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ABSTRACT

OBJECTIVE: To investigate the patterns of fractures involving the vertical parts of mandible and assess
strategies employed in the treatment to improve clinical outcomes.

MATERIALS AND METHODS: Ninety consecutive patients involving fracture in the vertical part of mandible
were managed as per a devised protocol. The etiological factors, anatomical location, fracture patterns,
associated injuries and management, including surgical incisions, complications and follow up data were
recorded.

RESULTS: In our study, males were predominantly involved (91.1%), and road traffic accidents (52%) and
assault (18.8%) amounted to the most common etiologies. Multiple fracture segments were associated with more
displacement of segments (54.8%), frequently involved the nasal bone (57.8%) or the palate (65.6%). Condyle
was most commonly fractured site (25.4%) followed by parasymphysis (24.8%). Majority of the fractures of the
vertical part of the mandible were of the simple or closed type (81.1%). Complications such as malocclusion
(11.1%), surgical site infection (12.2%), and facial or marginal mandibular nerve injury/palsy (5.5%), TMJ
arthrosis (11.1%) were managed and their incidence correlated with specific fracture pattern and management.
DISCUSSION: Each pattern has distinct characteristics and is associated with varied outcomes.
Maxillomandibular fixation (MMF) was used to treat undisplaced condylar, coronoid and subcondylar fractures
with good functional results. In displaced fractures the retromandibular incision gave better access in majority
cases. In cases with overlap segments, better reduction was achieved due to a traction provided.
CONCLUSION: Understanding the patterns of mandibular fractures is crucial for accurate diagnosis and
treatment planning.
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l. INTRODUCTION

Mandibular fracture is the most common type of fracture in the facial skeleton." Amongst mandibular
fractures, condylar fractures have highest incidence®. Physical trauma, as well as road traffic accidents,
interpersonal violence, workplace hazards, sports, falls and gunshot wounds, are most frequent external causal
factors.

Mandibular fractures can occur in the condyle, body, symphysis, and angle areas, among other
anatomical locations. Every fracture pattern has unique traits that needs to be addressed. Concurrent injuries to
surrounding structures, such as teeth, soft tissues, and facial bones, may render the management of mandibular
fractures more challenging. The choices made about treatment, functional outcomes, and cosmetic outcomes
may be significantly impacted by these injuries. In order to manage mandibular fractures holistically, a thorough
assessment of the fracture site, multiplicity of fractures within the mandible, and related injuries is necessary.
Accgzate diagnosis, adequate reduction and fixation, as well as the avoidance of comorbidities, are necessary for
this.”

This study aims to comprehend mandibular fracture management by examining the patterns of
mandibular fractures, identifying associated injuries, and analyzing therapy options. In particular, we emphasize
the different types of fractures of vertical part of mandible, as these are significantly peculiar in terms of
occurrence, management, complications and follow-up.
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1. MATERIALS AND METHODS

We conducted a Prospective observational study with 90 patients consecutively enrolled. The patients
were selected from the Emergency and Triage department from January 2021 to December 2022. Informed
written consent was obtained from the patients after explaining to them the purpose of the study. Permission for
conducting the study was taken from the Institutional Ethics Committee. A detailed history, clinical examination
and relevant radiological investigations were documented for every patient on a pre-prepared proforma. All data
collected was tabulated and analyzed using proper statistical tools. Patients having various types of fractures of
the vertical limb of the mandible namely, condylar neck, sub condyle, ramus of mandible and the angle of
mandible, as a component of their trauma were selected for this study and their fractures classified as per
Lindahl* and Krenkel® classification systems and a plan drafted for management. Patients with Cervical spine
injury and those with Life threatening injuries were excluded from the study.

All cases were managed as per devised treatment protocol attached (FIGURE.1 AND 2). Mandibular
fractures were initially immobilized using arch bar, in order to, achieve a better airway, decrease bleeding from
fracture, and also reduce pain, thus comparison of duration of surgery only includes the time required for Open
Reduction and Internal Fixation (ORIF). All cases were operated under general anesthesia with appropriate
nasal/submental intubation and surgical access namely pre-auricular incision for condylar fractures or a
submandibular/ retromandibular approach for fractures of sub condyle/ramus of mandible were used. Open
Reduction and Internal Fixation was done using standard aseptic techniques and titanium mini plates and a self-
tapping screw system was used to achieve stable and sturdy reduction and fixation of fracture segments.
Postoperatively, patients were given pain medication and started on chlorhexidine mouth wash. A liquid or no-
chew diet was implemented for up to 6 weeks. X-ray lateral oblique views were done on all patients
postoperatively. In accordance, the patients were followed up fortnightly for the first 2 months and monthly in
the 3rd month and their post-operative complaints, scars, dental occlusion, lateral excursion and mouth opening
in terms of interincisor distance was documented.

The data thus collected was analyzed using SPSS v23. The data were expressed as frequency and
percentage for categorical variables. The quantitative data showing Gaussian distribution were expressed as
mean + SD. Student’s paired t-test was applied for comparison of data of two groups showing Gaussian and
non-Gaussian distribution, respectively. A p-value of <0.05 was considered as significant.

Fig.1 : Protocol devised for management of various patterns of condylar and ramus of mandible fractures
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Fig.2 : Protocol devised for management of various patterns of coronoid and angle of mandible fractures

**MMF duration was decided on case to case basis as per the fracture pattern noted and Displacement was defined as per contact of segments

and cortical margins of bone matching

1. RESULTS

In this study, we observed that the male had a higher incidence of mandibular fractures (91.1%).
Vertical fractures of the mandible were not seen to be associated with an increased incidence of ENT bleed.
Multiple fractures of the mandible were more commonly seen in patients of younger age group (0-40). Majority
of patients who had a palatal fracture also had multiple fracture sites within the mandible (75%). Majority of
patients who had a nasal fracture also had multiple fracture sites within the mandible (62.5%). Assault was more
commonly seen as a cause of injury in patients of 21-50 years of age (82.3%). Additionally, more than half of
the patients with fractures due to a history of fall were of the age group pediatric and adolescent age groups
(58%).

Pre-operative reduced mouth opening is a clinical feature common to mandibular fractures, but it was
twice as common in patients having multiple fracture sites in the mandible (66.2%) vs single fracture (33.8%).
Patients having multiple fractures within mandible had more displacement of segment than singular fractures
(54.8%). In our study regarding vertical pattern fractures of mandible, patients having an unfavorable segment
of bone were more likely to have multiple fractures within the mandible. (FIG.3) These fractures can be
managed with the above-mentioned surgical protocol.

Out of 90 patients, 29 (32.2%) underwent conservative treatment either with eyelets, short segment
arch bars, inter-dental wiring, or a full Maxillomandibular fixation (MMF) using arch bar and rubber bands.
Rest of the patients were managed with MMF followed by ORIF.

Majority of our cases were approached intra-orally for ORIF (43.3%) while approximately one-third
patients required an incision to be committed (32.3%). Retromandibular incision (58.62%) was the most
preferred access by the operating team to manage cases in the study group (Fractures of the vertical part of
mandible).

Condyle was the most commonly fractured site in our study (25.43%) followed by the parasymphyseal
region (24.85%). (TABLE 1) The lateral excursion was seen postoperatively in 21 cases, all cases had fracture
sites in the vertical part of the mandible, but the overall lateral excursion was seen only in 23.3% of cases. There
was no statistically significant correlation between Mandibular protrusion/retrusion and Vertical part of
mandible fractures suggesting fractures of this part behave similar to fractures of horizontal part of mandible.
(TABLE 2)

The majority of the fractures of the vertical part of the mandible were of the simple or closed type
(81.1%) and only 17(18.9%) cases were either compound or open in nature. The complications were
significantly higher with compound fractures of the vertical part. (TABLE 3)

Pseudo arthrosis and pain at TMJ was observed in only 11.1% cases with Vertical part of mandible
fractures. In patients having both DM and another co-morbidity, there was a direct correlation in occurrence of
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post op infection. However, when a single co-morbidity was present, there was no significant increase in
infections.

Fig. 3: Multiplicity of mandibular fracture sites correlation with Vertical part of mandible fractures
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Fracture fracture fracture
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Table 1 :- Site of fracture
Frequency Percentage
Neck 8
4.62
Condyle
Subcondyle 12 6.94
a4 25.43
Isolated/undisplaced 2 1.16
Coronoid Associated 9 519
1 6.35
Anterior border 10 5.78
Posterior border 3 173
Ramus - :
Horizontal 7 405
20 1156
Teeth on both side 16 9.25
Angle Teeth on one side 9 5.20
Edentulous 5 289
30 17.34
Body 7 4.04
Parasymphysis 43 24.85
Symphysis 18 10.40

Table 2: Postop lateral excursion correlated with Vertical part of mandible fractures

Postoperative lateral excursion Horizontal Vertical Total
Singular Two site Three site
Fracture fracture fracture
No lateral Frequency 4 50 13 2 69
excursion % 4.4% 55.6% 14.4% 2.2% 76.7%
Lateral Frequency 0 19 2 0 21
excursion % 0% 21.1% 2.2% 0% 23.3%
Total Frequency 4 69 15 2 90
% 4.4% 76.7% 16.7% 2.2% 100.0%
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Table 3: Complications correlated with compound fractures of the vertical part of mandible

Complication Compound
Postop Mal-occlusion 3 (3.3%)
Postop Mouth opening 17 (18.9%)

Postop-infection 4 (4.4%)

V. DISCUSSION

Understanding the patterns of mandibular fractures is crucial for accurate diagnosis and treatment
planning. Mandibular fractures can occur at different anatomical sites, including the condyle, body, symphysis,
and angle regions. Each fracture pattern has distinct characteristics and may be associated with specific
complications.

The condyle (25.43%) and parasymphyseal (24.85%) regions were the most fractured in our
investigation, similar to Widmark et al °, Chrcanovic BR et al ® and Bormann KH et al . The high incidence of
mandibular condyle fracture is attributable to the binding of the mandibular ramus (high stiffness) to the
mandibular condyle (low stiffness).? Fractures are generally caused by indirect force that is delivered to the
mandibular condyle head. The condylar fragment may be displaced (most often laterally) based on the
angulation of the fracture and predominant muscle pull.® The most common external causative factor is physical
trauma, and motor vehicle accident, inter-personal violence, industrial hazards, fall, sports, and gunshot wounds.
Condylar process fractures require skillful care to restore the joint's function and anatomy.

Road traffic accidents caused 52.2% (47/90) of maxillofacial fractures. Zachariades et al ® and Van
Beek et al ° found that road traffic accidents caused over half of maxillofacial fractures. Motor vehicle accidents
are more common due to their ease of use and lax traffic laws, which increase maxillofacial trauma and
fractures.

Our male predominance (91.1%) is similar to that gender distribution found in literature.
Travelling, sports, socializing, and alcohol intake make males more likely to have facial injuries. Maxillofacial
trauma involved mostly 21-30-year-old patients, which is consistent with earlier studies.*'’ 60% of
maxillofacial fracture patients were in their third and fourth decades, with the highest incidence in the third. Our
study found the highest prevalence in 21-30 years of age 33 (36.6%) and 31-40 years of age 19 (21%). Natu SS
et al **, Chandra Shekar BR. agree.

Alcohol intoxication was 41% in Chandra Shekar BR et al " and 13% in Zix JA et al **. Al Ahmed et al
19 found no alcohol consumption in Sharjah, UAE, maxillofacial injury patients. The tight alcohol sales and use
laws avoid alcohol-related injuries. In our study 38.8% were under influence when injured.

Kontio et al % reported 67.02% loss of consciousness in their study due to violence causing
maxillofacial injuries. In our study it was seen to be 21.1%. Our investigation found 31.1% single and 68.9%
multiple mandibular fractures. This resembled Sirimaharaj et al. and Ajmal et al . 68.9% of patients had
multiple mandible fractures, similar to Ogundare et al.14 (52.25%). One-third of cases had parasymphysis with
condylar fracture. A horizontal direct hit to parasymphysis sent a force to mandibular condyle, causing
significant tensile strength and fracture. Contrary to Dongas and Hall et al. %2, who saw parasymphysis with
angle, Ogundare et al.™ reported body with angle as the most common pairings.

Pre-operatively,patients had deranged occlusion and bony deformities. Laurentjoye M et al.?
concurred. The parasymphysis, symphysis, and body fractures were treated intraorally. Angle fractures that
undisplaced and favorable instances (5 patients) were treated intraorally. During intraoral parasymphyseal
fracture reduction and fixation, the mental nerve was preserved. Maxillomandibular fixation (MMF) was used to
treat undisplaced condylar, coronoid and subcondylar fractures with good functional results, similar to the
results of Ghodke et al.**

Only 4 patients had reduced mouth opening post-op. TMJ damage likely caused this. Arch bar was
retained for 4 weeks. MMF withdrawal at 2 weeks and early mobilization resulted in near-normal mouth
opening. At the first review, 10 patients (11.1%) exhibited malocclusion, comparable to Benjamin et al %,
Occlusion is crucial to treating subcondylar fractures. Post-ORIF malocclusion rates differ in literature, due to
the patient's dental history, additional maxillofacial fractures, bilateral condylar fractures, and poor fracture
reduction, Ellis, 1998 %; Meyer, Zink et al. 2008*° and at 3 months follow-up, Ellis et al. 2000 found no occlusal
abnormalities.*

A common finding in our study was in respect to incisions. Surgical accessibility was determined by
operation length, fracture reduction, plate and screw implantation, and nerve preservation. Practically the
preauricular incision was useful in cases requiring ORIF of the condylar head, neck and subcondylar region
while the submandibular approach provided access for reduction of fractures of the body, angle and lower ramus
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of mandible only. The retromandibular approach provided access for ORIF of majority of the fractures involving
vertical part of mandible i.e. the subcondyle, ramus and angle of mandible fractures. The posterior border of the
mandible could be visualized all through the incision. This incision was also seen to be the least morbid,
cosmetically acceptable and offered a faster learning curve. (FIGURE 4)

FIG 4: Accessibility through various incisions

-RETROMANDIBULAR

PREAURICULAR

% -SUBMANDIBULAR

l:] ANTRAORAL

In displaced fractures of the vertical part of mandible, the retromandibular incision gave better access
for open reduction due to traction offered by a skilled assistant. The retromandibular incision not only offered
clear view of the fractured segments but also allowed to visualize the sturdy angle of mandible hence enabling a
tractional pull by the assistant by a bone holding forceps or by using a stainless-steel wire loop passed through a
hole drilled there. Such practical problems and solutions were very helpful in reducing frequently observed over
riding / over lapped fractured mandibular segments. Hinds et al*’ also found retromandibular technique better
for subcondylar fractures. This incision should be made in a skin fold, 1 cm below the ear lobe, and 1 cm
posterior to the mandibular ramus. The parotid gland is retracted anteriorly and the masseter muscle is divided to
approach fracture gap. In our study, the operating team favored retromandibular incision (58.62%) to treat
vertical mandible fractures. This was particularly also found to be useful in cases having post traumatic lateral
displacement of the fractured segments.

Five patients in the operative group (12.2%) were treated with antibiotics based on wound swab culture
and sensitivity data. The implant was kept until clinical fracture union was confirmed. Four individuals had
implants removed after fracture union. The infection rate was observed to be higher than the 8.1% rate noted by
Ugboko et al.?® Four patients in the operated group (5.5%) suffered nerve damage, like the study by Benjamin et
al.”® (7.1%) and Cawood # (8%) which improved in 8-12 weeks. Similar to Meyer et al. 2008, radiographs
showed no plate bending, screw loosening, or plate fracture during the 3-month follow-up.

Four (4.4%) of 90 patients received conservative treatment with eyelets, short segment arch bars, or
inter-dental wiring, while 25 (27.8%) received maxillomandibular fixation (MMF) because they were unfit for
anesthesia. Benjamin et al.”® used arch bars and eyelets with similar results. Fractured mandible immobilization
is usually 4-6 weeks.'**® while in condylar fractures for lesser duration.” Although empirical, it is frequently
influenced by various factors, including patient age, type, quantity, and severity of fracture, presence or absence
of retained teeth in fracture line, and infection.

Lateral mandible movements are better indicators of TMJ function than mouth opening they assess
translational condyle movements, which are more affected by fractures as described by Buschang,
Throckmorton et al. 2000 *. In our study group, patients with vertical mandible fracture sites had higher rates of
post-operative lateral excursion (23.3%). Adult lateral excursion averages 9—11 mm and ranges from 6-22 mm.

As there is no existing protocol to manage vertical mandibular fractures, this study established an
evidence-based flowchart for the same. Our emphasis was on the management of different types of fractures
based on part of mandible involvement, the extent of displacement, and associated complications. By creating a
sound protocol, the management of vertical mandibular fractures can be standardized universally.
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V. CONCLUSION
In this study, several conclusions may be drawn-
The condyle was the most commonly fractured site, majority of the fractures of the vertical part of the
mandible were of the simple or closed type, while compound fractures were predominantly involving the
horizontal part of mandible. The retromandibular incision was used most as it allowed open reduction of the

fractured segments using a swift pull by a skilled assistant.
Understanding the patterns of mandibular fractures is crucial for accurate diagnosis and treatment
planning. By creating an evidence-based protocol, an attempt can be made to standardize the management of

vertical mandibular fractures.
FIGURE 5: Right sided angle of mandible fracture and left sided body of mandible fracture

(a) Preoperative 3D reconstructed CT scan

(b) Post-operative X-ray

(c} Incision

(c)
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FIGURE 6: Left sided angle of mandible fracture and right sided body of mandible fracture
with assoclated frontal bone fracture

(a) Pre-operative clinical picture
(b) Preoperative 3D reconstructed CT scan

{c) Post-operative X-ray

{d) Follow up clinical picture

(a) (b

(c) (d)
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FIGURE 7: Right sided angle of mandible fracture and left sided parasymphysis of
mandible fracture with a displaced segment

(a) Preoperative 3D reconstructed CT scan
(b) Pre-operative clinical picture
{c) Post-operative X-ray

(8] (c)
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FIGURE 8: Left sided angle of mandible fracture and right sided parasymphysis fracture
along with a displaced subcondylar fracture of the left side

(a) Preoperative 30 reconstructed CT scan
{b) Retromandibular approach used and the displaced condylar fracture segment was

reduced using a swift pull by assistant using bone holding forceps
(c} Same incision was used for Open reduction and Iinternal fixation of left angle and

left subcondylar fracture segments

(a)

(k) e}
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FIGURE 9: Left sided subcondylar fracture associated with a left sided incomplete fracture
of the left parasymphysis,

{a) Preoperative 30 reconstructed CT scan
(b) Post-operative X-ray
{c) Follow up clinical picture: lateral view showing a salivary fistula
(d) Follow up clinical picture: lateral oblique view

(b} (c) (d)
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FIGURE 10: Intraoperative pictures
{a) Precise planning and marking of the incision

{b) Exploration and reduction of the fractured segments

(c) Open reduction and Internal fixation of right condylar fracture using 2 hole with bar
titanium miniplate and 2*6mm screws using a retromandibular incision
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