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Abstract
Objectives: Implant prominence after ulnar fracture fixation may be mitigated by the use of lower profile plates. The biomechanical
strength and stability of 2.7-mm and 3.5-mm locking compression plates for fixation were compared.

Methods: Two fracture conditions, transverse (N 5 10) and oblique (N 5 10), were evaluated in an in vitro study. Half of the
specimens for each conditionwere fixedwith 2.7-mmplates and the other half with 3.5-mmplates, all fixedwith conventional dynamic
compression mechanisms. Specimens were loaded under 62 Nm of cyclic axial torsion, then under 10 Nm of cyclic cantilever
bending, and bending to failure. Interfragmentary motion and strain were analyzed to determine construct stability as a function of
fracture pattern and plate size.

Results: Interfragmentary motion was significantly larger in all constructs fixed with 2.7-mm plates, compared with 3.5-mm plates
(P, 0.01). The 2.7-mmconstructswith transverse fractures had the greatestmotion, ranging between 5° and 10° under axial rotation
and 5.0–6.0 mm under bending. Motions were the lowest for 3.5-mm constructs with oblique fractures, ranging between 3.2 and
4.2mmunder bending and 2°–3.5° for axial rotation. For oblique fractures, the bendingmoment at ultimate failure was 31.46 3.6 Nm
for the 2.7-mm constructs and 10.0 6 1.9 Nm for 3.5-mm constructs (P , 0.01). Similarly, for transverse fractures, the bending
moment was 17.9 6 4.0 Nm for the 2.7-mm constructs and 9.7 6 1.3 Nm for the 3.5-mm constructs (P , 0.01).

Conclusions: Although 3.5-mm plates were more effective at reducing fracture motion, they were consistently associated with
refracture at the distal-most screw hole under load to failure. By contrast, 2.7-mmplates plastically deformed despite excessive loads,
potentially avoiding a subsequent fracture.

Level of Evidence: Level V.
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1. Introduction

Ulnar shaft fractures, both isolated and concomitant with radial
shaft fractures, are common traumatic injuries in adults.1–4 The
current standard of care is open reduction and internal fixation
using compression plates.5,6 For simple fracture patterns,

anatomic reduction with rigid fixation promotes primary bone
healing and enables pronation and supination of the forearm.7–10

Postoperative surgical complications include loss of reduction,
delayed union, and nonunion.11,12 In addition, given the
subcutaneous location of the ulna, the rate of reoperation for
implant prominence is high.13–15 Furthermore, refracture after
implant removal is common, reportedly occurring in 11% of
patients.14,16,17 Accordingly, there has been interest in the use of
lower profile plates to decrease implant prominence.10,18,19

Previous biomechanical studies have assessed the structural
stability of ulnar fractures for various conditions affecting
mechanical strength of the fracture fixation construct, such as gap
size, number and positon of screws, and distance between plate and
bone.18,20,21Asmany factors influence fracture stability, conflicting
data exists.22–25 Regardless, plate length and size are recognized as
important factors in determining fracture stability and the outcome
of bone healing; however, few studies have assessed structural
stability as a function of plate size in ulnar fractures. Specifically, no
previous studies assessed the structural stability of a lower profile,
2.7-mm plate for ulnar shaft fracture fixation compared with the
current standard, 3.5-mm plate.

The purpose of this study was to quantify the biomechanical
strength and stability of a composite bone model construct using
2.7-mm or 3.5-mm locking compression plates in simulated
transverse and oblique fractures for fixation under (1) non-
destructive cyclic axial rotation, (2) nondestructive cyclic
cantilever bending, and (3) destructive cantilever bending to
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failure. The underlying hypothesis was that the 2.7-mm plate
would produce a different mode and location of failure while also
resulting in significantly lower amounts of stress shielding in the
adjacent bone and higher interfragmentary cyclic motions.

2. Methods

2.1. Materials

Twenty-one composite anatomic ulnas, designed and validated
for biomechanical testing, were used (Large Ulna 3426;
Sawbones, Vashon Island, WA).26 Specimens were divided into
2 groups based on fixation construct: (1) 2.7-mm plate (N 5 10)
and (2) 3.5-mm plate (N 5 10). One specimen was kept intact,
without fixation, as a control (N 5 1). Fractures were fixed with
either a Synthes 2.7-mm or 3.5-mm stainless steel locking
compression plate (LCP) with corresponding cortical titanium
nonlocking screws (#247.374, #223.601; DePuy, Synthes, West
Chester, PA). Half of the specimens in each experimental group
were tested with a transverse fracture and half with an oblique
fracture, for a total of 4 experimental groups of N 5 5 (Fig. 1).

2.2. Specimen Preparation

Two custom cutting guides were used to create reproducible
midshaft transverse (90°) and oblique (45° to the horizontal plane
in the coronal plane) osteotomies, AO type 2U2A fractures.
Fractures were simulated before fracture fixation with a 0.75-mm
blade handsaw. Fracture fixation was performed such that no gap
was visible using compression plating on transverse plates and the
lag screw on oblique fractures. All fracture fixations were
performed by experienced orthopaedic surgeons, using the in-
strumentation provided by the manufacturer. The 2.7-mm plate
was 94 mm in length with 10 screw holes, and the 3.5-mm plate
was 137 mm in length with 10 screw holes. All plates were placed
on the medial-posterior side, using conventional dynamic com-
pression plating techniques, with 2 screws placed proximally and 2
distally. Before bone fixation, each plate was manually contoured
to achieve successful compression of the fractures. Screwplacement
patterns were done following the clinically accepted process of
implantation for each plate. Specimens with oblique fracture
patterns had an extra interfragmentary lag screw placed at 90° to
the fracture line, inserted after dynamic compression plating of the
fragments (Fig. 2).

After fracture fixation, a triaxial 350 V strain gauge rosette
(FRAB-5-350-11; Tokyo Measuring Instruments Laboratory
Co.) was applied to each specimen on the lateral side of the

proximal fragment to measure the strain on the adjacent cortical
bone near the fracture site. These measurements were used to
demonstrate differences in strain between the intact, non-
fractured state and the ulna constructs with either a 2.7-mm
or 3.5-mm fixation. The center of the gauge was oriented 10mm
proximal to the fracture on the anterior surface. Immediately
before testing, motion tracker LED flags were rigidly attached to
the proximal and distal fragments to capture the relative
interfragmentary translational and rotational motions using
an Optotrak Certus motion tracking system (Northern Digital,
Inc., Waterloo, Ontario, Canada) (Fig. 3). The motion tracking
system used LED flags to track motion at specified points in
space. These points were controlled on each specimen using
predigitized markers at the fracture site on the proximal and
distal fragments.

2.3. Experimental Loading Conditions

All specimens were tested under nondestructive conditions to
simulate postoperative activities, before any destructive testing.
First, specimens were tested under cyclic axial rotation, with a
torsional peak of 62 Nm, to simulate pronation and supination.
Then, specimens were tested under cyclic cantilever bending in the
sagittal plane, at a peak axial loadof 50N (applied 200mmfrom the
end, resulting in a 10 Nm bending moment) to simulate posterior
extension bending. Torsional loading and cantilever bending were
chosen to simulate common postoperative motions, as precedented
by previous fracture fixation biomechanical studies.18,24,27,28

Finally, to assess structural stability, specimens were loaded to
failure under cantilever bending at a rate of 1 mm/s20,21

2.4. Biomechanical Loading

All biomechanical testing was conducted using a biaxial servo-
hydraulic load frame (858 Mini Bionix II; MTS Systems, Eden
Prairie,MN).A force/torque load cellwas used for each experiment
with a capacity of 120 Nm in Tz and a 6800N capacity in Fz (F/T
Sensor: Mini58; ATI Industrial Automation, Apex, NC). Axial
torsion was applied through the distal end about the long axis of
the ulna in the transverse plane. Free transverse translation of the
proximal end was allowed using 2 linear bearings (Fig. 3b). By
contrast, the distal end was fixed to an axial-torsional load cell to

Figure 1. Summary of relevant experimental variables.

Figure 2. Test specimens with screw placement and distances from simulated
reduced fractures (orange): (from left) oblique fracture with a 2.7-mm plate;
oblique fracture with a 3.5-mm plate; transverse fracture with a 2.7-mm plate;
transverse fracture with a 3.5-mm plate; intact ulna.
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measure the rotational moments. Cyclic axial torsion was applied
with a frequency of 0.1 Hz and a peak of 2 Nm for 10 cycles.

A custom cantilever bending apparatuswas fabricated. A linear
force from the actuator produced the bending moment on the
distal end of the ulna 200 mm from the potted proximal end. The
proximal end of the ulna was rigidly fixed in the apparatus,
constraining all free rotational and translational movement. The
constructs were placed so the plate was most posterior (Fig. 3a).
Cyclic cantilever bendingwas appliedwith a frequency of 0.25Hz
and a peak of 50N of axial load for 10 cycles.

After nondestructive cyclic loading, specimens were loaded to
failure using the same cantilever bending apparatus. Two types of
loading were applied for failure analysis. First, specimens were
loaded at 1mm/s until a 10-mmgap at the initial simulated fracture
site was measured. Then, loading continued until ultimate failure
was noted or deflection of 60 mm was achieved. Ultimate failure
patterns were recorded, as well.

2.5. Data Acquisition

Triaxial rosettes were used such that the strains at 0°, 45°, and 90°
from the fracture sites were measured. The magnitude and
direction of the principal tensile and compressive strains were
calculated for each gauge from these values. All linear and
rotational motions were monitored continuously throughout
nondestructive and destructive testing.

2.6. Data Collection and Statistical Analysis

Motions between the anterior edge of the ulna fracture sites were
calculated using a custom MATLAB program and filtered with
standard butterworth MATLAB functions (Version: R2020a;
Mathworks) to calculate the average maximum motion at the
fracture site. Using raw strain data from each triaxial strain gauge
rosette, the principal compressive and tensile strains on the
proximal end of the fracture site were calculated using an
additional custom MATLAB program.

General linearmodels (GLMs) were constructed to determine the
effects of fracture patterns and implant size on relative interfrag-
mentarymotions andprincipal tensile and compressive strains using

SPSS version 19.0 (IBM, Inc., Houston, TX). Within the GLMs,
normality was checked for all variables by graphing the observed
normal over the expected normal, and multiple comparisons were
accounted forwith the least significant difference test. Following the
GLM to validate the models, unpaired t tests were used for specific
comparisons between the 4 specimen groups.

3. Results

All specimens completed nondestructive cyclic loading under
both axial rotation and cantilever bending without failure. The
transverse fractures with 2.7-mm plates had the highest motion
under both cyclic axial rotation (5°–10.7°) and bending (5.2
mm–6.3 mm), whereas the oblique fractures fixed with 3.5-mm
plates had the least amount of motion (2.1°–3.5°; 3.2
mm–4.3 mm). The oblique fractures fixed with 2.7-mm plates
created the highest strain environment 72 mɛ 2772 mɛ) at the
fracture site, and the transverse fractures fixed with 3.5-mm
plates had the lowest strain environment (33 mɛ-605 mɛ). In
destructive bending in the sagittal plane, all 3.5-mm constructs
created a new peri-implant fracture at the distal screw hole,
closest to the applied load; however, 4 of 5 2.7-mm constructs
bent considerably, plastically deforming the plate and displacing
the fracture, but did not fracture or detach at the fracture site.

3.1. Cyclic Axial Rotation

The average interfragmentary motion for the 2.7-mm constructs
with oblique fractures was 5.9° 6 1.4° and for 3.5-mm constructs
with oblique fractureswas 3.5°60.5° innondestructive cyclic axial
rotation. The average interfragmentary motion for the 2.7-mm
constructs with a transverse fracture was 7.7° 6 1.9° and for the
3.5-mm constructs with a transverse fracture was 3.7° 6 1.0°
(Fig. 4). Interfragmentary motion of the 2.7-mm constructs with an
oblique fracturewas significantly larger comparedwith the 3.5-mm
constructs with oblique fractures (P , 0.01). Similarly, 2.7-mm
constructs with a transverse fracture had significantly moremotion
than 3.5-mm constructs with transverse fractures (P , 0.01). No
difference was seen between the 2.7-mm and 3.5-mm constructs
with different fracture types (P . 0.05).

Figure 3. Schematic and photographs of testing setup for (A) cantilever bending and (B) axial rotation.
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For the intact (control) specimen, all principal strains were
higher than all experimental specimens, except for the 2.7-mm
compressive strain in axial rotation. The intact bone had a
principal tensile strain of 964 mɛ and a principal compressive
strain of 864 mɛ. Principal compressive and tensile strains were
generally comparable between all constructs, with exceptions.
The 2.7-mm constructs with oblique fractures had significantly
higher average principal tensile and compressive strains than the
2.7-mm constructs with transverse fractures under axial rotation
(P , 0.01). In addition, the 2.7-mm constructs with oblique
fractures had significantly higher average principal strains than
the 3.5-mm constructs with oblique fractures (Fig. 5).

3.2. Cyclic Cantilever Bending

The average interfragmentary motion for the 2.7-mm constructs
with oblique fractures was 5.460.6mmand for 3.5-mm constructs
with an oblique fracturewas 3.860.35mm in nondestructive cyclic
cantilever bending. The average interfragmentary motion for the
2.7-mm constructs with a transverse fracturewas 5.460.4mmand
for the 3.5-mm constructs with a transverse fracture was 4.2 6
0.2 mm (Fig. 4). Interfragmentary motion was significantly larger
under nondestructive cantilever bending between the 2.7-mm
constructs with oblique fractures compared with the 3.5-mm
constructs with oblique fractures (P, 0.01) and significantly larger
with the 2.7-mmconstructswith transverse fractures comparedwith
3.5-mm constructs with transverse fractures (P, 0.01).

For the intact specimen, all principal strains were higher than
all experimental specimens under nondestructive cyclic cantile-
ver bending, with a principal tensile strain of 740 mɛ and a
principal compressive strain of 509 mɛ. Principal compressive
and tensile strains were generally comparable between all
constructs, with one exception. The 2.7-mm constructs with
transverse fractures had significantly higher compressive
principal strain than the 3.5-mm constructs with a transverse
fracture under cyclic cantilever bending (Fig. 5).

3.3. Destructive Cantilever Bending

Under destructive cantilever bending to failure, 4 of 5 of the 2.7-
mm constructs with oblique fractures failed at the proximal-most
screw, which experienced the highest bending moment. The

remaining single specimen deformed the plate considerably but
did not fracture. By contrast, 4 of 5 of the 3.5-mm constructs with
oblique fractures failed at the distal-most screw, closest to the
applied bending load. The remaining single specimen in this
group cracked at the proximal-most screw, where the bending
moment was the greatest, but did not completely fracture.

None of the 2.7-mm constructs with transverse fractures
completely fractured under destructive testing. Instead, all 5 of
these plates bent considerably and displaced the osteotomy but did
not fracture through a screw hole as the other specimens. From this
group, 2 of 5 of specimens cracked at the proximal screw hole but
did not fracture completely. By contrast, all 5 of the 3.5-mm
constructs with transverse fractures failed at the distal-most screw,
closest to the applied load, in destructive cantilever bending.

The bending moment was calculated at the simulated fracture
site for each specific construct for 10 mm of interfragmentary
motion. The bending moment to create a 10-mm gap was 8.0 6
0.5 Nm for the 2.7-mm constructs with an oblique fracture and
12.56 1.4 Nm for the 3.5-mm constructs with oblique fractures
(P , 0.01). The bending moment at the fracture site was 8.3 6
1.1 Nm for the 2.7-mm constructs with a transverse fracture and
11.1 6 1.1 Nm for the 3.5-mm constructs with a transverse
fracture (P 5 0.01) (Fig. 6).

Bending moments at ultimate failure were calculated at the
point of refracture for each specific construct. The bending
moment at ultimate failure was 32.6 6 2.6 Nm for the 2.7-mm
constructs with oblique fractures, calculated at the proximal-
most screw. The bending moment at failure was 9.9 6 2.3 Nm
for the 3.5-mm constructs with oblique fractures, calculated at
the distal-most screw (P, 0.01). The bending moment at failure
was 17.9 6 4.4 Nm for the 2.7-mm constructs with transverse
fractures, calculated at the original simulated fracture site. The
bending moment at ultimate failure was 10.0 6 1.1 Nm for
the 3.5-mm constructs with transverse fractures, calculated at
the distal-most screw (P , 0.01) (Fig. 7). For the 2.7-mm
constructs with an oblique fracture that did not fracture, failure
was defined as deflection of 60 mm under cantilever loading at
the distal (free end) without fracture.

The bending moments were calculated by multiplying the
ultimate load to failure by the distance of this applied load to the
point of fracture or plastic deformation of the plate. However,
the 2.7-mm constructs experienced failure by bending of the

Figure 4. Comparison of experimental groups average cyclic motion in cantilever bending and axial rotation tests.
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plate, resulting in opening of the fracture gap or fracture at the
proximal-most screw. By contrast, the 3.5-mm constructs
created a new fracture at the distal-most screw location. This
discrepancy resulted in a large difference between the moment
arms for the 2 constructs. For the 2.7-mm constructs with
oblique fractures, ultimate load at failure was 186.5 6 21.9N,
with an average distance of 176.26 14.8 mm from the point of
applied load to the point of new fracture. For the 3.5-mm
constructs with oblique fractures, ultimate load at failure was
171.4 6 34.1N, with an average distance of 57.2 6 2.3 mm
from the point of applied load to the point of new fracture. For
the 2.7-mm constructs with transverse fractures, ultimate load
at failure was 160.36 35.5N, with an average distance of 111.1

6 4.2 mm from the point of applied load to the point of new
fracture. For the 3.5-mm constructs with transverse fractures,
ultimate load at failure was 172.4 6 22.4N, with an average
distance of 58.16 1.7 mm from the point of applied load to the
point of new fracture. There was no statistical difference
between the ultimate loads at failure for the 2.7-mm and 3.5-
mm constructs for both oblique (P 5 0.8) and transverse
fractures (P 5 0.6). However, the distance from the point of
loading to the point of new fracture was significantly more for
the 2.7-mm constructs for both oblique and transverse fractures
(P , 0.001).

Interfragmentary motion and final gap distances were
measured for all constructs. Specifically, of interest were the

Figure 5. Principal tensile and compressive strain after torsional testing (top), cantilever bending (middle), and load to failure (bottom).
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2.7-mm plates with a transverse fracture that did not produce a
new ulnar fracture. The interfragmentary motion during the
ultimate failure test was 34.7 6 7.1 mm. However, the final
residual gap at the simulated fracture site when the ulna
completed failure testing and the load was removed was 2.4 6
1.5 mm. This indicated that although there was plastic
deformation of the constructs, there was also significant elastic
deformation during testing.

4. Discussion

Despite the applied loads being larger than what would be
expected during cast immobilization, the 2.7-mm plates main-
tained stability during nondestructive cyclic loading, showing no
signs of plastic deformation. Furthermore, during destructive
testing of the constructs, the flexible nature of the 2.7-mm plates
continued to maintain the construct stability, compared with the
3.5 mm which fractured completely. These results indicate that
the use of 2.7-mm plate may be strong enough for the period of

healing and reduce complications associated with the 3.5-mm
plate, such as stress shielding and refracture rates.

Implant prominence after fixation of forearm fractures is a
common complication that is associated with symptoms requiring
reoperation and implant removal.29–31 Despite the development of
lower profile, smaller plates, few studies have investigated the
structural stability of fixation constructs for ulnar fractures. Given
the subcutaneous positionof the fixationplates in the ulna, the use of
smaller plates, such as the 2.7-mm LCP in this study, will reduce
implant prominence.32 Furthermore, the flexibility of these plates
and the smaller size of the screw holes may be beneficial in
promoting bone healing and mitigate the risk of refracture, should
removal be required.33 Currently, 3.5-mm plates are considered the
standard of care for diaphyseal ulnar fracture fixation.34–36

However, the results of this study suggest that the 2.7-mmconstructs
may provide some benefits for successful fracture fixation.

As expected, significant differences in both translational and
rotational interfragmentary motions were seen between the 2.7-
mm and 3.5-mm constructs for both transverse and oblique

Figure 6. Comparison of bending moments to produce a 10-mm interfragmentary gap.

Figure 7. Comparison of representative fracture patterns with bending moments at failure showing the point of loading and fixed end. *2.7-mm plates with a
transverse did not fracture, and bending moments reported are those observed at failure.
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fractures. No previous studies have quantified interfragmentary
motion for ulnar shaft fracture; however, studies have reported
decreased motions with stiffer fracture fixation constructs in
non–weight-bearing long bones.37–39 It must be noted that other
biomechanical studies have reported substantially smaller magni-
tudes of interfragmentarymotion in axial rotation for rigidly fixed
radial fractures or clavicle fractures. Specifically, themagnitudes of
motions measured in this study were substantially larger, between
3.5 and 5.5 mm and 1°–4°, under cyclic bending and torsion. By
contrast, Gardner et al and Zhang et al reported rotational
motions of 0.035–0.05 mm in the clavicle and between 0.176 and
0.043 mm in the radius. However, it should be considered that in
this study peak cyclic loading was 2 Nm of axial torsion and 10
Nm of cantilever bending, whereas Zhang et al applied a cyclic
load of 0.5 Nm axial torsion and did not apply cantilever bending.
The loads in this study were selected to simulate extreme
physiological loading such as lifting a heavy grocery bag with
the forearm in a horizontal position.18,20,21 Furthermore, these
loads did not cause plastic deformation, as indicated by the
complete recovery of motion after each iteration. Clearly, these
loading conditions are beyond those experienced during healing of
an ulna with rigid fixation; however, they were still valid for
nondestructive cyclic loading. Therefore, the higher interfragmen-
tary motions in this study are in part due to substantially larger
torsional and additional large bendingmoments thatwere applied.
Furthermore, the motions in this study were reported for the edge
of the fracture site between fragments at the opposite side from the
plate. Because the plate is rigidly attached to both fractured
segments of the ulna, only negligible axial displacement could be
expected at this edge. Contrarily, on the opposite edge from the
plate maximum separation and interfragmentary displacement
may be expected from plate deformation and bending. In addition,
the motions were measured with no soft-tissue support, whereas,
in reality, loads in the forearm would be shared with the radius
through the interosseous membrane and the distal and proximal
radioulnar joints. Nevertheless, the motions measured in this
study, although exaggerated, serve to highlight the relative
differences in mechanism of loading and potential failure between
the 2 plate sizes.

Despite the 3.5-mm construct being effective in preventing
motion, the stiffness of the plate may be larger than necessary
leading to the larger amounts of stress shielding.40 The buildup of
stresses can lead to a small region of the bone, a stress
concentration, in which the system will fail more readily than if
the plate can successfully disperse forces. High stresses can cause
stress risers at the end screws or near the fracture site.33,41–43 In this
study’s model, a force was applied on the distal portion of the ulna,
potentially resulting in a stress concentration at the weakest point
between the end of the fracture plate and the unprotected bone or
the most distal screw. Accordingly, the majority of the 3.5-mm
constructs fractured completely through the distal-most screw and
at a significantly smaller bendingmoment, less than 12Nm (Fig. 7).
By contrast, the 2.7-mm constructs were able to withstand a larger
bending moment of more than 30Nmbefore fracturing, andwhen
peri-implant fractures were observed, it was at the proximal-most
screw where the bending moment was the largest. As such, the
bendingmoment for all 3.5-mmplates at ultimate failurewasmuch
smaller than the 2.7-mm plates because the distance from the
applied load to the point of failure was significantly less for the 3.5-
mm constructs compared with the 2.7-mm constructs. These
observations suggested that a considerable stress concentration
was applied at the distal-most screw following sagittal plane
bending loads for 3.5-mm constructs.18,44 In addition, none of the

2.7-mm constructs with a transverse fracture completely detached.
Instead, the plate bent considerably, plastically deforming, and
displaced the fracture. One possible explanation for this observa-
tion may be that the 2.7 mm allowed for forces to be dissipated
throughout the plate, diminishing a stress concentration at one
screw, potentially decreasing the incidence of refractures. Although
the ultimate failure loads may not be clinically relevant, loading to
failure beyond the 10-mm gap deformation provided valuable
insight for locations of stress concentrations andpotentialmodes of
failure in the event of trauma. This indicates that the use of 2.7-mm
plate may reduce the risk of peri-implant refracture in the event of
repeat trauma.

Furthermore, in clinical use, a larger size and highly rigid
fixation plate in weight-bearing long bones has been shown to
compromise bone healing and result in a higher degree of cortical
porosity.45–50 This, depending on the time allowed for fracture
healing, may potentially result in another peri-implant fracture.
Studies regarding femoral fracture fixation have shown that an
increase in rigidity of fixation can be problematic to secondary
healing and cause failure of the device.33,51 Acknowledging the
differences between weight-bearing and non–weight-bearing
fracture healing and fixation, specifically the absolute stability
typically necessary in the forearm, the breadth of the literature
surrounding fracture healing in weight-bearing bones is more
extensive than for non–weight-bearing joints and is a good
resource for exploring potential complications and associated
caution. In this literature, the use of larger compression plates has
been reported to result in higher refracture rates on removal.10,52

This could be due to a stress riser at the original fracture site
following implant removal because of insufficient bone growth
and blood supply.39 Furthermore, fractures may also occur
through residual screw holes. This could indicate that, a less-
rigid, smaller fracture fixation plate with smaller screws, such as
the 2.7-mm plate, may reduce the presence of stress risers while
promoting bone healing.53

In this study, in addition to the measurement of interfragmen-
tary motion, principal compressive and tensile strains on the
cortical bone adjacent to the fracture site were measured.54 Both
the 2.7-mm and 3.5-mm constructs produced substantially lower
magnitudes of principal strain than the intact ulna under the same
loading conditions. Based on the results of this study, the 2.7-mm
constructs produced generally equivalent or higher strains than the
3.5-mm constructs under both axial rotation and sagittal
cantilever bending. These findings were generally consistent with
biomechanical principles of plate fixation where the rigidity of the
plate is directly correlated to the extent of stress shielding within
bone. These results suggest that there was adequate load sharing
fromboth plates in the immediate postoperative period to promote
secondary bone healing with compression plating. In addition, the
2.7-mm constructs may provide a potential advantage for
promotion of fracture healing by producing a lower magnitude
of strain shielding.22–25,55 Maintaining low strain at the fracture
site is critical for primary fracture healing; however, rigid fixation
that minimizes motion will prevent callus formation.56

4.1. Limitations

Limitations of this study include the use of a biomechanical
composite ulnamodel. A compositemodelwas chosen tominimize
specimen variability, increase precision in detecting differences
between constructs and decrease time-sensitivity. Motion is an
important factor in understandingwhether a smaller fixation plate
may be advantageous; however, there are many other factors
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influencing fracture site motion that were not replicated in this
biomechanical study which may be critical in controlling motion.
Furthermore, the strain gauges were placed on the lateral side of
the bone because of size constraints which may have resulted in
lower strains during cantilever bending because this placement
was closer to the bone’s neutral zone. This study does not account
for the initial period of postoperative immobilization which may
allow for some bone growth and fixation to decrease motions seen
at the fracture site.

5. Conclusion

The 3.5-mm plates maintained greater stability throughout the
nondestructive testing and successfully limited interfragmentary
motion significantly more than the 2.7-mmplates. Regardless, the
2.7-mm plates maintained stability throughout nondestructive
testing, exhibiting no plastic deformation. Furthermore, the
difference between the ultimate load at failure was not significant
between the 2.7-mm and 3.5-mm plates for either fracture;
however, the distance from the point of loading to the point of
new fracture was significantly less for the 3.5-mm plates. Under
destructive testing, the 2.7-mmplates allowed for a larger bending
moment before failure, with failure occurring in the proximal-
most screw or at the fracture site. By contrast, the 3.5-mm plates
failed significantly more abruptly with lower bending moments
because of the difference in the moment arm. This may indicate
that the 2.7-mm plates have some potential benefits, because of
their increased flexibility, such as decreased stress shielding and
the potential to decrease the incidence of refractures.
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52. Beaupré GS, Csongradi JJ. Refracture risk after plate removal in the
forearm. J Orthop Trauma. 1996;10:87–92.

53. Hart NH, Nimphius S, Rantalainen T, et al. Mechanical basis of bone
strength: influence of bone material, bone structure and muscle action.
J Musculoskelet Neuronal Interact. 2017;17:114.

54. Ziran N, McCarty CP, Ho NC, et al. A novel intramedullary nail to
control interfragmentary motion in diaphyseal tibial fractures. J Orthop
Res. 2022;40:1053–1064.

55. Jagodzinski M, Krettek C. Effect of mechanical stability on fracture
healing–an update. Injury. 2007;38(suppl 1):S3–S10.

56. Hak DJ, Toker S, Yi C, et al. The influence of fracture fixation
biomechanics on fracture healing. Orthopedics. 2010;33:752–755.

9

Wahbeh et al. OTA International (2023) e278 www.otainternational.org

http://www.otainternational.org

