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Abstract
Surgical intervention is generally recommended for a displaced tibial avulsion of the posterior cruciate
ligament. However, there is still controversy regarding the optimal operative procedure, particularly
between the conventional open approach and arthroscopic techniques.

We have developed a new, minimally invasive open approach with ultrasound guidance that allows for
precise localization of neurovascular structures, reducing the risk of injury while maintaining clear access to
the fracture site. We report the surgical technique and describe a case series of patients who were treated
with this new method. This method is simpler and requires less technical expertise than the conventional
open approach or arthroscopic techniques, thereby having the potential to be a safe and practical alternative
for treating the tibial avulsion of the posterior cruciate ligament.
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Introduction
Tibial bony avulsions of the posterior cruciate ligament (PCL) are rare injuries that can lead to significant
morbidity if not recognized and treated properly [1,2]. Although surgical intervention is generally
recommended for displaced tibial avulsions, the optimal procedure has not yet been determined [2,3].
Traditionally, open reduction and internal fixation have been performed, with the medial-based surgical
approaches described by Burks and Schaffer being the most popular [4-6]. The open approach allows direct
visualization and reduction of bone fragments [2]. However, large incisions and release or excessive
retraction of the posterior compartment muscles of the knee are needed [7]. Arthroscopic techniques have
been reported and have the advantages of small incisions and the ability to confirm other intra-articular
injuries [7-10]. However, this approach is technically demanding and has a considerable learning curve [7,10].
To resolve these problems, we have developed a new, minimally invasive and open approach with ultrasound
guidance.

Case Presentation
Preoperative examination
The diagnosis of tibial avulsion of the PCL was confirmed by the patient’s history (most commonly, injuries
when posterior-directed force is applied to the proximal tibia with the knee flexed) [2], physical
examination, and diagnostic imaging. The operative criteria were the Meyers-McKeever II and III with > 3
mm of displacement of the bony fragment. This technique may not be applicable in cases with comminuted
fractures or very small bone fragments that are challenging to fix with screws. Knee instabilities, such as
posterior tibial sagging, were also assessed. Magnetic resonance imaging (MRI) was performed to evaluate
the presence of intrasubstance PCL tears and other injuries, such as meniscus, ligament, and cartilage; if
these injuries were suspected, additional procedures were considered.

Surgical technique
Ultrasound Guidance

Surgery was performed under spinal or general anesthesia in the prone position. A tourniquet was applied
over the ipsilateral thigh depending on the surgeon’s preference. First, a pre-scan was performed using
ultrasonography to identify the neurovascular bundle, fracture fragment, medial head of the gastrocnemius
(MG), and PCL in both short- and long-axis views (Figure 1). A Kirschner wire was percutaneously inserted
under ultrasound guidance as a reference for the open approach (Figure 2). The wire was inserted through
the MG toward the bone fragment, ensuring that there was sufficient distance from the neurovascular bundle
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in both the short- and long-axis views (Figures 1-3).

FIGURE 1: Pre-scan using ultrasound in the posteromedial knee
(A) Kirschner wire is inserted through the MG toward the bony fragment (asterisk) as shown in the wire path. (B)
The neurovascular bundle. (C) The appropriate location of the wire toward the bony fragment (asterisk).

MG, medial head of the gastrocnemius muscle; PCL, posterior cruciate ligament; PA, popliteal artery; PV,
popliteal vein; TN, tibial nerve.

FIGURE 2: Insertion of a Kirschner wire
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FIGURE 3: An ultrasound image while Kirschner wire is being inserted
Kirschner wire (arrow) is inserted to the bony fragment (asterisk).

MG, medial head of the gastrocnemius muscle; PCL, posterior cruciate ligament

Fluoroscopic Confirmation

Fluoroscopic confirmation was necessary because it was difficult to macroscopically confirm the position
and angle of the wire using ultrasound alone (Figure 4). The angle and position of wire insertion should be
corrected accordingly. When the angle and position were adjusted appropriately, a 3-5 cm horizontal skin
incision was made at the wire insertion point (Figure 5). The incision was often located on the proximal
popliteal crease.
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FIGURE 4: Fluoroscopic evaluation of the wire path
Fluoroscopic evaluation was performed to confirm the trajectory of the wire toward the bony fragment
(arrowheads).
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FIGURE 5: Horizontal incision

Dissection and Fracture Fixation

After the fascia of the MG was incised, blunt dissection was performed along the wire to the bone fragment
and fracture bed. This procedure can be performed safely because ultrasound views confirmed that this wire
is medially free from the neurovascular bundle and reaches the bone fragments (Figure 6A). The MG was split
and the lateral half was retracted laterally, protecting the neurovascular bundle in the popliteal space (Figure
6B-6D) [4]. The posterior capsule was incised and the fracture site was identified. After the reduction of the
fracture fragment, fixation was performed with cannulated cancellous screws (Figure 6E). The pitfalls of this
surgical procedure are listed in Table 1. The advantages and disadvantages of this technique are listed in
Table 2.
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FIGURE 6: Blunt dissection to the bony fragment
(A) The blunt dissection is performed along the wire. (B, C) The medial head of the gastrocnemius (MG) is split.
(D) The MG is retracted. (E) A screw is inserted.

Pitfalls

1.
After wire insertion with ultrasound-guidance, fluoroscopy should be used to confirm the trajectory of the wire because the wire is often
too parallel to the articular surface of the tibia and is positioned too distal.

2.
The horizontal skin incision makes it difficult to adjust the distal-proximal position. Ensure that the point of skin incision is not too distal
and is at the proximal popliteal crease.

3. A deep retractor, such as a self-retaining retractor for spinal surgery, is useful for dissection.

4.
Confirmation with ultrasound should be done before subcutaneous dissection because after dissection, confirmation is difficult due to
the presence of air.

TABLE 1: Pitfalls of minimally invasive open approach with ultrasound guidance

Advantages Disadvantages

1. Less invasive than conventional open approach. 1. Limited surgical field of view.

2.
The procedure can be performed with the knee extended because there is no need to loosen
and retract the entire medial head of the gastrocnemius muscle. This leads to loosening of the
PCL and easy reduction of the bone fragment.

2.

It is difficult in cases where the
bone fragment is comminuted
or too small to be fixed with
screws.

3. Easy to reach the fracture site.

3.
If the neurovascular bundle is
positioned medially, it is difficult
to insert the Kirschner wire.

4. Less technically demanding than arthroscopic surgery.

5.
Low risk of neurovascular injury because the location of the Kirschner wire, free of the
neurovascular bundle, has already been confirmed using ultrasound and because the lateral
half of the medial head of the gastrocnemius muscle protects the neurovascular bundle.

TABLE 2: Advantages and disadvantages of minimally invasive open approach with ultrasound
guidance

Postoperative Management

During the first postoperative week, patients were restricted to knee flexion from 0° to 30° and allowed to
bear half their weight with extension bracing. For one to eight weeks, the patients performed full weight-
bearing with a posterior-support knee brace and were limited to 120° of knee flexion. After bony union was
achieved, the restrictions were removed according to tolerance.
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Case series
Case 1

A 48-year-old woman (weight, 99 kg; length, 157 cm) was injured by bruising her right knee due to a fall.
Preoperative lateral radiograph and CT scan showed the bony fragment that was displaced 6 mm (Figure 7A,
7B). Surgery was performed 12 days after the injury (Figure 7C, 7D). Operative time and blood loss were 103
minutes and 5 ml, respectively. The patient was discharged 12 days after surgery. At three months, bone
union was achieved. At four months, the patient returned to her previous job with knee extension of 0° and
flexion of 130°. At nine months, the patient had neither complications nor posterior tibial sagging; Lysholm
score: 88, Knee Injury and Osteoarthritis Outcome Score (KOOS): 84.

FIGURE 7: Case 1
(A) Preoperative lateral radiograph (arrowhead: bony fragment), (B) CT image. (C) Postoperative lateral
radiograph and (D) CT image.

CT, computed tomography; MRI, magnetic resonance imaging.

Case 2

An 83-year-old woman (weight, 40 kg; length, 155 cm) was injured by bruising her right knee due to a fall.
Preoperative lateral radiograph and CT scan showed the bony fragment that was displaced 4 mm (Figure 8A,
8B). Surgery was performed two days after the injury (Figure 8C, 8D). Operative time and blood loss were 67
minutes and minimal, respectively. The patient was discharged seven days after surgery. At one month, bone
union was achieved. At two months, the patient returned to her daily activities with no restrictions at all and
could sit on her heels with her knees flexed; knee extension of 0° and flexion of 150°. At 13 months, the
patient had no knee symptoms at all and neither complications nor posterior tibial sagging; Lysholm score:

 

2025 Kawanishi et al. Cureus 17(5): e84082. DOI 10.7759/cureus.84082 7 of 11

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1487711/lightbox_901dcf201dee11f0b684254ea34fdffa-Fig7.png
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


100.

FIGURE 8: Case 2
(A) Preoperative lateral radiograph (arrowhead: bony fragment), (B) CT image (arrowhead: bony fragment). (C)
Postoperative lateral radiograph and (D) CT image.

CT, computed tomography; MRI, magnetic resonance imaging.

Case 3

A 55-year-old woman (weight, 44 kg; length, 156 cm) was injured with a bruised knee due to a fall.
Preoperative lateral radiograph and CT scan showed the bony fragment that was displaced 7 mm (Figure 9A,
9B). Surgery was performed six days after the injury (Figure 9C, 9D). Operative time and blood loss were 29
minutes and minimal, respectively. The patient was discharged five days after surgery. At three months,
bone union was achieved. At four months, the patient returned to her daily activities with no restrictions at
all; knee extension of 0° and flexion of 140°. At 13 months, the patient had neither complications nor
posterior tibial sagging; Lysholm score: 87, KOOS: 90.
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FIGURE 9: Case 3
(A) Preoperative lateral radiograph (arrowhead: bony fragment), (B) CT image (arrowhead: bony fragment). (C)
Postoperative lateral radiograph and (D) CT image.

CT, computed tomography; MRI, magnetic resonance imaging.

Discussion
A systematic review of PCL avulsions [8] reported that there was no noticeable difference between the open
and arthroscopic approach groups in patient-reported outcome measures at the final follow-up, and both
studies on the open and arthroscopic approaches showed satisfactory outcomes. Despite arthroscopic
techniques having a long learning curve [7,10], surgery for this fracture is infrequently performed in most
institutions [1,2]. Therefore, a minimally invasive and simple approach is beneficial. In the present
technique, a pre-scan was performed to confirm the appropriate position of skin incision, and a deep
retractor was used for exposing the fracture site, which greatly shortened the operative time, as seen in Case
3. Therefore, it is possible that the learning curve is short for this technique, but more cases need to be
evaluated to confirm this.

To date, only a few minimally invasive open approaches have been reported. Zhao et al. [6] reported an
approach using a horizontal incision in which the gastrocnemius and semitendinosus were dissected with
knee flexion at 30°, and the MG was pulled laterally. They reported that the intraoperative bleeding and pain
scores were significantly better than those of the traditional L-shaped incision group. However, it required
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knee flexion and did not allow neurovascular localization. Gavaskar et al. [7] reported an approach utilizing
the interval between the two heads of the gastrocnemius in which a transverse incision was made using
fluoroscopy. However, this technique required a direct neurovascular retraction. The present ultrasound-
guided method can be performed with knee extension and may have a lower risk of neurovascular injuries
because the neurovascular bundle is identified in advance using ultrasound, and no direct retraction to the
neurovascular bundle is performed. In these case series, the intraoperative blood loss was very low, no
complications were observed, and the patient returned to work relatively early, with good functional results.

This case series and the surgical techniques have some limitations. First, the findings are based on a few
cases, which restricts their applicability. A more extensive series of cases or a comparative study at long-
term follow-up is needed for robust conclusions about this technique. Second, the reproducibility of
ultrasound technique may be limited in settings where surgeons are less familiar with ultrasonography.
Third, this technique requires the use of fluoroscopy at the pre-scan and intra-operation. Therefore,
radiation exposure is unavoidable. However, no matter which approach is used, the use of fluoroscopy is
often required for screw fixation. Furthermore, compared to the traditional open approach, this approach
only requires an additional moment of pre-scan and does not cause a large amount of radiation exposure.

Conclusions
The described technique presents a minimally invasive open approach for treating tibial avulsion fractures of
the PCL, using ultrasound guidance. Ultrasound allows for precise localization of neurovascular structures,
reducing the risk of injury while maintaining clear access to the fracture site.

This method is simpler and requires less technical expertise than traditional open or arthroscopic
techniques, making it more accessible for general orthopedic practice. Although further studies are needed,
it shows promise as a safe and practical alternative for treating PCL avulsion fractures.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Yusuke Kawanishi, Makoto Kobayashi, Hiroaki Fukushima, Hideki Murakami,
Masahiro Nozaki

Acquisition, analysis, or interpretation of data:  Yusuke Kawanishi, Makoto Kobayashi

Drafting of the manuscript:  Yusuke Kawanishi

Critical review of the manuscript for important intellectual content:  Yusuke Kawanishi, Makoto
Kobayashi, Hiroaki Fukushima, Hideki Murakami, Masahiro Nozaki

Supervision:  Makoto Kobayashi, Hideki Murakami, Masahiro Nozaki

Disclosures
Human subjects: Consent for treatment and open access publication was obtained or waived by all
participants in this study. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all
authors declare the following: Payment/services info: All authors have declared that no financial support
was received from any organization for the submitted work. Financial relationships: All authors have
declared that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All authors have
declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Aurich M, Koenig V, Hofmann G: Comminuted intraarticular fractures of the tibial plateau lead to

posttraumatic osteoarthritis of the knee: current treatment review. Asian J Surg. 2018, 41:99-105.
10.1016/j.asjsur.2016.11.011

2. Katsman A, Strauss EJ, Campbell KA, Alaia MJ: Posterior cruciate ligament avulsion fractures . Curr Rev
Musculoskelet Med. 2018, 11:503-509. 10.1007/s12178-018-9491-2

3. Hooper PO 3rd, Silko C, Malcolm TL, Farrow LD: Management of posterior cruciate ligament tibial avulsion
injuries: a systematic review. Am J Sports Med. 2018, 46:734-742. 10.1177/0363546517701911

4. Jazayeri SM, Esmaili Jah AA, Karami M: A safe postero-medial approach to posterior cruciate ligament
avulsion fracture. Knee Surg Sports Traumatol Arthrosc. 2009, 17:244-247. 10.1007/s00167-008-0665-0

5. Burks RT, Schaffer JJ: A simplified approach to the tibial attachment of the posterior cruciate ligament . Clin
Orthop Relat Res. 1990, 254:216-219. 10.1097/00003086-199005000-00031

 

2025 Kawanishi et al. Cureus 17(5): e84082. DOI 10.7759/cureus.84082 10 of 11

javascript:void(0)
https://dx.doi.org/10.1016/j.asjsur.2016.11.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.asjsur.2016.11.011?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12178-018-9491-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12178-018-9491-2?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0363546517701911?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0363546517701911?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00167-008-0665-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00167-008-0665-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00003086-199005000-00031?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/00003086-199005000-00031?utm_medium=email&utm_source=transaction


6. Zhao Y, Guo H, Gao L, Liu C, Xu X, Cheng W: Minimally invasive versus traditional inverted "L" approach
for posterior cruciate ligament avulsion fractures: a retrospective study. PeerJ. 2022, 10:e13732.
10.7717/peerj.13732

7. Gavaskar AS, Karthik B, Gopalan H, Srinivasan P, Tummala NC: A novel MIS technique for posterior cruciate
ligament avulsion fractures. Knee. 2017, 24:890-896. 10.1016/j.knee.2017.03.014

8. Song JG, Nha KW, Lee SW: Open posterior approach versus arthroscopic suture fixation for displaced
posterior cruciate ligament avulsion fractures: systematic review. Knee Surg Relat Res. 2018, 30:275-283.
10.5792/ksrr.17.073

9. Sabat D, Jain A, Kumar V: Displaced posterior cruciate ligament avulsion fractures: a retrospective
comparative study between open posterior approach and arthroscopic single-tunnel suture fixation.
Arthroscopy. 2016, 32:44-53. 10.1016/j.arthro.2015.06.014

10. Zhao J, He Y, Wang J: Arthroscopic treatment of acute tibial avulsion fracture of the posterior cruciate
ligament with suture fixation technique through Y-shaped bone tunnels. Arthroscopy. 2006, 22:172-181.
10.1016/j.arthro.2005.10.020

 

2025 Kawanishi et al. Cureus 17(5): e84082. DOI 10.7759/cureus.84082 11 of 11

https://dx.doi.org/10.7717/peerj.13732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7717/peerj.13732?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.knee.2017.03.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.knee.2017.03.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5792/ksrr.17.073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.5792/ksrr.17.073?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2015.06.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2015.06.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2005.10.020?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.arthro.2005.10.020?utm_medium=email&utm_source=transaction

	A Minimally Invasive Open Approach With Ultrasound Guidance for Tibial Avulsion Fracture of the Posterior Cruciate Ligament: The Surgical Technique
	Abstract
	Introduction
	Case Presentation
	Preoperative examination
	Surgical technique
	FIGURE 1: Pre-scan using ultrasound in the posteromedial knee
	FIGURE 2: Insertion of a Kirschner wire
	FIGURE 3: An ultrasound image while Kirschner wire is being inserted
	FIGURE 4: Fluoroscopic evaluation of the wire path
	FIGURE 5: Horizontal incision
	FIGURE 6: Blunt dissection to the bony fragment
	TABLE 1: Pitfalls of minimally invasive open approach with ultrasound guidance
	TABLE 2: Advantages and disadvantages of minimally invasive open approach with ultrasound guidance

	Case series
	FIGURE 7: Case 1
	FIGURE 8: Case 2
	FIGURE 9: Case 3


	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


