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Abstract

Purpose Peroneus longus tendon (PLT) autograft has been successfully used for isolated anterior cruciate ligament (ACL)
or posterior cruciate ligament (PCL) reconstruction cases. Being a powerful evertor and flexor of great toe, there might be
associated ankle morbidity with this autograft option. However, there are only a few studies exploring whether the ankle
morbidity is significant or not. This study aims to assess the functional outcomes, donor site morbidity, and ankle strength
after harvesting ipsilateral peroneus longus autograft for ACL reconstruction in revision ACL and multi-ligament injury cases.
Methods This was a prospective case series. All of the patients were evaluated by clinical examination for knee for laxity,
ankle joint stability, and using visual analog scale (VAS) for pain, International Knee Documentation Committee (IKDC)
score, and Lysholm score, preoperatively and postoperatively at two-year follow-up. Morbidity of donor ankle was assessed
using American Orthopedic Foot and Ankle Society (AOFAS) score, bilateral evertors, and first ray plantarflexion strength
measurement using an isometer (Innovative Design Orthopedics) at two-year follow-up.

Results Ipsilateral PLT graft was used in ten patients of revision ACL reconstruction and 27 patients of the multi-ligament
knee injury. The mean length of PLT harvested (cm) was 26.2 (standard deviation 2.6, range 22-31), and mean diameter of
the doubled graft (mm) was 7.9 (standard deviation 0.68, range 7.5-8.5). There was a significant improvement in VAS score
for pain, Lysholm, and IKDC scores (p= <0.001) at two -year follow-up. There were no cases of graft failure, superficial, or
deep infection. Ankle dorsiflexion(p =0.32), ankle plantarflexion (p =0.19), eversion strength(p =0.6), first ray plantarflexion
strength(p =0.52), and AOFAS score(p =0.29) were found to be comparable to the normal side in all patients.

Conclusions Peroneus longus autograft can be considered as a potential autograft option for ACL reconstruction in multi-
ligament knee injuries and revision ACL reconstruction. No significant donor site morbidity was noted at follow-up.

Level of evidence Level IV.
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Introduction

Several options for tendon grafts exist in anterior cruciate
ligament (ACL) reconstruction surgeries. The most popular
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None of the commonly used autografts can be consid-
ered as the ideal graft for anterior cruciate ligament (ACL)
reconstruction. The hamstring tendon graft is one of the
most commonly used graft in an anterior cruciate ligament
(ACL) reconstruction. It would be worthwhile to mention
here that hamstrings are strong agonists of ACL function
in preventing anterior translation of the tibia [4]. Despite
showing excellent mechanical strength, it has been said to
have disadvantages of knee flexion weakness [5-8], poor
predictability of length and diameter [4, 9], and injury to
infrapatellar branches of the saphenous nerve [10, 11]. The
second most commonly used graft, BPTB, carries a risk of
anterior knee pain and patellar fracture [12, 13]. Contralat-
eral hamstring tendons have been used in revision ligament
reconstructions and multi-ligament injuries [14]. But it sub-
jects the normal limb to an additional surgical procedure,
delays rehabilitation, and thus, may not easily be acceptable
to patients [5, 6].

Recently, peroneus longus tendon (PLT) harvested from
the ankle has been used in knee ligament surgeries [15-22].
The use of peroneus longus tendon as a graft is not new
and has been used previously for other indications [23]. The
half-thickness of the tendon has been used variably in knee
ligament surgery before [18, 24, 25]. PLT is gaining popular-
ity as a graft option in primary ACL reconstruction surger-
ies with studies showing tensile strength [26] and clinical
outcomes [19] comparable to quadrupled hamstring grafts.
Peroneus longus is a powerful evertor of the foot and flexor
of the great toe. Loss of this function is an important con-
cern in the use of this graft, but this donor site morbidity has
not been adequately evaluated in most of the studies [15-19,
22]. To the best of our knowledge, there are no studies to
date showing clinical outcomes of using PLT autograft in
multi-ligament injuries or revision anterior cruciate ligament
surgeries.

This study aims to assess the functional outcomes, donor
site morbidity, and ankle strength after harvesting ipsilat-
eral peroneus longus autograft for anterior cruciate ligament
(ACL) reconstruction in revision ACL and multi-ligament
injury cases.

Methodology

In this prospective observational study conducted over a
time period of 1 year (December 2017 to November 2018),
all patients aged between 16 and 50 years undergoing ACL
reconstruction surgery as a part of multi-ligament recon-
struction or revision surgery using PLT autografts were
included. The diagnosis of ligament injury was made based
on history, clinical examination, and magnetic resonance
imaging (MRI). Any patient with history of injury or any
surgery or disability affecting strength of ipsilateral ankle
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were excluded from the study. Patients with associated
fractures around knee were also excluded. Informed con-
sent was obtained from all patients. The ethical clearance
was obtained from institutional ethical committee (AIIMS/
IEC/18/189).

All of the patients were evaluated clinically by Lachman
test, anterior drawer test, and pivot shift tests for anterior
laxity, and functional evaluation was done using visual
analog scale (VAS) for pain (0—10 cm scale), International
knee documentation committee (IKDC) score, and Lysholm
score, preoperatively at presentation to the hospital. The
activity level of all of the patients was also noted. The pre-
operative workup also included assessment of the cause of
failure in revision ACL reconstruction cases by computed
tomography scans and MRI.

Surgical technique

For harvesting the PLT, a 3-cm-skin incision was given 1 cm
behind the lateral malleolus. Any branches of the cutaneous
nerve in this area were carefully protected. Peroneal tendons
were identified after incising the superficial fascia and the
superior peroneal retinaculum. The PLT was differentiated
from peroneus brevis tendon by thicker size, superficial loca-
tion, and absence of any muscle fibers attached to it. The
PLT was marked and divided behind the lateral malleolus.
The distal part of the tendon was stitched to the peroneus
brevis tendon in end-to-side fashion. Whipstitch was made
at the proximal free end of PLT with Ethibond #2 suture,
and a closed tendon stripper was used to harvest the tendon
keeping the tendon stripper at least 5 cm away from fibular
head (Fig. 1). Dimensions of the tendon graft were noted,
and the tendon was prepared on a graft preparation board.
The graft was doubled in all of the cases, and ends secured
with a whipstitch.

In multiple ligament injuries, ipsilateral PLT was used
for reconstructing ACL, ipsilateral semitendinosus tendon
grafts were preferred for any other ligament reconstruction
if needed (ACL +PCL or Medial collateral ligament or pos-
terolateral corner). If three ligaments were reconstructed
(ACL +PCL + Medial collateral ligament or posterolateral
corner) contralateral semitendinosus graft was also har-
vested. PLT graft was used to reconstruct ACL in all revision
ACL reconstruction cases.

All cases were performed by the single arthroscopic
surgeon under spinal anesthesia and pneumatic tourni-
quet. Standard vertical anterolateral portal and horizon-
tal antero-medial portal, were used for instrumentation
and femoral tunnel preparation. The femoral socket was
drilled from antero-medial portal at the position of native
ACL footprint. The graft was fixed on the femoral side
using a cortical suspensory device (Stryker Procinch
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Fig. 1 Figure showing steps of harvesting peroneus longus autograft.
a Closed tendon stripper is passed to harvest the tendon, b Figure
showing harvested peroneus longus tendon

adjustable loop) and on the tibial side with a bio-absorb-
able tibial interference screw (Stryker).

For revision ACL reconstruction cases, the tunnels
were aimed to be anatomically placed avoiding any tun-
nel convergence. All of the revision ACL reconstruction
procedures were single staged.

Rehabilitation protocol

Isometric quadriceps exercises and closed-chain knee
flexion exercises were started from the first postoperative
day. Patients with cruciate reconstructions and revision
ACL reconstruction were kept on the partial weight-bear-
ing protocol for three weeks, followed by full weight-
bearing. Patients with collateral reconstructions were kept
on a non-weight-bearing mobilization plan for six weeks.
The hinged knee brace was used for six weeks in cases
of multi-ligament injury patients. Open-chain quadriceps
exercises were started at 6—8 weeks. Hamstring exercises
were started after the surgery unless ipsilateral hamstring
tendon was harvested. A compression bandage was used
for the ankle for two weeks. Ankle range of motion was
started soon after pain relief, and no specific rehabilita-
tion changes were made for PLT harvest. Proprioceptive
training, quadriceps strengthening was started at eight
weeks.

Fig.2 Figure showing methods of measurement of strengths of first
ray plantarflexion a and eversion b,c¢ with isometer

Outcome evaluation

All the patients were followed up at regular intervals upto
a minimum of two years and any assessed any complica-
tions. None of the patients were lost to follow-up. The
postoperative function assessment included clinical exami-
nation to assess laxity and noting the similar functional
scores (VAS scale, IKDC and Lysholm scores) at two-year
follow-up period. Morbidity of donor ankle was assessed
using the American Orthopedic Foot and Ankle Society
(AOFAS) score, measurement of ankle range of motion and
bilateral evertor and first ray plantarflexion strength using
an isometer (Innovative Design Orthopedics, Redditch,
UK) at two -year follow-up visit. Ankle range of motion
was measured with patient lying supine on couch with hip
and knee extended, while keeping the goniometer’s pivot
centered over lateral malleolus, with one arm parallel to the
axis of tibia and fibula and another arm along the axis of 5th
metatarsal. Evertor strength (in Kgs) was measured with the
patient lying in lateral decubitus position with the leg touch-
ing the bed and hip and knee flexed at 30 degrees, keeping
the tape of isometer at the base of Sth metatarsal, and first
ray plantarflexion strength (in Kgs) was measured in the
prone position with knee flexed at 90 degrees and the meas-
urement tape at the level of the base of the great toe (Fig. 2).
The evertor and plantarflexion strength measurements were
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noted by two independent, blinded observers with a gap of
7 days between observations.

Statistical analysis

Statistical analysis was done using SPSS 24.0. Data were
assessed for normal distribution by Kolmogorov—Smirnov
test. Continuous variables are expressed as mean + standard
deviation. A paired T-test or wilcoxon signed rank test was
used to calculate the improvement between preoperative and
postoperative functional outcome scores as per distribution
of the data. A paired T-test or wilcoxon signed rank test
was used to compare between AOFAS score, evertor power,
and first ray plantarflexion power of affected and unaffected
sides as per distribution of the data. Intra-observer and inter-
observer reliability were tested by repeat measurements of
all the parameters. They were expressed as intraclass cor-
relation coefficients (ICC) with its 95% confidence interval
(CD.

Table 1 Demographic parameters of all patients

Results

Ipsilateral PLT graft was used for ACL reconstruction in 10
patients of revision ACL reconstruction and 27 patients of
multi-ligament knee injury (17 patients of ACL, PCL, and
MCL injury and 10 patients with ACL and PCL injury).
Among the revision ACL cases, four patients had graft
intrasubstance or femoral attachment tear with minimal to
no tunnel widening, five patients had femoral tunnel mal-
position, and four patients had tibial tunnel malposition
with widening (range 10—12 mm). Tunnel malposition was
managed by placement of tunnels in anatomical position
avoiding any tunnel convergence with suspensory fixation
at femoral and aperture fixation at tibial side. Age, sex, side,
mechanism, and duration since the injury have been sum-
marized in Table 1. The data were found to be normally
distributed.

The mean length of PLT harvested was 26.2 cm (Stand-
ard Deviation 2.6, range 22-31), and the mean diameter of
the doubled graft (mm) was 7.9 +0.68 (Standard Deviation
0.68, range 7.5-8.5). None of the patients had any ante-
rior laxity at two years follow-up. There was a significant
improvement in pain scores (VAS), Lysholm, and IKDC
scores (p <0.001) at two -year follow-up (Table 2). Ankle

Variables Numbers
Age in years (Mean + Standard deviation) 329+10.3
Male: Female 23:14

Side
Mechanism of injury

Diagnosis

Duration since injury in weeks (Mean + Standard deviation)
Preoperative activity Tegner activity scale

Postoperative activity Tegner activity scale (at 2 years follow-up)

21 right, 16 left

22 Road traffic accidents

13 Sports injuries

2 Fall from height

10 patients repeat ACL injury

17 patients of ACL, PCL and MCL injury
10 patients of ACL and PCL injury
7.8+5.5 weeks

Level 6: 3 patients

Level 5: 2 patients

Level 4: 9 patients

Level 3: 12 patients

Level 2: 8 patients

Level 1: 3 patients

Level 6: 1 patient

Level 5: 2 patients

Level 4: 11 patients

Level 3: 9 patients

Level 2: 11 patients

Level 1: 3 patients

ACL Anterior cruciate ligament; PCL Posterior cruciate ligament; MCL Medial collateral ligament
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T?blf" 2 Tab]e shpwing Variables Mean + Standard devia- Range Significance
distribution of clinical and tion
functional outcome parameters
Knee range of flexion unaffected side 124.1+5.3 116-133 0.1
Knee range of flexion affected side 121.3+7.1 104-130
Preoperative VAS score 72+1.6 5-9 <0.001
Postoperative VAS score 24+1.1 04
Preoperative Lysholm score 524+6.4 38-64 <0.001
Postoperative Lysholm score 85.03+7.2 61-95
Preoperative IKDC score 535+5.6 44.5-63.2 <0.001
Postoperative IKDC score 80.7+6.06 58.6-91.3

VAS Visual analog scale; IKDC International knee documentation committee

range of motion, eversion strength, first ray plantarflexion
strength, and AOFAS score were found to be comparable to
the normal side in all patients (Table 3). None of the patients
complained of hypoaesthesia around the graft harvest site on
clinical examination. Ankle range of motion was comparable
on both sides.

None of the patients had any surgical site infections.
However, two patients aged 41 and 54 years, with ACL,
PCL and MCL injury had progression of osteoarthritis and
underwent total knee replacement after 2 and 1.5 years after
surgery consecutively. Although tunnel widening was noted
in one revision ACL reconstruction patient at 2 year’s fol-
low-up, none of the patients had any clinically significant
laxity in the knee joint. However, none of the postoperative
radiographs at follow-up visits reveal any subluxation of
tibia or abnormal opening up of the knee joint. Six patients
developed knee stiffness in the early postoperative period
(4 patients with ACL, PCL and MCL injury, 2 patients
with ACL and PCL injury). Three among them gained full
range of motion after regular physiotherapy and rest three
patients needed manipulation under anesthesia. Overall,
the postoperative knee range of motion was comparable
to the normal side (Table 2). The intra-observer reliability
was noted to be 0.951 (95% CI:0.891-0.978), 0.963 (95%

CI:0.918-0.983) for eversion strength measurements, and
0.915 (95% CI:0.817-0.962), 0.929 (95% CI1:0.846—0.968)
for plantarflexion strength measurements for observer 1
and observer 2, respectively. Whereas the inter-observer
reliability was 0.911 (95% CI:0.808-0.960) and 0.938 (95%
CI:0.864-0.972) for eversion strength and plantarflexion
strength, respectively.

Discussion

The most important findings of the present study were that
PLT autograft had sufficient length and diameter while using
in ACL reconstruction. There was significant improvement
in postoperative knee functional outcome without any clini-
cal laxity. PLT harvesting didn’t affect the ankle range of
motion and evertor or first ray plantarflexion strength at two
years follow-up.

The choice of the graft is one of the most crucial steps in
ligament reconstruction surgeries. Peroneus longus tendon
has been used for other orthopedic surgeries for a long time
[23, 25]. Biomechanical studies have shown peroneus longus
to have a tensile strength similar to quadrupled hamstring
autograft [24, 26] and significantly better tensile strength

Table 3 Table showing
parameters measuring donor
ankle morbidity

Variables Mean + Standard Range Significance
deviation

Ankle dorsiflexion unaffected side 19.3+2.8 15-28 0.32

Ankle dorsiflexion affected side 18.5+3.04 13-25

Ankle plantarflexion unaffected side 44.3+3.7 36-50 0.19

Ankle plantarflexion affected side 43.06+3.2 35-48

AOQOFAS score unaffected side 99.3+0.7 98-100 0.29

AOQFAS score affected side 98.9+1.6 95-100

Evertor power unaffected side (Kg) 44+1.3 3.1-7 0.6

Evertor power affected side (Kg) 42+1.5 2.7-6.8

First ray plantarflexion unaffected side (Kg) 7.5+2.4 4-11.6 0.52

First ray plantarflexion affected side (Kg) 72+2.1 3.5-11.1
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than quadriceps tendon or patellar tendon [27]. PLT graft
has also been shown to have sufficient length and diameter
for ligament reconstruction surgeries [28], which is larger
than the dimensions of semitendinosus graft. Mean length of
26.2+2.6 cm and doubled diameter of 7.9 +0.68 mm were
observed in this study, which is comparable to previous stud-
ies [19, 29].

Thus, PLT may be a very useful tendon graft for liga-
ment reconstruction. However, its use is not very popular.
One of the main reasons behind its underutilization in knee
ligament reconstruction is apprehension about the ankle sta-
bility and function and altered foot mechanics after harvest-
ing this graft. We found no functional deficits in any of the
37 patients included in this study. Ankle range of motion
and stability were unaffected. Functional outcome scores
for the ankle joint were unaffected after harvest of this graft.
This concern of ankle morbidity after the PLT harvest is not
substantiated by this study.

Multi-ligament injuries and revision ACL reconstruction
present a dilemma of a suitable graft choice. The allograft is
not available readily, and it has its risks of infection and early
failure compared to autografts [30]. This study shows that
PLT graft can be a very useful autograft in these situations.
Peroneus longus acts as an evertor and plantar flexor of the
first ray with the role of maintaining the longitudinal arch
of the foot [31]. However, harvesting peroneus longus has
shown not to affect the gait pattern or ankle stability [28].
This can probably be explained by the compensatory activity
of other muscles of the foot like the peroneus brevis, which
is a more powerful evertor than peroneus longus [32]. A
study by Angthong et al. [21] revealed peak torque of inver-
sion and eversion to be significantly lower after harvesting
PLT graft. However, the study evaluated only ten patients
for isokinetic testing at seven months follow-up. The ever-
tor strength (p=0.13) and first ray plantarflexion strength
(p=0.26) was found to be comparable to the normal side in
our study, which is similar to a study conducted by Rhatomy
et al. [20]. Mean AOFAS score was 98.9 + 1.6 in the affected
side and 99.3 +0.7 on the normal side in our study. Similar
findings were seen by Rhatomy et al. [20] (98.71 +3.03) and
Shi et al. [15] (96.0 +9.6). None of the patients complained
of ankle pain or stiffness in the follow-up period.

PLT graft has been used in isolated ACL [15, 16, 18-22]
or PCL [17] reconstruction before with excellent outcomes.
However, use of PLT may be more justified in Multi-liga-
ment injury or revision ACL cases where there is a dilemma
about the choice of autograft. Most of these studies lack
evaluation of ankle morbidity by both subjective and objec-
tive measurements [15—19, 22]. Incorporating assessment
of the ankle strength after tendon harvest is an important
strength of this study. A follow-up of two years is sufficient
to comment on the functional outcomes of the knee as well
as the donor site. Yet a longer follow-up of graft function

@ Springer

and survival is desirable preferably with a control group
with different grafts. Another limitation of this study is that
patients with multiple ligament injuries receiving differ-
ent ligament reconstructions with different autografts were
included. Thus, the assessment of the functional outcomes
of patients may be influenced by the heterogeneity of the
study population.

Conclusion

Peroneus longus graft can be considered as a potential
autograft option for ACL reconstruction in multi-ligament
knee injuries and revision ACL reconstruction with favora-
ble functional outcomes. The range of motion and muscle
strengths were comparable to contralateral ankle.
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