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maxillectomy defects rehabilitated with an obturator prosthesis 
using acoustic rhinometery.

Mat e r i a l s a n d Me t h o d s

This preliminary study was conducted at the Department of 
Prosthodontics and Crown and Bridge of a tertiary care hospital, 
Pune, Maharashtra, India. A sample of eight patients with 
maxillectomy defects were selected using Statistical Package 
for the Social Sciences (SPSS) software (IBM Corp. Released 2011. 

in t r o d u c t i o n

Maxillectomy defects can be congenital or acquired. Such defects 
often result in the communication of the oral cavity with maxillary 
sinus and nasal cavity.1 This communication leads to an increase in 
nasal volume due to the removal of adjoining structures. Acquired 
defects created by surgical excision of the maxilla are rehabilitated 
by obturator prosthesis.2 This helps in the rehabilitation of lost 
structures, restoration of occlusion, correction of speech, and 
restoration of the nasal volume to near-normal values.

The superior extent of the prosthesis is the most important 
aspect of the obturator prosthesis, which helps in the restoration 
of the nasal volume and separates the oral cavity from the nasal 
cavity.3 Underextension of the obturator will not be able to restore 
the nasal volume and overextension of the prosthesis will impinge 
the remaining soft tissues and affects the retention of the prosthesis. 
The obturator prosthesis should be able to restore the lost anatomy 
of the nasal structures and the normal area and volume of the 
nasal cavity. This can be assessed either subjectively based on the 
symptoms of the patient or objectively by measuring the CSAs or 
volume of a nasal cavity by imaging, such as magnetic resonance 
imaging (MRI) or computed tomography (CT). These available 
radiographic imaging techniques have their own limitations.4,5

To avoid such limitations, this study was conducted to assess 
the restoration of nasal volume and nasal CSA in patients with 
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ab s t r ac t
Purpose: To evaluate the nasal volume and nasal area using acoustic rhinometry in patients with maxillectomy defects rehabilitated with 
obturator prosthesis.
Materials and methods: A total of eight patients having maxillectomy defects rehabilitated with obturator prosthesis were assessed for nasal 
cross-sectional area (CSA) and nasal volume using Eccovision Acoustic Rhinometer system. The average nasal area and nasal volume in patients 
with maxillectomy defects were compared before and after rehabilitation with an obturator prosthesis. The statistical analysis was done using 
a paired t-test to compare nasal area and nasal volume before and after rehabilitation.
Results: The mean ± standard deviation (SD) values of the nasal area and nasal volume showed statistically significant difference when compared 
with and without obturator prosthesis. The mean right nasal CSA before rehabilitation was 0.806 ± 0.158 mm2 and it significantly reduced to 0.218 
± 0.039 mm2 after the use of an obturator prosthesis (p < 0.0001). Similarly, the right nasal volume, which was 8.302 ± 1.229 cm3 significantly 
improved to 3.281 ± 0.44 cm3 after rehabilitation with obturator prosthesis (p < 0.0001). The average left nasal CSA and nasal volume were 
compared with and without prosthesis and they too showed a significant improvement from 0.677 ± 0.281 mm2 to 0.215 ± 0.038 mm2 and 8.81 
± 0.982 cm3 to 3.65 ±, 0.300 cm3, respectively (p < 0.0001).
Conclusion: The assessment of pretreatment (postmaxillectomy) and posttreatment (postrehabilitation with obturator prosthesis) values of 
nasal volume and nasal area, when compared with standard values, clearly indicated that obturator prosthesis restored the nasal volume and 
area to the near normal.
Keywords: Acoustic rhinometry, Maxillectomy, Nasal area, Nasal volume, Obturator prosthesis.
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nasal volume were compared with and without prosthesis and they 
too showed a significant improvement from 0.677 ± 0.281 mm2 to  
0.215 ± 0.038 mm2 and 8.81 ± 0.982 cm to 3.65 ± 0.300 cm3, 
respectively (p < 0.0001) (Tables 3 and 4).

di s c u s s i o n

Maxillectomy defects created after surgical resection of the 
maxilla and the associated structures often require prosthodontic 
management for rehabilitation of the defect.7 Obturator prosthesis 

IBM SPSS Statistics for Windows, version 20.0. Armonk, New York, 
United States of America—IBM Corp.) for this preliminary study. 
Ethical clearance approval form for the study was taken from the 
Institutional Ethical Committee vide no. IEC/Dept/Dental/2019/DL-5, 
dated 10th April 2019. The patients were explained the procedure in 
detail and written informed consent was taken from the patients.

The inclusion criteria include patients aged 45–60 years with 
Aramany class IV maxillectomy defect rehabilitated with definitive 
obturator prosthesis and those with no signs of recurrence of the 
active infection were included in the study. Patients who had been 
using a definitive hollow bulb obturator prosthesis for >1 week 
without any postinsertion problems were included in the study. 
The patients with congenital cleft palate, active inflammation, 
such as acute rhinitis and acute nasal swelling, signs of recurrence 
of the tumor, orofacial trauma, and syndromic cases were excluded 
from the study.

The methodology described by Gomes et  al.,6 utilizing 
Eccovision Acoustic Rhinometer (Sleep Group Solutions, Hollywood, 
Florida, United States of America) system was used for rhinometric 
assessment. The system consists of Eccovision control unit, 
customized hardware and software, wave tube, calibration tube, 
and silicone nose tips. The examination procedure involved placing 
the proximal end of the rhinometer tube, which is covered with a 
silicone nose piece over one of the nostrils. The rhinometry tube 
was kept parallel to the dorsum of the nose to avoid errors (Fig. 1). 
Placement of rhinometer tube should not deform the nose and care 
should be taken that the individual is not wearing any spectacles or 
nose ring, as the pressure exerted by spectacles and nose ring can 
result in faulty readings. In order to avoid errors in values, a single 
operator performed the procedure. The system delivered 10 sound 
pulses of 0.5 seconds each and the average of the 10 repetitions was 
calculated by software to measure the nasal CSA and the volume. 
The procedure was performed on the right and left nostrils with 
and without obturator prosthesis for each patient.

The data was obtained in the form of a graphical representation 
and values for both nasal volume and CSA. The data was compared 
for both the nostrils with and without obturator prosthesis (Fig. 2).  
Data retrieved was subjected to statistical analysis. Data was 
analyzed and summarized as mean reading with SD using SPSS 
software (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, 
version 20.0. Armonk, New York, United States of America—IBM 
Corp.). The paired ‘t’ test was used to compare the nasal area and 
the nasal volume before and after rehabilitation. p < 0.05 was 
considered significant.

re s u lts

Eight patients having Aramany’s class IV maxillectomy defects with 
obturator prosthesis were evaluated for CSA and nasal volume 
using Eccovision Acoustic Rhinometer system. The mean age of 
our patients was 44.62 ± 8.74 years. Three patients were females 
(37.5%) and the remaining five were males (62.5%). Comparison 
of nasal area of right and left nostril, with and without obturator 
was presented in Figure 3. A comparison of the nasal volume of 
right and left nostril, with and without obturator was presented in 
Figure 4. The mean right nasal CSA before rehabilitation was 0.806 
± 0.158 mm2 and it significantly reduced to 0.218 ± 0.039 mm2 after 
the use of an obturator prosthesis (p < 0.0001) (Table 1). Similarly, 
the right nasal volume which was 8.302 ± 1.229 cm3, significantly 
improved to 3.281 ± 0.44 cm3 after rehabilitation with obturator 
prosthesis (p < 0.0001) (Table 2). The average left nasal CSA and 

Fig. 1: Rhinometric assessment using acoustic rhinometer

Fig. 2: Graphic representation of nasal volume and nasal area

Fig. 3: Comparison of nasal area (right and left nostril) with and without 
obturator
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The extension of the obturator prosthesis is an important 
aspect of successful rehabilitation. The restoration of functional 
anatomy and physiology is a great challenge for the prosthodontist. 
Restoring the nasal area and volume, which largely depends upon 
the extension of the bulb of the obturator prosthesis, would help 
the patient in normal declaration, respiration, and phonation.

Various diagnostic modalities have been used for the 
assessment of nasal patency. Rhinomanometry based on nasal 
airflow resistance is the most commonly used method for evaluation 
of the same.10,11 Modification to conventional rhinomanometry was 
introduced by Warren,11 who showed that values of  <0.40 cm2 are 
indicative of nasal obstruction. The other modalities include CT and 
MRI.4,5 Acoustic rhinometry, a noninvasive method for evaluation of 
the nasal area and nasal volume, was first introduced after the study 
conducted by Hilberg et al.12 The technique is based on the data 
collected from sound waves reflected by the nasal cavity. The sound 
waves are introduced into the nasal cavity and reflected waves are 
analyzed to create a topographical profile of the nasal cavity. The 
nasal area and nasal volume can be measured at different levels.13

Acoustic rhinometry is a specific technique for the determination 
of nasal patency.14 It also provides objective measurements of the 
severity of obstruction.15 The role of this method is well established 
in comparing pre and postoperative status of the nasal cavity.16,17 It 
provides the additional advantages of being rapid, convenient, and 
comfortable for the patient.

is the standardized prosthodontic treatment modality for the 
rehabilitation of such defects.8 Aramany has explained the 
prosthesis design for different types of maxillectomy defects.9 For 
standardization of the prosthesis design, patients who fall in the 
same class of Aramany’s classification were selected in the study.

Fig. 4: Comparison of nasal volume (right nostril and left nostril) with 
and without obturator

Table  1: Paired t-test paired for means comparing right nostril area 
postmaxillectomy with and without obturator

Without obturator With obturator

Mean (mm2) 0.806 0.218
Variance 0.025 0.001
Observations 8 8
Pearson correlation 0.858
Hypothesized mean 
difference

0

Df 7
t-stat 13.104
p (T ≤ t) one-tail 1.756
t critical one-tail 1.894

p (T ≤ t) two-tail 3.513

Table 2: Paired t-test paired for means comparing right nostril volume 
postmaxillectomy with and without obturator

Without obturator With obturator

Mean (mm2) 8.818 3.657
Variance 0.965 0.090
Observations 8 8
Pearson correlation −0.072
Hypothesized mean 
difference

0

Df 7
t-stat 13.928
p (T ≤ t) one-tail 1.162
t critical one-tail 1.894
p (T ≤ t) two-tail 2.325

t critical two-tail 2.364

Table 3: Paired t-test paired for means comparing left nostril area post-
maxillectomy with and without obturator

Without obturator With obturator

Mean (mm2) 0.677 0.215
Variance 0.0790 0.001
Observations 8 8
Pearson correlation 0.686
Hypothesized mean difference 0
/df 7
t-stat 5.108
p (T ≤ t) one-tail 0.001
t Critical one-tail 1.894
p (T ≤ t) two-tail 0.001

t critical two-tail 2.364

Table 4: Paired t-test paired for means comparing left nostril volume 
postmaxillectomy with and without obturator

Without obturator With obturator

Mean (mm2) 8.302 3.281
Variance 1.510 0.197
Observations 8 8
Pearson correlation 0.531
Hypothesized mean 
difference

0

Df 7
t-stat 13.371
p (T ≤ t) one-tail 1.533
t critical one-tail 1.894
p (T ≤ t) two-tail 2.325

t critical two-tail 2.364
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There are certain disadvantages, which include the incorporation 
of error due to temperature variations and external noise, which 
affects the accuracy and sensitivity of the technique. Also, the 
improper placement of the rhinometer in the nostrils and change 
in head position can cause errors in the measured values.15

The goal of the fabrication of an obturator prosthesis is not only 
to restore the function of mastication but also to restore the normal 
function of speech and respiration. The assessment of restoration 
of normal respiration is an important indicator for the success of 
the prosthesis. Researchers have given specific values for the nasal 
area and nasal volume using various methods.18–20 Few studies 
have validated the assessment of normal values of nasal area and 
nasal volume using rhinometry.21–23 The results of our study were 
in congruence with the normal values of nasal area (0.5 cm2) and 
nasal volume (4.02 cm3) as given by Gomes et al.6 However, the 
study also showed that the hollow bulb portion of the obturator 
does not completely obturate the whole defect, though the values 
are closer to the normal, thus validating their design and a definitive 
mode of rehabilitation of the maxillectomy defects.

Limitations of this study are that the reliability of utilizing 
Eccovision Acoustic Rhinometer is yet to be proved. Also, further 
studies with definitely more sample size are required to declare 
this method as a standard technique for assessment of the extent 
of the obturator prosthesis.

co n c lu s i o n

Restoration of form, function, esthetics, phonetics, and health, 
along with patient comfort, are the important parameters for 
assessment of the successful rehabilitation of the maxillectomy 
defects. The objective evaluation of restoration of normal 
respiration using rhinometry further confirms the rehabilitation 
closer to the normal anatomy. Hence, it is recommended that 
rhinometry can be used as a reliable tool for the assessment of 
nasal patency in postmaxillectomy patients rehabilitated with 
obturator prosthesis.
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