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INTRODUCTION
Mandibular fractures are common among fractures of the cra-
niofacial region [1,2]. Approximately 20% to 80% of patients 
with maxillofacial fractures have been reported to have man-
dibular fractures in previous studies [1-4]. Although both 
pathologic and traumatic events may induce fractures in the 
mandibular region, trauma is the main cause [5]. Traumatic 

mandibular fractures are classified into several anatomical 
groups according to the fracture sites: symphysis, parasymphy-
sis, body, angle, subcondyle, condyle, and ramus [2,6]. Among 
these areas, the sites that have structural relationships with the 
teeth are the symphysis, parasymphysis, body, and angle areas. 
Zhou et al. [7] reported the pattern of dental injury distribution 
in mandibular fractures, and other studies have also been con-
ducted on the relationships between maxillofacial fractures and 
the types or occurrence of dental injuries [1,8]. However, a lit-
erature review yielded no studies on the relationships between 
the roots of the teeth and the mandibular bone in association 
with mandibular bone fractures. Accordingly, in this study, we 
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between dental roots and the mandibular bone on single mandibular bone fractures, which are 
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Methods: This was a retrospective, single-center study in Seoul, Korea. Patients with single 
mandibular fractures in the symphysis, parasymphysis, body, and angle area, with tooth structure 
involvement were included. The control group included patients with simple, bone-level lacera-
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aimed to determine the effect of the distributional relationships 
between the dental roots and their locations in the mandible on 
mandibular bone fractures.

METHODS
The protocol, survey, and consent forms were reviewed and ap-
proved by the Institutional Review Board of Konkuk University 
Medical Center (IRB No. KUH1280115). We reviewed a total 
of 203 patients with isolated single mandibular fractures who 
were treated in the Department of Plastic and Reconstructive 
Surgery, with complete medical records from February 2008 to 
September 2017. This study was performed retrospectively in a 
single center. Patients with multiple fracture sites, those with 
dental injuries, and those with third molars were excluded from 
the study. 

Only traumatic fractures were included in the treatment 
group and, to limit the traumatic area, only patients with bone-
level lacerations in the mental area were included in the treat-
ment group. The total number of the patients who fulfilled the 
inclusion criteria was 94. The control group included patients 
with simple, bone-level lacerations without fractures.

For comparative analysis, a total of 125 patients with bone-
level lacerations in the mental area were included as a control 
group. As shown in Fig. 1, height of the mandibular body (a), 
length of the tooth root (b), height of the mandibular bone ex-
cluding the length of the tooth root (c), was defined.

We also defined the mandibular bone fractures in the treat-
ment group according to fractures in the mandibular symphy-
sis, parasymphysis, body, and angle areas. The central incisor, 

canine, first molar, and second molar were adopted as represen-
tative teeth for the aforementioned mandibular areas, respec-
tively. We analyzed panoramic radiographs with viewer soft-
ware (Centricity PACS, Radiology RA1000 Workstation; GE 
Healthcare, Boston, MA, USA) to measure the length of the 
dental roots and the mandibular bone in each area for all of the 
included patients. Using these measurements, we calculated 
and compared the ratios of the height of the mandibular bone 
excluding the dental root to the dental root, and assessed ratio 
of the root length to the mandibular height (100× b/a).

Nonparametric analysis of the treatment and control groups 
was performed. To compare the two groups, we used two-sam-
pled Wilcoxon rank-sum (Mann-Whitney) test to rank the dif-
ferences in the average values of each of the four fractures sites 
in the treatment and control groups, using STATA ver. 14.0 
(STATACorp., College Station, TX, USA).

RESULTS
Age and sex
The treatment group included 72 male and 22 female patients. 
Regarding the fracture sites, 16 patients (12 males, four females) 
comprised the symphysis area group, 36 patients (25 males, 11 
females) comprised the parasymphysis area group, 17 patients 
(15 males, two females) comprised the body area group, and 25 
patients (20 males, five females) comprised the angle area 
group. The control group included 71 male and 54 female pa-
tients. The ratio of male to female patients was 3.27:1 in the 
fracture group and 1.31:1 in the control group. The average age 
(± standard deviation [SD]) was 31.41 (± 13.59) years in the 
treatment group and 36.20 (± 13.29) years in the control group 
(Table 1).

Mechanism of trauma
The most common cause of fractures was trauma to the man-
dible resulting from falling to the floor, the causes of which in-
cluded syncope, stumbling on an object, and falling during ex-

Fig. 1. The mandibular body area: (a) height of the mandibular 
body (red solid line), (b) length of the tooth root (blue dashed line), 
(c) height of the mandibular bone excluding the length of the tooth 
root (a–b, green dashed-dotted line). 

Table 1. Patient characteristics
Variable Treatment group (n= 94) Control group (n= 125)

Age (yr), mean±SD 31.41±13.59 36.20±13.29
Sex
   Male 72 71
   Female 22 54
Mechanism of trauma
   Fall on the ground 61 92
   Car accident 23 11
   Bump   7 20
   Bicycle accident   3   2

SD, standard deviation.
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ercise. Both blackout and non-blackout cases were included. 
The second most common cause was traffic accidents in the 
treatment group and crashing into objects without falling to the 
floor (i.e., violence, being hit by an object) in the control group 
(Table 1).

Ratio of the height of the mandibular bone excluding 
the dental root to the dental root

We calculated the ratio of the height of the mandibular bone 
excluding the dental root to the dental root in the four mandib-
ular areas. In the symphysis fracture group, the ratio of to the 
central incisor root was 2.36:1. The ratio was 1.56:1 for the ca-
nine root in the parasymphysis fracture group, 1.11:1 for the 
first molar root in the body fracture group, and 1.93:1 for the 
second molar root in the angle fracture group (patients with 
third molars were excluded from the study). In the control 
group, the ratios of the mandibular bone to the dental root were 
2.69:1, 1.58:1, 1.77:1, and 1.88:1, respectively, at the four area 
previously mentioned in the fracture group (Table 2).

As a result of the two-sampled Wilcoxon rank-sum (Mann-
Whitney) test for each site between the treatment and control 
groups, the p-values of the symphysis, parasymphysis, body, 
and angle areas were 0.182, 0.922, 0.224, and 0.785, indicating 
no significant result in the entire area (Table 3).

Ratio of the root length to the mandibular height 
Next, we compared the ratio of the root length to the mandibu-
lar height (100× b/a) at the four sites. In the control group, the 
percentile values (± SD) of the data were 27.73% (± 4.31%) for 
the central incisor root in the symphysis area, 39.70% (± 6.39%) 

for the canine root in the parasymphysis area, 36.76% (± 5.75%) 
for the first molar root in the body area, and 35.48% (± 5.40%) 
for the second molar root in the angle area (Table 4). In the 
treatment group, as a result of the same calculations, the final 
values were 30.35% (± 4.68%) in the symphysis area, 39.75% 
(± 5.48%) in the parasymphysis area, 39.53% (± 4.32%) in the 
body area, and 36.27% (± 9.28%) in the angle area, respectively 
(Table 4).

As a result of the two-sampled Wilcoxon rank-sum (Mann-
Whitney) test for each site between the treatment and control 
groups, the p-values of the symphysis, parasymphysis, body, 
and angle areas were 0.042, 0.012, 0.013, and 0.024, respectively, 
and all of the results were statistically significant (Table 3).

DISCUSSION
Among the facial bones, the mandible is the only mobile part, 
and in addition, it is prone to fractures [1,4]. Although it is dif-
ficult to clearly understand the correlations between dental 
structures and mandibular structures in mandibular bone frac-
tures, several studies have been conducted on this issue. Duan 
and Zhang [9] reported that the presence of a third molar in the 
mandible increases the risk of mandibular angle fracture and 
simultaneously reduces the risk of condylar fracture. They con-
sidered whether patients had third molars, but did not address 
the relationship between the dental root and mandibular struc-
tures according to their proportional correlations.

Another study reported the correlations between dental inju-
ries and mandibular fractures [4]. As in our study, isolated sin-
gle mandibular fractures were analyzed and dental injuries of 
the lower-anterior teeth were found to be significantly more 
common in the symphysis area. Lower-posterior dental injuries 
were significantly more common in body and angle fractures, 
indicating a major correlation between dental injuries and 
mandibular fracture sites. However, no studies on isolated sin-
gle fractures without dental injuries were found in the literature 
and, therefore, we could not determine specific interactions be-

Table 2. The ratio of the height of the mandibular bone excluding 
the dental root to the dental root in the group

Site of fracture
Representative tooth

Central incisor Canine First molar Second molar 

Control group 2.69:1 1.58:1 1.77:1 1.88:1
Treatment group
   Symphysis 2.36:1 1.50:1 1.55:1 1.53:1
   Parasymphysis 2.59:1 1.56:1 1.58:1 1.48:1
   Body 3.22:1 1.52:1 1.11:1 2.36:1
   Angle 2.98:1 1.45:1 1.06:1 1.93:1

Table 3. Wilcoxon rank-sum (Mann-Whitney) test
Site of fracture No. of patients p-valuea) p-valueb) 

Symphysis 16 0.182 0.042
Parasymphysis 36 0.922 0.012
Body 17 0.224 0.013
Angle 25 0.785 0.024

a)The ratio of the height of the mandibular bone excluding the dental root to the 
dental root; b)The ratio of the root length to the mandibular height (100×b/a). 

Table 4. The ratio of the root length to the mandibular height (100× 
b/a) in the group (%)

Site of fracture
Representative tooth

Central incisor Canine First molar Second molar

Control group 27.73±4.31 39.70±6.39 36.76±5.75 35.48±5.40
Treatment group
   Symphysis 30.35±4.68 40.28±3.88 40.59±7.90 38.70±5.57
   Parasymphysis 28.73±4.04 39.75±5.48 39.06±5.26 40.31±5.20
   Body 25.39±6.35 40.45±6.19 39.53±4.32 32.16±8.23
   Angle 25.58±3.78 42.10±6.67 39.24±6.99 36.27±9.28

Values are presented as mean± standard deviation.
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tween isolated single fracture sites and dental structures. 
Thoren et al. [8] studied the relationships of dental injuries 

and maxillofacial fractures, reporting that fractures were most 
common around the incisor region in both maxillary and man-
dibular areas. This was also similar to the findings of our study; 
we observed that parasymphysis fractures were the most com-
mon, at 38.20%. Additionally, ratio of the root length to the 
mandibular height showed statistically significant results 
(p< 0.05) in the incisor region, which has been thoroughly ex-
plained in previous studies.

We assessed patients based on two points: the ratio of the 
height of the mandibular bone excluding the dental root to the 
dental root, and ratio of the root length to the mandibular 
height. In our assessment results, the ratios of height of the 
mandibular bone excluding the length of the tooth root to 
length of the tooth root themselves were nonsignificant. How-
ever, the ratio of (100× b/a) differed significantly in all four ana-
tomical areas compared to the control group (p< 0.05) (Table 3). 
On the basis of the results, it is concluded that the risk of frac-
ture is higher when the ratio of (100× b/a) is higher even in the 
similar circumstances of traumatic force. This is crucial because 
no previous research has been conducted on the correlations 
between the height of the mandible and the dental root in iso-
lated single mandibular fractures. 

Our study had several limitations. This research was retro-
spective, access was limited to registered medical records, and 
sample size was relatively small. In cases of angle fractures, in-
teractive effects of third molars could not be explained because 
patients with third molars were not included in the study. Ad-
ditionally, correlational effects of the structures in multiple 
mandibular fractures were not reviewed in the study.
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