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Assessing Nasal Soft-Tissue Envelope Thickness
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IMPORTANCE Preoperative assessment of nasal soft-tissue envelope (STE) thickness is an
important component of rhinoplasty that presently lacks validated tools.
OBJECTIVE To measure and assess the distribution of nasal STE thickness in a large patient
population and to determine if facial plastic surgery clinicians can predict nasal STE thickness
based on visual examination of the nose.
DESIGN, SETTING, AND PARTICIPANTS This retrospective review and prospective assessment
of 190 adult patients by 4 expert raters was conducted at an academic tertiary referral center.
The patients had high-resolution maxillofacial computed tomography (CT) scans and
standardized facial photographs on file and did not have a history of nasal fracture, septal
perforation, rhinoplasty, or other surgery or medical conditions altering nasal form. Data were
analyzed in March 2019.
MAIN OUTCOMES AND MEASURES Measure nasal STE thickness at defined anatomic subsites
using high-resolution CT scans. Measure expert-predicted nasal STE thickness based on visual
examination of the nose using a scale from 0 (thinnest) to 100 (thickest).
RESULTS Of the 190 patients, 78 were women and the mean (SD) age was 45 (17) years. The
nasal STE was thickest at the sellion (mean [SD]) (6.7 [1.7] mm), thinnest at the rhinion (2.1
[0.7] mm), thickened over the supratip (4.8 [1.0] mm) and nasal tip (3.1 [0.6] mm), and
thinned over the columella (2.6 [0.4] mm). In the study population, nasal STE thickness
followed a nearly normal distribution for each measured subsite, with the majority of patients
in a medium thickness range. Comparison of predicted and actual nasal STE thickness
showed that experts could accurately predict nasal STE thickness, with the highest accuracy
at the nasal tip (r, 0.73; prediction accuracy, 91%); . A strong positive correlation was noted
among the experts’ STE estimates (r, 0.83-0.89), suggesting a high level of agreement
between individual raters.
CONCLUSIONS AND RELEVANCE There is variable thickness of the nasal STE, which influences
the external nasal contour and rhinoplasty outcomes. With visual analysis of the nose, experts
can agree on and predict nasal STE thickness, with the highest accuracy at the nasal tip. These
data can aid in preoperative planning for rhinoplasty, allowing implementation of
preoperative, intraoperative, and postoperative strategies to optimize the nasal STE, which
may ultimately improve patient outcomes and satisfaction.
LEVEL OF EVIDENCE N/A.
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asal shape and contour are governed by an underlying osseocartilaginous framework and an overlying
soft-tissue envelope (STE). The nasal STE consists of
the epidermis, dermis, and subcutaneous tissues (fat, superficial musculoaponeurotic system, and muscle). The majority of rhinoplasty literature and technique has focused on operative management of the underlying bone and cartilage.
Unfortunately, much of what makes rhinoplasty challenging
is its effect on the STE during surgery and how the STE changes
in the postoperative period.
Nasal STE thickness can substantially affect rhinoplasty
outcomes.1-3 Patients with a thin nasal STE are at risk for postoperative contour deformities from increased visibility of slight
irregularities in the reconstructed osseocartilaginous framework. Patients with a thick nasal STE can experience increased and prolonged postoperative edema.4 It can also be
challenging to achieve tip definition in patients with a thick
nasal STE.1,5 There is enormous potential value in the ability
to accurately determine nasal STE thickness preoperatively. It
could allow facial plastic surgeons to provide better preoperative counseling and expectation management. Further, it could
facilitate application of preoperative, intraoperative, and
postoperative techniques to optimize the nasal STE, which may
ultimately improve postoperative outcomes and patient
satisfaction.
To our knowledge, there is no standard method to assess
the nasal STE preoperatively. Cho et al1 used preoperative computed tomography (CT) scans to measure nasal STE thickness
in a Korean population. Kosins et al2 used preoperative highfrequency ultrasonography to measure nasal STE thickness in
patients undergoing rhinoplasty.2 The majority of facial plastic surgeons use visual examination and palpation to estimate nasal STE thickness preoperatively. The present study
aimed to assess the ability of facial plastic surgeons to
accurately estimate nasal STE thickness preoperatively based
on visual examination of the nose. We also aimed to analyze
the distribution of nasal STE thickness in the study patient
population.

Methods
Patients
The Mayo Clinic Institutional Review Board approved this
study and waived the need for patient informed consent
owing to the retrospective nature of the data and review
limited to Mayo Clinic clinicians. All patients seen in consultation by the senior author (G.S.H) from January 2013 to
January 2019 were reviewed for inclusion. Inclusion criteria
included age of 18 years or older with standardized facial
photographs and a high-resolution maxillofacial CT scan
within 6 months of the photographs. The CT scans were not
obtained for the purpose of this study, but ordered for other
indications, most commonly rhinosinusitis or nasal obstruction. Exclusion criteria included history of nasal fracture,
septal perforation, rhinoplasty, septorhinoplasty, or any
other surgical procedures altering nasal form; saddle nose
or other significant nasal deformity; and skin diseases,
E2

Key Points
Question How does nasal soft-tissue envelope (STE) thickness
vary in our patient population, and can facial plastic surgery
clinicians predict nasal STE thickness based on visual examination
of the nose?
Findings This study of 190 patients found that the STE is thickest
at the sellion, thinnest at the rhinion, thickened over the supratip
and nasal tip, and thinned over the columella; thickness followed a
near-normal distribution for each measured subsite, with the
majority of patients in a medium thickness range. The 4 study
experts accurately predicted nasal STE thickness from clinical
photographs, with the highest accuracy at the nasal tip.
Meaning Experts can accurately predict nasal STE thickness
based on visual examination of the nose, which has implications
for surgical planning in rhinoplasty.

including severe rosacea, rhinophyma, and nasal cutaneous
lesions. There were 190 patients who met these criteria and
were included in the study. Demographic data including
age, sex, and race were recorded for each patient.

Measuring Nasal STE Thickness
High-resolution maxillofacial protocol CT scans with 1-mm
slices were used for the study. Two neuroradiology fellows
(A.P., and P.M.K.; referred to as readers) used a standardized
protocol, described herein, to make measurements of STE
thickness. Each reader reviewed 115 patients. Twenty patients from each reader’s set were reviewed by the other reader;
therefore, readers reviewed 40 of the same patients (21% crossover rate) to test interrater reliability. The readers’ measurements were considered to be in agreement if they were within
0.5 mm. Cohen κ coefficient was used to calculate interrater
reliability for each anatomic subsite. Complete agreement between the raters would result in a κ = 1. Interrater reliability
was high for all subsites: sellion, 94% agreement (κ, 0.93; standard error [SE], 0.06); rhinion, 97% agreement (κ, 0.96; SE,
0.09), supratip, 85% agreement (κ, 0.80; SE, 0.09); nasal tip,
100% (κ, 1.0; SE, 0.1); and columella, 97% (κ, 0.95; SE, 0.1). For
patients reviewed by both readers, the measurements from the
originally assigned reader were used for the final analysis.
For each patient, STE thickness measurements at the following nasal subsites were obtained using in-house radiology measurement annotation software (QREADS): sellion,
rhinion, supratip including the interdomal fat pad,6 nasal tip,
and columella. Mean nasal STE thickness was calculated by averaging the 5 subsite measurements for each nose. Measurements were obtained using sagittal reformatted images with
a soft-tissue window, which allowed optimal resolution for the
nasal STE and underlying osseocartilaginous framework
(Figure 1). All measurements were made in 0.1-mm increments. The sellion (deepest point of the nasofrontal angle) measurement was made in the midsagittal plane, measuring from
skin edge of the sellion to the underlying nasal bone. The
rhinion measurement was made in the midsagittal plane,
measuring from the rhinion (junction of nasal bone and upper lateral cartilages) out to the nearest skin edge. The supratip
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Figure 1. Nasal Soft-Tissue Envelope Measurements
A Midsagittal plane

B

C

Example profile

Parasagittal plane

D Profile with CT overlay

Sellion: 6.7 (1.7) mm

Rhinion: 2.1 (0.7) mm

Supratip: 4.8 1.0) mm

High-resolution maxillofacial
computed tomography (CT) scan
with a soft-tissue window in a
midsagittal (A) and parasagittal (B)
plane illustrating nasal soft-tissue
envelope measurements. The profile
photograph (C) and the profile
photograph with CT overlay (D)
illustrate the nasal subsites with the
mean (SD) measured STE thicknesses
in millimeters.

Nasal Tip: 3.1 (0.6) mm

Columella: 2.6 (0.4) mm

measurement was made in the midsagittal plane, measuring
from the cartilage underlying the interdomal fat pad to the
nearest skin edge. The nasal tip measurement was taken from
the domes or tip-defining points (most anterior projections of
the nasal tip cartilages) to the nearest skin edge. Because there
are 2 tip-defining points from the paired lower lateral cartilages, 2 tip measurements were taken for each patient and averaged to generate a single nasal tip STE thickness measurement. These measurements were taken in a parasagittal plane
to account for the bifidity of the cartilage domes. The columella measurement was made in the midsagittal plane, at the
midpoint between infratip and nasolabial junction, measuring from the underlying cartilage (medial crura and caudal
septum) to the nearest skin edge.

Expert Estimation of Nasal STE Thickness
Standardized facial photographs of all 190 patients were reviewed individually by 4 clinical experts with at least 5 years
of experience in facial analysis and facial plastic and reconstructive surgery (J.K.D., C.A.R., M.D.O., and G.S.H.). Experts
jamafacialplasticsurgery.com

viewed standardized frontal and profile facial photographs in
repose for each patient, then estimated nasal STE thickness
using a visual analog scale from 0 (thinnest) to 100 (thickest).
Experts were shown the same photographs using the same
computer and monitor to eliminate variability in examination related to variance in image quality and resolution. Facial
photographs were scaled to be actual size at a viewing distance of 60 cm. No time limitation was set to complete the
evaluation.

Data Analysis
Data were analyzed in March 2019 using Stata 12SE (StataCorp). Summary statistics and histograms were used to analyze the distribution of nasal STE thickness at the measured
anatomic subsites. Linear regression and t tests were used to
study the association of patient age and sex with nasal STE
thickness, respectively. Pearson correlation coefficients were
calculated to assess the strength of association in expert ratings. Scatterplots and linear regression analysis were used to
examine the relationship between predicted and actual nasal
(Reprinted) JAMA Facial Plastic Surgery Published online September 5, 2019
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Figure 2. Distribution of Nasal Soft-Tissue Envelope (STE) Thickness in the Study Population
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Histograms of measured STE thickness for each nasal subsite (A-F). A normal distribution curve is overlaid for each histogram.

Table 1. Nasal Soft-Tissue Envelope Thickness for White Noses
Mean (SD) Thickness by Category, mma
Nasal Subsite

Thin

Medium-Thin

Medium

Medium-Thick

Thick

Sellion

3.15 (1.72)

4.87 (1.72)

6.59 (1.72)

8.31 (1.72)

10.03 (1.72)

Rhinion

0.75 (0.68)

1.43 (0.68)

2.11 (0.68)

2.79 (0.68)

3.47 (0.68)

Supratip

2.66 (1.05)

3.71 (1.05)

4.76 (1.05)

5.81 (1.05)

6.86 (1.05)

Nasal tip

1.85 (0.59)

2.44 (0.59)

3.03 (0.59)

3.62 (0.59)

4.21 (0.59)

Columella

1.74 (0.40)

2.14 (0.40)

2.54 (0.40)

2.94 (0.40)

3.34 (0.40)

Mean (SD) nasal soft-tissue envelope thickness by thickness category at each
measured subsite for the 160 white patients in the study. Thickness categories
are defined as thin ([Mean − 2 SD] ± 1 SD); medium-thin ([Mean − 1 SD] ± 1

SD); medium (Mean ± 1 SD); medium-thick ([Mean + 1 SD] ± 1 SD); and thick
([Mean + 2 SD] ± 1 SD). Measurements are from the maxillofacial computed
tomography scans.

STE thickness at the measured subsites. The experimentwide α was set at 0.05.

rhinion, and then became thicker again over the supratip and
nasal tip, and thinned over the columella. We then analyzed
the distribution of nasal STE thickness in the study population. Figure 2 is a series of histograms illustrating measured
STE thickness for each nasal subsite as well as the mean nasal
STE thickness for all 5 subsites. For each subsite, nasal STE
thickness follows a nearly normal distribution with the majority of patients in a medium thickness range. The histograms are scaled uniformly, allowing comparison of relative
thickness between subsites. As the majority of patients in the
study were white (n = 160), a subanalysis of nasal STE thickness for white noses was conducted. Table 1 presents the mean
(SD) thickness in millimeters for each nasal subsite measured
from the CT scans.
We analyzed the distribution of nasal STE thickness by patient age and sex. Linear regression showed that patient age
was positively correlated with increased thickness at all measured nasal subsites, meaning older patients tended to have

a

Results
Patient Demographics
The patient population (n = 190) included 78 women and 112
men with ages from 18 to 88 years; mean (SD) age was 45 (17)
years. The study population’s racial distribution was 160 white
patients, 25 Asian patients, 3 African American patients, and
2 Latino patients. This represented a standard sampling of our
patient population.

Nasal STE Thickness
The CT measurement data were used to calculate mean (SD)
thickness for each nasal subsite (Figure 1). For the study population, the nasal STE was thickest at the sellion, thinnest at the
E4
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Figure 3. Accuracy of Expert Predicted Nasal Soft-Tissue Envelope (STE) Thickness
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Scatterplots assessing the relationship between measured nasal STE thickness
in millimeters and predicted nasal STE thickness from 0 to100 for each nasal
subsite (A-F). A linear fit line is plotted for each graph, and the Pearson
correlation (r) shows that all subsites have a moderate-to-strong positive linear
correlation between predicted and actual thickness. Thin, medium-thin,

medium, medium-thick, and thick category boxes are plotted in each graph to
assess the clinical accuracy of predicted nasal STE thickness. Correct predictions
are illustrated by points (patients) that fall within these boxes. The overall
prediction accuracy is provided for each subsite.

thicker STEs, and t tests were performed to analyze the association of patient sex with nasal STE thickness. Men had a
thicker nasal STE than women at all measured nasal subsites.

with best fit at the nasal tip followed by supratip, columella,
rhinion, and sellion. The mean nasal STE thickness is also
strongly correlated with predicted STE thickness.
Predication accuracy was further assessed using a clinically relevant model. In our practice, we estimate nasal STE
thickness as thin, medium-thin, medium, medium-thick, or
thick. Using the 0 to 100 prediction scale, we defined STE thickness as follows: thin (0-20), medium-thin (20-40), medium
(40-60), medium-thick (60-80), and thick (80-100). Using the
actual measured STE thickness data, we defined thickness for
each subsite as follows: thin ([Mean − 2 SD] ± 1 SD), mediumthin ([Mean − 1 SD] ± 1 SD), medium (Mean ± 1 SD), mediumthick ([Mean + 1 SD] ± 1 SD), and thick ([Mean + 2 SD] ± 1 SD).
A prediction was considered accurate if the predicted STE thickness category matched the actual STE thickness category. The
prediction accuracy was calculated for each subsite. Experts
were most accurate at predicting nasal tip STE thickness (91%
correct), followed by columella (85%), supratip (84%), rhinion
(79%), and sellion (74%) thickness. Prediction accuracy is visually displayed in the scatterplots (Figure 3) as the number
of points (patients) that fall in the thickness category boxes.
Variability in prediction accuracy at the subsites is likely
owing to variability in STE thickness among patients, not
variability in accuracy of prediction. The majority of patients
(130/190; 68.0%) had consistency in thickness along the nasal STE; for example, a patient measured medium-thin at all
subsites. Some patients (53/190; 28.0%) showed moderate

Can Experts Predict Nasal STE Thickness?
We first assessed the agreement in predicted nasal STE grading among the 4 expert raters. Pearson correlation coefficients were between 0.83 and 0.89 for all experts, suggesting a high level of overall agreement. Because these were
patients of the principal investigator (G.S.H.), a subanalysis
was conducted to compare accuracy of STE thickness prediction between G.S.H. and the other experts. This analysis was
conducted for all 190 patients and separately for the 100
patients that were eventually operated on by G.S.H.. There
was no statistically significant improvement in the prediction accuracy of G.S.H. compared with the other experts
(r, 0.24; P > .05).
Scatterplots were created to better understand the relationship between predicted nasal STE thickness and actual
measured thickness for each nasal subsite (Figure 3). These
scatter plots show that predicted thickness was positively correlated with actual thickness for each subsite. The strength of
positive correlation between predicted and actual thickness
is indicated by the linear fit of each scatter plot, numerically
displayed as the Pearson correlation coefficient (r). These data
show that predicted STE thickness has a moderate (r, 0.5-0.7)
to strong (r, 0.7-1.0) positive correlation with actual thickness,
jamafacialplasticsurgery.com
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Table 2. Linear Regression Models of Actual and Predicted Nasal Soft-Tissue Envelope Thickness
Nasal Subsite

Variablea

Coefficient (SE)

P Value

(95% CI)

Sellion

Predicted thickness

0.045 (0.006)

< .001

(0.033-0.057)

Constant

4.258 (0.341)

< .001

(3.584-4.931)

Predicted thickness

0.022 (0.002)

< .001

(0.017-0.026)

Constant

0.959 (0.123)

< .001

(0.716-1.202)

Predicted thickness

0.036 (0.003)

< .001

(0.029-0.042)

Constant

2.917 (0.189)

< .001

(2.545-3.289)

Predicted thickness

0.025 (0.002)

< .001

(0.021-0.280)

Constant

1.793 (0.095)

< .001

(1.606-1.981)

Predicted thickness

0.013 (0.001)

< .001

(0.011-0.016)

Constant

1.855 (0.074)

< .001

(1.709-2.001)

Predicted thickness

0.028 (0.002)

< .001

(0.024-0.032)

Constant

2.349 (0.117)

< .001

(2.119-2.580)

Rhinion

Supratip

Nasal tip

Columella

Mean STE thickness

variability, where not all subsites were in the same category
but were at least in an adjacent category; for example, all subsites either medium-thin or medium. There were 7 of 190
patients (3.7%) with significant variability in nasal STE thickness; for example, a patient with a thick sellion, medium
rhinion, medium-thick supratip, and thin nasal tip and
columella.
The relationship between predicted and actual STE thickness was further analyzed with linear regression (Table 2),
which confirmed that predicted thickness was positively correlated with actual thickness for each subsite. These findings
were statistically significant (P < .001). For each subsite, the
constant variable provided average thickness (in millimeters)
if the predicted thickness was rated at 0. Predicted thickness
was rated on a scale from 0 (thinnest) to 100 (thickest) and was
used in this model as a multiplier to convert a predicted thickness value into an estimated actual thickness value. For example, if a patient was thought to have a medium nasal STE
thickness rated at 50, the estimated nasal tip STE thickness
would be 1.793 + (0.025 × 50) = 3.04 mm.

Discussion
The present study aimed to better elucidate the distribution
of nasal STE thickness in the patient population of our clinic,
which was predominantly white. This is the largest study to
our knowledge using high-resolution CT scans to measure nasal STE thickness at multiple nasal anatomic subsites. We found
that the nasal STE was thickest at the sellion, thinnest at the
rhinion, then thickened again over the supratip and nasal tip,
and thinned over the columella. These findings are consistent with other studies that have measured nasal STE thickness at a more limited number of subsites with CT 1 and
ultrasonography.2,4,5,7 Within the studied population, nasal STE
thickness followed a nearly normal distribution for each measured subsite, with the majority of patients in a mediumthickness range (Figure 2). Patient age and sex were also
associated with nasal STE thickness, with older patients and
men having a thicker nasal STE at all measured subsites.
To our knowledge, this is the first study to assess the
ability of experts in facial plastic surgery to predict nasal STE
E6

Abbreviations: SE, standard error;
STE, soft-tissue envelope.
a

The constant coefficient represents
the baseline STE thickness in
millimeters for each measured
subsite. The predicted thickness
coefficient represents the multiplier
to allow estimation of STE thickness
based on the predicted thickness
scale (from 0-100). For a predicted
thickness of 40, the estimated nasal
tip STE thickness would be
1.793 + (0.025 × 40) = 2.793 mm.

thickness based on visual examination of the nose. Most
facial plastic surgeons use visual examination and palpation
to assess the nasal STE preoperatively, but there have been
no data to assess the accuracy of these preoperative assessments. The scatterplots in Figure 3 and regression models in
Table 2 show that experts can accurately predict nasal STE
thickness, with the highest level of accuracy at the nasal tip.
This is important because nasal tip STE thickness, more than
other subsites, has been strongly associated with rhinoplasty
outcomes.1 Prediction accuracy ranged from 74% at the sellion to 91% at the nasal tip. Prediction accuracy of mean nasal
STE thickness was 88%. We consider this level of accuracy to
be high, especially considering that predictions were made
based solely on photographs. Even though the photographs
were standardized, high quality, and appropriately scaled,
we believe that prediction accuracy could be even higher
with visual examination and palpation of the patient’s nose
in clinic. As this was a proof of concept retrospective review
study, data from palpation, which was not recorded in a
standard fashion in the medical record, was not included.
However, future research should investigate this in a prospective fashion.
Current techniques to evaluate nasal STE thickness include visual examination, palpation, and, occasionally, radiologic studies such as ultrasonongraphy2-4,6 and CT.1 We used
existing maxillofacial CT scans for this study, but would not
recommend obtaining a CT for the sole purpose of assessing
the nasal STE. Given the high level of accuracy in nasal STE
thickness prediction with visual examination, this is likely sufficient to assess the nasal STE in most cases. In cases where
the surgeon finds the STE difficult to predict, likely owing to
STE thickness variability among the subsites, highfrequency ultrasonography is a more cost-effective option to
further assess the nasal STE.2,8
An accurate preoperative estimation of nasal STE thickness has important clinical implications. The ideal nasal STE
thickness is somewhere in the medium range, where it is thick
enough to hide small irregularities, but thin enough to convey the sculpted contours of the nasal skeletal framework.
Given the challenges of the thin and thick STE, it would be
helpful to identify these patients (thin, medium-thin, mediumthick, and thick) preoperatively. This would allow facial plastic
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and reconstructive surgeons to provide better preoperative
counseling and expectation management, discussing typical
outcomes and challenges associated with thin and thick STE.
It could also facilitate the application of underused preoperative, intraoperative, and postoperative techniques to optimize the nasal STE, which may ultimately improve postoperative outcomes and patient satisfaction.2,4,8-10
Owing to the large sample size, this study may permit surgeons, for the first time, to quantify an estimate of the STE
thickness at various subsites on the nose based on their visual evaluations of the soft tissue. For a white population,
Table 1 provides estimates of nasal STE thickness, which should
be generalizable to other white patient populations. The linear regression data (Table 2) may also permit quantification of
estimated STE thickness in patients. Certainly this depends on
matching patients to the demographic data in this study, which
was a relatively homogeneous ethnic cohort. This would also
depend on consistency in grading of nasal STE thickness with
the expert graders in this study. Based on pilot data from 4 expert graders in this study, we hypothesize that there is good
overall agreement in nasal STE thickness prediction among experts, but future multi-institutional studies would have to formally test this.

Limitations
We must consider study limitations. The patient population
had diversity of age and sex, but not race. While the studied
population represents our clinical practice, it is not representative of all patient populations. We were able to provide a definitive characterization of nasal STE thickness for white noses,
which is a relative strength of the study. However, to better
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understand nasal STE thickness and predictability in other
races and to improve generalizability of study findings, we are
planning future studies in a multi-institution fashion to increase ethnic diversity in the studied cohort. The STE
thickness estimates were based on photographs, not actual
physical examination, which may limit estimation accuracy.
Additionally, we could have required experts to estimate nasal STE thickness at each subsite, which may have increased
accuracy for the patients with moderate (53/190; 28.0%)
and significant (7/190; 3.7%) variability in nasal subsite STE
thickness.

Conclusions
This study generates several questions to be addressed in future research. We find it fascinating that experts can predict
nasal STE thickness based on visual examination of the nose
and have a high level of agreement in their ratings. This leads
us to question how experts are able to do this. We hypothesize that there are certain features or characteristics of the face
that aid the expert eye in predicting STE thickness. Future studies will work to determine which if any facial features help predict nasal STE thickness. Most patients have consistent variability in nasal STE thickness along the contour of the nose from
the sellion to the columella. With visual analysis of the nose,
experts can agree on and predict nasal STE thickness, with the
highest accuracy at the nasal tip. An accurate estimate of nasal
STE thickness can aid in preoperative counseling and planning for rhinoplasty, which may ultimately improve patient
outcomes and satisfaction.
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