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Plate-screw and screw-washer stability in a Schatzker type-I 
lateral tibial plateau fracture: a comparative biomechanical study

Comportamento biomecânico de dois tipos de fixação usados como suporte na 
fratura do platô tibial lateral do tipo I de Schatzker 

 INTRODUCTION

Lateral split fragment with or without comminution 

corresponds approximately to 40.0 to 45.0% of 

all tibial plateau fractures1-3. In this demographic 

distribution, Schatzker type-I tibial plateau fracture is far 

less common, accounting for only 3.5 to 9.0% of these 

injuries1-3. This particular tibial plateau fracture type is 

usually observed in the younger population, mainly due 

to a denser cancellous bone which resists impaction4. 

These patients are most likely to suffer traffic accidents 

and sport injuries, which cause a combination of 

axial and valgus loading forces leading to a shearing 

displacement of the lateral tibial condyle2,5. Normally 

the knee is extended or semi-extended, which makes an 

anterolateral (AL) fragment much more common than a 

posterolateral one1.

In general, pure split AL tibial plateau fracture 

can be addressed by anatomic reduction either closed 

or open and rigid internal fixation with two 6.5-mm 

cancellous or 7.0-mm cannulated lag-screws4,6-8. As an 

alternative, one partially and one fully threaded 6.5-

mm cancellous screws can be used9. Some authors 

recommend the use of an AL buttress plate or a screw 

and washer at the apex of the fracture to prevent axial 

displacement when a long split is identified or there is 

comminution at its metaphyseal base4,7,8,10. However, 

to the best of our knowledge the buttressing effect 

of both plate-screw and screw-washer construct on 

fracture displacement was not yet been investigated 

biomechanically.

Our hypothesis was that plate-screw construct 

would provide a stiffer construction for fixation of an AL 

Schatzker type-I tibial plateau fracture (Kfuri-Schatzker 

type I A). The purpose of this study was to evaluate 

the role of both a non-locking small fragment dynamic 
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A B S T R A C T

The aim of this study was to evaluate the biomechanical role of both a non-locking two-hole small fragment dynamic compression plate 

with 3.5-mm screws and a 4.5-mm cortical screw with a washer applied to a Schatzker type-I tibial plateau fracture. Sixteen right synthetic 

tibiae were used to create an anterolateral shear tibial plateau fracture (Schatzker type-I fracture). Eight models were fixed with a small 

fragment non-locked straight dynamic compression plate with one 3.5-mm bicortical screw (plate-screw construction) and eight models 

were fixed with a 4.5-mm cortical screw and a washer (screw-washer construction), both inserted at 1.0 mm distal to the apex of the 

fracture. Specimens were tested up to the onset of yielding at a constant strain rate of 5.0-mm/min. Stiffness ranged from 311.83 N/mm 

to 199.54 N/mm, with a mean + SD of 260.32 + 33.8 N/mm in the plate-screw construction, and from 290.34 N/mm to 99.16 N/mm, with 

a mean + SD of 220.46 + 63.12 N/mm in screw-washer construction. There was no significant difference (p=0.172). Use of a two-hole 

small-fragment non-locked plate with one 3.5-mm cortical screw or a 4.5-mm cortical screw with a washer applied at 1.0 mm distal to the 

apex of the fracture as buttressing present similar stiffness in terms of preventing axial displacement in synthetic tibiae models tested up to 

the onset of yielding.
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compression plate with 3.5-mm screws and a 4.5-mm 

cortical screw with a washer applied to the anterolateral 

apex of a Schatzker type-I tibial plateau fracture on loads 

at the implant-bone interface.

 METHODS

Anterolateral fracture preparation

Sixteen right synthetic tibiae (Model 64177, 

Nacional Ossos, Brazil) from a single manufacturing batch 

were used to create an anterolateral shear tibial plateau 

fracture (Schatzker type-I fracture / Kfuri-Schatzker type 

I A)11,12. A fracture line was draw based on the three-

dimensional computed tomographic study by Chen et 

al., who showed the average fracture line angle of the 

AL Schatzker type-I tibial plateau fracture to be 145.92º 

± 16.06º1. The cut was done with a band saw starting 

from the articular surface and exiting the anterolateral 

side of the synthetic model, making a fracture line angle 

of 145º (Figure 1).

The fracture was directly reduced with a large 

pointed reduction clamp and fixed with two 6.5-mm 

cancellous screws with 32-mm thread and washers in a 

lag-screw fixation. Screws were positioned from lateral 

to medial, parallel to the articular line, five millimeters 

from the lateral rim of the tibial plateau. Additional 

buttressing fixation was performed in all bone models 

at the apex of the fracture. Eight models were fixed with 

a two-hole small fragment non-locked straight dynamic 

compression plate with one 3.5-mm bicortical screw 

inserted at 1.0 mm distal to the apex of the fracture 

(plate-screw construction group) and eight models were 

fixed with a 4.5-mm bicortical screw inserted at 1.0 mm 

distal to the apex of the fracture and a washer (screw-

washer construction group). All implants (plates, screws, 

and washers) were from Ortosintese (Jaraguá, Brazil). 

Plates were bent to fit the contour of the metaphysis of 

the anterolateral tibial plateau. Anteroposterior (AP) and 

lateral fluoroscopic images were obtained for each tibial 

plateau-implant construct to check for any incongruency 

on the position of the screws (Figure 2).

The models were sawed with a length of 

250-mm for adjustment to the biomechanical testing 

machine.

Figure 1. A, axial view of the right tibial plateau. A fracture line angle of 
145º was determined by measuring the angle between BF and the major 
fracture line MN, where B is the middle point of the posterior cruciate 
ligament insertion on the tibial plateau and F is the medial one-third of 
the tibial tuberosity. BF was used as the reference line to determine the 
fracture line for the experiment; B, coronal frontal view of the right tibial 
plateau. Fracture line reproduced an AL Schatzker type-I fracture (Kfuri-
-Schatzker type I A); C and D, axial and coronal frontal views of the tibial 
plateau showing in red the fracture fragment used for the experiment.

Biomechanical testing

The tests were performed at LABIMO 

(Laboratório de Biomateriais em Ortopedia, Núcleo de 

Medicina e Cirurgia Experimental, Faculdade de Ciências 

Médicas, UNICAMP, Campinas, Brazil) using  a universal 

testing machine EMIC DL-3000 (Instron-EMIC, S.J. dos 

Pinhais, Brazil, using a 5kN load cell calibrated and 

verified by Instron Brasil Equipamentos Científicos – 

certification number 17041003DF, last certified on April 

10, 2017). The models were fixed distally on a 3-jaw 

chuck, each jaw aligned to one of the vertices of the 

approximately triangular cross section of the tibia. The 

models were positioned with the long axis of the tibial 

shaft at 3º varus and a 12.5º posterior slope to simulate 

the normal alignment in midstance full weight bearing13.

The load was applied over the lateral tibial 

plateau at 6.0 mm lateral to the fracture line and parallel 
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the models, according to the Northwestern (NU-Daniel) 

theory for composite materials under static and dynamic 

loading14.

to it. A loading applicator with a radius of curvature of 

3.5-mm was used. The load was applied at a constant 

strain rate of 5.0-mm/min (Figure 3). The outputs from 

the material testing machine (load and crosshead vertical 

displacement) were registered on the computer using 

the TESC 3.04 program (Instron-EMIC, S.J. dos Pinhais, 

Brazil). A force versus displacement curve was generated 

in real time.

Figure 2. A, Plate-screw construction model; B, Screw-washer model. 
Note the positioning of the buttressing implants exactly at the apex of 
the AL fracture of the tibial plateau. Anatomic reduction was warranted 
both by direct vision and fluoroscopic control. Two 6.5-mm cancellous 
screws with 32-mm thread and washers were used in a juxta-articular 
lag-screwing fixation. Figure 3. – A, Frontal and lateral view of the loading device with a 

screw-washer construction group model before testing; B, Universal tes-
ting machine setup for biomechanical testing.

All groups were tested up to the onset of 

yielding, defined as the load at which the bone-plate 

or bone-screw and washer construction started yielding 

or behaving non-linearly on the computer screen13,14. 

The tests were performed only in the elastic phase of 

The force versus displacement curves obtained 

until the onset of yielding were used to calculate 

stiffness of the bone-plate construction. The stiffness 
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was obtained from the slope of a straight-line adjusted 

between 50 N and 250 N. This interval was used as 

curves sections below 50 N were subject to model 

accommodation onto the material testing machine and 

curves sections above 250 N represented the onset of 

failure.

Statistical analysis

All statistical calculations were carried out using 

SPSS Version 20.0 (SPSS Inc, Chicago, USA). Previous to 

the beginning of the experiment, the size of the sample 

was calculated by using the type-II error (beta-error 

analysis) for the student’s t test, with a Cohen’s d effect 

size of 0.2, founding a beta level (two-tailed hypothesis) 

of 0.967. This was considered adequate in terms of the 

number of plastic bone models used.

Statistical analysis was performed to compare 

stiffness (N/mm) between construction groups using the 

nonparametric Wilcoxon rank-sum test to investigate 

the null hypothesis (‘plate-screw construct is stiffer than 

plate-screw”)15. A p value of < 0.05 was set as the level 

of significance.

Data presented a Gaussian distribution by not 

rejecting the null hypothesis, assuming that the models 

were normally distributed.

 RESULTS

In synthetic models of plate-screw construction 

group, stiffness ranged from 311.83 N/mm (specimen 8) 

to 199.54 N/mm (specimen 2), with a mean + SD of 

260.32 + 33.8 N/mm and a CV of 13.0. Figure 4 shows 

force versus displacement curves obtained from the 

onset of yielding of specimens 8 and 2.

In synthetic models of screw-washer 

construction group, stiffness ranged from 290.34 N/mm 

(specimen 1) to 99.16 N/mm (specimen 4), with a mean 

+ SD of 220.46 + 63.12 N/mm and a CV of 28.6. Figure 

5 shows force versus displacement curves obtained from 

the onset of yielding of specimens 1 and 4.

There was no significant difference (p=0.172) 

between plate-screw and screw-washer construction 

groups. Data from both experimental groups is 

represented as a boxplot shown in Figure 6.

Figure 4. – Plate-screw construction group. A, Force versus displacement 
curve of specimen 8; B, Force versus displacement curve of specimen 2.

Figure 5. – Screw-washer construction group. A, Force versus displace-
ment curve of specimen 1; B, Force versusd isplacement curve of speci-
men 4.

Figure 6. – Visual representation of specimens from both screw-washer 
and plate-screw construction groups. Note that the middle values of the 
dataset (median - Q2/50th percentile) were 226.06 N/mm and 262.42 
N/mm, respectively, with no significant difference between construction 
groups.

 DISCUSSION

Based on our results, it is possible to state 

that either plate-screw or screw-washer construct have 

no significant difference on buttressing the apex of an 

AL Schatzker type-I tibial plateau fracture. Therefore, 

we could not confirm the null hypothesis that plate-

screw construct would provide a stiffer construction 

for fixation of this fracture pattern (Kfuri-Schatzker 

type I A). In the present study, both groups were tested 

up to the onset of yielding, in the elastic phase of the 
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comminution occurs20. This impression was corroborated 

by a three-dimensional computed tomographic study of 

Chen et al., who noted the average fracture line angle 

of the AL Schatzker type-I tibial plateau fracture to be 

145.92º ± 16.06º, highly indicative of shear instability 

and vertical displacement1.

Our study has some strengths that should 

be mentioned. First, we used a reproducible model of 

AL Schatzker type-I tibial plateau fracture, based on 

3-D computed tomography1. Second, we were able to 

adjust for many variables, such sample size, positioning 

of the models and point of load application during 

biomechanical testing, and statistical analysis, which 

ultimately could impact our methodology. Finally, 

our results showed no significant difference between 

experimental construction groups, allowing the surgeon 

greater freedom of choice of the technique used to 

buttress the apex of an AL Schatzker type-I tibial plateau 

fracture.

Also, the present study has few limitations 

that should be recognized. First, synthetic tibiae may not 

reflect the actual conditions of bone properties. However, 

similar biomechanical studies have demonstrated good 

reproducibility using plastic bones to evaluate different 

assemblies for fixation of tibial plateau fractures13,20,21. 

The use of composite tibiae allows small differences to 

be characterized significantly, even when a small sample 

is used. Secondly, the synthetic models used reproduced 

the properties of a normal rather than osteoporotic 

bone. However, most pure shear fractures of the lateral 

tibial plateau occur in individuals from the fourth and 

fifth decades of life, in which satisfactory bone stock is 

assumed5. Finally, we did not have an experimental group 

without a buttressing device. Relatively old literature 

has not supported the use of either a buttress plate or 

buttressing screw and washer placed at the apex lateral 

tibial plateau for pure shear fractures16,22. However, 

in a more recent study, Carrera et al. have shown the 

biomechanical role of additional buttressing for the shear-

type tibial plateau fracture, with a higher reaction force on 

the lateral metaphyseal wall attributed to the additional 

caudal support23. Conceptually, buttressing neutralizes 

vertical shearing forces mainly during axial loading and 

prevents sliding of the fracture fragment11,24. Hence, 

the anti-glide effect transforms shearing forces into 

models, according to the NU-Daniel theory for composite 

materials under static and dynamic loading14. Following 

yielding, constructs are expected to behave in a non-

linear fashion up to failure initiation, as material begins 

to deform plastically, suffering permanent irreversible 

damage, clinically representing fracture subsidence, 

articular cartilage step-off, and late valgus collapse.

To date there is scarce evidence about the 

best fixation method for the AL Schatzker type-I tibial 

plateau fracture. Koval et al. performed a biomechanical  

study to compare the stability and ultimate strength 

of three standard fixation techniques for split-type 

lateral tibial plateau fractures: three 6.5-mm cancellous 

lag screws with washers, two 6.5-mm cancellous lag 

screws with washers and an additional antiglide 4.5-

mm cortical screw with washer, and six-hole L-shaped 

buttress plate16. There were no statistically significant 

differences found between resistance to displacement 

or failure strength as a function of either fragment size 

or sample bone density. On the basis of their laboratory 

study, it was concluded that use of an antiglide screw 

or buttress plate does not offer an advantage over lag 

screw fixation alone for the treatment of split type 

lateral tibial plateau fractures. Differently from us, those 

authors used embalmed osteopenic lower extremities, 

which do not adequately reproduce the classic pure 

shear fracture of the lateral plateau, that generally 

occurs in younger patients, whose subchondral bone 

is dense enough to resist depressing the joint surface4. 

In addition, using synthetic models that adequately 

reproduce the properties of a normal bone from a young 

person present an advantage over fresh or frozen human 

bones because the setup variability of natural tibia axial 

stiffness is unacceptably high, indicating exceptional 

difficulty in obtaining reproducible bone alignment17-19.

The use of an AL buttress plate or a screw 

and washer at the apex of the fracture has been 

recommended either to prevent axial displacement when 

a long split is identified or when there is comminution at 

its metaphyseal base4,7,8,10. In these situations, buttressing 

can be useful to resist shearing forces in a normal valgus-

oriented knee. As the shearing forces are greatest at 

the last degrees of extension, vertical subsidence of the 

lateral tibial plateau is greatest without an antiglide plate, 

as demonstrated also when lateral split fragment with 
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compression forces within the fracture with axial loading.

 CONCLUSION

In pure split AL Schatzker type-I tibial plateau 

fracture (Kfuri-Schatzker type I A), a two-hole small-

fragment non-locked plate with one 3.5-mm bicortical 

screw inserted at 1.0 mm distal to the apex of the fracture 

or a 4.5-mm bicortical screw with a washer applied to 

the anterolateral apex of the fracture as buttressing 

present similar stiffness in terms of preventing axial 

displacement in synthetic tibiae models tested up to the 

onset of yielding.

Thus, in clinical situation, authors routinely 

recommend using one of the two fixation techniques. 

Future studies can evaluate the role of locked implants 

compared to non-locked implants for buttressing an AL 

Schatzker type-I (Kfuri-Schatzker type I A) tibial plateau 

fracture.
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