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Abstract

Background: Surgical fixation is required for displaced posterior cruciate ligament (PCL) tibial bony avulsion fractures or with
fractures having grade 2 or more posterior instability. The purpose of this study is to evaluate the results of arthroscopic fixation of
PCL tibial bony avulsion fractures using the double suture bridge technique.

Methods: A retrospective study was done involving 24 patients having displaced PCL tibial bony avulsion fractures. The arthroscopic
double suture bridge technique was used to fix these fractures. Patients were followed up for three years and assessed for knee-
related symptoms, signs, Lysholm Knee Score, and satisfaction.

Results: The study group consisted of 21 men and three women. Fracture union was achieved in all cases two months
postoperatively. The mean Lysholm Knee Score at follow-ups of three months, six months, one year, two years, and three years was
86.6, 96.5, 98.8, 99.1, and 99.4, respectively. At the latest follow-up, all the patients were satisfied with their knee function with
respect to pain, range of motion (ROM), stability, and resumption of pre-injury activity level.

Conclusion: The arthroscopic double suture bridge technique is an effective method for the fixation of PCL tibial bony avulsion
fractures with respect to knee stability, ROM, and resumption of pre-injury activity level.
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Background

Posterior cruciate ligament (PCL) tibial avulsion
fractures represent one of the spectrum of injuries to the
PCL (1), the incidence of which is between 3% and 38% (2).
These are more common in the younger age group and
developing countries due to the higher incidence of “2-
wheeler” related injuries. The injuries result from a force
directed towards the back. It occurs when the front part of
the upper tibia experiences a blow while the knee is bent
at a 90-degree angle, often referred to as the "dashboard"
injury (3). They may also be caused by a sudden
hyperextension force (4) in conjunction with varus or
valgus or a hyperflexion injury (5).

PCL tibial bony avulsion fractures are commonly
associated with other intraarticular pathologies. Hooper
et al. reported meniscal injuries in 17% of patients, and 19%
had other ligaments involved in patients with PCL tibial
bony avulsion fractures (4). Pardiwala et al. reported a 28%
incidence of concomitant intraarticular pathology (6).
Geissler and Whipple showed that in acute knee injuries,
chondral injuries were found in 4% and meniscal tears in
27% of patients (7).

Nonoperative treatment in the form of immobilization
is indicated for undisplaced fractures. For fractures
displaced less than 5 mm, Zhao and Wang recommended
that conservative management be tried (8). Nonoperative
treatment for displaced fractures yields poor results as there

is no way to manipulate the bony fragment (8). Operative
treatment is indicated for displaced PCL tibial bony avulsion
fractures or fractures having grade 2 or more posterior
instability. These fractures develop nonunion, resulting in
posterior instability (9). Surgical techniques include open or
arthroscopic reduction and internal fixation. Open
reduction involves the risk of neurovascular injury to the
structures in and around the popliteal fossa (10). The
arthroscopic technique allows magnified vision with bright
illumination, accurate reduction, minimal soft tissue
dissection, stable fixation, and management of associated
intra-articular pathologies (11). The fixation options include
wires, screws, and sutures (12). The advantage of using
sutures is that they provide very stable and rigid fixation
and do not need removal (13). This study aimed to assess the
outcomes of repairing PCL tibial bony avulsion fractures
using the double suture bridge technique.

Methods

This was a retrospective study that included 24
patients having displaced PCL tibial avulsion fractures as
diagnosed on plain radiography (Figure 1) and/or
magnetic resonance imaging (MRI) (Figure 2) or PCL tibial
avulsion fractures with grade 2 or more posterior
instability as diagnosed on clinical examination.
Institutional ethics committee approval was taken and
informed consent was obtained from the patients.
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Figure 1. Lateral X-ray showing displaced posterior cruciate
ligament (PCL) tibial bony avulsion fracture (yellow arrow)

Pre-operative data recording included age, sex, side,
mechanism of injury, duration since the injury, and
complaints with respect to pain, locking, clicking,
sensation of giving away, and swelling. Clinical
examination included tenderness, range of motion (ROM),
McMurray'’s test, and tests for instability (these are the
tests used to demonstrate the sensation of the knee
twisting or moving from side to side when doing basic
activities) (14-16). Lysholm Knee Score was recorded
pre-operatively  (17-19). Radiological  investigations
included X-rays and MRI of the knee.

Figure 2. Magnetic resonance imaging (MRI) showing
posterior cruciate ligament (PCL) tibial bony avulsion fracture
with intact PCL (orange circle)

Spinal anaesthesia was administered to all patients. A
high thigh tourniquet was applied, and the patient’s leg
was positioned in an arthroscopic leg holder at the edge of
the table. The standard anterolateral (AL) portal for viewing
and the anteromedial (AM) portal for instrumentation were
established. The fracture hematoma was drained followed
by a diagnostic arthroscopy to confirm the status of the PCL.
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A partial meniscectomy was performed for the two
patients with meniscal tears.

The synovium between the anterior cruciate ligament
(ACL) and PCL was removed using a motorized shaver to
create a window lateral to the PCL into the posteromedial
(PM) compartment. Similarly, the synovium between the
PCL and the medial femoral condyle was removed to
create a window medial to the PCL into the PM
compartment. The scope was progressed into the PM
compartment through the medial window, and two PM
portals were established using the out-to-in needle
technique - a high PM viewing portal was made 3 cm above
the PM tibial joint line, and a low PM working portal was
made at the level of the PM joint line. A 5.5-mm cannula
was placed in the low PM portal. The arthroscope was then
shifted into the high PM portal (Figure 3). A PCL elevator
(Acufex, Smith, and Nephew - a manufacturing company)
was introduced from the AM portal into the posterior
compartment through the lateral window. It was placed
posterior to the PCL to protect the neurovascular
structures. A motorized shaver, introduced through the
low PM portal, and the PCL elevator were used to remove
the synovium in the posterior compartment in relation to
the PCL. The PCL, the PCL tibial bony avulsion fragment,
and the fracture bed were identified. The status of the PCL
was confirmed. The fracture bed was debrided using a
motorized shaver and burr. An arthroscopic probe was
used to provisionally reduce the fragment into the
fracture bed.

Figure 3. Arthroscopic view from the high posteromedial (PM) portal showing the
displaced posterior cruciate ligament (PCL) tibial avulsion fracture (P: PCL; F: PCL
tibial avulsed fragment; C: Fracture crater; FM: Medial femoral condyle; T: Medial
tibial condyle)

An incision measuring 2 cm vertically was created on
the AM surface of the tibia, starting 3 cm away from the
joint line. A PCL aimer guide (Acufex, Smith, and Nephew a
manufacturing company), set at 60 degrees, was
introduced from the AM portal into the posterior
compartment through the lateral window and placed in
the lateral and inferior aspect of the fracture crater. A 1-
mm guide wire was drilled through the external portion
of the guide from the AM surface of the tibia into the
lateral and inferior aspect of the fracture crater. Similarly,
the PCL aimer guide was placed through the medial
window to drill a 1-mm guide wire into the medial and
inferior aspect of the fracture crater (Figure 4). Care was
taken to ensure a 1-cm bone bridge on the AM tibial cortex
between the guide wires.
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Figure 4. Arthroscopic view of the placement of guide wires in relation to the
posterior cruciate ligament (PCL) tibial avulsion fragment (F: PCL tibial avulsion
fragment; C: Fracture crater; GW: Guide wire)

One end of a No. 2 fiber wire was passed from the AM
portal into the PM compartment through the lateral
window and retrieved through the low PM portal. The
other end of the fiber wire was passed through the AM
portal into the PM compartment through the medial
window and retrieved through the low PM portal. The two
ends of the fiber wire were synched to loop the PCL at the
junction of its attachment with the tibial bony avulsed
fragment. An arthroscopic knot pusher passed through
the low PM portal was used to place four to five snugly
fitting half hitches around the PCL at its attachment with
the avulsed bony fragment. This step was repeated with a
second No. 2 fiber wire. Thus, two sets of half hitches were
snugly placed around the PCL, creating a double suture
bridge posterior to the avulsed PCL tibial bony fragment.

A 4.5-mm endoscopic reamer was used to ream, from
anterior to posterior, over the previously placed guide
wires. Protection from posterior migration was provided by
the PCL elevator during this step to avoid any neurovascular
injury. Thus, two tunnels are created - medial and lateral -
from the AM tibia into the fracture crater. One suture
shuttle is passed through each tunnel from the AM cortex
into the posterior compartment and retrieved through the
low PM portal. Each suture shuttle is used to shuttle one end
of each of the two fiber wires from the PM compartment
onto the AM cortex. The two ends of each fiber wire were
synched in an anterior direction to make the half hitches
taut, which in turn, compressed the PCL tibial avulsion
fragment into the fracture crater. Reduction was confirmed,
and the two ends of each fiber wire were knotted over the
AM bony bridge (Figure 5). The knee was taken through a
ROM to confirm the stability of fixation.

Figure 5. Arthroscopic view of the fixed posterior cruciate ligament (PCL) tibial
avulsion fracture using the double suture bridge
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Postoperatively, the knee was placed in a long knee
brace with a pad placed posterior to the proximal aspect of
the calf muscles. Ankle pump exercises, static quadriceps
sets, and active straight leg raises were started
immediately after surgery. Active knee bending was
started as per pain relief, usually from the second
postoperative day. Bedside knee bends and prone knee
bends were started after four weeks. The patients were
mobilized non-weight-bearing till four  weeks
postoperatively. Full weight-bearing with a long knee
brace was allowed after four weeks. The long knee brace was
discontinued after two months. The patients were allowed to
run, jump, and do sporting activities after six months.

Postoperative knee ROM was noted on the first- and
second-month follow-up visits. The third month, the sixth
month, one-year, two-year, and three-year follow-ups were
done as follows: patient complaints of pain, locking,
clicking, sensation of giving way, and swelling, clinical
examination for tenderness, ROM, McMurray’s test and tests
for instability, and Lysholm Knee Score.

At the latest follow-up, patient satisfaction with
respect to knee pain, ROM, stability, and return to the
previous activity level was noted.

Results

Of the 24 patients included in the study, 21 were men
and three were women, with a mean age of 36.4 years
(range: 22 to 46 years). The left knee was involved in 8
cases, and the right knee in 16 cases. All the patients had a
knee injury following which their knee complaints
started. Fourteen patients had a road traffic accident, and
ten patients had a twisting knee injury due to a fall. The
patients presented at a mean duration of 4.6 weeks (range:
1to 10 weeks) from injury.

All patients presented with chief complaints of knee
pain. Two patients complained of clicking and locking. Six
patients complained of the sensation of giving way, and 11
patients had knee swellings. Tenderness over the back of
the knee was observed in fourteen patients. Twelve
individuals exhibited complete knee ROM, while the
remaining patients had an average ROM of 71.7 degrees,
with a range of 30 to 120 degrees. McMurray’s test was not
performed in 12 patients due to incomplete knee ROM.
This test was positive only in one patient who had a medial
meniscus tear. The posterior drawer test was performed in
20 patients and was positive (grade 3: n =10, grade 2: n=10)
in all. Lachman’s test for posterior instability was
performed in all the patients and was positive in all (grade
3: n =13, grade 2: n = 11). Other tests for instability (varus
stress, valgus stress, dial test, anterior drawer, and
Lachman’s test for anterior instability) were negative. The
pre-operative Lysholm Knee Score was not calculated for
seven patients due to non-functional knee status at the
time of presentation. The mean Lysholm Knee Score of
the remaining patients (n = 17) at the time of presentation
was 60.5.

On X-ray of the knee, all patients had a PCL tibial bony
avulsion fracture (Figure 1). MRI of all patients confirmed
the diagnosis and showed an intact PCL (Figure 2), with
one patient having a medial meniscus and one patient
having a lateral meniscus tear.

Diagnostic arthroscopy confirmed the findings of PCL
tibial avulsion fracture with an intact PCL in all the
patients. All of the patients were free from any chondral
lesions. One patient had a lateral, and one patient had a
medial meniscus tear.
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Ten patients achieved full knee ROM by the end of the
first month, and all except two patients achieved full knee
ROM by the end of the second month. All fractures united
by two months postoperatively.

At three-month follow-up, 16 patients complained of
pain in the knee. None of the patients complained of
clicking, locking, or the sensation of giving way. Two
patients had knee effusions in the postoperative period,
which settled down with exercise restriction and anti-
inflammatory medications (indomethacin 25 mg, three
times daily) for three days. All, except two patients, had
full knee ROM. These two patients had a terminal 20-
degree restriction of flexion. Nine patients had posterior
knee joint tenderness. McMurray'’s test was negative in all,
and six patients had grade 1 posterior instability. The
mean Lysholm Score at three months follow-up was 86.6
(range: 57 to 99).

At six-month follow-up, five patients had intermittent
knee pain. None of the patients had any knee locking,
clicking, the sensation of giving way, or swelling. All,
except two patients, had full knee ROM. These two patients
had a terminal 20-degree restriction of flexion. Two
patients had posterior knee tenderness. McMurray’s test
was negative in all, and six patients had grade 1 posterior
instability. The mean Lysholm Score at six-month follow-
up was 96.5 (range: 76 to 100).

At one-year follow-up, two patients had intermittent
knee pain. None of the patients had any knee locking,
clicking, the sensation of giving way, or swelling. All,
except one patient, had full knee ROM. This patient had a
terminal 20-degree restriction of flexion. One patient had
posterior knee tenderness. McMurray’s test was negative
in all, and six patients had grade 1 posterior instability. The
mean Lysholm Score at one-year follow-up was 98.8 (range:
85 to 100).

At two-year follow-up, the same two patients had
intermittent knee pain. None of the patients had any knee
locking, clicking, the sensation of giving way, or swelling. All
patients had full knee ROM. One patient had posterior knee
tenderness. McMurray’s test was negative in all, and six
patients had grade 1 posterior instability. The mean Lysholm
Score at two-year follow-up was 99.1(range: 87 to 100).

At three-year follow-up, two patients had intermittent
knee pain. None of the patients had any knee locking,
clicking, the sensation of giving way, or swelling. All
patients had full knee ROM. None of the patients had any
knee tenderness (Table 1). McMurray’s test was negative in
all, and six patients had grade 1 posterior instability. The
mean Lysholm Score at three-year follow-up was 99.4
(range: 91to 100).

Table 1. Post-operative problems on follow-up duration (n =24)

Follow-up 3months 6months  1year 2year  3year
Pain 16 5 2 2 2
Click 0 0 0 0 0
Locking 0] 0 ] ] [
Giving way sensation 0 0 0 0 0
Knee effusion 2 0 ] ] [
Restricted ROM 2 2 1 0 0
Posteriorjoint line tenderness 9 2 1 1 1

ROM: Range of motion

At the latest follow-up, all the patients were satisfied
with their knee function with respect to pain, ROM, and
stability and had resumed their previous level of activities.

Discussion

The present study was done to study the clinical results
of fixation of PCL tibial avulsion fractures using the double
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suture bridge technique. Displaced PCL tibial bony
avulsion fractures need operative intervention as
immobilization fails to obtain a reduction of the fracture
fragment into its crater, resulting in non-union and
posterior instability. The knee joint did not experience any
clicking, locking, or giving way sensation in almost all
patients following surgery. More than half of the patients
complained of knee pain at 3 months which was reduced
in further follow-up. Some patients had joint line
tenderness initially. No one had shown any joint line
tenderness at 3 years after surgery.

Open reduction requires a posterior approach, which
is not without risk to the complex anatomy of the
popliteal fossa (10). Postoperative swelling from tissue
edema can cause compartment syndrome. Retraction of
soft tissue can cause traction neuropraxia of the common
peroneal nerve. Arthroscopic reduction avoids any
posterior dissection, and hence minimizes the risk of
injury to the posterior structures. Arthroscopy allows
magnified vision with bright illumination and accurate
reduction. Femoral and patellar chondral defects and
concomitant tears of the ACL and menisci have been found
in association with PCL injuries (7). The arthroscopic
technique, unlike the open approach, allows full
exploration of the knee joint for these pathologies and
their management in the same stage (13, 20, 21).

A variety of fixation techniques have been used to fix
these fractures arthroscopically, some of them being
screws (antegrade, retrograde), anchors (4), sutures (22),
Kirschner wires (K-wires) (23), and wire loops. Most PCL
tibial avulsion fractures are just a sliver of bone being held
together by the fibers of the PCL. The fracture bed is of
poor bone quality due to the fracture. Invariably,
comminution is noted during arthroscopy. Conservative
treatment fails to re-establish the normal biomechanics of
the knee (24).

Screws cannot be used in comminuted PCL tibial
avulsion fractures. Insertion of screws for fixation needs
drilling to be done, which can cause comminution of the
bony fragment (13). There is a risk of screws backing out
and causing injury to the posterior neurovascular
structures during the postoperative period, and may need
hardware removal. Pardiwala et al. reported a 12%
incidence of implant-related problems when screws were
used for fixation (6). K-wires have an insecure fixation, and
there is a possibility of migration. All metal implants can
affect future knee imaging due to metal artifacts and can
interfere with any other future knee surgery (25-28).

The use of pull-through sutures to fix the PCL tibial
avulsion fracture has many advantages over the previously
discussed metal fixation options. Sutures hold the
fragment at the bone-ligament interface, and thus have a
very good hold even in comminuted fractures (24). The use
of sutures does not need drilling of the avulsed fragment,
and thus can be used even in comminuted fractures.
Secure and stable fixation is obtained as the free ends of
the sutures are tied to each other over the AM tibial
cortical bridge. Sutures do not need removal and neither
cause any artifact in future imaging nor interfere with any
future knee surgery.

The double suture bridge technique, while retaining all
the advantages of the use of sutures for fixation, creates a
diverging bridge of sutures over the posterior aspect of the
PCL tibial avulsed fracture fragment, similar to the suture
bridge construct used for rotator cuff repair in the shoulder,
and gives uniform compression in a direction perpendicular
to the fracture, hence reducing chances of nonunion.

J Orthop Spine Trauma. 2024; 10(3): 119-23.
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As the fixation obtained by the double suture bridge

technique is secure, the ROM of the knee can be started
immediately postoperatively, and hence the chances of
stiffness are far less (23). In the present study, knee ROM
was started on the second postoperative day, and full knee
range was obtained in all but two patients by the second
postoperative month. This technique produces uniform
compression across the fracture, and hence chances of
nonunion are very low. In the present study, all the
fractures were united by two months postoperatively.

The drawbacks of the present study are the small

number of patients and lack of a control group in the study.

Conclusion

The arthroscopic double suture bridge technique is an

effective method for the fixation of PCL tibial bony
avulsion fractures with respect to knee stability, ROM, and
resumption of pre-injury activity level.
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