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Abstract 

Background:  The surgical technique for treatment of tibial avulsion fractures of the posterior cruciate ligament (PCL) 
remains challenging due to the deep-located lesion and the complexity of the anatomy. The purpose of this study 
was to report preliminary results of an arthroscopic technique in patients with the “hinged” type PCL tibial avulsion 
fractures.

Methods:  Twenty-eight patients with the displaced “hinged” fractures with elevation of the posterior aspect of the 
bony fragment were arthroscopically treated. The bony fragment was reducted and fixed with the sutures passing 
through only one single tibial tunnel. The clinical outcomes were assessed by Lysholm score, Tegner activity score, 
and the side-to-side differences of KT-1000 measurement. The reduction and union of the fracture were assessed by 
radiography of the knee.

Results:  Patients were followed up for a mean of 19 (12 to 24) months. There were no surgery-related complications, 
and all patients regained normal range of motion of the knees at the last follow-up. The Lysholm score significantly 
increased from preoperative 14.78 ± 8.23 to postoperative 96.96 ± 3.62 (P = 0.000). The Tegner score was 6.78 ± 1.35 
pre-injury and 6.48 ± 1.20 at the last follow-up with no statistical difference (P = 0.688). The KT-1000 side-to-side dif‑
ferences significantly decreased from 8.26(SD 1.86; 6 to 12) pre-operatively to 0.91 (SD 0.85; 0 to 3) (P = 0.000). X-rays 
showed that satisfactory reduction and solid union was achieved in all patients.

Conclusion:  The arthroscopic suture fixation through single-tibial tunnel technique yielded good clinical and radio‑
graphic outcome for treatment of displaced “hinged” type of PCL avulsion fractures.

Keywords:  Posterior cruciate ligament, Avulsion fracture, Tibia, Arthroscopy

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Avulsion fracture of the tibial insertion of the posterior 
cruciate ligament (PCL) is commonly occur among the 
young, and accounts for approximately 3–40% of all acute 

knee joint injuries [1]. It mainly results from motor-
cycle accidents and hyperflexion injuries of the knee in 
sport [2], and is associated with a high rate of functional 
impairment. Meyers-McKeever proposed a classification 
system for the cruciate ligament avulsion fractures, which 
divides them into Type I (minimally displaced avulsion), 
II (hinged avulsion), and III (completely detached avul-
sion) [3]. The “hinged” type fractures (type II) have eleva-
tion of the posterior aspect of the avulsed fragment, and 
have been treated non-operatively. While, a malunion 

Open Access

†Zheshu Xu and Yunlong Dong contributed equally to this work.

*Correspondence:  xiaozuo_zheng@163.com

1 Department of Orthopedics, Third Hospital of Hebei Medical University, 139 
Ziqiang Road, Shijiazhuang 050051, Hebei, China
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05795-8&domain=pdf


Page 2 of 7Xu et al. BMC Musculoskeletal Disorders          (2022) 23:841 

fracture after non-operative treatment would cause loss 
of function of PCL, leading to knee instability, decreased 
sporting activity, and long-term degeneration [4]. Some 
authors even reported that knee instability could still be 
found even though the bony fragment had been surgi-
cally reduced, since the plastic changes of the cruciate 
ligament at the time of injury could not be avoided [5, 6]. 
Therefore, the displaced avulsion fracture of PCL should 
be anatomically reduced and fixed to restore the normal 
tension and function of the ligament [7]. Open reduc-
tion and fixation of the PCL avulsion fracture through 
a posterior approach is a common procedure, but the 
exposure of the fracture is difficult due to the deep-
located lesion and the complexity of the anatomy [8, 9]. 
Arthroscopically assisted reduction and fixation of the 
PCL avulsion fractures is gradually preferred since it is a 
minimally invasive technique. Multiple fixation devices 
have been described, such as Kirschner wire [10], cannu-
lated screw [11], and pullout sutures [12]. The suspensory 
suture-based fixation was introduced in recent years, and 
could provide firm fixation for early rehabilitation. The 
previous biomechanical studies confirmed that it was as 
reliable as screw fixation for this lesion in terms of ini-
tial fixation [13, 14]. As the arthroscopical suture fixation 
technique is technically demanding and there is still risk 
of injury to the popliteal vessels and nerves, it is more 
complicated to establish double or triple tunnels and to 
shuttle the sutures for fracture reduction and fixation, 
when compared with the single tibial tunnel technique 
[15]. Therefore, we describe an arthroscopic reduction 
and fixation technique with the sutures passing through 
only one single tibial tunnel for treatment of the “hinged” 
type PCL tibial avulsion fractures.

The purpose of this study was to report the clinical and 
radiologic results of this procedure in patients with dis-
placed “hinged” type (Type II) PCL tibial avulsion frac-
tures. Our hypothesis was that this procedure would be 
easy to perform, and effective in these patients.

Methods
Participants
This retrospective study was carried out with the 
approvement of the ethics committee of our institution. 
The diagnosis PCL tibial avulsion fracture was based 
on X-ray and the computed tomography (CT) scan. 
Magnetic resonance imaging (MRI) was used to detect 
whether meniscal or ligament injuries existed. Displace-
ment of the avulsed fragment was determined in the 
sagittal plane on CT scan by measuring the distance 
from distal-most point of the bony fragment to the dis-
tal margin of the fracture bed. The inclusion criteria were 
as follows: (1) Patients with acute tibial avulsion fracture 
of PCL up to 3  weeks before surgery, (2) the displaced 

“hinged” type fractures (type II) with elevation of the 
posterior aspect of the bony fragment more than 3 mm, 
(3) the posterior knee instability of grade II or higher 
evaluated by the KT-1000 arthrometer [16], (4) skeletally 
mature patients older than 16  years, (5) no associated 
tibial plateau fracture or coexistent ligament injuries that 
needed surgery. The exclusion criteria were as follows:(1) 
Patients with tibial avulsion fracture of PCL more than 
3  weeks before surgery, (2) the displaced “hinged” type 
fractures (type II) with elevation of the posterior aspect 
of the bony fragment ≤ 3  mm, (3) the posterior knee 
instability less than grade II evaluated by the KT-1000 
arthrometer, (4) skeletally immature patients, (5) Frac-
tures around the tibial plateau other than tibial avulsion 
fracture of PCL, (6) Combined anterior cruciate ligament 
injuries, collateral ligament injuries, or severe multiple 
ligament injuries, (7) Severe neurovascular injury asso-
ciated with the knee. Patients were excluded if they did 
not meet the inclusion criteria, or did not finish at least 
12 months follow-up.

A total of 23 (10 male and 13 female patients) patients 
who met the inclusion criteria, treated between June 
2017 and February 2020, were enrolled in this study. The 
mean age at the time of surgery was 43 years (range, 22 
to 59 years). The time from injury to surgery was 10 days 
(range, 3 to 21 days). The injury mechanisms included 13 
road traffic accidents, 1 sport injuries, and 9 fall injuries. 
All the patients were treated with the same surgical tech-
nique. The posterior drawer test and KT-1000 arthrom-
eter examination (MEDmetric, San Diego, California) 
were performed under anaesthesia before surgery. All 
patients were followed up for a mean of 19 months (range 
12–28 months).

Surgical procedure
Spinal or general anesthesia was administered. Patients 
were positioned supine and a thigh tourniquet was 
used. The diagnostic arthroscopy was routinely per-
formed and the concomitant lesions were treated 
through anteromedial (AM) and anterolateral (AL) 
portals. The high and low posteromedial (PM) portals 
were then established under direct visualization with 
the arthroscope placed from the AL portal, through 
the intercondylar notch, into the posteromedial com-
partment. The arthroscope was then placed through 
the high PM portal, and the shaver was placed through 
the low PM portal. Part of the posterior septum was 
removed until the margins of the avulsed fragment and 
the tibial bed were ascertained (Fig.  1). After comple-
tion of the initial diagnostic arthroscopy, a 1.5 cm long 
incision was made 2 to 3 cm medial to the tibial tuber-
cle. With the arthroscope placed in high PM portal, the 
PCL tibia guide (Smith&Nephew Endoscopy, Andover, 
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MA) was introduced into the posterior compart-
ment through the AM portal. The bony fragment was 
reduced and fixed temporarily with the tip of the guide 
placed at lower part or the bottom of the tibial frac-
ture bed (Fig.  2). A 2  mm guide pin was drilled from 
the anterior tibial cortex into the avulsed fragment, 
and then the guide pin was over-drilled with a 4.5-
mm cannulated reamer. A FiberTape suture (Arthrex, 
Naples, FL) was introduced through the AL portal, 
and wrapped the PCL base from anterior to posterior. 
One end of the suture passed between the PCL and the 
medial femoral condyle, and the other end of the suture 
passed between the anterior cruciate ligament (ACL) 
and the PCL (Fig.  3). Attention should be paid not to 

wrap the ACL and meniscal-femoral ligaments (Hum-
phry’s or Wrisberg’s ligament). To avoid this wrong 
wrapping, the arthroscope could be changed to the AM 
portal for direct observation, and to make sure that the 
sutures pass into the posterior compartment through 
the medial side of the ACL and the underside of the 
meniscal-femoral ligaments. After completion of the 
suturing process, the ends of the sutures were grasped 
and pulled out of the tibial tunnel. A sliding knot was 
placed at the base of the PCL through the tibial tunnel, 
followed by 2 to 3 half-hitches to secure the knot. The 
bony fragment was reduced to the anatomical position 
using a probe through the PM portal. Finally, the two 
ends of the suture were tightened to achieve reduction, 

Fig. 1  The displaced “hinged” type (Type II) PCL tibial avulsion fracture. a Illustration showing the displaced “hinged” type fracture with elevation 
of the posterior aspect of the bony fragment (black arrow). b Arthroscopic view showing part of the posterior septum was removed, and the PCL 
(black arrow) and the avulsed tibial fragment (white arrow) were ascertained

Fig. 2  Bony fragment reduction with the tip of the guide. a Illustration showing the bony fragment temporarily reduced and fixed with the tip of 
the guide, and a guide pin was drilled from the anterior tibial cortex into the avulsed fragment. b Arthroscopic view showing the avulsion fracture 
fragment was reduced with the the tip of the guide (white arrow)
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and fixed with the Knotless device (Swivelock, Arthrex, 
Naples, FL), which located distally to the outer opening 
of the tibial tunnel (Fig. 4).

Rehabilitation protocol
The knee was immobilized with a long hinge brace post-
operatively for 12  weeks. Isometric quadriceps training 
was started immediately after surgery. Protected passive 
range of motion (ROM) exercise was started 2  weeks 
after the surgery, with the goal of reaching normal ROM 
within 8 weeks. Partial weight bearing using crutches is 
permitted from the fourth postoperative week, and full 

weight bearing was started at 8  weeks. The brace was 
removed and patients are encouraged to increase activity 
gradually 3  months after surgery. Patients were allowed 
to do sports activities at 6 months after surgery.

Clinical evaluation
All the patients underwent clinical assessments preop-
eratively and postoperatively, and were routinely fol-
lowed up. Knee function was assessed by Lysholm score 
and Tegner activity score. Knee stability was evaluated 
by the side-to-side differences of KT-1000 arthrom-
eter (MEDmetric, San Diego, CA, USA).  All patients 

Fig. 3  PCL base wrapped with FiberTape suture. a Illustration showing the PCL base was wrapped the from anterior to posterior using a FiberTape 
suture. b Arthroscopic view showing the inner opening of the tunnel located at the bottom of the tibial fracture bed (white arrow), and the PCL was 
wrapped with FiberTape suture (black arrow).

Fig. 4  Reduction and fixation of avulsed fracture. a Illustration showing the reduction of avulsion fracture was achieved with the tightened suture 
and fixed with the Knotless device (black arrow). b Arthroscopic view showing the tightened suture (white arrow), and the tension of PCL was 
regained
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underwent anteroposterior and lateral radiography of the 
knee immediately after surgery, at 3 months, and at final 
follow-up.

Statistical analysis
All statistical analyses were performed using SPSS soft-
ware version 21.0 (version 19.0; SPSS Inc., Chicago, IL). 
The t-test was used to compare the pre-injury and post-
operative Tegner scores, and the pre- and post-operative 
Lysholm score and KT1000 side-to-side differences. The 
level of significance was set at P < 0.05.

Results
The mean operative time was 56 (range 45–75) minutes. 
There were no neurovascular injuries, infection, arthrofi-
brosis, or other surgery-related complications. There was 
no hardware-related complication.

Patients were followed up for a mean of 19 (12 to 24) 
months. All patients regained normal ROM with no 
extension or flexion deficit, and had returned to their 
daily life and work after surgery. The Lysholm score sig-
nificantly increased from preoperative 14.78(SD 8.23; 5 
to 30) to postoperative 96.96 (SD 3.62; 89 to 100) at the 
final follow-up (P = 0.000). The sports activity evaluation 
of Tegner score was 6.78(SD 1.35; 4 to 9) pre-injury and 
6.48(SD 1.20; 4 to 9) at the final follow-up, with no sta-
tistical difference(P = 0.688). The KT-1000 side-to-side 
differences significantly decreased from 8.26(SD 1.86; 
6 to 12) pre-operatively to 0.91 (SD 0.85; 0 to 3) at final 
follow-up (P = 0.000).

Radiographic examination showed that the fracture has 
reached anatomical reduction, and solid union achieved 
in all patients at final follow-up (Fig. 5). No displacement 
or nonunion of the fracture was found.

Discussion
The unstable displaced “hinged”type PCL tibial avulsion 
fractures could be satisfactorily reduced through single 
tibial tunnel, and solidly fixed by the simple sutures. This 
technique is simple, reproducible, and showed good clin-
ical and radiological outcomes.

The PCL plays an important role in knee joint stabiliza-
tion. Avulsion fractures constitute a part of the PCL inju-
ries [17]. Treatment is determined by the type of avulsion 
fracture. The general consensus is that the minimally dis-
placed lesions (type I) are typically treated conservatively, 
and surgery is recommended for completely displaced 
fractures (type III). While, there is still no consensus on 
how to treat type II lesions(displaced “hinged” type frac-
tures), with being treated either conservatively or surgi-
cally. We do recommend surgical reduction and rigid 
fixation for the “hinged” type fractures because of the 
following reasons. First, we believe that the “hinged” type 
fractures is a type unstable fracture, since the displace-
ment would be aggravated when the knee under poste-
rior stress as the Fig. 6 shown. The non-operative fixation 
with the external brace is an indirect fixation method. It 
is not rigid enough to stabilize the fracture, but was asso-
ciated with a high risk of knee stiffness. Second, the non-
operative treatment strategy has little effect on reduction 
for the displaced fragments. Proper union will not occur 
if the anatomical reduction is not achieved. That would 
result in loss function of PCL, leading to knee instabil-
ity and delayed arthritis [18]. Therefore, surgical treat-
ment of displaced tibial avulsion fractures of the PCL is 
necessary to achieve anatomic reduction and rigid fixa-
tion, restore proper tension to the PCL and achieve knee 
stability. In our study, we enrolled the type II fractures 
with elevation of the posterior aspect of the bony frag-
ment more than 3 mm, and the posterior knee instability 

Fig. 5  Radiographic examination at preoperative and postoperative. a-b Preoperative X-ray (black arrow) and CT Scans (white arrow) show 
the elevated bony frament of Type II PCL Tibial Avulsion Fractures. c Immediate postoperative CT scan show the satisfactory reduction of the 
fracture(white arrow). d Postoperative X-ray at final follow-up showed that reduction of the fracture was satisfactory, and solid union was achieved 
(black arrow)
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of grade II or higher. On the basis of current results, we 
found that the avulsed fragment and bony union were 
achieved in all the patients. The knee stability and func-
tion was satisfactory at final follow-up.

The advantages of arthroscopic treatment for the PCL 
avulsion fractures include less surgical invasion, less 
danger to the popliteal neurovascular structures, and 
concomitant lesions could be treated. Our arthroscopic 
technique is similar to the previous methods but with 
some modifications [12, 19]. We used double PM por-
tals, which provide clear visualisation of the tibial bed, 
and satisfactory access for debridement and sutures shut-
tling. The suture implant has become the most widely 
used implant for fixation of cruciate ligament avulsion 
fractures, since it is versatile and could be used irrespec-
tive of the size of the bony fragment. For suture fixation 
technique, one or more tibial tunnels are required for the 
passage and fixation of sutures. The most commonly used 
tunnels are single [15], double [12], or triple shaped [20]. 
We do agree with Gui et al. [15] and Sabat et al. [7] that 
single tibial tunnel method is simple in tunnel establish-
ing and the sutures shuttling in the narrow posterior knee 
compartment when compared with the double or triple 
tunnel techniques. In our experience, the displaced lower 
part of the PCL tibial insertion could be easily reducted 
using the tip of PCL tibia guide, and the fragment could 
be maintained in the position with the sutures passing 
only one tibial tunnel. The key point is that the inner 
opening of the tunnel should be located placed at lower 
part or the bottom of the tibial fracture bed. We used the 
knotless device for fixation of the ends of the sutures. It is 
not a metal implant, and no further removal surgery was 
need. The disadvantage of the single tunnel technique 

could be the suture slippage. To prevent this from hap-
pening, it is better to make a knot at the base of the PCL 
after suturing process, and keep tension of the suture 
during the fixation process. Our arthroscopic reduc-
tion and fixation technique showed that the posterior 
knee stability was achieved immediately after fixation. 
There was no radiographic displacement of fragment or 
hardware complication was noted during the follow-up 
period.

Limitation
There were several limitations in our study. First, this 
study is retrospective design with small number of 
patients included. We also did not set a control group 
with non-operative treatment strategy. These are because 
the incidence of PCL tibial avulsion fractures is relatively 
low. Second, the postoperative CT scan, which is more 
reliable than X-ray for evaluating the bony healing, was 
not routinely performed.

Conclusion
The arthroscopic suture fixation through single-tibial 
tunnel technique yielded good clinical and radiographic 
outcome for treatment of displaced “hinged” type of PCL 
avulsion fractures.
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