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Abstract: Objective: In this study, we introduce a novel application of the percutaneous Pyrford technique to fix com-
minuted patellar fractures and evaluate its outcome. Methods: A total of 28 patients admitted to our hospital, from 
February 2008 to June 2013, with comminuted patellar fractures were included in this study. Radiographs, pain, 
surgery time, range of motion, functional score and complications were evaluated. Results: The mean operation 
time was 72.3 ± 31.9 minutes. Intraoperative fluoroscopy was 7.6 ± 2.4 times. All patients were followed up for a 
mean period of 34.4 months (13 to 53 months). Radiographic evidence of solid fracture union was observed in all 
cases in a mean time period of 13.7 ± 2.6 weeks. The Visual Analog Scale (VAS) score for pain was 3.4 ± 1.0 at 4 
weeks after surgery, and 1.2 ± 1.0 when radiographic fracture healing occurred. At the latest follow-up, the range 
of motion was on average 139.8 ± 5.4°. The average Bostman score was 28.8 ± 1.0 at 1 year after surgery, and 
an evaluation of “excellent” was given to 26 patients at the final follow-up. We only encountered one case with a 
broken steel wire, but the fracture had already been united. There were no other complications, such as broken 
K-wire, fracture displacement, wound infection or non-union. Conclusion: Surgical treatment of the comminuted 
patellar fractures by the percutaneous Pyrford technique achieved satisfactory clinical outcomes and knee function 
in the selected patients. Its advantage is small incision, simple operation, anatomical reduction, fixation stability, 
and achieves early mobilization. 
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Introduction

The patella plays a crucial role in the process of 
knee extension [1]. It accounts for about 0.5-
1.5% of all fractures [2]. For the comminuted 
patellar fractures, we need to anatomically re- 
duce the articular surface, rigidly fix it and ac- 
celerate the ability of the patients to perform 
functional exercise. Traditional open reduction 
with AO tension band principles has gained 
great popularity, but it also results in some 
postoperative complications, such as infection 
and prolonged rehabilitation [3-9]. There have 
been several reports about the use of percuta-
neous minimally invasive surgery for simple 
transverse fractures to reduce the incision-
associated complications [1, 10-15]. Although, 
it must be noted that simple transverse frac-
tures are different from comminuted patellar 
fractures. On the one hand, simple transverse 
fractures are usually caused by indirect injuries 
due to the traction between the quadriceps 

femoris tendon and the femoral fascia attached 
to the superior pole of the patella and the pa- 
tellar tendon at the inferior pole. On the other 
hand, the comminuted patellar fractures are 
usually caused by direct injuries and the peri-
patellar soft tissue is almost unbroken. Acc- 
ordingly, theoretically, percutaneous minimally 
invasive surgery should be much more suitable 
for the treatment of the comminuted patellar 
fractures [16-18]. In the current article, we pre- 
sent the results of a small trial using the per- 
cutaneous Pyrford technique for comminuted 
patellar fractures and evaluate the outcome.

Materials and methods

In this study, we retrospectively review all the 
patella fracture patients treated in our hospital 
from February 2008 to June 2013. Only the 
patients treated by the percutaneous minimally 
invasive technique were included in this study. 
The exclusion criteria included the following: 
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simple patellar fracture, open fractures, patient 
with a history of knee joint surgery. The study 
was approved by the ethics review committee 
of the Qingpu branch of Zhongshan hospital of 
Fudan University and written informed consent 
was obtained from all patients. In total, there 
were 28 patients included, 17 of whom were 
male and 11 of whom were female. The aver-
age age was 57.7 years old (33 to 78 years old). 
According to Muller’s AO classification, nine 
cases were C2.1, five were C2.2, two were 
C2.3, six were C3.1, two were C3.2 and four 
were C3.3. The mode of injury included simple 

patella. The knee was then elevated and flexed 
at about 20°. The passer was then reintro-
duced and pierced out of the inferomedial 
puncture point. Then, the passer was passed 
through the patellar tendon along the inferior 
border of the patella to the inferolateral punc-
ture point. Ultimately, the passer was back to 
the superlateral incision, the Φ 1.5 mm wire 
was punctured with the passer and the two 
ends of the wire came out through the superla-
teral incision. Then, the cerclage wire was tight-
ened to gather the comminuted fragments and 
maintain the reduction. Next, the knee joint 

Figure 1. Pyrford technique: two wires, one is cerclage wire, another is ten-
sion band wire. 

Figure 2. Surgical technique. A: Incision. B, C and D: Another three puncture 
points.

falls (n = 23) and road traffic 
accidents (n = 5). The average 
waiting time for surgery was 
1.7 d (0~4 d).

Surgical technique

General anesthesia or com-
bined spinal-epidural anes-
thesia was used. The patient 
was in supine position and 
knee was draped in the ex- 
tended position. A thigh tour-
niquet was not used. The fi- 
xation method used was the 
Pyrford technique with two 
wires described by Curtis [19]. 
A circumferential cerclage wi- 
re was passed in a purse-
string fashion close to the 
bone. A second wire was pa- 
ssed through the quadriceps 
tendon, looping anteriorly acr- 
oss the patella and through 
the patellar tendon to act as a 
tension band (Figure 1). First, 
we aspirated the hematoma  
in the articular cavity using  
a needle. Next, a longitudinal 
incision of about 0.5-1 cm  
was made at the superolate- 
ral aspect of the patella. And 
three other puncture points 
were chosen over the lateral 
limits of the upper and lower 
borders of the patella (Figure 
2). A self-made passer was 
used to transversely penetr- 
ate from the superlateral inci-
sion to the supermedial punc-
ture point horizontally across 
the superior border of the 
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was flexed several times and the wire was tight-
ened again when the knee was at the extended 
position. Lastly, the reduction was confirmed by 
fluoroscopy. If the anterior part of the patella 
was opened, the tension band wire was tight-

ened, whereas if the articular surface of the 
patella was still opened, the cerclage wire was 
tightened and then the knee joint was extreme-
ly flexed to make the reduction better. If the 
close manipulative reduction was not success-

Figure 3. Patient, female, 44 y, traffic accident, right comminuted patellar fracture, AO C2.1. A. A preoperative AP 
and lateral view radiograph shows the comminuted patellar fracture. B. The bundling wire was fixed first, and then 
the articular was pry-poked repositioned by the K-wire under minimally invasive technique. C. Fixation by the K-wire 
and the lateral view and axial view to judge the articular surface. D. Incision: only 3 longitudinal incision and 3 punc-
ture points. E. AP and lateral view post-operation. F. AP and lateral view when the fracture was united.
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ful, the fracture reduction can be assisted per-
cutaneously using a Kirschner wire (K-wire) or a 
Weber clamp.

For comminuted fracture with larger fracture 
fragments, the K-wire can also be used to fix 
the fracture fragments. The fractures were first 
reduced using the procedures described above. 
After the patellar reduction was confirmed by 
fluoroscopy, the knee was flexed at 30°, and 
the entry point of the K-wire was subsequently 
confirmed. Usually they were located in the  
middle-outer 1/3 and middle-inner 1/3 of the 
superior or inferior patella. Next, two longitudi-
nal incisions of about 0.5-1 cm were made at 
the entry point and two 2-mm K-wires were 
passed percutaneously to fix the fracture frag-
ments. The K-wire was best located at the mid-
dle-posterior 1/3 of the patella on the sagittal 
plane. Subsequently, we made sure that there 
was no step-offs in the articular surface. Then, 

ture united. Solid union was defined by the 
presence of cross trabeculations. Pain was 
measured using the Visual Analog Scale (VAS) 
with scores from 0 (no pain) to 10 (the most 
intense pain). Clinical outcomes were assess- 
ed using the Bostman score one year after 
surgery.

Statistical analysis

Data analyses were performed using the SPSS 
18.0 software (IBM Corp. Armonk, NY, USA). 
General data is analyzed by descriptive analy-
sis, and quantitative data are expressed as the 
mean ± standard deviation. The t-test was used 
to compare outcomes. A p-value of < 0.05 was 
considered statistically significant. 

Results

The mean surgery time was 72.3 ± 31.9 min-
utes and the intraoperative fluoroscopy was 7.6 

Figure 4. Patient, Female, 63 y, car accident, right comminuted patellar 
fracture, AO C3.2. A. AP and lateral view pre-operation. B. We extracted the 
hematoma in the articular cavity with the needle. C. The tension bend wire 
and bundle wire were used to fix the fracture. D. Incision: only 1 longitudinal 
incision and 3 puncture points. E. AP and lateral view when the fracture was 
united.

the knee was flexed and ex- 
tended again before the wire 
was ultimately tightened and 
the K-wires were twisted, kn- 
otted and shortened. Finally, 
the small incisions were su- 
tured and closed (Figures 3 
and 4).

Postoperative management 

The fractures did not require 
external fixation, such as pl- 
aster or brace. The isometric 
contraction exercise of the 
quadriceps femoris muscle 
was allowed one day after the 
surgery. Afterwards, the knee 
flexion and extension were pe- 
rformed at 2~3 d postopera-
tively. The active flexion could 
reach above 90° at 4~5 d 
postoperatively. The patients 
were allowed to gradually walk 
with stitches after the knee 
active extension was powerful 
enough in 7 d. Stitches were 
removed in 2~3 weeks.

Follow-up

Follow-up assessment, includ-
ing clinical and radiographic 
examinations, was performed 
once a month until the frac-
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± 2.4 times. K-wires were used as accessory 
fixation in 5 patients: 1 in C2.1, 2 in C2.2, 1 in 
C2.3 and 1 in C3.1. All patients were followed 
up for a mean time period of 34.4 months (13-
53 months). Radiographic evidence of the 
union of the solid fracture was observed in all 
cases in a mean time period of 13.7 ± 2.6 
weeks. The VAS score was 3.4 ± 1.0 at 4 weeks 
after surgery and 1.2 ± 1.0 when the healing of 
the radiographic fracture was achieved. At the 
last follow-up, the range of active flexion and 
extension of the knee joint was 139.8° ± 5.4°. 
The mean Bostman score was 28.8 ± 1.0 at 1 
year after surgery, and an evaluation of “excel-
lent” was rendered in 26 patients at the final 
follow-up. We only encountered one case with 
broken steel wire, but the fracture had already 
united. There were no other complications, 
such as broken K-wire, fracture displacement, 
wound infection and non-union of bone. A total 
of 24 patients had the implants removed about 
1.5 year after the first surgery. 

Discussion

The objective of treating patellar fractures is to 
restore its function. An anatomical reduction  
of the articular surface should be performed  
in order to prevent traumatic arthritis. Open 
reduction followed by fixation with a tension 
band wire has been widely performed to treat 
patellar fractures. Although it should be noted 
that percutaneous tension band wiring for  
mildly displaced patellar fractures have also 
achieved excellent results [10]. With the dev- 
elopment of the minimally invasive surgical 
approach, minimally invasive surgery is the cur-
rent trend to treat the patellar fractures, as it 
can significantly reduce the damage to the 
local blood supply, allow early functional exer-
cise and rehabilitation, which can result in 
good knee joint function, as well as reduce the 
iatrogenic adhesion formation of the joint and 
muscular injury.

Compared with traditional open reduction and 
internal fixation surgery, not only was the VAS 
score of the patients treated with the minimally 
invasive method lower, but the patients were 
also able to start rehabilitation earlier and suf-
fered less postoperative complications [11-14]. 
However, these studies were focused on sim-
ple transverse patellar fractures with tension 
band. To the best of our knowledge, our study is 
the first to use the percutaneous Pyrford tech-

nique to treat the comminuted patellar frac-
tures. Compared with the modified tension 
band, in the biomechanical test, the Pyrford 
technique provides greater strength of fixation 
and the patients can achieve early mobiliza-
tion, especially the comminuted fracture of the 
patella that can be difficult to fix with interfrag-
mentary K-wires and a simple tension band, 
which highlights the advantages of the Pyrford 
technique [19, 20]. The surgical process and 
clinical results suggest that the treatment of 
comminuted patellar fracture with percutane-
ous Pyrford treatment is feasible and achieves 
good clinical outcomes.

Only one longitudinal incision and three punc-
ture points were required in the whole surgical 
procedure. If the K-wire was used for strength-
ening the fracture fixation, another two longitu-
dinal incisions were made. The soft tissue does 
not require to be widely exposed. All the above 
procedures were in accordance with the mini-
mally invasive requirements. Patients end up 
with smaller scars and there was less interfer-
ence with soft tissue, which can result in lower 
postoperative pain. The VAS scores of the 
patients at 1 m postoperative and fracture 
healing were 3.4 ± 1.0 and 1.2 ± 1.0 respec-
tively, which were consistent with clinical re- 
sults previously reported by Mao [7]. Speci- 
fically, Mao’s research showed that the VAS 
scores in the open reduction group were 5.6 ± 
1.3 and 2.6 ± 1.2 at 1 m postoperative and 
fracture healing, respectively. The decrease of 
VAS score showed an advantage of minimally 
invasive operation. Specifically, the patient’s 
postoperative pain and discomfort were also 
reduced. In addition, the rigid internal fixation 
made it possible for the patients to start reha-
bilitation earlier, which can also lead to better 
functional activity performance. The knee activ-
ity degree was 139.8 ± 5.4° at the last follow-
up in our patients, which was much higher than 
that of the open reduction group reported by 
Chiang [12]. There was little blood supply dis-
ruption around the fracture during the surgical 
procedure, and this can promote the healing of 
the fractures. We only found one case with bro-
ken steel wire, but the fracture had already 
united. There were no other complications, 
such as broken K-wire, fracture displacement, 
wound infection or non-union of bone. The 
removal of the implants was much easier, as 
we only needed to use the original incision to 
perform the operation.
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However, it is important to point out that this 
percutaneous Pyrford technique also had its 
disadvantages in the treatment of comminut- 
ed patellar fracture. For instance, the patellar 
articular surface requires anatomic reduction, 
but the articular surface cannot be seen or 
touched directly, so we had to use fluoroscopy 
to visualize the articular surface. Admittedly, 
the intraoperative fluoroscopy times also in- 
creased. For instance, our fluoroscopy time was 
7.6 ± 2.4, which was higher than the minimally 
invasive treatment of simple transverse patella 
fracture [14]. Moreover, the operation time was 
also increased, with an average operation time 
of 72.3 ± 31.9 min in our group. Such operation 
time is significantly higher than those of the 
minimally invasive and open reduction groups 
reported by Mao [13], whose patients present-
ed with simple transverse patellar fracture, as 
well as those by Li [15], who treated patients 
with comminuted patellar fractures by open 
reduction and internal fixation. Nevertheless, 
like with any new technology, there is a learning 
curve to master this new procedure. Indeed, we 
have been able to effectively control the fluo-
roscopy and operation times in more recent 
surgeries.

We now summarize the clinical experience and 
further clarify the indication for the percutane-
ous Pyrford technique to treat the comminut- 
ed patellar fracture. The indications are as 
follows:

The fracture fragments in the upper and lower 
pole of the patella were relatively intact.

The articular surface displacement should be 
no more than 2.5 cm. This is based on the fact 
that there is failure in 5 patients whose articu-
lar surface displacement was larger than 2.5 
cm and were therefore instead treated by open 
reduction and internal fixation. Maybe in the 
future, the indication can be expanded with  
the improvement of our percutaneous Pyrford 
approach. 

The anterior knee soft tissue contusion was  
not suitable for open reduction and internal 
fixation. 

The relative contraindications were as follows:

The percutaneous Pyrford technique was not 
suitable for the repair of quadriceps  of femoris 
avulsion fracture.

The closed reduction was difficult during the 
operation and the soft tissue was suspected to 
be embedded in the fracture.

Conspicuous compressive fracture or the artic-
ular surface fracture fragments were dissociat-
ed in the articular cavity.

We also have some additional recommenda-
tions for the proper use of this technique. First, 
the surgeon should be familiar with the anato-
my of the knee joint and master the technique 
of open reduction and internal fixation. Second, 
the surgeon should pay close attention to the 
following points:

The hematoma should be extracted before re- 
duction, which not only allows the surgeon to 
feel the patella and judge its position much bet-
ter, but also reduces the postoperative joint 
adhesion formation, resulting from hematoma 
fibrosis and bound muscle, as well as the dam-
age to the articular cartilage.

Dedicated needle holder forceps should be 
used to hold the puncture passer tail, which 
contributes to control the puncture direction 
and intensity.

The puncture passer should be much closer  
to the upper and lower pole of the patella and 
pierce the middle-posterior layer of the quadri-
ceps tendon and patellar ligament as far away 
as possible. Anatomical studies have shown 
that quadriceps tendon attachment to the 
patella is relatively deep, while the patellar liga-
ment is superficial. Thus, to pass the suitable 
channel, after the puncture passer enters the 
tissue, the distance from the posterior patella 
should be carefully explored with its tip, so  
as to determine the optimal position of the 
puncture.

The knee should be flex at 25º when the punc-
ture passer is pierced. The steel wire should be 
fixed close to the anterior patella, which con-
tributes to reduce the fracture fragments and 
stabilizes the fixation during the process of 
tightening the steel wire.

The steel wire bending or distorting should be 
prevented. The preselected wire length should 
be 2.5 times larger than the circumference of 
the patella. A shorter steel wire would cause 
twisting, and even bending and breakage of the 
steel wire. 
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If the fracture fragments comminution is not 
serious, especially in young patients, a K-wire 
should be used to assist the fixation. This is 
because the less the fracture lines, the smaller 
the patella strain value, and when the patients 
flex and extend the knee, the stress is prone  
to be concentrated. Accordingly, without the 
K-wire fixation, the fracture appears to be dis-
placed, resulting in the failure of the operation. 
The wire should be bundled up for fracture 
reduction and temporarily fixed before the K- 
wire is inserted in order to avoid the displa- 
cement of the fracture fragments when the 
K-wire is inserted. The two K-wires should be 
placed at the junction of the middle-medial 1/3 
and the middle-lateral 1/3 of the patella on  
the coronary view, the middle-posterior 1/3 of 
the patella on the sagittal view. The patella is 
thicker and its bone quality is relatively stiff. 
Moreover, the stability is better after internal 
fixation, which is conducive to the stability of 
the articular surface and early rehabilitation.

The fracture reduction should be assessed by 
fluoroscopy. If the anteroposterior and lateral 
views do not clearly display the reduction, the 
oblique view can be used to judge the reduc-
tion. To determine whether the lateral patellar 
articular surface is anatomically reduced, the 
knee joint should be placed with an extortion  
of about 30°, while a 20° intorsion of the  
knee can display the medial patellar articular 
surface.

If the closed reduction is difficult, it is proba- 
bly due to the embedding of soft tissue in the 
fracture interspace. In such cases, a K-wire or 
other instruments can be used to percutane-
ously remove the soft tissue from the fracture 
interspace. 

If, after trying this closed method 2-3 times, the 
articular surface can still not be anatomically 
reduced, then the surgical approach should be 
changed to the open reduction and internal fix-
ation method, so as to avoid the aggravation of 
the fracture due to an iatrogenic injury. In our 
study, 5 patients who were originally planned to 
be treated by the minimally invasive surgery 
underwent open reduction and internal fixation 
instead because we could not perform the ar- 
ticular surface anatomical reduction percuta-
neously during the surgery. 

Overall, we can conclude that the treatment of 
comminuted patellar fracture by the percutane-

ous Pyrford technique is feasible and achieves 
satisfactory clinical outcomes. The incision is 
small, the internal fixation is rigid and reliable, 
and the patients can start rehabilitation much 
earlier. 
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