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Abstract
Backgroud: Anterior cruciate ligament (ACL) is an important anatomical structure for maintaining the
stability and moveability of a knee joint. When the load exceeds its strength, ACL will be damaged or
broken. The main therapy for a fractured ACL is the arthroscopic ligament reconstruction technique.
Commonly used reconstruction materials are grouped into three categories: autologous tendons,
allogeneic tendons and arti�cial materials. Peroneal longus tendon(PLT) is an autograft, its super�cial
location and easier access contribute to its increasing application as a new graft substitute in cruciate
ligament reconstructions over recent years. Our research is aiming to investigate the functional recovery
of the knee joint after anterior cruciate ligament transplantation with autologous peroneus longus tendon
under arthroscopy and its in�uence on the ankle joint of the donor site.

Methods: During the research period of our retrospective analysis from January 2015 to July 2019, the
single-bundle double-stranded anatomical reconstruction technique was applied under arthroscopy on 32
patients with acute anterior cruciate ligament ruptures (consisting of 22 males and 10 females in the 16–
45 (31.1 ± 8.6) age bracket, and among them, 18 cases suffered knee injury on the left limb and the other
14 on the right one) within three weeks of their injury, and the graft for the anterior cruciate ligament
(�xed with an Endobutton plate on one end and a screw on the other) was the autologous peroneus
longus tendon on the ipsilateral limb. The IKDC score, KOOS score and Lysholm score were used to
evaluate the functionality of the affected knee joints and the AOFAS score that of the tendons and ankle
joints.

Results: All patients were followed up for 1 year (14.5 ± 1.6 months). One case developed postoperative
knee joint infection but recovered soon following active treatments, and all the patients turned negative in
the postoperative Lachman tests and pivot-shift tests. At the last follow-up, IKDC score, KOOS symptom
score, KOOS pain score, KOOS functional life score, KOOS sports entertainment score, KOOS life quality
score and Lysholm score were 82.1 ± 13.5, 90.8 ± 15.5, 90.4 ± 5.9, 97.8 ± 4.3, 73.7 ± 26, 83.9 ± 18.1 and
87.3 ± 12.0, respectively, showing marked improvements on and statistically signi�cant differences (P < 
0.05) from the preoperative �gures. The AOFAS score of the affected ankle joints was 94.7 ± 10.8,
signifying a good functional recovery. MRI observation one year later showed that the reconstructed
ligament had extended continuously to the position satisfying the requirements of anatomical reduction,
and the bone tunnels and tendons had healed well.

Conclusion: Reconstruction of the anterior cruciate ligament with a single-bundle of double-stranded
peroneus longus tendon can satisfactorily restore the function of an injured knee joint without a
signi�cant impact on the donor ankle joint.

Backgroud
Anterior cruciate ligament (ACL) is an important anatomical structure for maintaining the stability and
moveability of a knee joint[1], and the lengths of its collagen and elastic �bers will change with the stress
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in it under a physiological load. When the load exceeds its strength, ACL will be damaged or broken, not
only reducing the stability and moveability of the knee joint but also accelerating its degeneration[2]. The
main therapy for a fractured ACL is the arthroscopic ligament reconstruction technique, and ideal
materials for such a reconstruction should have a su�cient length and diameter, perform physiological
functions similar to those of the original ACL, including strength, toughness and tension curves, and have
no signi�cant adverse effects on the donor site. Commonly used materials are grouped into three
categories: autologous tendons, allogeneic tendons and arti�cial materials. Notably, autologous
hamstring tendon (Hamstring tendon, HT), bone-patellar tendon-bone, etc. have been maturely used in the
cruciate ligament reconstruction surgery. Yet, all the alternatives mentioned-above have their respective
disadvantages.

Peroneus longus tendon (PLT) has been proven by biomechanical experiments to have similar
biomechanical properties to cruciate ligaments, and its super�cial location and easier access also
contribute to its increasing application as a new graft substitute in cruciate ligament reconstructions over
recent years[3–5]. However, its impacts on the functions of the donor ankle joint after transplantation are
scantily reported due to a shorter application history. In order to further explore the feasibility of peroneal
longus tendon as a graft, we retrospectively analyze the clinical data of patients who underwent
arthroscopic ACL reconstruction with autologous PLT from January 2015 to July 2019 in our hospital.
The reports are as follows:

Materials And Methods
Basic facts

The group includes 20 male patients and 12 female ones in the age bracket of 16-45 years old (31.1±8.6).
All the cases are acute injuries, with 18 injured on the left knee and 14 on the right knee, and their hospital
stay lasted 5-23 days (13.6±5.8). There were various causes behind injuries: 10 cases were injured in
tra�c accidents, 10 were injured by falls, 7 were sprained from sports, and 5 were injured by heavy
objects.

Inclusion Criteria: con�rmed ACL injury (alone or concurrent with meniscus injury; Fig1), aged 16-45 years
old and having complete follow-up data available. Exclusion Criteria: concurrent with a ruptured posterior
cruciate ligament, medial and lateral collateral ligament or patellar support belt, injured cartilage tissues,
fractures around the knee joint, and/or a diseased lower limb and/or an abnormal contralateral knee joint;
more than 1 year after the surgery; concurrent with severe skeletal, muscular or neurological diseases on
the ipsilateral limb, such as osteoarthritis, femoral head necrosis, tuberculosis, lumbar disc herniation,
diabetic foot,etc; and the history of cerebral infarction and/or abnormal strength of lower limb muscles.

Surgical Method

All operations were performed by the same surgeon, and the endobutton and BioRCI interface screws
from Smith & Nephew were used as the locking screws in these operations. The patients under general



Page 4/13

anesthesia were lying on the supine position, with balloon tourniquets wrapping around the upper third of
their thighs, and the anterolateral and anteromedial approaches for arthroscopic surgery were
established. The arthroscopy was then inserted from the anterolateral entrance and careful checks were
made to con�rm ACL raptures.

PLT preparation: �rstly, make an about-3-cm-long longitudinal incision on the affected limb at the
position 1 cm away behind and 2-3 cm over the lateral malleolus (the incision should not be too far away
to prevent the possible friction between the incision scar and the upper shoe edge in future) for exposing
and separating the PLT and the PBT in order; next, cut off the distal end of the PLT; then, carefully peel off
the proximal end of the PLT with a key extractor; further then, cut off the proximal end at the point 4-5cm
away from the �bular head and weave the removed PLT into a double bundle; and �nally, under
arthroscopy, strip the remaining ACL off from the synovial membranes and fatty tissues at the femoral
attachment point, clean off its stump and keep it. Do be careful all the way to prevent any damage to the
common peroneal nerve.

Tibial Tract Fabrication: the tibial tract is about 45-50 mm in length (consisting of the lengths of the graft
and the femoral tract and the intra-articular distance), about 8 mm in diameter and opens at the
intersection of the extension line of the lateral meniscus and the intercondylar ridge, about 7 mm away in
front of the PCL.

Correctly adjust the position and angle of the positioner, insert the guide needle, con�rm that the entry
point is at the right position, and select a suitable drill for fabricating the tibial osseous canal. The
femoral bone canal is fabricated in the following process: �rstly, have the knee joint �exed at least 70
degrees, insert the guide wire backward through the tibial canal deeply till reaching the marked opening
on the femoral osseous canal (located inferoposterior to the angulation point between the resident ridge -
a bony landmark for arthroscopic femur localization - and the interfacial ridge); next, have the drill bit
pass through the guide needle and the tibial bone canal till touching the back of the femoral wall, with the
penetration depth of the drill bit being about 25-30 mm; then, lead the prepared tendon out through the
bone canals of the tibia and femur with a traction line, and �x the femur with a looped plate and the tibia
with a bioabsorbable screw; further then, check the position and stability of the graft under arthroscopy,
and conduct drawer tests while �exing and extending the joint; and �nally, suture the incision after
con�rming no dysfunctions, apply elastic bandage on the incision and support the limb with a brace.
After the operation, perform MRI and CT three-dimensional reconstruction examination on the patient's
surgical site. (Fig2-3)

Postoperative Treatment and Rehabilitation

Keep the postoperative knee joint in the compression bandaging for �ve days for reducing the swelling
and fully extended and �xed with a brace for 4 weeks; do isometric exercises of quadriceps and exercises
of straight leg lifting 2 weeks later; do protective ROM exercises under partial load and in the range of
motion from 0 to 90 degree 4 weeks later; do ROM exercises under full load and in the range of motion
from 90 degrees to full extension 8 weeks later; perform daily activities, stand on one leg or do exercises
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with a stationary bicycle 5 months later; do light-intensity physical exercises 6 months later; do
continuous jump tests 12 months later; and resume normal physical exercises (if the continuous jump
tests show a satisfactory results).

Evaluation Indicators and Statistical Methods

IKDC score, KOOS score, Lysholm score were used for evaluating the knee joint function of the affected
side, AOFAS score for evaluating the ankle joint function of the donor site, and SPSS 20 statistical
software for analyzing the collected data of each group in the form of mean ± standard deviation. First,
check the normality of data of each group through Shapiro-Wilk tests, �nding that the scores of each
group before and one year after the operation did not conform to the normal distribution (P<0.1); then,
check the normality of the difference between the data of each group before and after the operation,
�nding that the difference conformed to the normal distribution (P>0.1); and �nally, compare and analyze
the scores before and after the operation through paired t tests, with the test level being α=0.05.

Results
The follow-up period with all the 32 patients varied in the 16–24 months range, with an average of
21.5 months. Their IKDC, KOOS, and Lysholm scores one year later were signi�cantly different from those
before surgery (P < 0.005), and especially, their ankle AOFAS scores were rather satisfactory, with related
results shown in Tables 1, 2 and 3.

One patient suffered a super�cial tibial tunnel infection and recovered following active anti-infection and
super�cial debridement treatments. The postoperative patient turned out negative in the anterior drawer
test and the axis shift test, and magnetic resonance re-examination showed that the graft had a good
continuity

Discussion
This research aims to evaluate the clinical and imaging results of PLT reconstruction of the anterior
cruciate ligament, and identify any effects of PLT use on the functions of the ankle joint. In our research,
ACL anatomical reconstruction with PLT showed satisfactory clinical and imaging results. One year later,
the MRI of all the patients showed that their grafts were continuous and their knee joint functions
recovered well. Most of the patients could perform sports activities, such as jogging. Hence, there are no
signi�cant effects on the ankle functions.

ACL injury has an incidence rate of about 38 cases per 100,000 persons[6], and is mostly seen in: sports
activities, such as basketball, football, skiing and other strenuous scenarios, and traumas, such as tra�c
accidents and fall accidents. At present, the preferred therapy for ACL ruptures is surgical reconstruction
to restore the knee stability and reduce the risk of secondary meniscal tears and symptomatic
osteoarthritis[7, 8], and the commonly used cruciate ligament reconstruction materials include autologous
tendons, allogeneic tendons and arti�cial materials. In particular, autogenous tendons are widely used in
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the reconstruction therapy in that they not only meet the functional requirements more satisfactorily but
also avoids the possible rejection of allogeneic tendons[9]. Autologous hamstring tendon, bone-patellar
tendon-bone, quadriceps tendon, etc. have been maturely used in cruciate ligament reconstruction
surgeries[10]. However, various alternatives also have their own disadvantages. For example, an
autogenous hamstring tendon has good strength but a uncertain diameter. With the tendon removed, the
�exural property and internal rotation muscle strength of a knee joint will weaken, risking the saphenous
nerve damage and hamstring muscle strength weakening, which is fatal to the career achievements for
athletes[11]. The bone-patellar tendon-bone autograft surgery has come around many years, and has been
proved to be conducive to the rapid recovery of functionality and moveability due to its unique feats, such
as bone-bone healing and effective tunnel-graft integration[12–14]. However, this invasive method is very
traumatic: a larger surgical incision, a �xed length and a weaker graft than the original ACL, and threatens
to induce various complications, including pain in the prepatellar area and patella fracture[15].

Autologous peroneal longus tendon has recently been used as a graft to reconstruct injured ligaments[16–

18]. In contrast with semitendinosus tendon and gracilis tendon, PLT is easier to be taken off for its
super�cial location and no �ber connection with nearby tendons or deep fascia[18]. According to
Sholahuddin Rhatomy et al[11], the knee joints reconstructed with PLT and hamstring tendon have similar
functional scores one year later, but PLT has the advantages of a larger diameter and a lower incidence of
thigh malnutrition.

Graft diameter is one of the most important considerations during an ACL reconstruction surgery on the
knee. It has been reported that when the graft thickness is in the 7–9 mm range, the probability that the
reconstructed ACL will be repaired in future declines by 0.82 times for every 0.5 mm increase in its
thickness[19]. Studies have shown that when the graft diameter is less than 8 mm, both IKDC and KOOS
scores increase for every 1 mm increase in its diameter[20, 21]. PLT has a larger diameter, and thus better
toughness and strength than other grafts[22]. Given peroneus longus plays an important role in assisting
foot valgus and plantar �exion, so an important reason why PLT has not been widely used in the
reconstruction of clinically injured ligaments is the worry that the absence of PLT will affect the function
of the donor ankle joint and cause the ankle instability[23]. An earlier study by Angthong et al[11].
mentioned that PLT use threatens to induce complications at the donor site, including reduced average
peak torque of foot valgus and plantar �exion, and weaken the ankle functionality and stability. However,
with the 32 patients we followed up, there was no obvious pain in the ankle joint, no movement limitation,
a stable ankle-hind foot, a good foot alignment and an Afos score of 94.7 ± 6.8 (in the 90–100 range),
indicating that the PLT transplantation from the affected side for reconstructing the anterior cruciate
ligament has no signi�cant effect on the functionality of the donor ankle joint. Sholahuddin Rhatomy et
al[22]. used a modi�ed dynamometer to assess ankle joint function. The results showed that Ankle
eversion and �rst ray plantar�exion strength at the donor site were similar to those at the contralateral
healthy site, with no donor site morbidity. The reason may be that the functionality of PLT is
compensated by PBT, posterior tibial tendon and adjacent muscles. One year after the operation, there
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was no fracture of the graft, which indicates that PLT has enough strength as a graft for ACL. It has been
reported in one literature that the distal end of the PLT needs to be sutured with the PBT. However, in our
operation, the distal end of the PLT was not braided and sutured to the PBT, and the patient's ankle joint
still functions well after the operation. During the follow-ups, 25 of the 32 patients (78.1%) had symptoms
of sore knees on the affected side during rainy days and cold. We suggest that patients after ACL
reconstruction should pay attention to keeping the knee joint warm.

This research has certain limitations: First of all, the follow-up time is short, and a longer follow-up time
(at least two years) is needed to evaluate the knee joint function after ACL reconstruction; secondly, the
amount of data is less. Only 32 eligible patients were included in the analysis. It can be seen that the
standard deviation of the data in this Paper is slightly larger, indicating that the data �uctuates greatly
and the sample size is smaller; thirdly,only some scales are used to evaluate function, which is highly
subjective. Subsequent research can use some instruments to analyze the stability, muscle strength, gait,
etc. of the knee and ankle joints, and come to more objective conclusions; Fourthly, only the effects of
PLT as a graft to reconstruct ACL were studied, and no comparison with these of other materials was
made. Therefore, We cannot explain the advantages of PLT over other materials.

Conclusion
This research proved that the single-bundled double-stranded PLT transplantation for reconstructing the
anterior cruciate ligament can obtain a good knee function recovery and has no obvious side effects on
the donor ankle joint. PLT is a good choice as a graft in PCL reconstruction.
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Figure 1

Magnetic resonance imaging revealed complete anterior cruciate ligament (ACL) rupture
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Figure 2

A: The location of the tibial tunnel (Coronal position); B: The location of the tibial tunnel (Cross section) C:
The location of the femoral tunnel (Coronal position); D: The location of the femoral tunnel (Sagittal
position)
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Figure 3

After surgery, MRI showed that the graft was in good position
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