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The Effects of the Structural Changes of Inferior Turbinate and Septal
Perforation on Maxillary Sinus Ventilation in Model Experiment
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Jae-Ryong Kim, MD', Tae-Hoon Lee, MD' and Dong-Keon Jung, MD?

'Department of Otolaryngology-Head and Neck Surgery and *Medical engineering,
College of Medicine, Dong-A University, Busan, Korea

—ABSTRACT —

Background and Objectives : Inferior turbinectomy has been known to have the possibility of inducing sinu-
sitis. The perforation on septum occurs mostly by septal surgery, and its effect on the ventilation of sinus has not
been known. The aim of this study is to measure the changes of maxillary sinus ventilation in conditions of
inferior turbinate hypertrophy, inferior turbinectomy or septal perforation. Materials and Methods : From a
healthy volunteer with no evidence of sinonasal pathology, one millimeter-thickness axial images of computed
tomogram of paranasal sinuses were obtained. Margins between soft tissue and air density in each images were
expressed with lines using computer programs, and one millimeter-thickness acrylic plates were cut according
to these lines with computerized laser cutting system. They were attached sequentially to make a complete model.
The conditions of inferior turbinectomy or septal perforation were expressed with a drill, and the hypertrophy of
inferior turbinates was made with silicone. It was fitted with pressure sensors in left nasal cavity, maxillary, sphe-
noid and frontal sinuses, and with a sensor for oxygen concentration in left maxillary sinus. The pressure changes
of each sinonasal cavities and the changes of the oxygen concentration in left maxillary sinus were measured
during respiration with 600 milliliter tidal volume and at the rate of 15 times per minute. Results : The alter-
nation of positive and negative pressures was observed according to respiration in the sinonasal cavities. The
differences between highest and lowest pressures were increased in the model representing inferior turbinate
hypertrophy, and diminished in the models representing inferior turbinectomy and septal perforation. And the
times required for the decrease in oxygen concentration were increased in the models of inferior turbinectomy
and septal perforation. Conclusion : Extensive resection of inferior turbinate causes the decrease of maxillary
sinus ventilation, and it is strongly suggested that septal perforation can reduce the sinus ventilation. This model
study is helpful in understanding the influences of the structural changes in sinonasal cavities upon the venti-
lation of sinuses. (J Clinical Otolaryngol 2003:14:92-99)
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Fig. 1. Process of construction for the sinonasal model.
A0 Axial image of the paranasal sinus CT at the level
of natural ostium (arrow) of maxillary sinus. BO Marginal
line between soft tissue and air density area of A. CO An
one milimeter-thickness acrylic plate cut with laser
beam according to the line of B. DO Acrylic plates
attached each other sequentially with acrylic resin.

nates, half and total volumetric resection of both in-
ferior turbinates, and 5 mm and 15 mm perforation of
septum. A Dashed line 1 represents the hypertrophied
both inferior turbinates. Dashed line 2 and 3 represent
the half and totally resected both inferior turbinates,
respectively. BO Dashed line 1 and 2 represents the 5
mm and 15 mm perforation of the nasal septum, res-
pectively. CO Silicone attached to both inferior turbi-
nates to express hypertrophy of the inferior turbinate.
DO Totally resected both inferior turbinates with a drill.
EQ Septal perforation cut with a drill.
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Fig. 3. Equipments for measurement of pressure in the
nasal cavity, maxillary, frontal, and sphenoid sinus (A)
and oxygen concentration in the maxillary sinus (B).
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Fig. 4. Tracing of the pressure in the left nasal cavity (N),
maxillary (M), frontal (F) and sphenoid sinus (S) in normal
model during confrolled respiration. *0 p<0.01 comp-
ared with NL,t 0 p<0.01 compared with HR, O p<0.01
compared with SP5.

Table 1. Peak positive pressures (PP), peak negative
pressures (PN) and pressure differences (PD) of the left
nasal cavity (N), maxillary (M), frontal (F) and sphe-
noid sinus (S) in normal model

N M F $
PP 1.05+ 0.05 1.01+ 0.12 1.36+ 0.12 1.18+ 0.16
PN —0.91+ 0.10 0.63+ 0.08 —0.79+ 0.12 —0.72+ 0.11
PD 1.96+ 0.11 1.64+ 0.11  2.15+ 0.15 1.90+ 0.22

The values are presented as mean+ SD (mmH20).

0000 1.64+ 011 mmH,0, 00000 2.15+ 0.15
mmH.0, D00 00000 1.90+ 0.22 mmH00 O
000 000 O 0000 000 000 00 00
000 OO0 (Table 1).

0 00000 000 00000 00000 0000
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001), 00000 000000 155+ 0.16 mmH,00
00(@<001)000. 00000 000000 0.86+
007 mmH,00 000 0000 00000 (p<001). O
0 5mm 000 000 00000 114+ 0.05 mmHz0
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Fig. 5. Pressure differences in the left nasal cavity of the
normal (NL), hypertrophy of both inferior turbinates
(HT), half resected state of both inferior turbinates (HR),
fotally resected state of both inferior turbinates (TR), 5
mm perforation of anferior nasal septum (SP5) and 15
mm perforation of anterior nasal septum (SP15) models.
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Fig. 6. Oxygen concentration decay curves of the left
maxillary sinus of the normal (NL), hypertrophy of both
inferior turbinates (HT), half resected state of both in-
ferior turbinates (HR), fotally resected state of both
inferior turbinates (TR), 5 mm perforation of anterior na-
sal sepfum (SP5) and 15 mm perforation of anterior nasal
septum (SP15) models. T1/2=21+79(1/2)t/t , *0 p=0.015
compared with NL,t 0 p<0.01 compared with NLt O p<
0.01 compared with HR,§ 0 p<0.01 compared with SPS5.
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Fig. 7. The half-fime of oxygen concentration decay of
the left maxillary sinus in the normal (NL), hypertrophy of
both inferior furbinates (HT), half resected state of both
inferior turbinates (HR), totfally resected state of both
inferior turbinates (TR), 5 mm perforation of anterior
nasal septum (SP5) and 15 mm perforation of anterior
nasal septum (SP15) models.
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