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Abstract

Tension band wiring has been widely used in patellar fracture internal fixation. However, Kirschner wires (K-wires) 
insertion is time-consuming, because it requires multiple intraoperative fluoroscopies to adjust the insertion angle, 
and the accuracy of insertion is not ideal. In this review, we summarize the measurement of patellar anatomical 
parameters, K-wires placement level, and application of guiding devices, with the focus on improving the accuracy 
of K-wire insertion from perspectives of K-wire placement and guiding devices. This review hope to provide some 
inspiration for new guiding devices with auxiliary K-wire placement.
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Introduction

Patellar fracture is a common knee trauma, 
accounting for about 1% of all fractures occur-
ring in the body [1, 2]. The treatment methods 
may be conservative or surgical, among which 
the most common surgical treatment is tension 
band wiring fixation [3]. Tension band wiring 
has been employed for the internal fixation of 
patellar fractures for over 60 years. In 1954, 
Pauwels applied the standard tension band 
wiring to patellar fracture surgery [4]. The quad-
ricipital tendon and patellar ligament were con-
nected with metal wire, and the fracture sites 
were bound to convert the tensile forces into 
the compression forces of the articular surface 
to promote fracture healing. However, the wire 
was easy to slip with unstable fixation and had 
poor mechanical properties. Arbeitsgemein-

schaft für Osteosynthesefragen (AO) modified 
the standard tension band wiring by adding two 
Kirschner wires (K-wires) to improve the me-
chanical properties of the tension band wire [5]. 
At present, modified tension band wiring is the 
most common surgical method for the treat-
ment of patellar fractures, exhibiting good bio-
mechanical properties and clinical treatment 
effects [6]. However, the challenges of K-wire 
placement in clinical K-wire tension band sur-
gery have not been overcome. The challenges 
include difficulty in determining the optimal lev-
el of K-wire placement, and the inaccuracy of 
intraoperative free-hand K-wire placement.

The operating points of modified tension band 
internal fixation for patella are as follows: re-
duction of the fracture segments, insertion of 
two K-wires with a distance of 20-25 mm in a  

Highlights
● Distance and position of Kirschner wires influence the stability of tension band wiring.
● Kirschner wire guiding device can improve the accuracy of Kirschner wire placement.
● Designing an optimal guide device is the primary development direction to improve the accuracy of Kirschner

wire placement.
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longitudinal parallel position about 5 mm from 
patellar anterior surface, cutting the K-wires, 
bending the ends, wrapping the “0” or “8” 
shaped wire and tightening it to be as close to 
the surface of patella as possible [5]. 

During knee flexion, the patella is pulled at an 
angle by the quadriceps muscle and the patel-
lar ligament. The simultaneous action of wire, 
K-wires, and femoral condyle on the patella can
convert the tension between the fracture frag-
ments into the pressure between the fracture
sites. This conversion helps prevent separation
of fracture sites and safeguards the integrity of
the articular surface [7-9]. The role of K-wires
is paramount in tension band wiring, but K-wire
placement has not been fully discussed. Patel-
lar morphology is irregular, so it is difficult to
determine the point of entry according to the
bone marker. In clinical practice, the accuracy
of freehand placement is low, and the K-wire
tends to be upward, downword, or not parallel.

To ensure the accuracy of the position of the 
K-wires, multiple fluoroscopy and adjustment of
the insertion point of the K-wires are required
during operations [10]. High-dose radiation ex-
posure can cause damage to patients and doc-
tors, and insertion of multiple K-wires can fur-
ther damage the structure of patella. Therefore,
the problem of patellar K-wire placement needs
to be addressed urgently. In this paper, the
measurement of patellar anatomical param-
eters, the level of K-wire placement, and the
K-wire guiding devices are reviewed to provide
a basis for future research on K-wire placement
techniques.

Review progress

Patellar anatomical morphometry

The patellar tension band technique has under-
gone continuous development and refinement. 

Most of the existing studies are conducted from 
the perspective of fixation methods and implant 
types, using clinical experiments, biomechan-
ical experiments, and finite element analysis 
methods, rarely considering the influence of 
K-wire placement on the mechanical properties
of tension band [11, 12]. The possible reasons
are the irregular shape of the patella and the
error in the morphological measurement meth-
od of patellar anatomy, which make it difficult
to accurately classify the placement level of
K-wires.

The patella is the largest sesamoid bone in 
the body, with irregular structure. Although 
patellar vary in shape, the typical anatomical 
structure includes the base, patellar apex (PA), 
patellar anterior surface, the articular surface, 
and patellar ridge. In patellar fracture surgery 
and total knee arthroplasty, accurate patellar 
anatomical parameters serve as a foundation 
for precise surgical procedures. Scholars have 
explored a variety of methods to measure the 
patella, including methods based on image, pa-
tellar specimens, and image algorithm [13-16]. 
However, due to the inconsistency of projection 
angle, measurement index, and measurement 
benchmark, the measured parameters are dif-
ficult to be unified, and there are numerical er-
rors, which cannot accurately describe the ac-
tual morphology of the patellar. Regarding the 
above challenges, scholars created the patellar 
coordinate system to measure and describe the 
patellar morphology. Innocenti et al. performed 
a 3D reconstruction of 33 healthy patellar 
specimens. A total of 7 anatomical landmarks 
were marked, including PA, patellar ridge top, 
patellar ridge bottom, patellar lateral facet cen-
ter, patellar medial facet center, patellar medial 
facet bottom, and patellar medial facet top [17]. 
The patella mediolateral axis - superior-inferior 
axis - anteroposterior axis orthogonal coordi-
nate system was established according to the 
three relatively stable points (patellar medial 
facet center, patellar lateral facet center, and 
PA), and the patella was measured to verify the 
feasibility of the coordinate, as shown in Figure 
1A. Based on the 3D reconstruction model of 
the patella, Ling et al. established a spatial co-
ordinate system with the PA as the origin Figure 
1B [18]. The X-axis is parallel to the maximum 
lateral connection line of the medial and lateral 
contour of the patella, the Y-axis is parallel to 
the patellar ridge, and the Z-axis is perpendic-
ular to the XY plane. Based on the established 
patellar coordinate system, the position of the 
K-wires was meticulously categorized. Wang et
al. pointed out that the existing measurement
methods of patellar anatomical parameters are

Figure 1.  The type of patellar coordinate system. (A) Iccocenti 
petella coordinate system; (B) Ling patella coordinate system.
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mostly used for total knee arthroplasty, show-
ing poor guiding significance for patellar frac-
ture surgery, and there is a lack of appropriate 
K-wire guiding instruments in clinical practice 
[19]. Therefore, based on the 3D reconstruc-
tion of 94 healthy patellar, they measured the 
height of the PA, the height of the patella, the 
width of the patella, the thickness of the pa-
tellar ridge, the inner 1/3 thickness and the 
outer 1/3 thickness in MIMICS software, and 
designed a guiding device to assist the inser-
tion of K-wires. Based on the clinical effects, 
the lateral 1/3 thickness is shown to have im-
portant clinical significance for patellar tension 
band wiring and can be used as a reference for 
K-wire insertion depth, which is 15.38±1.89)
mm in males and 14.01±1.72 mm in females. 
This guiding device aims to assist doctors to 
improve the accuracy of K-wire placement, but 
the categorization of the optimal K-wire place-
ment levels is only based on clinical experience 
and clinical effects. The categorization basis of 
the K-wire placement levels and the selection 
of the optimal K-wire placement level need to 
be further verified.

K-wire placement

The placement level of K-wires is a key factor 
affecting the treatment efficacy of tension band 
wiring. The categorization methods of place-
ment levels are shown in Table 1. Wu et al. 
improved the internal fixation method of dou-
ble-ended K-wire bending based on the clinical 
operation experience of the AO tension band. 
Through surgical verification and comparison 
with the efficacy of AO tension band surgery, it 
was found that double-ended K-wire bending 
reduced the incidence of complications and im-
proved the surgical healing rate [20]. However, 
this study only analyzed the bending mode of 
the K-wires but did not study the influence of 
other factors of the K-wires on the surgical out-
come. Based on the clinical operation results 
of 170 patients, Hsu et al. analyzed the influ-
ence of three factors, K-wire depth, length, and 
bending mode, on the efficacy of tension band 

fixation [21]. The results demonstrated that 
superficial K-wire depth could lead to unstable 
internal fixation, which was not conducive to 
maintaining the integrity of the articular sur-
face. It was recommended to place the K-wires 
in the middle of the patella, while avoiding 
proximity to the anterior surface of the patella. 
The placement level of K-wires can affect the 
therapeutic efficacy of surgery, but it is difficult 
to give a theoretical explanation through clini-
cal or biomechanical analyses. Therefore, some 
scholars used the finite element method to 
further study the effect of the placement level 
on the mechanical properties of tension band 
wiring.

Wang et al. adopted the finite element method 
to establish an “8” figure tension band internal 
fixation model of type C1 patellar fractures, 
simulated two internal fixation conditions of 
parallel and cross K-wire when the knee was 
bent at 90°, and studied the influence of the 
insertion angle on the fixation efficacy by ana-
lyzing the K-wire displacement, fracture surface 
displacement, tension band displacement, and 
K-wires stress [22]. The results showed that the 
fixation effect of parallel insertion was better 
than that of angular insertion. However, there 
is a lack of research on the depth and distance 
of the K-wires. Ling et al. placed the K-wires 
at the medial and lateral 1/4 of the maximum 
transverse diameter line of the patella and cat-
egorized 5 K-wire placement levels in the Z-axis 
direction [18]. Distinct finite element models 
for the “0” and “8” shaped tension bands were 
established, considering different K-wire place-
ment levels. In addition, the separation and 
displacement of the fracture sites, the force 
of patella, and the mechanical strength of the 
K-wires were analyzed. The results exhibited 
that the level of K-wire placement could af-
fect the biomechanical properties of patellar 
tension band wiring, and K-wire placement at 
a superficial level should be avoided. To find 
the optimal K-wire placement level in patellar 
tension band fixation, Kim et al. simplified the 
patella into a cuboid, took the middle K-wire 

Table 1. K-wire placement
Researchers Method K-wires Depth K-wires Distance K-wires Position

AO principle Clinical surgery 5 mm from patellar anterior surface A distance of 20-25 mm Parallel

Hsu et al. Clinical surgery Avoid proximity to the anterior surface None None

Wang et al. Finite element method None None Parallel

Ling et al. Finite element method Level 3 and below The medial and lateral 1/4 Parallel

Kim et al. Finite element method 5 mm from the middle layer None Parallel

Note: K-wires, Kirschner wires; AO, Arbeitsgemeinschaft für Osteosynthesefragen.
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placement as the benchmark in the sagittal 
plane, and divided the superficial layer and the 
deep layer with an interval of 5 mm [23]. A sim-
plified model of the “8” shaped tension band 
fixation system was established, and three 
K-wire placement conditions, shallow, medium,
and deep, were set up. The effect of the depth
of the K-wires on the mechanical properties
of the tension band wiring was studied by the
finite element method. It was found that the
pressure on the articular surface was the larg-
est, and the displacement of the fracture sites
was smaller than 1 mm when the K-wires were
placed in the deep layer, which was helpful for
fracture healing.

Guiding devices and their clinical application

In clinical practice, most physicians perform 
free-hand K-wire placement based on experi-
ence. Therefore, inexperienced young physi-
cians often need multiple intraoperative fluo-
roscopies to determine the optimal placement 
position, with low accuracy, long operation time, 
and large amount of intraoperative radiation.

Because of the above problems, researchers 
have been actively exploring and studying guid-
ing devices for patellar K-wire placement. In 
2002, Chen et al. developed a multi-functional 
K-wire guiding devices to meet clinical needs
[24]. In 2006, Keyer et al. invented a guiding
device for orthopedic surgery, as shown in Fig-
ure 2A (patent No. US7131974 B2) [25]. Their
device has a simple structure, consisting of the
first bit and the second bit that can slide rela-
tive to each other. However, even with the assis-
tance of this device, it is difficult to conduct a
good K-wire placement in patellar fracture fixa-
tion surgery, due to patellar irregularity. Arthrex
disclosed a parallel drill guide, as shown in
Figure 2B, which consists of a handle and two
drill bits. In contrast to Keyer’s, this device can
ensure that the two K-wires are placed in par-
allel, but the position of the K-wires still needs
to be determined based on doctors’ experience

[26]. In 2016, Liu et al. reported a caliper-type 
guiding device [27]. The research team started 
to develop the guiding device in 2010. They 
developed two generations of guiding devices 
successively and conducted mechanical test 
and clinical application research to verify its 
clinical value. Their guiding device significantly 
improved the accuracy of K-wire placement 
and shortened the average operation time from 
76.09±10.77 minutes to 61.20±5.45 minutes. 
In 2017, Duan et al. designed orthopedic re-
duction forceps specifically for compression 
reduction, aiming to reduce the gap in patellar 
fractures and to guide K-wire placement [28]. 
There was a significant difference in operation 
time between the experimental group and the 
control group, in which the operation time of 
the experimental group was 17% less than that 
of the control group. The mean number of K-wire 
insertion was 2.05±0.28 and 2.48±0.71, 
respectively, and the mean number of fluo-
roscopies was 5.65±0.56 and 8.64±2.25, 
respectively. It can be seen that the forceps 
can reduce the number of K-wire insertion and 
fluoroscopies. In 2020, Wang et al. measured 
the anatomical parameters of normal patellar 
and developed a C-type guide device [19]. Us-
ing this guiding device, the appropriate depth 
and distance of the K-wires can be adjusted 
according to the individual needs, and the rela-
tive parallel of the two K-wires can be ensured. 
The preliminary clinical application showed that 
the guiding device can reduce the average flu-
oroscopy times by 49.4%, and the average op-
eration time by 26.4%, as well as improve the 
success rate and accuracy of K-wire placement.

For internal fixation of patellar fractures, ten-
sion band wiring has been widely used, but the 
surgery mostly adopts the method of free-hand 
K-wire insertion, which requires the surgeons to
have rich clinical experience and sophisticated
operation skills. Because of the difficulty in the
placement of K-wires, the operations usually
require multiple fluoroscopies to adjust the in-
sertion point, increasing the operation time and
X-ray radiation dose.

In an attempt to improve the accuracy of K-wire 
placement, the following two factors should be 
considered: (1) The optimal K-wire placement 
level should be determined based on the mea-
surement of patellar anatomical parameters. 
At present, there is insufficient research on 
patellar anatomy measurement for patellar 
fracture surgery, and rare studies focus on the 
placement level of K-wires. Based on normal 
patellar computed tomography (CT) image and 
high-reliability reference points, a 3D spatial co-

Figure 2. Types of guiding devices. (A) A guiding 
device for orthopedic surgery (patent No. US7131974 
B2); (B) A parallel drill guide. Figure 2 is cited from [25, 
26].



31

Progress in Medical Devices 2023; 1 (1): 27-32. PDM23020184

Progress in Medical Devices

ordinate system of patella can be established, 
and the depth of K-wires in the sagittal plane 
and the distance of K-wires in the coronal plane 
should be used to describe the placement 
level. In combination with the finite element 
method and clinical trials, the effects of differ-
ent K-wire placement on tension band wiring 
can be analyzed to provide a new perspectives 
for K-wire placement levels of patellar tension 
band wiring. (2) Guiding devices with auxiliary 
K-wire insertion should be designed based on 
the K-wire placement level. At present, there 
are no special patellar K-wire guiding devices 
in clinical practice. Traditional guiding devices 
are mostly mechanical structures composed of 
members, fasteners, and scales, which have 
the advantages of low cost, easy manufactur-
ing, stable performance, and high adaptability 
to environment. However, the majority of these 
devices are modifications of conventional sur-
gical instruments in combination with surgical 
requirements. As a result, they are often limited 
to laboratory research or patent application 
stage and have not been widely promoted. 3D 
printed surgical drill guiding template is a novel 
way to improve the accuracy of K-wire insertion. 
The preparation process mainly includes the 
acquisition of CT image data, 3D reconstruction 
of the fracture model, selection of substrate, 
determination of K-wire entry direction, design 
of guiding hole, 3D printing, and post-process-
ing. 3D printed surgical guides have been used 
in internal fixation surgery for fractures of the 
sacroiliac joint, spine, and femoral neck, but 
less reported in patellar fracture surgery. The 
reason for this is that the surgical guiding tem-
plate needs to be personalized based on the 
patient’s preoperative imaging, and the prepa-
ration process is tedious and time-consuming 
[29-31]. Image-guided navigation-based tech-
niques can improve the accuracy of orthopedic 
surgery  [32, 33]. However, the application of 
navigation techniques in patellar fracture sur-
gery has not been reported in the literature. 
Moreover, the navigation technique uses CT 
scanning and 3D reconstruction, which require 
intraoperative image alignment and tool reg-
istration, and its radiation dose is higher than 
that of traditional surgery, which causes ad-
verse effects on both patients and healthcare 
workers.

Conclusion

In summary, designing an optimal guiding de-
vice is the primary direction to improve the ac-
curacy of K-wire placement. An optimal guiding 
device, which should be simple in structure and 
easy to operate, can assist doctors to place 

K-wires based on the placement levels, improve 
the accuracy of K-wire insertion, reduce the 
number of intraoperative fluoroscopies, and 
reduce the radiation of intraoperative X-rays 
to the human body. In this paper, the research 
progress on K-wire placement levels and guid-
ing devices for patellar tension band wiring is 
reviewed to inspire the further development of 
guiding devices.
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