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Objective: The aim of this study was to compare the biomechanical strength of three fixation meth-
ods in humerus shaft fractures with medial butterfly fragment. 
Methods: An AO 12B2 fracture with butterfly fragment was created in 21 synthetic cortical shell
humeri. Humeri were divided into 3 groups which underwent bridge plating, antegrade intramedullary
nailing or retrograde intramedullary nailing. Rotational and four-point bending test displacement curves
were obtained.
Results: Mean displacement values in the torsion tests were 37.38 (range: 25.75 to 55.69) mm in the
bridge plating group, 26.55 (range: 21.25 to 41.81) mm in the antegrade nailing group, and 33.23
(range: 27.50 to 46.45) mm in the retrograde nailing group. Mean displacement values in the four-
point bending test were 3.27 (range: 2.54 to 3.73) mm in the bridge plating group, 3.17 (range: 2.69
to 3.55) mm in the antegrade nailing group, and 3.15 (range: 2.10 to 4.03) mm in the retrograde nail-
ing group. No significant difference was found among the groups (p>0.05).
Conclusion: The biomechanical stability of bridge plating, antegrade intramedullary nailing and ret-
rograde intramedullary nailing appears to be similar in the fixation of humerus shaft fractures with
medial butterfly fragment.
Key words: Antegrade intramedullary nailing; bridge plating; humerus shaft fracture; medial butter-
fly fragment; retrograde intramedullary nailing.

Humeral shaft fractures comprise 1 to 3% of all frac-
tures. Epidemiologic studies have demonstrated an
incidence distribution with a small peak in the third
decade for men and a larger peak in the seventh decade
for women.[1,2] Most humeral shaft fractures are suc-
cessfully managed through conservative treatment
although surgery may be necessary in some cases. Plate

and screws, intramedullary nailing and external fixation
can all be used in surgical treatment.[3-7] However, the
optimal choice is a subject of debate in terms of biome-
chanics, surgical planning and complications.[6]

The biomechanics of internal fracture fixation has
grown in importance in recent years. Less rigid fixation
promotes secondary bone healing with more callus for-
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mation. Indirect reduction reduces surgical trauma. The
use of bridge plating fixation with locking plates enables
a better protection of the bone circulation.[1] As with all
wounds, bone fracture healing depends on blood flow.
Injury of the nutrient artery of the humerus during ini-
tial trauma or surgical intervention may impair fracture
healing.[4]

The aim of this study was to compare the mechani-
cal properties of the bridge plating and antegrade and
retrograde intramedullary nailing fixation methods in a
synthetic humeral shaft fracture model with a medial
butterfly fragment.

Materials and methods
This study included 21 left plastic cortical shell humeri
(Sawbones® model no: 1006; Sawbones AG, Malmö,
Sweden). On each specimen, a butterfly fragment with
a base of 40 mm was removed from the medial cortex
in order to prepare an AO 12B2 fracture model. There
was no bone contact between the main fracture frag-
ments. Humeri were divided into three equal groups
(n=7) and fixation with bridge plating, antegrade
intramedullary nailing, and retrograde intramedullary
nailing were performed (Fig. 1). 

A 9x280 mm nail was used in all nailings and the nail
was locked with two distal and two proximal screws
(Figs. 2a and b). In the bridge plating group, a 4.5-mm
wide 178-mm long humerus LC-DCP plate with 10
holes (Synthes) was fixed to the humerus to bridge the
butterfly fragment with eight 20-mm locking screws
(Fig. 2c).

SHIMADZU Autograph AG-5kNG universal test
instrument (Shimadzu Corp., Tokyo, Japan) was used as
compression tool. In order to reduce contact friction
during the test, the compression instrument was used on
a fixation device with two height-adjustable arms of
180x15 mm and a base plate of 1000x600x12 mm (Fig.
3). The part containing bearings were connected to the
compression tool with a roller system; the opposite site
was kept stable. A 100x80 mm hole around which 4
8x1.5 mm pins were inserted was used to fix the bone.

The compression tool was calibrated during each
experiment prior to loading. The torsion apparatus was
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Fig. 2. Radiographic images of internal fixation modalities on the sawbones: (a) antegrade intramedullary, (b) retro-
grade intramedullary and (c) locked plate fixation.

(a) (b) (c)

Fig. 1. Examples of sawbones used in the study and shape of
osteotomies. [Color figure can be viewed in the online issue,
which is available at www.aott.org.tr]



secured to the ground with a steel wire. The opposite
direction of gravity loading was generated by connect-
ing the torsion apparatus roller system to the compres-
sion tool with a steel wire. Attention was paid so that
subjects were placed in the same direction with torsion-
al rotation axis of the instrument. Constantly increasing
loading was applied with the torsion tool until 320 N at
a rate of 5 mm/min.

For four-part bending test, an instrument including
two 450-mm parts, with two lower support points hav-
ing wedge-shaped extensions and with two upper sup-
port points having sharp-shaped extensions that con-
nected to the torsion tool, was designed so that subjects
could lie on it (Fig. 4). Subjects were placed on this
mechanism with a distance of 150 mm between the
upper support points and 220 mm between the lower
support points. Therefore, both sides were fixed with a
distance of 35 mm between the upper and lower support
points.[8] The contact of support points with the subjects
presented the same equal plane. Four-part bending at a
rate of 5 mm/min until 500 N in axial direction was
applied to subjects in a mediolateral direction with the
torsion tool. Therefore, loading (N) with a 500 N load
and displacement (mm) curves were obtained.

Statistical analysis performed using SPSS for
Windows v.11 (SPSS Inc., Chicago, IL, USA) software.

The mean and (±) standard deviation values were calcu-
lated for bending and torsional measurement values. The
Kruskal-Wallis variance analysis was used for intergroup
comparison. Level of significance was set as p<0.05.

Results 
Load-displacement (mm) curves were obtained from
the torsion test. Displacement values below 360 N
were transferred to the SPSS program and the mini-
mum, maximum, average, and standard deviation val-
ues for the results were determined. As shown in Table
1, average displacement was 37.38 (range: 25.75 to
55.69) mm, 26.55 (range: 21.25 to 41.81) mm and
33.23 (range: 27.50 to 46.45) mm in the bridge plating,
antegrade nailing and retrograde nailing groups,
respectively. There was no statistically significant dif-
ference between 360 N torsional force applied to sub-
jects and displacement values (p=0.068). 

Load-displacement (mm) curves were obtained from
the four-part bending test. Displacement values below
500 N were transferred to the SPSS program and the
minimum, maximum, average, and standard deviation
values were determined. As shown in Table 2, average
displacement was 3.27 (range: 2.54 to 3.73) mm, 3.17
(range: 2.69 to 3.55) mm and 3.15 (range: 2.10 to 4.03)
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Fig. 3. The apparatus adapted to the Shimadzu test machine. [Color
figure can be viewed in the online issue, which is available at
www.aott.org.tr]

Fig. 4. The machine used for four-point bending. [Color figure can
be viewed in the online issue, which is available at
www.aott.org.tr]

n Minimum Maximum Mean Standard deviation

Plate 7 25.7500 55.6875 37.376071 12.1467339
Antegrade 7 21.2500 41.8125 26.553571 7.3078180

χ2=5.565

Retrograde 7 27.5000 46.4520 33.234214 6.5613844
p=0.068

Table 1. The minimum, maximum, average and standard deviation values for the results obtained from tor-
sion test of the groups.



mm in the bridge plating, antegrade nailing and retro-
grade nailing groups, respectively. There was no statis-
tically significant difference between the three groups in
the four-part bending test (p=0.901).

Discussion 
Humeral shaft fractures comprise 1 to 3% of all frac-
tures.[1,2] The nonunion ratios of humeral shaft frac-
tures vary between 10 and 15%.[4,8,9] In recent years,
biological fixation methods have been reported to pro-
duce better results than those of rigid fixation with
respect to healing for the internal fixation of long bone
fractures.[9] In our study, we investigated the durability
of minimally invasive internal fixation methods in
humerus shaft fractures (AO classification 12B2) with
medial butterfly fragment.

The primary nutrient arteries in the humerus enter
from the medial border just below the middle of the
shaft. A study conducted by Carroll demonstrated the
existence of only one nutrient artery in 57 of 71 adult
humeri.[10] Based on these anatomic findings, we created
the butterfly segments away from the region in which the
nutrient artery enters. Problems that occur during recov-
ery in middle distal junction of humeral fractures may be
due to injury of the nutrient artery during initial injury or
surgical exposure of the butterfly fragments. Disturbing
the blood supply of the butterfly fragment may impair
the healing of this fragment on one or either side.[4,10]

Biomechanical testing mimicking loading of daily
movement was performed to detect and compare the
stability of different fixation methods. In these experi-
ments, homogenous bone analogs that mimic human
cadaver bones and their mechanical properties were
used. The individual differences in bone mineral densi-
ty may affect the results in tests with human cadaver
bones. Lin et al. showed that the failure of the fixation in
low loads was due to the bone itself in osteoporotic sub-
jects while the failure in high loads was due to the
implant in non-osteoporotic subjects.[11] In our study, the
use of bone analog was found to be appropriate to
ensure standardization between groups.

Experimental studies studying implant failure in the
humerus have used different loadings.[12] Blum et al.,

evaluating the biomechanical properties of retrograde
intramedullary nails in humeral shaft fractures, applied
450 N loading in the bending test and 8 Nm torque in
torsional loading.[13] In our study, we applied 500 N in
the four-part bending test and 9.6 Nm torque in tor-
sional loading. As the load-to-failure measurement was
beyond the scope of our study, we applied these physio-
logical loads in order to avoid disrupting the structure of
the bone implant.

Recent developments in internal fixation methods
have resulted in less soft tissue damage. The purpose of
biologic internal fixation is to ensure minimal soft tissue
damage through indirect reduction, especially in seg-
mental fractures.[14] In our study, the butterfly fragment
was not fixed and moved off the bone-implant structure.

While first used in the treatment of subtrochanteric
and distal femur fractures, minimal invasive plate fixa-
tion methods have then also been used in humerus frac-
tures.[15-17] The application of this method is difficult in
the humerus due to the location of the axillary nerve
proximally and the radial nerve distally. This technique
can be applied in fractures 6 cm below the deltoid inser-
tion and above the trochlear fossa, which allows for the
use of a minimum of three screws in the proximal and
distal. The anterior approach has been recommended
for this type of plating.[15-17] In long plates, torsional stress
is distributed on the body of the plate with short fixa-
tions at both ends by bridging the fracture region.[18]

Perren[14] reported that locking plates used in minimal
invasive plate osteosynthesis for external fixation protect
the blood supply around the fracture site by providing
minimal contact area on the bone surface. Locking plates
do not have to fit the slope of the bone surface. Despite
the ease of this technique, it does not allow to determine
the size of necessary screws. Therefore, plates are fixed
with screws holding only one cortex to keep the ends at
the medullary canal. In our study, we applied fixation
with screws holding only one cortex.

Livani and Belangero[15] applied bridge plating to 15
humerus shaft fractures using a minimally invasive tech-
nique. Five patients had AO Type A, seven Type B and
four Type C fractures. The lower complication ratios
and satisfied results showed that this approach can be
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n Minimum Maximum Mean Standard deviation

Plate 7 2.5400 3.7280 3.269429 0.4040585
Antegrade 7 2.6880 3.5470 3.174143 0.32558443

χ2=0.208 

Retrograde 7 2.1010 4.0260 3.152143 0.7309048
p=0.901

Table 2. The minimum, maximum, average and standard deviation values for the results obtained from
four-part bending test of the groups.
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used in the surgical treatment of humerus shaft frac-
tures. The most important advantage of this technique is
the stability that allows for early joint movement and
minimal surgical damage. This treatment is not recom-
mended in cases with radial nerve palsy where nerve
exploration in necessary. 

The humerus may be locked on both proximal and
distal ends, setting an appropriate example for compari-
son of different screwing methods biomechanically. We
used different screws from those used in the study con-
ducted by Blum et al.[13] The most important difference
in the humerus expert screw system is that distal locking
screws can be locked in different directions at an angle
of 22.5 degrees. This different angle allows for locking
in anterolateral, anteromedial, and anteroposterior
directions. Therefore, distal locking screws enables bet-
ter fixation in the lateral supracondylar region.

In a randomized, prospective study, Chapman et
al.[19] compared the clinical results of intramedullary nail-
ing and plating in humeral shaft fractures. They report-
ed no significant difference between both fixation meth-
ods with respect to recovery. Shoulder pain and stiffness
were observed in patients treated with screws, while
elbow pain and stiffness were observed in patients treat-
ed with plating.

In a study on humeral shaft fractures conducted by
Lin et al.,[11] retrograde and antegrade nails were biome-
chanically compared. As a result, it was reported that
nailing from the short segment to the long segment of a
fracture provides a biomechanical advantage. The most
important factor behind this advantage is nail-bone
healing. In the same study, on osteotomy performed
from 10 cm above the olecranon fossa on fracture mod-
els, there was no significant difference between nailings
performed in antegrade and retrograde directions in dif-
ferent loadings. Fixing with a 5 cm screw at the distal
fragment in antegrade nailing or at the proximal frag-
ment in retrograde nailing provides adequate fixation. In
our study, there was no significant difference between
antegrade and retrograde nailing in different loadings.

Zimmerman et al.[20] biomechanically compared
four different fixation methods in transverse fracture
models at the middle of the humeral shaft. Torsion
properties of the plated subjects were superior to those
of elastic nails, and nails superior to plates. The plates
used in their study had neutral properties and were
fixed to the bone with six screws. We used four screws
that can be fixed to the plate at both sides of the bro-
ken fragments in our study. This difference may
explain the lack of significant difference between nails
in the bending and torsion tests. 

In the osteoporotic fracture model created by
Gardner et al.[21] using locking and non-locking screws,
the stability of fixation was evaluated under torsion load-
ing. In osteoporotic unstable diaphyseal fracture models,
locking plates were found to be superior to non-locking-
screw fixation in torsion tests. The hybrid system creat-
ed by using only one compression screw does not pro-
vide additional stability. However, compared to fully-
locking systems, there is no significant difference with
respect to stability. Locking screws are more expensive
than non-locking screws. Torsion properties of hybrid
structures show similar biomechanical properties as the
locking screw-plate combination. It can be said that
locking plates with a hybrid combination of locking and
non-locking screws can be used in the fracture treatment
of patients with low bone quality. In our study, the
determination of similar displacement values between
plates fixed with knocked screws and locking
intramedullary nails in torsion loadings may be due to
the use of locking screws in plates.

In their biomechanical study, Chen et al.[22] compared
axial loading of plating and intramedullary screwing
methods in the fixation of 1.5-cm defects created in
humeral shafts. There was no significant difference
between both fixation methods in physiological loadings.
Bone implant structure deteriorated at a much higher
value in the group with intramedullary screws. It was
reported that this may create an advantage in multiple
trauma patients requiring partial loading after operation.

In our study, we performed torsion and mediolateral
four-part bending tests to mimic the frequent exposure
to this two-directional force of the humerus in daily liv-
ing. Different biomechanical studies have discussed dif-
ferent loading properties.[8,12,16,23] By applying both bend-
ing and torsion tests to different fixation methods, we
were able to study the formation of natural humerus
loading and determine appropriate fixation methods.

In conclusion, there is no significant biomechanical
difference between intramedullary nailing and plating
methods for the fixation of 12B2 humerus shaft fractures.
The surgeon’s experience, patient’s general condition,
and fracture type will determine the method to be used.  

Conflicts of Interest: No conflicts declared.
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