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INTRODUCTION                                                                 

   The description of maxillofacial cystic lesions backs 
to Ancient Egypt since 4500 B.C [1]. Nonetheless, it was 
not until the early 1900s, in which a growing number 
of published literature has tried to explore the clinical 
presentations and management of maxillofacial cystic 
lesions[2]. Maxillofacial cysts are common,

 non-infectious, pathological cavity composed of fluid or 
gases and surrounded -partially or entirely- by an epithelial 
layer[3]. They are usually classified into malignant cysts 
or pseudocysts, with overlapping clinical features and 
radiological appearances[4].

Maxillofacial cysts can occur secondarily to a wide range 
of causes, such as malignancy, trauma, inflammatory 
conditions, and developmental disorders; the cysts usually 
appear during adulthood, and they are more common 
among females [5]. While a considerable proportion of 
maxillofacial cysts are asymptomatic and accidentally 
discovered, patients may present with persistent pain, 

swelling, paraesthesia, teeth displacement, and pathological 
fractures[6]. Besides, malignant cysts exhibited highly 
aggressive behavior and frequent recurrence[4]. Therefore, 
complete cyst removal is the main goal of treatment to 
ensure low recurrence probability[7]

The choice of surgical technique for removing maxillofacial 
cysts depends mainly on the size of the cysts. Small cysts 
can be easily eradicated by enucleation or curettage with 
a low recurrence rate and postoperative morbidity [5]. 
On the other hand, radical resection is usually preserved 
for large cysts due to high recurrence and pathological 
fractures [8]. Marsupialization is a surgical procedure that 
donates relieving intracystic pressure through an opening 
to allow for drainage; the technique is based on converting 
the cyst into a pouch by communicating the cyst with oral 
mucosa[9].

In return, marsupialization allows a gradual reduction in 
the cyst size and stimulates bony classification of the cyst 
wall[10]

ABSTRACT

Background: tA growing body of evidence has recently utilized 3D assessment to follow up on the volume reduction after 
marsupialization of maxillofacial cysts and the need for enucleation. Materialise Mimics software has been widely used for 
that purpose. Recently, computer-aided design (AutoCAD) has proven its reliability in assessing the change in cyst volume in 
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The determination of cyst measured volume was carried out using AutoCAD and Mimics pre-operatively and up to nine months 
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Mimics software, the volume (mm3) recorded an average (SD) of 29041.04579.0±3275.0 ,13761.4±10144.6 ,94994.5±, and 
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Conclusion: Computer-aided (AutoCAD) assessment of post-marsupialization volume reduction of maxillofacial cysts is a 
readily available, easy-to-use, cheap, and accurate option to be contemplated along with Mimics software.
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   Marsupialization has gained much popularity over the 
years for the management of large cysts owing to the 
low risks of associated injuries to vital structures and 
fractures. Besides, the technique enhances osteogenesis 
and improves pulp vitality [11]. However, the need for 
enucleation for healing and the long follow-up period are 
the main disadvantages of marsupialization.

  Three-dimensional (3D) imaging is the modality of 
choice for preoperative assessment of cyst volume 
and diameter; previous reports demonstrated that 3D 
computed tomography (CT) could accurately measure the 
cyst volume, demonstrate the cyst border, and evaluate 
the anatomical relations of the cyst [12]. A growing body 
of evidence has recently utilized 3D assessment via 
Materialise Mimics software to follow up on the volume 
reduction after marsupialization of maxillofacial cysts and 
the need for enucleation [12,13]. Recently, computer-aided 
design (AutoCAD) has proven its reliability in assessing 
the change in cyst volume in a wide range of surgeries[14]. 
This study aims to evaluate the accuracy of AutoCAD and 
Mimics software in the 3D assessment of volume reduction 
of cysts following marsupialization.

MATERIAL AND METHODS                                                                           

    The protocol of the study was approved by the Ethical 
Committee of the Faculty of Dentistry, Sinai University. 
The details of the treatment plan and methodology of 
the study were explained to each individual patient, 
and written informed consents were collected prior to 
surgical intervention. We confirm that none of the study’s 
procedures violated the main principles of the Declaration 
of Helsinki [15]. 

2.1 Sample size calculations :

   The sample size was calculated by power analysis using 
power version 3.1.9.6. to evaluate the difference in accuracy 
between the two programs and their different values in 
relation to the position of the lesion; a repeated measure 
ANOVA was proposed. A total sample size of 15 patients 
was sufficient to detect an effect size of 0.25 at a. power 
of 0.9 (90%) at a significance level of 0.05. Each method 
AutoCAD, Mimics groups was applied on 15 patients [15,16]

2.2. Study design and Patients : 
  We conducted a case-series study on 15 patients with 
radicular cysts of more than 1000 mm3 volume who 
underwent marsupialization. The series of patients 
were selected from the outpatient clinic of Oral and 
Maxillofacial Surgery Departments in both Minia and 
Sinai Universities. Patients aged between 10 to 50 years 
old were recruited regardless of their gender. Only 
patients with large intra-bony cystic lesions, which was 
defined as cyst volume > 1000mm3 and confirmed by 
histopathological examination, were included. We excluded 

patients with other systemic or localized bony diseases 
and patients who were not willing for follow up visits.

2.3. Preoperative Assessment:

  Complete medical reports of all eligible patients 
were established, including patients' general and 
specific medical and dental history. Besides, the 
cysts characteristics were collected through intra-
oral examination. All the patients within this study 
were primarily examined pre-operatively by digital 

  ortho-panorama (OPG). Afterwards, Multi-slice CT scans 
were performed preoperatively and postoperatively for 
each patient to determine the extension of the cyst, presence 
of impacted teeth or odontoma, the proximity of the cyst 

margins to the maxillary sinus or other vital structure.

2.4. Determination of cyst measure volume using 
AutoCAD and Mimics.

  The determination of cyst volume using AutoCAD 
(v2020, Autodesk, Inc. Mill Valley, CA, USA) was 
measured by assessing the volume of the cyst on CT 
with 1mm slice, then measuring the volume of every 
slice by volume = area x depth. Then, the sum of the 
volume of each slice was calculated to determine the 
cyst volume. Mimics 21.0 (Materialise NV, Leuven, 
Belgium) software was also used to measure the same 
slices by reconstructing them into a 3D structure 
and calculating the volume. Measurements were 
done pre and 3, 6, 9 months post-marsupialization.

2.5. Surgical Procedures:

  Preoperative prophylactic antibiotics were prescribed 
according to body weight and history of sensitivity. The 
patients were asked to thoroughly rinse with Povidone-
iodine 10% disinfectant solution before surgical procedure. 
Isolation and draping of the patient were performed 
according to the standard technique for intraoral surgeries. 
All the surgical procedures of marsupialization were 
performed under local anaesthesia in the outpatient clinic. 
An incisional biopsy was performed simultaneously.

 A scalpel was stabbed directly through the oral mucosa, 
and the underlying cyst lining against the bone edge 
and an opening was made into the sac by cutting from 
inside the cavity out against the bone margin. Then the 
cyst lining specimen was sent for histopathological 
study. The margins of the oral mucosa and the cyst 
lining were sutured together. Irrigation in the cyst 
cavity with saline and suction the saline and the cyst 
fluid (Figure 1). Impression was taken extended into 
the cystic cavity using alginate impression material 
and send to the dental laboratory for plug fabrication.
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 Suturing of the periphery of each cyst lining to 
the oral mucosa and each cavity was packed with 
a gauze drain, which changed daily by the patient 
himself for the first week of post-marsupialization.

  All patients received oral antibiotic therapy according 
to body weight and history of sensitivity post-marsupi-
alization. Non-steroidal anti-inflammatory drugs were 
also recommended as needed. The patients were ordered 
postoperatively to adhere to a soft diet for the first week. 
Oral hygiene maintained by twice-daily rinsing with 
0.2 % chlorhexidine mouth wash and two to three daily 
saline irrigations of the cystic cavity by the patient 
himself. The patients were taught how to care for the plug.

     The follow-up was performed at the first four weeks 
and then every three months until the end of the proposed 
post-marsupialization follow-up period. Multi-slice CT 
scan (coronal, axial and sagittal cuts) at three, six, and 
nine months post-marsupialization was performed on all 
patients (Figure 2).

2.6. Statistical analysis:

Statistical analysis is to be carried out to evaluate the 
difference in accuracy between the two programs and their 
different values in relation to the position of the lesion 
(maxilla or mandible, anterior and posterior). 

Friedman’s test was applied to evaluate the difference in 
volume between different timepoint within each method 
(mimic or AutoCAD), Mann-Whitney test statistic was 
used to check the difference between Mimic and AutoCAD 
volume readings at each time point. 
Repeated measures ANOVA were applied to study the 
overall effect of groups and timepoints and their interac-
tions at 0.05 level. Simple linear regression and regression 
trendline was applied to assess the change of volume with 
postoperative follow-up time points[18,20]

RESULTS                                                                             

  Fifteen 15 patients were studied in estimation by either 
MIMIC or AutoCAD software in current research. The 
measurements from each software were recorded twice 
by the same examiner with a two-week interval between 
them, the results of (insert intra-rater reliability test here) 
was (positive). 53.3% of the samples were male, and 
46.7% were females, and the difference was non-signifi-
cant (p>0.05 ns) as revealed by the Chi-square test. The 
average(±SD) age among patients was 34.13±9.59 years, 
where it ranged between 20 to 47 years. About 60% of the 
patients were anterior, 40% posterior, where the anterior 
mandible was 26.7 %(n=8), posterior mandible comprised 
6.7% (n=2), anterior and posterior maxilla comprised 
about 33.33 % (n=10). The difference among the sites of 
the study were also non-significant (p<0.05) (Table, 1).

Figure 1. (A) Aspirated cystic fluid, (B) Intraoperative photograph showing window after marsupialization, (C) Intraoperative photograph 
after suturing of cyst wall and mucosa.

Figure 2. Axial CT showing (A) pre-marsupialization and (B) 6-month post-marsupialization reduction of maxillary radicular cyst.
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Table 1. Distribution of studied patients among groups (MIMIC, AutoCAD) software, including gender, age, and site.

Variable MIMIC AutoCAD Total Chi-square
Sign.

n % n % n %

Gender Male 8 53.3 8 53.3 16 53.3 >0.05 ns

Female 7 46.7 7 46.7 14 46.7

Total 15 100 15 100 30 100

Age Mean± SD                                              34.13±9.59

Site

Maxilla/

Mandible

Maxilla 10 66.7 10 66.7 20 66.7
>0.05 ns

Mandible 5 33.3 5 33.3 10 33.3

Total 15 100 15 100 30 100

Anterior/
 
posterior

Anterior 9 60.0 9 60.0 18 60.0
>0.05 ns

Posterior 6 40.0 6 40.0 12 40.0

Total 15 100 15 100 30 100

Site Anterior Mandible 4 26.7 4 26.7 8 26.7

>0.05 ns
1 6.7 1 6.7 2 6.7Posterior Mandible

5 33.3 5 33.3 10 33.3Anterior Maxilla

5 33.3 5 33.3 10 33.3Posterior Maxilla

Total 15 100 15 100 30 100

*, **, ***, Significant at p<0.05, <0.01, <0.001; NS, non-significant at p>0.05

Using MIMIC software, the volume (mm3) recorded an average (SD) of 29041.0±94994.5, 10144.6±13761.4, 3275.0±4579.0, 
and 1984.6±3303.9 mm3 in pre-marsupialization, 3-, 6-, and 9-months post-marsupialization; respectively (Figure, 3-4; 
Table 1). The largest volume estimated by MIMIC software was 29041.0 in 3 months post-marsupialization, which 
decreased to 1984.6 following 9 months post-marsupialization with a total change % from the pre-marsupialization volume 
by -93.2%. The percentage of reduction in cyst volume estimated by Mimic software increased significantly from 65.1% 
at 3-months, to 88.7% and 93.2% at six- and nine-months post-marsupialization. The change in volume (mm3) estimated 
by MIMIC software with the follow-up time points was highly significant (p<0.001), as revealed by Friedman’s test and 
regression trendline. The regression trendline proved a significant inverse change of volume with time (Figure 3A).
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Figure 3. (A) regression trendline showing the change in volume mm3 with follow-up timepoints, (B) bar chart showing the volume mm3 
at different time points. Volume estimated by MIMIC software.
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Figure 4. Mimics software measuring 3d volume of cyst pre and 3-month post-marsupialization. The lesion profile is outlined on each slice 
in 3 spatial planes, providing a 3-dimensional rendering of the cyst
Using AutoCAD software, the volume (mm3) estimated an average (SD) of 29037.9±94.994, 10137.8±13759.9, 3276.6±4579.1, 1984.4±3303.7 
mm3 in pre-marsupialization, 3-, 6-, and 9-months post-marsupialization; respectively (Figure, 5-6)

Table 1). The largest volume estimated by AutoCAD software was 29037.9 mm3 recorded in 3 months post-marsupialization, 
which decreased to 1984.4 following 9 months post-marsupialization with a total change % from the pre- volume of -93.2%. 
The percentage of reduction in cyst volume estimated by autoCAD software increased significantly from 65.1% at 3-months, to 
88.7% and 93.2% at six- and nine-months post-marsupialization. The change in volume (mm3) estimated by AutoCAD software 
with the follow-up time points was highly significant (p<0.001), as revealed by Friedman’s test and regression trendline. The 
regression trendline revealed a significant inverse change of volume with time (Figure 5A).

Figure 5. (A) regression trendline showing the change in volume mm3 with follow-up timepoints, (B) bar 
chart showing the volume mm3 at different time points, volume estimated by AutoCAD software.
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Figure 6. AutoCAD used to measure cyst volume pre and 3 months post-marsupialization. the lesion profile 
was outlined on each slice in 3 spatial planes, providing a 3- dimensional rendering of the cyst.

The difference between measures carried out by MIMIC and AutoCAD software was non-significant (p>0.05) at all checked 
follow-up time points (pre-, 3-, 6-, 9- months post-marsupialization) as revealed by Mann-Whitney U. 

Table 2. Volume (mm3) in pre- and post- marsupialization as estimated by both MIMIC and AutoCAD software.

Group

Volume in mm3

Friedman's
 Test, sign.Pre-

marsupialization
Post-marsupialization Volume 

in mm3

3 m 6 m 9 m

MIMIC Mean 29041.0 10144.6 3275.0 1984.6
<0.001***

SD 94994.5 13761.4 4579.0 3303.9

Change (%) of pre- -65.07 -88.72 -93.17

AutoCAD Mean 29037.9 10137.8 3276.6 1984.4

<0.001***SD 94994.9 13759.9 4579.1 3303.7

Change (%) of pre- -65.09 -88.72 -93.17

Mann-Whitney U >0.05 ns >0.05 ns >0.05 ns >0.05 ns

Repeated measures ANOVA

Source of variation F-ratio p-value

Corr. Model 0.87 >0.05 ns

Groups 0.00 >0.05 ns

Time 2.02 >0.05 ns

Groups x Time 0.00 >0.05 ns

*, **, ***, Significant at p<0.05, <0.01, <0.001; NS, non-significant at p>0.05
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    According to repeated-measures analysis of variance (ANOVA), the overall differences between MIMIC and AutoCAD soft-
ware measures was non-significant (p>0.05) at all checked follow-up time points (pre-, 3-, 6-, 9- months post-marsupialization) 
(Table2). 
Table (3) and Figure (7) represent the average volume (mm3) with a linear trendline to assess the inter software agreement. 
There was high internal consistency in intra-examiner estimate agreement (between MIMIC and AutoCAD) regarding 
Cronbach’s alpha value of 1.00, interclass correlation (ICC) of 1.00 (sign. <0.001***). Furthermore, there are a highly 
significant high internal consistency and reliability in inter-software (between software Mimic and AutoCAD) agreement 
regarding standard resolution and high resolution see table (3). Regression trendline between MIMIC and AutoCAD estimated 
volumes which showed a coefficient of 1.0 and a highly significant correlation and agreement (Figure, 7). 

Table (3). Results of Cronbach’s alpha and Inter-Class Correlation Coefficient (ICC) for intra-examiner agreement between MIMIC and 
AutoCAD software in estimating volume (mm3).

Software
Volume (mm3) Intra-examiner reliability (Cronbach's alpha)

Mean SD Cronbach's alpha ICC Sign.

MIMIC 11111.3 48088.8
1.00 1.00 <0.001***

AutoCAD 11109.26 48088.6

Total 22220.5 96177.4

*, **, ***, Significant at p<0.05, <0.01, <0.001; NS, non-significant at p>0.05

Figure 7. Regression trendline showing the linear interrelationships between volume measured MIMIC software versus AutoCAD measures.
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 DISCUSSION                                                                          

  Radiological follow-up of cyst volume after 
marsupialization is of paramount importance in or-
der to measure the rate of volume reduction and the 
time for enucleation if needed [21]. While bidimensional 
evaluation can assess volume reduction over time, 
its shortcomings include inaccurate discrimination of 
cyst border and the inability to assess the cyst rela-
tion with the surrounding vital structures [22]. Thus, 3D 
imaging has become the modality of choice for preoperative 
assessment of cyst volume and diameter, which allows for 
accurate measurement of the cyst volume, demonstrates 
the cyst border, and evaluates the anatomical relations of 
the cyst [12]. Cone-beam CT scan is widely utilized in the 
preoperative assessment and planning of maxillofacial 
cysts treatment [23]. Despite that the use of cone-beam CT 
does not increase the cost of surgery-related resources and 
postoperative management plan, the cost of cone-beam 
CT itself is high compared to traditional imaging[19]. This 
cost can increase substantially when regular postoperative 
follow-up is needed, as in the case of marsupialization.

  Therefore, multi-slice CT scan is widely used in 
limited-resources countries to regularly evaluate 
the patients after marsupialization, despite its lower 
accuracy than cone-beam CT [24]. Thus, it is imperative to 
enhance the feasibility and accuracy of a multi-slice CT 
scan. Over the recent years, a number of software were 
designed for monitoring volume reduction and bony
defects after marsupialization[25].                           
Computer-aided design, using AutoCAD software, can 
represent a promising, inexpensive modality for improv-
ing multi-slice CT monitoring of volumetric reduction 
after marsupialization[26]. Previous reports demonstrated 
that this tool could enhance postoperative assessment 
and assess the need and timing of second procedure [27]. 
However, only few studies assessed the utilization of 
AutoCAD software in assessment of volume reduction and 
bone density increase in patients with maxillofacial cysts 
undergoing marsupialization.

   In the present study, we demonstrated the feasibility 
of AutoCAD in software in constructing 3D anatomical 
images for assessment of the volume reduction for 
up to nine months after marsupialization. Our results 
showed the mean percentage of reduction in cyst volume 
increased significantly from 65.1 % at three months to 
88% and 93.2% at six and nine months, respectively.

Such findings run in agreement with a recent report 
by Consolo and colleagues [25], in which the computer-
aided design was effective in monitoring the volumetric 
changes after marsupialization. The same findings were 
reported in 2019 report by Riachi and colleagues [28].

 Likewise, Asutay and colleagues[12] showed that 
3D reconstruction software was useful in moni-
toring the reduction in cyst volume after sur-
gery. Other reports showed similar results[29-30]   

    Concerning the significance of changes in volume over 
the follow-up period, our results run in parallel with Mou-
sa and. Adawy[31], who showed significant decrease in the 
cyst volume over six months duration. Similarly, Enislidis 
and colleagues [32]and Anavi and colleagues[33] reported a 
reduction by more than 90% of the cysts over a nine months 
period. The same results were reported by Lizio et al [34].

    To the best of our knowledge, our study is one of a limited 
number of studies that explore the utilization of AutoCAD 
software in assessment of volume reduction in patients 
with maxillofacial cysts undergoing marsupialization. 
Nonetheless, we acknowledge the existence of certain 
limitations. 
We used multi-slice CT for radiological evaluation of the 
patients; previous reports indicated that the multi-slice 
CT had higher dose exposure than cone-beam CT and, 
thus, it can increase the risk of dose-dependent adverse 
events[35-36]. Besides, the study was limited by the relatively 
small sample size and being a single center experience.

CONCLUSION                                                                        

   In conclusion, computer-aided assessment of post-
marsupialization volume reduction of maxillofacial cysts 
through AutoCAD software is a readily-available, easy-
to-use, cheap, and accurate option. We demonstrated 
the feasibility of AutoCAD software in constructing 
3D anatomical images for assessment of the volume 
reduction for up to nine months after marsupialization. 
Future studies with larger sample size and multi-center 
collaboration are still needed to confirm our findings.
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