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Abstract

Background: How to treat the posterior cruciate ligament (PCL) tibial insertion small and comminuted avulsion
fracture is still challenging. Our study evaluated the clinical and radiological outcomes after ORIF of PCL tibial insertion
avulsion fractures through the inverted L-shaped postero-medial approach using a homemade pin-hook.

Methods: Between January 2009 and December 2020, twenty-four patients with isolated PCL tibial insertion bony
avulsion were enrolled. There were 16 males and 8 females. The age range was 18-48 (32.5 4 9.3) years. The time from
injury to surgery was 1-10 (4.4 & 2.8) days. There were 11 cases in the left knee and 13 cases in the right knee. The
patients received anticoagulant therapy to prevent thrombosis. Preoperative standard X-ray, computerized tomogra-
phy (CT) and magnetic resonance imaging (MRI) were performed. According to the Meyers-McKeever classification,
there were 8 cases of type Il and 16 cases of type |Il.

Results: The operation time was 60-120 (89.6 & 19.8) min. Postoperative follow-up ranged from 3 to 18 months. The
average follow-up was 11.4+4.3months. In all patients, one or two homemade pin-hooks were used to fix differ-

ent sizes of fracture segments. X-ray or CT scans taken after surgery revealed fracture union. The fractures healed in
9-16 (11.8 £ 1.7) weeks. At the last follow-up, the patients were able to fully straighten. The ROM (132.6° £ 3.9°), the
Tegner-Lysholm score (96.2 4+ 2.3) and the IKDC scores (95.5 £ 1.6) were all significantly improved compared with the
preoperative values (77.5°4+13.1°,46.8 8.9, 36.2 - 7.9). The posterior drawer test was negative. The gastrocnemius
muscle strength did not diminish. No internal fixation migration was observed during the follow-up. No neurovascular
bundle- or hardware-related complications were reported.

Conclusions: The inverted L-shaped postero-medial approach with homemade pin-hook fixation for the treatment
of PCL avulsion fractures produces acceptable clinical and radiological results. Moreover, the homemade pin-hook
made of K-wires is affordable and reduces patient costs. It is a practical application and worth recommending, espe-
cially for community hospitals.
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Background

The function of a strong posterior cruciate ligament
(PCL) is to prevent posterior tibial translation, espe-
cially in the knee flexion position. PCL avulsion frac-
tures, representing approximately 20% of ligamentous
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knee injuries, cause knee instability. If not treated, such
fractures can lead to accelerating articular degenerative
changes due to increased pathological articular contact
forces [1]. Surgery for Meyers-McKeever type II and III
fractures is considered necessary to achieve anatomic
reduction and obtain a stable knee [2].

Currently, the posterior approach and arthroscopic
management are commonly described methods [3].
The disadvantages of the traditional posterior approach
include extensive soft exposure and a high risk of
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iatrogenic neurovascular impairment [4]. Modified pos-
terior approaches, such as oblique incision and inverted
L-shaped postero-medial approaches, have been intro-
duced with minimal invasiveness and satisfactory fol-
low-up outcomes [2, 5]. Arthroscopic treatment for PCL
bony avulsion fractures is technically difficult and prob-
ably beyond the capabilities of non—sports-fellowship-
trained orthopaedists. In the present study, the inverted
L-shaped postero-medial approach was employed.

The methods used to repair PCL avulsion fracture are
determined by the fracture segment size, as well as the
fragment’s comminution. These injuries generally occur
at the PCL tibial attachment and may involve either a
small area at the connection’s posterior region or a large
area that extends anteriorly. Internal fixation materials
now available include metal screws, plates and screws,
toothed plates combined with hollow lag screws and
sutures [6]. However, there is no standard implant, suc-
cessful repair of tiny fractures remains difficult, and the
related research is still limited. We built a Kirschner wire
into a unique frame called a pin-hook (Figs. 1D, 2A-B)
for PCL avulsion fracture fixation. The present study is
the first to assess the clinical and functional outcomes
of our innovative homemade pin-hook for the surgi-
cal treatment of isolated posterior cruciate ligament
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Fig. 2 Shape of the innovative homemade pin-hook system made
with Kirschner wire and screw

avulsion fractures by an inverted L-shaped postero-
medial approach.

Methods

Patients

Patients without previous knee injury who were diag-
nosed with isolated acute Meyers-McKeever type II or
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Fig. 1 The schematic diagram of pin-hook fixation of posterior cruciate ligament avulsion fractures. A The exposure of PCL avulsion fracture
fragments; B The reduction and temporary fixation of PCL avulsion fracture fragments; C Paving the path for the pin-hook(the diameter of the
drilling K-wire is 0.5 mm larger than that of the pin-hook); D The production process of pin-hook system; E The fixation of posterior cruciate ligament

avulsion fractures using pin-hook system
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III PCL tibial avulsion fractures were enrolled, and the
follow-up records were obtained. Patients with one of the
following conditions were excluded: 1) any other associ-
ated bony or other ligament injuries; 2) neurovascular
injury.

This was a retrospective case series. Between January
2009 and December 2020, twenty-four patients meet-
ing the inclusion criteria were enrolled. The surgeries
were performed by a single surgeon (L.L.). There were
eight females and sixteen males. The age distribution was
18-48 (32.5+9.3) years. The time from injury to surgery
was 1-10 (4.4+2.8) days. There were 11 cases in the left
knee and 13 cases in the right knee. The patients received
anticoagulant therapy to prevent thrombosis. Preopera-
tive standard X-ray, computerized tomography (CT) scan
and magnetic resonance imaging (MRI) were performed
(Figs. 3A-D and 4A). There were 8 cases of Meyers-McK-
eever type II and 16 cases of Meyers-McKeever type III.
Knee stability was clinically assessed again under anaes-
thesia. The clinical details of the patients are presented in
Table 1.

Surgical methods
All patients were treated with a homemade pin-hook by
the inverted L-shaped postero-medial approach. After
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induction of anaesthesia, the patient was positioned
prone on a radiolucent table with a pneumatic tourni-
quet. The knee was slightly flexed. A 6-8cm inverted
L-shaped incision was made on the postero-medial side
of the popliteal fossa (Fig. 4B). The incision was made
along with the transverse skin striation of the popliteal
fossa and extended to the medial border of the gastroc-
nemius muscle. Then, it turned at the medial corner of
the popliteal fossa and reached the distal end. The medial
head of the gastrocnemius muscle and semimembranous
muscle were visualized with blunt dissections along the
intermuscular gap and then retracted laterally, protecting
the neurovascular bundle and showing the back of the
knee capsule. The joint capsule was cut longitudinally to
reveal the PCL avulsion fracture fragment (Fig. 1A). Hae-
matoma and soft tissue that extruded into the fracture
area were removed. The avulsion fracture was reduced to
its bed under direct vision with the knee flexed approxi-
mately 30°. The K-wires were used to fix it provisionally
(Figs. 1B and 4C-D). Then, the quality of reduction was
checked by fluoroscopy.

Taking case II as an example, two 2.0mm Kirschner
wires were used to pave the path for the pin-hook. Gen-
erally, the diameter of the drilling K-wire was 0.5mm
larger than that of the pin-hook (Figs. 1C and 4C-D).

i

photos displaying good knee function without any discomfort

Fig. 3 The case | was diagnosed with an avulsed left PCL tibial insertion caused by traffic accidents. A-D Preoperative CT scan and MRI confirming
the PCL avulsion fracture; E-F Postoperative fluoroscopy showing the optimum position of the homemade pin-hook and fracture reduction; G-H
Three-month postoperative follow-up radiographs showing fracture union and no loosening of internal fixation. I-J Three-month postoperative
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fracture union and optimum position of internal fixation

Fig. 4 The case Il presented with an acute knee injury, diagnosed as an avulsed left PCL tibial insertion. A Preoperative CT scan confirming the PCL
avulsion fracture; B The planned inverted L-shaped postero-medial skin incision; C The first homemade pin-hook was implanted; D-E The second
homemade pin-hook was implanted; F The pin-hook was fixed with a screw and a one-hole reconstruction plate; G-H Postoperative fluoroscopy
showing the optimum position of the homemade pin-hook and fracture reduction; I-J Three-month postoperative follow-up radiographs showing

R 4l

Table 1 Patients demographics and clinical indicators

Age (mean, range, yr) 32.54+9.3years(18 to 48)
Sex(m/f, %) 16 males (66.7%)
8 females (33.3%)

Surgery time (mean, range, day) 4.4+28days(1to 10)

11 left (45.8%)

13 right (54.2%)

8 type Il (33.3%)

16 type Il (66.7%)

89.6+ 19.8 mins (60-120)
11.4+43months (3-18)

11.8£1.7 weeks (9-16)

Injury position(l/r,%)
Meyers-McKeever classification(n,%)
Operation time (mean, range, min)

Follow up (mean, range, month)

Fracture healing time (mean, range, week)

Two 1.5 mm Kirschner wires were utilized to form a pin-
hook with one sharp tooth hook and two sharp tooth
hooks (Figs. 1D and 4E-F). In clinical practice, the size
and radian of the pin-hook, as well as the distances
between the hooks, are dependent on the bone fragments

to provide stability. The hooks were inserted along with
the drilling hole to grasp the fracture segments. Then,
the second one sharp tooth pin-hook was implanted in
a similar way. The distal end of the two pin-hooks was
both compressed to the bone surface by a 3.5 mm cortical
screw with one-hole reconstruction plate (Figs. 1D-E and
4E-]J). Sometimes, the screws only could be applied in
case I (Figs. 2A-B and 3E-]). The location of the implant
and the length of the screw were confirmed under C-arm
fluoroscopy when the knee was kept in flexion or exten-
sion to ensure the stability of fixation. The joint capsule
was closed, and a drainage tube was installed. The subcu-
taneous tissue and skin were sutured.

Postoperative treatment

Our postoperative care included managing moderate to
severe pain. The drainage tube was removed 24 h postop-
eratively. X-ray and CT were performed again to confirm
the reduction and implant position. Sequential rehabili-
tation included quadriceps strengthening and range of
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motion training by the time of drain removal, a gradual
increase in weight-bearing from toe-touch weight-bear-
ing with crutches 4 weeks after surgery, and full weight-
bearing 8 weeks after surgery. Other activities were
recommended after half a year.

Clinical indicators

Operation time, blood loss and complications were docu-
mented. X-ray and CT scans were taken to monitor frac-
ture healing. The posterior drawer test was used to assess
knee joint laxity. It was classified as positive or negative
referring to the contralateral knee. The range of motion
(ROM) was measured using a conventional goniom-
eter. The International Knee Documentation Commit-
tee (IKDC) and the Tegner-Lysholm score were used to
assess the function of the knee joint. The heel raise test
was carried out using a single-leg stance to evaluate gas-
trocnemius muscle strength.

Statistical processing

SPSS 20.0 statistical software (IBM Corp., Armonk, NY)
was applied to analyse the data. Data with a normal dis-
tribution are expressed as the mean + standard deviation
and analyzed by T-test or one-way ANOVA. Data with a
nonnormal distribution are expressed as the median (P,
P,;) and analyzed by Mann-Whitney U test or Kruskal
Wallis H test. Counting data are expressed as the rate (%).
A P<0.05 was considered statistical significance.

Results

All patients’ incisions healed. There were no compli-
cations, such as bone nonunion, infection, deep-vein
thrombosis, or atypical haematomas. The operation time
was 60-120 (89.6 +19.8) min. The average follow-up was
11.4£4.3months, ranging from 3 to 18 months. X-ray
and CT scans revealed that the fractures had healed. The
fractures healed in 9-16 (11.8+1.7) weeks. At the last
follow-up, the ROM(132.6°+3.9°), the Tegner-Lysholm
score (96.2+2.3) and the IKDC scores(95.5+1.6) were
all significantly improved compared with the preop-
erative values (77.5°+£13.1°, 46.8+£8.9, 36.2+7.9). The
posterior drawer test was negative. The gastrocnemius
muscle strength did not diminish. No internal fixation
migration was observed during the follow-up. No hard-
ware-related complications were reported during the fol-
low-up (Table 2).

Discussion

Avulsion injuries of the PCL, although rare, can lead to
significant morbidity when not recognized and treated
properly [7, 8]. The most common mechanism in car
traffic accidents is dashboard or chair back collision, in
which a direct force from hard braking is applied to the
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Table 2 Outcomes at the final follow-up
Preoperative Final follow-up P value
ROM 77.5°+£13.0° 1326°+£3.9° <0.001
Tagner-Lysholm  46.8+8.9 96.2+23 <0.001
score
IKDC 362+79 955+1.6 <0.001

proximal part of the tibia in an anterior-to-posterior
direction, with the knee in flexion [9]. The knee morphol-
ogy, such as a smaller notch width index (coronal), was
found to affect PCL avulsion fracture in women but not
in men [10]. If left untreated, the injury leads to second-
ary joint changes resulting in osteoarthritis. According
to the commonly used Meyers-McKeever system, con-
servative therapy can yield good outcomes in individu-
als with Meyers-McKeever type I fractures, but type II
and III fractures are typically treated surgically. Some
scholars conclude that acute PCL avulsion injuries with
displacements of less than 6.7 mm should be considered
for nonoperative treatment [11]. Other researchers found
that surgery can help restore the tension of the PCL and
obtain a better prognosis than nonsurgical treatment.
Surgery also contributes to early activity and reduces
complications of long-term breakage, such as deep vein
thrombosis and stiff knees.

With the advancement of less-invasive arthroscopic
technology, arthroscopic surgery for the treatment of
PCL avulsion fractures has become increasingly popu-
lar [12-14]. Meanwhile, it can identify damage to other
structures of the knee [15]. Both arthroscopic and open
methods for the treatment of PCL tibial-side avulsion
injuries result in comparably good clinical outcomes,
radiological healing, and stable knees according to a sys-
tematic review [16]. It has been observed that anatomical
reduction is difficult to achieve by arthroscopy-assisted
internal fixation for PCL avulsion fractures. Despite
being less invasive and capable of managing concurrent
knee problems, arthroscopic surgery has disadvantages
of being technically difficult, requiring more operating
time, necessitating specific equipment and preparations,
and having a long learning curve. Furthermore, the price
is relatively high. Thus, it is not ideal for low-income
communities where arthroscopic surgery is not available.

A posterior median S-shaped approach is required
to cut off part of the medial head of the gastrocnemius
muscle, which leads to muscular weakening after surgery.
This obviously increases the risk of vascular and nerve
damage when exposing the PCL tibial stop. The patients
in this study were treated with a postero-medial arc inci-
sion. The medial head of the gastrocnemius muscle is
pulled laterally from the gap between the medial head of
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the gastrocnemius muscle and semimembranous mus-
cle, which aids in the effective protection of vascular and
nerve bundles. This incision is simple with little scarring.
Otherwise, a large scar across the transverse skin stria-
tion of the popliteal fossa will influence knee extension.
The way of exposing the fracture site in this study had lit-
tle effect on postoperative gastrocnemius weakening. The
avulsion fracture was under direct view throughout the
procedure, making it easy to carry out fracture reduction.
In addition, this helped prevent re-embedding of the sur-
rounding soft tissue into the fracture site during reduc-
tion and decreased the likelihood of fracture nonunion.

Debate still exists regarding the technique for fixation
[17, 18]. Perfect fixation should have the advantages of
easy operation, reliable reduction and appropriateness
for popularization. Metal screws [19], plates [20], toothed
plates combined with hollow lag screws [2] and sutures
[15, 21] are surgical fixation materials reported in the lit-
erature. Screw fixation is a reliable technique for major
avulsion fractures, but it can induce refragmentation and
unstable fixation in minor avulsed or comminuted frac-
tures. A screw cannot fix an avulsed fragment that is too
small (<20mm?) [22]. Sutures are linked with bone cut-
ting and fixation loosening and do not allow early func-
tional exercise [23]. Although these techniques have
produced good results in certain studies, problems such
as implant discomfort prompting implant removal, frag-
mentation of the PCL and, more significantly, loss of fixa-
tion with additional revision have been noted.

Our innovative homemade pin-hook is flexible for use
in large bony fractures or tiny comminuted fractures, can
provide firm fixation with the help of tooth-like hooks
and has little effect on knee function (Figs. 3G-J and 4G-
J). Cutting damage is minimized compared to that with
other implants. Our pin-hook is made of Kirschner wire,
which is cheaper than other materials. The procedure
does not require additional surgical skills and is very easy
for surgeons to master. Moreover, use of the homemade
pin-hook is feasible even in underdeveloped places. The
special characteristics of the pin-hook control fracture
rotation. The remote screws are placed in typical corti-
cal bone to prevent fixation loosening or withdrawal
during knee activities. In the present study, all the frac-
tures healed within 4 months following surgery due to the
excellent reduction of the fracture under direct vision.
The homemade pin-hook made of Kirschner wire also
reduces the risk of infection and internal fixation-related
complications. It can also be applied for the treatment of
open posterior cruciate ligament avulsion fractures.

There are some limitations to our investigation. Further
randomized well-controlled comparative studies with
a larger sample size are needed to corroborate the cur-
rent study’s findings, and a biomechanical investigation is
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required to evaluate different fixation tools and to deter-
mine the superiority of the pin-hook. As the Kirschner
pin-hook will influence MRI examinations, the explora-
tion of new materials is necessary.

Conclusions

The inverted L-shaped postero-medial approach with
homemade pin- hook fixation in the treatment of PCL
avulsion fractures produces acceptable clinical and radio-
logical results. Moreover, the homemade pin- hook made
of K-wires is affordable and reduces patient costs. It is a
practical application and worth recommending, espe-
cially for community hospitals.
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