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This article reports on the case of a man with peroneal neuropathy—in-
duced footdrop who was seen at the authors’ institution 3 years after
open reduction and internal fixation of a proximal fibular fracture and a
distal, spiral, oblique tibial fracture of the right leg. A comprehensive
gait analysis was conducted. A significant footdrop in gait resulted in a
“reverse check mark” center-of-pressure pattern, an increased trans-
verse-plane rotation of the foot, and excessive knee and hip flexion in
the sagittal plane. These objective findings documented significant dys-
function within the involved lower extremity; in addition, aberrant biome-
chanics were observed in structures other than the site of initial injury
within both limbs. (J Am Podiatr Med Assoc 90(8): 411-420, 2000)

The common peroneal nerve is predisposed to injury
owing to its anatomical location at the fibular neck.
One of the mechanisms of peroneal nerve injury re-
sults from a proximal fibular fracture. Perrin and
Labry! reported that fractures of the fibular neck
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commonly lead to severe peroneal nerve lesions. In
the cases reported on by Platt,2 fracture of the fibular
styloid process also led to peroneal nerve paralysis.
In general, proximal fibular fractures (Maisonneuve
fractures) are associated with pronation-eversion
ankle injuries. These fractures are not typically treat-
ed with open reduction because of the risk of iatro-
genic damage to the common peroneal nerve.?

Alternatively, peroneal nerve damage may be at-
tributed to external compression. Stuart et al* report-
ed the following causes of compression-related in-
juries: habitual cross-legged sitting, pressure on the
lateral aspect of the leg during operative procedures,
compression in the anterior compartment, swelling
following a fracture of the tibia, and pressure from
casts applied to treat lower-extremity fractures. In
addition, Jones® reported findings of peroneal neu-
ropathy after casting of a femoral fracture.

This case study was undertaken to determine the
primary foot and ankle dysfunction and correlated
and compensatory biomechanics of the involved and
uninvolved lower limbs following a peroneal nerve

injury.
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Case Report

A 38-year-old man presented to the Gait Study Center
at the Temple University School of Podiatric Medi-
cine in Philadelphia with joint pain in his right lower
extremity, the result of fracturing his right tibia and
fibula 3 years earlier following a fall on an icy side-
walk. At the time of the injury, the patient was evalu-
ated and treated for a proximal fibular fracture and a
distal, spiral, oblique tibial fracture of the right leg.
Significant anterior displacement of the distal tibia
was noted on conventional radiographs (Fig. 1A).
The patient was admitted to a hospital, where it was
determined that both dorsalis pedis and posterior tib-
ial pulses were absent but normal capillary filling
time was present. Traction was applied to the right
leg, which restored arterial supply. An open reduc-
tion and internal fixation of the tibia, using an inter-
locking intramedullary nail, was performed (Fig. 1B).
The patient was still experiencing numbness and
motor-function deficits in the right foot 1 year after
the injury and was referred to a physiatrist for evalu-
ation of the residual neuropathy and treatment of the
footdrop. A diminished nerve-conduction velocity of
the common peroneal nerve (37.3 m/s measured at
the fibular head) was recorded. The diagnosis was
partial right peroneal neuropathy due to trauma.
Three years after the injury, a significant footdrop
deformity remained and the patient was referred to
the Gait Study Center at the Temple University
School of Podiatric Medicine.

When the patient presented to the Gait Study Cen-
ter, a thorough patient history was obtained. Preoper-
ative, intraoperative, and postoperative radiographs

were reviewed. A comprehensive lower-extremity
clinical biomechanical examination was conducted
that consisted of five parts: joint range of motion,
manual muscle testing, lower-extremity alignment
(open Kinetic chain), postural alignment (closed ki-
netic chain), and neurologic screening. The architec-
ture or foot type was determined, overall appearance
of the feet and toes (eg, contractures, gross osseous
deformities) was noted, and deep tendon reflexes
were evaluated. An objective gait analysis was per-
formed, which included qualitative slow-motion
video; plantar pressure parameters, measured with
the Musgrave Footprint system (Musgrave Systems
Ltd, Wrexham, North Wales); three-dimensional (3-
D) kinematic and kinetic parameters, measured by
the Vicon 370 motion-analysis system (Oxford Met-
rics Ltd, Oxford, England) and Kistler force plates
(Kistler Instrumente AG, Winterthur, Switzerland),
respectively; temporal and distance foot-fall parame-
ters, measured with the instrumented GaitMat II (EQ,
Inc, Chalfont, Pennsylvania); and lower-extremity
muscle-contraction dynamics, assessed with the In-
stech electromyography system (Instech Laborato-
ries, Inc, Plymouth Meeting, Pennsylvania).

Materials and Methods

All gait data were collected in the barefoot condition.
Plantar pressure measurements were made using the
Musgrave Footprint system. Vertical force beneath
the foot was recorded from a subset of the 2,048 sen-
sors within each plate that were loaded during the
stance phase. Because pressure is defined as the ver-
tical force per unit area, and the area of each sensor

B

Figure 1. A, Radiograph of distal right tibia. B, Radiograph following open reduction and internal fixation of tibial

fracture.

412

Journal of the American Podiatric Medical Association



is known to be 5 X 5 mm, or 0.25 cm?, the pressures
may be quantified. Pressure magnitudes were record-
ed from 0 to 15 kg/cm? during relaxed postural stance
(approximately 6-Hz sampling rate) and during com-
fortable-cadence locomotion (approximately 28-Hz
sampling rate bilaterally). Results were displayed
graphically using a color code to represent the pres-
sure magnitudes. The locations of the average pres-
sures at each interval of time formed the center-of-
pressure curve, which was overlaid on the maximum
pressure throughout the stance phase plot.

The following parameters were quantified from
the pressure measurements: foot angle in the trans-
verse plane, center-of-pressure excursion index,®
magnitude of peak plantar pressure, location of peak
plantar pressure, peak vertical forces, and the tempo-
ral sequence of loading (contact, midstance, and
propulsion) expressed as a percentage of the stance
phase.

For the dynamic measurements, the patient was
instructed to walk in a linear path at a comfortable
cadence over the Musgrave Footprint pressure plates.
The patient’s average velocity or speed was recorded
using a digital timer that was started and stopped
when he interrupted two photoelectric beams placed
4 m apart. For postural stabilograms, the patient
stood quietly with his weight evenly distributed and
his arms at his sides for 10 seconds. The postural cen-
ter-of-pressure excursion in healthy individuals is typ-
ically less than 1 cm in radius and located in the pos-
terior third of the foot corresponding to the body’s
vertical projection of the center of gravity (which is 2
cm anterior from the second sacral vertebra). The lo-
cation of the postural center-of-pressure excursion
with respect to each footprint is indicative of overall
body alignment and is sensitive to malalignments
such as limb-length discrepancy.

The five-camera, 120-Hz Vicon 370 motion-analy-
sis system was used to study the patient’s 3-D kine-
matics and kinetics. Thirteen passive reflective mark-
ers were placed on the patient’s lower extremities
using a modified Helen Hayes marker set to obtain
bilateral data on the kinematics of the pelvis, hip,
knee, and ankle.” In addition, the 3-D ground-reaction
forces were measured synchronously with the kine-
matics with Kistler force plates.

Slow-motion video was performed in the frontal
and sagittal planes to provide a qualitative assess-
ment of the patient’s gait patterns and to document
trial validity.

The GaitMat II was used to perform real-time
quantitative analysis of the temporal and distance
foot-fall parameters during gait.® It consisted of an in-
strumented walkway and an IBM-compatible 66-MHz
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486 microcomputer. The GaitMat II measured 12 feet
in length, 40 inches in width, and 1 inch in depth and
contained 9,728 switches arranged in 38 rows. When
the patient traversed the mat, the switches were tran-
siently closed and reopened as his foot broke contact
with the ground. The status of all switches was con-
stantly monitored by the computer, which tabulated
step length, stride length, stance time, and swing
time.

Dynamic electromyography was used to measure
the agonist and antagonist activity from the tibialis
anterior and medial gastrocnemius muscles bilateral-
ly. An Iomed (Salt Lake City, Utah) electromyograph-
ic preamplifier with a pair of stainless-steel elec-
trodes (35-mm interelectrode spacing) was affixed to
the epidermis overlying the aforementioned muscles
with double-sided adhesive tape. Electrolyte gel was
backfilled into 1-cm-diameter wells within the adhe-
sive tape to transduce the electromyogram signal to
the electrodes. Each electromyogram electrode/
preamplifier assembly provided a gain of 300 and a 0-
to 10-kHz bandwidth. The amplifier system then fur-
ther amplified each channel by a factor of 100. The
raw electromyogram signals were processed by tak-
ing the absolute value and low-pass filtering (first
order) with a 50-ms time constant. This yielded a
smoother signal, which was indicative of the contrac-
tion level. The resulting electromyogram signals were
graphed in amplitude (volts) versus time (seconds).

Findings

Clinical Examination

The clinical examination revealed that the patient’s
vascular status was intact. Dermatologic examina-
tion findings included hyperkeratotic lesions beneath
the first, second, third, and fifth metatarsal heads
bilaterally. Neurologic evaluation using a Semmes-
Weinstein monofilament was conducted as a sensory
screen. The patient perceived the 10-g monofilament
on the plantar and dorsal aspects of both feet, with
the exception of the right third, fourth, and fifth
metatarsal head regions. The deep tendon reflexes
were within normal limits at both the patellar and
Achilles tendons. Manual muscle testing of the thigh
and hip region was within normal limits bilaterally.
However, the tibialis anterior, tibialis posterior, per-
oneus longus, flexor hallucis longus, gastrocnemius,
and digital extensor muscles were weaker on the
right side and classified as marginally functional
(£3/5).

Nonweightbearing clinical biomechanical exami-
nation caused the authors to suspect a limb-length
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discrepancy, as measurement from the anterosuperi-
or iliac spine to the medial malleolus revealed that
the right side was longer by 1 cm. The midcalf cir-
cumference was 38 cm on the right side and 39 cm
on the left side, and the thigh circumference was
symmetrical. There was insufficient passive dorsi-
flexion of the right ankle with the knee straight (—3°)
or flexed (3°). Subtalar joint range of motion was
limited. The forefoot-to-rearfoot relationship was in
varus bilaterally (56° on the right and 4° on the left). A
cocked-up hallux and hammer toes of the lesser dig-
its were noted on the right foot. A mild anterior
cavus deformity was noted when each foot was load-
ed; the cavus deformity was reducible on the left side
but not on the right side.

The weightbearing examination revealed hyperex-
tension of the left knee and flexion of the right knee.
The resting calcaneal stance positions were everted
bilaterally (3° on the right and 4° on the left). Addi-
tionally, the right foot exhibited excessive abduction.

Objective Gait Analysis

Qualitative slow-motion video analysis revealed ex-
cessive knee and hip flexion during the midswing
phase of the involved limb. The contralateral limb
had normal angular excursions and no difficulty in
limb clearance during midswing. The digits of the
right foot were extended in the absence of ankle dor-
siflexion and remained so until after the beginning of
stance. The right foot adopted a varus and plan-
tarflexed position in late swing, which imposed ini-
tial contact at the fifth metatarsal head region (Fig.
2). An excessive external transverse plane foot angle
was observed during the midstance phase of the
right foot. Overall, a significant footdrop and ankle
equinus were present. The patient had a robotic gait
pattern and compensated for the footdrop predomi-
nantly in the sagittal plane. The upper body had an
anterior tilt with respect to the lower body, which
limited the posterior excursion of reciprocal arm
swing bilaterally. The objective gait analysis was con-
ducted to confirm or refute these observations.

The average velocity or speed of ambulation was
determined using the Musgrave Footprint system and
was determined to be within normal limits (ie, 1 to
1.4 m/s). Table 1 shows the Musgrave Footprint ob-
jective data. Center-of-pressure excursion index val-
ues of less than 15% were considered pronatory.é The
right foot pronated more than the left (6.9% versus
12.8%) during comfortable-cadence locomotion.
Transverse-plane foot angles in healthy individuals
have been reported by various authors to range from
0° to 10°. The right foot in the current case showed
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an abduction angle of 22.6°. The average temporal se-
quence of loading for contact, midstance, and propul-
sion should be 15% to 20%, 40% to 45%, and 35% to
40% of the stance phase, respectively.® The left foot
exhibited an approximately normal temporal se-
quence of loading (14.8%, 41.7%, and 43.5%, respec-
tively); however, the right foot spent a greater amount
of time in midstance (564.7%) because of the lack of
heel strike. Peak plantar pressures were below 10
kg/cm? and were not considered pathologic.®

As shown in the the postural stabilogram in Figure
3, the center of pressure was slightly anterior and
right-justified, and the right foot was greatly abduct-
ed with respect to the left.

The maximum plantar pressures throughout the
stance phase are shown in Figure 4. The black line
representing the center of pressure normally begins
at the approximate bisection of the calcaneus and
progresses in a concave fashion throughout the
stance phase, exiting from the first interspace at toe-
off. Mild hyperpronation was observed because of
the medially deviated (ie, less concave) center-of-
pressure patterns bilaterally. Most notably, the pa-
tient’s plantar pressure pattern on the right side origi-
nated beneath the fifth metatarsal head, rocked back
into the midfoot region, and then traveled forward
into the first interspace. This “reverse check mark”
center-of-pressure pattern was highly aberrant and
was consistent with a footdrop deformity.

Using the Vicon 3-D kinematic system, data from
four trials were collected and averaged for the right
and left limbs. Figure 5 shows the average left, right,
and normal angular excursions, as described by Kad-
aba et al.” All joint rotations are expressed in degrees
versus percentage of the gait cycle.

Figure 5A shows that, during midswing, the in-
volved limb had approximately 8° more hip flexion
as compared with the contralateral limb and normal
values. Excessive knee flexion at heel strike was ex-
hibited bilaterally for the first half of the stance
phase, as shown in Figure 5B. Only the involved limb
demonstrated excessive knee flexion in the swing
phase. At heel strike, shown in Figure 5C, the patient
manifested approximately 15° of plantarflexion of
the right foot while the left foot exhibited normal
dorsiflexion. In the swing phase, the right foot re-
mained plantarflexed, which eliminated the possibili-
ty of a normal heel-toe gait pattern at the next heel
strike. Figure 5D shows that the involved foot was
approximately 5° more externally rotated than the
normal value in midstance. The uninvolved limb was
8° more internally rotated.

Figure 6 depicts the ground-reaction forces scaled
to body weight as measured by the Kistler force
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Figure 2. Sagittal-plane (A) and frontal-plane (B) views of patient in the late swing phase of gait. The initial contact

with the ground is beneath the fifth metatarsal head.

Table 1. Musgrave Footprint System Quantitative Foot-
Function Parameters

Mean (SD) Barefoot Values
Left(n=9) Right(n=26)

Parameter

Center-of-pressure

excursion index (%) 12.8 (3.6) 6.9 (3.4)
Foot angle (transverse

plane) (°) 3.7(3.0) 22.6(1.3)
Contact (percentage of

stance phase) 14.8 (1.9) 0(0)
Midstance (percentage of

stance phase) 41.7 (3.3) 54.7 (7.9)
Propulsion (percentage of

stance phase) 43.5(3.5) 45.3(7.9)
Peak pressure (kg/cm?) 8.1 (0.6) 6.4 (1.0)

plates. Regarding the vertical component of the
ground-reaction force vector, healthy individuals typ-
ically ambulate with symmetrical peak forces in con-
tact and propulsion that appear graphically like a
double-humped camel. Note that the second peak of
the patient’s forces was diminished, which is indica-
tive of apropulsive gait. In general, the ground-reac-
tion forces of the patient’s left and right limbs were
asymmetrical.

Figure 7 represents the net internal joint moments
(or kinetics) about joints in the lower extremity. The
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complete kinetic solution includes moments about
the sagittal, transverse, and frontal planes, which
were generally asymmetrical. The right knee had an
excessive flexion moment in the contact phase and
the left knee had an excessive extension moment in
midstance. The former condition assisted with the
additional knee flexion required for limb clearance
and the latter condition undoubtedly stabilized the
left lower extremity. In the stance phase, the in-
volved ankle demonstrated a lack of dorsiflexion mo-
ment as compared with the uninvolved side and nor-
mal values.

The foot-fall parameters, as measured from the
GaitMat II, demonstrated asymmetry in step length
(Table 2).

The uninvolved (left) and involved (right) raw tib-
ialis anterior muscle electromyogram signals are
shown in Figure 8. The involved limb demonstrated a
decreased electromyographic activity level at heel
strike and during the swing phase as compared with
the uninvolved limb.

Discussion

This quantitative gait analysis provided objective
data to differentiate the biomechanics of a peroneal
neuropathy—affected limb from those of an uninvolved
limb. Compensatory biomechanics in the uninvolved
limb were expected. The objective gait analysis
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Figure 3. Postural stabilogram depicting the maximum plantar pressure (in kilograms per square centimeter) and
center of load during relaxed standing. On the left side of the stabilogram, the patient’s eyes are open, and on the
right side the patient’s eyes are closed. Note that the center of pressure is slightly anterior and right-justified in
both cases. For the closed-eyes trial, there is slightly more sway. Note also that 6 represents the angle between
the foot bisection and the vertical line parallel to the vertical border of the plate.

Foot
bisection

Center of
pressure Foot width

E
Center-of-pressure

reference line

e

Center-of-pressure
excursion

Angle of gait

Maximum pressure Maximum pressure

Figure 4. Maximum pressure throughout the stance phase of gait, showing center-of-pressure excursion index
(CPEI) and the angle of gait. The color-coded pressure distribution (in kilograms per square centimeter) is de-
picted. CPEI = (CPE/FW) « 100, where CPE = center-of-pressure excursion (deviation between the center-of-pres-
sure reference line and the center of pressure) and FW = foot width at anterior trisection.
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Figure 5. Average joint-rotation angles. (See text for details.) Positive and negative values are flexion and exten-
sion, dorsiflexion and plantarflexion, and internal and external rotation, respectively. The arrows indicate large de-

viations from normal data.

helped to define this patient’s functional limitations
or disability while providing a baseline against which
to evaluate future treatments.

Qualitative slow-motion video analysis showed ev-
idence of right-foot plantarflexion and inversion be-
fore the initial contact near the head of the fifth
metatarsal. The patient presented with a left shoul-
der drop, a left pelvic tilt, and an anteriorly tilted
upper body in both posture and locomotion. Further-
more, clinical examination made the investigators
suspect that this patient had a 1-cm limb-length dis-
crepancy (right greater than left). These observations
were corroborated by the postural stabilogram study,
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which documented a slightly anterior and right-justi-
fied center of pressure.

The pedobarographic finding of a “reverse check
mark” center-of-pressure pattern in comfortable-ca-
dence locomotion beneath the right foot was typical
of footdrop gait. The Musgrave Footprint system and
the GaitMat II indicated a normal temporal sequence
of loading on the left side but an abnormal pattern on
the right side. The contact period was essentially
eliminated on the affected side because of footdrop,
which promoted immediate forefoot loading. The ab-
ducted transverse-plane foot angle and pronatory
center-of-pressure excursion index value resulted in
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Table 2. Foot-Fall Parameters from the GaitMat Il Program

Mean Barefoot Values

Parameter Left (n=5) Right (n =5)
Step length (m) 0.6 0.7
Stride length (m) 1.2 1.2
Step time (s) 0.5 0.5
Swing time (s) 0.4 0.4
Stance time (s) 0.6 0.6
Double-support time (s) 0.1 0.1
Velocity (m/s) 1.3

a clinically apropulsive gait. This apropulsive gait
pattern also correlated with the vertical force com-
ponent of the ground-reaction force of the involved
limb.

Increased hip and knee flexion with an externally
rotated foot position was noted in the affected limb
during the swing phase while the contralateral limb
demonstrated excessive extension moments about
the knee. In stance, the affected limb compensated
for the lack of dorsiflexion by pronation and in-
creased knee flexion. The moment about the in-

volved ankle joint lacked a positive (dorsiflexion)
value during the contact phase. This aberration was
due to the fact that the ground-reaction force vector,
and hence ankle moment arm, was never physically
behind the transmalleolar axis.

Compensation for the footdrop resulted in abnor-
mal joint motion at the hips, knees, and ankles
throughout the entire gait cycle. Similarly, the joint
moments were altered at the affected ankle as well
as other joints throughout the kinetic chain.

Conclusion

Objective gait analysis in conjunction with a thor-
ough clinical and biomechanical examination was
used to document the correlated and compensatory
motions associated with a peroneal neuropathy-in-
duced footdrop gait pattern. Significant dysfunction
was measured within the foot and ankle of the affect-
ed limb. In addition, aberrant biomechanics were ob-
served in structures other than the site of initial in-
jury within both the involved and uninvolved limbs.
In the investigation of complex foot and ankle
pathologies, gait analysis can provide invaluable in-
sight into the pathomechanics of the primary injury
as well as the effect of injury on proximal and distal
structures.

Electromyogram signal ------ Vertical force

>

Force (V)

Tibialis Anterior Electromyogram Signal (V)

Time (s)

10 5
4— Stancephase —”

Tibialis Anterior Electromyogram Signal (V)

Time (s)

Figure 8. Superimposition of tibialis anterior muscle electromyogram signal and vertical force for the (A) unin-
volved and (B) involved limbs. (Note: Vertical force is scaled at 300 N/V.)
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