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Abstract

We biomechanically evaluated the bone fixation rigidity of an ONI plate (Group I) during
fixation of experimentally created transcondylar humerus fractures in cadaveric elbows, which are
the most frequently observed humeral fractures in the elderly, and compared it with the rigid-
ity achieved by 3 conventional fixation methods:an LCP reconstruction plate 3.5 using a locking
mechanism (Group II), a conventional reconstruction plate 3.5 (CRP) with a cannulated cancellous
screw (Group III), and a CRP with 2 cannulated cancellous screws (CS) in a crisscross orientation
(Group IV). In the axial loading test, the mean failure loads were:Group I, 98.9+/-32.6;Group II,
108.5+/-27.2;Group III, 50.0+/-7.5;and Group IV, 34.5+/-12.2 (N). Group I fixations failed at a
significantly higher load than those of Groups III and IV (p0.05). In the extension loading test,
the mean failure loads were:Group I, 34.0+/-12.4;Group II, 51.0+/-14.8;Group III, 19.3+/-6.0;and
Group IV, 14.7+/-3.1 (N). Group IV fixations showed a significantly lower failure load than those
of Group I (p0.05). The fixation rigidities against mechanical loading by the ONI plate and LCP
plate were comparable. These results suggested that an ONI system might be superior to the CRP
and CS method, and comparable to the LCP method in terms of fixation rigidity for distal humerus
fractures.
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We biomechanically evaluated the bone fixation rigidity of an ONI plate (Group I) during fixation of 
experimentally created transcondylar humerus fractures in cadaveric elbows,  which are the most 
frequently observed humeral fractures in the elderly,  and compared it with the rigidity achieved by 3 
conventional fixation methods: an LCP reconstruction plate 3.5 using a locking mechanism (Group II),  
a conventional reconstruction plate 3.5 (CRP) with a cannulated cancellous screw (Group III),  and a 
CRP with 2 cannulated cancellous screws (CS) in a crisscross orientation (Group IV).  In the axial load-
ing test,  the mean failure loads were: Group I,  98.9±32.6; Group II,  108.5±27.2; Group III,  50.0±
7.5; and Group IV,  34.5±12.2 (N).  Group I fixations failed at a significantly higher load than those of 
Groups III and IV (p＜0.05).  In the extension loading test,  the mean failure loads were: Group I,  34.0
±12.4; Group II,  51.0±14.8; Group III,  19.3±6.0; and Group IV,  14.7±3.1 (N).  Group IV fixations 
showed a significantly lower failure load than those of Group I (p＜0.05).  The fixation rigidities 
against mechanical loading by the ONI plate and LCP plate were comparable.  These results suggested 
that an ONI system might be superior to the CRP and CS method,  and comparable to the LCP method 
in terms of fixation rigidity for distal humerus fractures.
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ractures of the distal humerus in the elderly 
pose a great challenge for orthopedic surgeons 

throughout the world [1,  2].  Conservative treatment 
by cast immobilization has not been recommended 
because of the low bone union and high complication 
rate [3-5].  Among cases in which bone union is 
achieved,  varying degrees of elbow joint contracture 

are reported.  On the other hand,  open reduction and 
internal fixation is not a satisfactory method because 
of the high failure rate of conventional implants due to 
the low rigidity of bone fixation; in general,  the bone 
fixation fails due to severe osteoporosis,  the small 
contact area of the fracture site,  and the very small 
size of the distal fragment,  which often does not allow 
for insertion of a sufficient number of screws [3,  6].
　 In 1999,  we developed an ONI transcondylar plate 
system (ONI plate) and in 2001 the ONI plate was 
made available for clinical applications.  This system 
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employs a characteristic structure of angular stabili-
zation accomplished by a transcondylar screw which 
passes from the lateral epicondyle to the medial wall 
of the trochlea and finally locks to an ONI plate by 
means of an exclusive set screw.  For fixation of the 
medial column,  a 4.5mm cannulated cancellous screw 
is also used.
　 In the current study,  we biomechanically evaluated 
the bone fixation rigidity of an ONI plate during fixa-
tion of experimentally created transcondylar humerus 
fractures in cadaveric elbows,  which are the most 
frequently observed humeral fractures in the elderly,  
and compared it with the rigidity achieved by 3 con-
ventional fixation methods.

Materials and Methods

　 Specimens. The present experiments were 
performed using 30 cadavers (12 men and 18 women;  
mean age,  78 years; range,  54-87 years) embalmed in 
10ｵ formalin for systemic anatomy research.  They 
had no clinical history of humeral fracture,  connective 
tissue diseases,  or paralytic dysfunctions.  Thirty 
paired distal humeri were dissected free of soft tissue.  
For all specimens,  the average bone mineral density 
(BMD) values of 2 regions of the distal humerus (a 
2.4cm2 region of the lateral epicondyle and supra-
condyle) were assessed using a Hologic QDR 2000 
dual-energy X-ray densitometer (Hologic,  Bedford,  

MA),  and there were no significant differences in 
BMD between the following 4 groups (Table 1).
　 Preparation of the fracture fixation model.
A transcondylar distal humerus fracture (extra-artic-
ular,  but intra-capsule metaphyseal,  type13-A3.3,  
according to the AO comprehensive classification) was 
created in all 30 humeri.  Using a surgical bone-saw,  
a 5-mm transverse gap was created in the middle of 
the olecranon fossa,  simulating an unstable fracture 
according to the method reported by Korner et al.  
[7].
　 In each pair of specimens from the cadavers,  four 
different fixation methods were applied (Fig.  1).  On 
one side of all 30 specimens,  an ONI plate and can-
nulated cancellous screw (4.5mm titanium) were used 
for fixation (Group I).  The side of the specimen to 
receive fixation with an ONI plate was randomly 
selected.  The remaining 30 contralateral sides of the 
specimens were further allocated into 3 treatment 
groups: a group treated with an LCP reconstruction 
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Table 1　 Condition of the specimens in each group

Group
No.

Age (yrs) Mean
(range)

BMD (mg/cm3)
(range)

Ⅰ 71 (54/87) 0.52±0.20 (0.30/0.99)
Ⅱ 68 (48/84) 0.59±0.20 (0.34/0.90)
Ⅲ 74 (65/87) 0.46±0.19 (0.21/0.86)
Ⅳ 75 (54/86) 0.46±0.20 (0.24/0.61)

A C DB
Fig. 1　 Methods of osteosynthesis for each group.  A,  An ONI plate applied on the lateral column of the distal humerus with a cannu-
lated cancellous screw (4.5mm titanium) medially; B,  Two LCP reconstruction plates 3.5 (3.5mm titanium; Mathys) were prebended and 
adapted,  dorso-laterally and ulno-medially; C,  A conventional reconstruction plate 3.5 was adapted laterally and a cannulated cancellous 
screw (4.5mm titanium) was placed medially; D,  Two cannulated cancellous screws in a crisscross orientation.
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plate 3.5 (3.5mm titanium; Mathys,  Bettlach,  Switz-
erland) using a locking mechanism (Group II,  n＝10);  
a group treated with a conventional reconstruction 
plate 3.5 (3.5mm stainless; Mathys) (CRP) and a can-
nulated cancellous screw (CS) (4.5mm titanium) 
(Group III,  n＝10); and a group treated with two CSs 
in a crisscross orientation (Group IV,  n＝10).  In 
Groups II and III,  the lateral plates were placed 
adjacent to the articular cartilage of the capitellum.  In 
Group II,  plates for the medial side were pre-bended 
around the medial epicondyle of the humerus.  All 
surgery was performed by an experienced senior resi-
dent surgeon (Table 2).
　 Potting and mechanical loading. After bone 
fixation,  all proximal sides of the humeri were verti-
cally fixed to the potting mass with resin to avoid any 
loosening during the experiments.  The end of the 
loading jig contacting the humeral joint surface was 
made by resin to fit and cover a whole trochlea of each 
specimen (Fig.  2-A,  B).
　 For the mechanical loading test,  a material testing 
machine (EHF-FB10KN; Shimadzu Corp,  Kyoto,  
Japan) was used.  Stiffness testing was performed 
under anterior and posterior bending and axial com-
pression for each specimen.  The specimens were 
loaded at a constant rate of 3mm/minute by the test-
ing machine.  Failure was defined as breakage of the 
implants,  loosening of the bone-implants interface or 
cut-out of the screws,  until the 5mm gap of the bone 
closed and cortical contact occurred.  The maximum 
failure loads were measured and recorded (Fig.  3).
　 Data analysis. For statistical analysis,  the 
Mann-Whitney nonparametric test was performed to 
compare differences of failure load among the groups.  
A p-value of 0.05 or less was considered significant.

Results

　 In the axial loading test,  the mean failure loads 
were as follows: Group I,  98.9±32.6; Group II,  
108.5±27.2; Group III,  50.0±7.5; and Group IV,  
34.5±12.2 (N) (Fig.  4).  The Group III and IV fixa-
tions failed at a significantly lower load than the 
Group I fixations (p＜0.05),  but there was no signifi-
cant difference in the mean failure load between 
Groups I and II.  In flexion loading test,  the mean 
failure loads were as follows: Group I,  26.6±11.9;  
Group II,  32.0±9.2; Group III,  19.3±3.1; and 
Group IV,  20.7±8.1 (N) (Fig.  5).  There was no 
significant difference in mean failure load between 
Group I and any other group.  In the extension loading 
test,  the mean failure loads were as follows: Group I,  
34.0±12.4; Group II,  51.0±14.8; Group III,  19.3
± 6.0; and Group IV,  14.7±3.1 (N) (Fig.  6).  There 
was no significant difference in mean failure load 
between Group I and Group II or Group III,  but 
Group IV showed a significantly lower failure load 
than Group I (p＜0.05).

Discussion

　 In tandem with worldwide increases in the elderly 
population,  the number of osteoporosis-related frac-
tures has been increasing.  The first-choice treatment 
for cases of fractures is generally surgical interven-
tion rather than more conservative treatment,  since 
surgery facilitates an earlier return to the activities of 
daily life,  as long as the patientʼs general condition 
permits.  When surgery is indicated,  the orthopaedic 
surgeon will try to stabilize the fracture as rigidly as 
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Table 2　 Technique of osteosynthesis used in each group

Group
No. n

Implant No. of screws

Lateral Medial Distal Proximal

Ⅰ 30 ONI plate 4.5-mm cannulated
cancellous screw 2 3

Ⅱ 10 3.5-mm LCP
reconstruction plate

3.5-mm LCP
reconstruction plate 4 6

Ⅲ 10 3.5-mm AO
reconstruction plate

4.5-mm cannulated
cancellous screw 3 3

Ⅳ 10 4.5-mm cannulated
cancellous screw

4.5-mm cannulated
cancellous screw 2 0
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possible,  in order to provide a high level of initial 
stability that can withstand the early range of motion 
exercises and avoid joint contractures of the extremi-
ties [2,  8-10].
　 However,  the distal humerus fracture presents 

several challenges that can undermine the strength of 
the internal fixations and ultimately the bone healing.  
These challenges involve the anatomy of the humerus,  
which presents only a small contact area at the frac-
ture site,  and the very small size of the distal frag-
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Fig. 3　 Failure was defined as breakage of the implants (arrow),  
loosening of the bone-implants interface or cut-out of the screws,  
until the 5mm gap of the bone closed and cortical contact occurred.  
The maximum failure loads were measured and recorded.
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Fig. 4　 Comparison of the results in the axial loading test.  
Fixations in Groups III and IV failed at a significantly lower load than 
those in Group I (＊p＜0.05).  There was no significant difference 
between Groups I and II.

A B

Fig. 2　 The test setting.  A,  Stiffness testing for axial 
compression.  Note that the loading surface was covered with 
resin in order to disperse the stress biomechanically; B,  
Stiffness testing for posterior bending.  The loading point is 
7cm from the end of the potting mass in all specimens.
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ment,  which makes it difficult to insert a sufficient 
number of screws.  Moreover,  these problems are 
exacerbated by the poor bone quality of the elderly 
patients [6].  Most of the past biomechanical reports 
on fixation of distal humerus fractures have failed to 
accurately reproduce the fractures experienced in 
clinical cases [6,  7,  11,  12].  Specifically,  the 
mechanically induced fracture lines have tended to be 
too proximal,  making the bone volume of the distal 
fragment unrepresentatively high.  This has allowed 
researchers to stabilize the distal bone fragment using 
3 or more screws per plate.  In the present study,  in 
contrast,  we placed the fracture line more distally to 
create more representative experimental conditions 
and to make it more difficult to achieve good stability 
of the distal fragment.  As a result,  we could insert 
only 2 screws per plate into the distal fragment by the 
LCP or CRP method.
　 It is known that the biomechanical behavior of 
osteosynthesis methods is also dependent on the pres-
ence or absence of metaphyseal defect zones.  Suc-
cessful bony contact at the fracture site of the distal 
humerus is difficult to achieve in the elderly due to the 
comminution of bone fragments cased by their osteo-
porosis in addition to the extremely reduced contact 
area.  In the present study,  we generated a gap of 5 
millimeters on the fracture site in order to better 
reproduce the conditions of distal humerus fractures 
in the elderly.
　 In order to overcome these problems of the distal 

humerus fracture,  we developed a new system (the 
ONI system) made up of an anatomical plate adapted 
to the dorso-lateral side of the distal humerus and a 
transcondylar screw that penetrates the lateral epi-
condyle and medial wall of the trochlea and locks into 
the plate with set-screw [13,  19].  Clinically,  Imatani,  
et al.  reported good success of the ONI system in 
elderly patients [19]; however,  there has been no 
biomechanical comparative study about this new 
implant.
　 Among the various methods which have been 
reported and clinically applied for distal humerus 
fractures we selected 3 frequently adopted types of 
internal-fixation for purposes of comparison in the 
present study,  and assessed their stability in com-
parison with that of the ONI system.
　 The LCP method used in Group II,  i.e.,  2 con-
toured LCP reconstruction plates 3.5 medial and lat-
eral to the distal humerus with a locking screw system,  
is known to achieve good fixation,  but also has a few 
disadvantages,  such as the limitation of the number 
and length of screws for the distal fragment,  the 
bulkiness of the plate itself,  and the difficulty of con-
touring the plates for the complicated shape of the 
distal humerus [11,  14].  Further,  excess or repeated 
bending would result in the breakage of the locking 
system of the LCP plates.  The CRP method used in 
Group III is a well-known procedure that was the 
standard before the development of LCP [9,  12].  
The CRP plate system for lateral fixation does not 
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Fig. 5　 Comparison of the results in the flexion loading test.  
There was no significant difference between Group I and any other 
group.
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Fig. 6　 Comparison of the results in the extension loading test.  
Group IV showed a significantly lower failure load than Group I (＊p
＜0.05).  There were no significant differences among Groups I,  II 
and III.
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have a locking system,  and the medial column is stabi-
lized only by a cannulated cancellous screw.  As we 
prospected,  the stability of the CRP method is lower 
than that of the LCP method,  and higher than that of 
the CS method.
　 The CS method used in Group IV is a less invasive 
method because only very small incisions are required 
to insert the 2 screws [15].  Many surgeons have come 
to prefer this method because of its low-level invasive-
ness and convenience [19].  However,  CS has been 
associated with a relatively high rate of non-union in 
recent clinical reports [3,  9,  10],  and our present 
results also suggest that the indication of this method 
for the fixation of osteoporotic bones in elderly 
patients might be considerably limited.
　 Our results suggested that the fixation rigidity 
against mechanical loading was comparable between the 
ONI plate and LCP.  However,  in order to use LCP,  
surgeons must expose a large area and contour the 
relatively thick plate (3.0mm) over the complex figure 
created by the ridge of the medial column during sur-
gery.  In contrast,  surgeons using an ONI plate need 
only insert a screw from the tip of the medial epicon-
dyle,  and the plate thickness is only 1.2mm.  There-
fore,  the ONI system might have advantages in avoid-
ing post-operative complications such as myositis 
ossificans,  contracture of the elbow joint,  and the 
nerve damage arising from more invasive surgical 
procedures [14,  16-18].
　 In the present study,  we did not perform a cyclic 
loading test,  since Korner,  et al.  had already reported 
that there was no remarkable difference among the 
methods of fixation under a cyclic loading test [11].  
Another limitation of this study was the low number of 
samples tested,  and the use of the formalin-fixed bone.  
However,  the results of the current experimental 
study suggest that our new implant might have a 
higher rigidity for fixation of transcondylar fractures 
of the humerus than other conventional methods.  
Using this method,  surgeons can expect a lower fail-
ure rate of the internal fixation for this problematic 
fracture in the elderly.
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