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present study (Table 1). Patients were diagnosed using a
pivot shift test and magnetic resonance imaging. Each
patient was informed in detail of the nature of their injury
and the possible surgical procedures. Each received either
an augmented semitendinosus tendon with synthetic mate-
rial (LARS, L130605B) or 4-strand ST/G, representing the
control group, as a graft. The patients were assigned by a
single-blind quasirandomization. After passing the inclu-
sion/exclusion criteria and giving consent for the study, they
were numbered serially, and alternate numbers were
assigned to the two groups. The surgeon was not informed
of the group to which a patient was assigned until before sur-
gery. There were 36 cases in the augmentation group, of
which 5 cases were complicated by a posterior horn tear of
the medial meniscus and 4 with posterior horn tear of the
lateral meniscus. There were 32 cases in the control group,
of which 4 cases were complicated by posterior horn tear
of the medial meniscus and 6 with posterior horn tear of
the lateral meniscus. The two groups were comparable in
terms of gender, age, period between injury and surgery,
and preoperative knee joint function score. All procedures
were approved by the local ethical committee and performed
by a single senior surgeon. All subjects provided signed
informed consent.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria:
patients su�ering their �rst ACL injury, with no history of
knee surgery; professional sports injuries, requiring surgery
to continue a sports career; pursuing high quality of life,
hoping to return to exercise quickly.

Exclusion criteria: patients with complicated medial or
lateral collateral ligament injury, complicated posterior cru-
ciate ligament injury, complicated joint cartilage injury
requiring microfracture or osteochondral transplantation,
ACL reconstruction adopting an alternative �xation method
were excluded. Patients with incomplete clinical information
or cognitive impairment and mental abnormalities were also
excluded.

2.3. Surgical Technique

2.3.1. Graft Preparation of the Augmentation Group. The
semitendinosus tendon of the a�ected limb was excised
using conventional methods. LARS synthetic material of an
appropriate length and width and a single semitendinosus
tendon were laminated and woven together and then folded
into two strands, with synthetic material completely wrap-
ping around the semitendinosus tendon, the two edges
closed with high-strength sutures to complete preparation
of the graft, which had a diameter of 8 mm, and so was the
control group. The graft was then soaked in vancomycin
saline solution for 10 minutes (Figure 1).

2.3.2. Arthroscopic Graft Installation. Arthroscopic examina-
tion was performed using standard anteromedial and
anterolateral approaches. Any remaining ACL with synovial
covering was preserved as far as possible. All patients under-
went arthroscopic single bundle ACL reconstruction. An
appropriate femoral o�set guide was placed at a 2 or 10
o’clock position for the left or right knees to cover the foot-
print zone of the anteromedial bundle. The tibial tunnel was
positioned as forward as possible, to ensure it did not con-
�ict with the intercondylar fossa. The femoral end of the
graft was suspended and �xed with a tight cord (Arthrex,
3.5 mm), while the tibial end was �xed with a bioresorbable
screw (Arthrex, 8 mm) combined with an anchor (Arthrex,
SwiveLock, 4.75 mm).

2.4. Postoperative Rehabilitation

2.4.1. Augmentation Group. Isometric contraction of the
quadriceps femoris and ankle pump exercises were con-
ducted immediately following recovery from anesthesia.
Knee �exion increased gradually to complete �exion and
extension and full weight bearing using a brace within the
�rst 2 weeks. Cycling and jogging were permitted 4 weeks
postoperatively. Return to full exercise occurred 3 months
after surgery.

2.4.2. Control Group. Isometric contraction of the quadri-
ceps femoris and ankle pump exercise were conducted
immediately following recovery from anesthesia. Knees were
bent to 90 degrees, and partial weight bearing was permitted
using crutches during the �rst week. Static stepping for bal-
ance was allowed for 2 weeks followed by full weight bearing
after 4 weeks postoperatively, and cycling and swimming 3
months postoperatively. A gradual return to exercise
occurred 6-9 months after surgery.

2.5. Follow-Up and Evaluation. All cases were followed up
for at least 12 months in strict accordance with the advice
from a clinician. The duration of postoperative knee joint
swelling evaluated by �oating patella test, the duration of
the period before return to exercise, and complications such
as joint sti�ness, infection, and retear were recorded for each
patient. The Lysholm score [1], Tegner activity score [2],
and IKDC scores [3] were recorded on 4 occasions: preoper-
atively and after 3, 6, and 12 months. At the �nal follow-up
examination, Lachman and pivot shift tests were conducted
for knee stability evaluation.

2.6. Statistical Analysis. Prism 6 (GraphPad) statistical soft-
ware was used to analyze patient data. Measurement data
are expressed as means ± SDs and functional score values
recorded during follow-up examinations analyzed statisti-
cally using a one-way ANOVA and observation results by t

Table 1: Demographics of the augmented and control groups.

Group M/FM Age Time to surgery Lysholm score Tegner score IKDC score

Enhance 30/6 27 (17-37) 2.2 (1-6) 46:7 ± 3:4 2:1 ± 0:6 49:2 ± 3:8

Control 24/8 33 (21-42) 3.6 (1-8) 45:1 ± 3:0 2:1 ± 0:5 47:5 ± 3:5

2 Computational and Mathematical Methods in Medicine



-tests. A chi-square test was used to compare count data.
Di�erences in which P < 0:05 were considered statistically
signi�cant.

3. Results

3.1. Postsurgical Follow-Up. All patients completed a suc-
cessful follow-up plan. The mean duration of postoperative
swelling was 8 days (range: 3-22 days) in the augmentation
group and 14 days (range: 10-30 days) in the control group.
The augmentation group began to return to exercise 12
weeks (range: 8-20 weeks) after surgery, while the control
group was fully exercising 20 weeks (range: 24-40 weeks)
after surgery. No patients experienced subjective instability
of the knee joint. Objective examination (Table 2) indicated
that stability of the knee joint within the augmentation

group was greater than that of the control group one year
after surgery. At the �nal follow-up examination, 2 cases
underwent arthroscopic secondary exploration for removal
of tibial screws (Figure 2).

3.2. Knee Joint Functional Score

3.2.1. Comparative Analysis between Groups. There was no
signi�cant di�erence in three knee joint functional scores

(a)

(b)

(c)

Figure 1: The preparation process of augmented graft: (a) graft was woven; (b) the reverse side; (c) �nal appearance of the augmented graft.

Table 2: Lachman and pivot shift test 12 months after surgery.

Group Lachman Pivot shift
0 1+ 2+ 0 I II

Enhance (n = 36) 34 2 0 36 0 0
Control (n = 32) 26 4 2 29 3 0
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between the two groups preoperatively (P > 0:05). All scores
in the augmentation group were signi�cantly higher than
those in the control group 3 and 6 months postoperatively
(P < 0:05). There was no signi�cant di�erence in Tegner
score between the two groups 12 months after surgery
(P > 0:05), while the Lysholm and IKDC scores in the aug-
mentation group were 97:9 ± 1:9 and 96:9 ± 2:5, respec-
tively, higher than the scores in the control group, at
94:6 ± 1:7 and 93:7 ± 2:1, respectively (P < 0:05), although
the di�erences were substantially smaller than at earlier time
points. This demonstrates that di�erences in functional
scores in the two groups gradually narrowed as recovery
time progressed, being closest at 12 months postoperatively.

3.2.2. Comparative Analysis Intragroup. The increase in the
three knee joint functional scores in the augmentation group
was the largest in the �rst 3 months after surgery and lower

in the second 3 months, while being the lowest from 6 to 12
months postoperatively. Conversely, in the control group,
the increase in knee joint functional scores was the smallest
in the �rst 3 months, while the largest in the period from 6
to 12 months postoperatively (Figures 3–5).

3.3. Postoperative Complications. There were 2 cases su�er-
ing knee crepitus, following surgery in the augmentation
group and 6 cases in the control group. One patient in the
augmentation group developed fever after surgery. The
infection was eliminated and bacterial culture of the joint
�uid was negative. In the control group, 2 cases still had lim-
itations in bending of their knees 3 months after surgery,
which were improved by manipulation during outpatient
visits. No complications were observed, such as screw

Figure 2: Magni�ed observation: augmented graft with synovial
sheath and in�ltrating vessels during the 12-month follow-up
examination.
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Figure 3: Lysholm scoring of the two groups was compared pre-
and postoperatively (∗ stands for P < 0:05, ∗∗ stands for P < 0:01,
and ∗∗∗ stands for P < 0:001, ns = not signi�cant).
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Figure 4: 4IKDC scoring of the two groups was compared pre- and
postoperatively (∗ stands for P < 0:05, ∗∗ stands for P < 0:01, and
∗∗∗ stands for P < 0:001, ns = not signi�cant).
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Figure 5: Tegner scoring of the two groups were compared pre-
and postoperatively (∗ stands for P < 0:05, ∗∗ stands for P < 0:01,
and ∗∗∗ stands for P < 0:001, ns = not signi�cant).
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loosening, infection, reactive synovitis, bone tunnel enlarge-
ment, or retear.

4. Discussion

Over recent years, ST/G has become a common autologous
grafting procedure for reconstruction of the ACL. However,
postoperative ligament relaxation and retear are not uncom-
mon. Literature reports indicate these are related to gender,
age, level of exercise, and graft diameter [4]. A cohort study
indicated that for every 0.5 mm increase in graft diameter,
postoperative revision rate decreased by 14% [5]. Park
et al. [6] followed up 296 patients with ST/G ACL recon-
struction and found that recovery of knee joint function in
grafts with a diameter greater than or equal to 8 mm was sig-
ni�cantly greater than that smaller than 8 mm. However, the
diameter of an autologous graft is related to the patient’s
native tendon, which surgeons cannot control. Autologous

tendons undergo necrosis, revascularization, and replace-
ment of collagen �bers and �nally become shaped and
reconstructed into a substitute ligament close to the biologi-
cal characteristics of an ACL following implantation, its
strength correspondingly changing from strong to weak
and then gradually increasing. The process lasts for 6 to 9
months or even longer [7, 8]. The high risk of ligament laxity
during this period limits the recovery of early activity. Aboa-
lata et al. [9] believed that grafts augmented by high strength
sutures could reduce the ligament laxity ratio in patients
with a high body mass index and narrow graft (diameter 7
or 7.5 mm).

Synthetic ligaments, in which no revascularization pro-
cess is required, can exert large mechanical e�ects immedi-
ately following implantation. However, they cannot achieve
the biomechanical characteristics of ACL due to the lack of
viscoelasticity and occurrence of abrasion [10]. The combi-
nation of a synthetic ligament and autogenous tendon can

(a)

(b)

Figure 6: MRI evaluation following ACL reconstruction using an augmented graft. Sagittal view: normal shape of the graft in the joint and
synthetic material wrapped around the autogenous tendon. Coronal view: femoral tunnel is completely �lled with the graft.
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ensure su�cient thickness and length of the graft, and the
use of high-strength arti�cial materials to maintain the ini-
tial stability of the joint can protect an autogenous tendon
so that the creep period is endured uneventfully, ensuring
that early postoperative functional exercise can be safely
undertaken, while autogenous tendons can compensate for
the de�ciency of fatigue decay of the synthetic materials fol-
lowing remodeling. In the present study, standard 4-strand
ST/G reconstruction was used as a control, and functional
recovery of the knee following augmented reconstruction
was evaluated in terms of the subjective assessment of
patients, evaluation of clinicians and objective motor capa-
bility. The results indicate that the patients in the augmenta-
tion group began to return to exercise 12 weeks after surgery,
signi�cantly earlier than the 30 weeks in the control group.
The three knee joint scores of patients in the augmented
group were higher than those in the control group 3 and 6
months after surgery, indicating that knee joint function
had recovered more quickly. The Tegner score in particular,
which re�ects motor capability, improved most signi�cantly
3 months after surgery but was not signi�cantly di�erent in
either group after 12 months, indicating that the advantage
of this technique is functional improvement during the early
stages of recovery.

As early as the 1980s, Kennedy et al. [11] �rst proposed a
ligament augmentation device (LAD), used mainly for in
situ repair of partial ACL laceration. Kdolsky et al. [12] uti-
lized the Kennedy-LAD technique to treat 66 patients with
ACL laceration and followed up for 5-8 years, �nding that
75% of the patients recovered preinjury levels of movement
following surgery. Nakayama et al. [13] reported that 92%
of 50 athletes returned to sporting activities one year after
ACL reconstructive surgery using Leeds-Keio augmented
autologous ligaments. However, due to limitations in the
development of materials science, many negative reports
have been published.

With the extensive use of LARS ligament products in
France, good therapeutic e�ects have been achieved. Some
researchers [14] have recommended the use of a hollow
LARS ligament combined with autologous tendon for ACL
reconstruction in patients with poor donor ligament quality,
but this method uses only a simple overlap of synthetic
material of the two types of graft, which is entirely exposed
in the joint cavity and with the same risk of complications
as the standard LARS ligament. The maximum load for
strips of LARS synthetic material selected in the present
study was 3600 N, satisfying the requirements of the
mechanical strength of an ACL (1730 ± 270 N). Postopera-
tive nuclear magnetic resonance imaging clearly displayed
the structure of the graft, completely wrapped around an
autologous tendon (Figure 6), which was able to exert
mechanical e�ects while avoiding the inherent complica-
tions of the synthetic material, the incidence of ligament
relaxation signi�cantly lower than that of the control group
assessed during the one-year follow-up examination. In
addition, we used suspension �xation technology, which
did not require strict use of absolutely equal graft lengths
during surgery, providing excellent fault tolerance compared
with conventional LARS reconstruction.

Although removal of any remaining ACL assists in locat-
ing the intra-articular bone tunnel and improves the accu-
racy of surgical procedure, histological studies have
con�rmed that an abundant blood supply and propriocep-
tors are present in ligaments and the synovium [15]. In the
present study, all patients underwent reconstruction with
remnant preservation [16]. The remnant ACL was as far as
possible pulled into the bone tunnel or tunnel portal when
the graft was installed. The synovium attached to the edge
of femoral intercondylar fossa was retained to promote
recovery of proprioception following surgery. In addition,
only the semitendinosus tendon was excised in the augmen-
tation group, preserving the function of the gracilis muscle.

The sample size of this study was limited and the dura-
tion of follow-up not extensive. The clinical value of the
study is to some degree compromised, and in the future, a
larger sample size and longer duration of follow-up observa-
tion are required.

5. Conclusions

Compared with standard 4-strand ST/G, LARS synthetic
material augmentation of the semitendinosus tendon for
ACL reconstruction was able to achieve greater knee joint
stability and more satisfactory results, especially in patients
who require early recovery of high-level exercise.

Data Availability

The datasets used and analyzed during the current study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors declare that they have no con�icts of interest.

Authors’ Contributions

Baocai Zhang and Yuzhuo Ma have contributed equally to
this work and share �rst authorship.

References

[1] J. Lysholm and J. Gillquist, “Evaluation of knee ligament sur-
gery results with special emphasis on use of a scoring scale,”
The American Journal of Sports Medicine, vol. 10, no. 3,
pp. 150–154, 1982.

[2] Y. Tegner and J. Lysholm, “Rating systems in the evaluation of
knee ligament injuries,” Clinical Orthopaedics and Related
Research, vol. 198, pp. 42–49, 1985.

[3] F. Hefti and W. Muller, “Current state of evaluation of knee
ligament lesions. The new IKDC knee evaluation form,”
Orthopade, vol. 22, no. 6, pp. 351–362, 1993.

[4] P. M. Kamien, J. M. Hydrick, W. H. Replogle, L. T. Go, and
G. R. Barrett, “Age, graft size, and Tegner activity level as pre-
dictors of failure in anterior cruciate ligament reconstruction
with hamstring autograft,” The American Journal of Sports
Medicine, vol. 41, no. 8, 2013.

6 Computational and Mathematical Methods in Medicine



[5] T. Snaebjornsson, E. Hamrin Senorski, O. R. Ayeni et al.,
“Graft diameter as a predictor for revision anterior cruciate lig-
ament reconstruction and KOOS and EQ-5D values: a cohort
study from the Swedish National Knee Ligament Register
Based on 2240 patients,” The American Journal of Sports Med-
icine, vol. 45, no. 9, pp. 2092–2097, 2017.

[6] S. Y. Park, H. Oh, S. Park, J. H. Lee, S. H. Lee, and K. H. Yoon,
“Factors predicting hamstring tendon autograft diameters and
resulting failure rates after anterior cruciate ligament recon-
struction,” Knee Surgery, Sports Traumatology, Arthroscopy,
vol. 21, no. 5, pp. 1111–1118, 2013.

[7] A. Weiler, R. F. Ho�mann, H. J. Bail, O. Rehm, and N. P. Sud-
kamp, “Tendon healing in a bone tunnel. Part II: histologic
analysis after biodegradable interference �t �xation in a model
of anterior cruciate ligament reconstruction in sheep,”
Arthroscopy, vol. 18, no. 2, pp. 124–135, 2002.

[8] A. Weiler, R. Peine, A. Pashmineh-Azar, C. Abel, N. P. Sud-
kamp, and R. F. Ho�mann, “Tendon healing in a bone tunnel.
Part I: biomechanical results after biodegradable interference
�t �xation in a model of anterior cruciate ligament reconstruc-
tion in sheep,” Arthroscopy, vol. 18, no. 2, pp. 113–123, 2002.

[9] M. Aboalata, A. Elazab, A. Halawa, A. B. Imho�, and
Y. Bassiouny, “Internal suture augmentation technique to pro-
tect the anterior cruciate ligament reconstruction graft,”
Arthroscopy Techniques, vol. 6, no. 5, pp. e1633–e1638, 2017.

[10] L. M. Batty, C. J. Norsworthy, N. J. Lash, J. Wasiak, A. K. Rich-
mond, and J. A. Feller, “Synthetic devices for reconstructive
surgery of the cruciate ligaments: a systematic review,”
Arthroscopy, vol. 31, no. 5, pp. 957–968, 2015.

[11] J. C. Kennedy, J. H. Roth, H. V. Mendenhall, and J. B. Sanford,
“Presidential address: intraarticular replacement in the ante-
rior cruciate ligament-de�cient knee,” The American Journal
of Sports Medicine, vol. 8, no. 1, pp. 1–8, 1980.

[12] R. Kdolsky, O. Kwasny, and R. Schabus, “Synthetic augmented
repair of proximal ruptures of the anterior cruciate ligament,”
Clinical Orthopaedics and Related Research, vol. 295, pp. 183–
189, 1993.

[13] Y. Nakayama, Y. Shirai, T. Narita, A. Mori, and K. Kobayashi,
“Knee functions and a return to sports activity in competitive
athletes following anterior cruciate ligament reconstruction,”
Journal of Nippon Medical School, vol. 67, no. 3, pp. 172–176,
2000.

[14] F. Hamido, H. Al Harran, A. R. Al Misfer et al., “Augmented
short undersized hamstring tendon graft with LARS® arti�cial
ligament versus four-strand hamstring tendon in anterior cru-
ciate ligament reconstruction: preliminary results,” Orthopae-
dics & Traumatology, Surgery & Research, vol. 101, no. 5,
pp. 535–538, 2015.

[15] L. Guo, H. Chen, J. M. Luo, L. Yang, L. C. Gu, and D. J. Fu, “An
arthroscopic second-look study on the e�ect of remnant pres-
ervation on synovialization of bone-patellar tendon-bone allo-
graft in anterior cruciate ligament reconstruction,”
Arthroscopy, vol. 32, no. 5, pp. 868–877, 2016.

[16] H. L. Nag and H. Gupta, “Anterior cruciate ligament recon-
struction with preservation of femoral anterior cruciate liga-
ment stump,” Arthroscopy Techniques, vol. 3, no. 5,
pp. e575–e577, 2014.

7Computational and Mathematical Methods in Medicine


	Early Clinical Outcomes of ACL Reconstruction Using Semitendinosus Tendon Combined with LARS Synthetic
	1. Introduction
	2. Patients and Methods
	2.1. Clinical Data
	2.2. Inclusion and Exclusion Criteria
	2.3. Surgical Technique
	2.3.1. Graft Preparation of the Augmentation Group
	2.3.2. Arthroscopic Graft Installation

	2.4. Postoperative Rehabilitation
	2.4.1. Augmentation Group
	2.4.2. Control Group

	2.5. Follow-Up and Evaluation
	2.6. Statistical Analysis

	3. Results
	3.1. Postsurgical Follow-Up
	3.2. Knee Joint Functional Score
	3.2.1. Comparative Analysis between Groups
	3.2.2. Comparative Analysis Intragroup

	3.3. Postoperative Complications

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Authors’ Contributions



