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Can nasal septum deviation affect thoracoabdominal diaphragm?
An ultrasonographic study
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ABSTRACT

Objectives: This study aimed to evaluate the effect of nasal
septum deviation (NSD) on the thoracoabdominal diaphragm
(TAD).

Patients and Methods: This prospective study was conducted
between December 2022 and January 2024. The TAD
thickness of 51 patients with NSD (45 males, 6 females;
mean age 25.7+9.5 years; range, 19 to 51 years) and 51 healthy
controls (44 males, 7 females; mean age: 28.5t5.2 years;
range, 19 to 47 years) were evaluated ultrasonographically.
Thoracoabdominal diaphragm thickness was measured from the
anterior axillary line on the right and left sides of the chest wall.

Results: Compared to the control group, the mean height was
higher and the mean weight and body mass index were lower
in the NSD group (p<0.05). Eighty-cight percent of deviated
individuals were male. Thoracoabdominal diaphragm thickness
measured at the end of both inspiration and expiration was
higher in the NSD group (p<0.001). However, the amount and
percentage of interphase change of the TAD was lower in the
NSD group than in the control group (p<0.001).

Conclusion: The incidence of NSD is high in tall, thin, young
men. We believe that the TAD was thicker in the NSD group
compared to the control group due to hypertrophy of the
diaphragm muscles, which contract more strongly to overcome
respiratory distress.

Keywords: Deviated septum, thoracoabdominal diaphragm,
ultrasonography.
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Amag: Bu calismada solunum giigliigiine neden olan nazal

septum deviasyonu (NSD)nun torakoabdominal diyafram
(TAD) iizerine etkisi degerlendirildi.

Hastalar ve Yontemler: Bu prospektif caligma Aralik 2022
- Ocak 2024 tarihleri arasinda yiiriitilldii. Nazal septum
deviasyonlu 51 hastanin (45 erkek, 6 kadin; ort. yas 25.7£9.5
yil; dagilim, 19-51 yil) ve 51 saglikli kontroliin (44 erkek,
7 kadin; ort. yas: 28.5+5.2 y1l; dagilim, 19-47 y1l) TAD kalinligs
ultrasonografik olarak degerlendirildi. Torakoabdominal
diyafram kalinligi gogiis duvarinda sag ve sol tarafta 6n
aksiller ¢izgiden olciildii.

Bulgular: Kontrol grubu ile karsilastirildiginda, NSD
grubundaki bireylerin boy ortalamast daha yiiksek, kilo
ortalamasi ve viicut kitle indeksi ise daha diisiiktii (p<0.05).
Deviasyonlu bireylerin %88’i erkekti. Hem inspirasyon hem
de ekspirasyon sonunda ol¢iilen TAD kalinligi NSD grubunda
daha yiiksekti (p<0.001). Ancak, TAD nin interfaz degisiminin
miktar1 ve yiizdesi NSD grubunda kontrol grubundan daha
diisiikeii (p<0.001).

Sonug: Nazal septum deviasyonu insidansi uzun, zayif, geng
erkeklerde yiiksektir. Solunum sikintisinin istesinden gelmek
icin daha giiclii kasilan diyafram kaslarinin hipertrofisi nedeniyle
TAD’nin NSD grubunda kontrol grubuna kiyasla daha kalin
oldugu goriisiindeyiz.

Anahtar sézciikler: Septum deviasyonu, torakoabdominal diyafram,
ultrasonografi.
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The nose constitutes an important part of the
airway resistance. The nasal septum, which divides
the cavity into two, is formed by bone in the back and
cartilage in the front. The nasal cycle is an alternating
fluctuation of nasal blockage and airflow through
the nasal passages. This airflow change continues in
periods of 1 to 5 h.[

Diagnoses such as concha bullosa, nasal polyp,
and concha hypertrophy are among the causes that
prevent air passage from the upper respiratory tract
in adults, but the most common is nasal septum
deviation (NSD).?! Rao et al.¥! classified NSD into
seven different types according to the shape of the
deviation, similar to the classification of Mladina.
In deviation, airflow is blocked due to obstruction
and hypoxia occurs.®) Although medical treatment
is applied for symptoms in NSD, the definitive
treatment is septoplasty.’® Thoracoabdominal
diaphragm (TAD) is a fibromuscular structure and
responsible for two-thirds of the inspiration of healthy
individuals.™ It was shown that the thickness of TAD
varies in conditions that affect respiration, such as
obstructive sleep apnea syndrome, sepsis, and neck
surgery."8! Ultrasonography (USG), which is very
useful in the diagnosis of muscle diseases, is a valuable
imaging method in the evaluation of the thickness and
movements of TAD due to its absence of radiation risk,
easy applicability, noninvasiveness, high resolution,
and imaging quality.”®! This study aimed to evaluate
the effect of NSD on TAD thickness by USG, which
is a topic not covered by the previous studies.

PATIENTS AND METHODS

The prospective study was conducted at the
Tokat Gaziosmanpagsa University, Faculty of
Medicine between December 2022 and January 2024.
Fifty-one patients (45 males, 6 females; mean age
25.7+9.5 years; range, 19 to 51 years) who applied to
the otorhinolaryngology outpatient clinic, underwent
an otorhinolaryngology examination and nasal
endoscopic examination, complained of difficulty
breathing through the nose, and was diagnosed
with type 3, 4, 6, or 7 deviation according to
Mladina's classification were determined as the
NSD group. Patients in this group were planned to
undergo septoplasty. Based on examination results,
51 individuals (44 males, 7 females; mean age: 28.5+5.2
years; range, 19 to 47 years) with similar demographic
characteristics, who were found not to have nasal
pathology, were included in the control group. Patients
with pathologies causing nasal obstruction other than
septum deviation (concha bullosa, nasal polyp, acute
or chronic rhinosinusitis) and revision surgeries were
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excluded. The presence of apnea was determined by
questioning the patient's relative. Those who described
witnessed apnea, those with chronic lung pathology,
patients with psychiatric isues, those under the age of
18, and those with another disease that would cause
respiratory distress were not included in the study.
Written informed consent form was obtained from
the participants. Permission was obtained from the
Tokat Gaziosmanpaga University Clinical Research
Ethics Committee for this study (Date: 24.11.2022,
No: 83116987-768). The study was carried out in
accordance with the principles of the Declaration of
Helsinki.

The age, sex, and body mass index (BMI) of
all subjects included in the study were recorded.
Thoracoabdominal diaphragm thickness was measured
ultrasonographically.

All USG measurements were performed by the
same experienced radiologist using the same device.
The ABCDE technique was used for measurements.
This technique was reported to be easy, fast,
reproducible, and reliable for the visualization of
TAD.”! Measurements were made on the chest wall
from the anterior axillary line on the right and left
sides. A 7-12 MHz linear probe (Philips EPIQ_5G;
Philips Ultrasound Inc., Bothell, WA., USA) was
used to image TAD, which appears as a hypoechoic
structure between two hyperechoic lines (pleura above
and peritoneum below). The distance between these
two white lines was measured as the thickness of
the TAD with the help of electronic calipers at the
end of inspiration and expiration (Figure 1). The
change in thickness was calculated by the following
formula: level of change = thickness at the end of
inspiration - thickness at the end of expiration.
The following formula was used for the thickening
ratio (TR): level of change/thickness at the end of

Figure 1. Diaphragm thickness.
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Figure 2. Radiographs of a type 6 nasal septum deviation.

expiration x 100. The TR indicates the percentage
of change with respect to the thickness at the end of
expiration.’™ Both of these parameters were used to
evaluate diaphragm function.

Statistical analyses

A power analysis was conducted using G*Power
version 3.1.9.7 software (Heinrich-Heine-Universitit
Dusseldorf, Dusseldorf, Germany). Based on the
results, 102 participants were required, with an effect
size of 0.500 and error (alpha) rate of 80%.

Data were analyzed using IBM SPSS version
26.0 software (IBM Corp., Armonk, NY, USA).
Student's t-test was used to compare the groups on
the fulfillment of parametric assumptions. A p-value
<0.05 was considered statistically significant.
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RESULTS

Figure 2 shows the paranasal sinus computed
tomography image of a patient with type 6 NSD.
There was no significant difference between the NSD
and control groups in terms of sex and age (p>0.05).
The mean height of the NSD group was higher
(p=0.001), while the mean weight (p=0.008) and BMI
(p<0.001) were lower (Table 1).

The thickness of TAD measured in both
phases of respiration was higher in the NSD group
(p=0.001 and p<0.001 for the right and left sides
in end-inspiration, respectively; p<0.001 for both
sides in end-expiration). However, the amount of

interphase respiration change (p=0.014 on the right
and p=0.009 on the left) and the percentage (p<0.001)

Table 1
Demographic characteristics of individuals in the NSD and control groups

Control group (n=51) NSD group (n=51)

Variables n Mean+SD n Mean+SD ?
Age (year) 28.5£5.2 25.7¢9.5 >0.05
Sex >0.05

Female 7 6

Male 44 45
Height (cm) 171.73+791 176.67£7.26  0.001
Weight (kg) 74.71£9.90 69.08+11.05  0.008
Body mass index (kg/m?) 25.32£2.65 22.18+2.94  <0.001
NSD: Nasal septal deviation; SD: Standard deviation; Student t test; p<0.05 statistical significant.
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Table 2
Comparison of TAD measurement values in the NSD and control groups

Control group NSD group

Variables Mean+SD Mean+SD ?
InspT (mm)

Right 2.60+0.51 2.99+0.58 0.001

Left 2.61x0.51 3.00£0.58 <0.001
ExpT' (mm)

Right 1.94+0.40 2.48+0.51 <0.001

Left 1.97+0.40 2.52+0.54 <0.001
Change (mm)

Right 0.66x0.40 0.51+0.17 0.014

Left 0.64+0.38 0.48+0.18 0.009
Ratio (%)

Right 35.72+22.18 20.85+6.63 <0.001
Left 34.01+20.69 19.99+8.16 <0.001
TAD: Thoracoabdominal diaphragm; NSD: Nasal septal deviation; SD: Standard deviation; InspI: TAD
thickness at end-inspiration; ExpI: TAD thickness at end-expiration; Change: Change in TAD thickness;

Ratio: TAD thickening ratio, Student T test, Mean+SD p<0.05 statistical significant.

of TAD were lower in the NSD group than in the of NSD on the heart, lungs, and eyes.[*1213] However,
control group (p<0.05; Table 2; Figures 3,4). we did not come across any study examining the effect
of NSD on TAD.

DI 1 . . . .
SCUSSION Since the nasal airflow is provided alternately
It was shown in various studies that hypoxia and from the right and left sides, difficulty in air passage
hypercapnia occur in NSD, resulting in changes in from the convex side of the deviation arises in the
many organs and structures in the body, and the presence of NSD. This condition can cause apnea
quality of life is negatively affected.”] A literature or hypopnea during sleep.™ It was reported that
review yielded studies indicating the negative effects the cardiopulmonary system is affected as a result of
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Patient group Control group Patient group Control group
M Right InspT M Left InspT M Zscore: Right InspT’ W Zscore: Left InspT
M Right ExpT M Left ExpT W Zscore: Right ExpT W Zscore: Left ExpT
M Right Change M Left Change B Zscore: Right Change B Zscore: Left Change
Figure 3. Comparison of parameters in the control and patient W Zscore: Right Ratio Ml Zscore: Left Ratio
groups. Figure 4. Zscores of parameters in both groups.
SD: Standard deviation; InspT: TAD thickness at end-inspiration; SD: Standard deviation; InspT: TAD thickness at end-inspiration;
ExpT: TAD thickness at end-expiration; Change: Change in TAD ExpT: TAD thickness at end-expiration; Change: Change in TAD

thickness; TAD: Thoracoabdominal diaphragm. thickness; Ratio: TAD thickening ratio.
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chronic hypoxia, hypercarbia, sympathetic activation,
and vascular circulation disorder, even causing
bronchial hyperactivity.[13-15
also reported that there is thinning of the vascular
layer of the eye in NSD.[2

1 In the literature, it was

Thoracoabdominal diaphragm is the main muscle
of respiration and is dome-shaped.! Its thickness
increases in the inspiratory phase and decreases in the
expiratory phase.'® Thoracoabdominal diaphragm
measurement with USG can be performed from
midclavicular, midaxillary, and posterior axillary
lines.' In our study, we measured from the anterior
axillary line according to the ABCDE method
described by Khurana et al.,”» which provides simple,
reliable, and fast image acquisition. Van Dorn et al.l”)
reported that the TR was low and TAD thickness at
end-expiration was high in individuals with low BMI.
Our findings for TR and TAD thickness at end-
expiration were consistent with the literature in NSD
subjects with low BMI. Haaksma et al."¥ investigated
the anatomical variations of TAD in young adults with
relatively low BMI using USG. Measurements were
made on three separate vertical lines: midclavicular,
midaxillary, and posterior axillary. It was determined
that the lowest level of change in the thickness of
TAD was in the values measured from the midaxillary
line. Thoracoabdominal diaphragm was found to
have the highest thickness in the midclavicular line
and the lowest thickness in the posterior axillary
line. O'Gorman et al.l' found that there was a
change in the thickness and thickening rate of TAD
with abnormal conduction in the phrenic nerve in
individuals with myopathy. In neuromuscular diseases,
respiratory failure caused by muscle weakness can be
life-threatening. Noda et al.?% found that diaphragm
thickness was lower in neuromuscular diseases
compared to the control group. They determined that
TAD thickness was correlated with compound muscle
action potential amplitude and lung capacity obtained
by phrenic nerve stimulation. Topcuoglu et al.
found that the thickness and mobility of TAD in the
presence of chronic obstructive pulmonary disease
(COPD) was lower than in the healthy control group,
and reported that thickness and mobility decreased
more with the increase in the severity of COPD.
Similarly, Hafez and Abo-Elkheir®? observed that
the decrease in thickness in TAD was associated with
COPD severity, smoking index, and advanced age. It
was stated that it would be useful to evaluate TAD
together with lung function tests in determining the

course of COPD.[21:22]

Santana et al.¥! observed that immediately after
neck dissection, the thickness of TAD was the same
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as the preoperative values, but there was a decrease
in inspirational power. They also reported that there
may be difficulty in inspiration due to the fact that
the respiratory muscles in the neck region are affected
by surgery. Additionally, they indicated that one
month after surgery, the intensity of the incidence
increased to preoperative values, but there was atrophy
in the TAD. In a very small number of patients, they
detected TAD immobility without clinical findings.
They reported that there may be muscular atrophy
due to the lack of protein-calorie intake and little
physical activity in the postoperative period. In the
literature, it was reported that there may be transient
TAD immobility due to nerve damage, but phrenic
nerve is rarely affected even in bilateral radical neck
dissection.?*

Goligher et al.'% evaluated the changes in TAD
due to mechanical ventilation and observed an
increase in TAD thickness in some of the patients
and a decrease in some of them. About half of them
were found to have no change. They found that low
contraction activity was associated with a decrease in
TAD thickness, whereas high contractile activity was
associated with an increase in TAD thickness.

Another study in the literature found that TAD
was thicker in individuals with obstructive sleep
apnea syndrome than in normal individuals, and the
thickness increased in proportion to the severity of
obstructive sleep apnea syndrome. It was reported
that the thickness of TAD is correlated with the
apnea-hypopnea index, and hypertrophy develops
over time due to excessive contraction in TAD, which
contracts more strongly to overcome obstruction.”? The
reason for the increase in TAD thickness observed in
obstructive diseases has not been fully explained, and
it was thought to be related to various adaptations such
as collagen accumulation in severe obstruction. Ogan
et al.,?¥ on the other hand, stated that individuals
with COPD developed adaptation to overwork against
increasing mechanical load, and therefore, TAD
thicknesses were normal in deep inspiration and
normal breathing.

In the present study, we found that hospital
admission because of respiratory distress due to
NSD was higher in young people and males. We
attributed this situation to the fact that young male
patients are more likely to be exposed to trauma
in daily life. In addition, we believe that taller and
thinner patients with NSD increase exposure to nasal
trauma, including the intrauterine period, which
could contribute to a higher incidence of deviation.
However, we believe that individuals who already have
respiratory distress due to deviation may have tried not
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to gain weight to avoid the respiratory strain that may
be caused by excess weight.

We found that TAD thickness increased in NSD
compared to healthy individuals. We are of the
opinion that due to hypertrophy in the diaphragm
muscles, which contract more strongly to overcome
respiratory distress, the TAD thickens. Consequently,
the amount and percentage of thickness change
between phases of respiration decreases in NSD.

This study was limited by the small number
of individuals included. Nonetheless, its strengths
include being the first study on this subject and the
detailed presentation of the results with the current
literature.

In conclusions, this study is important as it is a
rare evaluation of TAD in individuals with NSD.
We believe that NSD is a disease that should not be
neglected, as it affects TAD, which is the main muscle
of respiration.
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