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The extent of interfragmentary compression in intra-
articular fractures treated with various fixation meth-
ods have not yet been reported. Lateral split fractures 
were created in six pairs of cadaver tibiae treated 
using buttress plating with lag screws (group C) or 
locked buttress plating after clamp compression 
(group L). Interfragmentary compression and frac-
ture displacement were continuously measured using 
pressure sensors and a stereoscopic 3-D image corre-
lation system. Significantly larger interfragmentary 
compression was found initially after clamping the 
fragment (p < 0.05) in group C (median ± SD ; 
45.1 ± 5.0 N/mm2) compared with group L (33.6 ± 
3.4  N/mm2), and a statistical trend towards larger 
compression was also found after cyclic loading 
(p = 0.05) in group C (45.3 ± 8.6 N/mm2) compared 
with group L (28.7 ± 5.8 N/mm2). These data indicate 
that conventional plating with lag screws achieves 
higher interfragmentary compression in this model 
compared with external clamp compression and 
locked plating.

Keywords : interfragmentary compression ; tibia plateau 
fracture ; conventional plating ; locked plating.

INTRODUCTION

The biomechanics of fracture treatment and heal-
ing is of ongoing interest to researchers, surgeons, 
and patients. A variety of different techniques for 

fracture treatment can all lead to bone healing. Cur-
rently, the two major operative fracture treatments 
are based on relative and absolute stability, concepts 
that were introduced by the Swiss study group Ar-
beitsgemeinschaft für Osteosynthesefragen, now 
known as the AO Foundation (11). When treating an 
intra-articular fracture, the concept of absolute sta-
bility indicates that the fractured fragments should 
be anatomically reduced and stabilized to be as rigid 
as possible. To achieve this, locking plates seem to 
be advantageous, particularly for use in osteoporot-
ic bone. For simple shaft fractures with good bone 
quality, however, no advantage in the use of locking 
plating has been found in biomechanical testing or 
clinical outcome measures (2,3,6,13). The key for 
treating osteoporotic intra-articular fractures is to 
fix the fragments that recreate the articular surface 
anatomically, and two basic principles are mainly 
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used to achieve this. The first is the use of lag screws 
to achieve maximum interfragmentary compression 
in combination with a conventional plate, and the 
second, especially in combination with anatomical-
ly pre-shaped locking plates, is the use of a clamp to 
achieve interfragmentary compression before fixing 
the fragments to the plate with locking screws.

The effect of interfragmentary compression on 
fracture displacement, as well as the relative amount 
of interfragmentary forces, has not yet been report-
ed. Furthermore, there is no data available in the 
literature showing the differences during cyclic 
loading in interfragmentary compression in various 
fixation methods. Schatzker I and AO type B1.1 
lateral tibia plateau fractures are common and, if 
displaced more than 2 mm, are usually treated op-
eratively (8,10,12). Although these types of fracture 
can be treated with a conventional buttress plate, 
anatomically shaped locking plates have recently 
become more popular because of their availability, 
promised increased stability and ease of use (7). 

Using simple lateral tibia plateau fractures as a 
clinically relevant test model, the aim of this study 
was to determine whether there are biomechanical 
differences in interfragmentary compression and 
fracture micromotion between traditional buttress 
plating and the use of a locking plates. The present 
biomechanical study was designed to show whether 
there is a difference in the magnitude of interfrag-
mentary compression at different stages of fixation 
and after cyclic loading between those two fixation 
techniques. The hypotheses of this study were

1)	 the use of lag screws in combination with a but-
tress plate achieves larger magnitudes of inter-
fragmentary compression than clamp fixation 
and locked buttress plating and 

2)	 the interfragmentary compression will remain 
higher over time with less interfragmentary 
micromotion after locked plating compared with 
the conventional fixation technique.

MATERIAL AND METHODS

Six matched pairs (6 right and 6 left) of fresh frozen 
cadaver tibiae were used in this study. The cadaver tibiae 
were obtained from the anatomical institute of the Uni-
versity of Geneva, where they were managed strictly in 

line with all regulations as required by law. The local 
IRB approved this study. At the time of testing, the 
cadaver tissues were at room temperature. The tibiae 
were numbered from 1 to 6 with R indicating the right 
and L indicating the left of the matched pair. The locking 
group L included the tibia L-1R, L-2L, L-3R, L-4L, L-5R 
and L-6L and the other 6 tibiae (C-1L, C-2R, C-3L, 
C-4R, C-5L and C-6R) were assigned to the conventional 
group C. This design produced two groups with matched 
pairs that were numbered alternatingly and prepared to 
avoid the effects of potential variations in the bone 
mineral density of the tibiae. The tissue setup is shown in 
Figure 1.

Fig. 1. — Example of a fixed tibia with a lateral NCB plate 
showing the four screws and the pressure sensors.
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Implant

The implant was a polyaxial nine-hole locking plate 
for the proximal tibia with three proximal holes (Non-
Contact Bridging Plate, NCB ; Zimmer, Warsaw, IN, 
USA) in all tests. This device was chosen because of the 
option to use it in either locking or conventional mode. 
The locking option is activated secondarily with a lock-
ing cap.

Testing setup

Each tibia was distally fixed into the loading device. 
The NCB plate was secured on the lateral tibia at the de-
sired position for optimal testing.

Group conventional (C)

Two standard 3.3-mm holes were drilled using a uni-
axial drill sleeve, and bicortical 4-mm conventional cor-
tical screws were inserted into the two distal holes (4 and 
6) of the plate. Next, the lag screw holes were drilled in 
two of the three proximal holes, predrilling 5 mm into the 
lateral fragment and 2.5 mm into the medial fragment, 
and the depths were verified to be bicortical. Then, the 
distal screws were loosened and the plate was lifted away 
approximately 1-2 cm. At this point, the osteotomy was 
performed using an oscillating saw to simulate a stan-
dardized lateral tibial plateau split fracture (Schatzker I), 
with the goal of passing through 50% of the lateral tibial 
plateau. The osteotomy gap was opened and three pres-
sure sensors were placed precisely and in the same way 
in all of the specimens. The fracture was then preliminar-
ily held with a K-wire. Two markers were placed on the 
medial and two more on the lateral fragments to measure 
the relative movements of the bone fragments. The dis-
tally loosened screws were retightened, but only enough 
to hold the plate in the desired position. The two mea-
surement systems were calibrated, and then the testing 
phase was started (Time 0).

Group locking plate (L)

Standard 3.3-mm holes were drilled using the uniaxial 
drill sleeve into the two distal spaces (holes 4 and 6 as in 
group C), and into two of the three proximal holes using 
the polyaxial drill sleeve. The depths of the holes were 
measured. At this stage, the osteotomy was performed 
just as described above for group C, with the osteotomy 
exactly perpendicular to the drill holes. The three pres-

sure sensors were inserted in the same way as in group C, 
and the fragments were held together with a K-wire. 
Next, two markers, as in group C, were placed onto each 
of the fragments. The two distal screws were tightened 
enough so that the K-wire could be removed without the 
fragments coming apart. Then, the calibration was per-
formed and the testing phase was started (Time 0).

Testing Phase

The first procedure in both groups was to test the 
buttress effect, and the distal two screws were tightened 
after removing the K-wire. The next step was to create 
interfragmentary compression, which was done in group 
C by tightening the predrilled lag screws and in group L 
by closing a large reduction clamp. The results of record-
ed interfragmentary compression and relative fragment 
micromotions are listed in Table I.

Cyclic loading

Each specimen was secured in a Zwick universal test-
ing machine (Zwick/Roell, Ulm, Germany). To avoid 
friction, the load was applied by a ball-and-socket-joint 
directly perpendicular to the lateral fragment as shown in 
Figure 1. Each specimen was axially preloaded with 30 
N. Then, 1000 cycles of 200 N were applied, similar to 
the testing protocol used by Blakey et al (1).

Compression and Micromotion

To measure the interfragmentary compression, three 
pressure sensors (sensing area : 10 mm2, SENSOR
TECHNICS, GmbH, Puchheim, Germany) were posi-
tioned in each osteotomy gap as described above. One 
sensor was positioned posterior, one anterior, and one in 
the middle. The readings from the three pressure sensors 
were summed and the mean is reported. The resulting 
voltage values were converted to compressive stress  
(N/mm2) after calibration.

The movement between the bone fragments (the main 
tibia fragment and the lateral tibia plateau fragment) was 
measured in 3 dimensions using a stereoscopic, non-
contact, full-field digital image correlation system during 
dynamic loading (Vic-3D System, LIMESS, Correlated 
Solutions, Columbia, SC, USA). The marker was tracked 
using pattern recognition performed for the marker 
placed on each bone fragment. The field of view was 
100 × 130 mm with an accuracy of ~1 µm in the x- and 
y-planes and ~2 µm in the z-plane. The sampling 
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group C, reaching 97%. The buttress effect alone 
provided 12% compression in group L and 67% in 
group C. All of the results are listed in Table II and 
depicted visually in Figure 2.

Micromotion

The amount of translational movement of the 
lateral fragment in group C was not significatnly 
different compared to group L (refer to Table III).

Correlations

The 3-dimensional displacements in μm and the 
mean interfragmentary compression were signifi-
cantly correlated with a good to very good correla-
tion in group C (p < 0.001, r = 0.686) and a fair to 
good correlation in group L (p < 0.001, r = 0.433).

DISCUSSION

The main finding in this study was that both sys-
tems assessed resulted in similar maximum inter-
fragmentary compression magnitudes. However, 
after relieving the clamp in the locking plate group 
L, the compression was significantly decreased. 
Therefore, our first hypothesis was confirmed. The 
lag screw group C was able to maintain the inter-
fragmentary compression at a higher level over 
time. Even after cyclic loading, it dropped only 3% 
of the maximum achieved interfragmentary com-

frequency was 10 Hz (4). The 3-dimensional distance and 
displacment in µm between the two markers was 
measured during the entire test setup. The displacement 
between the lateral fragment and the medial main tibia 
fragment was measured and is given as “E” in units of 
μm.

Statistics

A 2-tailed non-parametric Mann-Whitney U-test and a 
2-tailed Pearson Correlation were used to compare the 
micromotions and compression values between the 
groups. P-values less than 0.05 were considered statisti-
cally significant.

RESULTS

The results from the first three tibiae (C-4R, L-5R 
and L-6R) had to be discarded because of a techni-
cal error caused by interface failure between the 
compression measurement, digital image correla-
tion and material testing machine setup. In group C 
there was a statistical trend towards higher inter-
fragmentary compression compared to group L at 
all times except at times 1 and 2a, which were im-
mediately after tightening the two proximal bicorti-
cal position screws in group L. After removing the 
interfragmentary clamp from group L, the compres-
sion dropped back to levels that were significantly 
lower than those in group C. Taking the maximum 
achieved interfragmentary compression to be 100%, 
the compression after cyclic loading in group L was 
15% lower, reaching 85%, but only 3% lower in 

Table I. — The times are listed from 1 to 4 indicating when the readings for the interfragmentary compression were taken for every 
tibia tested

Measuring the interfragmentary compression :
Group C Group L

Time 1 : After tightening the two distal bicortical screws After tightening the two distal bicortical screws

Time 2 : After tightening the two proximal bicortical lag screws After closing the interfragmentary clamp with reasonable 
power

Time 2a – After tightening the two proximal bicortical position screws
Time 2b – After removing the interfragmentary clamp
Time 3 : After leaving the system rest for 60 minutes After leaving the system rest for 60 minutes 
Time 4 : After cyclic loading After cyclic loading
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pression compared with a loss of 15% in group L. 
Thus, our second hypothesis was rejected.

The absolute magnitudes of the interfragmentary 
compression after the buttress effect at time 1 were 
to our surprise different between the two groups, 
but this difference was not statistically significant 
(Fig. 3). It may be explained by the differences be-
tween the anatomic shape of the tibiae and the pre-
contoured NCB plate, which was not placed exactly 
at the same level on each tibia even though that was 
our aim. Another point was the relative increase 
when tightening the locking screw in group L at 
time 2a, which may be explained by the lag screw 
effect even though the holes were correctly drilled. 
Obviously, after the clamp was removed this effect 
lasted no longer and the compression decreased al-
most 50% from time 2 to 2a. To our knowledge this 
is the first study to investigate the magnitude and 

Table II. — The numerical values of the interfragmentary compression are reported in N/mm2 for each tibia and the statistical 
significance calculated using a Mann-Whitney U rank test are shown

Summary of interfragmentary compression :
(N/mm2) Time 1 Time 2 Time 2a Time 2b Time 3 Time 4

Group L
L-2L 0.6 30.5 36.3 31.8 23.3 20.5
L-1R 13.7 32.4 37.0 34.7 31.5 30.9
L-4L 1.0 39.6 47.5 38.9 34.2 26.6
L-3L 8.3 34.8 39.9 39.0 38.7 36.4
Median 4.6 33.6 38.5 36.8 32.9 28.7
Max 13.7 39.6 47.5 39.0 38.7 36.4
Min 0.6 30.5 36.3 31.8 23.3 20.5
SD 5.8 3.4 4.4 3.0 5.6 5.8

Group C
C-2R 0.5 52.4 53.1 53.3 52.8 53.0
C-1L 36.2 46.6 46.7 46.7 49.0 50.8
C-5L 6.2 36.9 37.5 37.2 38.8 34.1
C-3R 44.9 44.0 45.9 44.2 36.9 31.9
C-6L 31.1 45.1 46.7 47.4 44.9 45.3
Median 31.1 45.1 46.7 46.7 44.9 45.3
Max 44.9 52.4 53.1 53.3 52.8 53.0
Min 0.5 36.9 37.5 37.2 36.9 31.9
SD 17.3 5.0 5.0 5.2 6.0 8.6
*p = 0.327 0.027 0.221 0.050 0.027 0.050

* Mann Whitney-U Test.

Fig. 2. — Summary of the interfragmentary compression mag-
nitudes at different times. The x-axis shows the different times 
when a reading was taken. The times from 1 to 4 are explained 
in Table I. The y-axis shows the median interfragmentary com-
pression in N/mm2 for each group. The numbers are reported in 
Table II as the median, Max/Min and SD.
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in osteoporotic bone, the authors showed a signifi-
cantly higher interfragmentary compression force in 
fragments fixed with two 6.5-mm lag screws than in 
those fixed with four 3.5-mm lag screws, whereas 
fixation with a clamp following a locking plate and 
screws was no different from the screw results (5). 
The results of the present study agree with those re-
ported by Kojima et al, except that we additionally 
showed a significant decrease in compression in the 
locking plate group after cyclic loading.

In other biomechanical studies (7,9), several fixa-
tion methods (three cancellous lag screws alone, 
two cancellous lag screws with an additional anti-
glide screw, or a buttress plate for fixation) were 
compared in a simple tibia split fracture, but no 
significant differences were found between them. 
However, the authors did not measure the interfrag-
mentary compression.

Although we were able to show that the buttress 
effect itself is already significant, the mode of 

mode of interfragmentary compression in a simple 
fracture model using cadaveric tibiae under cyclic 
loading.

There are a number of limitations to this study, 
including the small sample size. Despite the limited 
power, we were able to find statistically significant 
results. Because no comparable data were available, 
we did not calculate the power. In addition, we did 
not measure the bone mineral density of the sam-
ples. To minimize variation caused by bone mineral 
density, we used a matched sample design, includ-
ing one tibia from each cadaver in each of the two 
groups. This reduces the influence of varying bone 
mineral density. Besides the initial failures (exclu-
sion of the first 3 samples), the setup was standard-
ized and not prone to failures, indicating the testing 
conditions should be reproducible for further stud-
ies. 

In a biomechanical study by Kojima et al. using 
synthetic bone models in a simple tibia split fracture 

Table III. — The numerical values of the displacement of the lateral fragment are reported in μm for each tibia and the statistical 
significance calculated using a Mann-Whitney U rank test are shown, but no significant differences between the groups were found 

at any time
Summary of displacement of the lateral fragment

E (μm) Time 1 Time 2 Time 2a Time 2b Time 3 Time 4
Group L

L-2L 0 42.2 -1.5 0.2 8.8 7.3
L-1R 0 -42.4 -42.4 -53.0 -52.7 -39.3
L-4L 0 -33.2 -57.7 -52.4 -52.0 -62.5
L-3L 0 -28.0 -50.4 -48.6 -44.0 -85.2
Median 0 -30.6 -46.4 -50.5 -48.0 -50.9
Max 0 42.2 -1.5 0.2 8.8 7.3
Min 0 -42.4 -57.7 -53.0 -52.7 -85.2
SD 0 38.8 25.1 25.8 29.4 39.5

Group C
C-2R 0 -54.1 -54.0 -49.5 -50.1 -50.9
C-1L 0 -22.6 -22.3 -22.6 -23.0 -29.1
C-5L 0 -29.3 -29.2 -29.3 -29.9 -24.5
C-3R 0 0.0 1.7 2.0 -19.0 -38.1
C-6L 0 -16.1 -19.9 -19.8 -20.6 -20.8
Median 0 -22.6 -22.3 -22.6 -23.0 -29.1
Max 0 0.0 1.7 2.0 -19.0 -20.8
Min 0 -54.1 -54.0 -49.5 -50.1 -50.9
SD 0 19.8 20.0 18.5 12.8 12.1
p* = - n.s. n.s. n.s. n.s. n.s.

* Mann-Whitney-U Test.
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fixation via lag or locking has an additional effect. 
In addition, we showed that the interfragmentary 
compression correlated with the micromotion 
between fragments during cyclic loading, which 
supports the validity of our test setup. The lag screw 
group was able to maintain the interfragmentary 
compression at a higher level over time and during 
cyclic loading compared with that achieved by the 
locking group. These results may be of clinical 
importance when choosing the type of implant and 
mode of fixation for specific fractures. These bio-
mechanical data support the philosophy of the AO 
Foundation, especially with respect to the fixation 
of intra-articular fractures.

To compare a next group with a combined lag 
screw and locking screw fixation with the already 
two fixation techniques described would be of great 
interest and should be performed in a following 
study with maybe even a greater number of species. 
The use of the combined technique could be of 
advantage when treating comminuted fractures in 
middle aged patients. This is the first study in the 
literature that investigated the interfragmentary 
compression in a biomechanical test setup in human 
cadavers. We believe this study provides relevant 
information for surgeons treating articular fractures 
using these two techniques.

CONCLUSIONS

Conventional plating with lag screws achieves 
higher interfragmentary compression in simple lat-
eral tibial plateau split fractures than external clamp 
compression and locked plating.
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