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Abstract
Purpose We describe a surgical technique for ACL reconstruction combined with anterolateral structure 
reinforcement and report early clinical follow-up results.

Methods The semitendinosus and gracilis tendons are braided into 5 strands and the ACL femoral tunnel and tibial 
tunnel are created. The graft is passed through the tunnel with the use of a traction suture and the tibial end is fixed 
with absorbable interference screws at 30° of knee flexion. The ACL graft traction suture is used as an anterolateral 
reconstruction structure to pass through the proximal exit of the ACL femoral tunnel and then through the depth 
of the iliotibial bundle to the anterior to Gerdy’s tubercle, a bony tunnel is created from the anterior to Gerdy’s 
tubercle to the goose foot, and the traction suture is passed through this bony tunnel to form a Loop structure at 20° 
of knee flexion. Between March 2021 and May 2022 IKDC score, Lysholm score, and Tegner score were performed 
preoperatively and 6–12 months postoperatively in 24 consecutive patients who met the indications for this 
procedure and underwent surgery. The patient’s maximum flexion angle, the circumference of the thigh, and the 
stress X-ray between the operated and healthy knee were measured.

Results Patients showed significant improvement in IKDC score, Lysholm score and Tegner score at a mean follow-up 
of 7 months postoperatively compared to preoperatively. No significant increase in anterior tibial displacement was 
found between the patient’s operated side and the healthy side.

Conclusion The Loop technique ACLR combined with ALSA can be used in patients with an ACL tear combined 
with a high degree of positive pivot shift. The patient’s subjective perception was significantly improved from the 
preoperative period and knee stability was restored.

Level of evidence IV, therapeutic study.
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Introduction
The anterior cruciate ligament (ACL) is the most com-
monly injured ligament of the knee [1], impacting over 
200,000 people in the US each year [2]. ACL reconstruc-
tion (ACLR) is the most effective treatment for ACL 
tears, however, the failure rate after 5 years is 53% and 
residual rotational instability after ACLR can lead to 
deterioration of knee function and patient dissatisfaction 
[3, 4].

Studies have shown that one of the reasons for failure 
after ACLR is the ignoring of damage to the anterolateral 
structures (ALS) [5, 6], ALS consists of the iliotibial bun-
dle, the anterolateral joint capsule and the anterolateral 
ligament(ALL), which help the ACL maintain rotational 
stability of the knee [7, 8, 9], ACLR combined with ALSR 
shows inspiring clinical results [10, 11].

However, the ALSR technique described previously in 
the publication requires additional autologous tendons or 
the use of artificial ligaments, which increases the trauma 
to the patient and the patient’s hospitalization costs. 
We developed a new and simple ALS reinforcement 
(ALSR) technique using a graft traction suture as a rein-
forcing structure without additional tendon retrieval to 
effectively control the rotational instability that may exist 
after ACLR. We hypothesize that this surgical technique 
will provide satisfactory clinical results.

Methods
Patients who underwent ACLR combined with ALSA at 
our institution between March 2021 and May 2022 were 
included in this study, and patients’ data were collected 
retrospectively. This study was performed in line with the 
principles of the Declaration of Helsinki. Approval was 
granted by the Ethics Committee of our institution. All 
operations were performed by one surgeon at the same 
institution. Indications for the surgery were: (1) Chronic 
ACL tear for more than 1 year; (2) Positive grade-II, 
III pivot test; (3) High demands for sports. All clinical 
scores, physical examinations, and imaging examinations 
were obtained with patients’ informed consent.

Surgical technique
The patient is placed in the supine position and an appro-
priate tourniquet is applied to the plaster pad. The lateral 
column is positioned at the level of the tourniquet to pre-
vent outward rotation of the hip.

Arthroscopic exploration
Standard anteromedial and anterolateral arthroscopic 
portals are established. Standard arthroscopy is per-
formed to assess associated meniscal and cartilage dam-
age and treat if necessary. ACL tension and integrity are 
then probed.

Graft preparation
A longitudinal incision is made 2 cm below the goose foot 
within the tibial tuberosity, the semitendinosus and grac-
ilis are identified and separated, cut vertically at the tibial 
stop, and the tendons are obtained separately with a ten-
don extractor. The length of the tendon was checked and 
the tendon was sutured at the end with a non-absorbable 
No.0 suture. A 5-strand graft is made and the diameter of 
the graft is measured. The femoral end is fixed with a but-
ton plate and traction suture through it (Arthrex, Naples, 
USA), and the tibial end is braided with non-absorbable 
No. 2 sutures.

Creating a femoral tunnel and femoral skin incision
The femoral tunnel is created in the original ACL foot-
print area through the anteromedial portal, using an 
inside-out approach according to the diameter of the 
graft, making the proximal exit of the femoral tunnel 
located at the proximal posterior side of the lateral epi-
condyle of the femur. A skin incision of approximately 
1  cm is made at the lateral epicondyle of the femur to 
reach the deep layer of the iliotibial bundle. Insert the oval 
forceps between the deep layer of the iliotibial bundle and 
the cortical bone, adjust the position of the oval forceps 
so that the K-wire is passed through it. This K-wire is used 
as a guide so that the Ethibond No. 2 suture is passed 
through the femoral tunnel and the oval forceps (Fig. 1).

Creating a tibial tunnel for ACL
Using a tibial locator, the distal exit of the tibial tunnel 
is positioned at the point where the semitendinosus and 
thin femoral muscle incisions are taken and the intra-
articular exit is positioned at the middle of the origi-
nal ACL tibial attachment point where the ACL stump 
is present, creating the tibial tunnel in an outside-in 
method. The tibial portal is enlarged according to the 
diameter of the graft, and the Ethibond No. 2 suture is 
passed through the tibial tunnel into the joint using a cir-
clip clamp and threaded out of the tibial tunnel.

Passage and fixation of the graft and reinforcement 
structure
The Ethibond No. 2 suture, which passes through the 
femoral and tibial tunnels, is used as a guide with the help 
of which the graft is passed sequentially through the tib-
ial tunnel, intra-articular, and femoral tunnel, so that the 
button plate is fixed at the proximal exit of the femoral 
tunnel. The knee is flexed at 30° to pull the tibial end of 
the graft taut and the tibial end of the graft is fixed using 
absorbable interference screws. At this point the traction 
suture is passed through the proximal exit of the femoral 
tunnel and out through the skin through the oval clamp 
and the traction suture is pulled out through the femoral 
skin incision using the oval clamp. A 1  cm longitudinal 
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incision is made anterior to Gerdy’s tubercle reaching the 
deep level of the iliotibial bundle. A wire clamp is used 
to pass through the deep level of the iliotibial bundle to 
the proximal exit of the femoral tunnel, and the traction 

suture at the proximal end of the femoral tunnel is pulled 
anterior to Gerdy’s tubercle (Fig. 2). A bony tunnel is cre-
ated with a tibial tunnel locator from anterior to Gerdy’s 
tubercle to just below the ACL tibial tunnel, and a guide 

Fig. 2 A channel is created in the depth of the iliotibial bundle from the exit of the femoral tunnel to the anterior of Gerdy’s tubercle, so that the antero-
lateral reinforcement structures pass through it

 

Fig. 1 The femoral tunnel is created using an inside-out method so that the proximal exit of the femoral tunnel is located approximately 1 cm proximal 
and posterior to the lateral epicondyle of the femur
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pin is used to pull the traction suture from anterior to 
Gerdy’s tubercle to the distal exit of the tibial tunnel 
(Fig. 3). The traction suture is sutured together with the 
distal remnants of the graft at the tibia at 20° of knee flex-
ion so as to form a loop structure (Figs. 4 and 5).

Postoperative rehabilitation
Patients returned to the outpatient department at 6 
weeks, 3 months, and 6 months after the operation for 
follow-up visits and appropriate rehabilitation instruc-
tions. Progressive range of motion exercises were 

Fig. 3 A bony channel is created from the anterior of Gerdy’s tubercle to the goosefoot so that the traction suture passes through it

 

Fig. 4 The traction suture is sutured to the stump of the distal tibia of the graft to fix it and form a Loop structure
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performed immediately after the operation, with flex-
ion of the knee to a maximum of 90° and partial weight 
bearing with a crutch permitted for the first 6 weeks. The 
knee flexion angle is not limited after 6 weeks. Patients 
are allowed to perform sports such as swimming and 
cycling at 3 months after the operation, and specific 
sports training is allowed at 6 months.

Assessments
The IKDC score, Lysholm score and Tegner score were 
used to assess the clinical outcome of the patients in the 
early postoperative period (6–12 months). The difference 
in the maximum knee flexion angle between the healthy 
side and the operated side and the ratio of the operated 
side to the healthy side of the 15  cm circumference of 
the thigh above the patella were also measured at the last 
follow-up.

Stress radiographs were taken by a licensed radiologic 
technologist with the use of a stress position device at 
the postoperative follow-up. The patient was placed in 
a lateral position, the hip and ankle joints of the imaged 
leg were fastened with straps, a 25 mm diameter metallic 
positioning ball was placed in front of the tibial tuberos-
ity, the knee is flexed at 90°, a force of 134 N was applied 
with the assistance of a pressure transducer at the poste-
rior side of the tibia, and bilateral knee radiographs were 
performed [12, 13, 14] (Fig. 6a, b).

All radiological measurements were processed and 
measured using the Siemens software package (Syngo, 
Siemens Medical Solutions, Erlangen, Germany). Cal-
culate the side-to-side difference of anterior tibial trans-
lation (ATT) between the operated and non-operated 
sides. The method of measurement was as described 
previously [14], a straight line was drawn along the tibial 

plateau and a vertical line was drawn tangent to the pos-
terior edge of the medial tibial plateau, the distance from 
the posterior edge of the medial femoral condyle to this 
line was measured, and the value of this was taken as the 
ATT of this side, and the difference between the ATT on 
the operative side and the non-operative side as the SSD 
(Fig. 6c, d).

Statistical analysis
Data analysis was performed using SPSS 26.0 (IBM, 
Armonk, New York, USA). Descriptive statistics are pre-
sented as mean ± standard deviation (SD) for all continu-
ous variables. The quantitative data were first subjected 
to the Shapiro-Wilk test to determine whether the data 
conformed to the normal distribution, and when com-
paring the differences between the two groups, the Stu-
dent t test was used if the data conformed to a normal 
distribution, and the nonparametric Mann-Whitney U 
test was used if the data did not conform to a normal dis-
tribution. Paired t test was used for preoperative and last 
follow-up subjective scores and knee flexion range and 
thigh circumference. The statistical significance level was 
set at 0.05.

Results
A total of 24 patients, including 19 males and 5 females, 
were included in this study. The mean follow-up time 
was 7.0 ± 1.1 months, the mean age of the patients was 
25.6 ± 7.3 years, and the mean BMI was 24.1 ± 3.4  kg/
m2. 21 patients with associated medial meniscus injury; 
17 patients with associated lateral meniscus injury. At 
a mean of 7 months postoperatively, patients’ mean 
IKDC score increased from 53.9 ± 5.6 to 75.8 ± 2.4 
(p < 0.05), mean Lysholm score increased from 60.5 ± 5.1 

Fig. 5 Diagram of the Loop technique: the ACL graft traction suture exits the proximal femoral tunnel through the depth of the iliotibial bundle to the 
anterior of Gerdy’s tubercle to form the ALS reinforcement structure

 



Page 6 of 8Xing et al. BMC Surgery          (2024) 24:182 

to 90.3 ± 1.7 (p < 0.05) and mean Tegner score increased 
from preoperative 3.1 ± 0.4 to 4.5 ± 0.2 (p < 0.05). The 
thigh circumference ratio of the operated side to the 
healthy side was 95.8 ± 0.5%, the maximum bending 
angle on the operated side was 4.6 ± 0.9° less than on 
the healthy side, and the maximum bending angle of the 
knee on the operated side was over 130° in all patients. 

The stress x-ray examination with the knee flexed at 90° 
showed a mean SSD of -0.2 ± 1.9  mm. No patient was 
found to have anterior tibial displacement of more than 
3 mm. No complications were found in all patients in the 
early postoperative period (Table 1).

Discussion
The main result of this study is the proposal of a new 
ACLR combined with ALSR technique and the confirma-
tion of the effectiveness of this surgical approach by sub-
jective pre- and early post-operative scoring of patients. 
The patients’ subjective scores were significantly better 
than pre-operative, and no significant difference in knee 
stability was seen compared to the healthy side, with all 
patients having an SSD of less than 3 mm.

The aim of ACLR surgery is to restore stability of the 
knee especially rotational stability, however some studies 

Table 1 Patient characteristics
Patient

Age, y 25.6 ± 7.3
BMI, kg/m2 23.9 ± 3.3
Sex, male/female 19/5
Follow up time, m 7.0 ± 1.3
Associated injuries
 Medial meniscus 21
 Lateral meniscus 17
Side-to-side difference, mm -0.2 ± 1.9

Fig. 6 Stress radiographs were taken at 90° flexion: (a)left and (b)right knee. Perpendicular lines from the reference line (parallel to the medial tibial pla-
teau joint line) were drawn tangentially to the posterior contour of the medial femoral condyle and the posterior contour of the medial tibial plateau. The 
distance between the medial femoral condyle and the medial tibial plateau was measured to calculate the side-to-side differences: (c) and (d)
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have reported residual rotational instability of 11–30% 
after ACLR [15, 16].

Unlike the previously described ALSR technique [17, 
18, 19–21], the Loop technique uses a graft traction 
suture to connect the femoral tunnel exit to the front of 
Gerdy’s tubercle. It is therefore not limited by one’s own 
ligament length, does not require additional retrieval of 
the peroneus longus tendon, avoids possible injury and is 
simple and easy to perform. In addition, because of the 
reliable strength of the traction suture, it facilitates early 
functional rehabilitation and the return of the patient’s 
pre-injury sports.

Many cadaveric anatomical studies of the anterolateral 
ligament have been performed, showing a preference for 
locating the ALL femoral stop at the posterior proximal 
aspect of the lateral femoral epicondyle, despite the wide 
variation in its termination point [22, 23, 24, 25], and bio-
mechanical tests suggest that the ALSR femoral position 
at the posterior proximal aspect of the lateral epicondyle 
restores better rotational stability of the knee joint, with 
better isometric properties and less variation in tension 
[26, 9, 27]. Previous biomechanical studies have shown 
that when the femoral stop of the ALSR graft is posi-
tioned at the posterior proximal end of the lateral epi-
condyle of the femur, no statistical difference in anterior 
tibial displacement was seen between different femoral 
stops simulating the anterior drawer test [9]. This surgi-
cal approach therefore positions the proximal exit of the 
ACL femoral tunnel posterior to the proximal end of the 
lateral epicondyle of the femur, so that the exit of the 
ACL femoral tunnel coincides with the point of attach-
ment of the reinforcing structure to the femur, avoiding 
additional fixation of the ALS at the femoral end.

In conclusion, we would like to propose a simpler and 
easier to master extra-articular ALS-enhanced Loop 
technique to replace the traditional ACLR technique, in 
order to compensate for the shortcomings of the ACLR 
technique for controlling rotation instability.
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