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IntroduCtIon

Tibial diaphyseal fractures are the most frequent among long bone 
fractures. It is estimated that around 300,000 new fractures are 
treated per year in the USA, and around 50,000 in Brazil.1 The 
classification used most often in the evaluation of these fractures is 
that proposed by the AO group, where type A fractures are simple, 
those of type B present a wedge fracture, and those of type C are 
complex comminutive fractures.2 Osteosynthesis by the relative 
stability principle is indicated in type C fractures, whereas the im-
plant options for obtainment of this principle are external fixation, 
intramedullary nail and bridging plate. The intramedullary locking 
nail is considered by many authors to be the method of choice 
in the definitive treatment of type C diaphyseal fractures of the 
long bones of the lower limbs. However, there are situations where 
the use of the nail is limited, such as in diaphyseal fractures with 
articular extension, fracture traces in the diaphyseal-metaphyseal 
transition, cutaneous lesions at the point of entrance of the nail, 
unavailability of radioscopy and restriction of nail use due to the 
high cost of the implant. In these cases a therapeutic option is the 

ABSTRACT

Objective: To compare the stiffness of three different assemblies 
of bridging plates with intramedullary locking nails in cadaveric 
models of tibial fractures type C. Materials and Methods: Twenty 
cadaveric tibias subjected to type C fractures; fifteen were fixed 
with the bridging plate technique and divided into three groups, 
according to the plate size (10, 14 and 18 holes), and five were 
fixed with intramedullary nail. All the tibias were exposed to simi-
lar and progressive loads. Dislocation of both fragments (proxi-
mal and distal) was measured on three planes (sagittal, coronal 
and axial), as the load was increased. Results: tibias fixed with 

the 18 hole bridging plate have the same biomechanical behav-
ior of tibias fixed with intramedullary locking nails. Conclusions: 
In type C tibial fractures, there is more mobility at the distal seg-
ment on the coronal plane when the fracture is fixed with 14 and 
18 holes bridging plates as compared to fractures fixed with non-
reamed intramedullary locking nails. Even with this mobility, the 
relative movements between the fragments at GHB and GP18 
seem to be similar.

Keywords: Tibial fractures. Bone plates. Internal fixation. Bone 
nails.

bridging plate. However, there is no definition in literature relating 
to the plate length and the number of screws to be used in frac-
ture osteosynthesis. Tornkvist et al.3, in a study on the ratio of the 
number and position of screws in fracture stabilization, concluded 
that the force in torsion is dependent on the number of screws and 
the force in flexion increases with the spacing between screws. 
Sanders et al.4, in a biomechanical study with cadaveric ulnas, 
concluded that the number of screws is less important than the 
plate length in relation to stiffness in flexion of the model. Stoffel et 
al.5 suggest the use of long plates with few screws for the fixation 
of tibial fractures. In another study on biomechanics, Stoffel et al.6 
arrived at the following recommendations: for fixation of fractures 
with bridging plate of the lower limb, 2 or 3 screws should be used 
on each fragment, while for the upper limb this number is 3 or 4; in 
simple fractures 1 or 2 holes of the plate should be omitted on each 
side of the fracture; while in fractures with a large comminution area 
the holes closest to the fracture should be filled. The aim of this 
study is to compare the stiffness of three different bridging plate 
assemblies with that of the intramedullary locking nail in cadaveric 
tibias with type C fracture.



67

Figure 1 – Schematic drawing showing a tibia fixed with intramedullary 
locking nail (A), and another with 14-hole bridging plate (B). (a): length 
of proximal fragment of tibia; (b) distance of 2.6 cm to simulate a type C 
fracture; (c): length of the distal fragment of the tibia; (d): work area of the 
intramedullary locking nail; (e) work area of the 14-hole bridging plate.
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MAtErIALS And MEtHodS

This study was conducted at the Orthopedics and Traumatology 
Institute of Hospital das Clínicas da Faculdade de Medicina da 
Universidade de São Paulo (IOT-HC-FUMUSP), together with the 
Laboratory of Medical Investigations LIM-41 of HC-FMUSP.
Twenty tibias of random adult cadavers were obtained from the 
Coroner’s Service (SVO) and dissected in such a way as to be 
devoid of any soft tissue envelope. The length of the tibias ranged 
from 32.5cm to 39.5cm. These remained frozen at -18ºC in a com-
mon horizontal Gafa freezer up to the fixation time, when they were 
thawed through immersion in saline solution at room temperature 
for around 2hrs. The tibias were then fixed and the biomechanical 
assay was carried out within 24 hours.
The tibias were sorted and distributed into four groups with five 
parts in each one. The groups were divided according to the type of 
osteosynthesis in intramedullary locking nail (GHB), 10 hole bridging 
plate (GP10), 14 hole bridging plate (GP14) and 18 hole bridging 
plate (GP18). A type C diaphyseal fracture of the AO classification 
was simulated in all the tibias through excision of a fragment of the 
medial third so that the distal and proximal fragments of the tibias 
had the same length of 16.25cm and with a distance between the 
fragments of 2.6 cm. The distances among screws located closest 
to the focal point of the fracture, called work area, were 200mm, 
22.6mm, 87.6mm and 152.6mm, respectively (Figure 1).

tween the proximal and distal segments, and the distal fixation was 
then performed with the help of radioscopy, also with two parallel 
locking screws. The orifices for the insertion of the locking screws 
were made with a 3.2mm drill.

Bridging Plate Groups

Fifteen straight and narrow 4.5 mm thick Synthes® DCP plates 
of large fragments made in stainless steel were used, with five 10 
hole plates, five with 14 holes and five with 18 holes. The plates 
were molded in order to maintain the original bone axis and fixed 
with cortical screws made in steel with a diameter of 4.5 mm, after 
perforation with a 3.2mm drill and reaming of the orifice.
Each plate was fixed with 3 bicortical screws in the proximal frag-
ment and 3 in the distal fragment, in orifices 1, 2 and 4, that is, first, 
second and fourth orifices counted from the plate extremities.
Like in the tibias fixed with nails, the distance of 2.6 cm was main-
tained to simulate a type C fracture.
The distance between the most central screws (positions 4 of the plates) 
and the focal point of the fracture was 10.0mm, 42.5mm and 75.0mm 
for the tibias fixed with 10, 14 and 18 hole plates  respectively.

Mechanical Assay

An axial compression assay was conducted on each tibia prepared 
according to the groups described, by means of a Kratos® model 
K5002 universal mechanical testing machine, fitted with a 100 kgf 
load cell and with resolution of 0.1 kgf. The data originating from 
the machine was sent to the computer by means of a Lynx® model 
ADS2000 data acquisition system and a computer program de-
signed to record the assay in real time at a rate of 30 acquisitions/
second. The assays were carried out at a speed of 5 mm/min.
The tibia was fixed to the testing machine through a set of devices 
so that the compressive load was applied anteriorly 2.5 cm in rela-
tion to the longitudinal axis of the bone.7

The distal and proximal portions of the tibia were inserted in two 
molds with cylindrical cavities then fixed with polymethylmethacry-
late (acrylic cement) so that three centimeters of the proximal por-
tion and five centimeters of the distal portion were immersed in 
the acrylic cement. The proximal mold contained an eccentric pin 
located 2.5 cm anterior to the tibia axis, and was connected to the 
load cell through a metallic cylinder. Another metallic cylinder was 
used to fasten the distal mold to the base of the testing machine.
Compression of 5 kgf was applied on each tibia for accommodation of 
the system, and after removal of the load, the assay sequences were 
carried out in a discontinuous manner, applying compressive loads 
with scheduled stops at the values of 18kgf, 36kgf, 54kgf and 72kgf.
During the assay, the displacements of the bone fragments in the 
fracture region were measured at each scheduled stop of the ma-
chine. The measurements were made by a three-dimensional pho-
togrammetry system (Figure 2), developed in the laboratory.

three-dimensional Photogrammetry Method

The system consists of determining the spatial coordinates, X, Y 
and Z of any point located inside a volume delimited by a compara-
tor that contains six or more known points. The process is divided 
into calibration and measurement of the desired point.
The calibration is performed taking two photos of the comparator, 
by two cameras, in different positions. Using a program developed 
in the laboratory, it was possible to determine coordinates u and v 
corresponding to the points of the calibrator evidenced in the two 

Intramedullary Locking nail Group

The participants used Synthes® model UTN intramedullary locking 
nails for tibia, made in stainless steel, with a length of 315 mm and 
diameter of 8 mm.
The nails were introduced through the proximal part of the tibia in-
side the intramedullary canal, without reaming. The proximal fixation 
was executed first with two 4.9mm locking screws in the coronal 
plane, parallel to one another, with one for locking of the static type 
and the other dynamic. The distance of 2.6 cm was maintained be-
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Figure 2 – Tibia positioned in the mechanical testing machi-
ne with the three-dimensional photogrammetry system.

Figure 3 – Tibia and plate positioned inside the comparator (A), evidencing 
the triangular templates (B) fixed to the upper and lower bone fragments. 
The Cartesian system had its origin at point number one (in detail).
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photos. Coordinates u and v of each photo are inserted in the DLT 
(direct linear transformation) method, aiming to obtain a set of equa-
tions that relates the projections of the points in the images with the 
three-dimensional location of the same points in the comparator.8

In the measuring process, the points to be measured should be inside 
the volume occupied by the comparator and photographed by the 
same cameras previously positioned during the calibration process. 
The same program described previously allows the localization of 
coordinates u and v of the points registered in each photo. The trans-
formation of these points into spatial coordinates is performed with 
the use of the same equations generated in the calibration process.
The comparator consists of four cylindrical bars joined by a metal-
lic ring, with each bar containing two equidistant points of 80 mm, 
totaling eight points that represent a volume of 800 cm3. Spatial 
coordinates X, Y and Z of each point are measured in relation to 
the reference point number one with precision of 0.01 mm.
Two triangular templates containing three points each were used to 
determine the displacements of the bone fragments. The distances be-
tween the three points of each template were measured previously in a 
Deltronic® profile projector with 20x magnification and equipped with 
two linear optical sensors with resolution of 0.002 mm. (Figure 3)
The templates were fixed to the bone fragments using two 1.5 mm 
screws so that points 1, 2, 4 and 6 were all at the same height of 
the cutting plans of the bone fragments.
The displacements of the upper and lower templates in planes X,Y 
and Z were calculated from the intersections of the perpendicular 
bisectors between the three points of each template. In relation to 
the anatomical planes, the lateromedial displacements were mea-
sured in the sagittal plane (plane XZ), anteroposterior in the coronal 
plane (axis YZ) and superoinferior in the longitudinal axis (axis Z).

Parameters Analyzed

The displacements of the upper and lower bone fragments were re-
corded in relation to the initial positions of the templates (zero load) 
in keeping with the increases of the compressive load of 18 kgf, 36 
kgf, 54 kgf and 72 kgf. The lateromedial and anteroposterior dis-
placements were expressed in modules, with the aim of identifying 
the amplitude of movement, but not the displacement direction.

The distance between the midpoints of the upper and lower tem-
plate was determined by the Pythagoric method and was related 
with the load application sequence mentioned previously.

The measurements obtained were as follows:

1.  Measurements of the displacements in the sagittal plane (plane X):
 –  displacement of the upper marker in relation to its position 

without load (D-SUPX)
 –  displacement of the lower marker in relation to its position 

without load (D-INFX)

2.  Measurements of the displacements in the coronal plane (plane Y):
 –  displacement of the upper marker in relation to its position 

without load (D-SUPY)
 –  displacement of the lower marker in relation to its position 

without load (D-INFY)

3.  Measurements of the displacements in the craniocaudal axis 
(axis Z):

 –  displacement of the upper marker in relation to its position 
without load (D-SUPZ)

 –  displacement of the lower marker in relation to its position 
without load (D-INFZ)

4.  Measurement of the distance between the upper and lower  markers:
 –  distance between the upper and lower markers (DI-SUP-INF)

The General Linear Model with repeated measurements was used to 
evaluate for statistical significance of results. This makes it possible 
to test whether there is at least 01 (one) difference among the mean 
values of the assays through the Variance Analysis (ANOVA).
The Post Hoc analysis was conducted using Scheffé’s method for 
multiple comparisons. A significance level of 5% was considered 
for both cases.

rESuLtS

The graphs represented in Figures 4 to 10 show the mean value of 
displacements measured in the 4 groups (GHB, GP10, GP14 and 
GP18) with application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf, 
in the different planes and axes of the space (X, Y, Z and total).
The Variance Analysis (ANOVA) was used to compare all the results 
obtained in the assays, that is, all the displacements (sagittal, coro-
nal and axial planes and total) of GHB, GP10, GP14 and GP18, as 
the applied load evolved from 0kgf to 72kgf, to find the significant 
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Figure 4 – Mean values of the displacements in the sagittal plane of the 
upper marker (D-SUPX) in GHB, GP10, GP14 and GP18 measured with 
the application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 5 – Mean values of the displacements in the sagittal plane of the 
lower marker (D-INFX) in GHB, GP10, GP14 and GP18 measured with the 
application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 6 – Mean values of the displacements in the coronal plane of the 
upper marker (D-SUPY) in GHB, GP10, GP14 and GP18 measured with 
the application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 7 – Mean values of the displacements in the coronal plane of the 
lower marker (D-INFY) in GHB, GP10, GP14 and GP18 measured with the 
application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 8 – Mean values of the displacements in the craniocaudal axis of 
the upper marker (D-SUPZ) in GHB, GP10, GP14 and GP18 measured with 
the application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 9 – Mean values of the displacements in the craniocaudal axis of 
the lower marker (D-INFZ) in GHB, GP10, GP14 and GP18 measured with 
the application of loads of 18 kgf, 36 kgf, 54 kgf and 72 kgf.

Figure 10 – Mean values of the distances (DI-SUP-INF) in GHB, GP10, 
GP14 and GP18 measured with the application of loads of 18 kgf, 36 kgf, 
54 kgf and 72 kgf.

table 1 – Variance Analysis of all the results obtained in the assays (ANOVA).

displacements p

D-SUPX 0.283

D-INFX 0.147

D-SUPY 0.250

D-INFY 0.001*

D-SUPZ 0.403

D-INFZ 0.748

DI-SUP-INF 0.663
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differences. A significant difference was found in the analyses of 
the mean values of D-INFY. (Table 1)
In the comparison between the displacements found in GHB with 
GP10, GP14 and GP18 there were no significant differences in any 
of the displacements tested, except in D-INFY, where significantly 
higher values were found in GP14 and GP18. (Table 2)
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table 2 – Comparison between the D-INFY found in GHB with the GP10, GP14 
and GP18 (POST HOC Analysis – Scheffé’s Method for Multiple Comparisons).

Groups compared
Mean 

differences
p Value 

Confidence Interval (95%)

Lower Upper

GHB GP10 -0.575 0.052 -1.153 3.460

GHB GP14 -0.755 0.009* -1.333 -0.177

 GHB GP18 -0.980 0.001* -1.558 -0.402
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dISCuSSIon

Femoral and tibial diaphyseal fractures are treated with considerable 
efficiency by means of osteosynthesis with intramedullary locking nail. 
The use of this kind of implant has allowed high consolidation indexes 
with low rates of complications. The rate of infection was about 2% 
and that of non-union was less than 2% in the majority of the series.9-18 
In spite of this, the bridging plate continues to be an excellent treat-
ment option, particularly at public healthcare centers, where the high 
cost of more modern intramedullary locking nails and the greater dif-
ficulty in access to these implants hinder their indiscriminate use.
Now in humeral diaphyseal fractures, where the intramedullary lock-
ing nails do not show clear superiority in relation to the plates used 
conventionally by the principle of absolute stability, the use of bridg-
ing plates has been occurring more and more frequently, and with 
good results.19

The work area of the bridging plate, defined as the region between 
the screws closest to the focal point of the fracture, defines how 
much mobility will exist among the bone fragments, and unlike the 
work area of a intramedullary locking nail, can be altered by the 
orthopedic surgeon. When we increase the distance between these 
screws, either by altering the distribution of screws in the same plate, 
or using a longer plate, we will be increasing the work area and, 
consequently, the movement among the bone fragments at the focal 
point of the fracture.
How much movement is ideal for the consolidation of a fracture by 
the principle of relative stability? Unfortunately this question is impos-
sible to answer, as several other factors influence the consolidation 
process. However, if we consider that the mobility brought about 
by the intramedullary locking nail allows successful consolidation 
in most diaphyseal fractures, a bridging plate with similar stiffness 
might be the best option. Intramedullary locking nails have a large 

work area, as the locking screws are situated at the extremities of 
the nail. Precisely due to this fact, the tendency in clinical practice is 
for the use of long plates with central screws at a significant distance 
from one another. In this study we attempted to identify which plate 
length offers stiffness similar to that of the intramedullary locking 
nail in tibia fractures.
The analysis of the graphs (Figures 1 to 6) referring to the displace-
ments occurring in the upper and lower segments of the tibias with 
application of progressive loads shows that there was more move-
ment of the markers in the tibias fixed with plates, in relation to the 
GHB, especially in GP18. However, this difference appeared statisti-
cally significant only in the displacements of the lower segment in 
the coronal plane (Tables 1 and 2).
This greater movement, and consequently lesser stiffness of osteo-
synthesis with plates, suggests that assemblies with narrow bridging 
plates on the anteromedial side of human tibias provide a higher 
degree of mobility at the focal point of type C fractures than intramed-
ullary locking nails. In other words, even assemblies with short plates 
(10 holes) are less stiff than those with locked nails. Figure 7 shows 
the distances between upper and lower markers with the application 
of loads, and it can be noted that the distances in GHB and GP18 
are similar, both greater than those found in GP10 and GP14. These 
distances show the relative movement between one fragment and 
another. A possible interpretation for this finding is that although the 
fracture fragments move more in the groups fixed with plates, this 
movement occurs in the same direction, while in the tibias fixed with 
intramedullary locking nail the movements occur in different directions, 
so that the relative displacements among the fragments are similar in 
GHB and GP18. Another possible interpretation is that these differenc-
es are only artifacts resulting from the small number of tibias studied, 
as there was no statistically significant difference in this analysis.
Our impression after the conclusion of this work is that the 18 hole 
bridging plates present a biomechanical behavior similar to that of 
the intramedullary locking nail.

ConCLuSIonS

In type C fractures in human cadaveric tibias there is greater mobility 
of the lower bone segment in the coronal plane, when the fracture 
is fixed with 14 and 18 hole bridging plates than when fixed with 
intramedullary locking nail without reaming. Despite this greater mo-
bility, the relative movements among the fracture fragments in GHB 
and GP18 tend to resemble one another.


