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Abstract
Introduction  Fractures in the pyriform buttress area adversely affect facial appearance and nasal airway patency. Nasal 
airway function has received less attention than aesthetic problems in the literature. This retrospective study classified the 
different fracture types in this area and determined their impact on nasal airway function.
Mathods  Three-dimensional computed tomography images of patients with fractures in the pyriform buttress area were 
analyzed to identify the exact fracture pattern. The nasal airway functions were evaluated and compared between patients with 
different fracture patterns using acoustic rhinometry, rhinomanometry, and the nasal obstruction symptom evaluation scale.
Results    Overall, 47 patients, including 16 with type I fractures (high fracture line; group I), 16 with type II fractures (inter-
mediate fracture line; group II), and 15 with type III fractures (low fracture line; group III), were included in the study. The 
mean minimal cross-sectional area (MCA), total nasal inspiratory resistance (Tri) and total nasal expiratory resistance (Tre) 
of group I were 0.51 ± 0.06 cm2, 1.67 ± 0.11 kPa L−1 s−1, and 1.66 ± 0.12 kPa L−1 s−1, respectively; those of group II were 
0.48 ± 0.07 cm2, 1.89 ± 0.15 kPa L−1 s−1, and 1.88 ± 0.14 kPa L−1 s−1, respectively; and those of group III were 0.36 ± 0.04 
cm2, 1.94 ± 0.21 kPa L−1 s−1, and 2.01 ± 0.34 kPa L−1 s−1, respectively. The nasal obstruction symptom evaluation (NOSE) 
scale scores for groups I, II, and III were 7.188, 9.813, and 13.27, respectively.
Conclusion   Therefore, the severity of the nasal airway obstruction depends on the displacement of the fractured bones in 
patients with fractures in the pyriform buttress area. The most profound nasal obstruction occurs in patients with the lowest 
fracture line.

Keywords  Fracture types · Nasal airway function · Nasal obstruction symptom evaluation scale · Pyriform buttress area 
fracture · Acoustic rhinometry · Rhinomanometry

Introduction

The frontal processes of the maxilla and nasal bone form 
an essential part of the midface. Over 66% of patients with 
nasal trauma have fractures in this area [1]. The anatomi-
cal position of the frontal process of the maxilla is rela-
tively unique and involves the lateral edge of the pyriform 

foramen, maxilla, and infraorbital edge. Previous studies 
have described cases in which the displaced segments do 
not extend to the fronto-maxillary suture as medial maxillary 
fractures [2, 3]. When the cephalic border of the affected 
bony segments is higher, the fracture is classified as a type I 
naso-orbito-ethmoid fracture [4]. Fractures in this area have 
severe aesthetic implications, including facial asymmetry 
and nasal and infraorbital rim deformities. In addition to 
aesthetic problems, fractured bony fragments in the pyriform 
buttress cause the medial collapse of the nasal vault, leading 
to nasal airway obstruction. However, few studies regard-
ing the nasal airway function after such fractures have been 
reported [5, 6].

The nasal airway resistance can be affected by the struc-
tures of the upper lateral cartilage, nasal septum, and inferior 
turbinate. The positions of the fractured pieces determine the 
nasal airway function. A high fracture line in the piriform 
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buttress area results in the collapse of the upper-third of the 
nasal vault. A fracture line through the bone attachment to 
the middle turbinate leads to the collapse of two-thirds of 
the lateral wall, as well as the middle turbinate. The lower 
the fracture line along the pyriform rim, the greater the dis-
placement of the ipsilateral nasal vault. When the fracture 
line reaches the bottom of the pyriform rim, the nasal airway 
obstruction may be severe even when the bony displacement 
is minimal [7].

This retrospective study analyzed the impact of different 
fracture types of the pyriform buttress area on nasal airway 
function. The patients’ nasal airway functions were exam-
ined both objectively and subjectively.

Materials and methods

This single-center, retrospective study included 47 patients 
who experienced pyriform buttress fractures between 2016 
and 2022. The history of nasal airway patency, direction of 
nasal blows, and occurrence of epistaxis were recorded for 
each patient. Swelling, mucosal tearing, intranasal hema-
toma, depression, and septal deviation at the injury site were 
recorded. Three-dimensional computed tomography (CT) 
images of the patients were analyzed to identify the exact 
fracture patterns according to the degree of comminution, 
displacement, and septal fracture. The nasal airway func-
tion was evaluated using acoustic rhinometry, rhinomanom-
etry, and the NOSE scale. This study was approved by the 
Institutional Ethics Committee of our hospital (Institutional 
Review Board number: SH9H-2023-T160-1) and conducted 
according to the Declaration of Helsinki.

Patients with nasal obstruction before the injury due to 
chronic allergic rhinitis or septal deviation were excluded 
as were those who had previously undergone surgery on the 
nose or paranasal sinuses. Patients who refused to participate 
were also excluded.

Fracture type in the pyriform buttress

The fracture pattern was classified based on the characteris-
tics identified on the CT images (Fig. 1). The patients were 
divided into groups based on the fracture types, as follows: 
group I, type I fractures (high fracture line which passes 
through the upper third of the nasal pyramid, resulting in 
the collapse of the upper third of the nasal vault); group II, 
type II fractures (intermediate fracture line, which passes 
through the bone attachment to the middle turbinate, leading 
to the collapse of two-thirds of the nasal vault and middle 
turbinate); and group III, type III fractures (low fracture line, 
which extends to the bottom of the pyriform rim, resulting 
in the collapse of the ipsilateral nasal wall, middle turbinate, 
and inferior turbinate).

Acoustic rhinometry

An Eccovision Acoustic Rhinometer (HOOD Laboratories, 
Pembroke, MA, USA) was used to objectively evaluate the 
internal nasal airway. This anatomical assessment is highly 
sensitive to subtle changes in the nasal valve area as deter-
mined by calculating the MCA. An external nasal adapter 
was selected to achieve a proper fit for each patient, and a 
thin layer of ointment was applied to prevent acoustic leak-
age between the nostril and adapter. The nose adaptor was 
positioned carefully such that the nasal valve anatomy was 
not distorted. Before the assessment, the nose was decon-
gested using a topical decongestant to eliminate physiologi-
cal variations.

Rhinomanometry

Rhinomanometry is a functional test of nasal aerodynam-
ics that measures nasal airflow and the pressure gradient 
between the nasopharynx and nostril, allowing for the 

Fig. 1   The three fracture types 
of the pyriform buttress area are 
shown
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determination of nasal airway resistance. While the airflow 
through one side of the nose was measured, the contralat-
eral cavity was sealed and monitored using a small tube to 
measure nasopharyngeal pressure. Therefore, the pressure 
curves and nasal resistance were determined separately for 
each nasal passage, and the total was then calculated. Before 
the assessment, a topical decongestant is used to eliminate 
physiological variations of the nasal mucosa.

NOSE scale

The NOSE scale is a brief questionnaire that assesses the 
extent of the patient-perceived nasal obstruction before and 
after medical or surgical treatment that has been validated 
in previous studies [8–10]. The scale ranges from 0 to 20. 
All patients in this study responded to the NOSE scale 
questionnaire.

Statistical analyses

Data are presented as the mean and standard deviation. The 
data were compared between the groups using the unpaired 
Student’s t test. The level of significance was set at p < 0.05.

Results

A total of 47 patients (mean age 32.5  years; range 
21–65 years), including 31 (66%) men and 16 (34%) women, 
completed this study. The average period between the facial 
injury and nasal airway test was 13 (range 12–17) days. 
Groups I and II each included 16 patients, while group III 
included 15.

The MCA of group III (0.36 ± 0.04  cm2) was sig-
nificantly lower than that of groups I (0.51 ± 0.06 cm2) 
and II (0.48 ± 0.07  cm2) (p < 0.0001). The MCA 
was not significantly different between groups I and 
II (p = 0.233). The Tri was significantly lower in 
group I (1.67 ± 0.11  kPa  L−1  s−1) than in groups II 
(1.89 ± 0.15 kPa L−1 s−1) and III (1.94 ± 0.21 kPa L−1 s−1) 
(p < 0.001), although it was not significantly differ-
ent between groups II and III (p = 0.507). The Tre was 
significantly lower in group I (1.66 ± 0.12 kPa L−1 s−1) 
than in groups II (1.88 ± 0.14  kPa  L−1  s−1) and III 
(2.01 ± 0.34 kPa L−1 s−1) (p < 0.001), although it was not 
significantly different between groups II and III (p = 0.166) 
(Fig. 2 and Table 1).

The NOSE score was significantly lower in group I 
(7.118) than in groups II (9.813) and III (13.27) (p < 0.001) 
(Fig. 2). Difference between group II and III was also sig-
nificant (p < 0.001).

Here we introduce 4 typical cases with pyriform but-
tress area fractures. 3D-CT images of them were analyzed 
to identify the exact fracture pattern which affects nasal 
airway differently.

Fig. 2   AR results and NOSE scale scores. The MCA of group III was 
the lowest among three groups (p < 0.0001). The MCA of group I was 
higher than that of group II (p = 0.233). The Tri and Tre of group I 
were the lowest among three groups (p < 0.001). The Tri and Tre of 

group III were lower than that of group II (p = 0.507, p = 0.166). The 
NOSE score was significantly lower in group I (7.118) than in groups 
II (9.813) and III (13.27) (p < 0.001). The score of group III was the 
highest among them (p < 0.001)

Table 1   Acoustic rhinometry and rhinomanometry results

MCA minimal cross-sectional area, Tri total nasal inspiratory resist-
ance, Tre total nasal expiratory resistance

Group n MCA (cm2) Tri (kPa L–1 s–1) Tre (kPa L–1 s–1)

I 16 0.51 ± 0.06 1.67 ± 0.11 1.66 ± 0.12
II 16 0.48 ± 0.07 1.89 ± 0.15 1.88 ± 0.14
III 15 0.36 ± 0.04 1.94 ± 0.21 2.01 ± 0.34
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Case 1

A 21-year-old woman was hit on the left side of her face. 
She presented with bruising around the eyes, nasal distor-
tion, and epistaxis. CT images demonstrated that her left 
pyriform buttress had a type I fracture, causing the col-
lapse of the upper third of the nasal vault in the left nasal 
cavity (Fig. 3A, B). A slight asymmetry of her nostrils was 
observed from the head up view (Fig. 3C).

Case 2

A 34-year-old man experienced facial injury in a car acci-
dent. He had bruising around the eyes, facial and nasal 
deformities, and nasal obstruction. CT images demon-
strated that his left pyriform buttress had comminuted type 
II fractures, causing the collapse of over two-thirds of the 
nasal wall (Fig. 4A). An obvious asymmetry of his nostrils 
was noted on the head up view (Fig. 4B).

Case 3

A 17-year-old boy experienced a facial injury following 
a car accident. He had facial and nasal deformities and 
severe nasal obstruction. CT images demonstrated that his 
left pyriform buttress had a type III fracture, which caused 
the collapse of the ipsilateral nasal wall (Fig. 5A). The left 

Fig. 3   Type I fracture in the left 
pyriform buttress area. Three-
dimensional and horizontal 
computed tomography images 
reveal the collapse of the left 
upper third of the nasal vault 
(A, B). A slightly asymmetry of 
the nostrils was observed from 
the head up view (C)

Fig. 4   Comminuted type II fracture. Three-dimensional and horizon-
tal computed tomography images reveal the collapse of the left two-
thirds of the nasal vault and middle turbinate (A). An obvious asym-
metry of the nostrils was noticed (B)

Fig. 5   Type III fractures. CT images demonstrated a 17-year-old 
boy’s left pyriform buttress had a type III fracture, which caused the 
collapse of the ipsilateral nasal wall (A). The left nasal airway was 
completely blocked by the fractured bone fragment (B). Another 
young boy had comminuted type III fractures, with collapsing of the 
ipsilateral nasal wall and inferior turbinate (C, D). The right bony 
nasolacrimal canal was also fractured (D, white arrow)
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nasal airway was completely blocked by the fractured piece 
(Fig. 5B).

Case 4

A 15-year-old boy experienced a facial injury in a motorcy-
cle accident. The patient had facial and nasal deformities, 
severe nasal obstruction, and epiphora. CT images demon-
strated that his right pyriform buttress had comminuted type 
III fractures, causing the collapse of the ipsilateral nasal wall 
and inferior turbinate (Fig. 5C, D). The right bony nasolac-
rimal canal was fractured (Fig. 5D, white arrow).

Discussion

The frontal process of the maxilla is an extension of the 
maxilla and is part of the nasal pyramid structure. Improper 
treatment of fractures in this area affects the aesthetic shape 
and airway function. Although intuitively simple and con-
venient, nasal airway assessment is often ignored, leading 
to dissatisfactory results. Preexisting respiratory functional 
disorders are a major factor in secondary rhinoplasty [11, 
12]. Some revision surgeries may be avoided with proper 
evaluation of the nasal function conducted at the time of 
the fracture. Familiarity with the nasal anatomy, physiology, 
and pathology allows surgeons to manage these fractures 
appropriately.

The nasal cavity is the first part of the respiratory tract and 
provides the majority of the resistance within the respiratory 
tract. During nasal breathing, over 50% of the respiratory 
resistance is caused by the nose [13]. Previous studies have 
suggested that the nasal valve plays a more important role 
in nasal airway function than the nasal septum [14–16]. The 
nasal valve area is composed of the inferior turbinate head, 
septum, upper lateral cartilage, and surrounding soft tissue. 
Minor changes in this area may significantly affect nasal 
breathing. Fractures in the pyriform buttress area involving 
displaced bony segments cause nasal vault collapse, leading 
to anatomical variations in the nasal valve area.

The patients in this study presented immediately after 
their injury. They were determined to have persistent nasal 
obstruction after 10 days during which the swelling of the 
mucosa was permitted to subside. The NOSE scores were 
significantly different between the groups in this study. 
However, quantification of the subjective sensation of nasal 
obstruction is difficult as patient perceptions vary. Therefore, 
objective nasal assessments were also conducted.

AR has been used to measure the airway resistance and 
to assess nasal obstruction. A topical decongestant was 
used before the assessment to help eliminate the effects 
of mucosa factors. The MCA, MCA distance, and volume 
were measured, although only the MCA was evaluated 

in this study as it is the most sensitive to changes in the 
nasal structure. In this study, the MCA was the smallest in 
patients with the lowest fracture lines. Lower fracture lines 
were associated with collapse of the upper lateral cartilage 
and medialization of the inferior turbinate. Excluding the 
effect of the septum, the two components of the valve area 
changed, resulting in a decrease in the MCA. The MCA 
was not significantly different between groups I and II in 
this study, which may be due to the fact that the fracture 
lines were higher on the nasal pyramid, leading to a change 
in only one component of the nasal valve structure.

In addition, the Tri and Tre were the lowest among 
patients in group I, which is consistent with the AR results. 
These results suggest that patients with high fracture lines 
have less disruption in the valve area. The Tri and Tre 
were not significantly different between groups II and III, 
which may be due to the small sample size of this study or 
measurements that were not sensitive enough to differenti-
ate between the groups.

This study presents four individual cases of unilateral 
fractures around the frontal process of the maxilla. The 
CT images show that the isolated fragments were dis-
placed medially and downward, causing medialization of 
the lateral nasal wall and nasal obstruction. The patients 
in cases 1–4 had typical fracture styles, indicating high-, 
intermediate-, and low-fracture lines. Patients 2 and 4 had 
comminuted fractures. The nasal airway function appears 
to be related to the position of the fracture rather than the 
severity of the fracture.

We propose that the fractures in the pyriform buttress 
area are very unique which affects the facial appearance 
and nasal airway function simultaneously. While handling 
type II and type III fractures, a combination of gingivobuc-
cal and subciliary incisions will make a good view and 
exposure to the fractured area. Type I fracture with obvi-
ous bony displacement could be repaired through transna-
sal incision. Type I fracture with very slight bony displace-
ment and no aesthetic and functional impairment has no 
need for surgery.

This study was limited by its small sample size of 47 
patients. In addition, this was a retrospective study and 
all assessments were limited to a single teaching hospital, 
although our patients were from different provinces across 
the country. Furthermore, the patients’ septum was not 
analyzed in this study as the included patients had no nasal 
obstruction before their injuries.

In summary, different fracture patterns of the pyriform 
buttress area result in nasal obstruction, and the severity 
of obstruction depends on the displacement of the frac-
tured pieces. The most profound nasal obstruction occurs 
in patients with the lowest fracture lines.



1306	 European Archives of Oto-Rhino-Laryngology (2024) 281:1301–1306

1 3

Funding  National Natural Science Foundation of China (Youth Pro-
gram) (82201274).

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Li L, Zang H, Han D, Yang B, Desai SC, London NR (2020) 
Nasal bone fractures: analysis of 1193 cases with an emphasis 
on coincident adjacent fractures. Facial Plast Surg Aesthet Med 
22(4):249–254

	 2.	 Yoshioka N, Tomita S, Nishikawa H, Arakawa A, Sesaki S (2014) 
Medial maxillary fractures revisited. J Plast Reconstr Aesthet Surg 
67:506–512

	 3.	 Anderson AG, Frank TW, Loftus JM (1988) Fractures of the 
medial infraorbital rim. Arch Otolaryngol Head Neck Surg 
114:1461–1463

	 4.	 Markowitz BL, Manson PN, Sargent L et al (1991) Management 
of the medial canthal tendon in nasoethmoid orbital fractures: the 
importance of the central fragment in classification and treatment. 
Plast Reconstr Surg 87:843–853

	 5.	 Pereira I, Pellizzer E, Lemos C, Moraes S, Vasconcelos B (2021) 
Closed versus open reduction of facial fractures in children and 
adolescents: a systematic review and meta-analysis. J Clin Exp 
Dent 13:e67–e74

	 6.	 Vujcich N, Gebauer D (2018) Current and evolving trends in the 
management of facial fractures. Aust Dent J 63:S35–S47

	 7.	 Barkho JO, Cooper MJ, McRae MH, Choi M (2022) Isolated 
medial maxillary buttress displacement in Naso-orbito-ethmoid 
fractures: a surgical indication to resolve nasal airway obstruction. 
Ann Plast Surg 88:410–414

	 8.	 Zambon CE, Cherobin GB, Utumi ER et al (2023) Computational 
fluid dynamics and NOSE scale to assess nasal respiratory func-
tion, and correlation with linear maxillary measurements after 
surgically assisted rapid maxillary expansion. Int J Oral Maxil-
lofac Surg 52:875–884

	 9.	 Karamese O, Bercin AS, Muderris T, Kiris M (2022) Our sep-
toplasty results: evaluation with the nose scale. J Craniofac Surg 
33:1775–1781

	10.	 Dutta A, Vallur S, Arjun AP, Goyal L (2020) A study on role 
of NOSE scale in the management of allergic rhinitis. Indian J 
Otolaryngol Head Neck Surg 72:234–238

	11.	 Bouaoud J, Loustau M, Belloc JB (2018) Functional and aesthetic 
factors associated with revision of rhinoplasty. Plast Reconstr Surg 
Glob Open 6:e1884

	12.	 Toriumi DM (2013) Discussion: Frequency of the preoperative 
flaws and commonly required maneuvers to correct them: a guide 
to reducing the revision rhinoplasty rate. Plast Reconstr Surg 
132:777–779

	13.	 Demirbas D, Cingi C, Cakli H, Kaya E (2011) Use of rhinoma-
nometry in common rhinologic disorders. Expert Rev Med 
Devices 8:769–777

	14.	 Seren E (2006) Effect of nasal valve area on inspirator nasal sound 
spectra. Otolaryngol Head Neck Surg 134:506–509

	15.	 Shafik AG, Alkady HA, Tawfik GM, Mohamed AM, Rabie TM, 
Huy NT (2020) Computed tomography evaluation of internal 
nasal valve angle and area and its correlation with NOSE scale for 
symptomatic improvement in rhinoplasty. Braz J Otorhinolaryngol 
86:343–350

	16.	 Cakmak O, Coşkun M, Celik H, Büyüklü F, Ozlüoğlu LN (2003) 
Value of acoustic rhinometry for measuring nasal valve area. 
Laryngoscope 113:295–302

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	Impact of different fracture types in the pyriform buttress area on nasal airway function
	Abstract
	Introduction 
	Mathods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Fracture type in the pyriform buttress
	Acoustic rhinometry
	Rhinomanometry
	NOSE scale
	Statistical analyses

	Results
	Case 1
	Case 2
	Case 3
	Case 4

	Discussion
	References


