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Abstract

Several operative techniques have been described for operative treatment of posterior cruciate ligament (PCL) avulsion injuries.
Here we introduce a new arthroscopic suture technique for the treatment of PCL avulsion fracture using Scorpion suture passer.
Three standard portals of anteromedial, anterolateral, and posteromedial are established along with the central trans-patellar ten-
don portal, if necessary. A Scorpion suture passer and No. 2 FiberWire were used to put two sutures at the base of the PCL-bone
interface. After reducing the fragment, a tibial target guide for PCL was used to make a tunnel at the center of the fracture site and
the fragment, if possible. An Endotack is used to fix the sutures at the anterior border of the tibia. This is a practical technique with
a short learning curve and biomechanically stable fixation.
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1. Background

Dashboard injury and hyperflexion of the knee is the
most commonly reported mechanism of tibial avulsion
fracture of PCL (1, 2). However, effective management and
indications for operative treatment of PCL avulsion in-
juries are still controversial. Recent studies have proposed
surgical reattachment as a better approach in comparison
with conservative treatment (3-7). Hence, to obtain excel-
lent functional results, a displaced or unstable bony avul-
sion of PCL should be anatomically reduced and rigidly
fixed.

Several operative techniques have been described and
recommended. Open reduction with internal screw fixa-
tion through a posterior approach has been reported as a
suitable approach for stability achievement (4, 5). Given
the deep location of the PCL and the complexity of the
anatomy, minimally invasive arthroscopic techniques (1-3,
7-10) have been developed.

Here we introduce a new arthroscopic suture tech-
nique for the treatment of PCL avulsion fracture using Scor-
pion suture passer, which is easy to perform with repro-
ducible results.

2. Methods

The diagnosis is established by history taking, clinical
examination, and radiographic evaluation. The patients
are selected for arthroscopic PCL avulsion fixation if there
is a large displaced avulsion fracture fragment on the tib-
ial side that seems susceptible to further displacement ac-
cording to our clinical judgment. Besides, comminuted or
small fragment PCL avulsions, which show more than 10
mm of post tibial translation in stress radiographs, are in-
cluded as well. Those with a significant ligamentous injury
in medial or lateral side according to varus-valgus stress
tests and dial test are excluded.

2.1. Surgical Technique

A thorough physical examination of the affected lower
extremity is performed under spinal or general anesthesia
to confirm the diagnosis. The injured knee is prepared and
draped in the supine position with a high tourniquet ap-
plied. With the knee flexed to 90 degrees, the standard an-
teromedial, anterolateral, and posteromedial portals are
located at their standard position; i.e. 1 cm medial to the
medial border of the patellar tendon, 1 cm lateral to the
lateral border of the patellar tendon, and 1 cm posterior
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to the posteromedial margin of femoral condyle, respec-
tively. One cm above the joint line is almost always the safe
distance from the menisci.

The injured joint is then inspected using a 30-degree
arthroscope introduced through the anteromedial and an-
terolateral portals and any concomitant meniscal injury
is treated accordingly. The posteromedial compartment is
visualized by advancing between the PCL and the medial
femoral condyle; a 20-gauge needle is penetrated to the
joint to ascertain the location and direction of the portal
(Figure 1). Hence, the posteromedial portal is made under
direct vision.

Figure 1. The Posteromedial Portal is Made Under Direct Vision Using a 20-Gauge
Needle to Ascertain the Location and Direction of the Portal.

Scoping through the anteromedial portal, a power
shaver is placed in the posteromedial compartment
through the posteromedial portal; the hematoma and
hypertrophic synovium behind the PCL is debrided (Fig-
ure 2). The free bony fragments are also removed using a
curette and graspers and the fracture crater is explored as
much as possible; however, the fragments connected to
the PCL fibers or menisci are left untreated.

Scoping through a 70-degree arthroscope through the
posteromedial portal, the main fragment attached to PCL
is temporarily reduced into its anatomic position; mild
anterior drawer force to the proximal tibia in conjunc-
tion with a probe entered from an accessory central trans-
patellar tendon portal (Figure 3) is helpful to manipulate
the fragment. If necessary, we shave more synovium and
debride the crater again to make a near anatomic reduc-
tion of the main fragment possible.

By changing the scope to the posteromedial portal,
the base of PCL is viewed at its insertion into the main

Figure 2. A Power Shaver is Placed in the Posteromedial Compartment and the Frac-
ture Crater is Explored as Much as Possible.

Figure 3. The Placement of Accessory Central Trans-Patellar Tendon Portal

fragment. A Scorpion suture passer (Arthrex, Naples, Fla)
loaded with No. 2 FiberWire (Arthrex) is introduced to the
base of PCL through the central trans-patellar tendon por-
tal and shot (Figure 4). To ascertain a firm fixation, an-
other suture is passed in the same manner and 4 strands
are taken out the trans-patellar portal.
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Figure 4. A Scorpion Suture Passer (Arthrex, Naples, Fla) Loaded with No. 2 FiberWire
(Arthrex) is Introduced to the Base of PCL Through the Central Trans-Patellar Tendon
Portal.

Scoping through the posteromedial portal, the frac-
ture reduction is restored again by appropriate manipula-
tion. A tibial target guide for PCL (Karl Storz, Tuttlingen,
Germany) is introduced through the trans-patellar entry
and rested on the PCL avulsion fragment to keep its reduc-
tion (Figure 5). A small stab incision is made 1 cm medial
and distal to the tibial tubercle. A 2.7 cm threaded guide
pin is inserted from the anteromedial cortex of the tibia
to penetrate the center of the fracture site, and if large
enough, it passed through the main fragment; this may
temporarily stabilize the fragment. In order to prevent any
injury to the posterior structures, the emergence of the
guide wire must be directly observed through the postero-
medial portal. With the tibial target guide kept in position,
the wire is overdrilled with a 4.5 mm cannulated drill.

The guide wire is removed and a suture grasper is in-
serted through the tibial tunnel to pull back the two ends
of the sutures. Alternatively, a double strand looped wire
is put in through the tibial tunnel and the looped tip
grasps out the trans-patellar portal. The two ends of the su-
tures are connected with the looped tip outside the trans-
patellar portal and pulled in the tibial tunnel. Care must be
taken not to engage ACL fibers by passing the looped wire
and strands medial to ACL.

With continuous tension over the sutures, the knee is
taken through a few cycles of a gentle range of motion to
condition the PCL, bony fragment, and sutures. The two
ends of the sutures are then knotted to a 16 mm wide Endo-
tack (Karl Storz, Tuttlingen, Germany) at the anterior open-
ing of the tibia with the knee in full extension; continuous

Figure 5. A Tibial Target Guide for PCL Rested on the PCL Avulsion Fragment to Keep
Its Reduction Through the Trans-Patellar Portal.

tension over the suture and a posterior to anterior force to
the proximal tibia decrease the risk of PCL loosening.

Before closing the wound, the knee is taken through a
full range of motion; posterior drawer test is performed
to confirm knee stability and appropriate reduction of
the bony fragment and tightness of the PCL are checked
arthroscopically (Figure 6). If necessary, the tension over
PCL can be increased by twisting the Endotack over the
tibia (Figures 7 - 9).

2.2. Postoperative Management

A hinged knee brace locked in full extension is ap-
plied for the first 2 weeks to prevent extension limitation.
Quadriceps muscle strengthening, patella manipulation,
and toe touch weight bearing using crutches are encour-
aged the day after the operation. At the 3rd week, the pro-
tected range of motion exercises is started aiming at 120 de-
grees flexion at 6 weeks; partial weight bearing is permit-
ted, as well. The brace is removed at the 8th week and the
patient can increase activity as convenient.

At 4 months interval, knee function is assessed accord-
ing to the Lysholm Knee Scoring system, which includes
eight items of pain, swelling, limp, support using cane or
crutches, climbing stairs, instability, squatting, and lock-
ing sensation in the knee. Treatment efficacy was classified
based on the Lysholm Knee Scoring Scale, as follows: excel-
lent for > 85 points; good for 70 - 85 points; intermediate
for 60 - 69 points; and poor for < 60 points.
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Figure 6. PCL Tibial Avulsion Reduction is Confirmed Through the Posteromedial
Portal.

3. Results

A total of 12 patients (1 female and 11 males) with a mean
age of 24.1 ± 6.0 were recruited (min: 18; max: 37). All
the patients reported a dashboard injury (10 MCA and 2
CC). Associated fractures in the same lower limb were ob-
served in 2 cases, one with femoral shaft fracture who un-
derwent nail interlocking and another with comminuted
patella fracture who underwent partial patellectomy. The
mean duration between PCL avulsion fracture and arthro-
scopic fixation was 7 ± 2.7 days. We considered a delay of
7 - 10 days between the trauma and arthroscopy to provide
the knee joint with appropriate capsular healing in order
to prevent fluid extravasation. In cases of associated frac-
tures, the major fractures were addressed in the first few
days and the PCL avulsion was fixed within 7 days. All the
patients were followed up for at least 4 months. A satisfac-
tory near anatomical reduction of the main fracture frag-
ment was obtained in 9 patients, while all of the operations
were successful in obtaining a functional PCL.

A good wound healing was achieved in all the patients
with no acute or late infection. The only significant com-
plication was breakage of the tip of Scorpion needle in one
patient, which was not removable.

The total Lysholm Score in the study population was
80.6 ± 20.2 (min: 40; max: 100), showing 3 patients with
poor functional outcome; two with associated limb frac-
ture reported poor Lysholm Score and the 3rd patient with
poor score was an 18-year-old girl who suffered major de-

pression and did not cooperate in the follow-up physio-
therapy (Table 1).

Table 1. Functional Outcome According to Lysholm Score in the Study Population

No. (%) (n = 12)

Excellent > 90 5 (41.7)

Good 84 - 90 3 (25.0)

Fair 65 - 83 1 (8.3)

Poor < 65 3 (25.0)

Associated meniscal injury requiring arthroscopic re-
pair was present in 5 patients all of which underwent
inside-out suture fixation or partial meniscectomy for the
associated meniscal tear (Table 2). The patients with no
meniscal tear recorded a significantly better Lysholm score
(P value = 0.05). However, the 2 patients with associ-
ated limb fracture who reported a poor Lysholm score
had a concomitant meniscal tear, as well. Hence, in a sec-
ond analysis, we excluded the 2 patients with associated
limb fracture (analyzing 10 remaining patients) and this
time there was no significant difference between the two
groups regarding final Lysholm score (P value = 0.106), sug-
gesting that the benefit of arthroscopic surgery for treat-
ing concomitant injuries may result in equal functional
outcome in the two groups.

Table 2. Lysholm Score According to an Associated Meniscal Injury Requiring
Arthroscopic Repair in All of the Patients and After Excluding Patients with Associ-
ated Limb Fracture

Lysholm Score No. (%) Mean Lysholm Score P Value

Lysholm Score According to an Associated Meniscal Injury Requiring Arthroscopic Repair in “all of the Patients” (n = 12)

Meniscal tear 5 (41.7) 68.0 ± 25.6 0.05

No meniscal tear 7 (58.3) 89.6 ± 9.1 0.05

Lysholm Score According to Associated Meniscal Injury “After Excluding Patients with Associated Limb Fracture” (n = 10)

Meniscal tear 3 (30.0) 83.3 ± 20.1 0.106

No meniscal tear 7 (70.0) 89.5 ± 9.1 0.106

The operation was uneventful in all 12 patients, with
a mean duration of 113.3 ± 36.8 (range 60 - 155) minutes.
There was no significant correlation between duration of
surgery and final Lysholm score (r = -0.16, P value = 0.612).
However, there was an obvious progressive learning curve
in our institution (Figure 10).

No posterior sagging was found in 8 patients while
grade 1 - 2 posterior sagging was found in 4 patients, exam-
ined in posterior stress examination at the fourth month
of follow-up; however, no patient showed a grade 3 sag-
ging. Mean body mass index (BMI) was recorded as 22.2
± 3.2 in the study population; however, considering BMI
as a confounding variable, no significant association was
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Figure 7. Anteroposterior and Lateral Pre- and Postoperative Radiographs of a Patient Using Endotack for Distal Fixation

Figure 8. Anteroposterior and Lateral Pre and Postoperative Radiographs of a Patient Using Endobutton for Distal Fixation

Figure 9. Anteroposterior and Lateral Pre and Postoperative Radiographs of a Patient with Partial Patellectomy.
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Figure 10. The Progressive Learning Curve in Arthroscopic Fixation of PCL Avulsion
Fracture Treatment.

found between final Lysholm score and BMI (P value >
0.05).

4. Discussion

Treatment approaches for PCL avulsion fracture are
based mainly on open surgery (4, 5). However, arthro-
scopic surgeries are newly proposed to assist in lessening
the neurovascular risks with the benefit of better cosmetic
results. Open surgeries are usually performed through the
traditional posterior or posteromedial approaches (4, 5).
Disadvantages of these approaches include decreased the
range of motion due to large amounts of soft tissue scar
after dissection to access the anatomic insertion site of the
PCL deep within the posterior tibial plateau. The proximity
of the popliteal neurovascular bundle also makes the open
surgery a high-risk procedure. The trauma to the medial
head of the gastrocnemius to enhance exposer of the avul-
sion site can lead to postoperative weakness of the muscle
(4, 5).

On the other hand, using arthroscopic techniques, one
can address concomitant lesions, such as meniscal tears.
Besides, using less surgically invasive procedures, which
eliminate the need for exposure of the posterior capsule
and muscles, results in decreased soft-tissue damage and
scar formation (1-3, 7-11).

After the first experimental arthroscopic fixation of
avulsion fracture of PCL in cadaveric knees in 1988, (12)
many attempts have been made to provide the orthope-
dic world with new practical and less invasive approaches
towards this avulsion fracture. However, introducing less
technical demand and less time consuming one that cov-
ers both large and small fragment comminuted fractures
has always been enthusiastic.

As for PCL reconstruction surgeries that are technical
demand, PCL avulsion fixation using arthroscopy needs
skillful handling of the instruments in the posterior com-
partment of the knee. However, the simplicity of using
Scorpion suture passer to put the suture around the PCL
shortens the learning curve. We believe the surgical time
necessary for this method is as little as 45 minutes in expe-
rienced hands and if even performed by general orthope-
dic surgeons, it is comparable to that of open surgery.

Biomechanically thinking, although we pull the su-
ture anterior-distally through the tibial tunnel, putting
the end of the tunnel at the base of the fracture turns the
force directed along the PCL fibers. This helps have a func-
tional PCL despite a non-anatomic reduction in commin-
uted fractures until union occurs at the bone-tendon inter-
face. In open surgical approaches, despite a rigid bony fix-
ation, the associated PCL ruptures are ignored, making fu-
ture PCL reconstruction sometimes inevitable (4, 5).
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Our technique is practical to ascertain a reliable fixa-
tion in comminuted and small fragment fractures. Leav-
ing comminuted fragments with small attachments to
the posterior capsule or PCL fibers in site improves bone-
tendon healing process while having a functional PCL re-
stored. However, completely detached fragments with a
tendency to form intra-articular loose bodies are debrided.

Here we presented a technical note that is the first de-
scription of Scorpion suture passer usefulness, as a user-
friendly device in arthroscopy and in arthroscopic fixation
of PCL avulsion in the literature. Further assessment of the
technique needs a clinical trial study comparing the con-
ventional open surgical procedure and the arthroscopic
surgery in long term, considering the ethical concerns in
this regard (13).
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