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Abstract

BACKGROUND

The nasal bone, being the most protruding bone in the center of the facial bones, is
particularly susceptible to damage. Nasal bone fractures can often result in secondary
deformation and dysfunction of the nose, including septal fractures. Studies on
functional or intra-nasal complications have been rarely reported after nasal bone

fracture reduction.

AIM
To evaluate the severity of nasal obstruction and its improvement following nasal bone

fracture reduction using inferior turbinoplasty.

METHODS

We conducted a retrospective review of data from 50 patients with symptomatic nasal
obstruction between January to December 2010. All patients underwent preoperative
Computed tomography evaluation, and symptom changes and nasal cavity volume
were analyzed using a visual analog scale and acoustic rhinometry before and after
surgery. Closed reduction and out-fracture of both inferior turbinates performed by the
same surgeon. Treatment outcomes were assessed by comparing changes in the nasal
airway volume measured using acoustic rhinometry before and after surgery. The

minimal cross-sectional area (MCA) was also analyzed based on the Stranc classification.

RESULTS

Before reduction, the mean MCA for all cases was 0.59 + 0.06 cm?, which represented an
11% decrease compared to the average size of a Korean adult (0.65 + 0.03 cm?). The
MCA for frontal impact was 0.60 + 0.02 cm2 and for lateral impact, it was 0.58 + 0.03 cm?2.

After reduction via inferior turbinoplasty, the MCA improved to 0.64 + 0.04 cm?.

CONCLUSION
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This study suggests that turbinoplasty is helpful in addressing nasal obstruction. Out-
fracture of the inferior turbinate is an effective and durable technique that can be easily

performed to enlarge the nasal airway with minimal morbidity.
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Core Tip: We analyzed subjective symptoms and computed tomography images of
patients with nasal bone fractures before and after surgery. Acoustic nasal aeration was
examined before and after surgery to determine the effect of the inferior turbinate
anatomy on nose function through cross-sectiopal changes. We reviewed the data of 50
patients with symptomatic nasal obstruction. Treatment outcomes were evaluated by
comparing changes in nasal airway volume measured using acoustic rhinometry before
surgery. The minimal cross-sectional area was improved up to 0.64 + 0.04 cm? after
reduction with inferior turbinoplasty. Our results suggest that out-fracture of the
inferior turbinate is an effective and durable technique that can be easily performed to

enlarge the nasal airway with minimal morbidity.

INTRODUCTION

Among facial bones, the nasal bone is located at the center of the facial bones. The nasal
bone, being the most protruding bone in the center of the facial bones, is particularly
susceptible to damage. Nasal bone fractures can often result in secondary deformation
and dysfunction of the nose, including septal fractures!!2l. However, current practices
have had little consideration towards anatomical structures such as the nasal cavities,
which often involve airway obstruction and olfactory disturbances due to fractures or

efforts to objectify patient's subjective or temporary symptoms®l. Although a study by
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Kim et all¥], has previously evaluated the degree of improvement in intranasal airway
obstruction in nasal bone fractures using acoustic nasal airway examination, limitations
exist, as the study neglects the possible complications, solely focusing on the presence
of obstruction and the degree of improvement after non-invasive reduction surgery.
Although the closed reduction of nasal bone fracture is a relatively simple technique,
patient satisfaction after operation remains inadequate, as exhibited in patients’
complaints in the appearance and functional problems such as olfactory disorders and
nasal obstruction!>7]. The site directly involved in the dynamic of intranasal ventilation,
which is often responsible for functional problems of the nose, is known as the nasal
valve or inferior turbinate front section(810l. In the field of otolaryngology, inferior
turbinate outward osteotomy and septal curvature have mainly been performed to
address functional problems of the nose. However, studies involving such structures
have been rare in the field of plastic surgeryl-1¢l.

Therefore, our study investigated the effect of the anatomical structure of the inferior
turbinate on the function of the nose in nasal bone fractures through the changes of the
nasal cavity, determined by subjects’ pre- and post-operative symptoms, computed
tomography (CT) analysis, and pre- and post-operative acoustic nasal airway
examination. The results of this study, in conjunction with a literature review, indicate
satisfactory improvements in both subjective and objective measures of nasal
appearance and function following inferior turbinate outward osteotomy and

concurrent closed reduction in patients with nasal bone fractures.

MATERIALS AND METHODS

Study design

From January to December 2010, pre-operative radiological examination and acoustic
rhinometry were performed on nasal bone fracture patients with nasal obstruction
symptoms prior to receiving closed reduction. CT was performed in all patients before
surgery, and acoustic rhinometry was performed before and 14 d after surgery. In

addition, questionnaires on the patients’ symptoms were conducted before surgery, and
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two weeks, four weeks, and eight weeks after surgery. To determine the level of
improvement in nasal obstruction after surgery, patients were asked to evaluate their
symptoms on a visual analog scale (VAS) of 0 to 10, where 0 indicated no symptoms of
nasal obstruction and 10 indicated a state of complete nasal obstruction. The VAS is a
psychometric measurement instrument widely used in the field of rhinology and other
fields to subjectively quantify patient symptom severity!17].

Nasal bone fractures were classified according to the Stranc classification system
using CT performed for diagnosis. The Stranc classification simultaneously reflects the
direction of impact and the degree of damage, enabling a comprehensive and practical
classification of nasal bone fractures, and consideration of the direction of impactl¢l. The
fractures were categorized as frontal impact and lateral impact, and later subdivided
into type 1, type 2, and type 3. The degree of nasal obstruction was later evaluated
according to the type of nasal bone fracture.

Nasal obstruction was objectively measured using an acoustic rhinometry (Eccovision
Acoustic Rhinometer, Model AR-1003 Hood Laboratories, Pembroke, MA, United
States). The test was performed by the same operator, and epinephrine was used
administrated in the nasal cavity before the test to reduce bias in the variability of
patients’” nasal mucosa.

The acoustic air permeability test was conducted three times for each patient, and the
average minimal cross-sectional area (MCA) of each nasal passage was determined
based on the three trials. The degree of nasal obstruction of the control group was
determined by the average minimum cross-sectional value in Korean adults, which is

0.68cm?22l.

Surgical method

Surgery was performed within 14 d after injury in all patients under general anesthesia.
After the nasal cavity was filled with cotton balls soaked with epinephrine(bosmin®)
and Proparacaine Hydrochloride(alcaine®) more than five minutes, closed reduction

was performed. An outward osteotomy of the inferior turbinate followed, selectively on
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areas of narrowed nasal cavity of the inferior turbinate, according to the pre-operative
CT analyses, due to the accompanying damage to the septum or due to thickening of
the inferior turbinate (Figure 1). For out-fracture of the inferior turbinate, a long and
wide- bladed nasal speculum was positioned on and carefully widened the inferior

turbinate, while applying pressure to the septuml®! (Figures 2 and 3).

Statistical analysis

Each measurement value was expressed as mean + SD. SPSS (Statistical Product and
Serviced Solutions, version 11.0; SPSS Inc., Chicago, IL, United States) was utilized for
statistical analysis, and comparative analysis was performed using the paired f-test. The

significance level was set to 0.05 or less.

ESULTS
A total of 50 patients, 43 males and seven females, were included, ranging in age from
21 to 53 years old (Table 1, mean + SD: 27.7 + 18.9 years). Among the 50 nasal bone
fracture patients with nasal obstruction symptoms, 48 exhibited improvement in nasal
obstruction symptoms within eight weeks after surgery. When the patients were
classified into a frontal impact group and a lateral impact group, 14 of the 16 patients in
the frontal impact group exhibited improvement in symptoms within two weeks, and
the remaining two patients showed improvement within four weeks. Of the 34 patients
in the lateral impact group, 26 showed improvement in symptoms within two weeks,
and six of the remaining eight showed improvement within four weeks; however, in
two patients, symptoms continued even after eight weeks (Figure 4). Symptom scores
decreased in all 16 patients within fouhweeks after surgery in the frontal impact group
and in 32 patients within eight weeks in the lateral impact group. In the frontal impact
group, the symptom score, which was 5.2 + 1.52 before surgery, decreased to 1.8 + 1.01
at two weeks after surgery and improved to 0.840.76 at four weeks. In the side impact
group, the score was 7.1 + 0.82 before surgery, later decreasing to 3.5 + 1.02 after two

weeks and improving up to 1.89 £ 1.1 at four weeks. Both groups showed a statistically
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significant improvement in symptom scores two weeks after surgery compared with
the scores before surgery (P < 0.05). On acoustic rhinometry performed in patients with
nasal obstruction, the minimum cross-sectional area of all patients before surgery was
0.59 £ 0.06 cm?, resulting in an 11% reduction compared to the average value of 0.65 +
0.03 cm? in Korean adults. After surgery, the minimum cross-sectional area was
measured as 0.67 £ 0.02 cm?, which represents a 13% increase compared to the value
prior to surgery (P < 0.05).

The patients were categorized based on the location of the fracture using the Stranc
classification system: There were 13 patients in the frontal impact group type 1, three
patients in the frontal impact group type 2, 25 patients in the lateral impact group type
1, seven patients in the lateral impact group type 2, and two patients in the lateral
impact group type 3 (Figure 5). The mean preoperative minimum cross-sectional area in
the frontal impact group was 0.60 £ 0.02 cm?, and the mean value of the lateral impact
group was 0.58 + 0.03 cm?2. After non-invasive reduction and outward osteotomy, the
nasal cavity was expanded to 0.66 + 0.04 cm? in the frontal impact group, and 0.68 + 0.02
cm? in the side impact group, exhibiting a more notable increase in the side impact

group (Figure 6 and Table 2).

DISCUSSION

The nose plays a significant role as an organ in breathing, and the turbinate inside the
nose is the area where the highest air resistance occurs!'®l. The turbinate is consisted of a
thin, semicircular cartilage, and a highly vascular mucosal periosteum that controls the
humidity inside the nose and the mucus covering the cilial'?l. In particular, the inferior
turbinate, the structure positioned most anteriorly, occupies the largest area among the
three turbinates and plays the most crucial role in the symptoms of nasal obstruction/20l.
The enlarged mucous membrane increases air resistance in the nose, causing nasal
obstruction. A method that can objectively determine nasal obstruction is acoustic
rhinometry that measures airway resistance in the nasal cavity. Acoustic rhinometry is

an airway test that measures various airway resistances and is a method commonly
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used to measure nasal obstruction in Rhinology?-?l. Using the sound wave from the
spark generator, the reflected wave generated by the difference in the cross-sectional
area of the space, in which the sound wave travels, is collected by a microphone,
calculated by a computer, and displayed in a distance-area graph. In this acoustic
rhinometry test, two notches appear on the normal distance-cross-sectional area curve.
According to Lenders et all?4], the first isthmus notch (I-notch), which corresponds to the
nasal isthmus, is located 1.3 cm from the anterior nostril, and has a cross-sectional area
of 0.73 cm?. The second notch, which corresponds to the anterior end of the inferior
turbinate, is located 3.3 cm from the anterior nostril, and has a cross-sectional area of 1.1
cm?224. The most meaningful value in the acoustic rhinometry is the minimum cross-
sectional area, which has the greatest airway resistance. Since this test has a possibility
of bias, a representative graph is selected among several test values. However, it is one
of the most widely used tests in clinical practice; thanks to its non-invasiveness,
simplicity, facility and sensitivity, it can measure the volume of the nasal cavity
multiple timesl252]. In order to reduce bias, one inspector measured the test error, and
the minimum cross-sectional area value with the greatest effect on nasal occlusion was
the only value measured among various variables. The average values of the minimum
cross-sectional areg before and after surgery were utilized. Symptom relief was assessed
using a VAS. The VAS comprises a 10 cm horizontal line ﬁith word anchors at each
extremity representing the range of extreme feelings. The patients were instructed to
mark the point on the line that best corresponded to their current status concerning the
specific characteristics under evaluation. Owing to its high sensitivity, reliability, and
reproducibility, the VAS is straightforward for patients and healthcare providers.
Because it does not require training, the VAS serves as an invaluable tool not only for
routine clinical practice but also for real-world studiesl?”l. As demonstrated in the
symptom questionnaires using VAS administered before and after surgery, it was
confirmed that the cross-sectional areas increased as the symptoms improved.

In addition, the nasal obstruction symptoms were analyzed according to the type of

nasal bone fracture using the Stranc classification method. The Stranc classification
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method offers an all-encompassing and pragmatic approach to categorizing nasal bone
fractures, considering both the direction of impact and extent of injury concurrently. By
factoring in the direction of impact, it is possible to predict specific classifications based
on the cause. In addition, this method assesses the value of each subgroup depending
on the severity of damage. This approach generates valuable insights for devising
treatment principles and yields objective data for anticipating and clarifying treatment
prognosesi28l. The frequency in the side impact group was 68% (34 cases), which was
higher than that in the frontal impact group, which was 32% (16 cases). This is
consistent with the results of the study by Daw and Lewis??l, which also showed high
frequency in the side impact group. In this study, the side impact group showed a
greater degree of nasal obstruction than that in the frontal impact group, as confirmed
by the reduction of the minimum cross-sectional area and questionnaire. It is thought
that the lateral impact group affected the damage to the nasal septum and the mucosa,
thereby reducing the minimum cross-sectional area. Kim et all*l reported that 80% of
patients with nasal bone fractures with nasal septal displacement complained of
subjective nasal obstruction symptoms, and that 20% of patients still had occlusion
symptoms after surgery. Park et al28] also reported that nasal septal curvature was the
most common complication in patients with nasal bone fractures, and that nasal
obstruction was affected by not only nasal bone fractures, but also nasal septum and
mucosal damage.

Inferior turbinate surgery widens the nasal airway to facilitate breathing, which is
essential to prevent complications such as bleeding, irreversible nasal dryness, crust
formation, and bad odor following surgeryl®*3!. Outward osteotomy performed on the
nasal bone is a minimally invasive method and does not affect the function of intranasal
mucinous cilia. In a previous study, Kim et all¥l reported that the intranasal airway
improved after a simple nasal bone fracture reduction operation, but the direction of the
fracture and septal damage were not evaluated. While another study by Kim et all32
suggested that the occurrence of nasal obstruction decreases after correction of the nasal

septum, but did not explain the difficulty in performing the operation due to edema or
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complications such as nasal obstruction without damage of the septum. In this study,
narrowed areas of the nasal cavity of the inferior turbinate were identified in patients
with nasal bone fracture using preoperative CT. After reduction surgery, the inferior
turbinate outward osteotomy was performed on the narrowed side. It was evident that
the nasal obstruction was improved by the outward osteotomy of the inferior turbinate.

This study has limitations in that it was not possible to discriminate congenital septal
curvature due to the lack of data prior to fracture in each individual patient. However,
in patients with nasal bone fractures, the degree of nasal obstruction was determined
objectively by a numerical value using acoustic rhinometry. In addition, through the
classification of nasal bone fractures by the Stranc method, it was confirmed that nasal
obstruction was more likely to occur in the lateral impact group. Therefore, in nasal
bone fractures accompanied by nasal obstruction and classified as lateral impact on CT,
inferior turbinate outward osteotomy can be performed with an easy and few
complications. With such procedure, complications of nasal obstruction after nasal bone
fracture can be reduced. Another limitation of this study is the relatively short follow-
up period of 8 wk, compared to the typical follow-up duration after reduction of nasal
bone fracture is usually set at 12 wk. However, our study successfully demonstrated
statistically significant improvements in nasal obstruction symptoms within the 8-week
follow-up timeframe, confirming the efficacy of inferior turbinate outward osteotomy in
alleviating nasal obstruction.

Although non-invasive reduction of the nasal bone fracture may be useful in
resolving symptoms of nasal obstruction, our study proved that a simple and easy
inferior turbinate outward osteotomy is more advantageous in improving the
symptoms of nasal obstruction at an early stage. Also, according to the classification of
fracture sites, the occlusion pattern caused by the lateral impact group was relatively
more severe than that of the frontal septum group. Moreover, the incidence of nasal
septal displacement was high in the lateral impact group, which may lead to persistent

symptoms of nasal obstruction.
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CONCLUSION

In conclusion, inferior turbinate outward osteotomy at an early stage helps to increase

patient satisfaction after surgery.
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