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Abstract

Study Design: Retrospective chart review.
Objective: Restoration of premorbid occlusion is a key goal in the treatment of mandibular fractures. Placement of the
patient in maxillomandibular fixation (MMF) is performed during mandibular fracture repair to help establish occlusion. A
number of techniques are available to achieve MMF. We sought to examine trends in MMF technique at our institution.
Methods: A retrospective chart review was conducted to evaluate patients who underwent surgical treatment of
mandibular fractures between January 1, 2011 and March 31, 2021. Data including fracture characteristics, mechanism of
injury, patient demographics, complication rates, and MMF technique utilized were collected.
Results: One hundred sixty-three patients underwent MMF (132 males). The most common etiology of fracture was
assault (34%). There was an increasing preference for rapid MMF techniques over time, as opposed to standard Erich arch
bars. No significant difference in obtaining adequate fracture reduction as determined by postoperative imaging or
complications were noted between those who underwent MMF with newer rapid techniques vs traditional MMF
techniques.
Conclusions: Our institution has demonstrated changing trends in the technique utilized for establishing occlusion
intraoperatively, more recently favoring rapid MMF techniques, with similar rates of complications and ability to adequately
reduce fractures.
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Introduction

The restoration of form and function is the fundamental goal
when treating mandibular fractures. Maxillomandibular
fixation has been used to re-establish premorbid occlusion
for almost 100 years.1-3 There are a wide variety of es-
tablished methods for MMF, including Erich arch bars, Ivy
loops, intermaxillary fixation (IMF) screws, and the newer
hybrid systems. Each technique has its benefits and
drawbacks, but with the same primary goals: to easily es-
tablish occlusion in a short amount of time with limited risk
of stick injury to the surgeon and a low risk of postoperative
complications. This study reviews trends in methods of
establishing MMF at a single academic university hospital
and level 1 trauma center over the past 10 years, with a focus
on the increasing use of more contemporary devices such as
intermaxillary fixation screws, hybrid arch bars, and
wireless dental occlusion ties (Minne Ties®) for

intraoperative stabilization of occlusion.4 We began using
the newest device, wireless dental occlusion ties (WDOT) at
our institution in 2017. WDOT are a patented blunt tipped
“zip tie”-type device that are used to secure intraoperative
MMF in a similar manner to embrasure wires. Our objective
was to compare rates of adequate postoperative reduction
and complications between different devices used to
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establish MMF. We hypothesized that newer rapid tech-
niques including WDOT demonstrate equivalent rates of
adequate fracture reduction without an increase in post-
operative complications.

Materials and Methods

This study was approved by the University of Kansas
Medical Center (KUMC) Institutional Review Board. A list
of patients who underwent surgical treatment of mandibular
fractures at our institution over the last 10 years was col-
lected using CPT codes 21450, 21451, 21452, 21453,
21454, 21461, 21462, 21465, and 21470. Patient electronic
medical records were retrospectively reviewed and data
were collected, including demographic and comorbidity
data, mandibular fracture type/pattern, use of intraoperative
MMF, use of postoperative MMF, ability to obtain appro-
priate reduction as determined by postoperative imaging,
length of follow-up, and complications. Complications
included infection, hematoma, nonunion/malunion, hard-
ware failure, need for additional procedures, bony se-
questra, wound dehiscence, and other.

Patients who did not undergo intraoperative MMF were
excluded from analysis. The remaining patients were cat-
egorized by type of MMF technique used and sub-
categorized by type of mandibular fracture treated. Mean
length of follow-up was calculated. Nominal variables were
compared between the 2 groups using the χ2 test with a P
value <.05 used for significance.

Results

A total of 229 patients were treated surgically for man-
dibular fractures between January 1, 2011 and March 1,
2021. Twenty patients were treated with MMF alone and
66 were treated with open reduction internal fixation (ORIF)
alone. Patients in which ORIF was utilized without MMF
were excluded from subsequent analysis, resulting in
163 patients eligible for analysis. Eighty-nine were treated
with intraoperative MMF, and 74 were left in MMF post-
operatively. The mechanism of injury for all patients was
traumatic, 25 of whom sustained complex fractures sec-
ondary to gunshot wounds. Demographic, comorbidity, and
fracture etiology data can be found in Table 1.

The techniques used for MMF includedWDOT (n = 34),
arch bars with wires (n = 42), arch bars with elastics
(n = 23), intermaxillary fixation (IMF) screws (n = 31), Ivy
loops (n = 5), hybrid systems (n = 6), and embrasure wires
(n = 34). Multiple types of MMF may have been used in a
single patient. Use of specific methods of MMF by year is
shown in Figure 1. WDOT use began in 2017 and followed
an increasing rate of use from 14.3% of cases with intra-
operative MMF in 2017 to 42.9% of cases in the first
3 months of 2021.

There was no significant difference in the number of
fractures, rates of displacement or comminution, or location
of fracture when comparing WDOT use to other methods to
establish MMF (Table 2). The one exception to this was
subcondylar fractures; WDOT were used significantly less
frequently in these patients, likely because a common
treatment for subcondylar fractures is postoperative MMF,
for which WDOT are not currently indicated. Based on
postoperative imaging, 92.6% (25/27) of patients in whom
WDOT were used demonstrated adequate reduction, while
94.9% (131/138) who underwent other means of MMF
demonstrated adequate reduction (P = .625). 2% (n = 1) and
4% (n = 6) of patients, respectively, were not expected to
obtain reduction of their fractures based on the nature of the
fracture (e.g., subcondylar fractures) and were therefore
excluded from the calculations of reduction rates.

The average time to repair was 3.9 days (SD 5.2 days)
and 5.4 days (SD 7.6 days) in the WDOT and non-WDOT
groups, respectively. Overall, 75.6% (123/163) of patients
presented for at least one postoperative visit (follow-up
duration ranged from 7 days to 57.5 months [SD
10.2 months]).

The most common complication among the WDOT
group was wound dehiscence (18.2%), while in the non-
WDOT group it was the need for additional procedures
(15.9%). There was no statistically significant difference in
complication rates between WDOT and other forms of
MMF (36.4% WDOT vs 37.8% in others, respectively; P =
.900) (Table 3).

Discussion

Our review of MMF techniques at our institution over the
last 10 years shows an increasing frequency of use of the
more rapid forms of MMF, including novel devices, such
as WDOT, with no significant difference in rates of es-
tablishing adequate reduction or complications. This is
the first study to compare the use of WDOT to other forms
of MMF, with few articles in the literature reporting the
use of WDOT for this purpose.4,5 When reviewing the
current literature, Erich arch bars remain the standard of
care for MMF in most patients with complex fractures,
those requiring closed treatment of subcondylar fractures,
and/or for stabilization of alveolar fractures where the
arch bar acts as a splint. There is no conclusive objective
evidence arch bars are superior to other forms of MMF,
though they are generally the most familiar for many
surgeons.6 There are well described downsides to arch
bars, including the time needed to apply them and the
high risk of stick injuries with the use of wires.7-10 Some
of these concerns can be overcome with the use of newer
systems, such as the hybrid arch bars, which are both
faster to apply and have a lower risk of stick injury.8,11

Similarly, other techniques, such as IMF screws and
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embrasure wires, require less time for application than
arch bars and have lower risk of stick injury as fewer
wires overall are used. They also tend to be less
costly.10,12-15 More costly techniques like hybrid systems
may still offer overall cost benefit due to decreased OR
time needed. Fewer points of fixation do lend the risk of
inadequate strength to maintain occlusion, screw loos-
ening, and the inability to use elastics to guide occlusion
in the postoperative period.16 One patient in our study did
require application of arch bars after they fractured the
wires of their IMF screws. Overall, our institution has
been moving towards more rapid techniques for intra-
operative MMF, such as embrasure wires, hybrid sys-
tems, and WDOT. When considering the benefits of these
aforementioned methods of MMF, including less time for
application and lower risk for sharps injury, WDOT offer

a facile means to establish occlusion, while the blunt tip
provides little risk for sharps injury of the surgeon and
limited periodontal trauma for the patient. Similar to
embrasure wires, often only 2 or 4 WDOT were needed,
which made application and removal both simple and
time efficient. WDOT is similar in nature to traditional
embrasure wires allowing for a rapid transfer in skills.
Although not addressed in this study, WDOT can also be
utilized to establish intraoperative occlusion for midface
fracture repair. In this study, we demonstrated that
WDOT function well in both simple and complicated
fractures in terms of adequate fracture reduction, as de-
termined by postoperative imaging and complication
rates were comparable to other forms of MMF.

Patients must be appropriately selected when consider-
ing the use of WDOT. Similar to embrasure wires, WDOT

Table 1. Demographic, comorbidity, and etiology of fracture data.

WDOT (Minne Ties ®) (n = 34) Other Methods of MMFa (n = 129)

Male n (%) 25 (74) 107 (83)
Female n (%) 9 (26) 22 (17)
Age (yr) 32.4 36.2
Comorbidities
Current tobacco use n (%) 22 (65) 59 (46)
Current drug use n (%) 14 (41) 23 (18)
Diabetes n (%) 0 (0) 3 (2)
Immunosuppression n (%) 0 (0) 0 (0)

Cause of fracture
Assault n (%) 14 (41) 41 (32)
Gunshot wound n (%) 3 (9) 18 (14)
Motor vehicle accident n (%) 8 (24) 26 (18)
Fall n (%) 3 (9) 19 (15)
Otherb n (%) 6 (18) 25 (19)

aOther methods for MMF included arch bars with wires, arch bars with elastics, intermaxillary fixation (IMF) screws, Ivy loops, Hybrid systems, and
Embrasure wires.
bOther mechanisms of injury included non-motorized vehicle accidents, animal encounters, car vs pedestrian, and unknown mechanism/found down.

Figure 1. Intraoperative MMF method by year. 2021 is an incomplete year and includes cases through 3/31/2021.
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rely on sufficient native dentition with close contacts
between teeth to create secure MMF. Patients without
sufficient dentition pose a challenge and may benefit from
techniques such as IMF screws or hybrid systems that are
not secured directly to the teeth. The authors use WDOT
only for intraoperative MMF, as WDOT do not provide
the rigid splint functionality of an arch bar, may loosen
with movement of the mandible, and cannot currently be
used with elastics to guide occlusion. However, others
have proposed using WDOT in some patients requiring
prolonged MMF for closed treatment of mandible
fractures.4

Limitations of the study include its retrospective nature
and inclusion of only a single institution’s data. Multiple
surgeons were included with different personal preferences
and levels of familiarity with the various MMF techniques,
which could introduce bias in patient selection for each
MMF technique. Additionally, patients lost to follow-up
may result in underreporting of complications.

In summary, contemporary devices such as WDOT offer a
rapid and simple means to establish MMFwith similar rates of
adequate fracture reduction and complications to that seenwith
other traditional forms ofMMF.WDOTalso carry a lower risk
of stick injury than techniques requiring the use of wires.
WDOTshould be considered a viable option for intraoperative
MMF in patients with good dentition to establish occlusion
during mandible fracture repair.
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Table 2. Fracture patterns.

WDOT (Minne Ties®) n = 34 Other Methods of MMF n = 129 P-value

Average number of fractures 1.69 1.90 .60
Complex fractures n (%) 1 (2.9) 6 (4.6) .97
Displaceda n (%) 22 (65.6) 88 (71.8) .59
Comminuteda n (%) 13 (37.5) 33 (27.4) .16
Locationb

Symphysis n (%) 4 (12.5) 11 (8.9) .58
Parasymphysis n (%) 14 (43.8) 57 (46.0) .12
Body n (%) 14 (43.8) 36 (29.0) .69
Angle n (%) 14 (43.8) 47 (37.9) .51
Ramus n (%) 6 (18.8) 12 (9.7) .18
Subcondylar n (%) 6 (18.8) 47 (37.9) .03
Alveolus n (%) 0 (0) 3 (2.4) N/A
Coronoid n (%) 0 (0) 1 (.8) N/A

aFractures may be both displaced and comminuted.
bPatients may have more than one fracture or had injuries that involved more than one mandibular subsite.

Table 3. Complication rates.

WDOT (Minne Ties®)
(n = 22) Non-minne Ties (n = 151) P-Value

Infection n (%) 3 (13.6) 10 (6.6) .24
Hematoma n (%) 0 (0) 0 (0) N/A
Nonunion/Malunion n (%) 1 (4.6) 10 (6.6) .709
Hardware failure n (%) 2 (9.1) 13 (8.6) .94
Need for additional procedures n (%) 3 (13.6) 24 (15.9) .79
Bony sequestra n (%) 0 (0) 3 (2.0) .50
Wound dehiscence n (%) 4 (18.2) 11 (7.3) .09
Othera n (%) 5 (22.7) 21 (13.9) .28
Overall complication rate n (%) 8 (36.4) 57 (37.8) 0.9

aOther included lip weakness/numbness, hardware exposure, pressure wounds, scar bands, loose teeth.
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