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Impact of intraoperative Cone-Beam Computed 
Tomography use on patient satisfaction after closed nasal 
reduction*

Abstract 
Background: The aim of the study was to assess, whether there is a difference in aesthetic and functional patient satisfaction 

between closed nasal reductions with intraoperative Cone-Beam Computed Tomography (CBCT) and without using intraopera-

tive medical imaging.

Methods: A monocentric, retrospective cohort study of 43 patients (20 patients treated with intraoperative CBCT and 23 patients 

treated without intraoperative imaging) was conducted. Subjective postoperative aesthetic and functional aspects of the nose 

were assessed. Additionally, questions comparing the aesthetics and function of the nose before and after the accident and on 

the desire of revision surgery were asked.

Results: Both the SCHNOS-C and total SCHNOS score in the non-CBCT group were higher than the respective scores of the CBCT-

group. The comparison of SCHNOS-C between male subjects of the two groups showed no statistical significance. The compari-

son of SCHNOS-C between male and female subjects over both groups showed significantly higher scores for female subjects. 

Conclusions: Patients undergoing surgery with intraoperative CBCT imaging showed better aesthetical outcomes than patients, 

treated without intraoperative imaging. However, the difference showed no clinical importance, so that both strategies appear 

to have comparable outcomes regarding postoperative aesthetics and function of the nose. Gender instead of the different strate-

gies could contribute to the demonstrated differences. Female subjects seem to be less satisfied with the aesthetics of their nose 

postoperatively, potentially being more sensitive to remaining nasal deformities after surgery. 
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Introduction
Nasal fractures are the most common bony injuries, resulting 

from facial trauma (1), often caused by sports or traffic accidents, 

as well as interpersonal violence (2). For a very long time, reduc-

tion of the fracture has been the standard therapy (3). Closed 

nasal fracture reduction is performed by more than one medical 

department; i.e. by ENT, plastic surgery and also oral and maxil-

lofacial surgery departments (4). 

Although the techniques in different departments are compa-

rable, different strategies of pre- and intraoperative medical 

imaging are being used. A nasal fracture can be diagnosed, 

using Cone-Beam Computed Tomography (CBCT) (5, 6), Compu-

ted Tomography and Ultrasound (7), but mostly a nasal fracture 

is diagnosed without any imaging modalities, only by clinical 

examination of the nose. 

Medical imaging cannot only be used for nasal fracture diagno-
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sis, but also for intraoperative positioning of the displaced nasal 

bony parts during closed nasal reduction. At the University Hos-

pital of Zurich the Department of Otorhinolaryngology Head 

and Neck Surgery (ENT), as well as the Department of Oral and 

Maxillofacial Surgery (OMF) perform closed nasal reductions. 

Since July 2017 the OMF department uses intraoperative CBCT 

imaging during nasal reduction to confirm the correct positi-

oning of the displaced bony elements. The ENT department 

performs closed nasal reduction without using any imaging 

modalities. 

To date it is unclear whether there is a difference in postopera-

tive aesthetic and functional patient satisfaction between the 

two different strategies. The aim of the present study was to as-

sess, whether postoperative patient satisfaction differs between 

nasal reductions with and without intraoperative CBCT imaging. 

If so, the present study could help to standardize and optimize 

the treatment protocol of closed nasal fracture reductions.

Materials and methods 
Ethics

This study was approved by the Swiss Ethics Committee of 

research involving humans (No. KEK 2020-02013) and was con-

ducted with oral consent from every patient. The patients were 

fully informed about the study goals during a first phone call. 

Patients who were willing to participate, were given a reflection 

period of one week. After this period, during a second phone 

call, the patients were interrogated. The present study was con-

ducted in compliance with the permission of the independent 

ethical commission, the current Helsinki Declaration, as well as 

Swiss law.

Study design and population

The project design was a monocentric, retrospective cohort 

study of patients with a past nasal fracture who underwent a 

closed nasal fracture reduction in either the ENT department 

or the OMF department at the University Hospital of Zurich 

between 2017 and 2020. The choice of the department depen-

ded on referrals from other hospitals and on the triage in the 

emergency unit. In total 28 ENT patients and 21 OMF patients 

were assessed. The following patients had to be excluded; two 

ENT patients because they did not answer our second phone 

call, two because they already underwent previous nasal surgery 

and one due to his or her age. The patient of the OMF depart-

ment, who was excluded, did not answer our second phone call.

The study population finally consisted of 23 ENT/non-CBCT 

patients and 20 OMF/CBCT patients. 

Our other inclusion criteria were age between 18 and 70 years, 

a minimum of six months past surgery and a signed general 

consent for further processing of health-related personal details 

and biological material for research. Our other exclusion criteria 

were endonasal neoplasia, septal hematoma or combination of 

the nasal fracture with other midfacial fractures. Patients with a 

fracture of the mandibular bone still got included in the study, 

because midfacial fractures do not include fractures of the man-

dibular bone. Patients were recruited from the surgical planning 

tool of the clinical information system and the patients comply-

ing with the in- and exclusion criteria were contacted directly. 

Surgical procedure

The surgeries at the ENT department were performed by either 

fully trained surgeons or by trainees with the supervision of a 

board-certified ENT surgeon. Reduction was performed in a 

closed manner using a bone elevator and manual pressure. All 

patients, except for one who refused it, received a thermoplastic 

cast for one week. In three patients with very mobile fragments 

internal splinting using resorbable packing material (Spongo-

stan®) was used. At the ENT department a nasal reduction is per-

formed within ten days after fracture; immediately when there is 

no soft tissue oedema or after the reduction of the swelling. 

At the OMF department closed nasal reductions were also per-

formed by different surgeons, either by consultants or residents 

under consultant’s supervision. In analogy to the ENT depart-

ment, reduction was performed using a bone elevator and ma-

nual pressure. Generally, the intervention was performed within 

seven days post trauma in general anaesthesia. In 16 cases of 

mobile fragments both Doyle splints and endonasal packing 

were applied after reduction; in three patients either Doyle 

splints or nasal packing were applied. Table 1 shows a compari-

son of splinting protocols between the two departments. At the 

end of the procedure 3D imaging was conducted in a prone po-

sition for quality control, (xCAT, Xoran Technologies, Ann Arbor, 

MI, USA) either before or shortly after the thermoplastic cast had 

been applied. Multiplanar image reconstructions in natural head 

position (NHP) were used to analyse correct bone reduction 

and if necessary, instant corrections were performed. Endonasal 

splints were removed five days postoperatively. Figure 1 shows 

Table 1. Comparison of the different splinting protocols between the 

two departments.

Splinting protocol ENT department 
(number of pa-
tients)

OMF department 
(number of pa-
tients)

Doyle Splints + endonasal 
packing (Tampograss®) + 
nasal cast

0 16

Doyle Splints + nasal cast 0 1

Tampograss® + nasal cast 0 2

Spongostan® + nasal cast 3 0

Nasal cast only 19 1

No packing or cast 1 (cast refusal) 0

Total 23 20
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an intraoperative CBCT picture as an example.

Data collection

All data was collected on the phone or by consulting the 

patient’s personal medical history. During the second phone 

call, subjective data was collected by a trained examiner (C.B.), 

assessing patient satisfaction with aesthetic and functional 

aspects of the nose. The subjective data was collected by using 

the Standardized Cosmesis and Health Nasal Outcomes Survey 

(SCHNOS) score (8).

The SCHNOS (8) score is a 10-item measure to assess aesthetic 

and also functional aspects of the nose (9). The SCHNOS score 

contains four questions assessing the function of the nose, five 

questions assessing the aesthetics of the nose and one question 

assessing the mood and self-esteem in regards to the nose. For 

each of the ten questions participants had to provide a value 

between 0 (no problem) and 5 (extreme problem). The SCHNOS 

score is divided in to two subscales; the “obstruction score” 

(SCHNOS-O), containing the questions 1-4 and the “cosmesis 

score” (SCHNOS-C), containing the questions 5-10. For the 

analysis of the SCHNOS-O score, the total score of the questions 

1-4 is divided by 20 and is multiplied by 100. For the analysis 

of the SCHNOS-C score, the total score of the questions 5-10 

is divided by 30 and multiplied by 100 (10). Consequently, the 

maximum attainable SCHNOS-O and SCHNOS-C score is 100 and 

the maximum attainable total SCHNOS score is 200. The minimal 

clinically important difference (MCID) is an important value in 

medical research to assess whether a change on a numerical 

scale is not only statistically significant, but also clinically me-

aningful to patients (11). The MCID is 28.3 for the SCHNOS-O score 

and 18.0 for the SCHNOS-C score (10).

After completion of the SCHNOS questionnaire, participants 

were asked about their subjective assessment of the aesthetics 

and function prior to and after the nasal fracture, with the aim 

of detecting patients with pre-existing impairments of either 

the aesthetics or function of their nose. The responses were clas-

sified as better, unchanged or worse. Furthermore, participants 

were asked whether they had already undergone or wish to 

undergo revision surgery. 

We noticed, that patients from the OMF/CBCT group often un-

derwent closed nasal reduction in combination with additional 

surgical procedures. These additional procedures made a com-

parison of the surgery duration with a statistical test impossible. 

Therefore, we randomly picked four patients without additional 

surgical procedures from each group to compare the surgery 

duration.  

Statistical analysis

All statistical analyses were performed with an α-error of 5%, 

using the statistical software IBM SPSS Statistics (Version 26.0.0.0 

64-Bit, USA). All reported p-values are two-tailed. Graphic data 

presentation was performed using GraphPad Prism (Version 

8.0.0 64-Bit, USA). Age was considered as continuous data and 

presented as mean ± standard deviation (SD). Total SCHNOS 

score, SCHNOS-O and SCHNOS-C, gender, rate of revision sur-

gery and aesthetics and function before and after the accident 

were considered as categorical variables and presented as me-

dian with an interquartile range (IQR). The normality of distribu-

tion was tested by using the Shapiro-Wilk Test. Comparisons of 

continuous variables with a normal distribution were performed 

Figure 1. Multiplanar image reconstruction in natural head position (NHP) of an intraoperative CBCT picture showing a satisfactory result.
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using a Student t-Test. For comparisons of continuous variables 

with a non-normal distribution and for comparisons between 

two categorical variables with an ordinal scale, a Wilcoxon Test 

was used. For comparisons of categorical variables, using a cross 

table with values below five, a Fisher’s Exact Test was used. Cor-

relations between categorical data with an ordinal scale were 

calculated using a Spearman Rank Correlation. 

In the end a posthoc power analysis was performed using an 

online power and sample size calculator (https://www.sealeden-

velope.com/power/continuous-superiority, United Kingdom). 

Results
The male to female ratio in ENT/non-CBCT patients was 10:13; 

that in OMF/CBCT patients was 18:2. The average age in the 

ENT/non-CBCT group was 39.57 ± 12.31 years and 40.25 ± 14.55 

years in the OMF/CBCT group. Table 2 summarizes demographic 

factors, mean and median values of all our measurements for 

each group.

As Figure 2 demonstrates, the comparison of SCHNOS question-

naires between the two groups revealed significantly higher 

SCHNOS-C (A) (Wilcoxon Test: p = 0.023) and total SCHNOS (B) 

(Wilcoxon Test: p = 0.007) scores in the ENT/non-CBCT group. 

As Figure 3 demonstrates, the comparison of SCHNOS-O scores 

between the two groups showed no significant difference (Wil-

coxon Test: p = 0.107). The same comparison of SCHNOS values 

was performed for only the male subjects of both groups, revea-

ling no significant difference in SCHNOS-C (Figure 4A) (Wilcoxon 

Test: p = 0.226) and a trend to higher SCHNOS-O scores in the 

ENT/non-CBCT group (Wilcoxon Test: p = 0.051). The compari-

son of SCHNOS scores between male and female subjects from 

both groups combined showed significantly higher median 

SCHNOS-C (Figure 4B) (Wilcoxon Test: p = 0.013) and total SCH-

NOS (Wilcoxon Test: p = 0.025) scores in female subjects, but no 

difference for SCHNOS-O scores (Wilcoxon Test: p = 0.571). 

Comparing the desire for revision surgery (Fisher’s Exact Test: 

p = 0.076), aesthetics (Wilcoxon test: p = 0.678) and function 

(Wilcoxon test: p = 0.215) prior to and after the accident, no 

significant difference could be demonstrated between the two 

groups. Comparing the desire for revision surgery there was no 

difference between female and male subjects (Fisher’s Exact 

Test: p = 0.281). Table 3 summarizes the values and differences 

between male and female subjects. 

As Figure 5 demonstrates, the time between the accident and 

closed reduction showed a significant difference between 

the two groups, with a mean of 7.52 ± 2.35 days in the ENT/

non-CBCT group and a mean of 3.5 ± 2.63 days in the OMF/

CBCT group (Wilcoxon Test: p = < 0.0001). Correlations of time 

Figure 2. Comparison of SCHNOS-C (A) and total SCHNOS (B) between patients of the OMF/CBCT group and patients of the ENT/non-CBCT group. 

Figure 3. Comparison of SCHNOS-O score between patients of the OMF/

CBCT group and patients of the ENT/non-CBCT group.
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Figure 4. Comparison of SCHNOS-C between male patients of the two groups (A) and between male and female patients of both groups (B).

Figure 5. Comparison of the elapsed time between the accident and the 

closed reduction of the nose between the OMF/CBCT group and the 

ENT/non-CBCT group.

between accident and reduction with SCHNOS-O, SCHNOS-C, 

total SCHNOS and aesthetics and function before and after the 

accident showed no statistical significance. 

A significant, negative correlation of SCHNOS-C with aesthetics 

before and after the accident (Spearman Rank Correlation: r = 

-0.69, p = < 0.001), as well as SCHNOS-O with function before 

and after the accident (Spearman Rank Correlation: r = -0.44, p = 

0.003) could be demonstrated. 

Comparing the samples of four randomly picked patients, a 

longer duration of nasal reduction could be demonstrated in the 

OMF group with a mean of 19.5 minutes compared to the ENT 

group with a mean of 12 minutes. 

The posthoc power analysis with a significance level of 5%, a po-

wer of 80% and median values of SCHNOS-C of the two groups 

revealed a required sample size of 21 patients per group and 

total sample size of 42 patients. 

Discussion
In the present study, our aim was to investigate the effect of 

intraoperative CBCT imaging on patient satisfaction after closed 

nasal reduction. Nasal reductions with and without intraopera-

tive CBCT imaging have never before been compared to each 

other regarding patient satisfaction with postoperative aesthetic 

and functional aspects of the nose. 

Wild et al. suggested subjective patient satisfaction be the most 

important outcome measure after closed reduction of the nose 
(12). As there are still no objective measures to quantify success 

after closed nasal reduction, we used the subjective SCHNOS 

score to measure patient satisfaction. The significant, negative 

correlations of SCHNOS-C scores with aesthetics and SCHNOS-

O scores with function prior to and after the accident indicate 

that the SCHNOS score appropriately measures aesthetic and 

functional aspects of the nose and is an adequate measure for 

our study. 

Hung et al. also assessed patient satisfaction after closed nasal 

reduction. They demonstrated a dissatisfaction rate of 24% with 

nasal aesthetics and a dissatisfaction rate of 21% with nasal 

patency. 29% indicated that they would like to undergo revision 

surgery. In our study the dissatisfaction rate with nasal aesthe-

tics and function and the wish for revision surgery were higher 

in the ENT/non-CBCT patients and lower in the OMF/CBCT 

patients compared to Hung et al. (13).

The comparison of SCHNOS-O scores, representing functional 

outcome showed no difference between the two groups. The 

comparison of SCHNOS-C scores showed significantly lower 
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scores for the OMF/CBCT group, indicating better aesthetic 

outcome in this group. Even though the difference between the 

two groups was statistically significant, the difference of 11.98 

in the SCHNOS-C score is lower than the suggested MCID of 18 

for SCHNOS-C score (10, 11). A difference below MCID means that 

a difference that may be statistically significant has no clinical 

importance (11). 

Due to the retrospective study setup the two groups did not 

match for gender, resulting in a higher number of male subjects 

in the OMF/CBCT group. Therefore, we compared SCHNOS-C 

scores only between male subjects of the two groups and also 

between male and female subjects from both groups combined. 

We could find no difference in SCHNOS-C scores between male 

subjects of the two groups but a significant difference between 

male and female subjects. Both of these findings indicate 

the involvement of gender as a confounder in our results. We 

suggest that the difference of SCHNOS-C between the ENT/

non-CBCT and OMF/CBCT groups does not seem to represent a 

difference between the two groups and strategies of intraope-

rative imaging, but rather a difference in gender distribution of 

the two groups. Our results show that women seem to be less 

satisfied with postoperative nasal aesthetics than men, poten-

tially leading to the better SCHNOS-C scores in the OMF/CBCT 

group, with a higher proportion of male subjects. A possible 

explanation for this finding is that women seem to be more 

sensitive and pay more attention to remaining nasal deformities 

after closed nasal reduction than men. Studies about patient 

satisfaction after rhinoplasty demonstrated either no difference 

between male or female subjects (14) or lower satisfaction rates in 

male subjects (15). Interestingly studies about patient satisfaction 

after nasal fractures showed a trend to higher satisfaction rates 

in male subjects (16), compared to female subjects and a higher 

risk of corrective septorhinoplasty in female subjects (17, 18). 

Our results demonstrated as expected, a significant difference 

in the timing of the reduction after nasal fracture between the 

two groups. There are different opinions on the appropriate 

timing of nasal reduction after nasal fracture (4). Some injuries 

accompanying nasal fracture, such as septal hematoma require 

immediate surgery. In contrast to that, a soft tissue oedema 

accompanying nasal fracture makes immediate closed nasal 

reduction difficult and therefore many patients should be re-

evaluated no earlier than three to four days after the accident 
(19). Some authors suggest treatment of nasal fractures within 

no more than two weeks after the accident (20, 21); other authors 

suggest a treatment within no more than 10 days (19, 22, 23). Com-

paring the ENT and OMF departments at the University Hospital 

of Zurich different approaches regarding the timing of closed 

nasal reduction after nasal fracture can be found. The mean time 

from accident to reduction is higher in patients treated at the 

ENT department because it focuses on the reduction of the soft 

tissue oedema, with the aim of having a better view on the ope-

rating area. The mean time from accident to reduction is lower 

in patients treated at the OMF department because it focuses on 

preventing greater bone healing prior to surgery and as a con-

sequence thereof more osteotomies. The lack of correlation of 

Table 2. Comparison of the measurements between ENT patients treated 

without intraoperative CBCT and OMF patients treated with intraopera-

tive CBCT.

Table 3. Comparison of the measurements between female and male 

patients of both groups (ENT/non-CBCT and OMF/CBCT) together. 

Characteristics Female Male P Value

Mean age (y) 42.07 ± 12.68 38.71 ± 13.60 0.435

SCHNOS-O 
(median, IQR)

5, 35 5, 15 0.571

SCHNOS-C 
(median, IQR)

26, 33 0, 13 0.013

Total SCHNOS 
(median, IQR)

40, 39 10, 32 0.025

Following rhinoplasty 
(yes/no)

1/15 1/28

Planned rhinoplasty 
(%)

33.3 17.9 0.001

Aesthetics pre-/post 
(%)

53.3 worse,
33.3 no change
13.3 better

17.9 worse,
71.4 no change
10.7 better

0.073

Function pre-/post 
(%)

26.7 worse
73.3 no change
0 better

25 worse
60.7 no change
14.3 better

0.440

Characteristics ENT/non-CBCT OMF/CBCT P Value

Male/female 10/13 18/2 0.002

Mean age (y) 39.57 ± 12.31 40.25 ± 14.55 0.942

SCHNOS-O 
(median, IQR)

10, 35 2.5, 15 0.107

SCHNOS-C 
(median, IQR)

13, 36 0, 12.25 0.023

Total SCHNOS 
(median, IQR)

35, 55 7, 21 0.007

Following rhinoplasty 
(yes/no)

1/23 1/20

Planned rhinoplasty 
(%)

34.8 10 0.076

Aesthetics pre-/post 
(%)

34.8 worse,
52.2 no change
13 better

21.7 worse,
56.5 no change
8.7 better

0.678

Function pre-/post 
(%)

34.8 worse,
60.9 no change
4.3 better

13 worse,
60.9 no change
13 better

0.215

Time to reduction 
(days, mean ± SD)

7.52 ± 2.35 3.5 ± 2.63 <0.0001
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