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ABSTRACT

Purpose: To compare the surgical outcomes of three-dimensional (3D) mini-plates for fixation 
of anterior mandibular fractures (AMFs) and those of bone plates and lag screws.

Materials and methods: Patients with AMFs, who met the inclusion criteria, were equally 
distributed into 4 groups. Those in Group I were treated with double 2.0 mm mini-plates, patients 
in Group II were treated with double lag screws, 2.3mm locking plates were used in group III, 
while in Group IV 2.0 mm 3D mini-plates were used. Prior to the surgical intervention, MMF was 
performed to verify the centric occlusion in all patients. After hardware fixation, the MMF was  
intraoperatively released, and the adequacy of fixation and occlusion was verified. The operation 
time and postoperative outcomes were also analyzed. 

Results: Sixty patients (41 males and 19 females) were included in this prospective study. 
There were no significant differences in demographic data. The clinical examination showed stable 
fixation with no mobility in all cases. None of the patients in the 3D mini-plates group showed 
clinical manifestations of infection or dehiscence. The incidence of malocclusion was the highest 
in the mini-plates group. There was no statistically significant difference among the groups in all 
parameters, except for infection and paresthesia. They were significantly greater in double mini-
plates and 2.3 mm locking plate groups respectively. 

Conclusion: The use of 3D mini-plates is a viable option for fixation of AMFs. It has advantages 
of both lag screws and bone plates. A 3D mini-plate provided sufficient inter-fragmentary stability 
with a relatively low rate of complications when compared with other conventional fixation 
techniques.
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INTRODUCTION 

Anterior mandibular fractures (AMFs) are 
defined as fractures that occur in the region 
between the lateral incisor and the second premolar 
(parasymphyseal region), or fractures that occur in 
the region between the lateral incisors (symphyseal  
region).1 Although there is a wide variance in the 
recorded percentage of mandibular fractures that 
occur in the anterior region, the aggregate analysis 
places them at approximately 17% of all mandibular 
fractures.2,3 Various types of plating systems have 
been evolved during the past decades to provide 
a stable anatomic reduction for AMFs, so the risk 
of the postoperative displacement of the fractured 
segments could be reduced and the early return to 
normal function is allowed. 4

One of the most practical fixation methods for 
AMFs is 2.0mm Mini-plate system. It was first 
introduced by Michelet5, and then there was a 
further development by Champy et al.6 Since then, 
this system has become the standard method for 
surgical treatment of mandibular fractures.7,8 In 
1978, Champy et al7 advised the use of double mini-
plates in the anterior region of the mandible. They 
had advocated the placement of one mini-plate at 
the inferior border of the symphysis and another 
plate is placed 5 mm above the first one. This is 
to counteract the effect of torsional forces on the 
anterior mandible that developed during the static 
biting and chewing. For the same reason, double lag 
screws have been used for the treatment of AMFs.9

The philosophies related to the treatment of 
mandibular fractures have been altered all over the 
time, therefore a periodic review of the different 
fixation systems is necessary to refine techniques 
and eliminate the unnecessary one to provide 
an optimum treatment. The three-dimensional 
(3D) titanium plating systems are relatively new 
devices, and they were introduced by Farmand and 
Dupoirieux10,11 for maxillofacial fractures treatment. 
The use of 3D plates has been considered one of the 

fixation methods that challenge Champy’s technique 
for mandibular fractures fixations.12-14 The 3D mini-
plates are considered as 2-plates which are joined 
together by inter connecting cross-struts, providing 
a 3D stability.15

The ideal fixation method for AMFs is still be-
ing debated. Many fixation methods have been 
mentioned in the literature. The choice between 
the different hardware for the fixation of AMFs is 
still challenging. Therefore, this prospective co-
hort comparative study was done to answer the fol-
lowing questions: 1) Does the 3D plating system 
provide advantages over the most commonly used 
hardware? 2) Is there a significant difference in the 
clinical outcomes of 3D mini-plates and those of 
double 2.0 mm mini-plates, double lag screws, and 
2.3 mm locking plates for the treatment of AMFs? 
The authors hypothesized that the 3D mini-plates 
are more able to resist the torsional forces in the an-
terior mandible than other alternative devices. They 
also minimize the operation’s time, so they provide 
better surgical and clinical outcomes for patients 
who have AMFs. Thereby, the aim of this study was 
to evaluate the use of 3D mini-plates for fixation of 
AMFs and compare their surgical and clinical out-
comes with those of the double 2.0 mm mini-plates, 
double lag screws, and 2.3 mm locking plates.

PATIENTS AND METHOD

Study design and population

To address the purpose of the study, the 
investigators designed and achieved a prospective 
cohort clinical comparative study. Sixty patients  
(41 males and 19 females) with AMFs were selected 
and presented at the Department of Oral and 
Maxillofacial Surgery, Faculty of Dental Medicine 
Girls branch, Al Azhar University. The study was 
implemented from January 2011 to September 
2017. Informed written consent was taken prior to 
surgery from all the patients. The local ethics review 
committee of the Faculty of Dental Medicine for 
Girls, Al Azhar University, had approved the study.
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The inclusion criteria of the study were as 
follow: 1) AMFs, (either symphyseal or unilateral 
and bilateral para symphyseal fractures), that were 
indicated for open reduction and internal rigid 
fixation, 2) the patient’s age is elder than 16 years, 
3) the time interval between the trauma and surgical 
intervention is less than 4 weeks, and 4) the patients 
have to attend a regular follow-up for 6 months. 
The patients were excluded from the study if they 
had one of the following conditions: 1) mandibular 
pathological fractures, 2) a preoperative infection 
at the fracture sites, 3) an insufficient dentition to 
reproduce occlusion, 4) medical conditions that 
could interfere with the healing process such as 
nutritional deficiency, diabetes, chemotherapy, 
radiotherapy... etc., 5) Conditions which are eligible 
for prevented general anesthesia. Additionally, the 
patients were excluded if they had concomitant 
condylar fractures.

Study variables

The patients were divided into four groups. 
The AMFs, in Group I (12 males and 3 females), 
were fixed by using double 2.0 mm mini-plates and 
screws. In Group II (10 males and 5 females), the 
fractures were fixed by using double lag screws. In 
group III (9 males and 6 females), a 2.3mm locking 
plate at the inferior border of the mandible and one 
standard mini-plate at the tension zone were applied 
to fix the AMFs. Whereas, in group IV (10 males and 
5 females), all AMFs were fixed by employing 3D 
mini-plates and screws. The choice of the hardware 
was based on surgeon preference.

The primary outcome variables were the rates 
of individual and total complications, as infection, 
wound dehiscence, malocclusion, hardware 
exposure, mal-union, non-union, paresthesia, and 
tooth root injury. The additional outcome variables, 
that could affect the study results, were also analyzed 
such as patients’ demographic variables and 
surgical variables. The patients’ variables included 
demographic data (age, gender, and cause of the 
trauma), the time interval between the day of trauma 

and surgery, and the maximum mouth opening 
(MMO). The surgical variables were as follow; the 
fracture site (symphyseal or parasymphyseal), the 
displacement degree of fractured segments, and 
the duration of the operative time. Additionally, 
the postoperative variables included the fractures’ 
healing, the mobility of the fractured fragments, 
the need for postoperative maxilla and mandibular 
fixation (MMF),  MMO, the accuracy of reduction, 
and occlusal stability.

Surgical procedures

Prior to the surgical intervention, MMF was 
performed to verify the centric occlusion in all 
patients. Under general anesthesia, the fractured 
sites were exposed through vestibular incisions. 
The bone reduction clamps were used to achieve 
anatomical reduction. The time taken from the 
adaptation of the fixation systems to the time of 
the last screw placement was measured in minutes. 
For each patient in Group I, double 2.0 mm mini-
plates (Leibinger Stryker, Freiburg, Germany) were 
adapted on the fracture sites; the lower plate was 
secured via bicortical screws at the inferior border 
and the superior plate was fixed and secured by 
using monocortical screws 5 mm underneath the 
roots of the teeth (Figure 1). 

In group II, 2 self-tapping titanium lag screws 
(2.0 mm outer thread diameter and 28- 40 mm 
long, Synthesis Maxillofacial GmbH, Switzerland) 
were used. A drill with a diameter of 1.5mm was 
inserted buccally, approximately 1 cm away from 
the fracture line, to provide an adequate amount 
of bone between the head of the screw and the 
fracture line after drilling and countersinking. The 
drill was perpendicularly crossed the fracture line 
to prepare the traction hole in the distal segment 
and the gliding hole in the proximal segment. The 
countersinking was then made to accommodate the 
screw head in the proximal segment. The lag screw 
of appropriate length was placed in the drill hole, 
and then it was screwed into its place to compress 
the segments together. The first screw was placed 
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several millimeters above the inferior border of the 
mandible, and the other was placed approximately 5 
mm below the tooth apices (Figure 2). 

In group III, the technique for application of the 
2.3 mm locking plates at the inferior border did not 
differ from that of any other non-compression type of 
plate fixation. The only difference was that the drill 
guide was used to ensure the perpendicular nature 
of the drill hole with the plate, thereby allowing the 
screws to be precisely locked into the threads of the 
plate holes. Another 2.0 mm mini-plate was also 
fixed and secured via monocortical screws, 5 mm 

above the locking plate as a tension band (Figures 
3). In Group IV, a single 3D mini-plate was used 
(2mm x 6 or 2mm x 8 holes). The selection was done 
according to the extent and severity of the fracture. 
It was adapted to the bone in such a way that the 
horizontal bars were perpendicular to the fracture 
line and vertical bars (cross struts) were parallel 
to it. Diagonally opposite screws were placed 
first, followed by the remaining screws (Figure 
4). Concomitant fractures were fixed by the same 
hardware which used to fix the AMFs. The MMF 
was intraoperatively released, and the adequacy of 
fixation and occlusion was also verified. 

Fig. (1) Intra-operative photograph showing fixation of the 
left parasymphyseal fracture with double min-plates 
(Group I)

Fig. (2) Intraoperative photograph showing 2 lag screws 
inserted across the right parasymphyseal fracture. A 
“washer” was used to provide a larger diameter of its 
head to overcome the over countersinking (Group II).

Fig. (3) Intraoperative photograph showing the fixation of the 
left parasymphyseal fracture via 2.3 mm locking plate 
at the inferior border of the mandible and 2.0mm mini-
plate at the superior border (Group III). 

Fig. (4) Intraoperative photographs showing the application 
of 3D mini-plates to fix bilateral parasymphyseal 
fractures(Group IV).
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Postoperative follow-up

All the patients were evaluated every other 
day for the first week, and then each subsequent 
week for the first month and at 3 and 6 months 
postoperatively for certain clinical and radiographic 
parameters. The intra-operative and postoperative 
assessment was performed as follow: a) First: the 
stability of the occlusion was evaluated according to 
a scale ranged from 0 to 2, b) Second: the mobility 
of the fracture fragments was checked by a single 
operator via digital palpation using thumb and index 
fingers of both surgeon’s hands, c) Third: the need 
for postoperative MMF with guidance elastics for 
1 to 4 weeks, indicated if there was postoperative 
occlusal discrepancy, d) Forth: MMO was measured 
in millimeters by using a Vernier caliper. The 
occlusion status was evaluated by the surgeon and 
an orthodontist, and e) Lastly: the postoperative 
complications that including the presence of wound 
dehiscence, wound infection, plates’ exposure, 
paresthesia, and injury of teeth roots.

The scale “2” occlusion indicates a stable 
occlusion with no premature contacts or 
crossbite. The scale “1” occlusion indicates a 
mild derangement in which premature contact or 
crossbite could be corrected by guiding elastics or 
spot grinding, and the scale “0” denotes a severe 
derangement that needs a revision surgery. To 
evaluate the fractures’ mobility, each fracture site 
was categorized into: i) a stable fracture in which 
there was no movement of fragments and ii) an 
unstable fracture where the movement of segments 
was present. The postoperative MMO were recorded 
at the first week, and then at the first, third, and sixth 
month postoperatively. The MMO was recognized 
as trismus if it was less than 35 mm. Furthermore, 
the postoperative radiographs were also taken 
within the first 2 days to verify the reduction of the 
fractures and plates’ position.

Statistical analysis

The data collected were recorded, tabulated, 
and analyzed statistically. The data were analyzed 
with Microsoft Office XP (Excel) and SPSS version 
15.00 software (SPSS Inc., Chicago, IL, USA). 
Parametric data were expressed as the mean ± 
standard deviation (SD), and non-parametric data 
were expressed as the number and percentage of 
the total. Chi-Square test was used to determine 
the relation between the treatment methods and the 
outcome results to speculate the differences between 
the fixation systems. This analysis was also used to 
investigate whether the outcome was dependent on 
the treatment method. The results were considered 
statistically significant if the p-value is≤ 0.05. 

RESULTS

Sixty patients, who met the study’s inclusion 
criteria, were included. They were equally 
distributed to the study’s groups. The analysis of 
the patients’ demographic data was summarized in 
Table 1. Out of the 60 patients, 41(68.3%) subjects 
were males and 19 (31.7%) cases were females with 
a mean of 29.6±11.25 years (ranged between 17 and 
54 years). Most of the patients fell in the age group 
of 17–29 years (n=40 patients, 66.7%). The primary 
cause of the fractures was interpersonal violence 
65% (n = 39 subjects), and the most of them were 
being in 17–29 age group (n= 29 out of 39 cases, 
74.4%). While the secondary cause was motor 
vehicle accidents (MVAs) 21.7% (n = 13 patients), 
and this was more observed in 17–22 age group 
(n= 8 out of 13 subjects, 61.5%). In 7 patients, their 
fractures were because of accidental falls (11.7%) 
which were more common in 38-54 age group (n= 
5 patients out of 7, 71.4%). Sports activities caused 
a fracture in 1 case (1.7%). Based on the statistical 
evaluation, there were no statistically significant 
differences among the study’s groups for any of the 
demographic variables.
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The total number of symphyseal and parasym-
physeal fractures in the study’s groups was 65 
fractures. The group I included 16 fracture sites, 
15 fracture sites were included in the group II, and 
17 fracture sites were enrolled in the group III and 
group IV for each. Thirty patients (50%) had asso-
ciated mandibular fractures (either angle or body 
fractures). The average time from the day of trau-
ma to the surgical management was 3.5±3.73 days 

(ranged from 1 day to 21 days). Most of the cases 
(68.3%) were managed within 1 to 3 days after 
trauma. The preoperative MMO was restricted in 35 
cases (58.3%).With respect to the intraoperative oc-
clusion, the difference among groups was found to 
be statistically insignificant (Table 2). Additionally, 
there was no significant statistical difference among 
groups regarding the degree of the preoperative seg-
ments displacement.  

TABLE (1) Descriptive statistics of study population

Study variables Group I Group II Group III Group IV 
Gender
Male/Female 12/3 10/5 9/6 10/5
Age 28.9± 11.47 30.6± 11.42 29.1±11.93 29.9±11.26
Etiology
Violence 9 (60) 10 (66.7) 13 (86.7) 7 (46.7)
MVA 4 (26.7) 3 (20) 2 (13.3) 4 (26.7)
Falls 2 (13.3) 2 (13.3) - 3 (20)
Sports - - - 1 (6.7)
Fracture site 
Left parasymphyseal 9 (60) 10 (66.7) 8 (53.3) 9 (60)
Right parasymphyseal 4 (26. 6) 2 (13.3) 4 (26.7) 3 (20)
Bilateral parasymphyseal 1 (6.7) --- 2 (13.3) 2 (13.3)
Symphyseal 1 (6.7) 3 (20) 1 (6.7) 1 (6.7)
Associated injuries 
Body/angle fracture 2/4 3/2 2/2 2/3

Data presented as mean ± SD or numbers, with percentages in parentheses.
*: All p-values were less than 0.05

TABLE (2) Comparison between the four groups with respect to intraoperative and postoperative occlusion 
stability during the follow-up period 

Intraoperative First day 1st week 1 month 3 months 6 months

Satisfactory Mild deranged Severely 
deranged

Satisfactory Mild 
deranged 

Satisfactory Mild 
deranged 

Satisfactory  Satisfactory Satisfactory 

Group I 3(20) 7 (46.7) 5 (33.3) 10 (66.7) 5 (33.3) 12 (80) 3  (20) 15 (10) 15 (100) 15 (100)
Group II 0 (0) 5 (33.3) 10 (66.7) 12 (80) 3 (20) 13(86.7) 2 (13.3) 15 (100) 15 (100) 15 (100)
Group III 1 (6.7) 8 (53.3) 6 (40) 13 (86.7) 2 (13.3) 15(100) 0(0) 15 (100) 15 (100) 15 (100)
Group IV 0 (0) 6 (40) 9 (60) 13 (86.7) 2 (13.3) 15(100) 0(0) 15 (100) 15 (100) 15 (100)

Total 4  (6.7) 26 (43.3) 30 (50) 48 (80) 12 (20) 55 (91.7) 5 (8.3) 60 (100) 60 (100) 60 (100)
p-value 0.093 0.716  0.143  0.475 0.475  0.117  0.117 - - -

Data presented as numbers, with percentages in parentheses (p-value ≤ 0.05 is considered significant).
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The results also revealed that there were no 
intra-operative difficulties in all patients except 3. 
Those patients belonged to group II, where there 
was an insufficient stability of the fracture segments 
due to either the over countersinking of the near 
cortex or accidentally over drilling of the far cortex. 
This was managed by preparing another lag screw 
hole, applying a washer under the head of the screw, 
or using a larger one with a diameter of 2.4 mm. 
Additionally, the mental nerve was impaled in one 
patient of the same group during the drilling of 
the holes. On the other hand, no obvious damage 
to the mental nerve occurred during the fixation of 
the bone plates in all patients who were included in 
groups I, III, and IV.

The average operating time for the adaptation 
and placement of each fixation system at the AMFs 
region, was 10 to 22 minutes with a mean time of 
16.3±4.39 minutes in the group I. In the group II, it 
was ranged from 5 to 11 minutes with an average 
of 6.9±2.12 minutes. In the group III, the locking 
plates required 5 to 15 minutes; the mean time was 
11.6±3.41minutes. While that of the group IV, it was 
6 to 11 minutes with a mean of 8.9±1.77 minutes. 
Statistical analysis using Chi-Square tests showed a 
significant difference of working time between the 
four groups (p-value = 0.0001). 

Regarding the postoperative results, all 
the patients had a mild edema immediately 
postoperatively. The edema had started to resolve 
by the third postoperative day, and it completely 
resolved by the end of the first postoperative week. 
The intraoral wounds healed at the end of the first 
postoperative week, except in 7 cases where the 
wound infection was developed on the fourth 
day postoperatively. This was associated with 
dehiscence of the incisions in 4 cases in the group I, 
1 patient in the group II, and 2 cases in the group III. 
The exposure of the hardware through the dehisced 
wound was noticed in 2 out of the 4 cases in the group 
I and in only 1 patient in the group III. Additionally, 
signs of infection were observed in another patient 
of group I after 1 month postoperatively, but without 
the occurrence of wound dehiscence. The difference 
among groups regarding the infection was found to be 
statistically significant (p-value = 0.044), while the 
difference was found to be statistically insignificant 
regarding the wound dehiscence and plate exposure 
(p-value=0.129 and 0.277, respectively) as shown 
in Table 3. The infections were successfully treated 
with antibiotics and routine wound care. The wound 
granulated and the dehiscence secondarily healed 
without further events. All the hardware did not 
require surgical removal. None of the patients, in 

TABLE (3) Outcome analysis for all postoperative complications 

Bone union Infection Dehiscence 
Plate 

exposure
Malocclusion

Paresthesia Root injury 
First day 1 week

Group I 10(66.7) 5 (33.3) 4 (26.7) 2 (13.3) 5(33.3) 3 (20) 4 (26.7) 2(13.3)

Group II 6 (40) 1 (6.7) 1 (6.7) 0 (0) 3 (20) 2(13.3) 1 (6.7) 2(13.3)

Group III 11(73.3) 2 (13.3) 2 (13.3) 1 (6.7) 2(13.3) 0 (0) 7 (46.7) 0 (0)

Group IV 8(53.3) 0 (0) 0 (0) 0 (0) 2(13.3) 0 (0) 2 (13.3) 1 (6.7)

Total 35(58.3) 8 (13.3) 7 (11.7) 3 (5) 12 (20) 5 (8.3) 14 (23.3) 5 (8.3)

p-value 0.257 0.044 0.129 0.277 0.475 0.117 0.050 0.494

Data presented as numbers, with percentages in parentheses (p-value ≤ 0.05 is considered significant).
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the group IV, showed clinical manifestations of 
wound infection or dehiscence at the surgical site 
all over the follow-up.

The most common complication, which had 
encountered in the study, was the minor occlusal 
discrepancy during the early postoperative period. 
On the first postoperative day, 5 patients (33.3%) in 
the group I, 3 patients (20%) in the group II, 2 patients 
(13.3%) in the group III, and 2 patients (13.3%) in 
the group IV showed a mildly deranged occlusion. 
Nevertheless, this was not statistically significant. 
At the end of the first postoperative week, 3 patients 
(20%) in the group I and 2 patients (13.3%) in the 
group II had mildly deranged occlusion which was 
not also statistically significant. The value of the 
Chi-Square test showed that the development of 
the malocclusion was independent on the treatment 
method (Table 2 and 3). Deranged occlusion was 
successfully managed by using postoperative 
guiding elastics for 1 to 2 weeks. None of the 
patients needed a revision surgery. 

Four patients, in the group I, presented with an 
immediate postoperative paresthesia of the lower 
lip, and it was also reported in 1 patient in the group 
II, 7 patients in the group III, and 2 patients in the 
group IV. The paresthesia completely resolved by 
the end of the third month, except in 1 case of the 
group II where it persisted until the end of the follow 
up as a result of iatrogenic nerve injury during 
surgery. The immediate postoperative paresthesia 
was compared between the 4 groups by using the 
Chi-Square test, the difference was found to be 
statistically significant (p-value = 0.050), suggesting 
that the incidence of paresthesia was dependent on 
the treatment method. The roots injuries occurred 
in 3 patients in the group I, 2 subjects in the group 
II, and 2 cases in the group IV without statistical 
significance (Table 3). Regarding the MMO, it 
returned to its normal value (45 to 55 mm) by the 
end of the first month in all the study’s groups.

The bimanual examination of the fracture 
segments revealed that none of the patients showed 
fracture mobility postoperatively; all the fractures 
appeared to be well reduced and stable which were 
confirmed via radiographs. Ten patients (66.7%) 
in the group I, 6 patients (40%) in the group II, 11 
patients (73.7%) in the group III, and 8 patients in 
the group IV (53.3%) showed the evidence of the 
bone union after the third month postoperatively 
with no statistical significance among the study’s 
groups (p-value = 0.257). The gradual bone healing 
and disappearance of the fracture line was noted 
in all the patients at the end of the sixth month. 
Additionally, no fracture or displacement of the 
inserted hardware occurred during the entire 
postoperative period in all groups. 

The patients’ variables that could affect 
the primary outcome variable (postoperative 
complications) were also analyzed and tabulated 
by using Pearson Chi-Square test. It was observed 
that the rate of complications was higher in male 
than female, but the difference was statistically 
insignificant. There was also an insignificant 
difference between the cause of fractures, and 
the presence of concomitant fractures and the 
postoperative outcomes between the 4 groups 
(Table 4). The relation between patients’ age and 
the postoperative outcome was also studied. It was 
observed that the bone union was superior with a 
highly significant difference (in younger patients 
than the older one (r=-0.64, p-value=0.0001). The 
infection (r=0.272, p-value= 0.035) and dehiscence 
(r=0.287, p-value=0.026) were observed more in 
elder patients (p-value≤0.05), while immediate 
postoperative malocclusion was observed in 
younger patients (r=0.382, p-value=0.003). 
Additionally, there was a significant relationship 
between the duration of the operative procedures 
and the occurrence of wound infection (r=0.313, 
p-value=0.015) and plate exposure (r=0.35, 
p-value=0.006).
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DISCUSSION

Many studies reported that the torsional forces 
on the anterior part of the mandible are considerable, 
and their magnitude increased as they come closer 
to the symphyseal area.16-18 For this reason, the 
biomechanics of the anterior mandible required the 
use of more rigid internal fixation to resist these 
torsional forces.19,20 In this study, the parasymphyseal 
fractures were categorized if the fractures located in 
the region between the mandibular lateral incisor 
and the second premolar. This was also reported by 
many authors1, but it does not coincide with an old 
study21, which suggested that the parasymphyseal 
fractures are those fractures which involve a region 
that is bilaterally bounded by vertical lines just 
distal to the canines.

The results of our study revealed that the age 
of the patients ranged from 17 to 54 years with a 

mean age of 29.6 ±11.25years, the highest incidence 
was noted in the age group of 17-29 years (66.7%).
These results are in agreement with the results 
of many studies,which reported that the second 
and third decades of the personal life showed the 
highest incidence of the mandibular fractures.4,22 
A male predominance (68.3%) was also noticed 
as reported in the literature.4,22-24 The causes of 
fractures were extremely variable, the interpersonal 
violence accounted for the majority of the patients 
(65%); this finding is in agreement with many 
studies.25,26 On the other hand, many authors showed 
that the main cause of AMFs was RTA.4,22,27 These 
differences may be due to the socioeconomic status 
of the population involved, the unemployment rates, 
and usage of motor vehicles. 

The majority of the study’s patients (68.3%) 
received treatment within 1 to 3 days after injury. 

TABLE (4) The relation between the patients’ variables and the primary outcome variables (postoperative 
complications)

Bone 
union

Infection Dehiscence Plate 
exposure

Malocclusion Paresthesia Root 
injury First day 1 week

Gender

Male 25(61.6) 6 (14.6) 6 (14.6) 2 (4.9) 8 (19.5) 5(12.2) 11 (26.8) 5 (12.2)

Female 10(52.6) 2 (10.5) 1 (5.3) 1 (5.3) 4 (21.1) 0 (0) 3 (15.8) 0 (0)

p-value 0.542  0.663  0.293 0.949  0.890  0.112  0.347 0.112

Cause of trauma

MVA 24(61.5) 4 (10.3) 4 (10.3) 1 (2.6) 6 (15.4) 4(10.3) 8 (20.5) 4 (10.3)

Violence 8(61.5) 3 (23.1) 2 (15.4) 1 (7.7) 3(23.1) 0 (0) 4 (30.8) 0 (0)

Sport 4 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0)

Fall 2 (28.6) 1 (14.3) 1 (14.3) 1 (14.3) 3 (42.9) 1(14.3) 1 (14.3) 1 (14.3)

p-value 0.323 0.671 0.934  0.571  0.372  0.618  0.243  0.618

Associated fractures 

AMFs 23(57.5) 5 (12.5) 4 (10) 1 (2.5) 7 (17.5) 5(12.5) 10 (25) 4 (10)

Body/angle fractures 12 (60) 3 (15) 3 (15) 2 (10) 5 (25) 0 (0) 4 (20) 1 (5)

p-value 0.853 0.788 0.570 0.209 0.494 0.099 0.666 0.509

Data presented as numbers, with percentages in parentheses(p-value ≤ 0.05 is considered significant).
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The authors preferred early interventions to avoid 
complications that may be developed due to delayed 
intervention. This was proved by Herzberg28 who 
noticed a higher rate of complications when the 
interval between trauma and surgical treatment 
is delayed for more than 6 days. The rest of the 
study’s cases were treated within 21 days, primarily 
owing to delays in hospitalization. Even though, 
there were no signs of infection were observed in 
those patients. This may be due to the durable blood 
supply of the head and neck, so the bacterial load 
is minimized even with delayed intervention and 
the vascularity of the fracture segments remains 
adequate to prevent infection. This is in agreement 
with other reports.29,30 Additionally, when correlating 
the postoperative complications with this variable, 
the delayed treatment had no effect on the wound 
healing and other postoperative complications. This 
observation is in agreement with many studies.31-33

With respect to the operating time, there were 
significantly shorter operative times with lag screws 
and 3D mini-plates in comparison to the placement 
of 2 mini-plates and locking plates. The lag screws 
required the least operative time with a significant 
statistical difference (p-value = 0.0001). This could 
be attributed to the fact that lag screw fixation does 
not require the time-consuming task of plates’ 
bending to adapt them on the surface of the bone. 
Similar results have been described previously 
by many authors.34,35 It is not surprising that the 
placement of the 3D mini-plate required shorter 
operative time than that of 2 mini-plates and locking 
plates. This is because the 3D mini-plate required 
minimal manipulation and adaptation, where it is 
considered as only one plate instead of 2; they also 
have a low profile that makes their manipulation 
simple and easy. The same results are demonstrated 
by Al-Moraissi and Ellis.14 In group III, the exact 
plate adaptation is no longer necessary for locking 
plate which should shorten the operation time as 
reported by many authors,36-40 but the needed time 
to fix the tension zone mini-plate increased its 

operating time. Nevertheless, it is still shorter than 
that of the double mini-plates system. This is also 
agreed with the results of previous studies.37,41

The intra-operative complications were only 
encountered in the group III, where there was an 
insufficient stability of the fractures in 3 cases due 
to over-countersinking of the buccal cortex or over-
drilling of the distal cortex. This was also reported 
by other studies.9,20,42 Regarding the postoperative 
complications, the patients were assessed for the 
presence or absence of postoperative infection, 
wound dehiscence, and malocclusion. The wound 
dehiscence usually appeared within 6 to 10 days 
after surgery as reported by Ellis.19 This was also 
observed in this study. The wound dehiscence 
may be caused due to many factors such as the 
preoperative soft tissue loss, poor closure during 
surgery, infection, smoking, trauma……etc.  
Infections and wound dehiscence were observed in 
4 cases in group I at the first postoperative week; 
the signs of infection were observed in another case 
in the same group at the first postoperative month 
but without wound dehiscence. Despite that, the 
incidence of infection was low and similar to other 
literature.17,43-45 In group II, infection and wound 
dehiscence were observed in 1 patient at the first 
postoperative week, as also reported by others 9 who 
observed 2 patients with infection when treating 
AMFs by using 2 lag screws. In group III, 2 cases 
(13.3%) of infection and wound dehiscence were 
reported. This is in accordance with the findings 
of Ellis and Graham37 who treated 80 fractures in 
59 patients with 102 locking plate systems and 
reported 6 cases developed infections. Additionally, 
Sauerbier41 used locking plates and reported wound 
dehiscence in 7.5% of his patients. 

The second group had a significantly lower 
incidence of infection than that of the group I and 
III (p≤0.05). This may be due to bone plates are 
often placed just under the soft tissue incision on 
the buccal cortex, but the lag screws are internally 
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inserted inside the bone. This also was supported by 
another research.19 None of the patients, in group IV, 
showed the clinical manifestations of infection or 
dehiscence at the surgical site throughout the follow-
up period. These results are in agreement with Mittal 
and Dubbudu results.13 On the other hand, Jain et 
al12  and Meram et al46 observed, in their studies, 
the presence of postoperative infection without soft 
tissue dehiscence in 2 patients. Additionally, 6.6% 
of wound dehiscence was reported by Parmar et al.47 
All these studies including ours proved that when 
using the 3D mini-plating system, wound dehiscence 
and infection are usually less or nil as compared 
to other plating systems. The decreased infection 
rate with 3D mini-plates could be attributed to its 
low profile which means less hardware and to the 
decreased operative time because of its malleability 
and simultaneous application of the upper and lower 
struts.4 There was a correlation between the patient’s 
age, infection, and dehiscence. These complications 
were significantly observed more in elder patients 
(p-value≤0.05). This may be due to decreased 
vascularity of the tissues, collagen production, and 
oxygen delivery to the tissues by aging. Odom and 
Synder-Warwick30 supported this finding.

The results also revealed that no statistically 
significant difference among the groups, 
regarding the postoperative malocclusion on the 
first postoperative day and at the end of the first 
postoperative week (p-value = 0.475 and 0.117, 
respectively). The immediate postoperative 
malocclusion was observed in younger patients. Its 
incidence was the highest in the group I as reported 
by others.31,43 In group II, the malocclusion may 
result from the inability to place the second lag 
screw exactly perpendicular to the fracture line, 
and this could lead to a minor overriding between 
the segments. This explanation was also reported 
by another study.18 Additionally, when over 
countersinking occurred, the small head of the 2.0 
mm lag screw cannot grip the buccal cortex and then 
advanced into the medullary bone. This causes a loss 

of segments stability that produces postoperative 
malocclusion. In the Locking system, the threads on 
the screw head lock into the threads in the holes of 
the plate. This is transforming the screws and plate 
into a single unit, creating a rigid splint with higher 
mechanical stability allowing the fracture segments 
to stay in the reduced position when tightening the 
screw seven if the plate is not precisely adapted. For 
this reason, the incidence of malocclusion in group 
III was low. Many authors supported our findings 
regarding this variable.39,40,41,48

Another possible explanation for the 
postoperative malocclusion is the presence of 
concomitant fractures at the contralateral side. 
This may contribute to the instability of the 
segments, leading to impaired bone healing and 
malocclusion, suggesting that there could be several 
factors contributing towards the development of 
complications rather than just the biomechanical 
consideration. In spite of that, the Pearson Chi-
square test showed that the associated fractures had 
no significant effect on the treatment outcomes. 

The iatrogenic damage to the tooth roots and the 
mental nerves are possible if the care is not taken 
during the application of the fixation hardware. The 
study’ results revealed that these complications are 
less likely with plating techniques because the roots 
of the teeth are often visible by the undulations of 
the alveolar bone which surrounding them, so the 
plates are positioned apical to the roots to avoid 
their injuries. Similarly, the mental nerve is clearly 
visible as it exits from the mental foramen and could 
be avoided. These findings also reported by Ellis.19 
There was a statistically significant difference 
regarding the incidence of paresthesia (p-value 
=0.050); the highest incidence occurred with the 
locking plate in the group III. The main reason for 
postoperative paresthesia (7 cases) was the need 
of more tissue retraction to accommodate the drill 
guide and subsequent placement of perpendicular 
screws, Saikrishnaetal49 supported this explanation. 



(3190) Fatma Ibrahim Mohamed E.D.J. Vol. 64, No. 4

In group IV, 2 cases of postoperative numbness and 
1 patient with root injury were reported. The root 
injury may be occurred due to the improper size 
of 3D mini-plate and insufficient vertical height 
of the anterior mandible in this case. Patients with 
paresthesia in this group had fracture lines too close 
to the mental foramen. This may explain why this 
complication was encountered. Despite that, the 
postoperative paresthesia was transient in all groups 
and showed full recovery at the end of the follow-up 
period, except in 1 case of lag screw group which 
showed a permanent paresthesia in the chin region. 
The resolution of paresthesia could be explained by 
the absence of the actual nerve injury and maybe 
only due to the presence of edema around the nerve, 
because of the tissue dissection and prolonged tissue 
retraction. But in the case of permanent paresthesia 
with lag screws, there was an iatrogenic nerve 
injury. This is because the lag screw is a blind and 
sensitive technique that needs great experience as 
reported in another study.50

It was reported that the lag screws provide 
the greatest fracture stability among all fixation 
devices as reported by another study.51 The results 
of our study showed that the 3D mini-plates also 
provide great stability for AMFs as much as that is 
provided with lag screws, which reduces the risk 
of the postoperative complications. This is because 
the 3D mini-plates are able to hold the fracture 
fragments rigidly by resisting the forces in three 
dimensions. Many authors found that they can resist 
the shearing, bending, and torsional forces.11,52 

Also, the quadrangle geometry of the 3D mini-
plates assures a 3D stability of the fracture sites. 
Thus, they prevent the bucco-lingual splaying and 
gap formation at the fracture site that results in a 
subsequent occlusal discrepancy. Furthermore, the 
achieved stability is gained by its configuration, 
not by its thickness or length like other types of 
plates. Therefore, they have no harmful impact on 
the covering soft tissues minimizing the risk of 
wound dehiscence. This is supported by a previous 

study.53 Additional advantages of 3D mini-plates 
include easy application, simple adaptation to the 
bone without distortion as well as simultaneous 
stabilization of the tension and compression zones 
by using one plate. All these advantages make the 3D 
mini-plates a time-saving alternative to conventional 
plates, and they also have advantages of lag screws 
without the need for surgical experience. This is 
also in agreement with many findings.11,54,55 On 
the other hand, a study reported some difficulties 
that limit their use such as the presence of mental 
protuberance and if the fracture line passes through 
the mental foramen, where the injury of the nerve 
cannot be avoided.46

The key findings of this study are that; the 3D 
mini-plates provide much better fixation to AMFs 
which is an area subjected to torsional forces with 
the increased magnitude at its midline. Also, they 
have the lowest profile among other types of bone 
plates and the shortest working time that minimize 
the risk of the postoperative complications. The 
clinical implement is that they could be used to 
rigidly fix the fractures, which need a great amount 
of rigidity like AMFs. Additionally, they are able to 
reduce the treatment cost by reducing the operation 
time and the risk of postoperative complications.

CONCLUSION

With regard to this study, it could be concluded 
that the use of 3 D mini-plates is a viable option 
for fixation of AMFs that have advantages of both 
lag screws and plating systems. A 3D mini-plate 
provided sufficient inter-fragmentary stability with a 
relatively low rate of complications when compared 
with other conventional fixation techniques. 
However, the results were considered statistically 
insignificant with respect to all evaluated parameters, 
except for wound infection and postoperative 
paresthesia. Double mini-plates pose the greatest 
risk of postoperative complications such as wound 
infection and dehiscence, exposure of the plate, and 
malocclusion. 
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