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Abstract

AIM: To evaluate a new technique for surgical removal of deeply impacted mandibular third molars (DIMTM),
using computer-guided cutting guide to maintain inferior alveolar nerve (IAN) integrity and the covering buccal
bone.

PATIENTS AND METHODS: Eighteen cases indicated for removal of DIMTM. Cone-beam Computed
Tomography (CBCTs) used to determine the tooth’s relation to the IAN. Computer-guided software used for
fabrication of surgical cutting guide stent to expose the impacted tooth and repositioning of bone after
odontectomy without fixation. Clinical assessment included a neurosensory deficit of IAN, pain using a visual
analogue scale (VAS), facial swelling, and maximal mouth opening (MMO). CBCTs were taken immediately and
six months postoperatively to evaluate position and healing of bone.

RESULTS: None of the patients showed a permanent neurological deficit of IAN while all patients showed normal
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Introduction

Impaction of mandibular third molars is a
commonly encountered condition that often proves to
be problematic and with a higher incidence of
iatrogenic complications during its removal. Newly
published data revealed that 72, 2% of the entire
world’s population has at least one impacted tooth
(usually lower third molar) [1], [2], [3], [4]. Santosh P
in 2015 [5] stated that IAN injury post third molar
extraction is a well-recognised complication with
the reported risk of 0.26-8.4%. Tingling, numbness,
burning or throbbing sensations in the ipsilateral lower

parameters of pain, facial swelling and MMO.

CONCLUSION: this technique has shown the accurate determination of the bony window cuts with subsequent
preservation of IAN and external oblique ridge.

lip, chin and gingiva are customary manifestations.
The contributing factors reported include; age,
infection history, rotatory tool utilisation, operator
skills and location of the impaction. However, the
most important factor is the anatomic approximation
of the molar roots to the nerve [5], [6], [7]-

Nowadays 3d cone beam computed
tomography (3D CBCT) are becoming preferable for
proper treatment planning and assessment of difficulty
indices to digital panoramic radiographs [8], [9].

Numerous methods were proposed for
surgical removal of deeply impacted mandibular
wisdom including the lingual split-bone technique,
coronoidectomy technique, orthodontic extraction
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technique and even an extra-oral approach.
Nonetheless, the two most encountered complications
are still excessive bone removal and high possibility of
inferior alveolar nerve (IAN) affection [10], [11], [12],
[13], [14], [15], [16].

To simultaneously preserve the buccal bone
at the external oblique ridge and afford accessibility
for deeply impacted third molars; many case reports
have been published that suggested sagittal split
ramus osteotomy (SSRO) for odontectomy, followed
by fixations of bony segments [18], [19], [20], [21].

The technique published by Ahmed M. in
2016 [22] was innovative in combining two different
surgical procedures through harvesting the overlying
buccal plate of bone at the external oblique ridge and
its relocation after odontectomy without fixation.
Although CBCTs were suitable in determining the
position and relation of impacted molars to the IAN,
linear measurements were made and transferred to
the rectangular design of the osteotomized bony
segment targeting to expose the impacted tooth till its
furcation adequately. However, determining the
position of the osteotomy and the angulation was
based on arbitrary measurements [22].

Computer-aided design/computer-aided
manufacturing (CAD/CAM) techniques are virtual
planning software tools which provide anatomically
accurate samples of a patient's hard tissue
structures. The CAD/CAM cutting guides fabrication
can provide adequate information regarding proper
cutting planes and maintain the IAN integrity; thus,
they may help in treatment planning and outcome
prediction of a wide variety of oral and maxillofacial
surgeries [22], [23], [24].

In the present study, we aimed to evaluate
CAD/CAM cutting guide fabrication for simple
osteotomy positioning and segment realignment
during odontectomy of deeply impacted third molar
tooth for adequate tooth exposure and maximum
nerve protection.

Patients and Methods

We confirm that the present study runs in
concordance with international ethical guidelines and
applicable local regulatory laws. The ethical
approval was obtained from the institutional review
board (IRB) of Oral and Maxillofacial Surgery
Department, Faculty of Dentistry, Cairo University
(ethical approval number: 17-11-10). Informed
written consent was obtained from every eligible
patient before study enrollment.

The present prospective cohort study was
conducted on eighteen cases selected from
outpatient clinics of the Oral and Maxillofacial

Surgery Department, Faculty of Dentistry, Cairo
University. The sample size was determined by the
medical biostatistics unit (MBU) in the Faculty of
Dentistry, Cairo University. Patient's age ranged
from 20 to 29 years with a mean of 24.5 years. We
included adult patients who met the following criteria:
1) patients with deeply impacted mandibular third
molar tooth who were complicated for extraction
according to Juodzbalys and Daugela [3]; 2) patients

who were classified as American Society of
Anesthesiologist’'s (ASA) [1]; and
3) patients who were fit for surgical

removal under general anesthesia. Patients with
medically compromised conditions or pregnant women
were excluded from the study.

Preoperatively, patients were subjected to
detailed medical history and full clinical
examination. Then, preoperative CBCTs (Scanora 3D
Soredex Finland 85kv-15Ma) were obtained for
diagnosis, determining IAN proximity, and developing
the cutting guide fabrication respectively (Figure 1A
and B).

Ellll|l! .; 2 | . llm;gmlmw'
10= -.'4
¥ E 7

Figure 1:
operative CBCTs
impacted molar about the IAN

A) and B) Radiographic pictures of pre-
to determine the position of the

The CBCT-based DICOM images were
imported into virtual surgical planning software
(Mimics Edition15, Materialise Innovations, Leuven,
Belgium). The area of interest at the mandibular
external oblique ridge was delineated, and three
virtual cutting (two vertical and one horizontal)
planes were designed simulating the positions of
the two vertical and inferior osteotomies of the
bony window. These virtual cuts were planned
guided by the position of the impacted molar about
the IAN, and the adjacent second molar aiming to
expose the crown till the furcation area (Figure 2A).

Figure 2: A) CBCT as DICOM files with virtual surgical
planning determining the vertical cutting plans; B) Matic
software with bone — borne cutting guide with the virtual
cutting slots
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The two vertical cuts were planned with
lingual convergence. This step was followed by
exporting the surgical plan to the next specialised
software, 3-Matic (Materialise Innovations, Leuven,
Belgium), this software was used to design a bone
— borne cutting guide with the three virtual
osteotomies slots (Figure 2B). 3D printing by Fused
Deposition Modeling (FDM) technique (Ultimaker 2
3D printer, model number: UM2) was used to
fabricate a 2 mm thick guide of polylactide (PLA);
this thickness offered enough rigidity while not
interfering with the radius of the cutting disc. The
overall average working time of virtual planning and
3D printing was 70-85 minutes.

The cutting guide was designed by the
Corresponding author using Mimics Edition15 and 3-
Matic software. It took 20-30 minutes to finish the
design, and the printing of the cutting guide cost
about 15 dollars for each case.

All surgical procedures were performed by
the same operator, to minimise the technical
variables. Preoperatively, patients received a loading
dose (1.5 gm) of Ampicillin/Sulbactam intravenously
and local infiltration of 4% articaine HCL with
1:100,000 vasoconstrictor (Septanest SP, Septodent
pharmaceutical Industries, France). A three-line
mucoperiosteal flap was performed to expose the
field. The surgical guide was fixed in place using a
single 2.0 mini screw (Figure 3A). Two vertical cuts
with lingual convergence were made through the
buccal bony plate, using a reciprocating saw (Figure
3B). The inferior horizontal cut was performed
perpendicularly or with slight downward divergence,
connecting the two vertical cuts, using 0.3mm
thickness FRIOS Micro Saw disc. The radius of the
Micro Saw disc is 3.2 mm; this permitted
monocortical bone osteotomy (Figure 3C). To finish
off the rectangular design, the surgical guide was
removed, and the superior horizontal cut was done
using the reciprocating saw. Lastly, the disc and saw
were used to revise all the cuts. Adopting the same
technique of Ahmed M [22], chisels were used for
splitting the bony window (Figure 3D and E).

Figure 3: A) The surgical cutting guide in place; B) the reciprocating
saw; C) The FRIOS micro saw disc; D) The bony window cuts and
the chisel for splitting the segment; E) The osteotomized bony
segment; F) The impacted molar with the furcation after separation;
G) The repositioning of the osteotomized bony segment after
odontectomy

Following odontectomy, the surgical site was
debrided, irrigated; and accurate repositioning of the
osteotomized bone segment was carried out without
fixation (Figure 3F and G). Closure of the flap was
performed with 3-0 Vicryl sutures. Postoperative
instructions were given, and patients were prescribed
antibiotics, analgesics, and mouthwash.

Patients were followed-up postoperatively at
3, 7 and 14 days. Neurosensory testing, including an
objective assessment of patients using the pinprick
and light touch tests, were used, at 7th day
postoperatively and the results were categorised as
normal or abnormal [25]. The study’s outcomes were:

1) The radiographic parameters for the
osteotomy position and bone healing which were
evaluated using CBCTs immediately and six months
postoperatively.

2) The severity of postoperative pain using
visual analogue scale (VAS), the VAS is a
psychometric 0-10 scale with ‘O’ being ‘No Pain’ and
‘10’ being ‘Most Severe Pain [26].

3) Facial swelling was recorded using 2-
0 nylon threads and a millimetre ruler.
Measurements were done bilaterally from the tip of
the tragus to the gonium, three times for each
patient and the average value recorded in
centimetres [27].

4) Maximal mouth opening (MMO) which
was measured using a digital millimetre scale pre
and postoperatively on the 3rd, 7th and 14th day,
values were recorded in centimetres [27].

5) Incidence of alveolar osteitis and wound
dehiscence.

Data were analysed using SPSS software
(Statistical Package for the Social Sciences, version
24, SSPS Inc, Chicago, IL, USA). Frequency
tables with percentages were used for categorical
variables, and descriptive statistics (either means with
standard deviation or median with range) were
used for numerical variables, according to the
normality of the data. Paired t-test was used to
compare the change in VAS scores, while repeated
measures analysis of variance (ANOVA) test was
used to compare facial swelling and the change in
MMO. This was followed by Tukey's post hoc test
when ANOVA revealed a significant difference for
numerical variables. A p-value less than 0.05 was
considered statistically significant.

ANOVA was used for statistical analysis as
the data were numerical data about facial swelling and
maximal mouth opening while paired t-test was used
for non-numerical data about visual analogue scale.
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Results

The present study included 18 cases with a
mean age of 24.5 + 3.4 years. The majority of patients
were females (61%). Intraoperatively, the cutting
guide fit accurately in all cases without additional
adjustment or further flap extension. The bony
segment at the external obligue ridge was
successfully harvested as one piece in all cases
without fracture, offering adequate exposure of the
crown to the root furcation. After odontectomy, the
harvested bone was repositioned and was stable
and self-retentive with no need for fixation.
Uneventful primary wound healing was observed in
all patients; no signs of infection, flap dehiscence
or bone exposure were seen. Postoperatively, lower
lip paresthesia was only encountered in three
patients, probably owing to pressure during root
removal. The patients were followed up until recovery
which was achieved within three months.

Table 1: VAS score pre-and post-operatively and significance
of the difference using Paired t-test for Equality of Means

significant at (p < 0.0001). While, Tukey's post hoc
test revealed no significant difference between
values recorded at 7 and 14 days postoperatively
(Table 2, Figure 5).

Table 2: MMO (cm) pre-and post-operatively and significance
of the difference using repeated measures analysis of variance
(ANOVA) test

MMO Mean SD P value

prrf-operative 3.9833°% .35687

gp;::%’VZOSt' 2.2722° 46628

7" day post- c <0.0001*
3.083 .04938

operative
14" day post-operative 3.928° .03461

VAS Time Mean SD T P value
Pre-operative 5.6667 2.30089 5.279 < 0.0001*
14" day post-operative 2.3333 0.7199
Significance level p < 0.05, * significant

Regarding the pain score, the Visual
Analogue Scale mean (VAS) demonstrated

improvement by decreasing from 5.67 + 2.33 pre-
operatively to 2.33 £ 0.72 two weeks postoperatively.
Paired t-test revealed a statistically significant
difference at (p < 0.0001), (Tablel, Figure 4).

VAS

Mean score
N w o w o

-

Pre-operative 14 days post operative

Figure 4: Column chart showing mean VAS score pre-and post-
operatively

The maximum mouth opening’s mean
score decreased from 3.98 + 0.36 pre-operatively to
227 + 0.11 after three days postoperatively.
However, a gradual increase to 3.08 £ 0.049 till the
7th postoperative day was seen, and then finally
reached 3.93 + 0.034 at 14 days postoperatively.
Repeated measures analysis of variance (ANOVA)
test revealed that the difference was statistically

Significance level p < 0.05, * significant; Tukey's post hoc test: means with different
superscript letters are significantly different.

Facial Swelling; the mean value increased
from 13.76 + 1.15 pre-operatively to 15.26 + 1.21
after three days, but decreased to 13.68 + 1.18 after 7
days postoperatively, repeated measures analysis of
variance (ANOVA) test revealed that the difference
was statistically significant at (p < 0.0001).

MMO

4.00

3.50 ¢

3.00 ¢

2.50 ¢ F = 7 fr E
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150 |
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0.50 4
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7 days post 14 days post

P P P

Figure 5: Column chart showing mean MMO (cm) pre-and post-
operatively

However, Tukey's post hoc test revealed no
significant difference between values recorded pre-
operatively and at 7 days postoperatively (Table 3,
Figure 6).

Table (3) Facial swelling (cm) pre-and post-operatively and
significance of the difference using repeated measures
analysis of variance (ANOVA) test

Facial swelling Mean SD P value
pre-operative 13.7611° 1.14950
3 day post-operative 15.2556% 1.20987
7" day post-operative 13.6778° 1.17851

< 0.0001*

Significance level p<0.05, * significant; Tukey's post hoc test: means with different
superscript letters are significantly different.

Reviewing the radiographic results;
immediate postoperative CBCTs showed proper
repositioning of the harvested bony segment
(Figure 7). Six months postoperative CBCTs showed
adequate cortication of the buccal plate of bone at the
external oblique ridge and normal bone healing of the
sockets in all cases (Figure 8A and B).
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Facial swelling
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Figure 6: Column chart showing mean facial swelling (cm) pre-and
post-operatively

Discussion

Deeply impacted mandibular third molar
(DIMTM) removal is surgery with difficulty ranging
from excessive bone removal to the high liability
of injury to IAN either directly or indirectly with
subsequent hypoesthesia of the lower lip. This study
was conducted to assess the novel idea of
harvesting bone covering the DIMTM and the use of
a CAD/CAM cutting guide in its removal, aiming at
preserving the integrity of the IAN and repositioning
the harvested external obligue ridge after

odontectomy [28], [29], [30], [31], [32].

Figure 7: Immediate postoperative CBCTs radiograph

Although CBCTs were very useful in
determining the spatial relation of DIMTMs to the
IAN, [22] however, the introduction of the
CAD/CAM cutting guide guaranteed accurate
osteotomy positioning, maximum protection of the
IAN and adequate exposure of the impacted tooth
making this procedure a more applicable alternative
for oral and maxillofacial surgeons [33].

In the present study, a CAD/CAM cutting
guide was used to plan out the rectangular bony
window with proper dimensions and directional
orientation of the osteotomies to ensure adequate
exposure of the impacted molar. This was achieved
using the FRIOS Micro Saw disc, with 0.3 mm

thickness, keeping the thickness of the inferior

osteotomy to a minimum. Also, the maximum cutting
depth of the Micro Saw disc is 3.2 mm; this permitted
monocortical bone osteotomy with preservation of the
IAN integrity.

Figure 8: A), B) CBCTs; A) axial and B) coronal cuts 6 months
postoperative showing normal bone healing

The thickness of the cutting guide was 2 mm.
This particular thickness was chosen to ensure
enough rigidity of the stent, while at the same time
allowing the inferior osteotomy to be made with no
interference. The orientation of the osteotomies’
bevel converges lingually to allow bony segment
removal as one piece and making it self-seated and
retentive without any means of fixation upon its
repositioning [28]. Normal bone healing was
confirmed radiographically by the presence of bony
trabeculae six months postoperatively  which
indicated graft revascularization and consolidation.
This was also supported clinically by the absence of
any signs and symptoms of infection or wound
dehiscence [34].

Previous reports have shown that the surgical
extraction of mandibular third molars is associated
with considerable frequency of minor and severe
complications, especially with extended operative
time and deep impaction. Extend operative time, and
excessive flap reflection causes a significant rise in
the level of inflammatory mediators, which in return
aggravate postoperative pain, facial oedema and limit
mouth opening. The average operative time was
reported to be around 25 minutes (range from 10 to
40 minutes). In the present study, we performed a
classical flap extension to allow seating of the
cutting guide which was valuable in reducing the
surgical time in relation to position of the impacted
molar; the new approach reduced the operative
time by 20% lower than the average operative time
for extraction of deeply impacted third molar tooth [2],
[7], [35], [40].

The current published literature shows that
the surgical extraction of impacted third molars
usually leads to postoperative pain, facial swelling,
and reduced mouth opening; with subsequent
deterioration in health-related quality of life [41], [42].
Yuasa and Sugiura [43] reported that the occurrence
of postoperative pain and swelling depend on
patients age and difficulty index. In the present
study, there was a significant improvement in
postoperative pain; while the maximal mouth opening
and facial swelling were within the normal range 14
days postoperatively. Such favourable postoperative
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outcomes may be attributed to the short operative
time assisted by the using of CAD/CAM cutting
guides [1], [2], [7], [31], [32], [36].

In conclusion, this study proposes the joining
of two new, different modalities in lower wisdom
odontectomy, the first of which is the temporary
harvesting of bone at the external oblique ridge, to
provide access and a path of removal of the
impacted tooth. The second proposition is the use of
computer-guided technology in the fabrication of the
surgical cutting guide, with measurements that
eliminate chances of IAN injury and allows
repositioning of this harvested bone without fixation.
In addition to decreasing operative time,
postoperative pain, facial swelling and trismus, this
technique preserved the external oblique ridge’s bone
for future use in oral cavity augmentation. Although
there was no nerve injury and good graft
consolidation, which reflects the success of the
technique, it is necessary to mention, however, that
computer- guided surgery does not eliminate the
operator dependent part for tooth exposure and
odontectomy regarding the pressure exerted by the
apical fragments on the nerve.
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