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Arthroscopic Reconstruction of Posterior Cruciate
Ligament with Embedded Tibial Tendon Bolt
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Objective: To evaluate the effect of newly designed arthroscopic reconstruction of posterior cruciate ligament (PCL)
using tibial tendon bolt.

Methods: The effects of embedded tendon pin were observed by X-ray of knee joint. From October 2010 to September
2015, 51 PCL injury patients who met the inclusion criteria were enrolled in this retrospective study. The
arthroscopically assisted reconstruction of the PCL with tibial tendon bolt was performed on all patients. Visual Analog
Scale (VAS) pain score, Tegner activity score, Lysholm score, International Knee Documentation Committee (IKDC)
assessment, posterior drawer test (PDT), and KT-1000 activity score were evaluated preoperatively and at 1-year post-
operative and 3-year postoperative.

Results: The preoperative, 1-year postoperative, and 3-year postoperative IKDC score (15.8% � 14.8%, 89.6% �
5.8%, and 86.8% � 5.4%), Lysholm score (17.4 � 10.7, 91.2 � 2.8, and 88.2 � 3.1), VAS score (5.8 � 1.2,
1.3 � 0.5, and 0.6 � 0.5), Tegner activity score (1.2 � 0.8, 8.1 � 0.8, and 7.4 � 0.8), and KT-1000 score
(15.6 � 3.6, 4.5 � 2.4, and 5.4 � 1.8) were obtained. There were significant differences in these outcomes among
preoperative, 1-year postoperative, and 3-year postoperative (all P < 0.0001). After 1- and 3-year surgery, 31 (60.8%)
and 26 (51.0%) patients had the negative PDT, indicating that the PCL injury was improved. There were no postopera-
tive complications.

Conclusion: The application of tendon pin fixed by tibial inlay 8-shaped tibial tunnel to reconstruct PCL was an effec-
tive, simple, and safe surgical procedure for PCL injury.
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Introduction

The posterior cruciate ligament (PCL), one of the four
major ligaments of the knee, connects the posterior

intercondylar area of the tibia to the medial condyle of the
femur1 and helps to maintain knee stability during flexion
and rotation. PCL injury is one of the most common knee
injuries, with over 100,000 cases occurring annually in the
United States2. PCL injuries may cause knee instability that
make the tibia move in the posterior direction, hindering the

back of knee joint to stay straight and resulting in degenera-
tive changes of knee in the long term3. Early surgical treat-
ment of displaced bony avulsion of the PCL is considered as
a necessary measure to restore knee stability4, 5. Nevertheless,
there is considerable controversy in the optimal surgical
treatment for isolated tibial avulsion fractures of the PCL.
Because the conservative treatment has poor outcomes in
PCL injury, the reconstructive surgery is needed on most
PCL injury patients6. Despite early diagnosis and appropriate
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operative treatments, the postoperative recovery was not sat-
isfactory in PCL injury patients7.

In recent years, PCL surgery has significantly developed
and rapidly evolved in recent years. Single-bundle or double-
bundle PCL reconstruction has been carried out using a tibial
tunnel or inlay technique8. The tibial tunnel reconstruction of
the PCL is a classical technique which can be completed in
arthroscopic surgical trauma with a short operation time9.
The tibial tunnel technique requires the tunnel to be placed
into the retrospinal area, and the precise placement of a tibial
tunnel is crucial for successful reconstruction of the PCL using
arthroscopic tibial tunnel techniques10. A previous study
shows that PCL reconstruction is necessary in order to pre-
vent postoperative dissatisfaction despite a successful opera-
tion in the surgeons’ point of view11. Based on clinical
research, Loh et al. showed that there was a good knee stabil-
ity following anterior cruciate ligament reconstruction on PCL
injury patients12. However, the presence of graft in the tunnel
fixed invalid distance results in graft tunnel horizontal and
vertical relative motion in a “wiper effect” (windshield wiper
effect) and a “bungee effect”13. Despite that, the angle between
the tunnel and the graft is less than 90º, which further leads
to thinning of the grafts at the tunnel portal, decrease in ten-
sion, and the gradul relaxation (“killer turn” effect)14, 15. Thus,
the current tibial tunnel reconstruction has not obtained uni-
formly predictable results. Besides, other factors that contrib-
ute to the failure of tibial tunnel reconstruction of PCL
include ligament instabilities and incorrect tunnel place-
ment16. With regard to the factors influencing the success of
operation, great emphasis on reconstruction for ligament
relaxation is needed.

Thus, in this study, we designed a new PCL recon-
struction technique with tibial tendon pin through tibia cru-
ciate ligament reconstruction on PCL injury patients. The
tibial side arthroscopic reconstruction effect of posterior cru-
ciate ligament with tibial reconstruction was evaluated by
postoperative recovery evaluation and follow-up data. The
purpose of this retrospective study was as follows: (i) we
aimed to investigate the effect of the newly designed arthro-
scopic reconstruction of the PCL using tibial tendon bolt by
evaluating the Visual Analog Scale (VAS) pain score, Tegner

activity score, Lysholm score, International Knee Documen-
tation Committee (IKDC) assessment, and KT-1000 activity
score; (ii) we intended to report the surgical skills of this
newly designed arthroscopic reconstruction of the PCL using
tibial tendon bolt, such as the application of tendon pin fixed
by tibial inlay 8-shaped tibial tunnel and the adjustment of
the diameter and length of an effective intra-articular tendon
graft; and (iii) we hoped to provide an effective, simple, and
safe fixation method for PCL reconstruction surgery.

Materials and Methods

Inclusion and Exclusion Criteria
The patients with the following clinical manifestations were
enrolled in this study: (i) patients presented with PCL rup-
ture alone or combined with psterolateral complex (PLC)
injury, with tibial retrograde exceeding 10–15 mm;
(ii) patients underwent the arthroscopic reconstruction of
PCL with embedded tibial tendon bolt from October 2010
to September 2015; (iii) PCL injury was significantly
improved after surgery by evaluating IKDC score, Lysholm
score, VAS pain score, Tegner activity score, posterior
drawer test (PDT), and KT-1000 activity score; and
(iv) retrospectively recruited. Meanwhile, patients with the
following surgical manifestations were excluded from cur-
rent study: (i) previous knee surgery history, and (ii) severe
osteoporosis.

Patients’ Information
A total of 51 patients (men: 40, women: 11, age range:
15–74 years, average age: 44.5 � 29.5 years) were enrolled in
this retrospective study. Among these patients, there were
13 cases of meniscus injury (six cases for partial meniscus
resection, and seven cases for suture surgery), two cases of
posterolateral structure damage (treated with Fanelli’s recon-
struction methods17), and nine cases of anterior cruciate liga-
ment injuries repaired by suture and suture fixation. Written
informed consent was obtained for each participant according
to institutional guidelines. The study was approved by the
ethics committee of the Fourth Affiliated Hospital of Harbin
Medical University and approval (no. 2020-SCILLSC-08) was
obtained by institutional review board (IRB).

Surgical Technique

Knitted and Sutured “Tendon Pin” Tendon
The materials of rebuilt tendons were all from the autologous
femoris and semitendinosus. The semitendinosus tendon was
reflexed at one-third of total length and combined with gracilis
tendon. Two ends of the tendon (30 mm for each end) were
knitted and fixed with the MB66 (Johnson) tendon suture.
Then, a 15 mm tendon extrusion nail (Smith & Nephew Inc.,
Largo, FL, USA) with nail head cut was used for the PEEK pin
preparation. The folded ends of the tendon were sutured
together with surgical suture, forming a “tendon pin” fixed
body. The effective length of the tendon was 85 mm. The

Fig 1 Knitted and sutured “tendon pin” tendon by wrapping the PEEK

nail using a hamstring tendon.

593
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 2 • APRIL, 2021
NEW PCL INJURY SURGERY METHOD EVALUATION



tendon bolt (tibial side) was a single beam and the end of the
tendon (the femoral condyle side) was double bundled (Fig. 1).

Construction of the 8-shaped Tibial Tunnel
The PCL was exposed in the tibial insertion and placed with
PCL tunnel locator (locator angle: 60º). The tip points to the
tibia platform at 15 mm and the outer end points to 10 mm
before the tibial stop of a medial knee ligament tibial bone.
Then the needle was drilled into the tunnel locator, followed
by a hollow drill expanding the tunnel to the back of the
tibia. Moreover, the transverse “8” zigzag lateral groove
(Fig. 2) was made by extending the tibia tunnel with two
wings through the external entrance of the tibia tunnel. Lat-
eral groove was 15 mm spacing and 8 mm width, which
could accommodate the “spigot tendon pin” fixed body. The
“8” character tunnel was based on the actual tibial tunnel,
and 10 mm bone was retained in the rear wall of the tibial
tunnel. The femoral condyle tunnel was made by outside-to-
inside dual beam tunnel, and the bone between the tunnels
was kept at 6 mm.

Introduction and Immobilization of Tendon Pin
The woven “tendon of pin” tendon graft was introduced
through the front entrance of the tibia tunnel. Insert the bolt
at the side of the “tendon bolt” into the groove of the “8”
tibia tunnel. The U-shaped “tendon bolt” (Fig. 3) was used

to insert the “tendon bolt” fixation into the tibia 8-shaped
tunnel. Finally, the end of PCL double tendon of the femoral
side was fixed by extruding nail and door nail. Moreover, in
order to reduce the phenomenon of “killer turn,” the tibial
side was close to the PCL stop point. The whole operation
was done by the same operator.

Postoperative Management
Patient was bandaged for 7 days by the full length elastic
bandage of the lower extremity. The knee orthosis
(KO) (Nanjing shule prosthetics and orthotics co. LTD, Nan-
Jing, China) was used for outside immobilization (0º posi-
tion) for 3 weeks. The KO in patient was intermittently
removed with the help of knee flexion exercises (angle: 0º–
60º, 30 min each time, two times a day). The isometric con-
traction of the four quadriceps and dorsiflexion of foot-
plantar flexion exercises were performed 1 day after surgery.
Then the knee flexion exercises were performed 3 weeks after
surgery (angle: 0º–45º). Patients were given the full weight-
bearing lower limb until knee flexion angle gradually to 90º.
When KO was removed at 10 weeks, patients were able to
walk for muscle-strength training and joint-activity training.
Finally, the flexibility exercises and jogging were added to
the patients’ rehabilitation training at 12–20 weeks.

Outcome Measures
The position and healing of embedded tendon pin were
observed by X-ray of knee joint. The IKDC18 assessment,

Fig 2 The transverse “8” zigzag lateral groove. Lateral groove is 15 mm

spacing and the thin bone tunnel is 8 mm in width.

Fig 3 The U-shaped “tendon bolt”, which is used to insert the “tendon

bolt” fixation into the tibia 8-shaped tunnel.
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VAS pain score19, Lysholm score20, Tegner activity score21,
PDT (negative/positive I/II/III)22, and tendon activity score
measured by MEDmetric KT-1000 Arthrometer (MED met-
ric Corporation, San Diego, CA)23 were evaluated at the last
time of follow-up.

International Knee Documentation Committee (IKDC)
Assessment
The IKDC subjective evaluation form is a standardized inter-
national documentation system for knee surgery, which con-
sists of 18 questions that stress the effects of symptoms, daily
living activities, and sports activities on the knee. Meanwhile,
this form also assesses total knee function on a converted
scale from 0 to 100. A score of 100 represents the absence of
symptoms and no limitation with activities of daily living or
sports activities.

Visual Analog Scale (VAS) Pain Score
VAS is a subjective assessment tool used to measure the
intensity of knee pain. VAS pain score ranges from 0 to
10 points. A score of 0 represents no pain and 10 indicates
severe pain.

Lysholm Score
The Lysholm score is used to document outcomes after cru-
ciate ligament injuries. The Lysholm score ranges from 0 to
100 points and is based on eight domains: pain, limp, stair-
climbing, locking, support, swelling, instability, and squat-
ting. A score of 95–100, 84–94, 65–83, and < 65 is consid-
ered to be excellent, good, fair, and poor.

Tegner Activity Score
The Tegner activity scale is a numerical scale ranging from
an activity level from 0 to 10. A score of 0 indicates sick
leave or disability pension due to knee problems, and 10 indi-
cates competitive sports on a very high level.

Posterior Drawer Test (PDT) Assessment
PDT is the most sensitive diagnostic test for PCL injury. This
test is performed with the knee flexed to 90� and a posteri-
orly directed force is applied to the proximal tibia. In a grade
I injury, the tibia is still located anterior to the medial femo-
ral condyle. The tibia can only be translated 0 to 5 mm pos-
terior to the femoral condyle. In a grade II injury, the tibia is
situated flush with the medial femoral condyle. The tibia can
be translated 5 to 10 mm posterior to the femoral condyle.
In a grade III injury, the tibia is displaced posterior to the
medial femoral condyle. The tibia can be translated greater
than 10 mm posterior to the femoral condyle.

KT-1000 Arthrometer Test
The KT-1000 examination was taken as a supplement to the
manual PDT. The KT-1000 is an objective instrument to
measure the antero-posterior tibial translation. The maxi-
mum manual displacement test with the KT-1000
arthrometer was performed by pushing the tibia posteriorly

before performing a maximum manual anterior drawer test
with the knee flexed to 70�.

Statistical Analysis
Statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS, Chicago, IL, version: 19.0).
Normality of continuous variables, including age, body mass
index (BMI), injury duration before surgery, IKDC score,
Lysholm score, VAS, Tegner activity score, and KT-1000
score were evaluated using One-Sample Kolmogorov–
Smirnov Test. If P > 0.05, the data conform to normal distri-
bution. The continuous variables were demonstrated in the
form of range and mean � SD (standard deviation), and the
differences between the two groups were compared: the
paired t-test was used if data conform to normal distribution,
otherwise, the nonparametric rank sum test (Mann–Whitney
Test) was used. Repeated measures of variance were applied
to the postoperative indicators. Chi-square test was used to
compare the classification variables. If P < 0.05, the differ-
ence was statistically significant.

Results

General Results
All patients had swelling of the knee joint, the posterior
drawer test (+) III degree, and MRI posterior cruciate liga-
ment defect. A total of 17 patients had ACL image bending.
Meanwhile, the eversion stress test, Lachman test, and dial
test were positive in 15, 16, and two patients, respectively.
MRI showed absence of posterior cruciate ligament image,
flexion of anterior cruciate ligament image, and injury in
some patients. There were nine cases of medial meniscus
injury, 10 cases of lateral meniscus injury, two cases of
psterolateral complex (PLC) injury, 16 cases of ACL injury,
15 cases of medial collateral ligament (MCL) injury, and
11 cases of meniscal suture. The detailed baseline and out-
come information was shown in Table 1. All the 51 patients
were followed up for 3 years. The operations in all patients
were successful.

Clinical Evaluation

International Knee Documentation Committee (IKDC)
Score
The preoperative, 1-year postoperative, and 3-year postoper-
ative IKDC scores were 15.8% � 14.8%, 89.6% � 5.8%, and
86.8% � 5.4%, respectively (Table 2). Significant difference
existed among them (F = 1197.36, P < 0.0001, Table 2).
Compared with that before surgery, the 1-year and 3-year
postoperative KT-1000 scores were significantly increased by
73.8% � 12.90% and 71.0% � 13.0%, respectively..

Visual Analog Scale (VAS) Pain Score
The preoperative, 1-year postoperative, and 3-year postoper-
ative VAS score was 5.8 � 1.2, 1.3 � 0.5, and 0.6 � 0.5,
respectively, and remarkable difference existed among them
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(F = 873.15, P < 0.0001, Table 2). The 1-year and 3-year
postoperative VAS scores were decreased by 4.5 � 1.0 and
5.2 � 1.0 compared to those before surgery.

Lysholm Score
The 1-year postoperative (91.2 � 2.8) and 3-year postopera-
tive (88.2 � 3.1) Lysholm scores were all dramatically
improved by 73.8 � 9.6 and 70.8 � 9.5 compared to those
before operation (17.4 � 10.7) (Table 2). There was signifi-
cant difference among them (F = 2348.06, P < 0.0001).

Tegner Activity Score
Tegner activity scores after 1-year surgery (8.1 � 0.8) and
3-year surgery (7.4 � 0.8) were significantly increased by
6.9 � 0.8 and 6.2 � 0.8 compared with those before surgery
(1.2 � 0.8) (Table 2). Significant difference existed among
them (F = 2047.43, P < 0.0001).

Posterior Drawer Test (PDT) Results
After 1-year surgery, 31 patients (60.8%) had a negative
PDT, 18 (35.3%) had a positive I PDT, and two (4.9%) had a

positive II PDT (Table 2). After 3-year surgery, 26 patients
(51.0%) had a negative PDT, 20 (39.2%) had a positive I
PDT, and five (9.8%) had a positive II PDT (Table 2). There
was remarkable difference in PDT results among different
time points (χ2 = 113.63, P < 0.0001). These data indicated
that the PCL injury of all patients was improved.

KT-1000 Score
There were significant differences in the KT-1000 score
among preoperative (15.6 � 3.6), 1-year postoperative
(4.5 � 2.4), and 3-year postoperative (5.4 � 1.8) (F = 352.2,
P < 0.0001, Table 2) scores. The 1-year and 3-year postoper-
ative KT-1000 score was decreased by 11.1 � 3.2 and
10.2 � 3.1 relative to that before surgery, respectively.

Complications
There were no postoperative complications. All incisions in
patients were primary healing without infections. The suture
was taken out at 12 days post operation. The knee flexions of
all patients were more than 90�, and the straight degree was
0�. No joint stiffness was observed in all patients.

TABLE 1 Baseline and outcome information for patients

Index Median (range) Mean � SD Frequency (n) Percentage (%)

Age 44 (15, 74) 42.71 � 11.93 - -
BMI 24.80 (16.14, 34.72) 24.83 � 2.92 - -
Injury duration before surgery 17 (3, 225) 42.84 � 51.50 - -
Preoperative IKDC score 7.90% (1.15%, 54.02%) 15.84% � 14.77% - -
Postoperative IKDC score 90.81% (70.12%, 97.70%) 89.44% � 6.27% - -
Preoperative Lysholm score 14 (4, 47) 17.37 � 10.68 - -
Postoperative Lysholm score 91 (85, 97) 91.20 � 2.79 - -
Preoperative VAS score 6 (4, 8) 5.78 � 1.21 - -
5-day postoperative VAS score 1 (1, 2) 1.33 � 0.48 - -
Preoperative Tegner activity score 1 (0, 3) 1.20 � 0.85 - -
3-year postoperative Tegner activity score 7 (6, 9) 7.35 � 0.82 - -
Preoperative KT-1000 (mm) 15 (10, 28) 15.57 � 3.61 - -
1-year postoperative KT-1000 (mm) score 4 (1, 10) 4.55 � 2.35 - -
3-year postoperative KT-1000 (mm) score 5 (3, 11) 5.39 � 1.75 - -
Gender (male/female) - - 40/11 78.4/21.6
Knee (left/right) - - 20/31 39.2/60.8
Preoperative PDT (negative/positive I/II/III) - - 0/0/0/51 0/0/0/100
Postoperative PDT (negative/positive I/II/III) - - 31 /18/2/0 60.8/35.3/3.9/0

BMI, body mass index; IKDC, International Knee Documentation Committee; PDT, posterior drawer test; VAS, visual analogue scale/score.

TABLE 2 The results of treatment outcome

Preoperative 1-year Postoperative 3-year postoperative

IKDC score 15.8% � 14.8% 89.6% � 5.8%* 86.8% � 5.4%*
Lysholm score 17.4 � 10.7 91.2 � 2.8* 88.2 � 3.1*
VAS score 5.8 � 1.2 1.3 � 0.5* 0.6 � 0.5*
Tegner activity score 1.2 � 0.8 8.1 � 0.8* 7.4 � 0.8*
PDT (negative/positive I /II/III) 0/0/0/51 31/18/2/0* 26/20/5/0*

* Indicated P < 0.0001, which was considered to be significant different compared to preoperative indicators.
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Discussion

Although the tibial tunnel reconstruction is a classical
technique for PCL in clinical treatment, the surgery

effect for PCL injury patients is still not ideal24. In this study,
a newly designed arthroscopic reconstruction of PCL with
embedded tibial tendon bolt was evaluated. The results
showed that the postoperative IKDC score, Lysholm score,
VAS score, Tegner activity score, and KT-1000 score were
significantly different preoperatively (all P < 0.0001). A pre-
vious study of 21 patients with grade III PCL injuries treated
with arthroscopic PCL reconstruction suggested that 75%
had a normal/near-normal findings according to IKDC score
after surgery25. In this paper, the 1-year postoperative and
3-year postoperative IKDC score of patients was 89.6% �
5.8% and 86.8% � 5.4%, which was higher than the previous
report. It is reported that the preoperative and postoperative
evaluation of patients treated with arthroscopically assisted
PCL reconstruction showed that the mean Lysholm values
were 51.8, and 90.9, respectively26, which were comparable
to the results of our study (17.4 � 10.7 vs 91.2 � 2.8 or
88.2 � 3.1). Besides, there were no complications in any of
the patients in our study. All these suggested that the newly
designed arthroscopic reconstruction of PCL with embedded
tibial tendon bolt in our study was effective and safe for
patients with PCL injury.

Reconstruction of tibial side fixation has been one of
the key issues discussed by the majority of scholars27, 28. A
previous study shows that different technique and fixation
devices influence bone tunnel enlargement during the
reconstruction of cruciate ligament with hamstrings29. Fan-
elli and Miller indicated that the wide-angle and low-order
bone tunnel (1.2–1.5 cm articular surface) could avoid
sharp corners by increasing bone angle between tunnel and
graft30. Although modified operation on posterolateral cor-
ner and PCL can achieve knee stability, there are remaining
abnormalities in range of motion, posterior drawer, and
rotational laxity, suggesting that normal knee laxity is not
restored31. Actually, it is difficult to ensure the precise loca-
tion of the inner orifice of bone tunnel and the best bone
tunnel direction at the same time during PCL reconstruc-
tion32. A previous study indicates that tendon junction
embedded in the tunnel (the material in the junction is
bone) can be constructed into a bottleneck like tunnel
blockage, which effectively reduces the invalid fixed length
of the tendon in the tunnel33. However, the material selec-
tion, repair, and compression resistance of the plug are lim-
ited. In this study, the body of the tendon pin bolt was an
elliptical solid, formed by extrusion of the tendon. It was
convenient to use materials that were simple to repair, of
fixed size, with strong deformation resistance to pressure,
and that could be fully integrated with bone in the long
term. Meanwhile, the tendon pin fixed in the 8-shaped tib-
ial tunnel could reduce the invalid fixation distance of ten-
don body in tunnel, which further avoided the “wiper
effect” and “bungee effect.” Furthermore, commonly, the

diameter of transplanted tendons is smaller than the diame-
ter of tunnels34. Thus, every movement of the joints causes
tiny movements between the tendons and bones. In the pre-
sent study, a tight stopper was formed on the base of the
tendon and the outlet of the tibial tunnel, which further
closed the pore traffic in the joint cavity and the tunnel.
Meanwhile, the tendon bolt was close to the posterior wall
of the tibial tunnel, which further reduced the corner of the
tendon base and appearance of the “killer turn” effect.

In the process of PCL reconstruction, the diameter and
length of an effective intra-articular tendon graft is the basis for
providing internal biomechanical support for the knee joint35, 36.
Autologous tendons of Asian race are rather slender, and cannot
be effectively woven into suitable tendon graft during PCL recon-
struction. It is also a result of the long-term effect of reduction
after PCL reconstruction37, 38. In this study, the gracilis and sem-
itendinosus tendons were folded three times to increase the
diameter of the tendon graft. The tendon pin could reduce the
invalid length of the tendon graft in the tunnel, and increase the
effective length of the tendon graft, which meets the mechanical
requirements of PCL reconstruction.

There are some limitations to this study. Firstly, the
tibial side tunnel is large. The tunnel should be constructed
by core drill and the bone substance should be stored or used
for backfilling the tunnel. Secondly, there was no compara-
tive group and the postoperative imagings such as X-rays
and MRI were insufficient. Furthermore, there is lack of
longer-term outcomes. Thus, further studies with large sam-
ple sizes are needed in the future.

Conclusion
In conclusion, the application of tendon pin fixed by tibial
inlay 8-shaped tibial tunnel to reconstruct PCL was an effec-
tive, simple, and safe surgical procedure for PCL injury.
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