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ABSTRACT

Objective: The upper pharyngeal airway spaces (PAS) is gaining popularity due its close 

correlation to various malocclusions and different orthodontic treatments. The aim of this study 

was to compare two software programs; In Vivo 5 Anatomage and Planmeca Romexis viewer in 

measuring the PAS volume and in localizing and calculating its minimum constriction area (MCA). 

Materials and Methods: InVivo 5 Anatomage software (version 5.3.1) and Planmeca Romexis 

viewer (version 6.4.2) were used to view and measure the PAS on 15 CBCT scans. The upper 

limit of the PAS was established by drawing a line extending from the posterior nasal spine to 

the pharyngeal wall. The lower limit was determined by a line parallel to the upper limit line. The 

volume and MCA of the PAS were automatically calculated by each software. Measurements were 

repeated after 10 days. 

Results: There was no statistically significant difference between both software programs 

regarding the volume and MCA measurements with mean difference of 0.13 cm3 and 11.31 cm2 

respectively (P ≤ 0.05). It was noticed that InVivo 5 yielded insignificantly higher mean values of 

the PAS volume and MCA. There was perfect inter and intra-observer agreement with ICC > 0.9. 

Conclusions: Both software programs; InVivo 5 Anatomage and Planmeca Romexis can be 

utilized for visualization and measurement of the upper airway spaces for orthodontic diagnostic 

purposes interchangeably. 
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INTRODUCTION 

The impact of orthodontic treatment on the 
surrounding soft tissues and pharyngeal airway 
spaces (PAS) shouldn’t be overlooked. The upper 
airway (UA) extends from the tip of the nose to 
the epiglottis, where the PAS can be divided into 
three sections; the nasopharyngeal, oropharyngeal, 
and laryngopharyngeal airways 1,2. Due its close 
correlation to growth of the craniofacial structures3,4, 
PAS , as well as the minimum cross sectional area 
( MCA: the anatomic location perpendicular to the 
direction of airflow as visualized in the axial plane, 
and which the degree of its constriction shows the 
resistance to airflow5), has been studied across 
various malocclusions and facial patterns. It was 
believed that patients with longer faces have a smaller 
airway space compared to those with shorter faces6. 
Patients with anterior open bite were reported to 
have a narrower PAS and a smaller MCA7. Previous 
studies showed no difference in PAS across different 
anteroposterior skeletal relations8-10. However, it 
was also reported that the airway volumes of Class 
II patients were smaller when compared with Class 
I and Class III patients2,11,12. 

The effect of orthodontic treatment on the PAS 
has also been investigated. Trials confirming a 
positive correlation between different orthodontic 
treatment modalities and PAS13-16 are available in the 
literature as well as other trials negating the effect 
of treatment 17-20. The wide platform of information 
available regarding the PAS is greatly related to the 
imaging modality and measurement tool used. Due 
to the complex 3-dimensional structure of the upper 
airway spaces21, cone beam computed tomography 
(CBCT) is the imaging modality of choice as 
it allows accurate volumetric visualization and 
measurement of the PAS21, 22. 

A variety of software programs are available, 
offering manual, semi-automatic and fully 
automatic CBCT segmentation of the UA23,24. 
Manual segmentation is extremely time-consuming 
where tracing of airway boundaries is performed on 

separate cuts, which are then converted into a precise 
3D volume25. On the other hand, fully automatic 
segmentation utilizes artificial intelligence which 
is expected to replace manual and semi-automatic 
systems despite demanding complex computer and 
software technology26. Meanwhile, by reducing 
the segmentation time to up to 78.1% 27, the semi-
automatic segmentation remains an efficient 
approach for UA analysis as it combines benefits of 
both human and automatic segmentation.23

Differences in accuracy and reliability among 
different software programs in measuring the UA 
volume have been reported28-30. The aim of the 
current study was to compare InVivo 5 Anatomage 
and Planmeca Romexis viewer in measuring the 
UA volume and in localizing and calculating its 
minimum area. 

MATERIALS AND METHODS

In this reliability study, a total of 15 craniofacial 
CBCT scans (10 females and 5 males) were selected 
from the archive of the Department of Oral and 
Maxillofacial Radiology, Faculty of Dentistry, Cairo 
University. The study was approved by the Research 
Ethics Committee of the Faculty (reference number 
35-5-23). All the scans were with an age range of 
18- 25 years old. The patients included in the study 
had no previous tonsillar, nasal, adenoid, head or 
neck surgery, and no craniofacial deformity. Scans 
with low quality images and narrow field of view 
which didn’t display the complete area of UA were 
excluded.  

Planmeca Promax 3D mid CBCT machine 
(Planmeca, Helsinki, Finland) with 20x20 cm field 
of view and 0.4 mm voxel size, was used to scan all 
the patients. The kilovoltage and milliampere were 
set at 90 kVp and 8 mA respectively for 13.891 
seconds. The images were taken in natural head 
position, with teeth in maximum intercuspation. 
InVivo 5 Anatomage software (version 5.3.1) and 
Planmeca Romexis viewer (version 6.4.2) were 
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used to analyze the UA on all CBCT scans in terms 
of volume and MCA. For standardization, the UA 
region of interest was defined on a mid-sagittal cut 
as an upper limit and a lower limit on each scan. 
The upper limit was established by drawing a line 
extending from the posterior nasal spine (PNS) to 
the pharyngeal wall. The lower limit was determined 
by a line parallel to the upper limit line (PNS line), 
extending from the most anteroinferior point of the 
3rd cervical vertebra (CV3)28. The volume and MCA 
of the PAS was automatically calculated using 
different tools of each software. 

For InVivo 5 Anatomage software (Group 1), the 
airway analysis tool was enabled and a mid-sagittal 
cut with clear 2nd (CV2) and 3rd (CV3) vertebrae and 
PNS was then selected to draw a line in the from 

the PNS to C3. The software then automatically 
generated the volume and MCA of the UA (fig. 1).

In Planmeca Romexis viewer software (Group 
2), adjustment was first done to a mid-cut in all 
planes in the 3D imaging explorer. Airway extraction 
tool was then selected and points along the airway 
curvature were marked from the upper limit till 
the lower limit in a sagittal cut. The software then 
automatically calculated the volume and MCA of 
the UA (fig. 2).

An experienced radiologist (N.A) and an 
orthodontist (N.S) of more than 15 years’ experience 
conducted the measurements on both software 
programs. For intra-observer reliability, the 
measurements were repeated with 10 days interval 
between each measurement.

Fig. (1) Airway analysis using InVivo 5 Anatomage with minimum constriction area localization (thick red band).

Fig. (2)  Airway analysis using Planmeca Romexis viewer software with with minimum constriction area localization (yellow circle).
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STATISTICAL ANALYSIS

Statistical analysis was performed with SPSS® 
Statistics (version 20, IBM, Armonk, NY, USA). 
Data was explored for normality using Kol-
mogorov– Smirnov and Shapiro–Wilk tests. Since 
the data was parametric, comparison between the 
two software programs outcomes was performed 
using Independent- t test. Inter and interobserver re-
liability were calculated using Inter Class Correla-
tion Coefficient (ICC)

Sample size calculation29 revealed that 11 scans 
were needed to compare the reliability of both 
programs.  Using a mean value of 10.79 cm3 (± 4.26) 
for the PAS volume29, a power of 80% and a type 
I error of 0.5 calculation was performed with the 
PS calculator (version 3.1.9.7, Creative Commons 
Attribution-NonCommercial-NoDerivs 3.0, USA). 
The calculation indicated the need for a minimum 
of 11 CBCT scans; and eventually, 15 scans were 
included in this study. 

RESULTS

Comparison between both software revealed 
insignificant differences regarding MCA (mm²) 
and volume (cm³) measurements. The mean values 
of the upper airway MCA were 208.71 mm2 and 
197.40 mm2 for the InVivo 5 and Romexis software 

respectively, with a mean difference of 11.31 cm3. 
For the UA volume, the mean values were 16.58 
cm3 and 16.45 cm3 for the InVivo 5 and Romexis 
software respectively with a mean difference of 
0.13 mm² (Table 1) (fig. 3).

Inter-observer reliability coefficient was used to 
evaluate the agreement between the 2 assessors and 
revealed that there was perfect agreement (ICC > 
0.9) among both groups (Table 2). Intra-observer 
reliability coefficient was used to evaluate the 
agreement between the readings of the same assessor 
and revealed that there was perfect agreement (ICC 
> 0.9) (Table 3).

TABLE (1) Minimum, maximum, mean and standard deviation of min. area and volume in both groups and 
comparison between them using Independent t test:

  Min Max M SD

Difference (Independent t test)

MD SED
95%CI

P value
L U

MCA (mm²)
Group 1  (InVivo 5) 35.00 413.60 208.71 119.69

11.31 43.09 -76.96 99.57 0.795
Group 2  (Romexis) 29.00 373.00 197.40 116.30

Volume (cm³)
Group 1  (InVivo 5) 2.70 31.80 16.58 8.80

0.13 3.10 -6.23 6.49 0.966
Group 2  (Romexis) 4.00 31.10 16.45 8.19

MCA: Minimum constriction area       Min: minimum            Max: maximum         M: mean       SD: standard deviation
MD: mean difference     SED: standard error difference        CI: confidence interval    L:  Lower arm           U: upper arm 

Fig. (3) Bar chart showing the mean value of the minimum 
constriction area and volume in Romexis and Antomage 
groups.
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DISCUSSION

The use of CBCT imaging for the assessment of 
the airway spaces before and after treatment adds up 
to the diagnostic information required in orthodontics 
as well as other dental fields. The ability of CBCT to 
differentiate between air spaces and both bone and 
soft tissues using different software segmentation 
tools allow for accurate volumetric visualization and 
measurement of the PAS22,31. Following the rapid 
technological boom witnessed in all medical and 
dental fields, AI offers fully automatic segmentation 
of the PAS. With all the advantages that automatic 
segmentation can offer (less time compared with 
manual and semi- automatic segmentation, less 
subjectivity and variations among clinicians), 
initiating the contours or locating the seed point still 

require manual intervention32.  In addition, studies 
on automatic segmentation technique of pharyngeal 
and sinonasal airway regions are still limited and 
need further investigation32. On the other hand, 
semi-automatic segmentation of the PAS has been 
used in the last decade and has proven its efficiency. 
However, literature lacks sufficient comparisons 
between various software programs used for this 
purpose28. In the current study, two available and 
user-friendly software programs used to visualize 
and measure the airway volume were tested and no 
significant differences were found.  Torres et al.29 
investigated the reliability of InVivo 5 (version 5.4) 
and Dolphin 3D (version 11.7) software programs 
in airway space analysis. Both programs yielded 
valid and reliable measurements. However, unlike 

TABLE (2) Mean and standard deviation of MCA and volume regarding 1st and 2nd observer and inter-
observer reliability in both groups:

Interobserver reliability  
1st observer 2nd observer

ICC
95% CI

P value
M SD M SD L U

Group 1 
(InVivo 5)

volume (cm³) 16.58 8.80 16.63 8.68 0.999 .997 1.000 0.0001*

MCA (mm²) 208.71 119.69 208.75 117.90 0.999 .997 1.000 0.0001*

Group 2 
(Romexis)

volume (cm³) 16.45 8.19 16.45 8.24 0.999 .997 1.000 0.0001*

MCA (mm²) 197.40 116.30 192.27 112.79 0.997 .992 .999 0.0001*

MCA: Minimum constriction area       M: mean        SD: standard deviation           ICC: Interclass correlation coefficient
CI: confidence interval           Lower arm          U: Upper arm                   *Significant difference as P<0.05

TABLE (3) Mean and standard deviation of MCA and volume regarding intra-observer reliability in both 
groups:

Intraobserver reliability
1st read 2nd read

ICC
95% CI

P value
M SD M SD L U

Group 1 
(InVivo 5)

volume (cm³) 16.58 8.80 16.89 8.37 0.996 0.988 0.999 0.0001*

MCA (mm²) 208.71 119.69 212.93 121.88 0.997 0.992 0.999 0.0001*

Group 2 
(Romexis)

volume (cm³) 16.45 8.19 16.82 8.28 0.998 0.993 0.999 0.0001*

MCA (mm²) 197.40 116.30 196.73 113.95 0.993 0.978 0.998 0.0001*

MCA: Minimum constriction area       M: mean          SD: standard deviation         ICC: Interclass correlation coefficient
CI: confidence interval           Lower arm          U: Upper arm                 *Significant difference as P<0.05.
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the current results it was observed that InVivo 5 
software tended to underestimate the measurements 
compared to Dolphin 3D. 

In another trial33, Romexis exhibited higher 
means of volume and MCA measurements when 
compared to InVivo 5 with no reported significant 
differences. This was attributed to the different 
segmentation methods used by both programs where 
in Romexis (version 3.8.2.R), the segmentation was 
based on region growing cube, while in InVivo 5, 
segmentation was based on point-based analysis 
that gives less deviations and a better control of 
airway volume. In the current study, a more recent 
version of Romexis was tested (version 6.4.2), 
and on the contrary and despite the insignificant 
differences between the two software programs, the 
present study indicates that InVivo 5 had slightly 
higher mean values of volume and MCA. This may 
be due to the same segmentation method (point-
based analysis method) adopted by both InVivo 5 
and Romexis (version 6.4.2) programs.

Chen et al34 compared the reliability and accuracy 
of 3 software packages; Amira® (Visage Imaging 
Inc., Carlsbad, CA), 3Diagnosys® (3diemme, Cantu, 
Italy) and OnDemand3D® (CyberMed, Seoul, 
Republic of Korea) in the analysis of the UA space. 
Using each software, the volume, minimum cross-
sectional area, and length of the UA were measured. 
Resembling the current results, the measurements 
of the 3 programs showed excellent agreement and 
reliability. The length measurements of the UA were 
the most accurate results in all software packages. 
When compared to a printed 3-dimensional 
anthropomorphic phantom model set as a gold 
standard, all software packages underestimated 
the UA volumetric and MCA dimensions by an 
average of −10.8% and −10.3% respectively. This 
agrees with El and Palomo35 who reported that 
OnDemand3D software sometimes failed to depict 
certain parts of the upper airway, leading to an 
underestimation of the airway volume.

Excellent agreement was found26 between 
Invesalius, ITK-Snap, Dolphin 3D and 3D Slicer 
software programs in analysis of the UA space. 
However, significant differences were found on 
comparing each software to the gold standard 
(manually segmented by mimic software) with 
a p-value of less than 0.001. Hence, different 
patterns of inaccuracy errors (underestimation/
overestimation) of the UA dimensions should be 
expected. On comparing the accuracy and reliability 
of six programs, Weissheimer A et al36 used CBCT 
images of 33 growing patients and an oropharynx 
acrylic phantom scanned with an i-CAT scanner 
(used as a gold standard). The authors reported that 
all the 6 imaging software programs were reliable 
but had errors in the volume segmentations of 
the oropharynx. The study further concluded that 
Ondemand 3D and InVivo 5 programs had more 
than 5% errors compared with the gold standard. 
Mimics, Dolphin3D, ITK-Snap, and OsiriX were 
similar and more accurate than InVivo 5 and 
Ondemand3D for UA assessment.

In the current study, the volume and MCA 
readings of both programs were comparable. 
Despite the InVivo 5 showed slightly higher mean 
values than the Romexis, no statistically significant 
differences were detected between the two programs 
neither in the UA volume nor the MCA. Hence, both 
software programs are reliable and can be utilized 
interchangeably in assessing the PAS. Yet, it is 
recommended to employ the same software if pre 
and post orthodontic treatment changes or long term 
follow ups are to be assessed.  Further studies are also 
necessary to compare both software programs with 
other available versions and software systems used 
in this field. It is worth mentioning that no accuracy 
tests were performed and this could be counted as 
a limitation to the current study. The fact that both 
programs perform measurements with virtually no 
difference between them does not necessarily mean 
that they are actually accurate, as no gold standard 
method was used.
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CONCLUSIONS

Both software programs; InVivo 5 Anatomage 
software (version 5.3.1) and Planmeca Romexis 
viewer (version 6.4.2) can be used for visualization 
and measurement of the upper airway spaces. It is 
recommended that pre and post treatment changes 
and follow ups are performed using the same 
software program.
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