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Comparative efficacy of different lengths
of anterior cruciate ligament stump during
reconstruction with peroneus longus tendon

Chunrong Chen', Zhang Jing?, Zhimin Li%, Minghua Hu?, Chaoyong Bei' and Linwei Xin*'

Abstract

Background Anterior cruciate ligament (ACL) injury affects individuals, and successful ACL helps patients return to
an active lifestyle. This study compared the clinical effects of two treatment schemes of retention length > 1/2 and
< 1/2 of ACL stump in patients under reconstruction with peroneus longus tendon (PLT).

Methods A total of 34 patients with ACL injury of knee joint treated by unilateral ACL reconstruction with PLT were
recruited in this study. They were divided into N1 (retention length of ACL stump > 1/2) and N2 (retention length of
ACL stump < 1/2) groups (n=17 in each group). The knee joint proprioceptive threshold of passive motor perception
was used to evaluate recovery of proprioception. The international knee documentation committee (IKDC) score,
Lysholm score, and Tegner activity score (TAS) were used to evaluate knee joint functions. Lachman test, anterior
drawer test (ADT), and pivot shift test (PST) were used to evaluate the stability of knee joint. Single-legged hop test
and return-to-sport ratio were used to evaluate the movement ability.

Results In 6th month and 12th month after operation, the passive motor perception threshold in N1 group was
better than than that in N2 group (p <0.05). In 12th month after the operation, the return-to-sport ratio in N1 group
was increased compared to the N2 group (p < 0.05). There were no significant differences in results of IKDC score,
Lysholm score, TAS, Lachman test, ADT, or PST between the two groups in 6th month and 12th month after the
operation (p>0.05). In addition, no significant difference was found in the single-legged hop test between the two
groups in the 12th month after operation (p>0.05).

Conclusion During ACL reconstruction with PLT, treatment strategy of ACL stump retention length > 1/2 is more
effective than treatment strategy of length < 1/2 for patients with ACL injury of the knee joint.
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Introduction

Anterior cruciate ligament (ACL) injury is one of the
common clinical diseases, and the number of patients
with ACL injury is more than 10 million every year in
China [1]. ACL injury can occur in many cases, and its
pathogenesis is complex. As an important joint in the
body, the knee joint has the characteristics of a com-
plex structure and large volume, and it mainly carries
out the related activities of stability with the help of the
surrounding ligaments represented by the ACL [2]. ACL
injury and fracture will seriously affect the stability of
knee joint activity and then produce a variety of com-
plications such as pain, meniscus injury, and articular
cartilage degeneration, thus affecting the quality of life
of patients [3]. Arthroscopic ACL reconstruction with
autologous graft is the current mainstream treatment for
ACL injury with the advantages of a small wound, safe
operation, convenience, fast recovery, and good recovery
of knee joint function [4]. However, there is still a high
failure rate [5].

Nowadays, the issue of stump preservation during ACL
reconstruction is a hot topic in orthopedic research. The
proprioceptive injury caused by ACL injury and subse-
quently changed neuromuscular functions are considered
to be the main factors affecting knee joint function insta-
bility [6]. Many clinicians believe that the preservation of
the stump during ACL reconstruction can increase the
proprioceptive function of the regenerative mechanical
receptors around the graft, promote the healing process
of the graft, and improve postoperative knee function [7,
8]. With the deepening of the research, some scholars
support that retaining more length of the stump in ACL
reconstruction can obtain more satisfactory results [9—
12]. Several studies found that the prognosis of patients
with a stump length greater than 20% during ACL recon-
struction is more satisfactory, and the patient’s treatment
effect and proprioception recovery are better [9-11]. It
is also shown that the different position of human ACL
stump has different differentiation abilities. The distal
third of the ACL stump (near the tibial end) tends to dif-
ferentiate into cartilage, and the middle third of the ACL
stump has a strong tendency to differentiate into osteo-
blasts and ligaments [12]. Based on our clinical work, we
retrospectively reviewed the length of the retained resid-
ual end and attempted to compare it with a residual end
length of 1/2 as the entry point.

Although the preservation of the stump during ACL
reconstruction has attracted more and more scholars’
attention, there is still little research evidence on the
effect of different stump lengths on clinical outcomes.
In addition, the lack of uniform standards and standard-
ized treatment modes is an urgent problem in clinics.
This study is a retrospective study, and selecting pero-
neus longus tendon (PLT) as the graft is a routine work
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in our reconstruction. PLT has become an ideal auto-
graft for ACL reconstruction surgery due to its sufficient
length, elasticity, and distance from the knee joint [13—
16]. Therefore, this study aimed to compare the clinical
effects of two treatment schemes of retention length of
ACL stump >1/2 and < 1/2 in reconstruction with PLT.

Patients and methods

Patients

This retrospective study was approved by the Ethics
Committee of the Affiliated Hospital of Guilin Medi-
cal University, China (No. 2021TDXLYJSLL-10). All
patients provided written informed consent for par-
ticipation in the study. From January 2017 to December
2020, 34 patients with ACL injury of the knee joint who
were treated by arthroscopic ACL reconstruction with
PLT in the Affiliated Hospital of Guilin Medical College
were recruited in this study. They were divided into N1
group (length>1/2) and N2 (length<1/2) group accord-
ing to the stump retention length (n=17 in each group).
The characteristic clinical data of patients in the two
groups were collected, including age, gender, body mass
index (BMI), time from onset to operation, affected side
of the knee (left/right), meniscus injury, operation time,
amount of operative bleeding, hospitalization day and
magnetic resonance imaging (MRI) images.

Inclusion criteria: (1) patients who underwent one-
stage unilateral ACL reconstruction with PLT as an
autologous graft; (2) patients without other ligament
injury; (3) patients with a clear history of trauma; (4)
patients with unilateral ACL injury without contralateral
knee injury; (5) patients with positive signs in clinically
physical examination in the preoperative period, anterior
drawer test (ADT), pivot shift test (PST) and Lachman
test; and (6) patients with complete clinical data and 12
months of follow-up.

Exclusion criteria: (1) patients with loss of meniscus
tension after resection of the edge around the meniscus;
(2) patients with cartilage lesions higher than grade II
according to the Outerbridge classification system under
arthroscopy; (3) patients with a history of previous knee
surgery; (4) patients with a certain degree of injury to the
contralateral knee joint; and (5) patients with incomplete
clinical records.

Operation methods

The operation process under arthroscopy was shown in
Fig. 1. The patient who recieved spinal anesthesia took
a supine position on the operating table. The tourniquet
was placed at the root of the thigh of the affected limb of
patient. The anteromedial and lateral approaches of the
patella were performed, and the arthroscopy was placed
through the surgical channel. An incision was made at
1 cm posterior and 2 cm above the lateral malleolus of the
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Fig. 1 The visual field of endoscopic surgery in the two groups. (A) An
arthroscopic probe (tail end 5 mm) was used to measure the length of the
stump and ligament; (B) Reserving 1/2 of the length of the reconstructed
ligament; (C) The lengths of the stump and ligament were measured by
the arthroscopic probe (tail end 5 mm) (D) Remnant > 1/2 reconstructed
ligament length. The scale is 5 mm

affected limb, and the peroneus longus was removed with
the help of a tendon taker [17]. The center was positioned
in the single-bundle isometric reconstruction area of the
femur. The femoral tunnel was prepared and the line was
crossed for standby. ACL positioning was performed at
the intersection of the lateral meniscus extension line and
the intercondylar eminence to prepare the tibial tunnel
[18, 19]. The graft was introduced into the correspond-
ing bone tunnel. The femoral side of the graft was fixed
with an Endobutton plate. After flipping the Endobut-
ton plate, the knee joint flexion and extension activities
were pre-stretched for 20 times. Fixation and screwing at
30° of knee flexion were performed in each patient using
absorbable compression screws (specification model
72201776 from Xerox, with a length of 25 mm and a
diameter of 9 mm) to fix the graft. Under the condition of
90° flexion of the knee joint, the length from the residual
tissue and the distal end (tibial side) of the reconstructed
ligament to the proximal end was measured with a 5 mm
probe under arthroscopic monitoring, which was used
for calculation of residual tissue and reconstructed liga-
ments [20]. When lengths were between 5 mm, a 1.0 mm
Kirschner wire was used for further comparison. Each
measurement was repeated for 3 times and the average
was taken to minimize bias as much as possible.

Postoperative treatment and rehabilitation

Ice compress was performed after the operation. The
bandages were fixed by compression bandage and the
plasma drainage tube was removed at 24 h to 48 h after
operation. In the first week after the operation, the reha-
bilitation physician pushed the patella to relax the knee
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joint and passively flexed the knee to 30°. The rehabili-
tation physician passively flexed the knee to 60° in the
second week. After 2 weeks, the knee extension and
flexion training and ankle joint function exercises were
performed under the guidance of the rehabilitation divi-
sion to restore the normal activities of the knee joint and
ankle joint. At 4 and 6 weeks after operation, 90° and
135° movements were allowed, respectively. Knee braces
were removed at 12 weeks after the operation. Straight
running and change of running direction were allowed
at 3 months and 6 months after operation, respectively.
Patients in the two groups were followed up in the 6th
month and 12th month after the operation by the follow-
ing assessments.

Proprioceptive threshold of passive motor perception

The patient’s hearing and vision were separated with eye
masks and ear masks, respectively. The patient’s affected
limb was placed on a continuous passive motion (CPM).
When the initial angle was adjusted from 30°, the CPM
would move slowly to the extension direction at a speed
of 0.5°/s. During the movement, when the patient per-
ceived the first change in the angle of knee joint activity,
the measured angle was recorded. In the measurement
process, the change of knee joint perception angle was
measured by angle calculation. The initial knee joint
angle would be repeated for 3 times, and the average time
was taken. Finally, 0.5°/s x average time (s) was used as
the proprioceptive threshold of passive motor perception
(21, 22].

Knee joint function score

The International Knee Documentation Committee
(IKDC) score, Lysholm score, and Tegner activity score
(TAS) were used to evaluate knee joint functions. The
higher the IKDC score, the lighter the symptoms and
signs [23]. The Lysholm score focused on the evalua-
tion of knee joint function after a knee ligament injury,
including claudication, pain, swelling, and other items
[24, 25]. TAS was often used to evaluate the function of
the knee after ACL reconstruction [26].

Knee stability test

Lachman test, anterior drawer test (ADT), and pivot
shift test (PST) were used to evaluate the stability of knee
as previously described [20, 27, 28]. Both the ADT and
Lachman tests were conducted by personnel responsible
for preoperative evaluation and recording. Each mea-
surement was completed by 2 individuals in the team,
excluding the surgeon, with one person conducting the
test while the other measured. The measurements were
then alternated and averaged 6 times. The PST was con-
ducted by 3 persons, and the result of the majority of per-
sons was taken as the final result.
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Table 1 Comparison of general clinical data between the two
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Table 2 Comparison of the proprioceptive threshold of knee

groups join between the two groups

Items N1 group N2 group t/x%/z p Items N1 group N2 group t p
(n=17) (n=17) (n=17) (n=17)

Gender (male/female) 11/6 10/7 0.125 0.724 Before operation 265+0.16 2.58+0.15 0.125 0239

Age (years) 3229+1494 3041+£11.19 0417 0.680 In the 6th month after  1.34+0.13" 1.64+071" 0417 <0.001

BMI 2404+388 2389+739  0.103 0918 the operation

Time from onsetto  9.14(2.5,13.5) 3.85(1.939.29) -1.17 0245  Inthel2thmonth  113£011"2 13720782 0103 <0.001

operation (weeks) after the operation

Affected side of the  11/6 11/6 0 1 F 631.175 615.243

knee (left/right) p <0.001 <0.001

Meniscus injury 9/8 8/9 0.118 0.732 *p <0.05 compared with that before operation; A p <0.05 compared with thatin

Operation time (min) 9894+3167 9747+3004 0139 0890 the6thmonthafteroperation

Amount of operative  30.88+11.21 30.59+1550 0.063 0.950

bleeding (mL) Results

Hospitalizationday 653170 653+170 1291 0206 Comparison of general clinical data between the two

(days)
BMI, body mass index

Knee joint movement ability test

Single-legged hop test and return-to-sport ratio were
used to evaluate the movement ability of knee joint. The
hop test was performed as follows: the patient was asked
to stand on one foot with the examined limb and jumped
as much as possible, in which the take-off and landing
were on the same side of the limb. The distance was mea-
sured, and the ratio of the jump distance of the affected
limb to the jump distance of the contralateral limb was
compared [20]. TAS was used to evaluate the recovery
of complete return of movement in patients after ACL
reconstruction, that is, whether TAS within 2 years after
ACL reconstruction can reach the level before ACL
injury. If achieved, it is considered that patients have
completed the movement ability as before injury and can
return to exercise [29].

Postoperative complications

Postoperative complications such as joint cavity infec-
tion, venous thrombosis, nerve injury, and graft failure
were observed during the 12-month follow-up period.

Statistical analysis

The statistical analysis was carried out by Statistical
Package for the Social Sciences (SPSS) 26.0 software
(SPSS Inc., Chicago, IL, USA). The normal distribution
data were expressed as means +standard deviation (SD)
and compared by t-test or Mann-Whitney U (MWU)
test. Non-normal distribution data were described by M
(P25, P75) and compared by non-parametric test. x> test
was used to compare the counting data between the two
groups. When p was less than 0.05, the difference was
statistically significant.

groups
General clinical data including age, gender, BMI, time
from onset to operation, affected side of the knee (left/
right), meniscus injury, operation time, amount of oper-
ative bleeding, hospitalization day in the two groups
were collected and compared (Table 1). There were
11 males and 6 females in the N1 group with an aver-
age age of 32.29+14.94 years old, and there were 10
males and 7 females in the N2 group with an average
age of 30.41+11.19 years old (P>0.05). The time from
onset to operation was 9.14 weeks (2.5,13.5) and 3.85
weeks (1.93,9.29) in N1 and N2 groups, respectively
(P=0.245). The operation time was 98.94+31.67 min
and 97.47 +30.04 min in the N1 and N2 groups, respec-
tively (P=0.890). The amount of operative bleeding was
30.88+11.21 mL and 30.59+15.50 mL in the N1 and N2
groups, respectively (P=0.950). The hospitalization day
was 6.53+1.70 days and 7.24+1.48 days in the N1 and
N2 groups, respectively (P=0.206). In addition, there
were no significant differences in BMI, the affected side
of the knee (left/right), and meniscus injury between the
two groups (P>0.05).

Comparison of the proprioceptive threshold of passive
motor perception of knee join between the two groups
The proprioceptive threshold of passive motor percep-
tionof knee join between the two groups was evalu-
ated, as shown in Table 2. Before the operation, there
was no significant difference in the passive motor per-
ception threshold of knee join between the two groups
(P=0.239). In the 6th month and 12th month after the
operation, the passive motor perception threshold of the
knee joint in the N2 group was both increased in com-
parison with those in the N1 group (P<0.05). Moreover,
in the 6th month and 12th month after the operation, the
passive motor perception threshold of the knee joint in
the two groups was improved significantly, compared to
that before the operation (P<0.05).
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Comparison analysis of preoperative and postoperative
IKDC scores, Lysholm score, and TAS between the two
groups

Preoperative and postoperative IKDC scores, Lysholm
score, and TAS were analyzed and compared between the
two groups (Table 3). Before the operation, there were no
significant differences in the IKDC score, Lysholm score,
and TAS between the two groups (P>0.05). In the 6th
month and 12th month after the operation, the IKDC
score, Lysholm score, and TAS in the two groups were
higher than those before the operation (P<0.05). How-
ever, in the 6th month and 12th month after the opera-
tion, the IKDC score, Lysholm score, and TAS in the N2
group were all not changed significantly in comparison
with those in the N1 group (P> 0.05).

Table 3 Comparison analysis of preoperative and postoperative
IKDC scores, Lysholm score, and TAS between the two groups

Items N1 group N2 group t p
(n=17) (n=17)
IKDC Before 68.12+7.79 67.35+593 0.322 0.749
scores operation
Inthe 6th  86.12+306  84.59+2694 1547 0.132
month
after the
operation
Inthe 12th 91.24+2082 9242854 0894 0378
month
after the
operation
F 101.219 16144
D <0.001 <0.001
Lysholm Before 64.95+9.59 66.00+6.71 -0.373 0.712
score operation
Inthe6th  84.88+3.10° 83.00+366 1619 0.115
month
after the
operation
Inthe 12th 92.00+2.352 910042032 1329  0.193
month
after the
operation
F 96.629 133.008
D <0.001 <0.001
TAS Before 271+1.11 2.88+0.93 -0.504 0617
operation
Inthe6th 5714069  524+090"  1.170 0.097
month
after the
operation
Inthe 12th 7.12+£1.052  700+071"2 0382 0.705
month
after the
operation
F 92409 100
p <0007 <0001

“p<0.05 compared with that before operation; A p<0.05 compared with thatin
the 6th month after operation
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Comparison of knee joint stability between the two groups
Knee joint stability between the two groups in terms of
the Lachman score, ADT score, and PST score were com-
pared between the two groups (Table 4). It was suggested
that, before the operation, there were no significant dif-
ferences in the Lachman score, ADT score, and PST
score between the two groups (P> 0.05). After the opera-
tion of 6 months and 12 months, the Lachman score,
ADT score, and PST score in the two groups were all
improved in comparison with those before the operation
(P<0.05). However, in the 6th month and 12th month
after the operation, they showed no differences between
the two groups (P> 0.05).

Comparison of knee joint movement ability between the
two groups

Single-legged hop test and the return-to-sport ratio were
used to evaluate knee joint movement ability between the
two groups (Table 5). As demonstrated in Table 5, there
was no notable difference in term of single-legged hop
test between the two groups after operation (P=0.174).
The return-to-sport ratio in the 12th month after opera-
tion in the N1 group was significantly higher than that in
the N2 group (P<0.05).

Complications between the two groups

The preoperative (Fig. 2 A) and postoperative (Fig. 2B)
MRI images of representative cases in the N1 group, and
MRI-T2 sequence diagram before (Fig. 2 C) and after
(Fig. 2D) operation in the N2 group were collected to
evaluate the complications between the two groups. It
was found that no postoperative complications such as
joint cavity infection, venous thrombosis, nerve injury,
and graft failure occurred in the two groups during the
follow-up period of 12 months.

Discussion
The ACL injury is regarded as one of the most common
knee ligament injuries, which is associated with potential
long-term complications such as chronic knee instabil-
ity, meniscus tears, cartilage injury, and development of
osteoarthritis (OA) [3, 4]. In this study, the clinical data,
the proprioceptive threshold of passive motor percep-
tion of knee join, preoperative and postoperative IKDC
scores, Lysholm score, and TAS, knee joint stability and
movement ability, and complications were investigated
in patients with ACL injury of the knee joint. The results
showed that preserving longer stump tissue in ACL
reconstruction can enhance revascularization and pro-
mote proprioception recovery. If conditions permit, the
stump with a length of >1/2 should be preserved as much
as possible [11].

Arthroscopic ACL reconstruction with autologous ten-
dons has become the mainstream of surgical treatment
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p

N2

ADT score

N1

0.151
0.697
12
13

0.151
0.697

0.158
0.924

X
p

N2

PST score

N1

0.151
0.697

0.151
0.697

1292
0.524
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Table 5 Comparison of knee joint movement ability between
the two groups

Items N1group N2group t p
(n=17) (n=17)

Single legged jump after 93004229 91.77+286 1390 0.174

operation (%)

Return-to-sport ratio after 12/5 6/11 425 0039

operation (Yes/No)

Fig. 2 The magnetic resonance imaging (MRI) images of representative
cases in the two groups before and after operation. (A) preoperative MRI-
T2 sequence diagram of a female in the N2 group who was 18 years old,
with right knee joint pain caused by sprain for more than 2 months. The
arrow refers to the broken end tendon; (B) postoperative MRI-T2 sequence
diagram of a female in the N2 group, who was 18 years old, with right
knee joint pain caused by sprain for more than 2 months. The circle shape
refers to the good repair effect. (C) preoperative MRI-T2 sequence diagram
of a male in the N1 group, who was 19 years old, with right knee pain
caused by sprain for more than 20 days. The arrow refers to the broken
end tendon; (D) postoperative MRI-T2 sequence diagram of a male in the
N1 group, who was 19 years old, with right knee pain caused by sprain for
more than 20 days. The circle shape refers to the good repair effect

for ACL injury [5]. The hamstring muscle is now the pre-
ferred ligament for ACL reconstruction [30]. Moreover,
the use of the hamstring as an autologous graft has the
risk of complications, such as injury of the infrapatellar
branch of the saphenous nerve and decreased stability of
the knee joint [31-33]. PLT has excellent biomechanical
properties, including the surface position for easy and
safe collection [34]. The risk of complications of PLT
graft is lower than that of the hamstring [35-37]. Fur-
thermore, for ACL reconstruction, a full-bundle autolo-
gous PLT graft can easily provide sufficient size [38, 39].
Therefore, PLT was used as an autologous graft for ACL
reconstruction in this study. The clinical results were sat-
isfactory in the 12th month after the operation without
obvious complications.

This study indicated that proprioceptive threshold
of measure-passive motor perception of knee join is
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decreased after operation compared to that before the
operation, and it is higher in N2 group than that in the
N1 group. For ACL reconstruction, the significant revas-
cularization effect is the ACL residual ligament and syno-
vial tissue, so that it can ultimately play a key role in the
blood supply. The recovery of proprioception of the knee
joint mainly depends on the mechanical receptors in the
ACL stump tissue [39, 40]. It is suggested that 1-2% of
ACL volume is composed of mechanoreceptors, and the
rupture of ACL will cause a decrease in the number of
mechanoreceptors, thereby reducing their propriocep-
tion [41]. The key to the success of ACL reconstruction
is not only the recovery of knee mechanical function but
also the recovery of knee proprioception. Therefore, the
broken ACL stump tissue should be retained as much as
possible to preserve more mechanoreceptors [42].

In this study, compared with patients with a retention
length<1/2 in ACL reconstruction, patients with a reten-
tion length>1/2 have a better proprioception recovery
and a higher proportion of return to exercise in the short
follow-up. More complete synovial coverage provided by
the stump tissue will reduce the loss of mechanorecep-
tors and promote angiogenesis and ligamentization of
tendons [43]. Patients with longer lengths of stump tis-
sue have better proprioception recovery. When ACL
is reconstructed with remnant preservation, the more
intact the tibial stump tissue is, the better the preserva-
tion of proprioceptive function is, and the prognosis of
patients with a high remnant preservation rate is more
satisfactory [10, 44]. When there is a large amount of
residual tissue in the injured ACL, it is recommended to
retain as much residual tissue as possible for reconstruct-
ing the ACL [20].

There are three limitations in this study. First, there are
no surgical cases related to monocular deformity in this
study. Second, the form of proprioception measurement
is single, and rehabilitation training lacks standardized
and unified standards. It is necessary to further increase
the proprioception measurement method and strengthen
the rehabilitation program. Third, there is a lack of his-
tologically confirmed results of secondary arthroscopy,
leading to a loss in analyzeing the structural relationship
between the reconstructed ACL and the stump tissue.

Conclusion

In conclusion, during the 1-year follow-up period, the
treatment strategy of ACL stump retention length>1/2
during ACL reconstruction with PLT is more effective
than the treatment strategy of length<1/2 for patients
with ACL injury of the knee joint.

Abbreviations

ACL Anterior Cruciate Ligament

PLT Peroneus Longus Tendon

IKDC  International Knee Documentation Committee
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TAS Tegner Activity Score

ADT Anterior Drawer Test

PST Pivot Shift Test

BMI Body Mass Index

MRI Magnetic Resonance Imaging
CPM Continuous Passive Motion
SD Standard Deviation
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