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Double plate osteosynthesis provides better biomechanical stabilization 
than double tension band technique in distal humerus fractures

Humerus distal kırıklarında çift plak osteosentezi, çift gergi bandı tekniğinden daha iyi 
biyomekanik stabilizasyon sağlar
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Amaç: Bu çalışmada humerus distal kırıklarının fiksas-
yonunda uygulanan çift gergi bandı osteosentez tekniği ile 
çift plak osteosentez tekniği stabilite ve etkinlik açısından 
değerlendirildi.
Gereç ve yöntemler: Çalışma, iki grup üzerine 
yapıldı ve her bir grupta sekiz adet, insan (ortalama yaş 
70-80) kadavra humerus kemiği kullanıldı. El testeresi 
kullanılarak suprakondiler bölgeden osteotomi uygulan-
dı. Birinci grup (grup 1) çift 3.5 mm’lik rekonstrüksyon 
plakları ile tespit edildi. İkinci grup (grup 2), çapraz 
Kirschner telleri kullanılarak çift gergi bandı tekniği ile 
tespit edildi. Osteotomi tasarımı, distal parçaya sadece 
bir adet vida konulmasına izin verdi. Örnekler, materyal 
test makinesi kullanılarak değerlendirildi. Yetmezlik 
noktasına kadar, doğrusal yük uygulandı. Üç milimetre 
aralık oluşturan  (3 mm ayrışma gücü) güç ve yetmezlik 
öncesi maksimum yükleme gücü, büyütücü kullanılarak 
tüm testlerde ölçüldü.
Bulgular: Üç milimetre ayrışma gücünün ortalama değeri, 
grup 1 için 1356.29±226.97 N ve grup 2 için 882.63±305.21 
N bulundu. Maksimum yükleme gücünün ortalama değeri 
grup 1 için 1487.13±298 N ve grup 2 için 1232±107.62 N 
bulundu. İki grup arasında, 3 mm ayrışma gücünde anlamlı 
fark (p=0.005) vardı. İki grup arasında, maksimum güçte de 
anlamlı fark (p=0.016) vardı.
Sonuç: Humerus distal kırık fiksasyonunda çift plak 
osteosentez tekniği, çift gergi bandı osteosentez tekniğin-
den daha üstündür.
Anahtar sözcükler: Biyomekanik değerlendirme; distal humerus; 
kırık; osteosentez.

Objectives: In this study we evaluated the stability and 
effectiveness of the double tension band osteosynthesis tech-
nique compared to the double plate osteosynthesis technique 
used for fixation of distal humerus fractures.
Materials and methods: The study was performed on two 
groups, and in each group eight cadaveric, elderly (mean age 
70-80) human humeri was used. An osteotomy was performed 
in the supracondylar region using a manual saw. The first group 
(group 1) was fixed with double 3.5 mm reconstruction plates, 
while the second group (group 2) was fixed with the double ten-
sion band technique, using crossing Kirschner wires. The osteot-
omy was designed so that the distal fragment would allow only 
a single screw per plate. The constructs were evaluated using a 
material testing machine. A linear non-cyclic load was applied 
until the failure of the constructs. The force which produced a 3 
mm gap (3 mm gap strength), as detected visually with the aid of 
operating loupes, and the maximum load prior to failure of the 
fixation (maximum force) were measured from all tests.
Results: The mean value for the 3 mm gap strength was 
1356.29±226.97 N for group 1 and 882.63±305.21 N for 
group 2. The mean value of the maximum load strength was 
1487.13±298 N for group 1 and 1232±107.62 N for group 2. 
There were significant differences in 3 mm gap strengths of the 
two groups (p=0.005). There was also a significant difference 
in the maximum load between the two groups (p=0.016).
Conclusion: Double plate osteosynthesis technique is 
superior to double tension band osteosynthesis for the fixa-
tion of distal humerus fractures.
Key words: Biomechanics; distal humerus; fractures; osteosyn-
thesis.
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Surgical treatment of distal humerus fractures in the 
elderly remains one of the demanding challenges in 
trauma surgery.[1-3] For most displaced unstable frac-
tures in patients with functional arms, open reduc-
tion and internal fixation (ORIF) with early mobiliza-
tion is indicated to restore optimal elbow function.[3-7] 
It is difficult to achieve a secure fixation in an elderly 
patient with low supracondylar fractures because of 
inadequate space for screw fixation and bad screw 
purchase in osteoporotic bone.[3,8] Comminution and 
poor bone quality can even make these cases more 
difficult.[9] Loss of fixation, non-union, and stiffness 
may occur in up to 35% of cases.[10,11] Early rehabilita-
tion and mobilization is difficult because of the lack 
of rigid fixation. Furthermore, the long period of 
immobilization required can result in unsatisfactory 
elbow function.[3,12]

Double plating is the standard approach for 
complex supracondylar distal humerus fractures, 
and provides sufficient stability for early reha-
bilitation.[13] Nonsurgical treatment is appropriate 
for stable, nondisplaced fractures and in patients 
with neurologic impairment or otherwise non-
functional extremities.[14] External fixation can be 
used for either temporary or definitive treatment in 
patients with severely contaminated open wounds 
or extensive soft-tissue defects.[15] In older patients 
with osteopenia and/or comminution of the joint 
surface in which stable reconstruction cannot be 
achieved, total elbow arthroplasty using a semi-
constrained linked prosthesis may be preferable to 
other options.[16]

Some authors reported the use of double tension 
band osteosynthesis for fixation of the distal humer-
al and intra-articular bicondylar fractures.[17,18] So 
far, there is no biomechanical study comparing the 
effectiveness of this method to double plate osteo-
synthesis. We assume that the double plate fixation 
will stabilize distal humerus fractures better than 
double tension band osteosynthesis.

The aim of this study was to test and compare 
the biomechanical stability of double tension band 
osteosynthesis technique to that of the double 
plate fixation technique in cadaveric supracondylar 
humerus fractures.

MATERIALS AND METHODS

Sixteen elderly cadaveric humeri, with an average 
age of 72.6 (ranged from 70 to 80), were used in 

the laboratory experiments. X-rays of all humeri 
were taken to exclude any pathology or previous-
ly treated fractures. Specimens were randomly 
divided into two groups. The first group (group 1) 
contained eight humeri treated with double plate 
fixation. The second group (group 2), also consist-
ing of eight humeri, was treated with double ten-
sion band osteosynthesis. Using a manual saw, a 
transverse humeral osteotomy was performed in 
each specimen in the most distal extra-articular 
part of the bone. The fracture model was stan-
dardized to allow only a single screw per plate 
at the distal fragment. In group 1, the humeri 
were fixed using two (3.5 mm) reconstruction 
plates (Tipmed, Ltd. Co., İzmir, Turkey), one on 
the medial aspect and the other on the posterior 
lateral aspect of the bone (Figure 1). In group 2, 
the osteotomy site was fixed using 2 mm crossing 
Kirschner wires (K-wire) on each side, from the 
nonarticular medial side to the opposite lateral 
column and from the lateral side to the opposite 
medial column. Then tension wires were used to 
tauten both medial and lateral columns and to 
achieve compression (Figure 2).

Materials Testing Machine (model TIRA test 
24500; Demgen, Werkzeugbau, GmbH, Nordrhein-
Westfalen, Germany) was used for mechanical test-
ing (Figure 3). All specimens were loaded to their 

Figure 1. Fixation of the osteotomy site using double plate 
osteosynthesis. Single screw in the distal fragments was 
used.
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failure point at a static rate of 40 mm/minute and 
force versus displacement data was recorded. The 
force which produced a 3 mm gap (gap load) as 
detected visually with the aid of operating loupes 
and the maximum force prior to failure of the con-

struct (maximum load) were determined from all 
tests.

Statistical analysis of the data was performed 
using the SPSS 13.0 version (SPSS Inc., Chicago, 
II., USA) statistical package. We compared double 
plate osteosynthesis and double tension band 
osteoynthesis group parameter values with Mann 
Whitney U-test. Spearman rank coefficients of cor-
relation were calculated to investigate the relations 
among the parameters. P value was set at p≤0.05. 
Data were presented as mean ± standard deviation 
(Table I).

RESULTS

There were no statistically significant differences 
in the length of the humeri. The mean value for 
the gap load was 1356.29±226.97 N for group 1 and 
882.63±305.21 N for group 2. The mean value of the 
maximum load was 1487.13±298 N for group 1 and 
1232±107.62 N for group 2.

Double plate fixation stabilized distal humerus 
fractures significantly (p<0.05) better than double 
tension band osteosynthesis (Table I). The double 
plate goup had significantly higher maximum load 
(p=0.016) and gap load (p=0.005) values, respec-
tively.

We found that there was a statistically signifi-
cant correlation between maximum load and gap 
load (p=0.001).

Figure 2. Fixation of the osteotomy site using double ten-
sion band osteosynthesis technique.

Figure 3. Axial tension test using material testing machine. Lateral view 
of the distal humerus fixed with double tension osteosynthesis during 
test shows displacement at the osteotomy site. 
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DISCUSSION

Double plating is the standard approach for complex 
supracondylar distal humerus fractures, and pro-
vides sufficient stability for early rehabilitation.[13] 
Tension band wiring on the other hand is thought 
to be an unstable fixation technique requiring 
early immobilization of the joint. We thought that a 
biomechanical analysis of distal humerus fracture 
fixation comparing these techniques would be ben-
eficial for the treatment decision.

In literature dealing with biomechanical test-
ing, the displacement at the fracture site and maxi-
mum load were utilized as the main parameters to 
show the main outcome.[19-21] The fixation methods 
that allow the least displacement at the fracture 
site are often regarded as superior.[20,21] Our results 
showed that the load required to produce gap at 
the osteotomy site were significantly higher in the 
double plate osteosynthesis than the double ten-
sion band osteosynthesis. It is well recognized that 
fracture movement leads to callus elongation and 
distraction. If the amount of strain caused by frag-
ment movement during physical exercise is higher, 
the initial microstructure of the bridging tissues is 
repeatedly disrupted. As a result, the contribution 
of the callus formation to stabilizing the fracture is 
delayed.[22]

Higher tolerance to axial load diminishes the 
risk of fixation failure. In this study, the maximum 
load tolerated by the double plate osteosynthesis 
group was significantly higher compared to the 
double tension band osteosynthesis group. In addi-
tion, a significantly higher load was required to 
produce a failure of the bone-implant interface in 
double plate osteosynthesis than in double tension 
band osteosynthesis.

However, an important advantage of double 
tension band osteosynthesis is that it may prevent 

forces which usually occur between the plate 
and the underlying cortex. Consequently, implant-
related impairment of the periosteal blood supply 
is decreased.[22]

Previous clinical and biomechanical studies 
have demonstrated that double plate osteosynthe-
sis provides a stable method of fixation in these 
fractures, especially when the plates are perpen-
dicular to each other.[1,2] A study by Gabel et al.[5] 
has shown the superiority of the dual plate fixation 
over single plate fixation in adult intraarticular 
fractures of the distal humerus. In a biomechani-
cal study, Molloy et al.[19] has shown that interfer-
ence K-wire augmentation may make this method 
more stable in elderly. In another biomechanical 
study, Korner et al.[20] reported that configura-
tion of plate is important and that better fixation 
achieved by using locking compression plates in 
elderly patients with diminished bone density. A 
study by Eralp et al.[4] has reported satisfactory 
results in 15 of 17 patients treated surgically using 
double plate osteosynthesis. However, the complex 
morphology of the distal humerus may not allow 
the perpendicular placement of the hardware and 
the often small distal fragments may allow only 
limited space for a single screw to be placed: as a 
result, sufficient fixation of low columnar fractures 
may be difficult, occasionally requiring addition of 
a third plate.[7,10]

In a study performed by Ali et al, the authors 
found that 75% of nonunions at the distal humer-
us were caused by inadequate primary fracture 
fixation. These results provide clear evidence that 
stable initial osteosynthesis is one of the main 
keys to avoid secondary interventions, prolonged 
immobilization and ultimately, to achieving a good 
functional outcome.[8]

Ring and Jupiter[23] reported that plating around 
the medial epicondyle may contribute to the 

TABLE I
Descriptive statistics and comparisons of the results 

 Group 1  Group 2
Parameters Mean±SD Mean±SD p

3 mm gap load (N) 1356.29±226.97 882.63±305.21 0.005
Maximum load (N) 1487.13±298.59 1232.00±107.62 0.016
Length of humeri (cm) 23.57±1.72 23.67±1.63 0.941
Group 1: Double plate osteosynthesis; Group 2: double tension band osteosynthesis technique; 
SD: Standart deviation.
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development of ulnar nerve dysfunction, as a 
result of ulnar nerve fibrosis secondary to scar for-
mation and the fracture healing response, both of 
which can be minimized with anterior ulnar nerve 
transposition.

Russell et al.[24] recommend minifragment fixa-
tion construct, using 2.7 mm plates, for distal frac-
ture fixation that is potentially compromised by 
very distal fractures, comminuted fractures, and 
in small stature patients in whom small fragment 
implants may be too large. Minifragment implants 
may provide enhanced fracture fixation because 
a greater number of screws can be placed into the 
distal fragments. In addition, minifragment plates 
are easier to contour and are less prominent. They 
reported late ulnar nerve neuritis and heterotopic 
ossification as complications of this method.

Zhao et al.[18] have shown good and excellent 
results in 83% of their patients using the double 
tension band osteosynthesis. Union obtained in all 
24 patients and the complications were comparable 
to other techniques. They found that this technique 
is easier to perform, offers good stability, is more 
cost effective and allows earlier functioning of the 
elbow with complication rates that are comparable 
to other fixation methods. Houben et al.[17] used 
double tension band osteosynthesis instead of 
double plating for fixation of the condylar block to 
the shaft. They reported the advantages of double 
tension band wiring as a faster and easier proce-
dure, with less periosteal and muscle damage, and 
symmetrical compression.

In this study, the intent was to prove the bio-
mechanical stability of double tension band osteo-
synthesis and compare the results with the more 
invasive double plate osteosynthesis using cadav-
eric bones.

One of the limitations of this study is that the 
mineral density of the tested specimens was not 
measured using the dual energy X-ray absorptiom-
etry (DEXA) method. Another limitation is in the 
measurement of the gap strength, as we measured 
the gap visually, using a magnifying loop instead 
of a displacement gauge or more accurate camera 
systems. This is an in-vitro study which tests the 
stability without taking the soft tissue components 
into account. The muscles, ligaments and other 
surrounding soft tissues in the elbow region have 
a great impact on the biomechanical behavior of 

this fracture and on the long-term stability of the 
construct.

Understanding the exact contribution of the 
supporting ligaments to the functional integrity is 
crucial for the diagnosis and treatment.[25,26] A two-
dimensional finite element study may be of great 
help in overcoming certain limitations of cadaver 
sudies.[25,26]

The mechanical test setup simulated a tensile 
force across the fracture gap while the humerus 
is physiologically loaded in bending and in com-
pression. The number of the cadaveric specimens 
in this study may not be sufficient so we recom-
mend higher specimen numbers to evaluate this 
tow different technique. This study may provide a 
clue in the treatment of such a difficult fracture by 
comparing the commonly used and recommended 
double plate osteosynthesis technique to the double 
tension band osteosynthesis.

In conclusion, double plate osteosynthesis pro-
vides better fixation for supracondylar humeral 
fracture compared to double tension band oste-
osynthesis. Double plate osteosynthesis should 
be the first choice for fixation of supracondylar 
humeral fractures.
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