Case Report

https://doi.org/10.14517/aosm20007
eISSN 2289-0068

Arthroscopic modular suspensory fixation of posterior
cruciate ligament tibial avulsion fracture: a novel technique
Joel Lee Zhao Jie, Lushun Wang
Department of Orthopaedics, Ng Teng Fong General Hospital, Singapore

Displaced posterior cruciate ligament (PCL) tibial avulsion fractures lead to knee instability and often require anatomic
reduction and fixation to restore function. We describe an arthroscopic modular suspensory fixation method using a
novel double Endobutton construct. The patient was a 42-year-old male who sustained the above injury in a motorcycle
accident. Radiographic imaging showed a displaced fragment measuring 3.1 cm × 2.6 cm × 1.5 cm. The patient subsequently underwent arthroscopic surgical fixation 13 days after the initial injury. Standard and posteromedial arthroscopic portals were created and the fragment was reduced with a tibial PCL drill guide and temporarily held by a 2.4-mm
guidewire. Subsequently, a double Endobutton construct, which was created with two UltraTapes, a 10-mm titanium
ULTRABUTTON, and a 15-mm round titanium XTENDOBUTTON that was introduced, tightened, and fixed distally with
another round 15-mm XTENDOBUTTON as well as a suture anchor augmentation. The patient recovered well and was
last reviewed in the clinic 8 weeks postoperatively with a good clinical outcome. The authors believe that this novel modification to the previously established transtibial all-inside Endobutton technique allows for the optimal distribution of
compression pressure and reduces the risk of button pull through and should be considered in such cases in the future.
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INTRODUCTION
The posterior cruciate ligament (PCL) of the knee is the
primary static restraint to the posterior displacement of
the tibia on the femur and is critical to the posterior stability of the knee. A disruption of the PCL leads to knee
instability and early degenerative changes [1]. The incidence of PCL injuries ranges from 3% to 38% of all knee
injuries [2] and is typically due to either dashboard injuries or knee hyperextension injuries [2]. They can either
present as intra-substance tears or avulsion fractures.
In particular, tibial avulsion fractures of the PCL are the
most common form of isolated bony disruption [2]. Presently, the general consensus for managing PCL avulsion
injuries, if clinically unstable, is for anatomic reduction
and fixation to restore knee mechanical stability and re-
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duce the risk of fracture nonunion [3]. The current techniques in performing such procedures include an open
posterior approach with either screw or wire fixation or
a minimally invasive arthroscopic approach with either
suture/wire/screw fixation depending on the size of the
bony avulsion. Song et al. [3] in a systematic review in
2018 noted no observable differences between the open
and the minimally invasive approaches with all studies
showing satisfactory functional and clinical outcomes
with similar biomechanical properties [3,4]. The purported advantages of the arthroscopic approach include
the ease of access to a deep structure with a reduced
risk of damaging critical neurovascular structures, direct
fracture reduction visualization, and ability to address
concomitant intra-articular pathology, such as meniscal
tears or osteochondral loose fragments [3], is especially
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useful.
Although a variety of fixation devices exists in the arthroscopic management of these injuries (suture anchors,
suture fixation, cannulated partially threaded screws,
button fixation), the authors opted to use an all-inside
suspensory modular button fixation that offers surgeons
variability in choosing the size of the button construct
to match the size of the bony avulsion [1]. This primarily allows optimum compression across the fracture site
in large fragments. Secondarily, it prevents button pull
through in soft bone or comminuted fragments. In this
paper, we describe a novel modification to this technique
to further augment the fixation with satisfactory results.

CASE REPORT
A 42-year-old male, who was a food delivery rider, was involved in a road traffic accident on a highway in which he
self-skidded and fell to the left side while riding a motorcycle. He complained of left knee pain and swelling and
an examination revealed a left knee effusion with reduced
range of motion and tender joint lines. Moreover, his left
knee showed a significant posterior sag with a positive
posterior drawer test. Radiographs showed a displaced

large avulsion fracture of the PCL tibial attachment involving the posterior root of the lateral meniscus (Fig.
1A), and this was confirmed on subsequent magnetic
resonance imaging (MRI) and computed tomography
scans (Fig. 1B, C). The fragment measured 3.1 cm × 2.6
cm × 1.5 cm in size. No associated ligamentous or meniscal injuries were noted. The patient was initially placed
on a long leg backslab and underwent an arthroscopicassisted Endobutton fixation of the PCL tibial attachment
avulsion fracture 13 days after the initial injury.
Intraoperatively, the patient was observed to have a
grade 3 posterior drawer test with a grade 3 posterior sag.
No meniscal substance injuries were seen and the anterior cruciate ligament was noted to be intact, but floppy
during the arthroscopic examination of the knee. He was
placed in a PCL brace with the knee locked in extension
postoperatively for 6 weeks and instructed for non-weight
bearing on the affected limb. He was discharged home
on postoperative day 1, with satisfactory radiographs (Fig.
2A).
The left knee was reviewed in the outpatient clinic at 2
weeks postoperatively with healed wounds and the clinical examination revealed a firm posterior drawer < 1+
with good endpoint (Fig. 2B). He was then allowed weight
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Fig. 1. (A) Initial anteroposterior (AP) and lateral radiographs of the left knee. (B) Computed tomography scan images (coronal/sagittal/axial) of the left
knee. (C) T2-weighted magnetic resonance imaging (coronal/sagittal/axial) of the left knee.
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bearing and progressive range of motion. At 6 weeks
postoperatively, he had satisfactory radiographs (Fig.
2C) with a knee range of motion of 0°–100° and a firm
posterior drawer < 1+ with good endpoint. No pain was
observed on deep knee flexion and no tenderness on palpation of the popliteal fossa. He was advised to continue
with the brace for 2 more weeks. On the latest follow up
at 8 weeks postoperatively, radiographs showed fracture
healing with early callus formation (Fig. 2D).

Operative technique
The patient was positioned supine under general anesthesia and a thigh tourniquet was used. The examination
revealed a grade 3 posterior drawer test with a grade 3
posterior sag. Standard anteromedial and anterolateral
knee portals were established and a diagnostic arthroscopy was performed. The menisci were normal, and the
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Fig. 2. (A) Immediate postoperative radiographs of the left knee. (B) Radiographs of
the left knee at 2 weeks postoperatively.
(C) Radiographs of the left knee at 6
weeks postoperatively. (D) Radiographs
of the left knee at 8 weeks postoperatively.

Fig. 3. (A) Posterior cruciate ligament
tibial fragment. (B) Intraoperative imaging of the fracture reduction with tibial jig
and implant placement.

anterior cruciate ligament was noted to be intact, but
floppy. The PCL tibial fragment was noted to involve the
central tibial plateau involving the posterior root of the
lateral meniscus and cartilage surface (Fig. 3A). High and
low dual posteromedial portals were then created. The
fracture bed was debrided with a shaver and an ablation
tool. The tibial PCL drill guide was then introduced into
the joint to reduce the fracture fragment by use of its tip
under direct visualization.
The drill sleeve was then placed on the anteromedial
tibial cortex, and a 2.4-mm guidewire was inserted aiming for the central portion of the avulsion fragment for
temporary reduction. The guidewire was then overdrilled to a 4.5-mm diameter under an image intensifier
guidance (Fig. 3B). A nitinol wire was introduced after
the guidewire was removed via the shuttle relay technique and this was retrieved from the low posteromedial
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portal. A double Endobutton construct was fashioned
with two UltraTapes, a 10-mm titanium ULTRABUTTON
(Smith & Nephew, London, UK), and a 15-mm round
titanium XTENDOBUTTON (Smith & Nephew). The ULTRABUTTON was joined together with the round XTENDOBUTTON by bone wax (Fig. 4A). The construct was
subsequently introduced into the tunnel via the nitinol
wire (Fig. 4B). The button was deployed with a grasper
from the low posteromedial portal and anchored down
on the tibial fragment (Fig. 4C). After, the construct was
tightened to achieve complete reduction and fixed distally with a 15-mm round titanium XTENDOBUTTON
(Smith & Nephew) with an anteriorly directed force applied to the tibia with the knee flexed to relax the PCL.
The tibial fixation was secondarily augmented with a suture anchor distal to the tibial button.

DISCUSSION
PCL tibial avulsion fractures can be broadly divided into
two main subgroups: displaced or undisplaced/minimally displaced. While nonoperative management is
recommended for the undisplaced/minimally displaced
group, surgical management is often required for the
displaced group to restore stability and prevent future
degenerative changes [5]. Recent literature has also recommended surgical fixation even in minimally displaced
fractures if patients exhibit clinical signs of instability (>
Grade 2 posterior drawer test [10-mm displacement] or
Grade 3 posterior sag) [2].

In literature, PCL tibial avulsion fractures were managed with open surgical treatment with a posterior or
posteromedial approach to the knee. However, this poses
several dangers [1]: (1) inadvertent popliteal neurovascular bundle injury owing to its close proximity; (2) difficult
access, exposure, and reduction of the bony avulsion
owing to the deep anatomical insertion site of the PCL
within the posterior tibial plateau; and (3) postoperative
scar tissue leading to possible gastrocnemius muscle
weakness and reduced knee range of motion. On the
other hand, arthroscopic approaches, which have been
increasingly popular in recent years, are able to avoid the
above issues and address concomitant lesions, such as
chondral or meniscal tears. This was the rationale behind
the decision of the authors to arthroscopically address
the PCL tibial avulsion fracture of the patient. Presently,
there exists a variety of arthroscopic fixation techniques,
such as wires, sutures, and screws. Kim et al. [6] proposed
that the type of fixation method should be guided by the
size of the avulsed fragment. Small fragments (defined
as < 10 mm) were fixed with sutures, medium fragments
(defined as 10–20 mm) were fixed with Kirschner wires,
and large fragments (defined as > 20 mm) were fixed with
cannulated screws. For this case, the fragment was large,
measuring 3.5 cm and involving the attachment site of
the posterior horn of the lateral meniscus with a weightbearing cartilage (Fig. 3A). The authors opted to use a
transtibial all-inside suture suspensory device with an
Endobutton construct. This technique has been previously described by Gwinner et al. [1] using the Arthrex
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Fig. 4. (A) Components of the Endobutton construct. (B) Introduction of the
Endobutton construct into the tunnel. (C)
Arthroscopic images of the Endobutton
construct. SNN, Smith & Nephew.
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Button pulled through the
thin PCL avulsion fragment
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Fig. 5. (A) Coronal and sagittal views of the computed tomography scan
of the posterior cruciate ligament (PCL) avulsion fracture. (B) Intraoperative imaging showing the button pull through of the thin PCL avulsion
fragment.

TightRope device, and the advantages of this fixation
method are the ability to arthroscopically and radiographically visualize the reduction of the fracture and
avoid the need for hardware removal.
However, one drawback of the abovementioned
technique is the thin 10-mm Endobutton, which was
designed to sit on a stronger cortical bone. In avulsion
fractures, this can lead to button pull through for soft
bone or thin/comminuted fracture fragments. This has
been seen in one of our prior cases (Fig. 5).
As such, we decided to modify the above technique by
augmenting the thin 10-mm Endobutton with a larger
circular 15-mm button (Fig. 4A). This was achieved by
joining them together using bone wax. The advantages

of the modification include: (1) the larger button on the
button construct allows for optimal distribution of compression pressure to the fracture site allowing better bony
healing [1] and (2) the larger surface of this construct
negates the risk of button pull through, which as per the
experience of the authors, a not uncommon risk in soft or
comminuted bone.
The present study has several limitations. As this is a
single case report with a limited follow-up period, we are
unable to conclude if this modification leads to any significant clinical impact. Furthermore, one consideration
is that the 4.5-mm drill hole might break smaller/thinner bony avulsion fractures especially in patients with
significant osteoporosis. Furthermore, we accept that the
presence of this Endobutton may complicate future PCL
reconstruction surgeries and may require removal for
an accurate graft tunnel placement. Lastly, this surgical
technique is unable to address concomitant intra-ligamentous injuries of the PCL (intra-substance tear). We
recommend that an MRI scan of the knee be performed
for all tibial avulsion fractures of the PCL to exclude this
before proceeding with the fixation surgery.
In conclusion, the authors believe that the all-arthroscopic treatment of unstable PCL tibial avulsion
fractures with a modular button-on-button construct
is a reproducible and improved surgical technique over
previously described button techniques. The button-onbutton modification allows construct customization for
larger fragments, which thereby optimizes fracture site
compression and negates risk of button pull through in
soft and/or comminuted bone.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was
reported.

REFERENCES
1. Gwinner C, Kopf S, Hoburg A, Haas NP, Jung TM. Arthroscopic
treatment of acute tibial avulsion fracture of the posterior cruciate ligament using the TightRope fixation device. Arthrosc Tech
2014;3:e377-82.
2. Katsman A, Strauss EJ, Campbell KA, Alaia MJ. Posterior cruciate ligament avulsion fractures. Curr Rev Musculoskelet Med
2018;11:503-9.
3. Song JG, Nha KW, Lee SW. Open posterior approach versus

www.e-aosm.org

arthroscopic suture fixation for displaced posterior cruciate ligament avulsion fractures: systematic review. Knee Surg Relat Res
2018;30:275-83.
4. Sasaki SU, da Mota e Albuquerque RF, Amatuzzi MM, Pereira CA.
Open screw fixation versus arthroscopic suture fixation of tibial
posterior cruciate ligament avulsion injuries: a mechanical comparison. Arthroscopy 2007;23:1226-30.
5. Nakagawa S, Arai Y, Hara K, Inoue H, Hino M, Kubo T. Arthroscop-

65

Joel Lee Zhao Jie, Lushun Wang. Arthroscopic modular fixation of PCL avulsion fracture

ic pullout fixation for a small and comminuted avulsion fracture
of the posterior cruciate ligament from the tibia. Knee Surg Relat
Res 2017;29:316-20.

66

6. Kim SJ, Shin SJ, Choi NH, Cho SK. Arthroscopically assisted
treatment of avulsion fractures of the posterior cruciate ligament
from the tibia. J Bone Joint Surg Am 2001;83:698-708.

www.e-aosm.org

