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Growth plate or the physis is a cartilage structure 
that occurs at the distal part of the long bones 
and provides bone elongation. Physeal injuries are 
difficult to treat and cause complications such as 
growth arrest, progressive angular deformities, and 
limb length discrepancy after childhood physeal 
damage.[1] After traumatic epiphyseal injuries, a physeal 
bar may occur that may lead to progressive angular 
deformities or limb shortness during the fracture 
healing.[1,2] Various hemiepiphysiodesis techniques 
have been developed for preventing deformity.[3,4] 
Blount[5] showed that the growth disturbances such 
as angular deformities can be controlled by using 
minimally invasive hemiepiphysiodesis technique 
with U nails. Since U nail migration and breakage 
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may occur, the tension band hemiepiphysiodesis 
technique by 8-plate and screws is currently preferred 
in the treatment of childhood deformities.[1,3,6] 
These procedures temporarily inhibit limb growth. 
However, in studies evaluating U-nails and 8-plates, 
the development of permanent epiphysiodesis has 
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been reported associated with periosteal damage 
during implant application or removal.[7,8] Aykut 
et al.[7] emphasized that a bar was formed due to 
damage to the perichondral ring in the proximal tibial 
epiphysiodesis of the rabbit model by using U nail and 
that U nail should be extraperiostally performed.

The 8-plate provides epiphysiodesis successfully 
at rates ranging from 74 to 91%.[9,10] However, 
some patients undergoing epiphysiodesis with 
8-plate experience problems, such as permanent 
epiphysiodesis and implant failure.[11,12] This problem 
can be caused by damage to the perichondrial 
ring around the physis.[9,13] In the literature, it has 
been shown in various animal experiments that 
8-plate can damage the perichondrial ring and cause 
permanent damage in this area.[9,14] Tension band 
technique with Kirschner wire (K-wire) and cerclage 
are frequently used in the fixation of the olecranon 
and medial malleolar fractures. The tension band 
fixation provides an advantage for fracture union 
by converting tensile forces into compressive 
forces.[15,16] In the present experimental animal study, 
we hypothesized that the surface where the tension 
band application with the K-wire creates pressure 
on the perichondrial ring would be lower than 
the 8-plate and K-wire would cause less damage 
to the perichondrial ring. We, therefore, aimed to 
develop a lower-cost technique that prevents angular 
deformities, does not cause permanent problems, 
and minimizes damage by reducing the pressure in 
the perichondrial ring, by using the tension band 
technique with a K-wire and cerclage, which are 
commonly used by orthopedic surgeons in clinical 
practice. 

MATERIALS AND METHODS

In this experimental study, a total of 16, six-week-old 
New Zealand rabbits weighing between 750 and 
1,000 g were used. The study protocol was approved 
by the Bağcılar Training and Research Hospital 
Experimental Research and Skill Development 
Center (IRB approval ID: 2017/33). All animals 
involved in the experiment received humane 
care in compliance with the Guide for the Care 
and Use of Laboratory Animals (www.nap.edu/
catalog/5140.html). Ketamine and xylazine were 
used for anesthesia, and meperidine was used for 
postoperative analgesia. The proximal physis of 
the subjects was studied on the tibia of the right 
hind legs as Group 1 (n=8) and Group 2 (n=8), and 
randomly selected left hind legs of Groups 1 and 2 
were studied as Group 3 (n=8). The subjects were 
randomly divided into three groups as follows:

Group 1 (K-wire and cerclage group): Eight rabbit 
right hind legs, the tension band technique was 
applied using K-wire and cerclage.

Group 2 (8-plate group): Eight rabbit right hind legs, 
the tension band technique was applied using 8-plate 
and screws.

Group 3 (Control group): The untreated eight left 
hind legs were randomly selected of the subjects in 
Groups 1 and 2 which were sacrificed formed the 
control group as Group 3. All rabbits followed for 
eight weeks.

Anesthesia, premedication, and surgical procedure

Surgical procedures were performed under 
general anesthesia. A dose of 35 mg/kg ketamine 
(10% injectable Alfamine®; Alfasan International BV, 
Woerden, the Netherlands) and a dose of 5 mg/kg 
xylazine (Ksilazol®; Provet, Istanbul, Turkey) were 
mixed and intraperitoneally administrated at a dose 
of 0.4 mL/kg.[7] After anesthesia was provided, the 
right leg was prepared sterile by staining with a 
solution of polyvinylpyrrolidone-iodine complex 
(Batticon®; Adeka Corp., Istanbul, Turkey). A 2 to 3-cm 
anteromedial longitudinal incision, slightly medial 
to the tibial tubercle, was performed in the proximal 
of the right tibia. Soft tissues such as subcutaneous 
tissue and joint capsule were dissected and the medial 
collateral ligament distal insertion was identified and 
served as a landmark. As a white line, the physis was 
easily distinguished from the surrounding bone. The 
joint surface was reached and one K-wire was placed 
as a guide parallel to the joint surface. In parallel 
with this guide, two 1-mm K-wires were applied 
in parallel to the proximal joint of the tibia via the 
epiphyseal plate. The distance between the K-wires 
was 5 mm in the sagittal plane. The hole for cerclage 
wire opened in the middle of the tibia in the sagittal 
plane by a 1.2-mm drill. Then, 1-mm cerclage wire 
was passed through the hole opened 1 to 2 cm distal 
to the epiphyseal plate and tightened simultaneously 
until proximally admitted K-wires bending slightly. 
The K-wires were cut by twisting at a close distance 
from the periosteum and embedded under the skin 
(Figure 1). After washing with saline, the fascia and 
skin were closed with 3/0 Vicryl and 2/0 prolene 
sutures, respectively. The 8-plates (Guided Growth 
System; Orthofix Corp., Verona, Italy) were performed 
in Group 2 after placing one K-wire as a guide parallel 
to the joint surface with the same surgical approach. 
The 8-plate was applied extraperiosteally using one 
proximal- and one distal screw (Figure 1). After 
washing with saline, the fascia and skin were closed 
with 3/0 Vicryl and 2/0 prolene sutures, respectively. 
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After the wound closure in the laboratory, standard 
anteroposterior and lateral X-rays were taken by 
portable X-ray fluorescence and the position of the 
surgical devices was controlled. In the postoperative 
period, ceftriaxone was administered intramuscularly 
at the dose of 50 mg/kg every 12 h for prophylaxis 
for 24 h. All subjects were returned to normal cage 
activities.[1] Meperidine was administered at a dose of 
6 mg/kg every 4 to 6 h for analgesia for three days.

Radiographic measurements and histological 
evaluation
The subjects were evaluated on the first 

postoperative day and eighth week during the 
sacrification phase with two plain radiographs. 

A portable X-ray fluorescence was used for the graphs. 
The articular line-diaphyseal angle (ALDA; the angle 
between the tibial anatomical axis and the tibial 
proximal joint line) and the medial slop angle (MSA; 
the angle between the tibial anatomical axis and 
the medial plateau joint line) were evaluated using 
anteroposterior radiographs (Figures 2 and 3).[7,9] The 
tibial slope angle (TSA; the angle between the tibial 
anatomical axis and the tibial joint line) was evaluated 
using lateral radiographs. The angles between the 
screws in the 8-plate group were also measured by 
anteroposterior radiographs.[9] The RadiAnt DICOM 
2.2.9 Viewer (Medixant, Poznan-Poland) program 
was used for measurements of all three groups 

FIGURE 1. Intraoperative views of K-wire cerclage group and 8-plate group.
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(K-wire, 8-plate, and control).[17] After eight weeks, 
the subjects were sacrificed and the right tibias of 
Group 1 and right tibias of Group 2 were taken. 
Eight left tibias of the subjects in Group 1 and 2 were 
randomly used for the control group. The proximal 
one third of the tibia was separated, the implants 
were removed and decalcified by depositing in a 
solution containing 10% formaldehyde. All samples 
were taken from the affected side of the perichondrial 
ring, such as the contact area with the plate and the 

cerclage. Totally, 7-mm axial sections were taken 
from the samples and stained with Safranin-O/fast 
green. As the perichondrial ring and growth plate 
is not uniform, its width was studied in different 
samples. To minimize errors (i.e., the evaluation of the 
unaffected area), three-section measurements from 
samples taken from each subject were measured and 
averaged.[18] The thickness of the perichondrial ring 
was evaluated at ¥10 magnification and compared 
between groups (Figure 4). The same pathologist 

FIGURE 2. (a) Early postoperative (Day 1) anteroposterior and lateral radiographs and (b) 8th -week anteroposterior 
and lateral radiographs of the fixation of the subject undergoing epiphysiodesis using K-wire and cerclage.

(a)

(b)
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who was unaware of the group allocation prepared 
and evaluated the samples in a blinded manner. The 
cumulative cost of the implants used in Group 1 
and Group 2 was calculated in each group and was 
compared between groups.

Statistical analysis

Statistical analysis was performed using the 
Number Cruncher Statistical System (NCSS) version 

2007 software (NCSS LLC, Kaysville, UT, USA). 
Descriptive data were expressed in median (first 
quarter to third quarter). The suitability of quantitative 
data for normal distribution was tested using the 
Shapiro-Wilk test and graphical examinations. The 
Mann-Whitney U test was used to compare the 
quantitative variables that did not show normal 
distribution between the two groups. The Kruskal-
Wallis test and Dunn-Bonferroni test were used for 

(a)

(b)

FIGURE 3. (a) Early postoperative (Day 1) anteroposterior and lateral radiographs and (b) 8th-week anteroposterior 
and lateral radiographs of the fixation of the subject undergoing epiphysiodesis using 8-plate and screws.
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comparison of more than two groups of quantitative 
variables that did not show normal distribution. A p 
value of <0.05 was considered statistically significant.

RESULTS

No statistically significant difference was observed 
in terms of ALDA, TSA, and MSA in the early 
postoperative radiographs among the groups 
(p=0.630, p=0.751, and p=0.673; respectively) (Table I). 
However, in both K-wire and 8-plate groups, the 
early postoperative ALDA and TSA were greater 
than the sacrification ALDA and TSA (p=0.028 
and p<0.001, respectively). The early postoperative 
MSA was lower than the sacrification MSA in both 

K-wire and 8-plate groups (p<0.001). A statistically 
significant difference was observed between groups 
in terms of sacrification ALDA, TSA, and MSA values 
(p<0.05). As a result of Dunn-Bonferroni post-hoc 
tests, the ALDA value in the control group was 
higher than the K-wire and 8-plate groups (p=0.005 
and p=0.001; respectively), while the TSA value in the 
K-wire group was lower than the control and 8-plate 
groups (p=0.001 and p=0.016; respectively) and the 
MSA value in the control group was lower than the 
K-wire and 8-plate groups (p<0.001 and p=0.009; 
respectively). In the 8-plate group, no statistically 
significant results were obtained in angle changes 
between the screws (Table II).

FIGURE 4. Histological sections showing perichondrial ring thicknesses of the groups. 
(a) Control group (length=449,51 µm), (b) K-wire group (length=365,23 µm), and (c) 8-plate group 
(length=258,55 µm) (All samples were stained with Safranin O/fast green and the thickness of the 
perichondrial ring was evaluated at ¥10 magnification).

(a)

(b)

(c)
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In histological evaluation, there was a statistically 
significant difference between the groups in terms 
of perichondral ring thickness (p<0.001). As a result 
of Dunn-Bonferroni post-hoc tests, the histological 
cross-section value of the control group was greater 
than the K-wire and 8-plate groups (p<0.001). 
The histological cross-section value of the K-wire 
group was greater than the 8-plate group (p<0.001) 
(Table III). A 10-fold price difference was found 
between the K-wire and cerclage used in Group 1 
and the cost of the 8-plate used in Group 2 ($41 and 
$395, respectively).

DISCUSSION

The main findings of the present study are that 
both of the K-wire and 8-plate groups show similar 

angulation effects in the proximal tibial zone and 
histologically less damage to the perichondral ring 
in the K-wire group, compared to the 8-plate group. 
To the best of our knowledge, the current study is the 
first experimental animal study in the literature to 
compare K-wire and 8-plate in epiphysiodesis papers. 

Tension band technique with K-wire and cerclage 
application is frequently used in orthopedic practice 
as a method that can be applied in many areas such as 
olecranon and medial malleolar fractures, providing 
pressure to the fracture line and being cheaper than 
osteosynthesis with plate and screws.[10] It has been 
shown in the previous literature that physeal growth 
can be kept under control by creating pressure on 
the physical line.[11] In our study, the reason for 
performing the tension band technique by using 

TAbLE I

Comparison of ALDA, TSA and MSA values in radiological evaluation of the groups in the early postoperative period and 
sacrification (postoperative Week 8)

K-wire Control 8-Plate

Mean Min-Max Mean Min-Max Mean Min-Max p†

ALDA

Early postoperative 92.3 91.45-92.7 92.1 91.8-92.65 92.6 91-93.95 0.630*

Sacrification 86.45 85.65-87 93.35 92.8-93.65 84.05 81.4-87.75 <0.001**

p‡ <0.001** 0.028* <0.001**

TSA

Early postoperative 88.8 88.1-88.95 88.9 88.45-89.35 88.75 88.05-89.4 0.751**

Sacrification 78.15 77.7-79.3 86.8 86.1-87.15 81.85 81.55-83.35 0.001**

p‡ <0.001** <0.001** <0.001**

MSA

Early postoperative 7 6.75-7.4 6.95 6.4-7.45 7.01 6.65-8.3 0.673**

Sacrification 14.05 13.6-14.65 7 6.85-7.25 13.55 12.7-14.45 <0.001**

p‡ <0.001** 0.721 <0.001**

ALDA: Articular Line-Diaphyseal Angle; TSA: Tibial Slope Angle; MSA: Medial Slope Angle; † Kruskal-Wallis test, median value was presented as first quarter, third 
quarter; ‡ Mann-Whitney U test, median value was presented as first quarter, third quarter; * p<0.05; ** p<0.01.

TAbLE III

Comparison of groups in terms of perichondral ring 
thickness in histological evaluation

Perichondrial ring thickness

Mean Min-Max

Control 450.71 445.76-477.68

8-Plate 258.55 246.65-261.78

K-wire 366.78 364.41-372.63

Total 366.78 261.78-477.68

p* <0.001**

* Kruskal-Wallis test, median value was presented as first quarter, third 
quarter; ** p<0.01.

TAbLE II

Comparison of angles between screws in the 8-plate group 
at the postoperative period and sacrification 

(postoperative Week 8)

Angle between screws

Mean Min-Max

Early postoperative 8 5.75-12.3

Sacrification 5.3 2.9-10

Total 7.1 4-11.35

p* 0.161

* Mann-Whitney U test, median value was presented as first quarter, third 
quarter.
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K-wire and cerclage is to keep the growth under 
control by applying pressure on the physeal plate, 
to reduce the pressure of the perichondrial ring 
formed by the wide surface of the plate, and to use a 
more cost-effective method. The 8-plate application 
is used in daily orthopedic practice to prevent 
deformities and curves in the limb.[8] However, an 
animal experiment study in a pig model showed that 
8-plate might cause perichondral ring damage by 
creating pressure on the chondral ring underneath.[9] 
The present study showed that both the K-wire and 
the 8-plate reduced perichondral ring thickness in 
histological evaluation, compared to the control 
group. However, the reduction of the perichondral 
ring thickness in the K-wire group was less than 
the damage caused by the 8-plate. We believe that 
this depends on the pressure created by the cerclage 
wires being less than 8-plate and the cerclage profile 
is thinner than the 8-plate.

In a study, Schroerlucke et al.[13] reported that 
implant failure due to screw breakage in the tibia 
and reoperation might be required in Blount patients 
and rickets with 8-plate treatment. In the present 
study, implant failure was not observed in any group. 
In revision surgeries due to implant failure, the 
risk of perichondral ring injury increases, probably 
leading to permanent damage.[12,19] The experimental 
study of Wu et al.[9] showed that the pressure in the 
perichondrial ring increased and the perichondrial 
ring thickness decreased after epiphysiodesis with 
8-plate to the pig tibia. The tension band techniques 
provide temporary correction, when the curve 
improves the implants are removed and the limb 
continues to grow up.[12,13] The perichondrial ring can 
be damaged by implant pressure or during implant 
removal surgery.[1,7,20] Damage to the perichondrial 
ring can cause bar formation in the growth plate, 
thereby leading to permanent physeal damage and 
angular deformities.[20] The K-wires and cerclage may 
be an alternative method to minimize this effect. In 
the current study, the osseous bar formation was not 
observed in the histological examination.

The angular changes in the limb after deformity 
correction surgeries and epiphysiodesis can be 
measured radiographically.[21,22] The ALDA, MSA, and 
TSA are frequently used radiological measurements 
for proximal tibial deformities.[7,9,21,22] The alteration 
of ALDA and MSA is important for coronal plane 
deformities, while the alteration of TSA is important 
for sagittal plane deformities.[7] In our study, the ALDA 
and MSA angles were similar between K-wire and 
8-plate groups. Due to the compressive forces of 8-plate 
and K-wires and cerclage, proximal tibial angulation 

may occur. In this study, both groups showed similar 
effects; as such, the ALDA rates were lower than 
the control group and MSA rates were higher than 
the control group. However, the TSA was lower in 
the K-wire group. We believe that the compressive 
power of two proximal K-wires that placed in a 
5 mm interval provides the lower TSA in the K-wire 
group. Besides, those K-wires apply the compressive 
power on the proximal articular surface of the tibia 
significantly at two points. Although three staples are 
used in the Blount's staple technique, some authors 
have advocated that two nails are sufficient with U 
nails made of stiff material.[23-25] Staple configuration 
changes compressive forces in different axes and this 
can affect coronal and sagittal plane angulation. We 
also consider that the distance between two K-wires is 
different than the width of the plate, making it more 
effective on the lateral angle alteration.

Review of the literature reveals that the different 
angles of the screws applied with the 8-plate do not 
considerably affect the results.[26] In our study, screws 
were applied parallel to each other in the 8-plate 
group. There was no statistically significant difference 
in the angle change between screws. We believe 
that this change is not significant due to the short 
follow-up period and the relatively small rabbit tibia. 
Tension band fixation used for fracture compression 
in orthopedic trauma surgery was preferred to 
provide epiphysiodesis in the present study.[15,16] We 
found that the tension band technique performed 
with K wire and cerclage could control the growth in 
the epiphysis by the aid of the compression created 
in the physeal growth plate of the subjects and was 
as effective as 8-plate. One of the hypotheses of the 
present study was to reduce the cost of the implants 
used in surgical procedures. The average implant cost 
in the K-wire group was approximately 10 times lower 
than the 8-plate group ($41 and $395, respectively). 
Burghart et al.[19] reported that the cost of U-nail was 
lower than 8-plate. The effective results over of 90% 
were previously achieved with the extraperiosteal 
implants during implant fixation and removal.[27] In 
our study, no follow-up was performed after implant 
removal. However, it should be remembered that 
complications such as rebound effect and implant 
failure can be seen in the long-term.[24] Implant failure 
is more common in patients with obesity and the 
population under the age of 10 years, and it is 
recommended to use larger or more solid screws with 
stronger constructs.[28] Different sizes of K-wire and 
cerclage are used frequently in the clinical practice. 
We believe that a larger K-wire and cerclage can be 
used to increase the fixation strength.
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The main limitations of the present study are 
that the epiphysiodesis was performed in an animal 
model, the follow-up period was shorter than the 
hemiepiphysiodesis techniques applied in the clinic, 
and there was no follow-up after implant removal. 
Besides, to apply the technique in daily orthopedic 
practice, a more detailed information is needed in 
animals with larger epiphysis, after longer follow-up 
and by evaluating the growth of the epiphyseal plate 
after implant removal.

In conclusion, both of the K-wire and 8-plate 
groups showed similar angulation effects in the 
proximal tibia, although histologically less damage 
to the perichondrial ring was observed in the K-wire 
group, compared to the 8-plate group. Although 
this study reveals that the tension band technique 
is as successful as fixation with 8-plate in terms of 
tibial proximal hemiepiphysiodesis and causes less 
perichondral damage, the results seem to have limited 
validity and effectivity to be used in clinical cases.
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