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Background: To compare the stability of fixed- versus variable-angle locking constructs for the comminuted distal humerus frac-

ture (AQ/OTA 13-A3).

Methods: Eight pairs of complete humeri harvested from eight fresh frozen cadavers were used for the study. We fixed the intact
humeri using 2.7-mm/3.5-mm locking VA-LCP stainless steel distal humerus posterolateral (nine-hole) and medial (seven-hole)
plates. An oscillating saw was used to cut a 1-cm gap above the olecranon fossa. The specimens were loaded in axial mode with
the rate of 1 mm per 10 seconds to failure, and stress-strain curves were compared in each pair. The mode of failure was recorded
as well as the load needed for 2- and 4-mm displacement at the lateral end of the gap.

Results: The stiffness of the constructs, based on the slope of the stress-strain curve, did not show any difference between the
fixed- versus variable-angle constructs. Likewise, there was no difference between the force needed for 2- or 4-mm displacement
at the lateral gap between the fixed- and variable-angle constructs. The mode of failure was bending of both plates in all speci-
mens and screw pull-out in four specimen pairs in addition to the plate bending.

Conclusions: Our results did not show any difference in the biomechanical stability of the fixed- versus variable-angle constructs.
There was not any screw breakage or failure of the plate-screw interface.
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Comminuted extra-articular distal humerus fractures of-
ten result from high-energy trauma or low-energy trauma
in the elderly. The comminution leads to instability of
these fractures and surgical fixation is often required.
For distal humerus fractures, dual plate fixation has been
shown to be biomechanically superior to single plate fixa-
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tion.” Locking plates are more stable in axial loading than
the nonlocking constructs.” The two categories of locking
plates are fixed-angle and variable-angle locking plates. In
a variable-angle construct, the screw can be locked into
the corresponding hole within a cone with an angle of 1°
to 15° (unidirectional) and an overall variable arc of 30°”
(Zimmer and Depuy Synthes).” In some fixation sys-
tems, there is a posterolateral plate with a distal phalange
extending to the lateral side of the humerus. This allows
lateral to medial screw placement. Contouring of this por-
tion of the plate is also possible to create variability in the
screw trajectory without altering its head relationship to
the plate. Other available technology includes cutting a
custom thread in the plate prior to screw insertion or us-
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ing a chrome screw, which can cut its own thread through
a titanium plate hole. However, contouring the plate or
making holes in it affects the biomechanical properties of
the plate, which is not ideal. Also, lower-profile implants
are preferred around the distal humerus to prevent skin ir-
ritation and soft tissue breakdown.

In a fixed-angle locking construct, the screws are
inserted perpendicular to the screw hole, which might
limit the amount of screw purchase into the fractured
fragment.” Variable-angle constructs were designed to
overcome this shortcoming. Additionally, variable-angle
constructs are being used to avoid joint penetration and
screw convergence, which might result in conflicting of
the screws seen in fixed-angle constructs.”

The stability of the variable-angle constructs has
been tested in both distal femur” and distal radius mod-
els.” The purpose of our study was to compare the stability
of fixed- versus variable-angle locking constructs for the
comminuted distal humerus fracture (AO/OTA 13-A3).
Since the use of variable-angle constructs are becoming
more prevalent among orthopedic surgeons, the biome-
chanical soundness of them needs to be evaluated. To our
knowledge, this is the first study comparing the fixed- and
variable-angle constructs for distal humerus fractures.
Additionally, most of the previously performed studies on
other anatomic areas comparing these two constructs have
used synthetic composite materials."®

METHODS

Eight matched pairs of complete humeri harvested from
eight fresh frozen cadavers were used for the study. The
mean age of the cadavers was 71 + 13 years (range, 45 to
88 years). There were four females and four males. Prior
to fixation, the frozen specimens were thawed at room
temperature for an average of 24 hours. Soft tissue was
sharply dissected from the bone after 24 hours of thaw-
ing at room temperature. We used the 90° fixation using
2.7-mm/3.5-mm locking VA-LCP stainless steel distal
humerus posterolateral (nine-hole) and medial (seven-
hole) plates (Depuy Synthes, West Chester, PA, USA). For
consistency for each pair of specimens, we fixed the right
humerus with a fixed-angle locking construct and the left
humerus with a variable-angle construct. Fixation was ini-
tiated by putting the posterolateral plate over the posterior
surface of the lateral column of the humerus as distally as
possible, assuring that the distal end of the plate did not
extend and the plate was completely sitting on the bone.
A large reduction forceps was used to reduce the plate to
the bone proximally and distally. Three 3.5-mm bicortical

screws were used at the most proximal screw holes of the
plate and three fixed-angle (right side) or variable-angle
(left side) screws were used at the most distal holes of the
plate. The medial plate was subsequently fixed to the bone.
For the fixed-angle locking screws, the guide was used,
and for the variable-angle screws, the extreme angle of
insertion (15° from the mid-axis of the cone) was chosen
(Fig. 1A). The anatomy of the distal humerus can be vari-
able. The contour and shape of the plates that we used
were the same for all the specimens. In many instances, we
realized that insertion of the screw at certain angles might
not provide adequate fixation. This was because we did
not have enough bone to purchase at the angle and signifi-
cant length of the screw would come out of the far cortex.
We directed the variable-angle screws in an orientation to
provide the best purchase into the bone. We matched the
length of the screws for each pair of specimens (fixed vs.
variable angle).

Osteotomy was performed after application of the
plates in order to get a more anatomic fixation. An oscil-
lating saw was used to cut a 1-cm gap above the olecranon
fossa. The upper edge of the olecranon fossa was refer-
enced and a marking was made 1 cm above that line. From
these points, two lines perpendicular to the axis of the
bone were drawn. Both plates were protected while using
the saw by thin metal objects. In order to be able to mount
the construct in the biomechanical testing machine, we cut
the proximal end of the humerus 5 cm above the proximal
end of the posterolateral plate. All specimens were tested
on the same day or the day after plate fixation. The con-
structs on the paired humeri were the same in regards to
the length of the screws, the length and orientation of the
nonlocking screws, and the position of the implants.

Biomechanical Testing

Sixteen specimens (eight pairs of humerii) were tested in
axial loading on a material testing system (MTS) Mini
Bionix testing machine (MTS, Eden Prairie, MN, USA).
The fixed specimens we refrigerated for less than 24 hours
prior to testing. The proximal end of the humerus was
mounted into the machine. The distal end of the humerus
was potted in bismuth dryable cement plastic pots. This
would allow each humerus to be set in an identical posi-
tion. Each humerus, in its pot, was mounted on the testing
machine (Fig. 1B). The specimens were loaded in axial
mode with the rate of 0.1 mm/sec to failure, and the stift-
ness (slope of the initial linear region of the load-displace-
ment curve) was compared in each pair. Figs. 2 and 3 show
the load-displacement curves of the fixed- and variable-
angle constructs. The stiffness and mode of failure were
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Fig. 2. The load-displacement curve of a fixed-angle construct.

recorded as well as the load needed for 2- and 4-mm dis-
placement at the lateral end of the gap.

After testing, the specimens were evaluated radio-
logically by obtaining multiple views of the constructs to
inspect the screws of both plates. We used IBM SPSS ver.
20.0 (IBM Corp., Armonk, NY, USA) for analysis. We used
paired t-test to compare the stiffness, as well as the force
needed for 2- and 4-mm displacement at the lateral end of
the gap, between the fixed- and variable-angle constructs.
We also compared the stability of the constructs between
males and females and among different age groups us-
ing analysis of variance (ANOVA) and t-tests. A p-value
less than 0.05 was considered significant. No institutional
review board approval was necessary for this cadaveric
study.

Fig. 1. (A) The distal and proximal con-
figuration of the fixed- and variable-angle
(VA) constructs. (B) Distal humerus dual
plating is done and the specimen is
mounted in the material testing system
(MTS) Mini Bionix testing machine (MTS,
Eden Prairie, MN, USA).
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Fig. 3. The load-displacement curve of a variable-angle construct.

RESULTS

There was no difference between the age of males and fe-
males (73 vs. 71 years, p = 0.770). The stiffness of the con-
structs did not show any difference between the fixed- and
variable-angle constructs (123.48 + 46.42 vs. 120.84 + 59.98
N/mm, p = 0.923). Likewise, there was no difference be-
tween the fixed- and variable-angle constructs in the force
needed for 2-mm (620.63 + 243.02 vs. 518.75 + 189.17 N,
p =0.365) or 4-mm (234.16 + 104.72 vs. 276.53 £+ 123.67 N,
p = 0.941) displacement at the lateral gap. There was also
no difference in the stiffness and force needed for 2- and
4-mm displacement among different age groups. There
was a wide age range among our cadavers. However, these
variables were all significantly higher in male cadavers than
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Table 1. Stiffness and Force Needed for 2- and 4-mm Displacement among Male and Female Cadavers

Male
15154 +33.27

Variable
Stiffness (N/mm)
Force needed for 2-mm displacement (N)

Force needed for 4-mm displacement (N)

681.25+220.03
903 +210.97

Female p-value
92.76 +51.74 0.017
458.13 + 154.64 0.034
521.43 +77.55 0.001

Values are presented as mean + standard deviation.

Fig. 4. The posterolateral plate bent after biomechanical testing.

Fig. 5. The locking screws at the distal end of the medial plate broke out
of the cortex.

female cadavers (four specimens in each group) (Table 1).
The mode of failure was bending of both plates in
all specimens (Fig. 4). In four pairs of specimens, the lock-

Fig. 6. (A) The lateral X-ray of the distal humerus shows the bent
posterolateral plate. (B) The anteroposterior view of the distal humerus
shows the distal locking screws of the medial plate breaking out of the
cortex.

ing screws broke out of the cortex in addition to bending
of the plate. In two pairs of specimens, both the fixed-
and variable-angle constructs within each matched pair
failed in the same manner. The distal fixed- and variable-
angle locking screws of the medial plate pulled out of the
cortex (Fig. 5). In the other two matched pairs, the mode
of failure was different: in one pair, the fixed-angle lock-
ing screws of the posterolateral plate on one side and the
variable-angle locking screws of the medial plate on the
other side pulled out of the cortex; in the last pair, the op-
posite of this happened. On inspection and imaging, there
was no screw breakage or plate-screw interface failure (Fig.
6).

DISCUSSION

In our study, the stiffness of the variable- versus fixed-angle
screws were evaluated in axial load. Our results showed no
difference between the two screws. The screw hole was
the same for either a fixed- or variable-angle screw. Un-
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like a traditional fixed-angle locking plate, the fixed-angle
screws also thread into the four threaded flanges within
each screw hole. In the Depuy Synthes system, the fixed-
angle locking screw head has a conical shape with threads
that lock within the threaded hole. The pitch of the screw
head and the body of the screw are identical to prevent
compression. In the variable-angle screw system, the
screw head is spherical and threaded. It is screwed inside
the pilot hole in four threaded flanges.” The osteotomy
was made to simulate unstable comminution by cutting 1
cm of bone above the olecranon fossa. Additionally, our
model included a bony gap because in non-gap models,
axial deformation results in contact between the cortices
of proximal and distal fragments, which can confound
the results.” Dual plate fixation was used since it has been
proven to be stronger than single plate fixation.” Dual
plate fixation might be indicated in cases of osteoporo-
sis and comminution. We used locking constructs since
they have been shown to provide better stability for distal
humerus fractures compared to nonlocking constructs.”
Schwartz et al.¥ compared 180° versus 90° dual plate
constructs for segmental intra-articular distal humerus
fractures. They concluded that both constructs provided
the same mechanical stiffness. Same results were found by
Penzkofer et al.” We chose to use three distal screws in this
model. Hart et al."” did a biomechanical study that com-
pared dual plating of the distal humerus with either one
or three screws in the distal ulna column for AO/OTA A3
type fractures. This study showed that the constructs with
three distal screws had a higher stiffness in axial loading
and bending.

Significant compressive and shear forces occur at
the elbow joint."” The joint reaction force varies in dif-
ferent elbow positions:'” it is greatest between 0° and 30°
of flexion and is larger in pronation than supination. The
direction of the joint reaction force changes with the angle
of flexion, moving more posteriorly with elbow flexion."
The highest magnitude of compressive forces on the distal
humerus during elbow range of motion is in line with the
long axis of the humerus at 15° of elbow flexion. At 0° and
30° of flexion, it moves 15° posterior and anterior to the
long axis of humerus, respectively."” In our study, we tested
the specimens in axial load in line with the long axis of the
humerus to evaluate the highest compressive force on the
distal humerus during elbow range of motion. The average
torque created at the elbow joint can be as high as 68.65
N-m with the elbow at 90° of flexion'” and 8.83 N-m in
extension. Active stability of the elbow joint is maintained
by the action of muscles that provide joint compressive
forces."™ It has been proven that the compressive force

across the elbow joint is almost eight times the weight held
by the outstretched hand."” This force might increase to
three times the body weight during weight lifting."” This
force peaks at early flexion during the elbow range of mo-
tion. During dressing and eating activities, the joint reac-
tive force reaches 300 N and it increases to 1,700 N when
rising from a chair. The joint reactive force of the elbow is
32 N in flexion and 107 N in extension due to the shorter
lever arm of the triceps compared to biceps."” During
the early postoperative period, protected range of motion
of the elbow is recommended to prevent joint stiffness,
which is one of the most common complications after dis-
tal humerus fractures. Also, simple activities of daily living
exert substantial compressive force across the elbow joint.
Considering the limited number of specimens, we decided
to measure the stiffness of the aforementioned constructs
in axial loading.

Our results did not show any difference between the
biomechanical stability of the fixed- and variable-angle
constructs. There was not any screw breakage or failure of
the plate-screw interface. This proves the soundness of the
variable-angle construct in distal humerus fracture where
fragment-specific fixation seems crucial. In a biomechani-
cal study, Hart et al.'” showed that the use of variable-
angle constructs can compensate for the suboptimal plate
positioning in unstable distal radius fractures.

The stability of the constructs was higher in male
cadaveric specimens, which might be due to higher bone
density in that group. The female cadavers were not older
than the males. The mode of failure in all our constructs
was plate bending. This was probably due to the design of
the plates.

In an extra-articular femur fracture model, Otto
et al.” tested the axial stability of a noncontact bridging
(NCB) polyaxial locking plate (Zimmer), POLYAX plate
(Biomet), and fixed-angle less invasive stabilization system
(LISS; Synthes). The NCB plates have a diagonal three-
hole pattern. Offset holes can be used for screw placement
around the prosthesis. Polyaxial screws (30° cone) can be
used with the use of locking caps that are threaded into the
plate holes."” POLYAX system allows screws to be locked
into the plate. Multiple screw options can be used includ-
ing polyaxial or fixed locking and nonlocking screws
within a 30° cone of angulation.”” They used 25 synthetic
femurs and divided them into five groups. Constructs
were tested under axial loading and loaded to failure with
a 5 mm/min displacement rate. The mode of failure for
LISS and POLYAX constructs was plastic deformation of
the plate, while it was intra-articular lateral condyle frac-
ture in the NCB plates. There was no difference between
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the parallel and crossed polyaxial constructs. In regards to
the stiffness, there was no difference between the LISS and
NCB, and both of them were higher than the POLYAX.
They concluded that polyaxial locking constructs are bio-
mechanically sound since there were no failures of either
polyaxial screw-plate interface.” Same results were report-
ed in a different study by Wilkens et al.””

Stanbury et al.” tested the stability of AO-C3 distal
radius fractures fixed by fixed- versus variable-angle lock-
ing constructs in axial compression using the synthetic
composites. They evaluated the articular step-off and load-
to-failure data. They concluded that variable-angle and
fixed-angle volar locked fixation of unstable intra-articular
distal radius fractures provided high load to failure mea-
surements without loss of stiffness or articular step-off
compared to fixed-angle constructs.

The limitations of our study are as follows: (1) The
variable- and fixed-angle locking screws were inserted in
the same method used in the operating room and the op-
erator error is an inevitable part of this technique. (2) As
the first study on variable- versus fixed-angle constructs
on the distal humerus fractures, we evaluated the commi-
nuted distal extra-articular humerus fractures. However,
intra-articular fractures need to be studied in the future
studies. (3) We did not measure the stability of individual
screws in the fixed- and variable-angle locking constructs.
It was assumed that the evaluation of the construct as a
whole is more relevant to the clinical application. (4) For
more consistency and decreasing differences between the
two groups, we used the fixed-angle screws on the right
side and variable-angle screws on the left humeri. If the
majority of subjects were right-handed and, therefore, had
subtly greater bone density of that limb, this could skew

the results. However, even in that situation, we should
have seen superiority of the fixed-angle screws. This
might at least prove the noninferiority of the variable-
angle screws compared to the fixed-angle screws in axial
loading. (5) We used paired humeri from one cadaver to
obviate the need for densitometry of the bone, but the
study would have been improved if quantification of bone
density of the specimens could have been done. (6) There
were limitations based on the number of specimens and
the multitude of plate placement and locking technology
options available. (7) Finally, we did not test the constructs
in torsion, bending, or cyclical loading.

Summarily, this study (linear load to failure) showed
that there is no difference between the stiffness of the
fixed- and variable-angle locking constructs in 90° dual
plating of the comminuted extra-articular distal humerus
fractures. Further studies are necessary to study these con-
structs in other types of distal humerus fractures includ-
ing intra-articular patterns. Cyclical testing would also be
worthwhile.
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