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Background: Limited biomechanical data exist for dual small plate fixation of midshaft clavicle fractures, and no prior study has
concurrently compared dual small plating to larger superior or anteroinferior single plate and screw constructs.

Purpose: To biomechanically compare dual small orthogonal plating, superior plating, and anteroinferior plating of midshaft clav-
icle fractures by use of a cadaveric model.

Study Design: Descriptive laboratory study.

Methods: The study used 18 cadaveric clavicle specimens (9 pairs total), and 3 plating techniques were studied: anteroinferior,
superior, and dual. The dual plating technique used smaller diameter plates and screws (1.6-mm thickness) than the other, single
plate techniques (3.3-mm thickness). Each of the 9 clavicle pairs was randomly assigned a combination of 2 plating techniques,
and randomization was used to determine which techniques were used for the right and left specimens. Clavicles were plated and
then osteotomized to create an inferior butterfly fracture model, which was then fixed with a single interfragmentary screw. Clav-
icle specimens were then potted for mechanical testing. Initial bending, axial, and torsional stiffness of each construct was deter-
mined through use of a randomized nondestructive cyclic testing protocol followed by load to failure.

Results: No significant differences were found in cyclical axial (P = .667) or torsional (P = .526) stiffness between plating groups.
Anteroinferior plating demonstrated significantly higher cyclical bending stiffness than superior plating (P = .005). No significant
difference was found in bending stiffness between dual plating and either anteroinferior (P = .129) or superior plating (P = .067). No
significant difference was noted in load to failure among plating methods (P = .353).

Conclusion: Dual plating with a smaller plate-screw construct is biomechanically similar to superior and anteroinferior single plate
fixation that uses larger plate-screw constructs. No significant differences were found between dual plating and either superior or
anteroinferior single plating in axial, bending, or torsional stiffness or in bending load to failure. Dual small plating is a viable option
for fixing midshaft clavicle fractures and may be a useful low-profile technique that avoids a larger and more prominent plate-
screw construct.

Clinical Relevance: Plate prominence and hardware irritation are commonly reported complaints and reasons for revision sur-
gery after plate fixation of midshaft clavicle fractures. Dual small plate fixation has been used to improve cosmetic acceptability,
minimize hardware irritation, and decrease reoperation rate. Biomechanically, dual small plate fixation performed similarly to
larger single plate fixation in this cadaveric model of butterfly fracture.
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Clavicle fractures represent up to 10% of all sports-related
fractures32: 2% to 5% of all fractures in adults and 10% to

15% of all fractures in children. Clavicle fractures are preva-
lent in athletes, with several high-profile cases from profes-
sional cycling and the National Football League (NFL).7,15,28

The treatment paradigm has changed dramatically over the
past decade with expanded surgical indications following
numerous high-quality randomized controlled studies report-
ing improved patient and surgeon-based outcomes, signifi-
cantly decreased rates of nonunion and symptomatic
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malunion, and shorter time to union with open reduction
internal fixation compared with nonoperative treat-
ment.2,20,25,33,36,44,45 In athletes, high return rate, faster
return to play, and excellent patient-reported outcomes have
been reported after fixation.2,18,19,24,31,32,42,45

Although various fixation methods of midshaft clavicle
fractures have been described, plate fixation remains the
most established method, including superior plating, ante-
roinferior plating, and, more recently, dual small plate fix-
ation.29,35 Plate prominence and hardware irritation are
commonly reported complaints and reasons for revision
surgeries.2,33,41 In contrast, higher patient cosmetic accept-
ability has been reported with small single plate fixation
compared with larger, more prominent plates (95% vs
50%,12 respectively). More recently, excellent clinical out-
comes, 100% union rate, and 0% reoperation rate have
been reported with dual small plate fixation.4,29 This has
spurred interest in less prominent techniques, including
dual small plating, to minimize hardware irritation and
reoperation rates.

Favorable biomechanics have been reported with dual
small orthogonal plating in a synthetic midshaft clavicle
fracture model when compared with a previous study of
single-plate constructs.29 Although numerous studies
have compared single plate fixation techniques3,12,14,17,27,39

and plating versus intramedullary fixation8,16,37,43 of mid-
shaft clavicle fractures, limited biomechanical data exist
comparing dual small plating concurrently with standard
superior or anteroinferior single plate fixation. Moreover,
most clavicle studies have used a transverse fracture
model, which is a less common pattern seen clinically.

The purpose of this study was to compare the biome-
chanics of 3 methods of plate fixation in a clinically rele-
vant, cadaveric midshaft butterfly fragment fracture
model using implants common in modern orthopaedic prac-
tice. Our hypothesis was that dual small plate fixation
would provide values for axial, bending, and torsional stiff-
ness as well as ultimate failure load that were similar to
more common anteroinferior and superior precontoured
single plating techniques.

METHODS

Specimen Preparation

The study used 18 match-paired male cadaveric clavicle
specimens (9 pairs) with a mean age of 56 years (range,
47-64 years). Institutional review board approval was not
required because deidentified cadaveric specimens are

exempt from review at our institution. The allocation of
treatment choice for each specimen followed a balanced
incomplete block design, which is the optimal design in
the setting of 3 treatment groups split across right and
left specimen pairs. Assuming 6 specimens per group,
2-tailed hypothesis testing, and an alpha level of .05, the
sample size was sufficient to detect an effect size between
d = 1.5 (randomized complete block design) and d = 1.8
(independent analysis of variance [ANOVA]) with 80% sta-
tistical power. Each paired clavicle was randomly assigned
to be treated with either the anteroinferior, superior, or
dual plate, so that each paired treatment combination
occurred the same number of times. Our sample size was
determined through a balanced incomplete block design,
which achieves a statistical efficiency between that of
a randomized complete block design and an independent-
samples ANOVA.

Specimens were stored at 220� Celsius and thawed to
room temperature before testing. Each clavicle was mea-
sured with a ruler to identify the midpoint along the longi-
tudinal axis, and a 2-cm inferior butterfly fracture
fragment was created with the apex at this location by
use of a mini-sagittal saw after first plating. A butterfly
fragment was created to simulate fracture comminution,
which is commonly seen clinically with midshaft clavicle
fractures. The apex of this butterfly fragment was located
at the superior aspect of the clavicle with the butterfly
fragment extending 1 cm lateral and 1 cm medial to the
apex/midpoint along the inferior surface (Figure 1B). Since
no soft tissue stabilizing structures were present, including
muscular attachments and periosteum, plating the speci-
mens first allowed for controlled and reproducible osteot-
omy and reproducible fixation with restoration of length,
alignment, and rotation. Moreover, the butterfly fragment
could be adequately compressed and reduced with clamps
to the plate(s) while maintaining length, alignment, and
rotation, thus allowing for more controlled reduction.

Fixation Technique

The 3 treatment groups (n = 6 per group) included (1) supe-
rior plating with an 8-hole, precontoured, large bend tita-
nium clavicle plate (98 mm length, 11 mm width, 3.3 mm
thickness); (2) anteroinferior plating with an 8-hole, pre-
contoured, titanium clavicle plate (95 mm length, 11 mm
width, 3.3 mm thickness); and (3) dual small plating with
two 7-hole titanium plates placed orthogonally (85 mm
length, 11 mm width, 1.6 mm thickness) (all plates and
screws made by Acumed). The dual plating construct
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consisted of 1 plate positioned superior and a second plate
positioned anteroinferior. The butterfly fragment was
reduced with a reduction clamp, and a drill hole was
made perpendicular to the fracture in a superomedial to
inferolateral trajectory by use of a 2.0-mm drill bit. While
reduction was maintained with the clamp, a single
2.3-mm interfragmentary screw was placed bicortically
through the fragment for all specimens across all plating
constructs. The interfragmentary screw did not interdigi-
tate with the plate(s). This process remained consistent
between all groups. Plates were fixed to the clavicles by
use of standard compression plating technique with three
3.5-mm cortex screws placed bicortically in the medial
and lateral fragments of both the superior and anteroinfe-
rior plating groups for a total of 6 screws (Figure 1A, 1C).
For the dual plating group, two 2.7-mm cortex screws were
placed through each plate bicortically on either side of the
fracture for a total of 4 screws per plate and 8 screws for
the construct (Figure 1B). Precontoured 3.5-mm clavicle
plates were used to more closely simulate current ortho-
paedic practice. The dual 2.7-mm plates were standard
small plates not specific to clavicle fixation. No implants
were reused, and minimal plate contouring was performed
by use of standard plate benders. The order of screw

placement was consistent for all clavicle specimens in
each group. The described use of the small plate fixation
(Acumed LLC, LPL Fibula Plates), while not standard for
clavicle fixation, was used here to understand how applica-
ble the construct design may be for the dual plating
technique.

Biomechanical Testing

Plated clavicles were stripped of all soft tissue at both the
medial and lateral ends including the acromioclavicular
and sternoclavicular joint soft tissue structures. The cen-
tral 10 cm of clavicle was left exposed on each specimen,
and the remaining medial and lateral portions of the clav-
icle were potted in poly (methyl methacrylate) (PMMA)
(Fricke Dental International). Further, 2 screws were
placed in the medial and lateral ends to improve the
PMMA hold on the clavicle. For all specimens, the orienta-
tion of potting was parallel to the respective end of the
clavicle rather than in a straight line parallel to the long
axis of the clavicle. This was done to reflect the natural
anatomic curvature of the clavicle and ensure that biome-
chanical loading on each clavicle was done in an anatomic
manner. None of the plate-screw constructs overlapped
with the potted regions.

Biomechanical testing was performed in a dynamic ten-
sile testing machine with custom-made fixtures (Instron
ElectoPuls E10000; Instron Systems). Before loading the
clavicles to failure, the initial bending, axial, and torsional
stiffness of each construct was determined by use of a non-
destructive cyclic testing protocol. The order of the nonde-
structive tests was randomized for each specimen. For
axial and torsional testing, the potted medial end of the
clavicle was rigidly mounted to the testing table in a cus-
tom fixture and aligned parallel to the actuator. The potted
lateral end of the clavicle was mounted vertically to a cus-
tom jig attached to the actuator (Figure 2). Nondestructive
axial testing was performed by compressing each clavicle
between 10 and 315 N at 0.25 Hz for 10 cycles. Nondestruc-
tive torsional testing was performed along the long axis of
the clavicle by torquing each clavicle between 12 N�m/deg
and 22 N�m/deg at 0.25 Hz for 10 cycles. The initial axial
and torsional stiffness was measured during the final cycle
of the test.

For cyclic bending and load-to-failure testing, the
medial end of the clavicle was mounted perpendicular to
the actuator in a custom fixture and rigidly fixed to the
testing table (Figure 2). The 3-point cyclic bending test
was performed by placing a small metal bar directly infe-
rior to the clavicle and 1 cm medial to the fracture site to
serve as the fulcrum for the 3-point bending test (Figure
2). The fulcrum was placed 1 cm medial to the fracture
site because the butterfly fragment was the weakest point
of each construct and tended to fail in pilot testing before
any observed failure in the construct. By adjusting the
position of the fulcrum, we were able to better assess con-
struct biomechanics. Force was applied through a horizon-
tal bar attached to the actuator at 10 cm distal to the
fulcrum. For nondestructive bending, specimens were

Figure 1. (A) Right clavicle plated superiorly by use of an 8-
hole titanium precontoured clavicle plate (98 3 11 3 3.3 mm)
fixed with a total of six 3.5-mm cortex screws placed bicorti-
cally and a 2.3-mm interfragmentary (IF) screw for the inferior
butterfly fragment. (B) Right clavicle dual plated with a 7-hole
titanium 2.7-mm plate (85 3 11 3 1.6 mm) positioned supe-
riorly and another 7-hole 2.7-mm plate positioned anteroin-
feriorly. A total of four 2.7-mm cortex screws placed
bicortically were used for each plate (8 screws total) along
with a 2.3-mm IF screw for the inferior butterfly fragment.
This image demonstrates the inferior 2-cm butterfly fragment
with the apex of the fragment located at the center of the
clavicle. (C) Right clavicle plated anteroinferiorly by use of
an 8-hole titanium precontoured clavicle plate (95 3 11 3

3.3 mm) fixed with a total of six 3.5-mm cortex screws placed
bicortically and a 2.3-mm IF screw for the inferior butterfly
fragment.
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cyclically loaded from 10 to 60 N at 0.25 Hz for 10 cycles,
and the initial bending stiffness was recorded during the
final cycle. To assess the ultimate bending load to failure
tests were set up identically to the cyclic bending tests,
and specimens were loaded at a rate of 15 mm/min until
a fracture was observed either audibly or visually by 2
observers (Z.S.M. and H.W.S.). Ultimate load to failure
was calculated algorithmically as the instantaneous peak
load value immediately preceding a 5% drop-off in the
peak load, which was maintained for at least 0.1 mm of
compression.

Statistical Analysis

The experimental design was a balanced incomplete block
design (Table 1), and the data were analyzed with the corre-
sponding ANOVA technique. To address the primary hypoth-
eses that plating techniques would differ with respect to
construct stiffness and failure load, pairwise group compari-
sons were made among the estimated marginal means with
the Tukey method. All statistical analyses were performed
with the statistical package R version 3.5.0.21,30

RESULTS

Axial Cyclic Loading

Initial axial stiffness results are listed in Table 2. No sig-
nificant differences were found in axial stiffness among
plating methods (P = .667).

Bending Cyclic Loading

Initial bending stiffness results are listed in Table 3. Ante-
roinferior plating resulted in significantly higher bending
stiffness than superior plating (P = .005). No significant
differences were found in bending stiffness between dual
plating and either anteroinferior (P = .129) or superior
plating (P = .067).

Torsional Cyclic Loading

Initial torsional stiffness results are listed in Table 4. No
significant differences were noted in torsional stiffness
among plating methods (P = .526).

Three-Point Load to Failure

Failure was determined visually with a fracture and audi-
ble break, which was always accompanied by a sudden
drop in force measurement. Results are listed in Table 5.
No significant differences in load-to-failure values were
found among plating methods (P = .353).

Mode of Failure

The most common mode of failure for the superior plating
group occurred at the interfragmentary screw through
a horizontal split fracture of the butterfly fragment (n =
4). For the anteroinferior plating group, all failures
occurred by fracture at the bone-screw interface of at least
1 of 3 screws medial to the butterfly fracture (n = 6). The
most common mode of failure for the dual plating group
was failure at the bone-screw interface of the most medial

Figure 2. Biomechanical testing setup for nondestructive cyclical axial (N/mm) and torsional (N�m/deg) stiffness testing (left), as
well as cyclical bending stiffness (N/mm) and load to failure (N) (right).

TABLE 1
A Priori Balanced Incomplete Block Design Randomization

Pair Left Right

Pair 1 Dual Superior
Pair 2 Anteroinferior Dual
Pair 3 Superior Anteroinferior
Pair 4 Anteroinferior Dual
Pair 5 Superior Anteroinferior
Pair 6 Dual Superior
Pair 7 Anteroinferior Dual
Pair 8 Dual Superior
Pair 9 Superior Anteroinferior
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screw of the anteroinferior plate (n = 3). Results for the
modes of failure are listed in Table 6.

DISCUSSION

The principal finding of this study is that dual small plate
fixation is biomechanically similar to superior and anteroin-
ferior single plate fixation with larger precontoured clavicle
plates. No significant differences were noted in cyclical
axial, bending, or torsional stiffness between dual plating
and either superior or anteroinferior single plating.

Anteroinferior plating demonstrated significantly higher
bending stiffness than superior plating (P = .005) but no sig-
nificant difference compared with dual plating. This study
used match-paired cadaveric specimens randomized into
testing groups and used a clinically relevant butterfly frag-
ment fracture model to simulate comminution. Although
other studies have assessed the biomechanics of single plat-
ing with precontoured clavicle plates like those used in our
study,6,13,14,37,39 this study compared the biomechanics of
dual small plate fixation with the more common precon-
toured single plate techniques: superior or anteroinferior.
To our knowledge, no prior study has biomechanically

TABLE 2
Axial Stiffness (N/mm) by Plating Techniquea

EM Mean SE Low CI High CI Tukey

Superior 971.35 69.71 806.51 1136.18 A
Dual 1020.01 69.71 855.17 1184.84 A
Anteroinferior 924.60 69.71 759.76 1089.43 A

aTechniques that share a Tukey group label are not statistically significantly different from one another (P . .05). EM Mean, estimated
marginal mean; High CI, upper limit of 95% CI; Low CI, lower limit of 95% CI.

TABLE 4
Torsional Stiffness (N�m/deg) by Plating Techniquea

EM Mean SE Low CI High CI Tukey

Superior 0.58 0.10 0.34 0.83 A
Dual 0.46 0.10 0.22 0.71 A
Anteroinferior 0.64 0.10 0.39 0.88 A

aTechniques that share a Tukey group label are not statistically significantly different from one another (P . .05). EM Mean, estimated
marginal mean; High CI, upper limit of 95% CI; Low CI, lower limit of 95% CI.

TABLE 5
Load to Failure (N) by Plating Techniquea

EM Mean SE Low CI High CI Tukey

Superior 201.03 21.62 149.92 252.15 A
Dual 156.01 21.62 104.89 207.12 A
Anteroinferior 196.86 21.62 145.75 247.98 A

aTechniques that share a Tukey group label are not statistically significantly different from one another (P . .05). EM Mean, estimated
marginal mean; High CI, upper limit of 95% CI; Low CI, lower limit of 95% CI.

TABLE 3
Bending Stiffness (N/mm) by Plating Techniquea

EM Mean SE Low CI High CI Tukey

Superior 6.75 1.96 2.12 11.38 Bb

Dual 14.65 1.96 10.02 19.28 AB
Anteroinferior 21.18 1.96 16.55 25.81 A

aTechniques that share a Tukey group label are not statistically significantly different from one another (P . .05). EM Mean, estimated
marginal mean; High CI, upper limit of 95% CI; Low CI, lower limit of 95% CI.

bB, anteroinferior plating resulted in significantly higher bending stiffness than superior plating (P = .005).
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compared single small plate fixation (plates using 2.7 mm
screws or smaller) to dual small plate fixation with plates
similar to those used in our study.

Although another study has assessed clavicle fracture
dual plating,32 the investigators used a simple transverse
oblique midshaft fracture model in synthetic clavicles.
Prasarn et al29 compared dual small orthogonal plating
in a synthetic midshaft clavicle fracture to previously pub-
lished data by their group evaluating single-plate con-
structs. They reported no significant differences between
the dual plating and larger single plating constructs with
respect to axial loading or torsion. In 4-point bending anal-
ysis, when loaded anteriorly, dual plating was significantly
more rigid than a single locked anterior plate but less rigid
than a single locked superior plate. When loaded superi-
orly, the dual plating construct reportedly had similar
rigidity compared with a single locked superior plate but
was significantly less rigid than a single locked anterior
plate. In addition to using synthetic clavicles, the trans-
verse fracture model is an atypical pattern clinically. More-
over, the investigators compared dual plating data with
their previously published data on single-plate constructs
rather than making a concurrent comparison.

Cosmetic and functional concerns with prominent hard-
ware and efforts to minimize hardware-related complica-
tions necessitating revision surgery have spurred interest
in lower profile methods of fixation including dual small

plate fixation. This method may be particularly beneficial
in female patients with bra straps, thinner athletes, or ath-
letes who wear shoulder pads because prominent hardware
can cause irritation under this equipment, necessitating
hardware removal. In randomized prospective studies,
hardware prominence requiring subsequent implant
removal was reported in 11.6% of cases,33 whereas hard-
ware and wound complications were reported in 15% of
patients who underwent superior plating.2 Another study
compared outcomes of precontoured versus noncontoured
superior clavicle plating with minimum 1-year follow-
up.41 Although noncontoured clavicle plating had more
than double the rate of prominent hardware and rate of
hardware removal, even precontoured clavicle plating
(commonly used in practice today) had a 32.1% rate of
hardware prominence and 10.7% rate of hardware removal
in that retrospective series. Significantly higher rates of
cosmetic acceptability and lower reoperation rates have
been reported with small (using 2.7-mm screws) anteroin-
ferior plating compared with larger (using 3.5-mm screws)
anteroinferior plating.12 Likewise, Prasarn et al29 reported
excellent clinical outcomes, 100% union rate, and no
requirement for revision surgery at short-term follow-up
with dual small plate fixation. Another retrospective
review4 reported 100% union rate at 1 year and 0% reoper-
ation rate with dual plating compared with 91% union rate
at 1 year (95.2% at final follow-up) and 5.6% reoperation

TABLE 6
Mode of Failure by Plating Techniquea

Clavicle Pair Fracture at Butterfly Fracture Bone-Screw Interface

Pair 1
Dual Most medial screw of anterior plate.
Superior Third screw from medial side.

Pair 2
Anteroinferior Second screw from medial side.
Dual Most medial screw of anterior plate.

Pair 3
Superior IF screw pullout.
Anteroinferior Second and third screws from medial side.

Pair 4
Anteroinferior Posterior fracture, screws 1-3 medially.
Dual Most medial screw of superior plate.

Pair 5
Superior Split through IF screw.
Anteroinferior Split through IF screw and third screw from medial side.

Pair 6
Dual Fracture between most medial screws of superior/anteroinferior plates.
Superior Posterior fracture extending from IF screw.

Pair 7
Anteroinferior Second screw from medial side.
Dual Split through IF screw.

Pair 8
Dual Split through IF screw.
Superior Split through IF screw

Pair 9
Superior Split through IF screw.
Anteroinferior Split through IF screw.

aIF, interfragmentary.
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rate in the single plate fixation cohort. Another study look-
ing specifically at reoperation rate for symptomatic
implants after dual small plate fixation similarly reported
a low rate of secondary surgery of 3.7% with minimum 1-
year follow-up.5 Moreover, favorable outcomes are reported
with dual plating of clavicular nonunions.10,34

In addition to lower rate of hardware removal, dual plat-
ing has the advantage of less soft tissue stripping and
improved conformity of plate to bone with use of a smaller
implant, which also allows for less plate prominence. Ante-
roinferior plating using standard or precontoured plates is
preferred by some surgeons to prevent prominence over
the superior clavicle, which can be both symptomatic and
cosmetically unappealing.12,33,41 A downside of this tech-
nique is detachment of the anterior deltoid. By using
a smaller plate anteroinferiorly as part of a dual plate con-
struct, surgeons can minimize anterior deltoid detachment.
Another potential advantage of dual plating is less perios-
teal stripping superiorly and anteroinferiorly because of
the smaller footprint of the small plates relative to the
larger precontoured clavicle plates. The smaller hardware
footprint also allows for an easier repair of the anterior del-
toid and improved soft tissue envelope, making hardware
coverage easier. The smaller plates can more easily be con-
toured to the clavicle and are more malleable than larger
plates, helping to achieve good conformity to bone, further
minimizing hardware prominence. With smaller plates,
the initial skin incision can potentially be shorter in length
based on fracture complexity and desired exposure. The
dual orthogonal plating (plates placed 90� to one another)
technique can also help capture comminuted fragments.

The biomechanical noninferiority of dual plating com-
pared with superior or anteroinferior plating suggests that
dual plate fixation is a viable option in active patients. In
athletes, prolonged recovery and deficit in shoulder strength
and endurance are often poorly tolerated, making operative
management the preferred treatment for midshaft clavicle
fractures with significant fracture displacement, shortening,
and comminution. Significantly lower incidences of non-
union and symptomatic malunion are reported for operative
treatment compared with nonoperative treatment for dis-
placed midshaft clavicle fractures.2,20,25,33,36,44,45 Nonunion
and malunion can cause significant alterations in the orien-
tation of the scapula and glenohumeral joint,1,9 resulting in
weakness and loss of endurance strength.23 In the NFL,
players with nonoperatively managed, displaced midshaft
fractures had a reported refracture rate of 57% compared
with 5% with plate fixation.26 Likewise, refracture at the
site of a united angular malunion has been reported in adult
athletes11 and pediatric patients at a significantly increased
incidence.22 A recent systematic review of primarily level 2
and level 3 studies reported significantly longer return times
and longer return to preinjury level of sport for nonopera-
tively managed displaced midshaft fractures compared
with surgically managed fractures confirmed by meta-
analysis of the study results.32 Several studies have reported
excellent clinical outcomes, high patient satisfaction, low
nonunion rates (0%-5%), and very high rates of both return
to sport (98%-100%) and return to prior level of play (94%-
100%) after early rigid fixation of displaced midshaft clavicle

fractures with mean return-to-sport time ranging from 45 to
83 days depending on the study.24,26,31,32,38,42 Excellent out-
comes and high return to sport have been reported in elite
cyclists40 and NFL football players.18

The current study has limitations. Specimen numbers
per group (n = 6) were on the low side and were capable
of detecting only a large effect. This study used cadaveric
clavicles, and it can be argued that synthetic clavicles pro-
vide a more consistent material with which to perform bio-
mechanical studies. Nevertheless, cadaveric specimens
provide the benefit of evaluating plating biomechanics
through the use of human bone, making the results more
realistic, particularly given that randomization was per-
formed. Moreover, the age range of specimens was relatively
narrow (47-64 years), and all specimens were from male
cadavers to lessen the chance of poor fixation in osteopenic
bone from postmenopausal female donors. Clavicles are an
optimal bone to assess nonlocking fixation because they
are largely composed of cortical bone. Lastly, results may
have differed if more rigid small plates had been used.
The small plates used in this study for dual plate fixation
were similar to one-third tubular plates. Other plate manu-
facturers make thicker and stiffer plates also composed of
stainless steel rather than titanium. Repeating this study
with more robust small plates may affect the results.

CONCLUSION

Dual plating with a smaller plate-screw construct is biome-
chanically similar to superior and anteroinferior single
plate fixation using larger plate-screw constructs. No sig-
nificant differences were found between dual plating and
either superior or anteroinferior single plating in axial,
bending, or torsional stiffness or in bending load to failure
at time zero. Dual plating may provide a viable option for
fixing midshaft clavicle fractures and, thus, may serve as
a useful low-profile technique that avoids hardware prom-
inence and irritation.

REFERENCES

1. Andermahr J, Jubel A, Elsner A, et al. Malunion of the clavicle causes

significant glenoid malposition: a quantitative anatomic investigation.

Surg Radiol Anat. 2006;28(5):447-456.

2. Canadian Orthopaedic Trauma Society. Nonoperative treatment

compared with plate fixation of displaced midshaft clavicular frac-

tures: a multicenter, randomized clinical trial. J Bone Joint Surg

Am. 2007;89(1):1-10.

3. Celestre P, Roberston C, Mahar A, Oka R, Meunier M, Schwartz A.

Biomechanical evaluation of clavicle fracture plating techniques:

does a locking plate provide improved stability? J Orthop Trauma.

2008;22(4):241-247.

4. Chen X, Shannon SF, Torchia M, Schoch B. Radiographic outcomes

of single versus dual plate fixation of acute mid-shaft clavicle frac-

tures. Arch Orthop Trauma Surg. 2017;137(6):749-754.

5. Czajka CM, Kay A, Gary JL, et al. Symptomatic implant removal

following dual mini-fragment plating for clavicular shaft fractures.

J Orthop Trauma. 2017;31(4):236-240.

6. Demirhan M, Bilsel K, Atalar AC, Bozdag E, Sunbuloglu E, Kale A.

Biomechanical comparison of fixation techniques in midshaft clavic-

ular fractures. J Orthop Trauma. 2011;25(5):272-278.

AJSM Vol. XX, No. X, XXXX Low-Profile Dual Small Plate Fixation of Midshaft Clavicles 7



7. Demovsky R. Aaron Rodgers to have surgery on broken collarbone.

https://www.espn.com/nfl/story/_/id/21044719/aaron-rodgers-

green-bay-packers-surgery-collarbone. Published October 17, 2017.

Accessed February 23, 2019.

8. Drosdowech DS, Manwell SE, Ferreira LM, Goel DP, Faber KJ, John-

son JA. Biomechanical analysis of fixation of middle third fractures of

the clavicle. J Orthop Trauma. 2011;25(1):39-43.

9. Edelson JG. The bony anatomy of clavicular malunions. J Shoulder

Elbow Surg. 2003;12(2):173-178.

10. El Haj M, Khoury A, Mosheiff R, Liebergall M, Weil YA. Orthogonal

double plate fixation for long bone fracture nonunion. Acta Chir

Orthop Traumatol Cech. 2013;80(2):131-137.

11. Furey MJ, Zdero R, McKee MD. Clavicular refracture at the site of

angular malunion in young athletes. J Orthop Trauma. 2017;31(4):

e130-e132.

12. Galdi B, Yoon RS, Choung EW, et al. Anteroinferior 2.7-mm versus

3.5-mm plating for AO/OTA type B clavicle fractures: a comparative

cohort clinical outcomes study. J Orthop Trauma. 2013;27(3):121-125.

13. Goswami T, Markert RJ, Anderson CG, Sundaram SS, Crosby LA.

Biomechanical evaluation of a pre-contoured clavicle plate. J Shoul-

der Elbow Surg. 2008;17(5):815-818.

14. Hamman D, Lindsey D, Dragoo J. Biomechanical analysis of bicort-

ical versus unicortical locked plating of mid-clavicular fractures.

Arch Orthop Trauma Surg. 2011;131(6):773-778.

15. Heckle H. Lance Armstrong breaks collarbone in crash. https://

www.denverpost.com/2009/03/23/lance-armstrong-breaks-collarbone-

in-crash/. Published March 23, 2009. Accessed February 23, 2019.

16. Houwert RM, Smeeing DP, Ahmed Ali U, Hietbrink F, Kruyt MC, van

der Meijden OA. Plate fixation or intramedullary fixation for midshaft

clavicle fractures: a systematic review and meta-analysis of random-

ized controlled trials and observational studies. J Shoulder Elbow

Surg. 2016;25(7):1195-1203.

17. Iannotti MR, Crosby LA, Stafford P, Grayson G, Goulet R. Effects of

plate location and selection on the stability of midshaft clavicle

osteotomies: a biomechanical study. J Shoulder Elbow Surg.

2002;11(5):457-462.

18. Jack RA II, Sochacki KR, Navarro SM, McCulloch PC, Lintner DM,

Harris JD. Performance and return to sport after clavicle open reduc-

tion and internal fixation in National Football League players. Orthop

J Sports Med. 2017;5(8):2325967117720677.

19. Khan LA, Bradnock TJ, Scott C, Robinson CM. Fractures of the clav-

icle. J Bone Joint Surg Am. 2009;91(2):447-460.

20. Kulshrestha V, Roy T, Audige L. Operative versus nonoperative man-

agement of displaced midshaft clavicle fractures: a prospective

cohort study. J Orthop Trauma. 2011;25(1):31-38.

21. Mandal B, Gupta V, Parsad R. Efficient incomplete block designs

through linear integer programming. Am J Math Management Sci.

2014;33(2):110-124.

22. Masnovi ME, Mehlman CT, Eismann EA, Matey DA. Pediatric refrac-

ture rates after angulated and completely displaced clavicle shaft

fractures. J Orthop Trauma. 2014;28(11):648-652.

23. McKee MD, Pedersen EM, Jones C, et al. Deficits following nonoper-

ative treatment of displaced midshaft clavicular fractures. J Bone

Joint Surg Am. 2006;88(1):35-40.

24. Meisterling SW, Cain EL, Fleisig GS, Hartzell JL, Dugas JR. Return to

athletic activity after plate fixation of displaced midshaft clavicle frac-

tures. Am J Sports Med. 2013;41(11):2632-2636.

25. Mirzatolooei F. Comparison between operative and nonoperative

treatment methods in the management of comminuted fractures of

the clavicle. Acta Orthop Traumatol Turc. 2011;45(1):34-40.

26. Morgan RJ, Bankston LS Jr, Hoenig MP, Connor PM. Evolving man-

agement of middle-third clavicle fractures in the National Football

League. Am J Sports Med. 2010;38(10):2092-2096.

27. Partal G, Meyers KN, Sama N, et al. Superior versus anteroinferior

plating of the clavicle revisited: a mechanical study. J Orthop

Trauma. 2010;24(7):420-425.

28. Pozzato breaks collarbone in Qatar crash. http://www.cyclingnews

.com/news/pozzato-breaks-collarbone-in-qatar-crash/. Published

February 9, 2012. Accessed February 23, 2019.

29. Prasarn ML, Meyers KN, Wilkin G, et al. Dual mini-fragment plating

for midshaft clavicle fractures: a clinical and biomechanical investiga-

tion. Arch Orthop Trauma Surg. 2015;135(12):1655-1662.

30. R: A Language and Environment for Statistical Computing. Vienna,

Austria: R Foundation for Statistical Computing; 2018.

31. Ranalletta M, Rossi LA, Piuzzi NS, Bertona A, Bongiovanni SL,

Maignon G. Return to sports after plate fixation of displaced midshaft

clavicular fractures in athletes. Am J Sports Med. 2015;43(3):565-569.

32. Robertson GA, Wood AM. Return to sport following clavicle frac-

tures: a systematic review. Br Med Bull. 2016;119(1):111-128.

33. Robinson CM, Goudie EB, Murray IR, et al. Open reduction and plate

fixation versus nonoperative treatment for displaced midshaft clavic-

ular fractures: a multicenter, randomized, controlled trial. J Bone

Joint Surg Am. 2013;95(17):1576-1584.

34. Sadiq S, Waseem M, Peravalli B, Doyle J, Dunningham T, Muddu BN.

Single or double plating for nonunion of the clavicle. Acta Orthop

Belg. 2001;67(4):354-360.

35. Shannon SF, Chen X, Torchia M, Schoch B. Extraperiosteal dual

plate fixation of acute mid-shaft clavicle fractures: a technical trick.

J Orthop Trauma. 2016;30(10):e346-e350.

36. Smeeing DPJ, van der Ven DJC, Hietbrink F, et al. Surgical versus

nonsurgical treatment for midshaft clavicle fractures in patients

aged 16 years and older: a systematic review, meta-analysis, and

comparison of randomized controlled trials and observational stud-

ies. Am J Sports Med. 2017;45(8):1937-1945.

37. Smith SD, Wijdicks CA, Jansson KS, et al. Stability of mid-shaft clavicle

fractures after plate fixation versus intramedullary repair and after hard-

ware removal. Knee Surg Sports Traumatol Arthrosc. 2014;22(2):448-455.

38. Souza N, Belangero PS, Figueiredo EA, Pochini AC, Andreoli CV,

Ejnisman B. Displaced midshaft clavicle fracture in athletes—should

we operate? Rev Bras Ortop. 2018;53(2):171-175.

39. Taylor PR, Day RE, Nicholls RL, Rasmussen J, Yates PJ, Stoffel KK. The

comminuted midshaft clavicle fracture: a biomechanical evaluation of

plating methods. Clin Biomech (Bristol, Avon). 2011;26(5):491-496.

40. van der VDJC, Timmers TK, Broeders I, van O. Displaced clavicle

fractures in cyclists: return to athletic activity after anteroinferior plate

fixation [published online December 1, 2017]. Clin J Sport Med.

doi:10.1097/JSM.0000000000000552

41. VanBeek C, Boselli KJ, Cadet ER, Ahmad CS, Levine WN. Precon-

toured plating of clavicle fractures: decreased hardware-related

complications? Clin Orthop Relat Res. 2011;469(12):3337-3343.

42. Verborgt O, Pittoors K, Van Glabbeek F, Declercq G, Nuyts R, Som-

ville J. Plate fixation of middle-third fractures of the clavicle in the

semi-professional athlete. Acta Orthop Belg. 2005;71(1):17-21.

43. Wilson DJ, Scully WF, Min KS, Harmon TA, Eichinger JK, Arrington

ED. Biomechanical analysis of intramedullary vs. superior plate fixa-

tion of transverse midshaft clavicle fractures. J Shoulder Elbow Surg.

2016;25(6):949-953.

44. Woltz S, Stegeman SA, Krijnen P, et al. Plate fixation compared with

nonoperative treatment for displaced midshaft clavicular fractures:

a multicenter randomized controlled trial. J Bone Joint Surg Am.

2017;99(2):106-112.

45. Zlowodzki M, Zelle BA, Cole PA, Jeray K, McKee MD; Evidence-

Based Orthopaedic Trauma Working Group. Treatment of acute mid-

shaft clavicle fractures: systematic review of 2144 fractures: on

behalf of the Evidence-Based Orthopaedic Trauma Working Group.

J Orthop Trauma. 2005;19(7):504-507.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.

8 Ziegler et al The American Journal of Sports Medicine


