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Abstract

Objective. Mandibular plate reconstruction (MPR) is often

indicated after tumor ablation, osteoradionecrosis excision,

and traumatic bone loss to restore oral functionality and

facial cosmetics. There are limited analyses identifying risk

factors that lead to plate infection (PIn), exposure, and

removal (“plate complications”).

Study Design. Retrospective cohort study.

Setting. Academic tertiary medical center.

Methods. Patients who underwent MPR from 2013 to 2022

were identified. Risk factors for plate complications were

analyzed based on demographic, clinical, intraoperative, and

postoperative factors. Multivariable analysis was conducted

with logistic regression. Survival analysis was conducted with

a Cox model.

Results. Of the 188 patients analyzed, 48 (25.5%) had a plate

complication [infection: 22 (11.7%); exposure: 23 (12.2%);

removal: 35 (18.6%)]. Multivariate analysis revealed pre-

dictive associations between at least 1 plate complication

and the following variables: smoking status, soft tissue

defect size, number of plates, average screw length, and

various postoperative complications. Other associations

approached the threshold for significance. Prior and

adjuvant radiation therapy, type of free flap, stock versus

custom plates, and perioperative antibiotic prophylaxis

regimens were not associated with plate complications.

No plate complication was independently associated

with lower overall survival. PIn (hazard ratio, HR: 7.99,

confidence interval, CI [4.11, 15.54]) and exposure (HR:

3.56, CI [1.79, 7.08]) were independently associated with

higher rates of plate removal.

Conclusion. Plate complications are relatively common

after MPR. Smoking history, specific disease character-

istics, hardware used during surgery, and postoperative

complications may help identify higher-risk patients,

but additional larger-scale studies are needed to validate

our findings and resolve discrepancies in the current

literature.
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Mandibular plate reconstruction (MPR) is
frequently indicated after tumor ablation,
osteoradionecrosis (ORN), and traumatic

bone loss to reestablish the continuity of the mandible and
preserve oral intake, a patent airway, and articulate speech.1

To reduce the number of revisions and improve outcomes,
modern MPR approaches are often performed immediately
following extirpative surgery. The gold standard donor flap
is the fibula free flap (FFF) given its appropriate soft tissue,
bone stock, and low morbidity.2 Osteocutaneous radial
forearm (RFFF) and scapular tip free flaps are additional
options for bony reconstruction.3,4 Anterolateral thigh,
soft‐tissue‐only RFFF, and the latissimus dorsi free flaps
are alternatives if bony reconstruction is deferred.5 These
reconstructions are often stabilized by stock or patient‐
specific titanium plates, given the strong torsional and
bending forces the mandible must withstand.6,7 Properly
approximating plates with the defect is critical to avoid
altering facial structure and impairing functionality.8 Thus,
surgeons must balance esthetics and performance with
medical treatment of the defect.9,10

While some studies claim success rates for MPR up to
86% to 100%, significant perioperative and postoperative
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morbidities can occur.11‐17 Major problems include plate
infection (PIn), plate exposure (PEx), and pain, all of
which can reduce quality of life and can necessitate plate
removal (PRem) or revision surgeries. PIn and PEx
specifically are among the most common indications for
PRem.18,19 Despite these known adverse outcomes, there
has been limited research regarding their incidence and
risk factors. Two meta‐analyses investigating MPR
secondary to ORN calculated the rates of postoperative
complications such as free flap failure, fistula formation,
PEx, and flap infection.14,15 A recent retrospective cohort
study of 91 patients found that preoperative radiotherapy
and secondary mandibular reconstruction were predictors
of hardware failure.20 Another study of 28 oromandibular
cancer cases determined that adjuvant radiation therapy
was correlated with PIn and PEx.21 Nevertheless, many
demographic, clinical, intraoperative, and postoperative
variables remain to be analyzed.

Hence, our study aims to elucidate the rates of PIn,
PEx, and PRem (which henceforth may collectively be
referred to as “plate complications”) in patients who have
undergone MPR, identify associated risk factors, and
investigate their effect on survival. Existing literature is
limited in this regard, especially within the same large and
diverse patient cohort.14,22‐26 Our study seeks to address
this gap and add to the growing research exploring the
efficacy and outcomes of modern MPR.

Methods and Materials

Study Design, Setting, and Sample
This was a retrospective cohort study involving patients
who underwent MPR with transosteal bone plate
implantation at a single tertiary academic institution
from May 2013 to May 2022. Clinical notes and operative
documents from the medical records of included patients
were reviewed, and data was managed with Research
Electronic Data Capture software.27 Inclusion criteria
were age ≥ 18 years, single‐stage MPR with vascularized
free flap, and follow‐up of ≥12 months. Patients
were excluded if any other part of their head or neck
was simultaneously reconstructed or if reconstruction
occurred without transosteal bone plating. This study was
approved by the University of Pennsylvania Institutional
Review Board (project number 826710) and adheres to
the “Strengthening the Reporting of Observational
Studies in Epidemiology” framework.28

Study Outcomes
The primary outcomes of interest were the rates of and
risk factors associated with PRem (explantation of
transosteal bone plate(s) any time after MPR), PIn
(surgical site or hardware infection more than 30 days
after MPR), and PEx (visible extrusion of transosteal
bone plate(s) any time after MPR). PIn and PEx were
clinical diagnoses based on the presence of erythema,

swelling, and/or drainage and visible exposure at the
surgical site, respectively. Secondary outcomes of interest
included 5‐year survival rates and median time to plate
complications.

Study Variables
Study variables included demographic information, med-
ical history, diagnostic workup, surgical management,
and adjuvant therapy. Patient demographics included
age at MPR, sex, race, body mass index, and smoking
status. Medical history included American Society of
Anesthesiologist physical status, immunosuppression,
Charlson Comorbidity Index (CCI) score and its compo-
nent comorbidities, hypothyroidism, and nutrition status.
Diagnostic workup included prior history of radiation to
or cancer of the head and neck; indication for MPR;
histology, primary site, and T stage of malignancy; and
histology of benign tumor. Surgical management included
length of inpatient stay, type of free flap, size of soft tissue
defect, number of osteotomies, number and average size
of plates and screws, type of plate, and various post-
operative complications, including surgical site infection
(wound infection within thirty days of reconstruction),
wound dehiscence, hardware complications (loose screws
or plate fracture), free flap compromise, and thrombotic
events. Composition and duration of perioperative
antibiotic prophylaxis, along with history of penicillin
allergy, were also documented. Finally, survival status
was recorded, as were instances and dates of plate
complications.

Statistical Methods
Wilcoxon rank‐sum test, Pearson's χ2 test, and Fisher's exact
test were used to conduct univariate analyses. Significance
was set at P ≤ .05, P values were 2‐sided, and 95% confidence
intervals (CIs) were constructed where appropriate.
Significant variables in the univariate analysis that were
nonconfounding, as determined by variance inflation factor
(VIF) analysis, were incorporated into a multivariable
logistic regression model to determine predictive associa-
tions. Unadjusted Kaplan‐Meier estimates were used for
univariate comparison of overall survival and plate
complications at 5 years, and a Cox proportional hazard
model was used for multivariate analysis of these outcomes.
Statistical analyses were performed using R version 4.3.1
(R Project for Statistical Computing) via RStudio version
2023.06.0 (RStudio Inc).

Results

Demographic and Clinical Characteristics
The final study population consisted of 188 patients.
Of these individuals, 48 (25.5%) had a plate complication;
22 (11.7%) had PIn, 23 (12.2%) had PEx, and 35 (18.6%)
had PRem. The mean age of patients in the sample was
61.0 years old (SD: 14.8 years). Most patients were male
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(66.5%), white (80.9%), and current or former smokers
(61.2%). The median CCI was 5.0, and many patients had
prior radiation to (34.0%) or cancer of (39.9%) the head
and neck. The most common indication for reconstruc-
tion was malignancy (67.6%). Additional information
about the patient cohort can be found in Supplemental
Table S1, available online.

Intraoperative and Postoperative Characteristics
The typical reconstruction utilized a FFF (71.3%) with a
single stock plate that was ≥1.5 mm thick. Almost half
(47.9%) of reconstructions were associated with surgical
complications, with thrombotic events (18.1%), surgical
site infection (16.0%), and wound dehiscence (14.9%) the
most common. A minority of patients received adjuvant
radiation (22.3%) or chemoradiation (13.3%). Additional
characteristics can be found in Supplemental Table S2,
available online.

Most (80.1%) patients received a prophylactic perio-
perative antibiotic regimen of ampicillin‐sulbactam, with
a median duration of 3 days. Few (12.3%) patients had a
penicillin allergy. Additional data regarding antibiotic
regimens can be found in Tables 1 and 2.

The 5‐year overall survival rate for the entire cohort
was 75.5% (CI [66.9, 82.2]). Median time to PRem, PIn,
and PEx was 0.84 years (interquartile range, IQR [0.44,
1.21]), 0.46 years (IQR [0.32, 1.69]), and 0.58 years (IQR
[0.14, 1.50]), respectively.

Predictive Factors of Plate Complications
After univariate analysis, smoking status (P= .021),
primary site of malignancy (P= .008), soft tissue defect
size (P= .035), plate thickness (P= .016), number of
screws (P= .032), average screw length (P= .025), sur-
gical site infection (p = 0.047), wound dehiscence
(P= .001), hardware complications (P= .033), and free
flap compromise (P= .023) were significantly associated
with plate complications. Stratifying by type of plate
complication revealed other associations. Primary site of
malignancy (P= .005), soft tissue defect size (P= .008),
number of plates (P= .032), average screw length
(P< .001), surgical site infection (P= .006), wound
dehiscence (P= .046), and hardware complications
(P= .034) were associated with PRem. PIn was signifi-
cantly associated with diabetes mellitus (P= .042), pri-
mary site of malignancy (P= .017), soft tissue defect size
(P= .011), plate thickness (P= .025), wound dehiscence
(P= .007), and free flap compromise (P= .050). Smoking
status (P= .023), history of myocardial infarction
(P= .027) or rheumatologic disease (P= .028), primary
site of malignancy (P= .003), number (P= .027) and
thickness (P= .044), and wound dehiscence (P= .009)
were significantly associated with PEx. PIn (P< .001) and
PEx (P< .001) were significantly associated with PRem. Of
note, hypothyroidism, nutrition status, prior or adjuvant
radiation, number of osteotomies, type of plate, duration T
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and composition of perioperative antibiotic prophylaxis,
and penicillin allergy were not associated with any plate
complications. Other associations approached significance;
a summary of univariate analyses conducted can be found
in Supplemental Tables S1 and S2.

Multivariable regression models were then created
using these covariates to identify factors independently
associated with plate complications. Patients with a
smoking history (odds ratio, OR: 2.70 [1.18, 6.67]), soft
tissue defect ≤ 45 cm2 (OR: 2.70 [1.23, 6.25]), wound
dehiscence (OR: 2.68 [1.00, 7.13]), and hardware compli-
cations (OR: 5.40 [1.37, 22.1] were more likely to have
plate complications. Individuals with soft tissue defect ≤
45 cm2 (OR: 3.70 [1.54, 9.09]), average screw length < 9
mm (OR: 3.57 [1.30, 10.0]), surgical site infection (OR:
4.05 [1.50, 11.0]), wound dehiscence (OR: 3.53 [1.25,
9.83]), and hardware complications (OR: 4.36 [1.00, 18.8])
were more likely to have PRem. Patients with soft tissue
defect ≤ 45 cm2 (OR: 4.76 [1.54, 16.7]) and wound
dehiscence (OR: 3.99 [1.19, 12.9]) were more likely to
have PIn. Those with prior MI (OR: 3.72 [1.06, 12.2]) and
>2 plates (OR: 3.87 [1.09, 12.9]) were more likely to have
PEx. Other ORs approached the threshold for signifi-
cance; a summary of multivariate analyses can be found
in Table 3.

Rates of Overall Survival and PRem
On univariate Kaplan‐Meier analysis, 5‐year overall
survival was not significantly different between patients
with and without PRem (87.3% [69.0, 95.1] vs 72.5%
[62.3, 80.4]; P= .14), PIn (95.5% [71.9, 99.4] vs 72.3%
[63.2, 80.2]; P= 0.058), PEx (64.4% [31.5, 84.5] vs 77.1%
[68.1, 83.8]; P= .53), and plate complications (79.5%
[70.5, 89.8] vs 74.1% [63.7, 81.9]; P= .41) (Figure 1).
These associations remained insignificant for PRem
(hazard ratio, HR: 0.46 [0.16, 1.31]), PIn (HR: 0.18
[0.02, 1.33]), PEx (HR: 1.33 [0.55, 3.18]), and plate

complications (HR: 0.72 [0.33, 1.57]) when controlling for
significant demographic, clinical, and operative traits.

Rates of PRem were significantly different among
patients with and without PIn (72.9% [46.1, 93.6] vs 16.2%
[10.6, 24.3]; P< .001) and PEx (84.4% [63.5, 96.8] vs
13.5% [8.5, 20.9]; P< .001) (Figure 2). PIn (HR: 7.99
[4.11, 15.54]) and PEx (HR: 3.56 [1.79, 7.08]) were
associated with higher rates of PRem on multivariable
Cox models, too.

Discussion
MPR is performed in many contexts to achieve functional
and esthetic recovery and improve postoperative quality of
life, but adverse outcomes do occur. Risk factors leading to
such outcomes are not entirely understood as previous
studies analyzed plate complications in isolation or with
smaller cohorts. In this single‐institution sample of 188
patients, plate complications were relatively common
(25.5%); 35 (18.6%) patients had PRem, 22 (11.7%) had
PIn, and 23 (12.2%) had PEx, correlating with reported
values.19,29‐31 Smoking status, soft tissue defect size, number
and thickness of plates, number and average length of screws,
surgical site infection, wound dehiscence, and hardware
complications were associated with at least 1 plate complica-
tion on multivariate analysis, with several other variables
approaching significance (Table 3). No plate complication
was associated with decreased overall survival (Figure 1).

Some risk factors we identified are original contribu-
tions to the literature. For instance, shorter screws were
associated with increased rates of PRem and approached
significance for plate complications. It is presumed that
shorter screws allow for less secure attachment to the
reconstructed mandible; patients requiring shorter screws
may also have small and/or atrophic mandibles, making
them inherently more prone to complications. Soft tissue
defects ≥ 45 cm2 were correlated with decreased rates of
plate complications, PRem, and PIn, perhaps because

Table 2. Additional Information Regarding Perioperative Prophylactic Antibiotic Regimens, Broken Down by Specific Antibiotics Used,

Frequency, and Median and Mean Duration of Regimen

Antibiotic regimen Specific antibiotics used Count (%)

Median (IQR)

length Mean (SD) length

Ampicillin-sulbactam Ampicillin-sulbactam 3 g every 6 h 91 (62.3) 3 (3, 6) 4.41 (2.33)

Ampicillin-sulbactam 1.5 g every 6 h 26 (17.8) 5.5 (3, 7) 5.77 (3.10)

Cephalosporin with

metronidazole

Ceftriaxone 1 g daily with metronidazole 500 mg

every 12 h

12 (8.2) 3 (3, 3) 3.33 (1.11)

Cefazolin 1 g every 8 h with metronidazole 500 mg

every 12 h

5 (3.4) 3 (3, 6) 4.20 (1.60)

Other Levofloxacin 750 mg daily with metronidazole

500 mg every 12 h

6 (4.1) 3 (3, 4) 4.00 (1.83)

Clindamycin 600 mg every 8 h 3 (2.1) 7 (-) 6.33 (0.94)

Individualized antibiotic regimens, per Infectious

Disease

3 (2.1) 3 (-) 3.67 (1.70)

Abbreviation: IQR, interquartile range.

4 Otolaryngology–Head and Neck Surgery 00(00)
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scar tissue formed by larger defects may protect hardware
and anatomic structures from external factors while better
stabilizing implanted plates. We do not advocate delib-
erately enlarging the surgical site in all patients, but
further study is merited to see if this would be beneficial in
specific scenarios, given its consistency across multiple
plate complications. Implanting more than 2 plates was
associated with greater rates of PEx, although this may be
a function of probability. Finally, various surgical
complications (surgical site infection, wound dehiscence,
hardware complications, and free flap compromise) were
associated with or approached significance for multiple
plate complications, likely due to interruptions in the
normal wound healing process. Other covariates—tumor
histology, type of free flap, plate thickness, and number of
screws—also approached significance for multiple plate
complications on univariate and multivariate analysis,
thus warranting further analysis in larger studies.

Other risk factors match those already recognized in the
literature. For instance, PRem, PIn, and PEx have been
linked to smoking history, site of defect, and surgical site
infection.26,32‐35 Of note, primary tumor site was not
included in our multivariate analysis due to its distribution
and possible confounding per VIF analysis. One study
showed that PEx was associated with free flap compromise,
while another connected PIn with diabetes mellitus.30,36

These variables approached significance on our univariate
and multivariate analysis, respectively. Finally, PIn and PEx
were the 2 variables most strongly associated with PRem,
validating our statistical analyses and findings.18,19

Additional covariates were insignificant on univariate
analysis. Stock plates performed similarly to patient‐specific
plates, although the latter approached significance in
decreasing rates of PEx. This suggests that without specific
indications, such as location of injury or previous hardware
failure, stock plates are a cost‐effective implant for
successful MPR. The reduction of mean plate‐to‐bone gap
by custom plates may explain their apparent effect on
PEx.37 Perioperative antibiotic regimen also was not
significantly associated with plate complications (Table 1).
Our institution has a standard regimen of ampicillin‐
sulbactam for all bony reconstruction patients, even for
those with ORN, with levofloxacin/metronidazole as an
alternative for penicillin‐allergic patients (Table 2). This
protocol is only altered in consultation with our Infectious
Disease colleagues based on drug allergies, underlying
immunocompromise, and concern for infection at the time
of surgery. Our outcomes provide evidence that if coverage
is adequate, different prophylactic regimens and penicillin‐
allergic patients are not associated with increased plate
complications. Of note, all patients between July 2019 and
February 2020 had a perioperative regimen of cephalos-
porin/metronidazole due to an institutional antibiotic
shortage, explaining why it is the second‐most common
regimen documented. Finally, aside from a history of
myocardial infarction, rheumatologic disease, or diabetes
mellitus, no comorbidity approached significance. ThisT
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Figure 2. Unadjusted Kaplan-Meier curve comparing 5-year incidence rates of PRem between patients who did and did not have (A) PIn and

(B) PEx. Rates of PRem were significantly different in both cases. PEx, plate exposure; PIn, plate infection; PRem, plate removal.

Figure 1. Unadjusted Kaplan-Meier curve comparing 5-year overall survival between patients who did and did not have (A) plate

complications in general, (B) PRem, (C) PIn, and (D) PEx. No plate complication was associated with decreased survival. PEx, plate exposure;

PIn, plate infection; PRem, plate removal.
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suggests that pre‐existing conditions should largely not be
considered contraindications toMPR. Additionally, it implies
that aside from specific aspects of medical history, hardware
used intraoperatively and postoperative complications—and
perhaps radiation therapy, as discussed by other papers—are
primarily why plate complications occur.

Multiple risk factors previously associated with plate
complications were insignificant in our analysis. The most
prominent were preoperative and adjuvant radiation
therapy. Although one study also found that radiation
therapy did not affect the rate of PEx,35 others associated
it with increased incidence of all plate complications.19,38‐40

As plate complications are multifactorial, our findings may
reflect the size and diversity of our cohort, which could have
introduced other factors that mitigated the effect of
radiation; improved surgical techniques over the course of
the study period; or our institution's protocols to identify
and monitor patients undergoing radiation, thereby opti-
mizing the population while intervening at the earliest signs
of complications. The discrepancy between the rates of
patients with advanced‐stage malignancy (73.6%) and
adjuvant therapy (35.6%) may stem from patient concerns
about quality of life, physician refusal given patient health
status or comorbidities, prior radiation to the same area or
ineffective chemotherapy, or advanced disease progression.
One study positively correlated osteotomies with PEx,30 but
it only examined PEx that occurred within a year of MPR.
Others associated certain free flaps with PRem, but our
analysis did not show any increased plate complications
with osteocutaneous versus soft tissue reconstruction.19,41

Examined together, the results of this investigation
suggest some guidelines for MPR that may lead to decreased
morbidity. First, minimizing the number of plates and
screws while ensuring adequate thickness and length,
respectively, seems to be beneficial. Shorter monocortical
screws have historically been used to secure the osteocuta-
neous flap to prevent the theoretical disruption of the
periosteal blood supply on the nonplating surface, but the
success of longer bicortical screws suggests that this fear
may be unfounded.42‐44 Taking precautions to reduce the
rate of surgical complications—adequate antibiotics to
curtail surgical site infections, properly suturing fascia and
overlying skin to prevent wound dehiscence, and ensuring
viable anastomoses to lessen rates of free flap compromise—
may also improve patient outcomes. Unless custom plates
are specifically indicated, stock plates appear to be as
efficacious and more cost‐effective. Finally, our data clearly
supports PIn and PEx generally being indications for PRem.
However, not all patients with PIn and PEx had PRem and
vice versa. More investigation must be done to demarcate
when PRem, PIn, and/or PEx occur without the other(s),
but the existence of these cases emphasize that these plate
complications can be considered independent phenomena to
some extent and that PRem should ultimately be a
collaborative discussion between the patient and physician
based on chronic pain, functional limitations, esthetic
concerns, and medical stability for additional surgery.

Our study should be interpreted in the context of certain
limitations. Given the relatively low frequency of plate
complications and that 12.8% of our cohort was lost to
follow‐up, it is possible that our multivariable models may
be skewed due to overfitting. Moreover, we did not account
for surgeon experience or variations in hardware when
analyzing the data. Indeed, previous studies have shown
conflicting results regarding the impact of the type and
model of implants on plate complications.45‐48 Additionally,
perioperative antibiotic data was not available for the 42
(22.3%) patients prior to November 2016, but study authors
who operated during this time agree that our regimens were
unchanged. Our study also did not account for the location
of the mandibular defect in our analysis, which may be
pertinent as anterior and lateral defects carry distinctive
load‐bearing issues and reconstructive challenges.49 Finally,
as most of our patients had squamous cell carcinoma, our
findings may not be as generalizable for ORN, benign
tumors, facial trauma, and other indications of MPR.

Conclusion
PRem, PIn, and PEx are relatively common after MPR but
are not associated with decreased overall survival. History of
smoking, soft tissue defect size, characteristics of hardware
used, and surgical complications may be used to identify
patients at risk of a plate complication. Additional larger‐
scale studies must be conducted to fully elucidate and validate
our findings of the risk factors associated with PRem, PIn,
and PEx and resolve discrepancies in the current literature.
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