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Abstract

Background:
The fracture of the lower pole of patella is common and the fracture block is small and mostly
comminuted. The traditional surgical methods include steel wire tension band �xation and inferior
patellar resection, which have many disadvantages. In order to overcome the disadvantages of traditional
surgery, we innovated and improved the double row anchor suture bridge technology to the treat the
inferior patellar fracture. This study is to investigate the method, technique and clinical e�cacy of double-
row anchor suture bridge technique in the treatment of inferior pole fractures of patella.

Methods:
Between January 2019 and March 2021, 36 patients with inferior pole fractures of patella underwent the
surgery with the double-row anchor suture bridge technique. The study sample consisted of 19 males and
17 females, aged 31–72 years old. There were 17 cases of right fractures and 19 cases of left fractures,
all of which were closed fractures. 28 injury cases were caused by falls while 8 injury cases were from car
accidents. All of the patients were ethnic Chinese. The operation time, amount of intraoperative bleeding
and complications were recorded. Radiological assessments and Bostman score were performed 1, 3 and
6 months post-operation and at the most recent follow-ups.

Results:
The operation time was 54–76 minutes and the intraoperative blood loss was 28–46 ml. All incisions
healed in one stage and stitches were removed after 2 weeks. No complications such as incision
infection, �ap necrosis and nerve injury occurred. Patients in this group were followed up for 10–18
months, with an average follow-up of 12 months. All fractures healed in 10–20 weeks, with an average
healing time of 12 weeks. At the last follow-up, the Bostman score was (27.5 ± 3.3), excellent in 34 cases
and good in 2 cases, with an excellent rate of 94.4%. The range of motion of the knee joint was (-2.6 ± 
2.0)° when the knee was extended and (120 ± 5.0)° when the knee was bent. The muscle strength of
quadriceps femoris was grade 5.

Conclusion:
Double-row anchor suture bridge technique is applied to inferior pole fractures of patella by virtue of its
various effects, such as the complete preservation of the inferior pole fragments during the operation,
satisfactory fracture reduction, �rm �xation, and meeting patients’ requirements for early postoperative
ambulation. In summary, double-row anchor suture bridge technique is an ideal surgical procedure for the
treatment of the inferior pole fracture of patella with safety, reliability and high satisfaction.



Page 3/12

Introduction
Inferior pole fracture of patella is clinically di�cult to treat due to the inherent weakness of small
comminuted distal fragments[1]. Currently, wire tension band �xation and resection of the inferior pole of
patella are the preferred surgical treatments for inferior pole fractures of patella. Each treatment has its
own advantages and disadvantages therefore provides inconsistent e�cacy.  Resection of the inferior
pole of patella is rarely applied currently for the reason that it changes the bio-mechanical characteristics
of the patella, causes weakened quadriceps muscle strength and patellofemoral arthritis, and affects the
function of the knee joint[2]. In contrast, Kirschner wire tension band internal �xation is commonly
applied. The wire is placed on the tension side of the patella and the tension it is subjected to will change
into the compressive stress at the fracture end during knee �exion, consequently promote the fracture
healing. In the traditional AO tension band technique, two Kirschner wires are �xed in the center of the
bone and the “8”-shaped steel wire is �xed at both ends of the Kirschner wires[3]. It is reported that
although the tension band wire �xation method is reliable and achieves satisfactory clinical outcomes, it
also has numerous drawbacks[4] such as: not suitable for small and comminuted bones, Kirschner wires
can pierce the skin and cause painful infections, a second operation is performed to remove Kirschner
wire.

Suture anchor technique has also been applied in the treatment of inferior pole fractures of patella as it
continues to develop. It is superior to wire tension band �xation and resection of the inferior pole of
patella on account of its advantages of retaining fracture fragments of the inferior pole of patella, which
are no need to take out the internal �xation, bone-bone healing superior to tendon-bone healing and no
Kirschner wire withdrawal[5][6]. Nevertheless, traditional anchor technique alone is unable to provide
su�cient stability for the fractured end and patients often need to be protected by a brace
postoperatively. In addition, active knee joint functional exercises can not be performed at early stage and
the reduction of comminuted fractures is less than optimal.

To overcome the shortcomings of traditional surgical methods, innovation and improvement have been
made on the double-row anchor suture bridge technique in rotator cuff repairs, which is applied to the
treatment of inferior pole fractures of patella. Speci�cally, after the fracture fragments and ligaments are
sutured by the internal-row of anchors, the sutures are compressed on the surface of the patella by the
external-row of extrusion nails, which is similar to a parachute bag. In consequence, it can enhance the
stability of the fracture without the need for secondary removal of internal �xation that has signi�cant
advantages. It is indicated by the literature review that there have been few reports of a similar technique
in the treatment of inferior pole fractures of patella. 

This study has retrospectively analyzed the clinical and radiographic outcomes of performing the double-
row anchor suture bridge technique to inferior pole fractures of patella. The speci�c details are reported
as follows:
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Materials And Methods
The retrospective study was approved by Institutional Review Board approval. Between January 2019
and March 2021, 36 patients with inferior pole fractures of patella underwent the surgery with the double-
row anchor suture bridge technique.  These including 19 males and 17 females, aged 31-72 years old,
with an average of (52.4±5) years old. Among them, there were 17 cases of right fractures and 19 cases
of left fractures, all of which were closed fractures. 28 injury cases were caused by falls while 8 injury
cases were from car accidents. All of the patients were ethnic Chinese.

Inclusion criteria: inferior pole fractures of patella, closed fracture.

Exclusion criteria: fractures involving articular surfaces, open fractures and local infectious lesions.

All patients underwent routine X-ray and CT scan for three-dimensional reconstruction. After admission,
patients were given ice compress, temporary immobilization of brace, and pain relief. Surgery was
performed after completion of the intraoperative examination and 3-4 days after the injury.

1.2 Surgical methods

After satisfactory anesthesia, routine disinfection was performed. An incision was made layer by layer to
reveal the inferior pole fractures of patella and the patellar ligament. Subsequently the hematoma and
soft tissue of the fractured end were straightened out. At the proximal end of the patella fracture, two
suture anchors (one medial and one lateral) were screwed close to the articular surface of the patella,
each with two sutures. Kirschner wire was utilized to drill longitudinally at the inferior pole fractures of
patella, and the patellar ligament was sutured with transverse mattress suture for several stitches through
both ends of the anchor suture line. After reduction and tightening of the fractured end, a total of 4 knots
were tied. Consecutively, four knotted tail wires were gathered to cover the bone fragments of the inferior
pole of the patella, and then passed through a Johnson & Johnson Versalok extrusion anchor to drive
into the bone at the upper end of the patella. Finally, X-ray �uoroscopy con�rmed that the fracture was
ideally reduced, the knee joint was moved and the fracture was �xed �rmly. See Figure 1.

1.3 Postoperative management and follow-up

The patients were given ice compress, pain relief and swelling treatment postoperatively. On the �rst day
after surgery, patients were able to do functional exercises of the knee and ankle and perform functional
exercises of the knee on a CPM machine from 45° to 120° three times a day for half an hour each. On the
third day, patients were able to move with crutches out of bed. Around three months post surgery, patients
resumed their daily activities. X-ray examinations were performed on the patients in January, March,
June, and December to observe the fracture healing.

The postoperative incision healing and postoperative complications were recorded together with the knee
joint function score.  The e�cacy evaluation criteria of Bostman patella fracture was utilized to score the
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patella fracture in terms of range of motion, duration of motion, pain and atrophy: excellent (28-30
points), good (20-27 points), poor (<20 points).

1.4 Statistical analysis

All data in this study were statistically analyzed by using SPSS 19.0 software. Measurement data were
expressed as (x±s), and paired sample T test was used for comparison. The level of signi�cance was set
at P<0.05. Each examiner was blinded to the results obtained by the other examiner.

Results
The operation time was (54-76) min, with an average of (56±10) min and the intraoperative blood loss
was (28-46) ml, with an average of (40±9) ml. All incisions healed in one stage and stitches were
removed after 2 weeks. No complications such as incision infection, �ap necrosis and nerve injury
occurred. Patients in this group were followed up for 10-18 months, with an average follow-up of 12
months. All fractures healed in 10-20 weeks, with an average healing time of 12 weeks. At the last follow-
up, the Bostman score was (27.5±3.3), excellent in 34 cases and good in 2 cases, with an excellent rate of
94.4%. The range of motion of the knee joint was (-2.6±2.0)° when the knee was extended and (120±5.0)°
when the knee was bent. The muscle strength of quadriceps femoris was grade 5.  See table 1  

Table 1: Personal information and rates of excellent results

N Mean age Mean operation time Mean bleeding Rates of excellent results (%)  

32 52.4±5 56±10 40±10 94.4  

Discussion
3.1 Characteristics of inferior pole fractures of patella and disadvantages of traditional surgical methods

Inferior pole fractures of patella are clinically common, accounting for approximately 9.3%-22.4% of all
patella fractures[1]. It has the following characteristics: Firstly, the fracture fragments are small and most
of them are comminuted, Secondly, the inferior part of the patella is the insertion point of the patellar
tendon, which is subjected to greater tensile stress. For that reason, the fracture is under a certain degree
of particularity and di�culty in reduction and �xation[2] [3] [7]. 

Up to this time, wire tension band �xation and resection of the inferior pole of patella, etc. are the
preferred surgical treatments for inferior pole fractures of patella[8] [9]. Resection of the inferior pole of
patella is rarely applied at present because it changes the biomechanical characteristics of the patella,
causes weakened quadriceps muscle strength and patellofemoral arthritis and affects the function of the
knee joint.
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In contrast, Kirschner wire tension band internal �xation is widely applied. In this method, the steel wire is
placed on the tension side of the patella, and the tension it is subjected to will change into the
compressive stress at the fracture end during knee �exion therefore promote the fracture healing[10][11].
In the traditional AO tension band technique, two Kirschner wires are �xed in the center of the bone while
the “8”-shaped steel wire is �xed at both ends of the Kirschner wires. It is reported that although the
tension band wire �xation method is reliable and achieves satisfactory clinical outcomes, it also has
numerous drawbacks[12]. First of all, this technique is not appropriate for small bones. Secondly, the
�xation technique for comminuted fracture is not reliable. In addition, Kirschner wire tension band is
prone to Kirschner wire withdrawal, which can compress the skin and cause pain, or on occasions pierce
the skin. Finally, Kirschner wire tension band must be removed by a second operation, which can
contribute to increased patient pain and medical costs[13]. 

3.2 Advantages and disadvantages of traditional anchor technique

Suture anchor was �rst applied in the treatment of rotator cuff tears and gradually applied in the
treatment of inferior pole fractures of patella with the development of techniques in orthopedic[14][15].
Fixation of comminuted fractures of the inferior pole of the patella with suture anchors can not only
restore the integrity of the knee extension device, but also preserve the fracture of the inferior pole of the
patella. Concurrently, bone-bone healing is also superior to tendon-bone healing. Ultimately, suture anchor
does not need to be removed subsequently a secondary operation is avoided[16]. In summary, this
technique has obvious advantages over traditional wire tension band internal �xation and resection of
the inferior pole of patella.

The traditional suture anchor method is a single row anchor �xation, which also has many drawbacks[16]
[17]. First of all, single-row anchors rely only on sutures, which can not provide su�cient stability at the
fracture end and prevent early ambulation postoperatively. Moreover, for comminuted fractures, fracture
fragments can not be reduced well by wire anchors alone, which may easily cause displacement of
fracture fragments.

3.3 Advantages of double-row anchor suture bridge technique

“Double-row anchor suture bridge technique” is a novel technique for arthroscopic repair of rotator cuff
tears[18], which was �rst proposed by Park in 2006[12]. Firstly, the sutures of the internal-row anchors
passed through the tendon in a horizontal mattress and were knotted. After passing the suture tail
through the external-row pressing screw, the external-row nails were inserted into the greater tubercle of
the humerus at the lateral insertion point of the rotator cuff, so as to complete the uniform extrusion of
the rotator cuff by the “suture bridge”. This technique is more stable than the traditional anchor �xation
technique and has greater anti-pulling strength. Furthermore, due to the extrusion pressure of the “suture
bridge” on the rotator cuff, the contact surface between tendon and bone is increased and the tendon and
bone healing is promoted. In view of the advantages of suture bridge technique, this technique has
gradually been widely applied in shoulder surgery, and its scope of application has also been expanded to
be used in the treatment of some fractures. It has been reported in literature[14][15]that some scholars
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have applied this technique to the treatment of avulsion fractures of the greater tuberosity of humerus
and intercondylar spine avulsion fractures of the tibia, achieving satisfactory clinical results. However,
there have been no reports about the application of this technique in the treatment of patellar fractures.

In order to overcome the shortcomings of the traditional suture anchor method, we modi�ed the
technique of “double-row anchor suture bridge” in shoulder arthroscopy and applied it to the treatment of
the fracture of the inferior pole of patella. Speci�cally, two internal row anchors were screwed into the
proximal end of the patella fracture. Subsequently,  the sutures were passed through the inferior pole
fracture fragments via the bone tunnel and the patellar ligament was sutured with horizontal pad and
knotted. The tail line of the suture was arranged to cover the bone fragments at the lower part of the
patella. After passing the tail of the suture through the external extrusion anchor, the external extrusion
nail was driven into the upper part of the patella (see Figures A-B). This technology not only strengthens
the stability of the fracture, but also gathers the lower pole fragments and maintains the reduction of the
fracture. Since the sutures of the anchors wrap around the bone fragments below the patella in the shape
of a parachute, it is also known as “parachute technique”. 

Although Kim KS[18] reported that the suture bridge anchor technique was used to �x the fracture of the
lower pole of the patella, the technique in this study was different from theirs. First of all,  their technology
need two extrusion anchors, while the technique implemented here only used one, which saved the cost
of surgery. Simultaneously, the extrusion anchors were reported to be driven into the both sides of the
patella according to Kim KS. However in this study, the extrusion anchors was driven into the bone at the
upper end of the patella as this part of the bone is thicker and stronger, which can obtain better �xation
strength.

The technique used in this research is to treat the fracture of the lower pole of the patella. Patients were
able to exercise the �exion and extension function of the knee joint early after operation. No loosening of
internal �xation and re-displacement of the fracture were found. All fractures healed and achieved
satisfactory clinical results. It was discovered that comminuted fractures bene�ted from utilizing this
technique, which could not only increase the stability of the �xation, but also close and reduce the
fracture block.   In this group, All comminuted fractures were healed well without fracture displacement
and loss of reduction.

3.4 Points of attention and surgical experience

First of all, the two anchored implant points should be lower than the center of the patella section, close
to the subchondral bone and need to be screwed to a su�cient depth in order to achieve the maximum
holding force. For patients with relatively loose bones, the screw can be screwed deeper until it
approaches or even breaks through the cortical bone at the upper end of the patella to increase the
holding force of the anchor. If the anchor is found to be loose when screwed in, it is estimated that
su�cient stability can not be obtained therefore it is necessary to replace or assist other internal �xation
methods. At the initial stage of the operation, one case was found to have a loose screw anchor during
the operation hence other internal �xation methods were implemented in time. In the coronal position, the
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two anchors should be positioned equally on either side of the midline of the patella to facilitate fracture
reduction and stress distribution. All the patients in this group were operated on according to the above
methods. On that account, no loosening of anchor or loss of fracture block reduction was found.

Secondly, after the suture passes through the fracture of the lower pole, one end of the tail line needs to
be sewed into the patellar ligament for 2-3 stitches and then tied into the other end for �xation. Direct
knotting may result in cutting of bone, especially in comminuted fractures. After all the four wires are
knotted, the position of the tail wire should be adjusted and the broken bones of the bottom pole should
be covered as much as possible, which is resembling a parachute bag, in order to achieve the optimal
�xing outcome. All cases in this group were performed according to the above methods and no tendon
cutting or loss of fracture block reduction was found.

Moreover, intraoperative �uoroscopy is required to ensure that the extrusion screw is in the center of the
upper pole of the patella when the external extrusion screw is inserted and attention should be paid to the
matching perforator to open the bone canal. In case of too small perforator and insu�cient bone canal
diameter, splitting of the bone canal wall may occur when the extrusion anchors are inserted. In severe
cases, iatrogenic fractures may occur. Meanwhile, proper tail line tension needs to be adjusted for driving
the extrusion anchors. Too little tension may make it impossible to achieve favorable �xation and too
much tension may result in the cutting of the bone tunnel wall with sutures and displacement of the
inferior pole fracture.

Finally, after the fracture is �xed, the two patellas are circulated with non-absorbable ETHIBOND suture to
strengthen the �xation. Bend and extend the knee joint to con�rm that the fractured end is �rmly �xed
and not separated. If instability is found, a brace is recommended for postoperative protection.
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Figures

Figure 1

The surgical procedure of this technique and a typical case
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Figures A-B. Freehand sketching of double-row anchor suture bridge technique for treatment of inferior
pole fractures of patella: two internal-row anchors were driven into the proximal end of the patella
fracture and the sutures passed through the inferior pole of the fracture fragments via the bone tunnel.
The patellar ligament was sutured in a horizontal mattress and knotted and the tail line of the sutures
was arranged to cover the bone fragments at the inferior pole of the patella. After passing the tail of the
sutures through the external-row anchors, the external-row anchor was nailed on the top of the patella 

Typical case: A 58-year-old male patient was admitted to the hospital due to pain in the left knee joint
caused by trauma and limited movement for 1 hour. 

Figure C: X-ray shows a fracture of the inferior pole of the left patella with an obvious displacement of the
fractured end. 

Figures D-G: Open reduction and double-row anchor of inferior patella fracture under epidural anesthesia. 

Figure H: Radiographically con�rmed ideal reduction of the fracture. 

Figure I: One year postoperatively, X-ray radiographs showed good fracture union and no obvious fracture
displacement. 


