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aggressive rehabilitation
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Abstract 
Aggressive rehabilitation after anterior cruciate ligament (ACL) reconstruction may result in better clinical outcomes and fewer 
complications such as knee stiffness and weakness. We explored the effect of the Chinese knotting technique (CKT) for aggressive 
rehabilitation after ACL reconstruction. 

Ninety-one anatomical ACL reconstruction cases from 2016 to 2020 were retrospectively reviewed. All patients were operated 
by the same senior physician and his team. According to the reconstruction with or without CKT, the patients were divided into 2 
groups. Both groups received aggressive rehabilitation. 

The follow-up time of 91 patients was more than 2 years. In total, 43 out of the 91 patients were in the CKT group, and 48 
were in the routine group. The knee joint kinematics recorded by Opti_Knee revealed no significant difference among the CKT 
group, the routine group, and healthy adults at 3, 6, 12, and 24 months after the operation, respectively. The internal and external 
rotation angle and the anteroposterior displacement at 3 and 6 months after the operation in the CKT group were smaller than 
in the routine group and were similar to that of the healthy adults. There was no significant difference in flexion and extension 
angle, varus or valgus angle, proximal–distal displacement, or the internal or external displacement between the 2 groups. In 
addition, there was no significant difference in 6 degrees of freedom of the knee between the 2 groups at 12 and 24 months 
after the operation, respectively, which was similar to healthy adults. Compared to the routine group, the International Knee 
Documentation Committee scores were significantly higher in the CKT group at the 3, 6, and 12 months, respectively, but no 
difference was observed at 24 months (P = .749). The Lysholm score was significantly higher in the CKT group at the 3 and 
6 months postoperatively, while there was no difference at 12 and 24 months, respectively. 

In short-term observation, the ACL reconstruction with CKT, which can sustain aggressive rehabilitation and prevent the 
loosening of ACL graft, can lead to better clinical outcomes and kinematics recovery of the knee compared to routine technique.

Abbreviations: ACL = anterior cruciate ligament, CKT = Chinese knotting technique, IKDC = International Knee Documentation 
Committee.

Keywords: aggressive rehabilitation, anterior cruciate ligament, arthroscopy, internal brace, ligament augmented device, ten-
sion-relieving technique

1. Introduction

Due to the rapid popularization of sports globally, the rate of 
anterior cruciate ligament (ACL) rupture and the amount of 
ACL reconstruction have rapidly increased.[1,2] Currently, the 
anatomical ACL reconstruction with an autologous hamstring 
is considered the best treatment strategy for most ACL rupture 
cases.[3,4] However, there are still certain postoperative compli-
cations such as stiffness, pain, and muscle atrophy. Such com-
plications occur due to delayed rehabilitation.[5–8] Accordingly, 

it is important to explore whether it is possible to improve 
any details or techniques in ACL reconstruction and how to 
implement the optimal rehabilitation based on successful sur-
gery.[9] More aggressive rehabilitation, which includes initiating 
weight-bearing, exercise in knee flexion, extension, and mus-
cle strength as early as possible after surgery, may prevent the 
occurrence of such complications.[7,8,10] Although aggressive 
rehabilitation has its advantages, it also may result in other 
complications like rerupture, tunnel expansion, and loosening 
of graft and may influence the healing of bone to graft.[5–11]

YY and XY contributed equally to this work.

This study was supported by Yunnan Province Major Science and Technology 
Special Project [202102AA100015] and Yunnan Province Clinical Center for Bone 
and Joint Diseases [no. ZX2019-03-04]. The funders had no role in study design, 
data collection, and analysis, decision to publish, or preparation of the manuscript.

The authors have no conflicts of interest to disclose.

The datasets generated during and/or analyzed during the current study are 
available from the corresponding author on reasonable request.
a Department of Sports Medicine, First Affiliated Hospital of Kunming Medical 
University, Kunming, China.

*Correspondence: Yanlin Li, Department of Sports Medicine, First Affiliated 
Hospital of Kunming Medical University, Kunming 650032, Yunnan, China  
(e-mail: 852387873@qq.com).

Copyright © 2022 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is 
permissible to download, share, remix, transform, and buildup the work provided 
it is properly cited. The work cannot be used commercially without permission 
from the journal.

How to cite this article: Yu Y, Yang X, He C, Wang G, Liu D, Li Y.  
The Chinese knotting technique assist anatomical anterior  
cruciate ligament reconstruction for aggressive rehabilitation.  
Medicine 2022;101:35(e30107).

Received: 28 March 2022 / Received in final form: 30 June 2022 / Accepted:  
30 June 2022

http://dx.doi.org/10.1097/MD.0000000000030107

https://orcid.org/0000-0002-8734-6164
mailto:852387873@qq.com
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


2

Yu et al. • Medicine (2022) 101:35 Medicine

“Internal bracing technique” may be an effective solution to 
actively recover the above complications. Previous studies have 
confirmed that ACL repair has mechanical weaknesses at the 
suture site, and internal bracing technology can effectively limit 
the gap expansion at the suture site, reduce the risk of reinjury, and 
improve the postoperative joint function score.[12,13] In ACL recon-
struction, the overall mechanical strength of the tendon graft will 
decline due to the disintegration of the original collagen fiber in the 
process of ligamentation, and it will also face the risk of fracture 
of the mechanical weak point during active rehabilitation.[14,15] In 
recent years, scholars have studied the feasibility and effective-
ness of internal support technologies such as FiberTapeTM and 
InternalBraceTM in ACL reconstruction, and obtained good in vivo 
and in vitro biomechanical, histological, and clinical results.[16–19]

Chinese knotting technique (CKT) is a simple and inex-
pensive new internal support technique that uses EthibondTM 
sutures commonly used in implant preparation and is woven 
into FiberTapeTM-like sutures tape suspended between the 
titanium plate and anchor. In this study, CKT technique was 
used during ACL reconstruction, and active rehabilitation plan 
was adopted after surgery. International Knee Documentation 
Committee (IKDC) and Lysholm function scores of patients 
were followed up 2  years after surgery, and Opti_Knee[20–25] 
(Innomotion, Shanghai, China) was used for kinematic analy-
sis. This study assumed that the CKT group could obtain better 
functional scores and kinematic analysis results.

2. Materials and Methods

2.1. General information

A total of 91 patients with isolated rupture of ACL were ana-
tomically reconstructed using 4-strand hamstring tendon with 
aggressive rehabilitation between January 2016 and December 
2020. They were randomly divided into 2 groups, namely CKT 
group and routine group. The CKT group received ACL recon-
struction combined with CKT, while the routine group received 
routine ACL reconstruction without CKT.

Inclusion criteria: primary ACL single-bundle and anatomical 
reconstruction using autologous hamstring tendon; and use of 
postoperative aggressive rehabilitation.
Exclusion criteria: diagnosis of knee osteoarthritis and other 
arthropathies or tumor; multi-ligamentous injury; unreliable to 
follow medical instructions timely. All patients and their fam-
ily members gave informed consent to this study and signed an 
informed consent form, which was approved by the hospital 
ethics committee.

2.2. Methods

2.2.1. Routine group. A total of 48 patients with isolated 
rupture of ACL were anatomically reconstructed using 4-Strand 
hamstring tendon with aggressive rehabilitation. The 48 
patients who underwent routine ACL anatomical reconstruction 
without CKT were assigned to the routine group (Fig. 1). The 
reconstruction with or without CKT was random.

2.2.2. CKT group. A total of 43 cases who received ACL 
reconstruction combined with CKT were assigned to the 
CKT group. A medical team that was composed of sports 
medicine doctors, rehabilitation doctors, and several nurses 
was established. The medical team collects basic patient 
information and the progress of rehabilitation, establishes good 
doctor-patient communication; jointly learns the aggressive 
rehabilitation and CKT knowledge of ACL reconstruction, 
which are implemented by professional medical teams.

2.2.3. CKT procedure. The CKT is a braided technique by 2 
NO. 2 EthibondTM sutures (Depuy Synthes, American) with a 
length of 10  cm that represents the “Internal Bracing” device 
(Figs. 2 and 3A. It relies on Chinese-knitting to adjust the ductility 
and elasticity of the Ethibond suture line. When the length of each 
knot is 3 mm, the ductility and elasticity of the braided suture line 
were similar with the hamstring tendon. The gracilis tendon and 
semitendinosus tendons were folded into 4 bundles, and the CKT 
braided suture was placed in the middle of 4 bundles (Fig. 3B), 
after which the CKT braided suture was intertwined with graft 
(Fig. 3C).

2.2.4. Surgical technique. The reconstructions were performed 
under arthroscopy. The meniscus tear was repaired or partially 
resected at the same time. The gracilis and the semitendinosus 
tendon were harvested through 2 to 3 cm incision medial to the 
tibial tuberosity. In the anteromedial portal, the tibial locator 
was placed on the native center of the ACL tibial attachment, 
thus making the tibial tunnel. The femoral positioner was 
placed on the anatomical center of the ACL footprint, making 
the femoral tunnel. All tunnel centers were preoperatively 
designed by innovative computerized assisted technique.[18] 
After successfully placing the graft, the femoral ends were fixed 
with an Endobutton device (EndoButton; Smith & Nephew), 
and the tibial ends were fixed with absorbable interference 
screws (BioRCIHA; Smith & Nephew) and Anchor (Anchor; 
Smith & Nephew). This was intertwined with graft, its near 
end was fixed by an Endobutton device and its distal end was 
fixed by an Anchor near the tubercles of the tibia (Fig. 4). The 

Figure 1. Flowchart of the study. ACL = anterior cruciate ligament, CKT = Chinese knotting technique, IKDC = International Knee Documentation Committee.
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graft’s place tension was satisfied under arthroscopy (Fig. 3D). 
The graft’s preparation, fixation, and other surgical steps in the 
routine group were the same as in the tension-relieving group 
except for CKT and its fixation.

2.2.5. Aggressive rehabilitation. The aggressive rehabilitation 
protocol,[4,26] which was immediately initiated in both groups, 
included: Phase 1 (from the first day to the first week after 
surgery): CPM began from 0° to 50°, and quadriceps exercises 
of the knee were initiated soon after surgery with ice pressing. 
Unrestrictive full ROM exercise was initiated within the first week; 
weight-bearing was initiated with no pain, effusion, or increase in 
temperature. Crutches were used for 4 weeks. If the patient could 
not tolerate the pain of rehabilitation, the steps were postponed 
for 1 to 3 days; Phase 2 (from the second to the fourth week): the 
exercises in phase 1 were continued, including full weight-bearing 
without axillary device; Phase 3 (4th–7th week): the progressive 
exercises in phase 2 such as ROM and muscles strength exercise 
were continued and enhanced, emphasizing neuromuscular-
control training, and functional activities such as cycling; Phase 4 
(8th–12th week) included restoring full symmetrical passive ROM, 
increased muscle strengthening, and higher-level neuromuscular-
control tasks; Phase 5 (12th–24th week) included progressive 

muscle strengthening, sport-specific neuromuscular-control 
training, plyometrics, sprinting, and cutting drills. Patients usually 
returned to their normal daily activities at this phase and were 
allowed to participate in noncompetitive sports; Phase 6 (After 6 
months): patients were allowed to engage in sports activities. It is 
worth noticing that all cases, despite surgical techniques, should 
meet all the criteria at each phase before continuing to the next 
phase of the rehabilitation. The timetable was not so strict if the 
patient could not tolerate aggressive steps and the knee’s function 
was not satisfactorily restored. Furthermore, 12 months after 
surgery, the patients received a second look under arthroscopy 
and removed the door-shaped nail.

2.3. Outcome measures

The knee function was compared in 2 groups at 3, 6, 12, and 
24 months after surgery using the IKDC and Lysholm score.[1–3]

The knee kinematics in 2 groups were compared at 3, 6, 12, 
and 24  months after surgery using Opti_Knee, a knee joint 
3-dimensional motion analysis system (on Haiyidong Medical 
Technology Co., Ltd), recording the maximum step length, 
minimum step length, period of the limb walking, knee joint 
6 degrees of freedom (flexion and extension angle, varus angle, 
internal and external rotation angle, front and back displace-
ment, up and down displacement and internal and external dis-
placement), and range of motion (maximum the difference from 
the minimum value).[20–25]

The second look examination under arthroscopy was per-
formed 12 months after surgery.

2.4. Statistical analysis

The data were analyzed using SPSS 19.0 statistical soft-
ware (Statistical Product and Service Solutions 19.0, IBM 
Corporation). Measurement data were expressed as mean ± stan-
dard deviation and counting data as frequency (percentage). 
Baseline variables for the 2 groups were compared with 2-sam-
ple t tests for continuous variables, chi-square test for binary 
variables. Multiple group comparisons were performed by SNK 
analysis. The level of statistical significance was α = 0.05.

3. Results
A total of 91 patients (54 males, 37 females) with a mean age of 
29.3 years (22.2–58 years) who met inclusion and exclusion cri-
teria were included in the study (Table 1). Complications such as 
stiffness, infection, nerve injury, and deep vein thrombosis after 
surgery were not observed in any of the groups. The average 
time of follow-up was 24 months. There were no significant dif-
ferences (P > .05) in patients’ female ratio, age, and body mass 
index between groups.

There were no significant differences (P > .05) in preoperative 
IKDC and Lysholm scores between the 2 groups (Table 2). In both 
groups, the postoperative IKDC and Lysholm score (3 months) 
was significantly improved (P < .05) compared to the preoperative 
score. The scores at 6 months were significantly improved (P < .05) 
compared to 3-month scores, while the scores at 12 months were 
significantly improved (P <  .05) compared to those observed at 
6 months, respectively. The postoperative IKDC scores in the CKT 
group were higher than in the routine group (P  <  .05) at 3, 6, 
and 12  months, respectively, but without significant difference 
(P >  .05) at 24 months. The Lysholm scores in the CKT group 
were higher than in the routine group (P < .05) at 3 months and 
6  months, while no significant difference (P  >  .05) was found 
between the 2 groups at 12 and 24 months, respectively.

The knee joint kinematics recorded by Opti_Knee (3D motion 
analysis system for the knee) revealed no significant difference 
in maximum step length, minimum step length, and period of 
the limb walking between the experimental group and control 

Figure 2. The special “CKT braided suture” made of Ethibond thread. 
CKT = Chinese knotting technique.
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group (Table 3) at 3, 6, and 12 months (P > .05). The internal 
and external rotation angle (F = 51.141, 13.204) and the antero-
posterior displacement (F = 51.246, 12.207) at 3 and 6 months 
after the operation in the CKT group were smaller compared to 
the routine group (P < .05; Table 4). There was no significant 

difference in flexion and extension angle, varus or valgus angle, 
proximal–distal displacement, or the internal or external dis-
placement between the 2 groups (P > .05). There was no signif-
icant difference in 6 freedom degrees of the knee between the 2 
groups at 12 months after the operation (P > .05).

The second arthroscopy examination showed that most grafts 
grew well in the CKT group (Fig. 5) at 1 year after surgery. The 
graft was fully covered by synovium, and the tension and shape 
of the graft looked satisfactory.

Figure 3. (A) The special “CKT braided suture” made of Ethibond thread. (B) The “CKT braided suture” was placed in the middle of graft’s bundles. (C) The “CKT 
braided suture” was intertwined with the graft. (D) The “CKT braided suture” was intertwined with the graft well, and the tension was well under arthroscopy. 
CKT = Chinese knotting technique.

Figure 4. Independent hanging internal tension-relieving technology assists 
ACL reconstruction: (A) Endobutton; (B) CKT suture (blue); (C) Interface 
screw; (D) Anchor; (E) Tendon graft. ACL  =  anterior cruciate ligament, 
CKT = Chinese knotting technique.

Table 1

Baseline information and operative characteristics for the 2 
groups.

Group CKT group Routine group P value 

Number of patients 43 48  
Gender female 18 19 .83
Patient age (yr) 28.6 ± 8.7 29.4 ± 9.6 .67
BMI (kg/m2) 23.8 ± 1.8 23.3 ± 2.5 .34
Follow-up time (mo) 23.8 ± 5.4 24.4 ± 7.6 .67

BMI = body mass index, CKT = Chinese knotting technique.

Table 2

Knee IKDC and Lysholm score in the 2 study groups (3, 6, 12, 
and 24 mo, postoperatively).

Group CKT group Routine group P value 

IKDC (preoperative) 41.77 ± 19.33 42.43 ± 17.68 .87
IKDC (3 mo postoperatively) 62.10 ± 10.00* 53.88 ± 11.61* <.01
IKDC (6 mo postoperatively) 71.92 ± 7.70*,† 66.25 ± 9.05*,† <0.01
IKDC (12 mo postoperatively) 79.98 ± 4.50*,†,‡ 74.37 ± 7.64*,†,‡ <.01
IKDC (24 mo postoperatively) 80.07 ± 4.48 79.77 ± 4.59 .75
Lysholm (preoperative) 41.09 ± 21.91 42.38 ± 18.10 .76
Lysholm (3 mo postoperatively) 70.19 ± 12.04* 61.54 ± 13.34* <.01
Lysholm (6 mo postoperatively) 79.19 ± 11.10*,† 71.73 ± 12.98*,† <.01
Lysholm (12 mo postoperatively) 88.77 ± 6.67*,†,‡ 87.93 ± 9.23*,†,‡ .63
Lysholm (24 mo postoperatively) 89.28 ± 6.13 88.15 ± 8.75 .63

CKT = Chinese knotting technique, IKDC = International Knee Documentation Committee.
* There was significant difference (P < .05) in scores than preoperative score.
† There was significant difference (P < .05) compared with 3 mo.
‡ There was significant difference (P < .05) compared with 6 mo.
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4. Discussion
In 1980, Kennedy et al[27] proposed the use of ligament aug-
mentation devices to protect the graft, but complications caused 
by material problems made this technology gradually withdraw 
from the clinic.[28] With the development of medical biomate-
rials, FiberTapeTM, EthibondTM, and other high-strength suture 
(belt) was developed. They exhibit good mechanical properties 
and biocompatibility.[29–33] The CKT is a braided technique of 
suture line that only relies on hand-knitting to adjust the duc-
tility and elasticity of the suture line. When the length of each 

knot is 3 mm, the ductility and elasticity of the braided suture 
line were similar with the hamstring tendon.[34] EthibondTM 
suture line braided by CKT can achieve the same shape as the 
FiberTapeTM. The EthibondTM suture line has been proven to be 
safe, effective, and biocompatible.[35] When the reconstructed 
ligament is stretched, it can share a part of the stress with the 
reconstructed ligament.[36] Before the reconstructed ligament is 
healed and able to bear external forces, it shares a part of the 
force and participates in protecting and rebuilding the ligament 
in the early stage.[37] The results of our study showed that the 
IKDC scores in the CKT group were significantly higher than in 
the routine group at 3, 6, and 12 months after surgery, while no 
difference was observed at 24 months, respectively. The Lysholm 
scores in the CKT group were significantly higher than in the 
routine group at 3 and 6 months after surgery, while there was 
no difference at 12 and 24  months, respectively. The internal 
and external rotation angle (F = 51.141, 13.204) and the antero-
posterior displacement (F = 51.246, 12.207) at 3 and 6 months 
after the operation in the CKT group were smaller than in the 
control group (P < .05) and were similar to those observed in 
the healthy adults (P  >  .05). These results indicated that the 
function and stability of the knee in the CKT group were better 
than in the routine group at an early stage after surgery. These 
results may be due to the following: besides mature surgical skill 
and aggressive rehabilitation, the innovative tension-relieving 
technique with “CKT braided suture” was applied in the CKT 
group, which may have a critical role in improving the restor-
ing knee’s function, and preventing laxity of graft. Compared 
to Qi et al’s[38] report, the “CKT braiding suture” leads to such 
improvements: The internal tensioning relieving technique 
based on nonabsorbable high-strength sutures can reduce the 
risk of relaxation and rupture by enhancing the biomechanical 
strength of tendon grafts. Then it improves postoperative initial 
joint stability, range of motion, and functional scores in clinical 
practice. The feasible fast postoperative rehabilitation promotes 
patients to return to preinjury exercise level by fast postopera-
tive rehabilitation without serious complications.

West et al[39] treated quadriceps and patellar ruptures with a 
primary repair augmented with a single No. 5 Ethibond suture, 
reporting that the repairs protected by a relaxing suture were 
strong enough to safely permit early motion weight-bearing 
and brace-free ambulation while producing good and excel-
lent results. Hakimi et al[40] confirmed that Ethibond suture 
showed the best performance in cell attachment and increased 

Table 3

Knee kinematics (part 1) in the 2 study groups (3, 6, 12, and 
24 mo postoperatively).

Group CKT group Routine group P value 

The maximum step length (cm)
  3 mo postoperatively 50.7 ± 3.9 50.6 ± 4.6 >.05
  6 mo postoperatively 51.2 ± 4.7 50.8 ± 4.7 >.05
  12 mo postoperatively 52.2 ± 3.3 51.6 ± 4.7 >.05
  24 mo postoperatively 52.1 ± 4.1 51.8 ± 4.5 >.05
The minimum step length (cm)
  3 mo postoperatively 45.0 ± 2.9 44.7 ± 2.5 >.05
  6 mo postoperatively 44.6 ± 2.8 45.8 ± 2.6 >.05
  12 mo postoperatively 46.0 ± 2.4 45.4 ± 2.8 >.05
  24 mo postoperatively 46.1 ± 2.2 45.9 ± 3.0 >.05
The period of the limb walking (cm)
  3 mo postoperatively 12.0 ± 0.6 12.4 ± 0.5 >.05
  6 mo postoperatively 12.1 ± 0.6 12.0 ± 1.0 >.05
  12 mo postoperatively 12.2 ± 0.8 12.1 ± 1.0 >.05
  24 mo postoperatively 12.3 ± 0.7 12.2 ± 1.1 >.05

CKT = Chinese knotting technique.

Table 4

Knee kinematics (part 2) in the 2 study groups (3, 6, 12, and 
24 mo postoperatively).

Group CKT group Routine group P value 

The flexion and extension angle (°)
  3 mo postoperatively 57.12 ± 2.86 56.93 ± 1.95 >.05
  6 mo postoperatively 57.71 ± 2.22 57.93 ± 1.84 >.05
  12 mo postoperatively 57.51 ± 1.90 57.94 ± 1.80 >.05
  24 mo postoperatively 57.63 ± 1.98 57.84 ± 1.95 >.05
The varus and valgus angle (°)
  3 mo postoperatively 5.68 ± 0.28 5.71 ± 0.24 >.05
  6 mo postoperatively 5.76 ± 0.44 5.67 ± 0.42 >.05
  12 mo postoperatively 5.70 ± 0.47 5.61 ± 0.39 >.05
  24 mo postoperatively 5.69 ± 0.35 5.66 ± 0.47 >.05
The internal and external rotation angle (°)
  3 mo postoperatively 12.06 ± 1.23 18.06 ± 2.22 <.05
  6 mo postoperatively 11.87 ± 1.47 15.57 ± 2.75 <.05
  12 mo postoperatively 11.79 ± 1.24 12.17 ± 1.14 >.05
  24 mo postoperatively 11.65 ± 1.33 11.77 ± 1.38 >.05
The anteroposterior displacement (cm)
  3 mo postoperatively 1.29 ± 0.37 3.34 ± 0.71 <.05
  6 mo postoperatively 1.37 ± 0.41 2.42 ± 0.81 <.05
  12 mo postoperatively 1.24 ± 0.21 1.30 ± 0.34 >.05
  24 mo postoperatively 1.23 ± 0.25 1.26 ± 0.32 >.05
The proximal–distal displacement (cm)
  3 mo postoperatively 1.30 ± 0.34 1.37 ± 0.44 >.05
  6 mo postoperatively 1.32 ± 0.41 1.37 ± 0.28 >.05
  12 mo postoperatively 1.38 ± 0.33 1.35 ± 0.32 >.05
  24 mo postoperatively 1.35 ± 0.31 1.35 ± 0.36 >.05
The internal and external displacement (cm)
  3 mo postoperatively 0.67 ± 0.24 0.74 ± 0.27 >.05
  6 mo postoperatively 0.68 ± 0.27 0.73 ± 0.24 >.05
  12 mo postoperatively 0.73 ± 0.22 0.72 ± 0.27 >.05
  24 mo postoperatively 0.70 ± 0.25 0.71 ± 0.30 >.05

CKT = Chinese knotting technique.

Figure 5. The second arthroscopy examination (12 mo after surgery) showed 
that all the grafts grew well in the CKT group. The graft was covered by 
synovium. CKT = Chinese knotting technique.
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biomass. Considering graft fixation, we used Rigfix transverse 
nail in the femur and absorbable interference screw in the tibia, 
which is closer to the graft’s intra-articular tunnel entrance. 
Such more rigid fixation can be used to avoid greater ante-
rior knee laxity and larger graft-tunnel motion, which in turn 
can lead to so-called “wiping effect” and “bungee effect.”[41–43] 
Tsuda et al[42] confirmed that, compared to elastic graft fixation 
like Endobutton, there are 2 adverse effects, that is, horizon-
tal and vertical fretting, respectively. Such adverse effects result 
in poor bone-graft healing and severe tunnel expansion, which 
are responsible for graft failure. Besides, such rigid fixation can 
increase the effective contact area of the grafted bone and reduce 
the tendon micro-motion. All these advantages can improve ten-
don–bone healing.[41,43] Consequently, we used the rigid fix sys-
tem in the femur and in the tibia tunnel to guarantee the least 
motion between graft and tunnel and greater bone-graft heal-
ing. In addition, besides rigid fixation, some researchers have 
been exploring more auxiliary devices for reducing the passive 
tension and micro-motion of graft in the rehabilitative process. 
Sasaki Sandra et al[44] reported that the Ethibond suture could 
provide ideal fixation strength under cyclic loading conditions. 
Qi et al[38] applied a tension-relieving technique on graft by using 
2 polyester sutures (Ethibond, Depuy Synthes, American) to be 
intertwined with graft and fixed together. Compared to rou-
tine ACL reconstruction, the tension-relieving group acquired 
a better functional score and stability of the knee in short-term 
observation, indicating that the tension-relieving suture might 
reduce the passive force and micro-motion of graft, thus result-
ing in better bone-graft healing and improved knee function. 
Ma et al[45] also indicated that early high forces on the ACL graft 
appear to impair graft-tunnel osseointegration. Hamido et al[46] 
reported that an augmented short undersized hamstring tendon 
with LARS artificial ligament could increase the diameter of 
the graft and improve the clinical outcomes. Sakaguchi et al[47] 
reported that a special stitch configuration of Ethibond suture 
could provide a superior locking mechanism, which could pre-
vent slippage. Accordingly, we assumed the CKT technique 
made by Ethibond suture might ensure the superior biomechan-
ical property of graft, which was in line with Qi et al, Hamido 
et al, and Sakaguchi et al’s report.[38,46,47]

In conclusion, CKT-assisted ACL reconstruction and active 
postoperative rehabilitation plan resulted in better knee func-
tion score and 3D gait analysis in the early postoperative period. 
All of which effectively improve the recovery degree of knee 
joint function and quality of life of patients after surgery. And it 
does not increase the incidence of postoperative complications. 
However, the present study has some limitations. First, the sam-
ple in this retrospective study was not large, and the follow-up 
was relatively short (24 months). Future studies should expand 
the sample of objects and extend the follow-up. Also, new pro-
spective studies with more detailed designs are necessary to 
strengthen reported conclusions.

5. Conclusions
The application of CKT combined with aggressive rehabilita-
tion can improve the clinical effects of patients without com-
plications. This enhanced ACL reconstruction method may be 
implemented as a general practice to treat ACL rupture.
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