -6.18 1.08 -3.82 0.83 

  
Knee Flex Sw S1 S2 S3 S4 

(deg) Mean StDev Mean StDev Mean StDev Mean StDev 
ND 49.01 2.68 32.46 3.38 57.13 2.76 34.61 2.32 

AFO 55.51 3.79 32.02 5.15 55.46 1.80 35.61 2.33 
PNS 63.43 ** 2.39 37.02 * 2.18 57.18 2.67 35.93 2.58 

  
Ank Ang at IC S1 S2 S3 S4 

(deg) Mean StDev Mean StDev Mean StDev Mean StDev 
ND 5.36 2.13 2.26 1.40 7.37 1.46 2.62 3.83 

AFO 6.15 0.62 9.93 0.57 8.13 0.49 3.51 3.18 
PNS 8.32 ** 1.48 20.84 ** 1.40 10.56 ** 0.46 4.96 4.08 

 
Discussion 
The PNS caused variable, but notable, effects on the gait of each of the 4 subjects.  In general, a 
flexor-synergy pattern appeared and improved the clearance of the limb during swing phase.  
Future investigations may discover which clinical characteristics would benefit the most from the 
use of FES.  QGA is an important and useful tool in measuring the effects of the PNS in 
comparison to traditional bracing and therefore QGA could be used to make clinical decisions. 
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Patient History 
Sixteen year old girl (CS) diagnosed with Charcot-Marie Tooth syndrome (CMT), Type 1A, 
at 12 years of age. She walked independently but distance walked was limited by fatigue and 
painful feet. She reported difficulty in standing and fell once or twice a week due to trips. She 
undertook a rehabilitation program at 15.5 years of age which included exercises to improve 
joint range of motion and muscle strength. Bilateral orthotics with heel raises were prescribed 
to improve standing balance, and night splints to increase calf range. She was referred to the 
Clinical Gait Analysis Service to assist in determining appropriate treatment for her marked 
equinus and knee hyperextension which were having a significant impact on her gait.  
 
Clinical Data 
On examination CS had significant weakness of her left and right dorsi flexors and moderate 
weakness of the left and right peronei muscles. She had significant passive tightness of the 
left and right gastrocnemius and soleus with no dynamic tightness evident (Table 1). 
 

Range of Motion (°) Strength (MRC Grades) Muscle Group 
Left (R2) Right (R2) Left Right 

Dorsiflexion (K@0°) -15 -12 1 1 
Dorsiflexion (K@90°) -8 -12 1 1 
Evertors ½ range ½ range 3 3 

Table 1: Key range of motion and strength data measured on clinical assessment 
 
Gait Data 
CS was assessed walking in bare feet and with her shoes and orthotics at her preferred speed. 
Gait analysis showed both ankles remained in plantar flexion during stance due to bilateral 
calf tightness. The impact on her balance was partly compensated by increasing anterior 
pelvic tilt. The substantially reduced range in the left calf muscles was associated with knee 
hyperextension, a large knee flexor moment and increased power absorption at the knee and 
ankle during early stance. Both ankles were in excessive plantar flexion during swing, which 
was likely to be due to weak dorsi flexors and increased inversion. In shoes with orthotics, 
pelvic tilt was reduced and the left knee was no longer hyperextended, which corresponded 
with significant improvements in the moments and powers at this joint. There was little 
change in the ankle kinematics but the power absorption and generation in early to mid stance 
was decreased, which was likely to be due to the decreased stretch on the calf muscles. 
 
Treatment Decisions and Indications 
Though there is very little evidence of use of Botulinum toxin (BoNT-A) injections in CMT, 
the clinical team recommended injections to the tibialis posterior bilaterally in an attempt to 
improve foot position by decreasing ankle plantar flexion and inversion. The injections were 
to be immediately followed with serial casting to improve muscle length of the gastrocnemius 



and soleus. Given the improvement with the shoes and orthotics, dynamic ankle foot orthoses 
(AFOs) were prescribed to control plantar flexion at initial contact and swing, and medial-
lateral stability at mid-stance. 
 
A secondary gait analysis was performed six weeks post injections and five weeks of serial 
casting. The patient reported the foot pain had subsided and balance had improved. On 
clinical examination, passive range of dorsi flexion motion had increased by 12° and 13° 
respectively for the right and left soleus. Dorsi flexors were more readily isolated and strength 
had improved to 3-4 (MRC Grade). 
 
Gait data indicated marked improvement, with bilateral dorsi flexion and minimal knee 
hyperextension through mid to late stance phase (Figure 1). With an increased walking speed, 
peak joint moments and powers were increased; but the shapes were closer to normal 
comparison data. The dynamic AFOs, although improving ankle kinematics, increased 
instability about the hip and knee joints which may have reflected the short time she had been 
using the AFOs. 
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Figure 1: Left hip, knee and ankle joint kinematics pre and post BoNT-A injections and 
serial casting 

 
CS was reviewed six months later when she reported her heels were further off the ground 
and standing balance had deteriorated. Clinical examination showed a 15° increase in passive 
dorsiflexion tightness on the left but no loss of muscle strength. Left dorsiflexion range had 
also decreased during gait which was associated with an increase in knee hyperextension. 
There was only a small deterioration on the right side. Further BoNT-A injections and serial 
casting were recommended following this assessment. 
 
Summary 
This case study highlights how gait analysis was a key component in the evaluation and 
understanding of treatment outcomes in a teenager with CMT. The use of BoNT-A and serial 
casting to reduce activity of unopposed muscle groups during gait and lengthen the calf 
muscles significantly improved CS’s gait and ability to develop force through mid-range. This 
treatment also reduced her pain. The capacity to maintain these improvements is evidenced, 
and even though there was deterioration in the most affected side, on-going treatment may 
potentially limit the effect of CMT disease on gait. 
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Introduction:  The foot is composed of multiple joints controlled by both intrinsic and 

extrinsic muscles. If any of these joints exhibit restricted movement, compensatory 

adaptations may occur at one or more of the other joints. For example, with reduced 

dorsiflexion of the ankle, spurious dorsiflexion of the foot may be seen to occur through the 

mid-foot (either medially or laterally) while eversion may also occur through the mid-foot. 

This may lead to the development of a “mid-foot break” (MFB).   

Researchers have recently begun to examine joint motion within the foot during normal gait.  

Traditionally, the foot has been modeled as a single rigid segment for the purposes of gait 

analysis.  With the advancement of high resolution cameras and overall improved technology, 

researchers and clinicians are now able to record the position of much smaller markers at 

higher frame rates.  This has led to the development of several multi-segment foot models
1-4

.   

 

Clinical Significance:  Several studies can be found in the literature describing kinematic 

patterns of the forefoot (FF) and hindfoot (HF) during normal gait
1-4

, however, few have 

described dynamic mid-foot motion in children with pathological gait patterns.  In particular, 

no studies have examined foot kinematics in children who have developed a MFB.  

Prevention of the development of a MFB in neurological conditions such as CP usually 

revolves around maintaining efficient lever-arm integrity to generate sufficient forces for an 

effective plantarflexed toe off.  Studying the FF and HF kinematics in this population may 

lead to earlier identification of MFB, and assist with preventative treatments such as Botox 

injections or surgery. The purpose of this study was to characterize the kinematic patterns of 

FF and HF motion during gait in children with MFB.   

 

Methods:  Study participants were divided into 2 groups: (a) children with unilateral or 

bilateral mid-foot break as determined by an orthopedic surgeon or registered physiotherapist 

(Left: n = 7, Right: n = 13), and (b) children with no evidence of mid-foot break or any gait 

abnormalities (Left: n = 7, Right: n = 7).  An eight-camera Motion Analysis system (Motion 

Analysis Corporation, Santa Rosa, CA) was used to record the 3-dimensional positions of 

reflective markers placed according to the conventional Helen Hayes marker set.  Markers 

were also placed on the HF and FF following guidelines for the Oxford Foot Model
1,2

.  Three 

complete stride cycles were recorded for each subject on the affected side(s).  Foot motion 

was evaluated in two different ways: (1) motion of the foot modeled as a single rigid segment, 

and (2) motion of the HF and FF modeled as separate rigid segments.  In both cases, the 

motion was calculated relative to the lab coordinate systems (LCS) and relative to the 

proximal segment. 

 

Results:  The kinematic data in the sagittal plane demonstrated a marked difference between 

children with and without mid-foot break (Figures 1 & 2).  The single-segment foot model 

indicated an absent first rocker, reduced peak dorsiflexion (DF) during stance, and a 

plantarflexed (PF) foot position during swing in the MFB group.  When the foot was 
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examined as two segments, those with MFB demonstrated a plantarflexed HF throughout both 

stance and swing phase.  Relative to the HF, the FF maintained a dorsiflexed position 

throughout stance and swing.  Peak FF dorsiflexion occurred at 46% of the gait cycle in both 

groups, with a mean value of 18.0° ± 9.7° DF in the MFB group and 5.5° ± 4.5° DF in the 

Normal group.  Relative to the LCS, the foot position at initial contact was 1.3° ± 10.5° DF in 

the MFB group compared to 19.5° ± 4.9° DF in the Normal Group. Between 10-40% of gait 

cycle, the MFB group had a slightly more plantarflexed foot position relative to the LCS 

compared to Normal (mean diff = 5.8° ± 1.0°).  During the same period, the FF remained 

parallel to the ground in both groups (mean FF position = 3.0° ± 2.2° PF for MFB; 1.0° ± 1.5° 

PF for Normal); however, compared to the Normal group, the MFB group demonstrated 

greater HF plantarflexion (mean diff = 13.7° ± 0.6°) relative to the LCS.  

 

 

 

 

 

 

 

Figure 1: Foot, HF and FF Angles (degrees) calculated with respect to the Proximal Segment.  

Normal mean ± stdev shown as grey band.  MFB mean shown as solid black line. 

 

 

 

 

 

 

 

Figure 2: Foot, HF and FF Angles (degrees) calculated with respect to the LCS. Normal mean 

± stdev shown as grey band.  MFB mean shown as solid black line. 

 

Discussion:  Comparing the data from the conventional foot model with the multi-segmental 

foot kinematics, it can be seen that the conventional foot model mis-represented the true foot 

motion during stance phase by underestimating the equinus across the ankle.  In the MFB 

group, the HF continued to plantarflex throughout stance phase, while the FF remained in full 

contact with the floor until approximately 40% of stance phase.  By using this model it is now 

possible to quantify the presence and severity of MFB in children in the sagittal plane. 
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