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Abstract

Background Knee dislocation may be associated with an
injury to the common peroneal nerve with a subsequent
foot drop. Previous studies have demonstrated good func-
tional results after posterior tibial tendon transfer in
patients with foot drop. No studies, to our knowledge, have
focused exclusively on knee dislocation as the cause of
common peroneal nerve injury leading to foot drop.
Questions/purposes We determined the percentage of
patients developing common peroneal nerve paresis after knee
dislocation, the symptom improvement rate in these patients,
and patient-reported outcomes (American Orthopaedic Foot
and Ankle Society [AOFAS] ankle-hindfoot score), ankle
dorsiflexion strength, and ROM in patients with no symptom
improvement treated with posterior tibial tendon transfer.
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Methods Two hundred forty-seven patients with knee
dislocation, defined as an injury to both the ACL and PCL
with an additional injury to the lateral and/or medial liga-
ments (Schenck Classification II to IV), were registered in
a single institution’s database between 1996 and 2011. The
database was queried for the frequency of documented
injuries to the common peroneal nerve and, among those,
the frequency of spontaneous resolution after this injury.
Patients demonstrating no active dorsiflexion 12 months
after injury generally were offered posterior tibial tendon
transfer. Postoperatively, patients were evaluated for
AOFAS score, ankle dorsiflexion strength, and ROM.
Results Forty-three patients (17%) had a common pero-
neal nerve paresis at admission. At 1-year followup, 15 of
43 patients (35%) had experienced symptom improve-
ment. One patient experienced spontaneous improvement
later than 1 year after injury. One patient was lost to fol-
lowup. A below-knee amputation was performed in one
patient due to the initial trauma. Seven patients were sat-
isfied with their function using a brace or had medical
contraindications to surgical treatment, while four patients
refused the proposed operation with a tendon transfer,
leaving 14 patients treated with posterior tibial tendon
transfer. In the 12 patients available for evaluation, mean
AOFAS score was 91 of 100. Mean (+ SD) dorsiflexion
strength was 118 (£ 55) Nm on the operated side and 284
(£ 94) Nm on the unaffected side (p < 0.001). Mean ROM
was 67° (£ 15°) on the operated side and 93° (£ 14°) on
the unaffected side (p < 0.001).

Conclusions Based on these findings, we recommend
posterior tibial tendon transfer for treatment of foot drop
that persists at least 1 year after knee dislocation.

Level of Evidence Level IV, therapeutic study. See
Instructions for Authors for a complete description of
levels of evidence.
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Introduction

Dislocation of the knee is a rare injury and accounts for
0.02% to 0.2% of orthopaedic injuries [12, 19, 20]. The
cause of injury can be high- or low-energy trauma [3].
Almost !5 of the patients are polytraumatized [29], and the
amputation rate after knee dislocation is approximately
10% [23]. Knee dislocation is often associated with addi-
tional injuries to the affected leg, such as injury to the
popliteal artery (23%-32%) [6, 26], compartment syn-
drome, injury to the tibial nerve [13, 25, 30], and more
often injury to the common peroneal nerve (14%-40%)
[3, 14, 16, 21, 28].

Spontaneous healing potential after common peroneal
nerve paresis is uncommon [9, 22, 31], but an incomplete
nerve injury has a better prognosis [5]. Immediate surgical
nerve suture, neurolysis, and nerve grafting have been
reported to give poor results regarding return of motoric
function [11, 31]. Some authors recommend repeated EMG
and nerve conduction velocity testing to evaluate the status
of the common peroneal nerve [9], and some recommend
surgical intervention if no recovery of motor function is
noted 3 months after the initial injury [5, 9]. Previous
studies describe the results after posterior tibial tendon
transfer for foot drop as fair to good [1, 7, 10, 18, 32], but
the studies include patients with a wide range of reasons for
foot drop. No previous studies, to our knowledge, have
exclusively focused on patients with knee dislocation as the
specific reason for the foot drop, and this may be important
because patients with a more proximal lesion to the nerve
(such as occurs with knee dislocations) may have some
impairment to other muscle groups of the calf that can
influence functional results when these lesions are treated
surgically, and the severity of trauma associated with knee
dislocations might itself influence the likelihood of motor
recovery.

We therefore studied the percentage of patients devel-
oping common peroneal paresis after knee dislocation and
the symptom improvement rate of these patients within
1 year after the injury. Additionally, the patient-reported
outcomes using the American Orthopaedic Foot and Ankle
Society (AOFAS) ankle-hindfoot score, ankle dorsiflexion
strength, and ROM in the subset of patients who underwent
posterior tibial tendon transfer for foot drop after knee
dislocations were studied.

Patients and Methods

Two hundred forty-seven patients with traumatic knee dis-
locations were treated at our hospital between May 1996 and
January 2012 (Fig. 1). The inclusion criterion was a knee
dislocation defined as an injury to both the ACL and PCL
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with an additional injury to the lateral and/or medial liga-
ments (Schenck Classification II to IV) [3]. Patients with
severe intraarticular fracture of the knee (Schenck Classifi-
cation V) or skeletal immaturity were not included. All 247
patients were entered into a prospective database and have
been followed since the time of injury. In an early report
from this database covering 85 patients [3], 51% were high-
energy trauma, but unfortunately we do not have more
detailed data on the larger cohort of all 247 at the time of
this publication. This study was approved by the regional
ethics committee (05.06.2012; reference: 2012/873), and
informed consent was obtained before patient inclusion.

At the time of admission, knee injuries, including injury
to the common peroneal nerve and any additional injuries,
were registered. The status of the common peroneal nerve
was obtained from the patient’s chart in all 247 patients. Of
the 247 patients, 43 suffered from a paresis of the common
peroneal nerve at admission. The mechanism of injury was
high-energy trauma in 22 of these patients and sports or
low-energy trauma in 21 patients. These patients have not
routinely been examined with EMG or nerve conduction
velocity as our policy has not been reconstructive nerve
surgery but later tendon transfers after awaiting spontane-
ous recovery at least 1 year. The nerve function was then
again examined clinically at the followup 1 year after
injury in 41 of these patients. One patient was not exam-
ined because he moved abroad and one patient had
undergone amputation as a result of his original trauma.

A total of 26 patients had residual dorsiflexion weakness
at 1 year, 13 from high-energy trauma and 13 from low-
energy or sports injuries. One further patient experienced
spontaneous improvement later than 1 year after injury.
Seven patients were satisfied with their function using a
brace or had medical contraindications to surgical treat-
ment, while four patients refused the proposed operation
with a tendon transfer. A total of 14 patients of the 26 with
residual dorsiflexion weakness elected to have the proce-
dure. Two patients refused to participate in the study,
leaving 12 to be included in the study. There were 10 men
and two women, with a mean age at time of injury of
28 years (range, 20-51 years) and a mean age at time of
surgery of 30 years (range, 21-53 years) (Table 1). The
patients completed questionnaires and were invited to a
clinical followup including functional tests. The minimum
followup after posterior tibial tendon transfer was 8 months
(mean, 56 months; range, 8—204 months).

Before surgical treatment, the function of the tibialis
posterior muscle and tendon was assessed. Full inversion
strength was a prerequisite for the tendon transfer. No
calcaneovalgus deformity was noted before surgery. In
patients with no dorsiflexion above neutral position of the
ankle (n = 5), a lengthening of the Achilles tendon was
performed.



Volume 472, Number 9, September 2014

Foot Drop After Knee Dislocation

2639

Enrollment

1-year followup

Treatment

Inclusion

Knee dislocations (n = 247)

A 4

Foot drop at injury (n = 43)

:I Not foot drop (n =204) |

:I Lost to followup (n = 2) |

A 4

Foot drop 1 year after injury (n = 26)

> Spontaneous recovery (n = 15) |

A 4

A 4

Posterior tibial tend

on transfer (n = 14)

Late spontaneous recovery (n = 1)
Satisfied with brace (n = 6)
Surgery contraindicated (n = 1)
Refused surgery (n =4)

A 4

Included (n = 12)

Fig. 1 A flowchart shows the patient selection process.

:I Refused inclusion (n = 2)

Table 1. Characteristics and results in 12 patients undergoing posterior tibial tendon transfer

Patient Age Sex ROM (°) Ankle dorsiflexion strength (Nm) AOFAS  6-minute walking
(years) score test distance (m)T

Operated Nonoperated ~ Operated Nonoperated (points)
ankle* ankle ankle* ankle

1 28 Male 55 (69%) 80 97 (19%) 509 97 459 (64%)

2 42 Male 40 (67%) 60 171 (46%) 369 87 475 (74%)

3 36 Male 55 (65%) 85 157 (50%) 315 97 681 (101%)

4 56 Female 70 (74%) 95 48 (21%) 228 78 559 (103%)

5 25 Male 80 (76%) 105 157 (55%) 286 83 506 (69%)

6 26 Male 90 (82%) 110 117 (55%) 213 100 723 (100%)

7 38 Female 70 (70%) 100 17 (8%) 202 75 459 (71%)

8 27 Male 60 (60%) 100 195 (65%) 302 98 697 (97%)

9 31 Male 85 (89%) 95 166 (51%) 326 95 663 (95%)

10 57 Male 60 (57%) 105 104 (38% 277 88 639 (112%)

11 31 Male 60 (67%) 90 124 (53%) 235 88 685 (98%)

12 21 Male 80 (84%) 95 62 (43%) 144 100 764 (102%)

Mean + SD 67 + 15 (72%) 118 £ 55 (42%) 91 £ 9 609 + 111 (90%)

* Percentage of the nonoperated side in parentheses; Tpercentage of the normal distance adjusted for sex and age [15] in parentheses; AOFAS =
American Orthopaedic Foot and Ankle Society ankle-hindfoot scale.

The surgical procedure was performed with the patients
in the supine position, with the tourniquet control placed at
the thigh. A four-incision technique was used. First, a
longitudinal incision for harvesting the posterior tibial

tendon was made over the insertion of the posterior tibial
tendon to the naviculare bone, enabling the tendon to be
detached from the bone. The second incision was made
along the calf 7 to 8 cm above the tip of the medial
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malleolus, and the posterior tibial tendon was then pulled
proximally. While avoiding the neurovascular structures, a
forceps was introduced on the posterior side of the tibia, a
2- to 3-cm window in the interosseous membrane was
made, and the forceps were brought anterior to the fibula
where the third skin incision was made slightly distal to the
second incision. The harvested tendon was passed close to
the posterior surface of the tibia through the gap in the
membrana interosseous. The tendon was then passed sub-
cutaneously or under the extensor retinaculum to the
dorsum of the foot. The fourth incision was made at the
predetermined distal attachment site and 5-mm bone
anchors (Twin-ﬁx""'@; Smith & Nephew, Inc, Andover, MA,
USA) were used for attachment of the tendon to the bone
under tension. One anchor was used in two patients, two
anchors in eight patients, and three anchors in one patient;
in one patient, it was not possible to identify from the chart
how many anchors were used. The tendon was fixed to the
cuboid in five patients, it was fixed to the lateral cuneiform
in six patients, and this was not described for one patient.
In seven patients, the extensor hallucis longus and extensor
digitorum longus were tenodized to the graft to achieve
some active dorsiflexion of the toes or counteract hanging
toes.

A lower leg splint was used for 3 weeks and replaced by
a cast after suture removal for another 5 weeks in which
toe-touch weightbearing was allowed. From 8§ to 12 weeks,
a walker was used during the day, allowing weightbearing
as tolerated. A night splint was used until 12 weeks post-
operatively. The rehabilitation protocol focused on ROM,
strength, and proprioception, starting from 8 weeks
postoperatively.

The AOFAS ankle-hindfoot scale was used to assess
function. A test battery including dynamometric testing of
ankle dorsiflexion strength, passive ROM, and a 6-minute
walking test was used. All examinations were done by the
same examiner (JH). The dorsiflexion force of the ankle was
tested with the knee flexed 30° and the ankle plantarflexed
25° using a hand-held dynamometer (Hoggan microFET2
dynamometer; Hoggan Health Industries Inc, Salt Lake City,
UT, USA). The force was tested both on the operated and
nonoperated side through repetitive examinations. Ankle
ROM was measured with standard goniometric techniques,
using a hand-held goniometer (Biomet International Stan-
dard Goniometer; Biomet Orthopedics, Warsaw, Indiana,
USA), and compared to the contralateral extremity through
repetitive examinations.

A full medical history was obtained with focus on
postoperative complications, foot and ankle alignment,
whether the patients still were using the foot drop brace,
and their activity level.

Statistical analyses were performed using SPSS® 18.0
for Windows™ (SPSS Inc, Chicago, IL, USA). Normally
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distributed data are presented as group means and SDs.
Differences were considered significant at p levels of 0.05
or less.

Results

We found that 17% of patients (43 of 247) had an injury of
the common peroneal nerve with a subsequent partial or
complete foot drop at hospital admission. All patients with
a common peroneal nerve paresis had injuries to the pos-
terolateral ligaments.

At 1-year followup, 35% of patients (15 of 43) experi-
enced a spontaneous improvement of their foot drop and
had no need for further treatment. One patient experienced
spontaneous improvement later than 1 year after injury.

In the 12 patients available for evaluation after posterior
tibial tendon transfer, the mean AOFAS ankle-hindfoot
score was 91 £ 9 (Table 1). No patients used an ankle-foot
orthosis for daily activities after posterior tibial tendon
transfer. Two patients occasionally used their orthosis
during sports activities. Four patients reported a high
activity level; one patient is a high national-level athlete.
One patient completed a marathon and two participate in
downhill mountain biking. The others all participated in
recreational sports, including bicycling, cross-country ski-
ing, dancing, squash, football, and distance walking.

The mean ankle dorsiflexion strength was 118 &+ 55 Nm,
which represented 42% of the strength on the unaffected
ankle (p < 0.001) (Table 1). The mean ROM was 67° +
15°, which represented 72% of the ROM on the unaffected
extremity (p < 0.001). The mean 6-minute walking test
distance was 609 + 111 m, which corresponds to 90% of
the normal distance adjusted for sex and age [15].

One patient had a postoperative rupture of the tendon
graft in the interosseus tunnel 7 months after posterior
tibial tendon transfer. He was revised with a transfer of the
flexor digitorum longus tendon to the dorsum of the foot.
One patient developed an asymptomatic pes planovalgus.
No other major foot malalignment was registered, and no
other complications were reported.

Discussion

Knee dislocation with common peroneal nerve involve-
ment may lead to a permanent disabling foot drop.
Posterior tibial tendon transfer as treatment for foot drop
has been reported with good to fair functional results [1, 7,
10, 18, 32], but the previous studies have included patients
with a variety of causes for their foot drop. All of
the patients included in our study had a knee dislocation as
the specific injury causing the nerve damage. We surveyed
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the percentage of patients developing a common peroneal
paresis and the symptom improvement rate of common
peroneal nerve paresis after knee dislocation. We also
examined the functional results after posterior tibial tendon
transfer. We found, in the 247 patients with knee disloca-
tions, 43 (17%) had an injury to the common peroneal
nerve with a subsequent foot drop at hospital admission.
Fifteen of these patients experienced improvement of
symptoms within 1 year, and one patient even later than
this; about Y2 of the 26 remaining patients were content
enough with an ankle-foot orthosis or did not want
reconstructive foot surgery to address the dorsiflexion
weakness that persisted, and about 4 opted for posterior
tibial tendon transfer. Among the 12 who had the tendon
transfer and agreed to participate in the study, a high
AOFAS score was achieved, but persistent side-to-side
differences in terms of ROM and dorsiflexion strength
remained.

The main limitation of this study is the small number of
patients. However, this is an uncommon complication of an
uncommon injury, and no other patient series on the topic
have comparable numbers [7, 10, 18, 27, 32]. One limita-
tion in interpreting the results is that there is no consensus
in outcome scores for this group. The AOFAS score is
widely used in studies for ankle-foot conditions but has
never been used for evaluating the results after posterior
tibial tendon transfer. Also, the retrospective nature of the
study is a limitation. However, it will be difficult to do a
prospective study on this patient population, and all other
studies are retrospective [7, 10, 18, 32]. Another limitation
is that the technique of posterior tibial tendon transfer is
complex, and the number of these procedures performed is
low; one needs to consider surgeon experience in deciding
to what degree the results here (which were obtained in a
high-volume trauma setting) are generalizable to other
settings.

Forty-three of the 247 patients (17%) in our study sus-
tained a foot drop after the knee dislocation. This result is
comparable to other studies showing a common peroneal
nerve palsy incidence of 14% to 40% [3, 14, 16, 21, 28].
The differences among the studies might be the result of
different patient populations. A high-energy trauma would
be expected to produce more serious additional injuries. In
this study, the group of knee dislocations (n = 247), the
group of patients presenting with foot drop (n = 43), and
the group with persistent foot drop (n = 26) included
groups of patients about 50% of whom had experienced
high-energy trauma. The definition of knee dislocation
might also vary in different studies. Our inclusion criteria
excluded patients with severe intraarticular fractures
(Schenck Classification V) and less severe knee trauma
(Schenck Classification I). Some studies also included

patients with pure sensory dysfunction of the nerve [3, 16],
whereas we focused on patients with severe motor dys-
function due to injury to the common peroneal nerve. We
consider a sensory dysfunction as less disabling and chose
to exclude these patients. Fifteen of 43 patients (35%) with
a motor dysfunction of the common peroneal nerve in our
study experienced a spontaneous improvement of symp-
toms within 1 year, and one patient experienced improvement
even more than 1 year after the injury. Previous studies have
demonstrated complete or partial recovery of nerve dys-
function in 40% to 50% of the patients [2, 9, 22, 31]. It is
known that a partial nerve lesion has a far better prognosis [5].
The range in published results should be interpreted in light of
these issues. Some other authors recommend waiting for
spontaneous recovery for up to 3 months [5, 9]. Our results
show that spontaneous recovery might occur later than this
and even more than 1 year after the injury, though the latter is
likely quite rare.

To our knowledge, the AOFAS ankle-hindfoot scale has
not been used to evaluate posterior tibial tendon transfers.
Other studies have instead focused on functional outcome
or patient satisfaction as measured in other ways [7, 32],
with 10 of 12 patients satisfied in one report [32] and
15 good and two improved in another [7]. Certainly the
mean AOFAS score of 91 in this study would appear to
hold up well against the results of others [7, 32]. The aim of
the tendon transfer is to reduce or prevent pes equinus and
improve gait so that the patient can discard the ankle-foot
orthosis. The patients included in this study were mainly
young with a high activity level, all participating in rec-
reational sports activities and including one high national-
level athlete. After posterior tibial tendon transfer, none of
the 12 patients used their orthosis for daily activities, and
only two patients used the orthosis occasionally for recre-
ational or sports activities. Previous studies have also
reported that most patients are able to discard their ortho-
sis, leaving only a minority dependent on it for daily
activities [32].

Previous studies also have shown patients achieve
approximately 30% of their normal ankle dorsiflexion
strength after posterior tibial tendon transfer [32]. In our
study, the mean dorsiflexion strength was 42% of that of
the unaffected ankle. Other studies have used the Cybex®™
for dynamometric evaluation [32]. We used a hand-held
dynamometer under standardized conditions. All patients
were examined by the same examiner and by repetitive
examinations of both extremities. Hand-held dynamome-
ters have been shown to have reliability and validity
comparable to those of stationary devices such as the
Cybex™ and Biodex™ [8, 24]. The favorable results could
be due to the study population consisting of young and
active persons, with a high rehabilitation potential.
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Additionally, the outcome after posterior tibial tendon
transfer is reported to be better when the nerve injury is
distally located, eg, in the knee region [32]. Our patients
achieved an ROM of 72% when compared with the non-
operated ankle. Yeap et al. [32] reported an ROM on the
operated side of 40% compared to the nonoperated side.
Our complication rate related to posterior tibial tendon
transfer was low, as has also been previously reported [32].
One patient developed an asymptomatic pes planovalgus.
This complication is rarely reported [4, 17, 32]. As the pos-
terior tibial tendon is an important structure for arch support,
its removal should be expected to produce a lower arch. In our
series, there was no preoperative planovalgus deformity,
which is an important disposing factor for dysfunction of the
posterior tibial tendon. This finding, and the tendency to
hindfoot rigidity in cases with foot drop, may protect the foot
from sliding into valgus after posterior tibial tendon transfer.
In conclusion, the results after posterior tibial tendon
transfer for foot drop are generally good. However, in this
study, we present the results after posterior tibial tendon
transfer performed exclusively in patients with common
peroneal paresis after knee dislocation. This has not pre-
viously been studied. We found that our highly active and
motivated patient group had a favorable outcome and was
able to return to a high activity level after this procedure.
We recommend this procedure in patients with a foot drop
caused by traumatic injury to the common peroneal nerve
that persists beyond 1 year, as spontaneous nerve
improvement may occur within the first year.
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