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Abstract

Introduction Fixation of displaced patella fractures with metal implants may be associated with implant failure, post-
operative pain, and high re-operation rate. This study reports preliminary clinical results of using five-pointed star lattice
sutures for the management of patella transverse fractures.

Methods A five-pointed star lattice suture configuration was produced intraoperatively, and 25 patients with patella transverse
fractures were treated with this newly designed sutures fixation. All patients were followed up until union of the fractures or
until further surgical intervention. At a mean of 1.6 years (range 0.8-2.5 years) of follow-up, the notes and plain radiographs
of the 25 patients were reviewed. Bostman score was used to evaluate the therapeutic effects.

Results All 25 patients experienced union of the patella fractures, with excellent knee function in 19 patients and good in 6
patients evaluated with Bostman score.

Conclusion The newly designed five-pointed star lattice sutures fixation may be a feasible alternative to metal implants fixa-

tion in the management of patella transverse fracture.
Level of evidence Level IV case series.
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Introduction

Patella fractures account for approximately 1% of all skel-
etal injuries [1]. Since patella is an important functional
component of the knee extensor mechanisms, patella frac-
tures could lead to obvious pain and secondary knee func-
tion impairment [2]. For this reason, the goal of treatment
should be focused on achieving the anatomical reduction in
both the fractures and the articular surface to alleviate the
impairment. The most common types of patella fractures are
classified into transverse, vertical, comminuted, marginal, or
osteochondral according to fractures pattern [3]. In fractures
with non-displacement (1-4 mm), minimal intra-articular
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cartilage step-off, and intact extensor mechanism, there is an
opportunity of non-surgical treatment [2]. The main indica-
tions for surgical treatment include displacement (>4 mm)
and comminuted fractures with a torn extensor retinaculum
[2]. Surgical treatments range from patellectomy to reduc-
tion in fractures and internal fixation [4]. The conventional
method of fixing with a tension band principle mode was
firstly introduced by Pauwels in 1935, and the modified ten-
sion band wiring technique is the most widely used method
[2]. It involves the use of two longitudinal inter-fragment
Kirschner wires (K-wires) and a figure-of-eight stainless
steel wire looped over the anterior side of the patella [5, 6].
This technique aims to neutralize tension forces applied to
the patella through the extensor mechanism and convert ten-
sion forces into compression forces [5, 7]. Single or multiple
cannulated screws have also been used for fixation of patella
fractures to replace tension band wiring technique. Although
those techniques above have produced high rates of suc-
cess, they may be associated with hardware migration and
post-operative discomfort [8]. Metal implants are associated
with the need of being removed when they cause local tissue
irritation [9—11]. For those reasons, non-metal implants for
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fixation of patella fractures have been advocated by different
authors and have produced good clinical outcomes; however,
there still exist a certain percentage of failures [4, 10, 12,
13]. So it is still necessary for non-metal implants for fixa-
tion of patella fractures to be further explored.

On the basis of above procedures for treatment of patella
fractures with non-metal implants, we designed five-pointed
star lattice sutures in fixing patella transverse fractures with
NO. 2-0 ETHIBOND EXCEL suture (Ethicon, Somerville,
NJ, USA) and NO. 0-0 polydioxanone sutures (Ethicon,
Somerville, NJ, USA). This current clinical study reported
25 cases of patella transverse fractures treated with utilizing
five-pointed star lattice sutures for fixation.

Methods

This clinical study was carried out at Jiangxi Provincial
People’s Hospital, Nanchang, China. Informed consent has
been obtained from all the patients before the procedure.
This study was approved by the Ethics Committee of Jiangxi
Provincial People’s Hospital. All study methods were in

Fig. 1 a Diagrammatic sketch
showed PDS began from A
point a, to b, ¢, d, e and ended
in point a. Square knot was
marked with red circle. b When
two lines came across, square
knot was made with the later

accordance with the Declaration of Helsinki. Patients were
included in this study if aged between 18 and 65 years and
diagnosed with patella transverse fractures. A total of 25
cases diagnosed with patella transverse fractures were finally
included in this study. Of the 25 cases, there were 9 males
and 16 females. The age ranged from 21 to 65 years old
(average 42.25 years). In eighteen cases injuries were caused
by a tumble, and 7 cases were by road traffic accidents. All
cases were unable to do active extension after injury, and
fracture fragments were significantly displaced. It was about
5 h-7 days from injury to surgery.

The anterior transverse arc incision (convex to the dis-
tal) was used to expose the fractured patella. We cleaned
the blood clot, reduced the fractures, and fixed the fracture
mass temporarily with towel forcep. We located the sutures
on the surface of knee, and five points were marked with an
aseptic marker pen, according to the size of the patella. A
five-pointed star lattice was weaved with double NO. 0-0
polydioxanone sutures (PDS) in vitro (Fig. 1d). Intraopera-
tively, five-pointed star lattice can be weaved before or after
exposing the fractured patella. The aim was to make the
suture lattice suitable for the patella. Diagrammatic sketch

line. ¢ Diagrammatic sketch
showed five-pointed star lattice
was put on the front surface

of the patella, and two semi-
circular sutures around the
patella edge were made with
NO. 2-0 ETHIBOND EXCEL
sutures. Each ethibond suture
was used to make half purse
string suture around the patella
and went through five points of
the star lattice. d Intraoperative
photograph showed the weaving
procession of five-pointed star
lattice
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(Fig. 1a) showed PDS began from point a, to b, c, d, e and
ended in point a. Vessel forceps was used to fix five points
(Fig. 1d). When two lines came across, square knot was
made with the later line (Fig. 1b). The tail sutures of the
PDS were retained after made surgical knot.

Five-pointed star lattice was put on the front surface of
the patella, and two semi-circular sutures around the patella
edge were made with NO. 2-0 ETHIBOND EXCEL sutures
(Fig. 1c). Each ethibond suture was used to make half purse
string suture around the patella and went through five points
of the star lattice. The ethibond suture was tightened and
knotted when the knee joint flexed at 5°-10°. As a result,
five-pointed star lattice was tightly clenched and pressed
to the patella, forming a tension band fixation. The ethi-
bond suture produced a centripetal uniform pressure on
the patella and made the five-pointed star lattice tensioned
which helped to produce a uniform pressure firmly on the
patella. The remaining tail sutures of the PDS were also
used to make half purse suture around the patella and went
through five points of the star lattice. Then we tightened and
knotted the remaining tail sutures, forming one more fixation
of the patella. By transforming tension into pressure, five-
pointed star lattice sutures formed tension band fixation and
prevented the patella fracture opening.

Here, we concluded some experience from the procedure.
PDS II suture is absorbable and can provide wound support
for approximately 60 days. ETHIBOND EXCEL suture is a
non-absorbable, braided, sterile surgical suture composed
of Poly (ethylene terephthalate). The PDS suture has a good
expansion characteristic, and when it reaches the maximum
pulling force, it is 3 times as long as the original one. There-
fore, the five-pointed star lattice should be smaller than the
patella during the operation in diameter. However, the five-
pointed star lattice should not too small; its five points would
be located in the front of the patella when it is tightened.
The ethibond suture would also be at the anterior patella
border and reduce the extrusion pressure of the patella. As
there was no reference about the specific ratio, we generally
made the five-pointed star lattice less about 3—4 mm than
patella in the diameter, in order to reach patella diameter
when PDS suture stretched. The position of the five points
of the five-pointed star lattice can be adjusted according to
the fracture position of the patella. If there were small dis-
placed fracture fragments, complement sutures can be used
between grids and grids, or between grids and the ethibond
suture to strengthen network density, in order to ensure the
fixation stability.

After the operation, the knee should be pressure dress-
ing to reduce the effusion and adhesion of the joint cavity
with thick cotton pads. An approximately 20-cm plaster was
used to fix the knee behind it to prevent the knee flexing.
On the first day after surgery, the patients were instructed to
perform isometric contractions of the musculi quadriceps

femoris. On the third day after surgery, the patients were
encouraged to stand and walk on the ground without walk-
ing sticks to make the knee joint move slightly, which help
to make the patellofemoral joint to fit. After post-operative
2 weeks, the sutures on the surface of skin were removed as
well as the plaster. The patients were instructed to gradually
practise knee flexion and extension actively and walk with-
out walking sticks. The patients were followed up regularly
until union of the fractures or until further surgical inter-
vention was performed. The notes and X-rays of them were
carefully preserved and reviewed. Bostman score (Table 1,
[14]) was used to evaluated the therapeutic effects.

Results

All of 25 cases were followed up with a mean of 1.6 years
(range 0.8-2.5 years), and all cases got patella fractures
union. No complications like infection, dislocation, or break-
age of implants were observed post-operatively during the
whole follow-up periods. Meanwhile, Bostman score [14]
indicated that the post-operative knee function was excel-
lent in 19 patients and good in six patients. A typical case
is shown in Fig. 2.

Discussion

A few biomechanical studies have studied different fixa-
tion techniques for patella fractures [1, 15, 16], of which
the modified tension band wiring technique is the most
commonly used method for almost all fracture types [2].
Cannulated screws combined with anterior tension wiring
have become a common alternative, because it was certified
to provide higher load-bearing capacity and greater stabil-
ity [17]. Metal implants may be associated with hardware
migration, post-operative discomfort, and re-operation for
removing the implants [18]. Other fixation materials, like
titanium—nickel shape-memory alloy (Ti-Ni SMA) fixation,
may produce good osteosynthesis effect [19], but some
patients complained of anterior patella discomfort sense, and
Ti-Ni SMA is more expensive and requires second operation
to remove the implant.

Patel et al. [4] conducted a biomechanical study with
the longitudinal anterior band (Lotke) technique and dem-
onstrated that the quality of fixation for braided polyester
suture for displaced transverse patella fractures was compa-
rable to stainless steel wire. Gosal et al. [20] presented clini-
cal outcomes of patellar fracture fixation using metal wire
and non-absorbable polyester (5 Ethibond), which indicated
non-absorbable polyester appears to compare favourably
with the use of metallic wire to fix patellar fractures. The
relative risk of re-operation in the metal group is six times
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Table 1 Bostman clinical grading scale [14]

Variable Points
(maximal

30)

Range of motion

Full extension and range of motion (ROM) > 120° or 6
within 10° of normal side

Full extension, ROM 90°-120° 3
Unable to full extension, ROM < 90°
Pain
None or minimal on exertion
Moderate on exertion 3

In daily activities

Work
Original job
Different job 2
Cannot work 0

Atrophy, difference of circumference of thighs 10 cm proximal to
the patella

<12 mm

12-25 mm 2
>25 mm 0
Ambulation assistance

None

Walking stick part time 2

Walking stick all time 0
Effusion

None 2

Reported to be present 1

Present 0
Giving way

No 2

Sometimes 1

In daily life 0
Stairclimbing

Normal 2

Disturbing 1

Disabling 0

Total score results: 30-28 points, excellent; 27-20 points, good; <20
points, unsatisfactory [14]

than that in the non-absorbable polyester group, and the risk
of infection in the metal group is also higher [20]. Wright
et al. [21] performed materials testing on 18-gauge stainless
steel wire and repeated samples of No. 5 FiberWire suture
and then used for tension band fixation on a novel transverse
patellar fracture model, which demonstrated FiberWire is a
potentially superior alternative to stainless steel wire in ten-
sion band fixation of transverse patella fractures. Camarda
et al. [22] systematically reviewed literature and concluded

@ Springer

that non-metallic fixation treating patella fracture had a 90%
success rate and a 10% failure rate. Non-metallic fixation
has its advantages, including reducing re-operation rate and
post-operative pain. Therefore, non-metallic fixation is use-
ful but needed to be improved.

We newly designed five-pointed star lattice sutures in
fixing patella fractures with NO. 2-0 ETHIBOND EXCEL
suture and NO. 0-0 polydioxanone sutures. In our clinical
study, all cases got patella fractures union, and there were
no complications like infection, dislocation, or breakage of
implants during the whole follow-up periods. Some surgeons
may question that will the absorbable PDS fail through time?
As we know, bio-absorbable or biodegradable materials have
been used for the fixation of displaced patella fractures and
have produced good clinical outcomes [23]. Only one opera-
tion is needed in using biodegradable implants, for they do
not require removal. Besides, all cases got bony union in
this study. Furthermore, Bostman score indicated that the
post-operative knee function was excellent in 19 patients
and good in 6 patients. As a result, it shows that the newly
designed five-pointed star lattice sutures fixation may be a
feasible alternative to metal implants fixation for treatment
of patella transverse fractures.

Theoretically, the five-pointed star lattice sutures fixation
can be suitable for other types of patella fractures; however,
it is needed to be affirmed with more clinical studies. Com-
pared to the most commonly used modified tension band
wiring fixation [2], we feel that the five-pointed star lattice
sutures fixation is simpler and may reduce operation time.
More importantly, it has no local tissue irritations and free
need of re-operation for removing internal fixation.

Our study also has some limitations. First, it needs more
cases to verify the five-pointed star lattice sutures fixation
of patella fractures, and it had better comparison with other
fixation methods of patella fractures. Second, it is the first
reported fixation with this method, and many procedures
and measures before or after the surgery were conducted
just according to our clinical experiences, and there is no
literature to support.

Compared to traditional metal implants in the treatment
of patella transverse fractures, the newly designed five-
pointed star lattice sutures fixation can also produce good
clinical outcomes. It does not require re-operation for remov-
ing internal fixation. Our study suggested the newly designed
five-pointed star lattice sutures fixation may be a feasible
alternative to metal implants fixation in the management of
patella transverse fracture, and it requires further research
to determine whether the newly designed five-pointed star
lattice sutures fixation is suitable for other kinds of patella
fractures.
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Fig.2 A 35-year-old man was diagnosed with left patella transverse
fracture. a Preoperative plain radiographs of knee showed displaced
transverse patella fractures. b Intraoperative photograph showed five-
pointed star lattice sutures fixation for patella transverse fractures.
¢ A 20-cm plaster was used to fix the knee behind it to prevent the
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