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IMPORTANCE Despite advancements, treatment of mandibular body fractures is plagued by
complications. Evaluation of a new plating system is needed with the goal of reducing
complication rates.

OBJECTIVES To evaluate the biomechanical behavior of a vertically oriented box plate vs
traditional rigid internal fixation plating techniques for mandibular body fractures and to test
if placement of the 3-dimensional plate oriented parallel to the fracture line provides
improved rigidity and greater resistance to torsion, resulting in improved outcomes.

DESIGN, SETTING, AND PARTICIPANTS A mandible fracture model with synthetic replicas was
used to compare resistance to torsional forces of different plating configurations.
Additionally, a retrospective comparative review of the medical records of 84 patients with
mandibular body fractures treated from 2005 to 2018 at Jacobi Medical Center, a level-1
trauma hospital in Bronx, New York, was completed.

EXPOSURES Patients sustained a mandibular body fracture and were treated with open
reduction and internal fixation using metal plating.

MAIN OUTCOMES AND MEASURES In the comparative study of biomechanical behavior of
various plating configurations, maximum torque sustained prior to deformation and loss of
alignment was measured. Medical records were reviewed for surgical approach, plating
techniques, operative time, length of admission, and rate of complications, including
malocclusion, nonunion, infection, neurosensory disturbance, and wound dehiscence.

RESULTS Of the 84 patients included in the retrospective review, 76 (91%) were men, and the
mean (SD) age was 29.7 (12.0) years. During biomechanical analysis, the vertical box plate
provided greater stability and 150% of the resistance against torsional forces when compared
with traditional linear plating. In the retrospective review, analysis showed vertical plating
was associated with a lower incidence of postoperative neurosensory disturbance (25 [38%]
patients treated with vertical plating vs O patients treated with box plating; P = .002) and a
lower risk of any complication (41[62%] vs 6 [33%], respectively; relative risk, 0.54; 95% Cl,
0.27-1.06; P = .03). Vertical plating was associated with reduced operative time (134 minutes
vs 70 minutes, respectively; P < .001).

CONCLUSIONS AND RELEVANCE This investigation suggests that vertical box plating is
associated with a lower incidence of postoperative complications and reduced operative time
compared with traditional plating techniques. The comparative biomechanical component
demonstrated that the vertical box plate offered equal or greater resistance to torsional
forces. Further studies of greater power and level of evidence are needed to more robustly
demonstrate these benefits.
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he primary goal of mandible fracture repair remains to

establish preinjury occlusion, often with temporary

maxillomandibular fixation using arch bars, bone
screws, or skeletal wire.! Anatomical reduction of mandibu-
lar fragments is also a principal goal achieved using bone
clamps, wires, and/or temporary internal fixation devices. The
addition of implantable plates can reduce the necessity or time
requirement of maxillomandibular fixation. Adequate fixa-
tion is of great importance in successful treatment and often
includes the use of reconstructive plates.

The mainstay of current use of internal fixation plates in-
volves the placement of these devices at the inferior or supe-
rior border perpendicular to the fracture. These plates were de-
signed to prevent segmental distraction forces from causing
failure in a 2-dimensional plane. However, some studies sug-
gest that these plates may provide poor resistance to tor-
sional or twisting forces, especially when there are multiple
fracture sites.? In contrast, 3-dimensional, or box, plates use
quadrangle geometry to provide additional stability in all di-
mensions, which offers better resistance against torque forces.?

Ellis,> when questioning how much strength is required
in a plate to adequately fixate a mandible fracture, concluded
that it was these torsional rotational forces that when not sta-
bilized caused failure of fracture healing. An additional ad-
vantage of vertically oriented box plates is a smaller dissec-
tion field (Figure 1). In order to place inferior border horizontal
plates, a wide field of dissection and exploration is required.
To place vertically oriented box plates, a narrower field of dis-
section is required, potentially requiring a shorter operative
time and potentially providing better periosteal support to the
healing bone. In this study, vertically oriented box plates were
biomechanically tested to measure degree of torsion resisted
when compared with standard plates. Additionally, clinical data
were reviewed to determine if vertically oriented box plates,
which have multiple points of resistance to rotational torque
forces, resulted in improved operating parameters, including
shorter operative time and reduced failure rates.

Methods

Evaluation of the vertical box plate began with an analysis
using biomechanical models. Synthetic mandible replicas
(Stryker) were used to evaluate 6 monocortical mandibular
body fracture configurations. A handsaw was used to simu-
late a body fracture, then different plating sets were applied
to simulate the repair. Plating techniques of open reduction
and internal fixation were performed as described by the
Association for the Study of Internal Fixation.* After recon-
structive plates were applied, each mandible was subjected
to torsional loading applied by a deflection beam torque
wrench (Performance Tools) until the construct failed and
caused malunion (Supplement). An external hex-headed
bolt was also applied to the parasymphyseal region of the
mandible for attachment to the torque wrench during force
loading (Figure 1). Measurements were recorded for maxi-
mum torque sustained prior to deformation and loss of
mandible alignment along fracture lines. Examiners were
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Key Points

Question Does a vertically oriented box plate increase resistance
to torsional forces and reduce complications in the treatment of
mandibular body fractures?

Findings In this comparative study and retrospective medical
record review of 84 patients, it was demonstrated that box plating
for mandibular body fractures was associated with reduced
neurosensory complications and operative time compared with
traditional rigid internal fixation plating techniques.

Meaning Vertically oriented box plates may be a superior
treatment option for the open reduction and internal fixation of
mandibular body fractures.

blinded to the plating configuration while taking measure-
ments, and average torque values were recorded after 5
trials for each configuration.

A complementary examination of the vertically oriented
box plate included a retrospective review that examined pa-
tient medical records at Jacobi Medical Center, alevel 1 trauma
center in Bronx, New York, from 2005 to 2018. The study was
approved by the Montefiore Medical Center Institutional Re-
view Board, which included a waiver for patient informed con-
sent because the retrospective data were deidentified. Pa-
tients were selected if they had a coding in their electronic
medical record for repair with open reduction and internal fixa-
tion of a mandibular body or parasymphyseal fracture. Pa-
tients who were operated on by either the plastic surgery, oto-
rhinolaryngology, or oral and maxillofacial surgery teams were
included. All of the vertical box plating applications were per-
formed via an intraoral approach by the otorhinolaryngology
team, while the traditional plating techniques were per-
formed by all 3 surgical services. Patients were excluded if they
were treated with a closed technique, had prior surgical treat-
ment, or if a different segment of the mandible was frac-
tured. Patients with multiple fractured segments were in-
cluded. Medical records were reviewed for surgical approach,
rate of complications, plating techniques, operative time,
length of maxillomandibular fixation, and length of admis-
sion. The complications studied included malocclusion, non-
union, infection, neurosensory disturbance, and wound de-
hiscence. Operative time was defined as the time from when
the patient entered the operating room to when they left.
Length of admission was defined as number of postoperative
days in the hospital.

For the dichotomous outcomes, Pearson x? tests were used
to test the null hypothesis of equal occurrence probabilities in
the 2 groups. For the count of complications, the Mann-
Whitney U test was used. Time in the operating room was also
considered an outcome because it affects the cost of provid-
ing treatment. The distributions of operative time were dis-
played as graphs of Kaplan-Meier time-to-event estimates, and
the hypothesis of equal operative time distributions was tested
with the log-rank test. A multivariate analysis of operative time
was carried out using a Cox proportional hazards model, veri-
fying the proportional hazards assumption with Cox-Snell re-
siduals and graphical inspection.
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Figure 1. Repaired Synthetic Mandible Replica
and Deflection Beam Torque Wrench

Table 1. Demographics of Study Population

The body fracture in this synthetic mandible replica was repaired using a vertical
box plate orientated obliquely along the fracture line. The deflection beam
torque wrench used for torque resistance measurement is seen to the left.

. |
Results

There were 84 distinct patients who accounted for 91 frac-
tures that met eligibility criteria for this study. For patients with
multiple fractures, 1 procedure per patient was selected at ran-
dom for analysis. Of the total patients, 76 (91%) were men
(Table 1). The mean (SD) age was 29.7 (12.0) years. All 8 fe-
male patients received the traditional plating technique. Of the
76 men, 18 received the vertical box plating technique. Over-
all 65 (77%) patients had multiple mandible fractures, but these
additional fractures did not meet study eligibility criteria. The
prevalence of such additional fractures was roughly similar in
both treatment groups: 83% (n = 15 of 18) among those receiv-
ing vertical box plating and 76% (n = 50 of 66) among those
receiving traditional plating.

The otolaryngology team treated 23 (27%) fractures, 5
with traditional plating and 18 with vertical box plating; the
plastic surgery team treated 16 (19%) fractures, all with tradi-
tional plating; and the oral and maxillofacial surgery team
treated 45 (54%) fractures, all with traditional plating.
Patients were assigned randomly to surgical services for
treatment based on a rotating sequential trauma call pool at
the hospital. All 18 patients who received box plating and 27
of the 66 patients who received traditional plating were
plated with 1 plate. The remaining 39 patients who received
traditional plating required 2 plates. All patients received
antibiotics except 2 (11%) patients who had box plated
fractures and 3 (5%) patients who had traditional plated
fractures. All 18 patients treated with vertical box plating
required an intraoral approach. Of the patients with
traditionally plated fractures, 54 (82%) were treated

jamafacialplasticsurgery.com

Characteristic No. (%)

Patient total 84

Age, mean (SD), y 29.7 (12.0)

Male 76 (91)

Patients who received traditional plating 66 (79)
Prevalence of additional fractures in traditional plating 50 (76)

Patients who received box plating 18 (21)
Prevalence of additional fractures in box plating 15 (83)

intraorally, 5 (8%) extraorally, and 7 (11%) with a combined
approach.

A disparity was observed in postoperative neurosensory
disturbance and occurred in 25 (38%) patients treated with tra-
ditional plating and O patients treated with box plating
(P =.002) (Table 2). Similarly, measurements of any compli-
cation occurred in 41 (62%) patients treated with traditional
plating and 6 (33%) patients treated with box plating (relative
risk, 0.54; 95% CI, 0.27-1.06; P = .03). The median number of
complications in the traditionally plated group was 1.0 (inter-
quartile range, 2.0) and 0.0 (interquartile range, 1.0) in the ver-
tical box group (P = .02). The rates of postoperative malocclu-
sion, nonunion, reoperation, postoperative infection, facial
nerve injury, unfavorable scarring, and wound dehiscence were
notindividually shown to be lower with any significance based
on plating technique.

Differences in operative time were also observed with ame-
dian operative time in the traditionally plated group of 134 min-
utes, while the box plated group was 70 minutes (P < .001)
(Figure 2). Operative time was further evaluated with a mul-
tivariate analysis using a Cox proportional hazards model, veri-
fying the proportional hazards assumption with Cox-Snell re-
siduals and graphical inspection.

In the biomechanical comparative analysis, plating using
only a single miniplate resulted in deformation at the frac-
ture line with less than 2.5 inch-pounds (<0.28 newton me-
ters [N - m]) of torque resistance (Table 3). Greater resistance
was seen using a 6-hole miniplate and a tension band, sus-
taining forces of 3.75 (0.42 N - m) and 5 inch-pounds (0.56
N - m) prior to deformation using a 1-mm and 1.5-mm mini-
plate, respectively. Up to 150% greater resistance than single
plating was seen using a vertical box plate measuring 7.5 inch-
pounds (0.85 N - m) prior to deformation and a box plate mea-
suring 6.25 inch-pounds (0.71 N - m).

|
Discussion

Surgical management of mandibular body fractures is still
fraught by complications such as malunion, infection, and
nerveinjury.> A recent article by Ellis? concluded that the most
important force causing mandibular fracture complications was
the unchecked torsional force that standard horizontal plat-
ing only partially addresses. Although that article suggested
more rigid plating as a potential solution, further analysis has
suggested that multiple vertical points of fixation along a frac-
ture line would more efficiently address the problem.
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Table 2. Complications Following Traditional and Vertical Box Plating

Traditional Plate Vertical Box Plate

Complication (n =66), No (%) (n = 18), No. (%) Relative Risk (95% Cl) P Value
Postoperative malocclusion 12 (18) 2(11) 0.61 (0.15-2.49) 48
Nonunion 4 (6) 0 0 .29
Reoperation 14 (21) 5(28) 1.31(0.54-3.15) .56
Postoperative infection 7 (11) 0 0 .15
Neurosensory disturbance 25(38) 0 0 .002
Facial nerve injury 2(3) 0 0 46
Unfavorable scarring 1(2) 0 0 .60
Wound dehiscence 4 (6) 0 0 .29
Any complication 41 (62) 6(33) 0.54(0.27-1.06) .03

Figure 2. Kaplan-Meier Time-to-Event Estimates
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Distributions of operative time are displayed against probability of
complications.

Farmand®” published on his experiences using box plates,
which he called 3-D plates, and noted strong resistance to tor-
sional forces, compact form, and lack of major complica-
tions. The strength of his plate was based on a geometrically
closed quadrangular shape providing a stable configuration in
3 dimensions, not by its thickness or length. Accordingly, we
found in a biomechanical fracture model that a plate oriented
to provide multiple points of fixation perpendicular to a man-
dibular body fracture line would better resist torsional forces
applied to the fracture. Furthermore, the retrospective clini-
cal study demonstrated lower complication rates and shorter
operative time when comparing vertical fixation with conven-
tional techniques.

The biomechanical experiment in the present study
demonstrated that the vertical plate was able to provide
torque resistance at a level equal to or greater than that of
the traditional 2 horizontal plates. Although the traditional
plates provided resistance to horizontal distraction, the ver-
tical plate had better torque resistance. The subsequent ret-
rospective review complemented the results from the bio-
mechanical model by demonstrating that the vertically
oriented box plate was associated with a lower risk of any
complication in the outcomes analysis (62% Vs 33.3%; 95%
CI, 0.27-1.06; P = .03). The overall rate of complications in
this study was in line with rates that have previously been
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Table 3. Torque Sustained Prior to Deformation and Loss of Mandible
Alignment Along Fracture Line With Varied Plating Systems

Average Torque
Resistance in

Plate Configuration Type Inch-Pounds (N - m)

1-mm, 4-hole miniplate at superior border <2.5(<0.28)
1-mm, 6-hole miniplate at inferior border <2.5(<0.28)
1.5-mm, 6-hole compression plate (gold) at <2.5(<0.28)
inferior border

1-mm, 6-hole miniplate at inferior border with 3.75(0.42)
tension band

1.5-mm, 6-hole compression plate (gold) at 5.00 (0.56)
inferior border with tension band

1-mm, 3-dimensional box plate 6.25(0.71)
1-mm, 3-dimensional vertical box plate 7.50 (0.85)

Abbreviation: N - m, newton meters.

reported in the literature.® Additionally in the analyses, the
vertical box plating technique was also associated with a
markedly lower incidence of postoperative neurosensory
disturbance. We believe that this may be because of the ver-
tical nature of the plate, which decreases the lateral extent
of subperiosteal dissection needed to apply the plate as com-
pared with the larger horizontal plates. As such, less nerve
“skeletonization” is required, thereby decreasing the risk to
the mental nerve. All of the other rates of individual compli-
cation outcomes were lower in the vertical box plate group
except for the rate of reoperation, but none met statistical
significance. The relative increased rate of reoperation in the
vertical box group included a case where a patient requested
to have the plates removed as a requirement to serve in the
military and a second patient who requested electively to
have the plate removed. The study was not sufficiently pow-
ered to show a decrease in complications such as malunion
and malocclusion independently, though overall the lower
rate of any complication in the vertical box group was
significant.

The study also demonstrated that placement of the verti-
cal box plate was associated with an decrease in operative time
(median time, 133 minutes for traditional plating vs 70 min-
utes for vertical box plating; P < .001). This reduction is ben-
eficial not only for the efficiency of the surgeon, but also, im-
portantly, for patient safety and to reduce hospital costs.
Although a full cost comparison is outside the scope of this
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study, it must be noted that traditional plating techniques of-
ten call for multiple plating configurations while the vertical
box is applied as a single plate, which further leads to lower
costs.

A review of the literature reveals previous studies with
similar conclusions, including a prospective study of 28
patients by Sadhwani and colleagues,® which compared out-
comes between 2-mm miniplates and box plates for para-
symphyseal fractures. The group with the horizontal mini-
plates had increased complications, including postoperative
mobility, malunion, and infection as compared with the
group treated with box plates. Another prospective study by
Barde and colleagues? also showed that operative time was
significantly reduced with box plating as compared with tra-
ditional horizontal plating, but they were unable to show
any significant differences in outcomes. In a recent meta-
analysis by Wusiman and colleagues!® comparing box vs
standard miniplates for mandible fractures, the authors
were able to show a significant decrease in complication
rates with the use of box plates. They included 17 studies,
including 9 randomized controlled trials, and demonstrated
that the use of box miniplates in the fixation of mandibular
fractures decreases the risk of postoperative complications
by 52%.

Limitations

Because this study had both a laboratory and a retrospective
medical record review arm, we attempted to minimize the limi-
tations that either study type inherently maintains. How-
ever, this combined approach to evaluating a technique still
haslimitations both clinically and biomechanically. In the labo-
ratory testing, there is limited extrapolation to clinical sce-
narios owing to the isolated and controlled laboratory setting
in which the plating was performed. The experiment tested ap-
plication of torsion in a single axis (rotating the segments along
the axis of the mandible body) while in practice there are cer-
tainly multiple angles of force applied at the fracture line. We
attempted to limit bias by running each plate configuration 5
times and recording the torque measurements on video. We
alsoblinded the investigators to the plating configuration being

ARTICLE INFORMATION
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tested during calculation of the maximum torque values. The
point of maximal torsion was measured just before misalign-
ment at the fracture line based on visual cues, which were sub-
jective.

An intrinsic limitation of this study is that it is a retro-
spective review and not a randomized clinical trial. A direct
comparison of vertical box plating vs traditional plating
would require randomization. This study also included a
limited sample size. Owing to the fact that the novel plating
technique was only used by a single department, there is a
possibility of additional confounding variables beyond plate
shape. Multiple comparisons were carried out, so there is
appreciable risk that these findings constitute type 1 errors.
More importantly, the selection of plating technique was
strongly associated with patient attributes, surgical team,
and other aspects of treatment in this nonrandomized
study. The ability to separate the influence of the plating
technique from these other influences on outcomes was
limited. Our best effort in this regard led to the conclusion
that the separate influence of the plating technique on com-
plication rates itself is probably close to zero and could not
be estimated precisely enough to establish its direction. In
our attempt to limit surgical team bias, both otolaryngology
and oral and maxillofacial surgery team members were
involved in data collection and analysis. One finding that
seems robust is that the vertical plating technique is
strongly associated with reduced operative time. This find-
ing remains quite strong even in the multivariate Cox analy-
sis, which also permitted adjustment for surgical team.

. |
Conclusions

Vertical box plating for mandibular body fractures provided
increased torque resistance at the fracture line in biomechani-
cal testing and decreased complications and cost in a retro-
spective medical chart review compared with traditional plat-
ing techniques. Further randomized prospective studies are
needed to demonstrate if improved resistance to rotational tor-
sion translates to improvement in clinical outcomes.
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Invited Commentary

Simplifying Mandible Fracture Repair

Clinton D. Humphrey, MD; J. David Kriet, MD

Repairing mandible fractures is difficult. Contemporary treat-
ment of a displaced or symptomatic fracture often includes
open reduction of the fracture and internal fixation with plates
and screws. Rigid or semirigid internal fixation typically elimi-
= nates the need for prolonged
maxillomandibular fixation,
which makes postoperative
recovery easier for the patient. Reconstruction plates at least
2 mm thick are known to reliably withstand mastication forces
and stabilize fractures to facilitate bony healing.

However, using bulky reconstruction plates presents sev-
eral challenges. Manipulating and securing the plate requires
broad exposure. Transoral approaches are preferable, but vis-
ibility is sometimes too limited for both fracture reduction and
plate positioning; open approaches improve exposure but in-
crease operative time, add risks such as facial nerve injury, and
prolong patient recovery. Precise placement of a larger recon-
struction plate along the inferior mandible border is essential
to avoid injuring the inferior alveolar nerve with bicortical
screws. Because of these challenges when using larger recon-
struction plates, the use of single or multiple miniplates for fix-
ating fractures has become increasingly popular. Minimal con-
touringis required. Miniplates are easier to visualize and place
via transoral approaches, and the monocortical screws used
to secure miniplates are less likely to injure the inferior alveo-
lar nerve. Despite these advantages, miniplates also fail more
often. Interfragmentary stability is inferior with a miniplate
even when the plate is positioned along an ideal line of
osteosynthesis.!

As an alternative to miniplates, in this issue of JAMA Facial
Plastic Surgery, Demesh and colleagues? describe using a
3-dimensional (3-D) vertical box or strut plate with monocor-
tical screws. The 3-D vertical box plate can be placed via lim-
ited exposure and with minimal contouring, similar to a mini-
plate, but with rigidity and resistance to torsion that are
comparable with a heavier reconstruction plate. In a retro-
spective medical record review, Demesh and colleagues found
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that fracture repair outcomes with the 3-D vertical box plate
were comparable to traditional plating techniques; further-
more, operative time, neurosensory deficits, and overall
complications were decreased.

When educating novice surgeons about the treatment of
mandible fractures, we stress a distinction between load-
bearing and load-sharing repairs. Only larger reconstruction
plates (of >2 mm thickness) can “bear” the load; these plates
are accepted as the gold standard for fixating atrophic man-
dibles, in comminuted fractures, and in other situations
where bone stock is greatly decreased or absent. Conversely,
the Champy miniplate placed along the superior border to
repair an angle fracture is an example of a load-sharing
repair; the forces of mastication are shared between the
plate and the patient’s native bone that the plate is stabiliz-
ing. In theory, either a load-bearing or load-sharing repair
can be applied to simple fractures in patients with adequate
bone stock. Because miniplates are easier to apply, a load-
sharing repair would seem to be ideal in most situations.
However, a load-bearing repair with a large reconstruction
plate—including the time-consuming exposure and
increased operative risks—might be selected to treat a
simple fracture in a patient with normal bone stock because
the patient appears likely to be noncompliant with the
required soft diet. The 3-D vertical box or strut plates seem
like an ideal alternative for this type of patient.

Although the 3-D vertical box or strut plate is still not con-
sidered a load-bearing repair, these newer plates demon-
strate a resistance to torsional forces during bone healing simi-
lar to reconstruction plates. Perhaps 3-D vertical box or strut
plates can “build in the compliance” without the consider-
able challenges of properly implanting a larger reconstruc-
tion plate. The load-sharing vs load-bearing distinction is still
important for educating the novice surgeon. But, an experi-
enced facial trauma surgeon often views load bearing to load
sharing asa continuum, rather than as distinct categories. Along
this continuum, the 3-D vertical box or strut plate feels much
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