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Abstract

Purposes

Fractures of the inferior patellar pole, unlike other patellar fractures, present challenges for
traditional surgical fixation methods. This article introduces the clinical technique and out-
comes of using Kirschner wire tension band combined with anchor screw cross-stitch fixa-
tion for comminuted inferior patellar pole fractures.

Methods

This retrospective case series study included 14 patients with comminuted inferior patellar
pole fractures treated at our institution from September 1, 2020, to April 30, 2022. All
patients underwent surgery using the Kirschner wire tension band with anchor screw cross-
stitch technique. Follow-up assessments involved postoperative X-rays to evaluate fracture
healing, as well as clinical parameters such as healing time, Visual Analog Scale (VAS)
scores, range of motion (ROM), and Bostman scores.

Results

All patients were followed for an average of over 12 months, with no cases of internal fixation
failure. Knee joint stability and function were excellent. X-rays revealed an average healing
time of approximately 10.79 + 1.53 weeks, hospitalization lasted 5.64 + 1.15 days, surgery
took approximately 37.86 £ 5.32 minutes, and intraoperative blood loss was 33.29 + 8.15
ml. One patient experienced irritation from the internal fixation material. At the final follow-
up, the Bostman score averaged 28.29 + 0.83, knee joint flexion reached 131.07° + 4.88°, alll
patients achieved full knee extension, and the VAS score was 0.36 + 0.63.
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Conclusion

Kirschner wire tension band with anchor screw cross-stitch fixation for comminuted inferior
patellar pole fractures delivered satisfactory clinical outcomes. This surgical method, char-
acterized by its simplicity and reliability, is a valuable addition to clinical practice.

1. Introduction

The patella, the largest sesamoid bone in the human body, comprises approximately 1% of
total body fractures [1,2]. The inferior pole of the patella serves as the attachment point of the
patellar ligament, reinforcing the force arm of the quadriceps femoris muscle. This area experi-
ences concentrated stress and is a crucial component of the knee extension mechanism. There-
fore, the integrity of the patella plays a vital role in the functionality of the knee joint. The
inferior pole of the patella is primarily composed of cancellous bone without cartilaginous cov-
ering on its surface. Fractures in this area are relatively uncommon, accounting for approxi-
mately 9.3% to 22.4% of all patellar fractures, and they usually occur due to direct force or are
more prevalent in patients with osteoporosis [3,4]. Fractures of the inferior patellar pole lead
to impaired knee extension function and typically require surgical treatment. The objective is
to restore the integrity and stability of the knee extension mechanism, aiming to achieve ana-
tomical reduction as much as possible, thereby facilitating early and effective rehabilitation
exercises to reduce the occurrence of fracture complications [5]. With the development of
medical technology, the surgical methods for fractures of the inferior patellar pole have gradu-
ally become diverse, including Kirschner wire tension band fixation, cerclage wiring, screw fix-
ation, anchor fixation, suture fixation, and inferopolar patellar resection [4,6-10]. As of now,
there is no consensus on the treatment approach for comminuted fractures of the inferior
patellar pole in clinical practice [11]. In our clinical practice, we have found that combining
anchor screw cross-stitch fixation with Kirschner wire tension band fixation significantly
enhances the therapeutic effect in the treatment of comminuted fractures of the inferior patel-
lar pole. This approach provides effective physical stability for fracture healing, and the proce-
dure is simple and easy to perform. Herein, we report on patients with comminuted fractures
of the inferior patellar pole treated at our hospital from September 2020 to April 2022. The
aim of this study is to analyze the clinical effectiveness of combining Kirschner wire tension
band with anchor screw cross-stitch fixation.

2. Clinical data and methods
2.1. General information

A retrospective analysis was conducted on patients with patellar fractures admitted to the Affil-
iated Central Hospital of Shenyang Medical College from September 2020 to April 2022. This
study has obtained approval from the Ethics Review Committee of the Affiliated Central Hos-
pital of Shenyang Medical College (Ethics Approval Number: 2022018), and written informed
consent was obtained from all patients. Inclusion criteria for patients were as follows: (1) nor-
mal knee function before injury, closed unilateral patellar fracture; (2) fractures located in the
inferior pole of the patella, with comminuted fracture fragments >3 pieces; (3) surgery per-
formed within 7 days after injury; (4) no apparent surgical contraindications assessed preoper-
atively. Exclusion criteria included: (1) concomitant fractures in other parts of the ipsilateral
limb; (2) severe osteoporosis and other diseases affecting normal knee joint movement; (3)
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open fractures; (4) loss to follow-up. According to the inclusion and exclusion criteria, a total
of 14 patients were included in this study, including 9 males and 5 females, with an age range
of 26 to 60 years. The mechanisms of injury included 10 cases of falls, 3 cases of motor vehicle
accidents, and 1 case of falling. The fractures were classified as AO type 34-Al, and the surgical
timing ranged from 2 to 7 days after injury, with a minimum follow-up duration of no less
than 12 months.

2.2. Preoperative preparation

After admission, all patients underwent preoperative X-ray and three-dimensional CT scans to
complete the preoperative evaluation. The injured lower limb of the patients was temporarily
immobilized in extension at 0° using a plaster cast to alleviate pain. Limb elevation was main-
tained, and routine pain relief and anticoagulation drugs were administered preoperatively.
After excluding surgical contraindications, surgical treatment was performed. All patients
received a single dose of antibiotics 30 minutes before surgery. The surgeries were performed
by the same experienced group of surgeons, and the surgical anchors used were provided by
Smith & Nephew.

2.3. Surgical procedure

After the general anesthesia or spinal anesthesia takes effect, the patient is placed in the supine
position with a pneumatic tourniquet applied to the proximal thigh. The affected limb is rou-
tinely disinfected with iodine. Following hemostasis, assessment for reduction is performed
based on preoperative X-ray imaging. A straight anterior incision of approximately 7cm in
length is made over the knee joint. The skin, subcutaneous tissue, and fascia are sequentially
dissected to expose the shattered bone fragments at the inferior pole of the patella. Saline irri-
gation is used to cleanse the area, and soft tissues and blood clots at the fracture site are
debrided. The joint cavity is irrigated, and the fracture is reduced to restore the integrity of the
articular surface. The reduction is then stabilized using a patella reduction clamp or towel clip.
During the operation, avoid stripping the patellar tendon and periosteum to prevent separa-
tion of fracture fragments. From superior to inferior of the patella, two parallel Kirschner
wires (diameter 2.0mm) are inserted, and the steel wire is passed through the ends of the two
Kirschner wires, forming a longitudinal figure-eight tension band on the anterior aspect of the
patella. Subsequently, the stainless steel wire is tensioned using a Kirschner wire tensioner, and
the upper ends of the Kirschner wires are bent over the superior aspect of the patella to prevent
loosening and dislodgement. Under C-arm fluoroscopy, following satisfactory reduction of
the patellar fracture fragments, a single anchor pin is inserted perpendicular to the transverse
plane of the proximal patellar fracture fragment (Fig 1A). The anchor pin is embedded into
the body of the patella. The anchor pin tail is then crossed and sutured using a technique, fix-
ing the inferior pole patellar fracture fragment and patellar ligament (Fig 1B-1D). Upon flex-
ion and extension of the knee joint, the fracture remains stable, and the tension of the patellar
ligament is intact. Subsequent C-arm fluoroscopy confirms satisfactory alignment of the frac-
ture ends. Physiological saline solution is used to irrigate the surgical site, followed by layer-
by-layer suturing of the fascia, subcutaneous tissue, and skin (Fig 1).

2.4. Postoperative management

The patient had the plaster external fixation removed postoperatively, received a single dose of
prophylactic antibiotics within 24 hours to prevent infection, and underwent routine pain
management and anticoagulation therapy. On the first day postoperatively, after reviewing the
anteroposterior and lateral X-ray of the knee joint, isometric contraction exercises for the

PLOS ONE | https://doi.org/10.1371/journal.pone.0302839 May 2, 2024 3/10


https://doi.org/10.1371/journal.pone.0302839

PLOS ONE Inferopolar patellar fracture: Kirschner wire + anchor treatment

Fig 1. A:Insert the cable tie anchor vertically into the transverse section of the proximal patellar fracture. B, C: Use suture anchors to cross-stitch and secure the
fractured patellar inferopolar fragment to the patellar ligament. D: Schematic diagram illustrating the crisscross fixation of the patellar inferopolar fracture using
the cable tie anchor.

https://doi.org/10.1371/journal.pone.0302839.9001

quadriceps femoris, straight leg raising, and progressive knee joint flexion exercises were initi-
ated. The surgical incision is dressed every 2-3 days to observe wound healing, and the stitches
are removed 2 weeks after the surgery. Three days post-surgery, the patient is allowed to bear
mild weight with the aid of crutches and perform knee flexion exercises. Full range of motion
and full weight-bearing without walking aids begin after 4 weeks, progressing to complete
knee flexion. For older patients or those with severe comminuted fractures or significant oste-
oporosis, the duration of crutch use should be extended appropriately.

2.5. Assessment criteria

Record the surgical duration, intraoperative blood loss, length of hospital stay, and surgical
complications. The patients undergo regular outpatient X-ray examinations, compared to the
X-rays taken before the injury (Fig 2A), to document fracture healing time (Fig 2B and 2C).
During the last follow-up, we assessed the patients’ daily activity-related pain using the Knee
Joint Visual Analog Scale (VAS). Knee joint function was evaluated using Knee Joint Range of
Motion (ROM) (Fig 2D) and the Bostman score. The Bostman score ranges from 0 to 30
points, with a score of 28-30 indicating excellent, 20-27 indicating good, and less than 20 indi-
cating poor outcomes. Postoperatively, anteroposterior and lateral X-rays of the knee joint
were taken on the first day, at one month, and at two months after the surgery, and then
weekly to evaluate fracture healing until union was achieved. The X-ray fracture healing crite-
ria were based on a blurry or absent fracture line and the formation of continuous callus at the
fracture site.

A typical case is shown in Fig 2.

3. Results

In this study, the surgical duration ranged from 30 to 46 minutes, with an average of 37.86
+5.32 minutes. The intraoperative blood loss ranged from 20 to 45 mL, with an average of
33.2948.15 mL. The length of hospital stay was 5.64+1.15 days. All 14 cases were successfully
followed up for 12 to 18 months. All patients started to develop callus at the fracture ends at
4-6 weeks postoperatively, reaching clinical healing criteria at 10-14 weeks. Until the end of
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Fig 2. A patient is a 56-year-old male who sustained a comminuted fracture of the left patellar inferopolar region due to a fall. A: Preoperative left knee joint
X-ray anteroposterior and lateral views. B: On the first day postoperative, anteroposterior and lateral X-ray images of the left knee joint were taken, and the anchor
pin was not visualized on the X-ray. C: Eight months postoperative, anteroposterior and lateral X-rays of the left knee joint show that the fracture has clinically
healed according to the standards. D: Functional status of the left knee joint mobility at eight months postoperatively.

https://doi.org/10.1371/journal.pone.0302839.9002
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Table 1. Clinical results.

Number

O (0NN U W N

—_ |
W N = O

14

https://doi.org/10.1371/journal.pone.0302839.t001

Surgery Duration
(minutes)

40
41
30
40
37
43
35
37
28
40
43
41
30
45

Blood Loss Hospital Stay Fracture Healing Time Range of Bostman Score | VAS Score

(milliliters) (days) (weeks) Motion
35 7 12 0-130° 28 1
20 5 10 0-135° 28 0
45 4 13 0-130° 29 1
36 5 10 0-130° 28 0
45 4 9 0-135° 28 0
40 7 12 0-125° 27 1
37 6 11 0-130° 29 0
20 6 10 0-130° 28 0
25 5 8 0-140° 28 0
35 7 13 0-130° 29 0
30 6 11 0-135° 29 0
28 7 9 0-135° 28 0
40 6 12 0-130° 30 0
30 4 11 0-120° 27 2

the follow-up period, no patients experienced loosening or detachment of the internal
implants. The average time to fracture healing was 10.79+1.53 weeks. The mean postoperative
range of motion was 131.07°+4.88", and all followed-up patients were able to achieve full knee
extension. The average Bostman score at the last follow-up was 28.29+0.83, with 12 cases
(85.7%) rated as excellent and 2 cases (14.3%) rated as good according to the Bostman scale.
The mean Visual Analog Scale (VAS) pain score was 0.36+0.63. Four patients reported mild
anterior knee pain during daily activities. No cases of incision infection were observed, and the
incisions in all 14 patients healed well postoperatively. X-ray examination at 3 months postop-
eratively showed that all patients met the clinical healing criteria. One patient experienced irri-
tation from the internal fixation. Among the 14 patients, 6 chose to have the internal fixation
removed after fracture healing. In one case, the decision was due to irritation from the internal
fixation, while the others were based on socio-psychological factors (Table 1).

4. Discussion

Inferior patellar pole fractures, occurring in the distal 1/4 of the patella, are a relatively rare
type of fracture in clinical practice. Due to their anatomical and biomechanical characteristics,
the fracture fragments are often comminuted and small. Additionally, they can experience dis-
placement due to tension in the patellar tendon, classifying them as non-articular fractures
[12]. The aim of the surgery is to restore the original extensor mechanism, enabling patients to
engage in early functional rehabilitation exercises [13]. Therefore, treatment should focus on
achieving early stable reduction of the fracture and restoring the continuity and strength of the
extensor mechanism. Currently, although there are numerous surgical approaches for inferior
patellar pole fractures, achieving anatomical reconstruction, effective fixation, and early post-
operative rehabilitation remains a challenge [14,15].

Some experts have indicated that non-articular fractures of the inferior patellar pole can be
excised, with resection and reconstruction of the tendon, followed by approximately 6 weeks
of plaster external fixation. The excellent and good rate of joint scores is approximately 73.5%
[16]. However, some have also argued that excision of the inferior patellar pole may result in
patellar descent, disrupting the original anatomical relationships and altering the mechanical
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structure of the patellar joint surface. This could increase the load on the quadriceps femoris
during knee joint movement and potentially lead to long-term adverse effects such as impaired
knee extension function and traumatic patellofemoral arthritis [17,18]. Furthermore, postoper-
ative healing after excision of the inferior patellar pole occurs through tendon-bone healing, a
method that is often considered unreliable. A study by Veselko et al. [16] showed that patients
who underwent preservation of the inferior patellar pole had significantly better knee joint
function and fewer symptoms such as pain compared to those who underwent excision of the
inferior patellar pole. Similar results were obtained in the study by Matej¢i¢ et al. [19]. In clini-
cal practice, a greater number of individuals tend to favor preserving the inferior patellar pole
and strive to restore the local original extensor mechanism and anatomical structure [20-22].

Song et al. [23] utilized the independent steel wire vertical technique combined with the Kra-
chow suture technique to achieve effective fixation of comminuted fracture blocks, but wire
breakage may occur. The tension band technique using Kirschner wires is the most commonly
used and classic method for open reduction and internal fixation of patellar fractures. It can
effectively stabilize patellar fractures by converting wire tension into axial pressure at the fracture
site, thus increasing stability. However, it requires relatively intact bone quality, and when dealing
with comminuted fractures of the inferior patellar pole, the Kirschner wires may loosen, making
it difficult to achieve complete reduction and effective fixation [24,25]. Some articles have indi-
cated that for comminuted fractures of the inferior patellar pole, the probability of requiring sec-
ondary surgical fixation after sole treatment with the tension band technique using Kirschner
wires is approximately 21%-58% [26,27]. In our clinical practice, we have also observed that sole
application of the tension band technique using Kirschner wires for fixing comminuted patellar
fractures results in inadequate stability, particularly when the bone quality at the inferior patellar
pole is poor. The Kirschner wires and wires used for internal fixation can easily cut through the
porous bone, leading to loosening and failure of internal fixation. Gao et al. [22] proposed that
fixation using the Krachow technique combined with the Nice knot achieved the expected
results, but multiple operations on the patella may lead to iatrogenic patellar fractures. Yu et al.
[2] pointed out that fixation of inferior patellar pole fractures using the two-anchor double-pulley
technique poses risks of inadequate fracture fixation and fracture displacement. Therefore, in
recent years, we have employed a fixation method combining anchor cross-stitch suturing and
tension band wiring for comminuted fractures of the inferior patellar pole.

Suture anchors were initially used for repairing rotator cuff injuries, and with the advance-
ment of medical technology, their application in surgical procedures has become increasingly
widespread. The sutures of the anchors are composed of ultra-high molecular weight polyeth-
ylene fibers, offering advantages such as high strength and resistance to wear. This study
employed the Kirschner wire tension band combined with anchor cross-stitch technique,
which achieved favorable outcomes in clinical practice. This treatment method has the follow-
ing advantages: (1) The Kirschner wire tension band, as the most classic treatment method for
patellar fractures, is capable of converting tensile forces on the cortical bone surface into com-
pression, promoting bone healing while retaining the patellar inferopolar fragments. (2)
Inserting the anchor nail perpendicular to the transverse section of the proximal patellar frac-
ture block can effectively ensure the stability of the anchor nail and does not cause irritation to
the surrounding soft tissues.(3) Utilizing anchor screw cross-stitch fixation can encircle the
shattered fragments of comminuted fractures of the inferior patellar pole, providing robust
and effective internal fixation, capable of restoring knee extension, achieving anatomical
realignment, and promoting bone-to-bone healing at the fracture site. Patients can engage in
early postoperative functional rehabilitation exercises to prevent joint stiffness.(4) This treat-
ment method is characterized by its simplicity of operation. The required materials are easily
obtainable and available in most hospitals, without increasing surgical complexity.
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The research findings of this study reveal that the Kirschner wire tension band combined
with anchor cross-stitch technique not only restores the original extensor mechanism but also
provides effective internal fixation for postoperative rehabilitation exercises. It demonstrates
favorable clinical outcomes, low cost, allows for early postoperative rehabilitation exercises,
and achieves satisfactory clinical results. In this study, all patients were able to commence pas-
sive quadriceps exercises, straight leg raises, and progressive knee flexion rehabilitation train-
ing after the first-day postoperative X-ray review. None of the patients experienced nonunion
or loss of reduction fixation postoperatively, and there were no cases requiring secondary sur-
gical intervention. However, a few patients self-reported mild anterior knee pain during squat-
ting postoperatively, which may be associated with delayed initiation of rehabilitation
exercises and irritation from the internal fixation. This study also has certain limitations.
Firstly, due to time constraints, only patients with comminuted fractures of the inferior patel-
lar pole were collected, resulting in a limited number of cases and no long-term follow-up. Sec-
ondly, comparisons with other treatment methods were not conducted.

5. Conclusion

In summary, the Kirschner wire tension band combined with anchor cross-stitch technique is
a safe and effective treatment approach. It provides strong and reliable internal fixation for
fractures of the patellar inferopolar region. This method is characterized by its simplicity in
operation, dependable fixation, early postoperative initiation of functional rehabilitation exer-
cises, and the potential for good recovery of knee joint function. It is a surgical approach wor-
thy of clinical application.
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