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Background: Posterior cruciate ligament (PCL) tibial avulsion fractures are relatively rare injuries that often result in chronic pain, limited range of motion, knee instability, and osteoarthritis. Most cases require surgical intervention to restore the fragment’s normal anatomy, the ligament’s tension, and the knee joint’s stability. In this study, we propose a novel approach utilizing a modified suture bridge fixation technique to treat PCL tibial avulsion fractures and explore the clinical outcome and applicability.Methods: We retrospectively reviewed and collected the clinical data from March 2020 to April 2023. Of the 24 patients (14 males and 10 females) with PCL tibial avulsion fractures who underwent modified suture bridge fixation technique were enrolled in the study. The surgical data of the surgery time and intraoperative blood loss were analyzed. The knee range of motion (ROM), the Lysholm knee scoring scale, and the International Knee Documentation Committee (IKDC) were used to evaluate the recovery of knee joint function.Results: All 24 patients were followed up for a duration ranging from 11 to 16 months, with an average of 13.00 ± 1.32 months. The surgery time was 40∼60 min, with a mean of 50.88 ± 4.85 min. The intraoperative blood loss was approximately 25∼45 mL, averaging 36.75 ± 4.89 mL. No instances of wound infection, neurovascular injuries, fracture nonunion, fixation failure, deep vein thrombosis, or secondary operation were reported during follow-up. The knee joint range of motion (ROM) was 118°∼134°, with an average of 127.46° ± 4.16° at the final follow-up. The Lysholm score was 41.17 ± 3.48 at the preoperative stage and improved to 90.25 ± 2.59 at the final follow-up. The IKDC score was 40.38 ± 2.16 at the preoperative stage, and 88.54 ± 1.77 at the final follow-up.Conclusion: The results indicate that the novel approach utilizing a modified suture bridge fixation technique can provide effective stabilization and favorable clinical outcomes. The suture bridge structure can be applied to displaced posterior cruciate ligament (PCL) tibial avulsion fractures through its compression capabilities, especially in comminuted fractures. This procedure is straightforward, minimizing the risk of injury to peripheral neurovascular structures and eliminating the need for a second operation. Consequently, this technique represents a viable alternative treatment option for primary care facilities or hospitals that lack arthroscopic equipment.Keywords: posterior cruciate ligament, tibial avulsion fracture, suture bridge fixation, surgical treatment, outcome
INTRODUCTION
Posterior cruciate ligament (PCL) injuries are relatively uncommon and frequently occur in young people due to traffic accidents or sports-related incidents, accounting for 3%–44% of all knee injuries (Hooper et al., 2018; Gopinatth et al., 2023). In contrast, PCL tibial avulsion fractures are relatively rare injuries; however, they often lead to chronic pain, instability, and the degeneration of osteoarthritis (Zhang et al., 2013; Ren et al., 2022). Surgical management is the most frequently employed treatment method (Sasaki et al., 2007). Restoring the anatomical position of the fragment, the tension of the ligament, and the stability of the knee joint are essential elements in the treatment of PCL tibial avulsion fractures (Jang and Lee, 2016).
Arthroscopic surgery has become more popular than ever before due to advances in science and technology. This procedure offers several advantages, including minimal trauma, rapid recovery, and the ability to simultaneously treat intra-articular concomitant injuries. However, the surgical procedures under arthroscopic are awkward for PCL tibial avulsion fractures due to their specific anatomical location on the posterior plateau and limited range of access. Arthroscopic surgery requires experienced sports medicine specialists and specialized equipment (Sabat et al., 2016; Zhu et al., 2017). Additionally, mastering this technique involves a long learning curve. Furthermore, fresh PCL tibial avulsion fractures often present with significant bleeding, which may impair arthroscopic visibility. Open surgery provides direct access to the fracture site, allowing for anatomical reduction and rigid fixation of fragments (Ambra et al., 2016). More crucially, open surgery is particularly suitable for primary care facilities, particularly those lacking arthroscopic equipment and experience in arthroscopic procedures. Research has demonstrated the efficacy of utilizing screws, sutures, anchors, Endobutton, and plates in achieving favorable outcomes (Li et al., 2018; Deng et al., 2020). Nevertheless, the inherent challenges associated with conventional internal fixation in open surgery are considerable, including the potential for damage to the neurovascular structure, scarring of the wound, iatrogenic fracture, internal fixation failure, and the necessity for a secondary operation to remove internal devices (Abdallah and Arafa, 2017). Consequently, proposing a novel surgical approach and fixation method for the treatment of PCL tibial avulsion fractures could provide a more effective means of reducing postoperative complications and promoting the rehabilitation of knee function.
The suture bridge fixation technique has been successfully employed in the treatment of ripped rotator cuffs and anterior cruciate ligament tibial avulsion fractures with suture anchors, resulting in satisfactory recovery after the operation (Hantes et al., 2018; Wang et al., 2024). In this study, we put forward a novel approach with a modified suture bridge fixation technique to reduce and stabilize PCL tibial avulsion fractures. The middle portion of the medial head of the gastrocnemius was bluntly separated to expose the posterior articular compartment through a posterior arc-shaped approach. The avulsion fracture fragment was squeezed with four sutures that traversed from the base of PCL, originating from a Suture anchor situated at the superior edge of the bone bed. These sutures were loaded with a Knotless anchor on the inferior edge of the bone bed.
This study aimed to evaluate the efficacy of open surgery utilizing a novel approach with a modified suture bridge fixation technique in the treatment of PCL tibial avulsion fractures. We hypothesized that this modified surgical technique could reduce the risk of neurovascular bundle injury, facilitate direct observation and fixation of the fracture fragment, avoid the necessity for a secondary operation, and permit early functional rehabilitation and return to work.
MATERIALS AND METHODS
Patients
A retrospective analysis was conducted on 37 cases of PCL tibial avulsion fractures from March 2020 to April 2023. The inclusion criteria for the enrolled patients are as follows. (1) Fresh PCL tibial avulsion fracture (occurring within 2 weeks); (2) Age between 20 and 50 years; (3) Imaging examination before surgery (X-ray, CT, or MRI); (4) Meyers-McKeever type II and III fracture; (5) The injured knee exhibited dysfunction in flexion and extension; (6) Agreement to participate in this study and sign informed consent; (7) Follow-up for at least 11 months and completion of relevant examinations. Exclusion criteria include ACL or PCL injury, peripheral fractures, severe osteoarthritis, knee joint infection, and contraindications to surgery. Based on the inclusion and exclusion criteria, 24 patients were ultimately included in this study (Figure 1). All patients underwent a novel approach with a modified suture bridge fixation method. We obtained the informed consent of all patients before the operation. Furthermore, this study was approved by our institutional review board.
[image: Figure 1]FIGURE 1 | The schematic diagram illustrates the case inclusion and exclusion process.
Operation procedure
After successful anesthesia, the patient was positioned in the prone position, and an electric pneumatic tourniquet was applied. The knee joint was flexed from 30° to 45° to fully relax the medial gastrocnemius muscle and the surrounding tissues. After thorough sterilization of the surgical area, it was covered with a sterile membrane and sheets. The approach employs an arc-shaped incision that commences at the upper border of the popliteal striae along the medial margin of the gastrocnemius muscle and extends outward and downward. Subsequently, the middle portion of the medial head of the gastrocnemius is bluntly separated into two parts. The two parts of the separated gastrocnemius muscle could then be stretched, allowing for exposure of the posterior joint capsule. Once the posterior joint capsule was opened, the attachment site of PCL and operation space were exposed (Figure 2). Additionally, a diagram of the modified suture bridge fixation technique for PCL tibial avulsion fractures is provided to facilitate a comprehensive understanding of the procedures (Figure 3).
[image: Figure 2]FIGURE 2 | A novel approach for PCL tibial avulsion fracture (A) shows an arc-shaped incision originating from the popliteal upper border and extending outward and downward. (B) Shows the incision made on the middle of the medial head of the gastrocnemius. (C) Shows the approach used to expose the fracture region.
[image: Figure 3]FIGURE 3 | The following diagram illustrates the operation of the modified suture bridge fixation technique for a PCL tibial avulsion fracture. (A) PCL tibial avulsion fracture. (B) A Suture anchor was inserted into the superior edge of the bone bed, and the sutures were passed through PCL. (C) The distributed sutures from the Suture anchor were loaded with a Knotless anchor on the inferior edge of the bone bed.
The fracture fragment was elevated, and the blood and compressed soft tissue under the bone bed were cleaned and washed. Subsequently, an absorbable Suture anchor was inserted into the superior edge of the bone bed. Four sutures were passed through the base of the PCL using the suture hook with PDS II. The fracture was reduced and could be stabilized using a 1.0 mm Kirschner wire. A C-arm machine equipped with a sterile device cover was utilized to assess the quality of reduction from both anterior-posterior and lateral views. After that, a Knotless anchor penetrated the inferior edge of the bone bed. The four sutures from the Suture anchor were loaded with Knotless anchor to form a suture bridge structure, which compresses and maintains the reduction of the avulsion fracture (Figure 4). Finally, the stability of the avulsion fracture was assessed through active knee flexion and extension. After achieving complete hemostasis, the surgical region was irrigated and sutured layer by layer.
[image: Figure 4]FIGURE 4 | The intraoperative images of the modified suture bridge fixation technique. (A) Exposing the PCL tibial avulsion fracture site. (B) Elevating the fragment and cleaning the blood and damaged soft tissue. (C,D) Inserting a suture anchor and passing sutures to the bases of PCL. (E,F) Constructing a suture bridge structure utilizing a knotless anchor.
Postoperative management
Prophylactic cefuroxime sodium (1.5 g) was administered half an hour preoperatively and continued for 24 h postoperatively to prevent infection. An adjustable knee brace was used to immobilize the knee joint within 30° immediately after surgery. In addition, rehabilitation exercises were recommended to increase muscle strength and prevent deep vein thrombosis, such as isometric quadriceps, ankle pump exercises, and straight leg raising. During the first 2 weeks, the adjustable brace could be gradually adjusted to 60° depending on the conditions of functional recovery. From two to 4 weeks, the adjustable brace was adjusted to 90°, and the injured leg was allowed to toe contact or no weight-bearing walking. At 6 weeks, the adjustable brace was adjusted to 120°, and partial-weight bearing was allowed. The adjustable brace could be removed after 8 weeks. When X-ray showed the fracture healing, full weight-bearing walking and activities of daily life were permitted.
Baseline information and surgical data for these patients were collected and analyzed from the Electronic Medical Records System. X-rays, CT scans, or MRI scans were obtained to assess fracture union conditions during follow-up. The follow-up time, surgery time, and intraoperative blood loss were recorded. The knee range of motion (ROM), the Lysholm knee scoring scale, and the International Knee Documentation Committee (IKDC) were used to assess knee functional recovery.
STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS software version 25.0 (SPSS, Chicago, IL, United States). Clinical data with a normal distribution were presented as mean ± standard deviation. A paired t-test was used to compare the IKDC and Lysholm scores between the preoperative and final follow-up. The difference was statistically significant with P < 0.05.
RESULTS
Of the 24 patients (14 males, 10 females), the average age was 37.37 years (22∼48 years). The most common mechanisms of injury included motorcycle accidents (13 patients), sports-related injuries (6 patients), and falls from heights (5 patients). According to the Meyers-McKeever classification system, which is based on the extent of the fragment displacement observed on radiographs, 10 patients were classified as type II, and 14 patients as type III (Table 1).
TABLE 1 | General characteristics of the patients (n = 24).
[image: Table 1]All 24 patients were followed up for 11∼16 months with a mean of 13.00 ± 1.32 months. The surgery time was 40∼60 min, with a mean of 50.88 ± 4.85 min. The intraoperative blood loss was approximately 25∼45 mL, with a mean of 36.75 ± 4.89 mL. There were no instances of wound infection, neurovascular injuries, fracture nonunion, fixation failure, deep vein thrombosis, or secondary operation during the follow-up period.
At the final follow-up, the knee joint range of motion (ROM) was 118°∼134°, with an average of 127.46° ± 4.16°. The Lysholm score was 41.17 ± 3.48 preoperatively and 90.25 ± 2.59 at the final follow-up. The IKDC score was 40.38 ± 2.16 preoperatively and 88.54 ± 1.77 at the final follow-up (Table 2). All patients received adequate postoperative rehabilitation after the operation. They were satisfied with the surgical outcomes and successfully returned to their normal work and daily activities (Figure 5).
TABLE 2 | Comparison of preoperative and final follow-up of knee function conditions.
[image: Table 2][image: Figure 5]FIGURE 5 | A 26-year-old male suffered a displaced PCL tibial avulsion fracture of the left knee as a result of motorcycle traffic. (A–C) The X-ray, CT, and MRI images demonstrated the presence of a PCL tibial avulsion fracture. (D) The X-ray images showed fracture fragment reduction well at 2 weeks after operation. (E) The CT images revealed that there was no evidence of fracture displacement at 6 weeks after the operation. (F) At 10 weeks, the CT image demonstrated evidence of fracture union. G At 12 weeks, the patient was satisfied with the surgical outcome and returned to previous work.
DISCUSSION
The primary function of the intact posterior cruciate ligament (PCL) is to restrain posterior tibial translation and maintain knee joint stability. Injury to the tibial insertion of the PCL is a special damage, and the incident rate is relatively uncommon (Green et al., 2019; Hassebrock et al., 2020). The most common symptoms include high articular cartilage pressure, instability of the knee joint, limited range of motion, and impaired quality of life. Effective treatment is beneficial in restoring the stability of the knee joint, improving knee joint function, and facilitating a timely return to normal activities.
The existing literature demonstrates that arthroscopic and open surgical interventions are superior to conservative treatment for PCL tibial avulsion fractures, particularly for mildly displaced “hinged” fractures (type II) and completely detached avulsion fractures (type III) (Griffith et al., 2004). Whereas the choice of surgical method is determined by the size of the fracture fragments. For small fragments less than 10 mm, suture or anchor fixation is deemed appropriate. For fragment sizes between 10 mm and 20 mm, the possible options include screw, Kirschner wire, or suture anchor fixation. For fragments larger than 20 mm, screw, plate, or suture anchor fixation is considered suitable. However, complications such as an iatrogenic fracture, reduction loosening, or intercondylar impingement may occur with screw or Kirschner wire fixation (Keyhani et al., 2022). Conversely, plate fixation may result in chronic soreness and irritation, and some of them may necessitate a secondary operation to remove internal fixation (Kim et al., 2001).
The standard approach for PCL avulsion fracture is the retrogenicular inverted “L” approach, initially described by Burcks and Schaffer (Burks and Schaffer, 1990). The fracture region is accessible through the interspace between the medial head of the gastrocnemius and the semimembranosus muscle. However, the incision is relatively large, which increases the risk of damage to the surrounding blood vessels and nerves. The “S-shaped” approach was proposed to minimize traction on the gastrocnemius muscle during the surgical procedure. However, this approach did not effectively reduce damage to the neurovascular bundle or simplify the surgical procedure (Nicandri et al., 2008). The direct lateral posterior approach was employed to identify the fracture region through the longitudinal splitting of the lateral head of the gastrocnemius muscle. Nevertheless, this approach is infrequently utilized in practice, and its therapeutic efficacy remains uncertain in clinics (Keyhani et al., 2022). The interval between the medial and lateral heads of the gastrocnemius in the posterior approach allows for direct exposure of the operation region. However, this approach is associated with an increased risk of iatrogenic injury to surrounding tissue (Khalifa et al., 2021). It is therefore crucial to adopt an effective approach that minimizes the risk of injury to the neurovascular bundle and ensures a simple operation to effectively manage PCL tibial avulsion fractures. In this study, a novel posterior arc-incision approach was adopted. The middle portion of the medial head of the gastrocnemius muscle was bluntly separated and retracted to both sides, thereby exposing the surgical region. This approach effectively avoids damage to surrounding tissue and streamlines the surgical procedure. The incision healed well, with no instances of wound infection, neurovascular injuries, or deep vein thrombosis during follow-up.
The average age of enrolled patients was 37.37 years (22∼48 years). These patients represent the primary labor force and breadwinners of their families. Therefore, they need to restore stability and function to the knee while minimizing postoperative complications. A review of the literature reveals that suture bridge fixation exhibits higher failure loads and fixation strength than other fixation techniques (Hapa et al., 2012; Schneppendahl et al., 2012). Compared to screw or plate fixations reported in the literature, our novel approach utilizing a modified suture bridge fixation technique with absorbable anchors results in minimal intraoperative blood loss and reduced operative time, achieving better prognostic outcomes without a secondary operation to remove the internal fixation (Wang et al., 2024). In addition, the suture bridge structure can provide sufficient stability for comminuted avulsion fractures via compression capabilities. The mean surgical time was 50.88 ± 4.85 min, and the mean intraoperative blood loss was 36.75 ± 4.89 mL. The mean knee joint range of motion at the final follow-up was 127.46° ± 4.16°, with a range of 118°–134°. At the final follow-up, the Lysholm score was 90.25 ± 2.59; while the IKDC score was 88.54 ± 1.77. The functional recovery observed in this study was comparable to that reported in a previous study that employed a minimally invasive approach with screw fixation for the treatment of PCL avulsion fractures (Guo et al., 2023). In that study, the average surgical time was 54.46 ± 7.64 min, the average blood loss was 48.85 ± 5.88 mL, the Lysholm score was 94.12 ± 2.49, and the IKDC score was 91.85 ± 2.19. Deng et al. confirmed that the hook plate could obtain satisfactory outcomes and reliable fixation in PCL tibial avulsion fractures, with a knee joint range of motion of 127.75° ± 6.13°, and an LKSS score of 92.75 ± 5.46. However, this method involved a large incision, a higher risk of injury to peripheral neurovascular structures, great trauma, and higher postoperative complications such as secondary operation (Deng et al., 2020; Liu et al., 2021).
The limitations of this study are listed as follows. Firstly, this study is a retrospective study with a relatively small number of cases. Secondly. The study lacks a control group utilizing alternative methods, such as screw and plate fixation. Thirdly, with the increasing incidence of traffic accidents and an aging population, individuals from various age groups may experience PCL tibial avulsion fractures. Therefore, further analysis involving diverse age groups, large sample sizes, and multicenter randomized controlled trials should be conducted. Moreover, a biomechanical study is required to elucidate the relative merits and limitations of suture bridge fixation compared to other fixation methods.
CONCLUSION
A novel approach with a modified suture bridge fixation technique can yield favorable clinical outcomes in treating displaced and comminuted posterior cruciate ligament (PCL) tibial avulsion fractures through its compression capabilities. This straightforward surgical procedure can minimize the risk of injury to peripheral neurovascular structures and eliminate the necessity for a secondary operation. It serves as a viable alternative treatment option for primary care facilities or hospitals that lack the necessary arthroscopic equipment.
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