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Eversion and First Ray Plantarflexion
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Ligament Reconstruction Using
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Background: The peroneus longus tendon has been used as a graft in orthopaedic reconstruction surgery because of its com-
parable biomechanical strength with the native anterior cruciate ligament (ACL) and hamstring tendon. However, one of the
considerations in choosing an autograft is donor site morbidity.

Purpose/Hypothesis: This study aimed to compare ankle eversion and first ray plantarflexion strength between the donor site and
its contralateral site after ACL reconstruction. The study hypothesis was that strength measurements will be different between the
harvest site and contralateral healthy site.

Study Design: Case series; Level of evidence, 4.

Methods: Patients who underwent ACL reconstruction using a peroneus longus tendon autograft between March 2017 and
December 2018 were included in this study. Patients followed a rehabilitation protocol from the first day after surgery. Ankle
eversion and first ray plantarflexion strength were measured using a modified dynamometer 6 months after surgery. Donor site
morbidity was assessed 6 months after surgery using the Foot & Ankle Disability Index (FADI) and American Orthopaedic Foot &
Ankle Society (AOFAS) scoring system for the ankle and hindfoot.

Results: A total of 31 patients (22 male, 9 female; mean age, 27.58 ± 8.69 years [range, 18.00-45.00 years]) fulfilled the inclusion
criteria. There was no significant difference in ankle eversion strength at the donor site compared with the contralateral site
(P¼ .55), with means of 65.87 ± 7.63 N and 66.96 ± 8.38 N, respectively. Also, there was no significant difference in ankle first ray
plantarflexion strength at the donor site compared with the contralateral site (P ¼ .68), with means of 150.64 ± 11.67 N and
152.10 ± 12.16 N, respectively. The mean FADI score of 99.71 ± 0.57 and mean AOFAS score of 98.71 ± 3.03 at the donor site
were considered excellent results.

Conclusion: Ankle eversion and first ray plantarflexion strength at the donor site were similar to those at the contralateral healthy
site, with no donor site morbidity. This suggests that the peroneus longus tendon is a promising graft in ACL reconstruction.
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Anterior cruciate ligament (ACL) reconstruction is indi-
cated often in young, active, and athletic patients. Nowa-
days, orthopaedic surgeons perform ACL reconstruction
using the peroneus longus tendon as an autograft
along with the common usage of hamstring tendon or
bone–patellar tendon–bone grafts.5,10 The use of the pero-
neus longus tendon in ACL reconstruction is increasing.
Orthopaedic surgeons try to use the peroneus longus ten-
don in deltoid ligament reconstruction16 and medial patel-
lofemoral ligament reconstruction17 because there is a

synergistic function between the peroneus longus and per-
oneus brevis muscles,12 which can offer some advantage if
both undergo tenodesis.

A previous study has stated that there was no difference
in tensile strength between the peroneus longus tendon
and hamstring tendon.14 Rhatomy et al13 reported that the
peroneus longus tendon can be a superior graft to the ham-
string tendon in ACL reconstruction. There has been no
study about donor site morbidity or particularly on eversion
and first ray plantarflexion muscle strength in ACL recon-
struction using the peroneus longus tendon. This study
aimed to compare eversion and first ray plantarflexion
muscle strength after peroneus longus tendon harvest in
ACL reconstruction.
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METHODS

This was a retrospective cohort study with consecutive
sampling of patients who underwent ACL reconstruction
from March 2017 to December 2018. Patients’ medical his-
tory, physical examination results, and magnetic resonance
imaging (MRI) findings were used to diagnose ACL rup-
tures. The inclusion criteria were patients with isolated
ACL ruptures and those aged 18 to 45 years. The exclusion
criteria were associated ligament injuries, chondral dam-
age, meniscal injuries, fractures around the knee, and
pathological conditions in the lower extremity or abnormal
contralateral knee joints. This study was reviewed and
approved by a medical and health research ethics
committee.

A total of 31 patients gave informed consent to be
included in this study and underwent single-bundle ACL
reconstruction using a peroneus longus tendon graft. We
recorded ankle functional scores (American Orthopaedic
Foot & Ankle Society [AOFAS] scoring system and Foot
& Ankle Disability Index [FADI]) and evaluated muscle
strength using a Baseline analog hydraulic push-pull
dynamometer (12-0392; Fabrication Enterprises) 6 months
after surgery was performed (Figure 1). The outcomes of
the muscle strength measurement between the 2 groups
were compared using the Wilcoxon test with SPSS version
25.0 (IBM). Statistical significance was set at P < .05.

A single experienced knee surgeon operated on all
patients. Standard anterolateral and anteromedial por-
tals were made. Diagnostic arthroscopic surgery for ACL
ruptures was performed. Peroneus longus tendon harvest
was conducted in the ipsilateral leg. The incision location
was marked at 2 to 3 cm above and 1 cm behind the lateral
malleolus, and the incision was made through the skin,
subcutaneous tissue, and superficial fascia. The peroneus
longus and peroneus brevis tendons were identified. The
location of tendon division was marked at 2 to 3 cm above
the level of the lateral malleolus. The distal part of the
peroneus longus tendon was sutured with end-to-side
suture after tenodesis was performed between the pero-
neus longus and peroneus brevis tendons. The peroneus
longus tendon was stripped proximally using a tendon
stripper until ±4 to 5 cm below the fibular head to avoid
peroneal nerve injuries.

The intercondylar notch was cleared of fibrous tissue to
facilitate good visualization during the preparation of the
tunnels. ACL fibers were preserved as a reference for graft

insertion. The femoral and tibial tunnels were drilled inde-
pendently. The graft was implanted and tensioned using a
graft tensioner to prevent loosening in the future. Graft
fixation involved buttons (XO Button; Conmed) on the fem-
oral side and bioabsorbable screws (BioScrew; Conmed) on
the tibial side.

Rehabilitation

Postoperatively, patients underwent an ACL rehabilitation
program. Patients were trained to exercise the injury site
leg using partial weightbearing until 3 weeks after surgery,
after which they were allowed to use full weightbearing.
Knee extension was begun immediately after surgery. Knee
flexion was started from 0� to 90� (increased gradually)
until 3 weeks after surgery with subsequent full flexion.
The patient was allowed to jog after 2 months. Patients
were allowed to return to sport activity after passing func-
tional outcome tests at 6 months. The tests consisted of the
evaluation of knee stability based on the anterior drawer
test, Lachman test, and serial hop test.

Isokinetic Muscle Strength Test of Ankle

The results of muscle strength tests were collected at 6
months after surgery. A Baseline analog hydraulic push-
pull dynamometer was used on patients to measure
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Figure 1. Baseline analog hydraulic push-pull dynamometer.
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isometric muscle strength. Examinations were conducted
of bilateral angle eversion and first ray plantarflexion.
Each muscle strength measurement was performed 3
times, and the highest strength was recorded. All muscle
strength measurements were conducted by the same oper-
ator to avoid any study bias.

Eversion was measured in the contralateral decubitus
position. Both medial malleoli were kissed. Patients were
asked to make eversion movements of the ankle. The dyna-
mometer was placed on the fifth metatarsal. The crural
region of patients was gently pressed to minimize the move-
ment of other muscles, and muscle strength was recorded
from the dynamometer (Figure 2).

First ray plantarflexion was measured in the prone
position. The ipsilateral knee joint was flexed 90�. The
ipsilateral distal part of the crural region was maintained
using the hands of the examiner’s assistant to minimize
the movement of other muscles. Patients were asked to
make first ray plantarflexion movements. The dynamom-
eter was placed on the first to fifth distal metatarsals, and
muscle strength was recorded from the dynamometer
(Figure 3).

RESULTS

Of the 31 patients who underwent single-bundle ACL
reconstruction using a peroneus longus tendon autograft,
22 patients were male and 9 were female. The mean age of
the patients was 27.58 ± 8.69 years (range, 18.00-45.00
years). The right knee was injured in 19 patients and the
left knee in 12 patients. The injury mechanism was sports
in 19 patients, traffic accident in 7 patients, and other
causes in 5 patients. The diameter of the peroneus longus
tendon graft was measured and recorded intraoperatively;
the mean diameter was 8.74 ± 0.56 mm (range, 8.00-10.00
mm) (Table 1). No translation was seen on the Lachman
test for any patient at 6 months after surgery.

Mean eversion strength was 65.87 ± 7.63 N at the donor
site and 66.96 ± 8.38 N at the contralateral healthy site.

There was no significant difference in eversion strength
between the donor site and contralateral healthy site (P ¼
.55). Mean first ray plantarflexion strength was 150.64 ±
11.67 N at the donor site and 152.10 ± 12.16 N at the con-
tralateral healthy site. There was no significant difference
in first ray plantarflexion strength between the donor site
and contralateral healthy site (P ¼ .68) (Table 2).

The mean FADI score was 99.71 ± 0.57 at the donor site
and 99.71 ± 0.61 at the contralateral healthy site. There
was no significant difference in the FADI score between
the donor and contralateral healthy sites (P ¼ .83). The
mean AOFAS score was 98.71 ± 3.03 at the donor site and
99.03 ± 3.00 at the contralateral healthy site. There was no
significant difference in the AOFAS score between the
donor and contralateral healthy sites (P ¼ .22) (Table 3).

DISCUSSION

The grafts of choice in ACL reconstruction have been the ham-
string tendon and bone–patellar tendon–bone, and the newest
one is the peroneus longus tendon.1,13 A previous study

Figure 2. Eversion strength measurement. Figure 3. First ray plantarflexion strength measurement.

TABLE 1
Patient Characteristicsa

Age, mean ± SD (range), y 27.58 ± 8.69 (18.00-45.00)
Sex

Male 22 (70.9)
Female 9 (29.1)

Site of injury
Right 19 (61.3)
Left 12 (38.7)

Injury mechanism
Sport 19 (61.3)
Traffic accident 7 (22.6)
Other 5 (16.1)

Graft diameter, mean ± SD (range), mm 8.74 ± 0.56 (8.00-10.00)

aData are presented as n (%) unless otherwise specified.
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showed that there were better functional outcomes in ACL
reconstruction using the peroneus longus tendon compared
with the hamstring tendon.13 Normal ACL strength is 1725
± 269 N.3 Peroneus longus tendon strength was described as
1950 N by Kerimoǧlu et al.8 They showed that there was sim-
ilar strength between the native ACL and peroneus longus
tendon. Rudy et al14 reported that tensile strength of the per-
oneus longus tendon was 446.16 ± 233.28 N. Kerimoǧlu et al9

published an MRI study of the various regeneration stages of
the peroneus longus tendon after ACL reconstruction.

The use of the peroneus longus tendon in ACL
reconstruction is controversial because of donor site
morbidity. A previous study investigated ankle functional
outcomes using FADI and AOFAS scores.13 The results
were excellent using the peroneus longus tendon.13 In this
study, the FADI and AOFAS scores were also excellent. The
FADI and AOFAS scores were similar to the results of
Angthong et al.1

The peroneus longus tendon has an important function for
the ankle and foot.4,6,11 Its main role is to strengthen first
ray plantarflexion and to evert the foot.15 There is some
concern about the deterioration of ankle eversion and first
ray plantarflexion strength after peroneus longus tendon
harvest. Shi et al15 showed that there were no differences
between preoperative and postoperative ankle strength and
range of motion. Harvest of the peroneus longus tendon did
not affect ankle function.8

For stability, the peroneus longus tendon works in combi-
nation with the peroneus brevis tendon to distribute pressure
on the forefoot.4 Karanikas et al7 found no difference in isoki-
netic strength for first ray plantarflexion of the donor versus
contralateral ankle between 3 and 6 months or 6 and 12
months after ACL reconstruction. Zhao and Huangfu18

reported that there were no ankle or foot injuries experienced
by patients after peroneus longus tendon harvest. In this
study, there were no differences in eversion and first ray plan-
tarflexion muscle strength between the donor site and

contralateral healthy site. The peroneus longus tendon has a
synergisticmechanismwith theperoneusbrevis tendon.12 The
same force levels on the peroneus longus and peroneus brevis
tendons showed equal strength.12 This study indicated that
there was no difference if the peroneus longus tendon was
harvested. We used the tenodesis technique between the per-
oneus longus and peroneus brevis tendons before the peroneus
longus tendon was stripped. The examination of eversion and
first ray plantarflexion was conducted 6 months after surgery
toaccommodateregenerationandmusclemassescalationdur-
ing the rehabilitation program. The peroneus longus tendon is
a suitable graft with comparable strength, safety, and donor
site morbidity.2

The limitations of this study are the small number of
participants, short time for follow-up, and no comparison
between preoperative and postoperative results. This study
also lacked isokinetic muscle testing and did not provide
calf circumference.

CONCLUSION

ACL reconstruction using a peroneus longus tendon auto-
graft revealed no muscle strength deterioration during
eversion and first ray plantarflexion of the ankle joint.
There was no donor site morbidity at the harvest site, and
the donor site had excellent FADI and AOFAS scores.
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