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ABSTRACT

Purpose: To evaluate the clinical and radiographic outcomes of mandibular angle 
fractures (MAF), which were managed with two different computer designed custom 
made miniplates. Materials and Methods: Eight patients complaining of MAF were 
included in this study and divided into two equal groups. In group 1, the MAF were 
fixed with regular design custom made miniplates that were adapted at the superior bor-
der of external oblique ridge. Patients in group 2 received custom made miniplates with 
one straight section adapted to the superior border of external oblique ridge and two 
lateral extensions adapted to the buccal cortex; proximal and distal to the fracture line. 
Reduction and fixation were performed through intraoral approach. Preoperative evalu-
ation comprised assessment of subjective pain using a visual analogue scale (VAS), 
maximal interincisal opening (MIO), occlusal relation, maximal bite-force (MBF), and 
radiographic measures of fractured segments displacement.  Follow up was performed 
along 6 months to detect changes in the same preoperative parameters. Demographic, 
clinical, and radiographic data were recorded and analyzed statistically. Results: No 
statistical significant difference was observed between the two computer designed 
custom made miniplate designs. Conclusion: Using a traditional and modified design 
custom-made miniplate, MAF may be appropriately managed. The newly designed 
miniplate is considered a treatment modality in management of MAF.
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INTRODUCTION

Mandibular angle fracture (MAF) treatment 
aims to restore the anatomy and function with con-
sideration to re-establish the pre-trauma occlusal re-
lation(1,2). The use of plates and screws for open re-
duction and rigid internal fixation (ORIF) has been 
considered a cornerstone for maxillofacial fracture 
treatment, as it eliminates the requirement for inter-
maxillary fixation (IMF) and allows for early func-
tion with rapid osseous healing(3).

Champy(4) stated that the miniplates system pro-
vides appropriate support and stability for the bone 
segments to function immediately. In comparing one 
miniplate to two miniplates fixation, it was found 
that using of one miniplate placed on the external 
oblique ridge through intraoral approach is associ-
ated with about 30% reduction in surgical compli-
cations associated with ORIF performed through 
extraoral approach such as, flap dehiscence, failure 
of plates, scar formation, weakening of the facial 
nerve, and tissue morbidity(5). A new miniplate has 
been designed, which basically has one straight sec-
tion adapted to the superior border of the external 
oblique ridge and two lateral extensions adapted 
to the buccal cortex, proximally and distally to the 
fracture line to had the advantage of reduction of 
lateral displacing forces exerted on the miniplate(6).

The innovation of advanced technologies such 
as additive manufacturing (AM) and three-di-
mensional (3D) printing, computer-assisted surgi-
cal simulation (CAS), and their applications in the 
field of oral and maxillofacial surgery (OMFS) has 
contributed to develop virtual implementations to 
simulate the cutting, manipulation, and reduction of 
bone segments, then based on computer-designed 
digital files from patient’s  Computed Tomography 
(CT), custom made plate or patient-specific implant 
(PSI) is designed with precise reduction and fixa-
tion. As a result, custom made plate or PSI can be 
applied without bending, in addition to advantages 
of providing rigid fixation, facilitating intraopera-
tive surgical procedures, reducing operation time, 
and improving surgical accuracy, making it safer, 
more dependable, and predictable(7,8). Custom made 

plates are currently used in the field of OMFS for man-
agement of facial fractures, total temporomandibu-
lar joint (TMJ)  replacement, orthognathic surgery, 
and reconstruction of maxillofacial skeleton(9). 

Therefore, the aim of this study was to evalu-
ate the clinical and radiographic outcomes of MAF 
managed with two different computer designed cus-
tom made miniplates based on clinical parameters 
including assessment of subjective pain using visual 
analogue scale (VAS), maximal interincisal open-
ing (MIO), occlusion relation, maximal bite-force 
(MBF), and radiographic linear measurements of 
the displaced fractured segments using CT.

MATERIAL AND METHODS

This prospective comparative study included 
eight adult patients who had criteria of; displaced 
MAF requiring ORIF, ability to attend regular fol-
low-up visits, seek for intervention in time less than 
four weeks from trauma, and ability to complete 
clinical and radiographic records. The patients were 
excluded if they had comminuted MAF, infected 
fracture line, and if they  receive radio- or chemo-
therapy. Patients with systemic diseases that could 
interfere with bone healing or lead to pathological 
fracture were also excluded. All patients were in-
formed about the research and a written informed 
consent was obtained from all patients. The local 
ethics review committee of the Faculty of Dental 
Medicine for Girls at Al-Azhar University has ap-
proved the study with Code: REC-SU-21-05. 
Patients were randomly divided into two equal 
groups based on the design of the bone plate. Group 
I, in which MAF was reduced and fixed with com-
puter designed straight custom made titanium mini-
plate that was adapted to the superior border of the 
external oblique ridge according to the Champy 
principle. Group II, where MAF was fixed using 
computer designed custom made miniplate which 
has one straight part and two lateral extensions. 
The straight miniplate was adapted to the superior 
border of the external oblique ridge while the two 
lateral extensions were adapted to the buccal cortex 
proximal and distal to the fracture line.
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Preoperative clinical examination was performed 
for all patients.  A high-resolution multi-slice CT 
(field of view, 20 cm; pitch, 0.5 mm slice thickness 
Aquilion 64 computed tomography, Toshiba, Ja-
pan) was requested and scan data were imported as 
Digital Imaging and Communications in Medicine 
(DICOM) which loaded into Materialise Interactive 
Medical Image Control System Mimics19.0 (Mate-
rialise, Leuven, Belgium) to illustrate the axial, cor-
onal, and sagittal views, then 3D model of patient’s 
skull was  computed. Segmentation process was 
performed to reduce the fractured mandibular seg-
ments virtually in centric occlusion position with 
mandibular condyles in centric relation to glenoid 
fossa. Each fracture segment became a separate ob-
ject that could be moved or rotated in all directions 
for the virtual operation. 

Once the fractured segments were realigned, 
3-matic11.0 (x64) software was used to perform 
the virtual titanium miniplate according to the man-
dibular 3D reduced model. Both plate designs had 
intimately adapted fitting surfaces so, the straight 
section of the plate fits on the superior border of the 
external oblique ridge. The mandible wrapped on 
software to allow local smoothening of the mandible 
at the site of plate to be performed to smoothen the 
fitting surface of the plate. Elliptical patches were 
placed at the site of the 6 holes with minimum di-
ameter of 5 mm, the six holes were designed so that, 
three holes proximal to the fracture line and three 
holes distal to the fracture line. Elliptical patches 

were connected by smooth curve and merged with a 
uniform offset of the plate design of 1mm. The su-
perior surface was finished to have a smooth edge, 
screws were placed then merged together to be sub-
tracted from the plate (Fig. 1), then projects was 
extracted as Standard Tessellation Language (STL) 
files.

Figure (1) Designed plates for group 1 (A) and group 2 (B)

The STL file was sent to Arab Engineering com-
pany (Egypt) to be manufactured, a computer nu-
merical control (CNC) milling machines used to cut 
the shape of each CT ‘slice’ from a solid block of 
titanium using Computer-aided design and comput-
er-aided manufacturing (CAD/CAM), that recon-
struct a plate with six screw holes with diameters of  
3.0 mm and spacing of 2.0-.3.0 mm. (Fig. 2).

Figure (2) (A) STL and (B) 
printed 6-holes custom 
made plate for group I , 
(C) STL and (D) printed 
6-holes custom made 
plate for group II.
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All patients were hospitalized to receive the 
preoperative preliminary treatment, in addition to 
reduce the bone segments using intermaxillary fixa-
tion (IMF). The custom made miniplates were ster-
ilized before operation. Surgical procedures were 
performed under general anesthesia and MAF were 
approached in all patients through an intraoral ves-
tibular incision. Bone segments were manipulated 
to ensure free mobility at the fracture line. Manual 
reduction to the proper anatomical position was 
performed with guidance of occlusion. In group 
I, a straight six holes custom made titanium mini-
plate was properly seated on the superior border of 
the external oblique ridge with equal numbers of 
screw-holes on each side of the fracture line with 
broad bone contact underneath each screw hole. In 
group II, six holes custom made straight titanium 
miniplate with two lateral extensions was used. The 
straight miniplate was seated on the superior border 
of the external oblique ridge while the two lateral 
extensions were seated on the buccal cortex proxi-
mal and distal to fracture line, with equal numbers 
of screw holes on each side of fracture line (Fig.3). 
Monocortical screws were used to avoid damage to 
the mandibular canal. With the aid of transbuccal 
trochar, screws were inserted into the buccal arms 
holes. In all patients, closure of the wound was car-
ried out in one layer using Vicryl 3-0 suture. 

Figure (3): A. fixation of plate group I and B. fixation of plate 
group II

Clinical examination were performed for all pa-
tients, immediately postoperatively, one, three, and 
six months postoperative. VAS was used to assess 
for pain magnitude, and MIO was measured in mm. 
Also, occlusion was examined to detect the maxi-
mal intercuspal position to ensure proper pretrau-
matic occlusal relationship and midline centraliza-
tion. Lastly, MBF was recorded through a custom 
bite force gauge using an “Arduino Uno board and 
load cell” (Arduino Uno R3, Load Cell - 200kg, 
Disc (TAS606) and Load Cell Amplifier - HX711, 
Spark Fun Electronics Inc, USA).

Radiographic examination was performed im-
mediately and at six months postoperatively. Post-
operative CT data was collected as DICOM file to 
be converted into 3D model on MIMICS software. 
Anatomical landmarks placed on the 3D model(10) 
including, lateral condyle (La) which is the most 
lateral point of the condyle while, medial condyle 
(MC) is the most medial point of the condyle. 
Gonial point (Go) represents the mandibular angle, 
and intercondylar angle (ICA) is the angle between 
two mediolateral condylar lines and is measured in 
the axial plane. Distances between the correspond-
ing anatomical landmarks were measured, M1 (right 
and left La), M2 (right and left MC), M3 (right and 
left Go), M4 (right MC and left Go), and M5 (left 
MC and right Go). (Fig. 4)

Statistical Analysis

Numerical data were shown as mean and stan-
dard deviation (SD) values. Data showed para-
metric distribution, based on this, data analysis 
were performed using independent t-test in case 
of intergroup comparisons, while intragroup com-
parisons were analyzed using one-way repeated 
measures ANOVA followed by Bonferroni post 
hoc test. Significance level was set at (p ≤ 0.05). 
Statistical analysis was performed with R statisti-
cal analysis software version 4.1.1 for Windows 
(R Core Team (2021). R: A language and envi-
ronment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. URL:  
https://www.R-project.org/
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RESULTS

A total of eight patients (5 males and 3 females) 
with MAFs were included in this study, seven pa-
tients with unilateral MAFs with or without con-
tralateral parasymphaseal fracture and one patient 
with bilateral MAF. The mean age of the patients 
was 22.6±5.7 years at the time of surgery. All pa-
tients underwent ORIF by custom made six holes 
bone miniplates through intraoral incision, four pa-
tients in group I and four patients in group II. The 
most frequent cause of trauma was motor vehicle 
accident (MVA) in five patients (62.5 %), followed 
by interpersonal violence (IPV) in two cases (25%), 
and fall from height (FFH) in one patient (12.5%), 
two cases had isolated right MAF, two cases had 
right MAF with contralateral parasymphaseal frac-
ture, three cases had left MAF with contralateral 
parasymphaseal fracture and one patient had bilat-
eral MAFs. The time interval between the trauma 
and the primary surgical intervention ranged from 
3 to 18 days. Regarding the affection of the inferior 
alveolar nerve (IAN), preoperative numbness was 
observed in all patients, which gradually improved 
by time and completely resolved in the first postop-
erative month in six patients, by third month in one 
patients and one patient by the end of the follow up 
period. Preoperative malocclusion was observed in 
all cases that improved completely postoperatively, 
two patients had skeletal cl III malocclusion as a 

pretraumatic occlussion. Wound dehiscence was 
observed immediately postoperative in only one 
patient in group I.  The demographic and clinical 
features of the study’s patients are summarized in 
table (1). 

Table (1) Demographic data for the two groups

Study variables Group I Group II

Age (years): 22.6±5.7 22.6±3.1

Male/Female 1/3 4/0

Etiology:
MVA
IPV
FFH

3
0
1

3
1
0

IAN numbness:
Preoperative
3 month post
6 months post

4
0
0

4
1
0

Associated OMF injuries:
Bilateral MAF
Parasymphaseal 
ZMC and orbit

0
3
0

1
2
2

Wound dehiscence 1 0

MIO:
Preoperative (normal/limited)
After follow-up period (normal/limited)

2/2
4/0

1/3
4/0

VAS scores, in every group, showed significant 
difference between values measured at different 
follow-up periods (p<0.05). In group I, the mean 
value of the preoperative VAS was significantly 

Figure 4: (A) Intercondylar angle 
(ICA) and (B) linear of 
measurements (M1, M2, 
M3 and M4) 
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greater than the value of the other follow-up peri-
ods, except the immediate postoperative records. 
Also in group II, there was significant increase in 
the immediate post-operative values of VAS when 
compared to the other postoperative follow-up pe-
riods. However, there was no significant difference 
between both groups (p>0.05) along the follow-up 
periods, as shown in table (2).

Table (2) VAS mean values for the two groups

Interval 
VAS

p-value
Group (I) Group (II)

Pre-operative 5.5±1.3A 4.8±0.9AB 0.5

Immediately post-operative 5.3±1.5AB 5±1.4A 0.9

After 1 month 1±0.8AB 1.3±0.5AB 0.7

After 3 months 0.3±0.5AB 0B 0.5

After 6 months 0B 0B 1

p-value 0.005* 0.004*

Data presented as mean±SD.

* Significant p-value ≤ 0.05

Different superscript letters indicate a statistically 
significant difference within the same group.     

Regarding the MIO results, patients in both 
groups showed reduction in MIO values during the 
preoperative and immediate postoperative periods 
to be improved along the whole follow-up periods 
with maximum improvement at the 6 months fol-
low-up period. The mean value of MIO within both 
groups showed a significant difference (p<0.001) 
along the different follow-up periods. Comparison 
of MIO values between the two groups showed no 
statistical significance difference during the whole 
periods of follow-up except at the period of 6 month 
postoperatively where one case in group I showed 
inflammation related to ipsilateral impacted lower 
third molar, which was associated with pain and 
trismus that affected the MIO of this patient result-
ing in significant difference between both groups at 
that specific period of follow-up (P=0.02)(Table 3).

Table (3) Mean values of MIO (mm) for the two 
groups

Interval

Maximum mouth opening 
(mm) p-value

Group I Group II

Pre-operative 26.00±6.48CD 28.75±4.35CD 0.5

Immediately post-operative 24.00±6.98D 26.50±5.20D 0.6

After 1 month 31.75±6.65BC 34.00±2.71C 0.6

After 3 months 33.75±7.89AB 46.25±7.76B 0.1

After 6 months 40.00±8.64A 54.50±4.36A 0.02*

P- value <0.001* <0.001*

Data presented as mean±SD.  
*Significant p-value ≤ 0.05
Different superscript letters indicate a statistically 
significant difference within the same group.

 Occlusal relationship including upper and low-
er molars relation and midline centralization was 
examined within each group along the whole period 
of follow-up. In group I, one case showed disturbed 
occlusion immediately postoperatively which im-
proved by elastics by the end of the first follow up 
month. On the other hand, two patients in group II 
showed unaccepted occlusal relationship immedi-
ately postoperative, one of them improved on elas-
tics on the first week and the other improved by the 
end of first follow up month. At the 6 months post-
operatively, all patients showed improvement of the 
occlusal relationship with accepted results. Within 
each group, there was a significant difference be-
tween values recorded at pre- and postoperative 
follow-up periods (p<0.05). On comparing results 
between the two groups in all follow up periods, no 
significant difference was observed (Table 4). 

 The value of MBF, within each group, showed 
a significant difference at different follow up pe-
riods (p<0.001). At 6 months postoperative, the 
values for the fractured side within group I and 
II,  were found to be significantly higher than all 
other follow-up periods, while there was no signifi-
cant difference between the values that measured  
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preoperatively, immediate and one month postoper-
atively (p<0.001). For non-fractured side in group I, 
the recorded value after 6 months was significantly 
higher than other follow-up periods except after 3 
months (p<0.001). In group II, the measured values, 
at 6 months, were significantly higher than other 
follow-up periods (p<0.001). When comparing 
the values of MBF between the two groups, there 
was no significant difference for all time follow-up 
periods in both fractured and non-fractured sides 
(p>0.05) (Table 5).

Table (4)  Number of patients with unacceptable 
occlusion in the two groups

Interval Group I Group II

Pre-operative 3 4

Immediately post-operative 1 2

Along follow up period 0 0

p-value 0.046* 0.012*

Data presented numbers of patients.
* Significant p-value ≤ 0.05.

Table (5) Values of MBF for fractured and non-fractured sides for the two groups.

Interval
Non- Fractured side Fractured side

Group I Group II p-value Group I Group II p-value

Pre-operative 6.62±10.19 B 5.55±7.60 B 0.871 2.65±3.97 C 2.32±0.81 C 0.876

Immediately post-operative 3.31±2.36 B 6.13±9.39 B 0.582 2.32±1.18 C 4.97±7.08 BC 0.488

After 1 month 9.89±10.71 B 14.17±11.03 B 0.597 10.64±5.37 BC 9.69±4.26 BC 0.790

After 3 months 16.64±15.28 AB 19.54±14.13 B 0.790 16.97±9.12 B 12.58±3.63 B 0.406

After 6 months 33.44±21.07 A 50.00±24.14 A 0.341 31.54±11.62 A 29.06±9.49 A 0.752

P-value <0.001* <0.001* <0.001* <0.001*

Data presented as mean±SD.  
* Significant p-value ≤ 0.05. 

Different superscript letters indicate a statistically significant difference within the same column.

Radiographic linear measurements:

Within each group,  the values of M1, M3, M4 
and M5 showed no significant difference along all 
follow-up periods (p>0.05). On the other hand, M2 
showed that, for group I there was no significant 
difference between values measured at the follow-
up periods (p=0.645), while results within group II 
showed statistically significant difference (p=0.009) 
as, value measured immediately postoperative 
was significantly higher than preoperative value 
(p<0.001) (Table 6).

Table (6) The mean values of M2 for the two groups

Interval p-value
Group (I) Group (II)

Pre-operative 75.87±5.48 A 78.85±1.64 B 0.337

Immediately post-operative 76.47±4.19 A 83.24±3.09 A 0.041*

After 6 months 75.63±4.02 A 81.01±1.18 AB 0.042*

p-value 0.645 0.009*

Data presented as mean±SD.  
* Significant p-value ≤ 0.05. 
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Different superscript letters indicate a statisti-
cally significant difference within the same column.

Regarding linear measurements between the two 
groups recorded preoperative, immediately and 6 
months postoperative, M1 results showed no sig-
nificant difference along follow-up periods. On the 
contrary, M2, M3, M4 and M5 values were signifi-
cantly higher in group II than in group I at different 
follow-up periods (p<0.05). 

Regarding ICA, there was statistically signifi-
cant difference (p=0.044) within group I,  as the pre-
operative value was significantly higher than imme-
diately postoperative value (p<0.001). On the other 
hand, group II showed no significant difference all 
over the follow-up periods (p=0.303). Comparison 
between both groups showed no significant differ-
ence (p>0.05).  (Table 7).

Table (7) Shows the mean values of ICA for the two 
groups 

Interval p-value
Group (I) Group (II)

Pre-operative 147.22±13.88 

A 135.23±5.99 A 0.164

Immediately post-operative 141.59±9.92 B 132.66±9.40 A 0.239

After 6 months 144.28±12.77 

AB 139.59±0.80 A 0.491

p-value 0.044* 0.303

Data presented as mean±SD
* Significant p-value ≤ 0.05. 
Different superscript letters indicate a statistically 
significant difference within the same column.

DISCUSSION

Many treatment modalities have been used in 
management of MAF but ORIF still the gold stan-
dard(11). Common complications associated with 
extraoral approach as facial scar, facial nerve affec-
tion, and prolonged intraoperative time(12), making 
intraoral approach more favorable. According to 
Champy technique, intraoral incision and fixation 

along the external oblique ridge is performed, but 
due to associated disadvantages(13) as splaying due 
to muscle force, facial widening with the possibil-
ity of malunion, low resistance to torsional lateral 
forces, poor rigidity, and reduced stability of angle 
fracture, modification of Champy technique was 
needed. 

Selection of custom made plates was supported by 
many studies(7,14-16)  as it provides the surgeon with a 
predesigned hardware with high accuracy that requires 
less intraoperative time and precise adaptation to bone 
which is linked to less tissue morbidity and reduced 
surgical complication which are important factors that 
influence the surgical outcome. This study presents a 
comparison between two computer designed custom 
made miniplates, one with standard design and the 
other with a newly design that had one straight sec-
tion adapted to the superior border of external oblique 
ridge and two lateral extensions adapted to the buc-
cal cortex; proximal and distal to the fracture line. The 
addition of the two buccal arms was tried to reduce 
the drawbacks linked with Champy technique such as 
inferior border distraction, and to reduce screws strain, 
counteract the masticatory muscles forces, reduce the 
lateral displacing forces exerted on the miniplate and 
improve healing as presented in many studies(6,17). 

VAS, for both groups, showed great improve-
ment during the follow-up periods. Pain with higher 
VAS readings was recorded immediately postopera-
tively as a normal finding due to surgical manipu-
lation of the soft tissues, fixation of the fractured 
segments and postoperative edema. Different stud-
ies (16,18,19) reported noticeable reduction of pain by 
the end of the first month, which is matching with 
the results of this study. On the contrary, another 
study (20) mentioned that pain was reduced directly 
on the first week postoperatively in 50% of patients. 
In the present study, VAS scores showed no signif-
icant difference between the two group along the 
whole follow up periods, this might be due to the 
effectiveness with which both custom made plate 
designs match.
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Generally, both groups showed reduced MIO 
readings during the preoperative and immediate 
postoperative periods to be improved along the 
whole follow-up periods with maximum improve-
ment at the 6 months follow-up. this is accordance 
to the results of many authors,(21,22) who observed 
that the reduction in the MIO immediately postop-
eratively is due to surgical interference with subse-
quent muscle stripping and trauma leading to mus-
cle spasm, edema, and pain.

The  improvement of MIO is due to establish-
ment of proper alignment of the fractured seg-
ments, restoration of proper mandibular mechan-
ics, and tissue healing, as also reported by Amr et 
al., (18) This study reveals significantly higher value 
of MIO in group II than group I after 6 months, as 
MIO measurements affected by trismus occurred in 
one patient as a result from inflammation related to 
lower impacted third molar at the ipsilateral side, 
and hence the statistical significance. For other fol-
low-up periods, there was no significant difference 
between both groups which mainly attributed to the 
comparable efficiency of the design in both plates.

Mild occlusal derangement was observed in in 
one patient in group I and two patients in group II 
immediately postoperatively that improved gradu-
ally and all patients showed a satisfactory occlusal 
relation with no significant differences between the 
two groups. These results are matching with the 
findings of Subramaniyan et al.(22). On the other 
hand, another study (20) stated that about 83% of cas-
es required postoperative IMF for maximum of two 
weeks to attain satisfactory occlusion. 

In the current study, we used MBF as an assess-
ment measurement which was also used in different 
studies(23,24). The low recorded MBF at the preop-
erative and immediate postoperative periods is due 
to pain, discomfort and decreased intrinsic strength 
or size of the related muscles of mastication. This 
explanation is coincident with what reported by 
Khiabani et al., (23) who also added that, the low ob-
served values may be a result of protective neuro-

vascular mechanism performed by the central ner-
vous system. Generally, in both groups, values mea-
sured at 6 months postoperatively are significantly 
higher than values recorded at all follow-up periods 
which is also mentioned in another study (19). Our 
results showed that, for all follow-up periods, frac-
tured and non-fractured sides showed no significant 
difference between both groups, we can relate this 
again to the matching efficiency of both designs of 
custom made plates.

According to this study, the linear radiographic 
measurements  (M1, M3, M4 and M5) showed that 
there is no significant difference within each group 
along the follow-up periods, this means that frac-
tured segments maintain their postoperative posi-
tions along the whole follow-up periods. This can be 
attributed to the stability of the fractured bone seg-
ments, resistance of torsion and splaying achieved 
by both custom made plate designs. Only M2 in 
group II and ICA in group I showed significant dif-
ference between the immediate postoperative and 
preoperative measures which may be due to minor 
discrepancy in the radiographic points recording 
during usage of software, resulting in change in the 
linear radiographic measurements or ICA, this is 
coinciding with what reported in another study (10). 

CONCLUSION

Using a traditional and modified design custom-
made miniplate, MAF may be appropriately man-
aged. The newly designed miniplate is considered a 
treatment modality in management of MAF. 
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