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Plates in osteoarthritis

Biomechanical comparison of rotational stability of long and short 
plates in fixation of high tibial osteotomies in the surgical treatment 
of osteoarthritis

Abstract
Aim: High tibial osteotomy (HTO) is a widely performed surgical procedure for the treatment of medial-sided 
knee osteoarthritis, especially in active young, middle-aged patients. In this study, we aimed to compare the 
rotational stabilities of long and short plate fixation of biplanar medial opening wedge osteotomy in artificial 
tibia. 
Material and Methods: Six identical artificial left tibias were assigned to the two separate groups. The first group 
consisted of the subjects who had undergone medial opening wedge osteotomy fixed with short plates, and the 
second group with long plates. Twelve artificial seaborne left tibias were used in this study. 
Results: The subjects had proper biomechanical properties with ISO-9001 and ISO-14001_en quality standards 
in Turkey. Maximum torque, yield torque, stiffness torque, and angle values were calculated and compared for 
both the short and long plate groups. The values for the short plate were as follows: Max Torque:16.16±1.58, Yield 
Torque: 10.46±1.95, Stiffness: 0.40±.04, Torque: 3.33±76.44, Angle: 63.63±109.33, and Time 28.83±6.96. The values 
for the long plate were as follows: Max Torque: 19.71±4.17, Yield Torque: 11.95±3.13, Stiffness. 0.45±.08, Torque: 
19.66±31.93, Angle: -20.77±54.26, and Time: 29.33±7. There was no statistically significant difference between the 
groups regarding the rotational stability, which was evaluated by MaxTorque, YieldTorque, stiffness, and angle 
time parameters.  
Discussion: The use of a long plate for the fixation resulted in skin irritation in the distal part of the plate and a 
bigger incision with a longer time of surgery.  We suggest short plates in HTO with biplanar osteotomy as short 
plates yielded similar biomechanical properties in terms of torsional forces.
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Introduction
High Tibial Osteotomy (HTO), which is a realignment osteotomy, is 
used for decreasing the load on the medial compartment of the knee, 
delaying the osteoarthritis (OA) progress lateral transfer of the medially 
deviated mechanical axis. HTO is a widely preferred surgical technique 
for the treatment of patients with medial gonarthrosis, especially in 
active young, middle-aged patients. The main aim of HTO is to relieve or 
release the pain by decreasing the pathologic increase of load to the 
medial side of the knee [1-3].
Lateral closing wedge osteotomy had been the most preferred 
technique, whereas medial opening wedge osteotomy has been more 
popular recently [4, 5]. The main aim of medial opening wedge high 
tibial osteotomy is to transfer the load to the lateral side by making 
anteromedial cuts with the use of wedges distally or proximally to the 
tibial tubercle. In the lateral closing wedge technique, a bone wedge 
is removed from the lateral tibial metaphysis. Medial opening wedge 
HTO has certain advantages: practical technique, more predictable 
correction of the deformity, and lack of the risk of peroneal nerve 
injury. Dome osteotomy is a proximal tibial osteotomy that is performed 
on the proximal part of the tibial tubercle in a dome-shaped [6, 7].
We have used the medial opening wedge biplanar technique in this 
study as biplanar osteotomy has a V shape that has intrinsic stability 
which promotes bone healing [8-10]. This increased biomechanical 
stability provides the use of short plate designs. There was no previous 
study that compared the rotational stabilities of the short and long 
plate fixation for medial opening wedge high tibial osteotomy in the 
current literature. 

Material and Methods
Participants
This is an experimental biomechanical study. Six identical artificial 
left tibias were assigned to the two separate groups. The first group 
consisted of the subjects who had undergone medial opening wedge 
osteotomy fixed with short plates, and the second group with long 
plates. 
12 artificial selbone left tibias were used in this study. The subjects 
had proper biomechanical properties with ISO-9001 and ISO-14001_en 
quality standards in Turkey.
Procedure
Artificial tibias (Selbone, Turkey) were rigidly fixed with the use of 
clamps. 2 parallel K wires are advanced from 3-5 cm distal part of the 
joint line, anterolaterally and posteromedially, aiming at the fibular 
head. Using the K wires as guides, osteotomy is performed with the 
use of an oscillating saw. The osteotomy is a biplanar osteotomy that is 
placed in the proximal part of the tibial tubercle, and 1 to 1.5 cm lateral 
cortex is preserved. After completing the osteotomy, two osteotomes 
are used for distraction to obtain an 8,5 mm gap. Keeping the gap, both 
short and long plates are placed in the proper position on the bone. 
Short placed are fixed with the use of 3 proximal and two distal screws, 
and long plates are fixed with the use of 3 proximal and three distal 
screws (Figure 1a-f). 
Load-bearing tests are performed in the TOBB ETU experimental lab 
with the use of the Instron 5944 device in Ankara/Turkey. The artificial 
tibia had undergone proximal and distal compression for evaluation 
of the resistance against torsional forces after the fixation of the 
osteotomy. Fracture resistance against internal and external torsional 
forces was investigated in correlation with daily life (Figure 2a-c).
 The breaking curve of short and long plate against maximum torque is 
shown respectively (Figure 3).
Maximum torque, yield torque, stiffness torque, and angle values were 
calculated and compared for both the short and long plate groups. 

Statistical analyses
IBM SPSS 25.0 was used for statistical analysis of the data. The 
results were evaluated with a 95% confidence interval and with a 
significance of p<0,05. Normal distribution of the data means standard 
deviation, minimal, and maximal analyses were performed. The normal 
distribution of the variables was assessed with Skewness. Kurtosis 
values and Kolmogorov-Smirnov tests. Mann Whitney U test was used 
for the comparison of the groups. 
Ethical Approval
This study was approved by the decision of the Ethics Committee of 
Health Sciences University. The Declaration of Helsinki protocol was 
followed in the research protocol (Date: 2019-11-22, No: 2019/2173).

Results
Maximum torque, yield torque, stiffness torque, and angle values for 
the short plate are presented in Table 1. The values for the short plate 

Table 2. Distribution of Max Torque, Yield Torque, Stiffness, Time, Torque, 
Angle Scores of Long Plate

Table 1. Distribution of Max Torque, Yield Torque, Stiffness, Time, Torque, 
Angle Scores of the Short Plate

Short Plate N X Ss Min Max

Max Torque 6 16.16 1.58 14.8 17.74

Yield Torque 6 10.46 1.95 7.61 13.22

Stiffness 6 0.40 0.04 0.35 0.48

Torque 6 3.33 76.44 -140 92

Angle 6 -63.63 109.33 -243.16 99.34

Time 6 28.83 Haz.96 20 41

Short Plate N X Ss Min Max

Max Torque 6 16.16 1.58 14.8 17.74

Yield Torque 6 10.46 1.95 7.61 13.22

Stiffness 6 0.40 0.04 0.35 0.48

Torque 6 3.33 76.44 -140 92

Angle 6 -63.63 109.33 -243.16 99.34

Time 6 28.83 Haz.96 20 41

Table 3. Comparison of Max Torque, Yield Torque, Stiffness, Time, Torque, 
and Angle Scores According to the characteristics of the plaques (n: 12)

Features n ±SS U z p

Max Torque
Short plate 6 16.16 9 -1.44

0.18
Long plate 6 19.71

Yield Torque
Short plate 6 10.46 10 -1.28

0.24
Long plate 6 11.95

Stiffness
Short plate 6 .40 10.50 -1.20

0.24
Long plate 6 .45

Torque
Short plate 6 3.33 18 .05

1.0
Long plate 6 19.66

Angle
Short plate 6 -63.63 13 -.80

0.48
Long plate 6 -20.77

Time
Short plate 6 28.83 17.50 -.08

0.93
Long plate 6 29.33

p>0.05, U/Z: Mann Whitney U test
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were as follows: Max Torque 16.16±1.58, Yield Torque 10.46±1.95, Stiffness 
0.40±.04, Torque 3.33±76.44, Angle63.63±109.33, and Time 28.83±6.96. 
Maximum torque, yield torque, stiffness torque, and angle values for 
the long plate are presented in Table 2. The values for the long plate 
were as follows: Max Torque 19.71±4.17, Yield Torque 11.95±3.13, Stiffness. 
.45±.08, Torque 19.66±31.93, Angle -20.77±54.26, and Time 29.33±7. A 
comparison of the groups is presented in Table 3. There was no 
statistically significant difference between the groups regarding the 

rotational stability, which was evaluated by Max Torque, Yield Torque, 
stiffness, and angle time parameters.  The use of a long plate for the 
fixation resulted in skin irritation in the distal part of the plate and a 
bigger incision with a longer time of surgery.

Discussion
The biplanar medial opening wedge osteotomy is the preferred 
technique in this study as it has less rate of complications, providing 
more gap without involvement of the lateral cortex [11-13].  Additionally, 
since the tibial tubercle is spared, the decrease in the tibial slope and 
patella alta, as well as patellofemoral arthrosis, are prevented in the 
biplanar medial opening wedge technique [14,15]. The resistance of the 
fixation of osteotomies with long (HTO plate -Trumed-Turkey) and the 
short (OWO HTO plate-TST-Turkey) HTO plates against torsional forces 
are evaluated and compared in this study.  Tommofix and Puddu plates 
have been widely used in the fixation of osteotomies, and there are 
many comparative clinical and biomechanical studies in the literature 
on those plates [16]. In a biomechanical study, it is reported that fixed 
locking long plates were more durable and provided more primary 
stability [17]. However, rotational stability was not assessed. Our study 
is unique as it is the only study that evaluated the resistance against 
torsional forces in biplanar osteotomy fixation.
Radiologic comparison of single and dual plane osteotomy for the 
treatment of medial compartment osteoarthritis revealed that single 
plane osteotomy resulted in a decrease of the patellar index rate 
and an increase in posterior tibial slope, whereas biplanar osteotomy 
lacked those changes [11]. A comparative study on biplanar and mono-
planar osteotomy revealed that biplanar osteotomy could provide a 
bigger gap and more angular correction than uniplanar osteotomy [11]. 
Sphanah et al. reported that the bi-planar technique decreased the 
rate of lateral cortical hinge fractures. Still, in cases with gaps greater 
than 12,5 mm, the risk of fractures of the lateral tibial plate is increased 
and, in such cases, if the preoperative planning suggests more gap 
distance is required, both long and short plates should be ready, and 
the proper implant should be preferred for fixation [18,19]. Lateral hinge 
fracture is reported to decrease the stability, causing delayed union 
of the fracture, and long plates are reported to have provided better 
stability in the case of lateral hinge fractures. We did not have any 
subjects with lateral wedge fractures in this study. Even though long 
plates are required in lateral wedge fractures, short plates have had 
more satisfactory outcomes for the patients as the long plates could 
be palpated under the skin, especially in slim patients [18]. Long plates 
had better outcomes in terms of rigidity and stability in our study. 
Studies comparing Puddu and Tomofix plates revealed more rigidity 

Figure 3. Breaking the curve of the short and long plate against the 
maximum torque

Figure 2. a. Fracture curve of short plate versus maximum torque. 
b. View of short plate breaking moment against maximum rotational 
torque. c. View of short plate breaking against maximum rotational 
torque

Figure 1. a. Before starting the osteotomy procedure, determination 
of the osteotomy line. b. After determining the osteotomy line, 
advancement of 2 K wires and osteotomy of the tibia with osteotomes. 
c. Completion and distraction of the osteotomy line after the cut with 
the help of osteotomes. d. Fixation with a long plate after the osteotomy. 
e. Fixation with a short plate after the osteotomy. f. Placement of the 
artificial tibia for evaluation of the torsional forces



22

Eurasian Clinical and Analytical MedicinePlates in osteoarthritis

and stability for the Tomofix plates. Fu et al. reported that additional 
lateral fixation is required in patients with signs of instability of the 
lateral cortical edge with Puddu plates. This study reported insufficient 
stability against torsional forces with Puddu plates, but it may be 
caused by the non-locking cancellous screws used in that study. We 
have used locking 6,5 mm cancellous locking screws, and we have 
advanced the screw up to the edge of the lateral cortex, which may 
have contributed to the stability [20]. 
Na et al. reported that screws that are as long as 90% of the width 
of the proximal tibial plate could achieve stable fixation as strong as 
the bi-cortical screws.  Whereas if the screw is smaller than 55% of 
the plate, it could impair the mechanical and axial stability in medial 
opening wedge osteotomy fixation with plate and locking screw [21]. In 
our study length of the parallel screws is more than 90% of the plate.
In a study that evaluated the outcomes of 20 patients who had 
undergone HTO with Puddu plates, the mean age was 49,4 at the time 
of surgery, and in the 2nd-year postoperative Kysholm and HSS scores 
were excellent, and in the following mean, 8,3 years period, 70% went on 
with their native knees, and 25% had total knee replacement [22-25]. We 
have used small plates that had comparable biomechanical properties 
to the Puddu plate. The small plates which are used in our study had 3 
6,7 mm screw holes and a locking option up to 15 degrees in different 
directions which may have provided extra stability for fixation.
Limitation
One of the most important limitations of our study is that we have used 
only an artificial tibia, which lacked the fibula and tibiofibular ligaments, 
the absence of which could affect the mechanical properties of the 
experiment mechanism. Another limitation is that the gap created for 
correction of the deformity is exactly 8,5 mm, and when bigger gaps 
are required, it may result in different outcomes. Also, we use tests only 
on the torsional stability in this study without evaluating the axial and 
mechanical stability. 
Conclusion
In conclusion, there was no statistically significant difference regarding 
torsional forces between the groups. Longer plating resulted in skin 
irritation in the distal part of the plate and a bigger incision with a 
longer time of surgery. We suggest the use of short plates in HTO 
with biplanar osteotomy as short plate yielded similar biomechanical 
properties in terms of torsional forces.
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