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Unilateral cleft lip and palate (UCLP) is a 
complex facial malformation that may affect 
nasal function and aesthetics. Adults treated 

for UCLP experience problems related to form and 
function to a varying extent. Many patients request 
secondary surgical treatment, and several studies 
have indicated that the greatest concern for the 
patient is correction of appearance and function 
of the nose.1–5 Earlier studies on nasal airway func-
tion among patients treated for UCLP indicate that 
objectively measured nasal function is extensively 
impaired; the patients have lower values regarding 

Received for publication August 1, 2015; accepted March 23, 
2016.
Copyright © 2016 The Authors. Published by Wolters 
Kluwer Health, Inc. on behalf of The American Society of 
Plastic Surgeons. All rights reserved. This is an open-access 
article distributed under the terms of the Creative Commons 
Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and 
share the work provided it is properly cited. The work cannot 
be changed in any way or used commercially.
DOI: 10.1097/GOX.0000000000000728

From the Department of Surgical Sciences and Plastic and 
Reconstructive Surgery, Uppsala University Hospital,  
Uppsala, Sweden.

Background: Unilateral cleft lip and palate (UCLP) affects nasal function and 
appearance. There is a lack of objective measurements to evaluate these fea-
tures. This study analyzes whether objective measurements on photographs cor-
relate with nasal function and/or appearance among adults treated for UCLP.
Methods: All patients with UCLP born from 1960 to 1987 treated at the 
Uppsala University Hospital were invited (n = 109). Participation rate was 
68% (n = 74); mean follow-up was 35 years. An age-matched control group  
(n = 61) underwent the same tests. Nostril area, nasal tip deviation angle, 
and width of the nostril were measured on photographs and were compared 
with functional tests and with appearance as assessed by self-assessment ques-
tionnaire, professional panel, or laymen panel.
Results: The photographically measured nostril area correlated with nasal 
volume (acoustic rhinometry) among UCLP patients, both cleft side and 
noncleft side, and controls (0.331, P = 0.005; 0.338, P = 0.004; and 0.420,  
P < 0.001, respectively). For the patients’ noncleft side and controls, the 
area correlated inversely with airflow resistance at inspiration (noncleft 
side: −0.245, P = 0.043; controls: −0.226, P = 0.013). Laymen assessment 
of nasal appearance correlated with width ratio of the patients (0.27,  
P = 0.022) and with nasal tip deviation angle and area ratio of the controls 
(0.26, P = 0.041, and 0.31, P = 0.015, respectively).
Conclusions: Photographic measurements correlate partially with both func-
tional tests of the nose and panel ratings of appearance. No correlation was 
found with self-assessment of appearance. Evaluation of photographs needs 
to be combined with patient-reported outcome measures to be a valuable 
endpoint of nasal appearance. (Plast Reconstr Surg Glob Open 2016;4:e720;  
doi: 10.1097/GOX.0000000000000728; Published online 26 May 2016.)
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nasal volume, higher resistance to breathing, and 
lower results regarding olfaction compared with 
controls.6,7

Assessment of appearance is multifactorial and 
subjective. In the decision-making process for sec-
ondary surgery, it is important to understand how 
cleft stigmata are judged differently depending on 
the perspective of the observer. For example, self-
assessment of nasal appearance among patients with 
clefts does not correlate with laymen nor profes-
sional ratings.8 Patients rate their own appearance 
significantly lower than experts.8,9

There is still no widely accepted standard rating 
method to assess facial aesthetics in cleft lip and 
palate.10 Nearly all cleft surgery outcome measures 
contain a subjective component.11 To standardize 
evaluation of treatment outcome, Asher-McDade  
et al12 elaborated a method of rating nasolabial ap-
pearance, developing a numerical scoring system us-
ing cropped photographs so that only the nose and 
upper lip were shown and assessed. This method has 
been used to assess outcome of cleft treatment in 
earlier studies, such as, the Eurocleft study1 and the 
Clinical Standards Advisory Group study.13

It has earlier been discussed that nasolabial ap-
pearance should be evaluated in accordance with 
other outcomes of cleft care, including satisfaction 
with treatment, psychosocial adjustment, and quality 
of life.10 The present study aims to investigate wheth-
er objective measurements on photographs (nostril 
area, nasal tip deviation angle, and nostril width 
ratio) correlate with nasal airway function among 
patients treated for UCLP or with satisfaction with 
appearance rated by patients, laymen, and profes-
sionals, to find a simple, noninvasive way of objective 
evaluation of form and function of the nose.

MATERIALS	AND	METHODS

Subjects
Uppsala University (UU) Hospital, Uppsala, Swe-

den, covers tertiary health care services for a popu-
lation of approximately 1,500,000 people, with no 
private or alternatively funded hospitals treating 
patients with cleft lip and palate. All consecutive, 
nonsyndromic patients with complete UCLP (ex-
cluding patients with the Simonart band or partial 
clefts) in this population, born from 1960 to 1987, 
were considered for the study (n = 128). Of these, 19 
individuals were not included on account of the fol-
lowing reasons: death (n = 6); major mental or physi-
cal incapacity (n = 5); living abroad (n = 5), or not 
found in the Swedish national population registry  
(n = 3). Of the 109 patients who were invited, through 

an information letter and a follow-up telephone call, 
83 patients (76%) answered the questionnaires and 
performed the functional and clinical analyses. The 
nonparticipating group did not differ from the par-
ticipating group regarding age and sex. The reasons 
given for nonparticipation were long travel distance 
(n = 11), lack of time (n = 7), and not wanting to 
be reminded of the treatment period (n = 3). Five 
patients did not specify a reason. The mean follow-
up time from the first operation (ie, lip closure at  
3 months of age) to the participation date in the cur-
rent study was 35 years (20–47 years). Nine patients 
had missing photographs; thus, in total data from  
74 patients were included in the current study (68%). 
Fifty-eight percent of the patients were men (n = 43) 
and 42% were women (n = 31). An age- and sex-
matched control group (n = 61) underwent the same 
examinations, answered the same questionnaires, 
and was photographed according to the same proto-
col as the patients. Forty-one percent of the controls 
were men (n = 25) and 59% were women (n = 36). 
Mean age was 32 years (20–53 years).

Functional	Tests	and	Examinations
The nasal patency and function were analyzed 

with a series of examinations. The tests were per-
formed on all patients and controls, during an out-
patient visit especially arranged for the study, at the 
Department of Otorhinolaryngology, UU Hospital.

Acoustic rhinometry (AR) was used to mea-
sure the volume of each nasal passage separately 
by sonographic signaling into each nostril. Rhino-
manometry (RM) was used to evaluate nasal func-
tion by measuring airflow and pressure during nasal 
respiration. All measurements were performed be-
fore and after decongestion with 2 nasal puffs of  
0.5 mg/mL oxymetazoline on each side. The tests 
were performed out of the allergy season, that is, if the 
patient had a common cold, the tests were postponed 
4 weeks. In the control group, all measurements were 
performed bilaterally. No side differences were de-
tected with AR or RM, and thus, the mean of the right 
and left side was calculated for the controls and used 
for the analysis. All tests have been described in more 
detail in earlier studies by the authors.7

Evaluation	of	Nasal	Appearance	by	Panels	and	
Photographic	Measurements

The photographs used in the present study were 
all taken by a professional photographer at the UU 
Hospital under standardized and reproducible con-
ditions. A yardstick with a color palette was used to 
allow for color and size calibration. The yardstick was 
placed in a holder at the level of the base of the nose 
(Fig. 1). The frontal and profile photographs were 
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then cropped and rated according to Asher-McDade 
et al.12 The mean of the 4 parameters was calculated. 
Ratings were performed by a laymen panel and a 
professional panel. The professional panel consist-
ed of 2 medical doctors and 1 orthodontist, none 
of whom had been involved in the treatment of the 
included patients nor in the current study, but with 
knowledge and experience of cleft care. The laymen 
panel consisted of 3 acquaintances of the authors 
with no medical experience and with no connection 
to the present study. The procedure and specific 
data outcome from the panel judgments have been 
described earlier.7 All data files of the patients were 
encoded and blinded.

Three measurements were analyzed for evalu-
ation of asymmetry and nasal appearance on the 
photographs: nasal tip deviation angle, nostril width, 
and nostril area. The nasal tip deviation angle was 
measured at the frontal view photographs and was 
defined as the angle between the midpupil sagittal 
line and the tip of the nose. Nostril width was de-
fined as the distance from the sagittal midline of the 
nose to the most distal part of the nostril on each 
side (Fig. 1). To evaluate asymmetry of the nose, 
the difference between the distances from the mid-
sagittal line to the lateral part of the nostril of each 
side was calculated. To compensate for differences 
in nose size between subjects, the ratio of the dif-
ferences between distances from midsagittal line to 
each side and sum of these distances was calculated 
(width ratio) (Table 1).

The area of the nostril was analyzed on the snake 
view photographs (Fig. 1). The OsiriX MD software 
(Pixmeo, Geneva, Switzerland) was used for all mea-
surements of the digital photographs, and pixels 
were converted to square centimeter, according to 
the yardstick. Similar to the width of the nostril, a 
ratio of the differences between areas of the nostrils 
and the sum of the areas of the nostrils was used in 
the analysis (area ratio) (Table 1).

Self-Assessment	of	Nasal	Appearance
For self-evaluation of appearance, the Satisfac-

tion with Appearance (SWA) scale was used.14 The 
SWA reflects satisfaction with cleft-related and non-
cleft-related parts of the face, speech, and overall 
appearance and extra oral visibility of the cleft. The 
questions of the form were answered with markings 
on a visual analogue scale, from 0 to 10, where a 
score of 0 was a very high level of satisfaction and 
10 was very low. In the current study, the question 
specifically asking for level of satisfaction with ap-
pearance of the nose was used for the analysis. The 
SWA questionnaire was sent to the patients and the 
controls to be answered at home.

For patients and controls, travel expenses and 
partial salary loss were reimbursed, to diminish drop-
outs due to financial reasons. None of the persons 
involved in the evaluation of the current results had 
been involved in the treatment of the patients. The 
study was approved by the Research Ethics Commit-
tee of Uppsala University Hospital (reference num-

Fig. 1. a, Photograph of subject from snake view with the measures marked in the picture and a yardstick with color palette. 
B, Photograph of subject from frontal view with the measurements marked and a yardstick with color palette. C, Photo-
graph cropped according to asher-McDade.
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ber 2005:245), and informed consent was obtained 
from each subject participating in the study.

Statistical	Analysis
Data were presented as median and interquar-

tile range (IQR). The data were tested for normality 
with histograms. Nonparametric analyses were used 
because not all data were normally distributed. Cor-
relations were tested with scatter plots and the Spear-
man rho rank correlation test (2-tailed). Wilcoxon 
signed-rank test and Mann-Whitney U test were per-
formed to analyze differences between professional 
and laymen ratings and patient satisfaction question-
naire, for differences between patient and control 
self-assessments, and for analysis of differences in 
nostril area between patients and controls and be-
tween cleft- and noncleft sides. A P value of <0.05 was 
regarded as significant.

For the panel assessments, to reduce variability, 
the scores of the 3 observers of each panel were aver-
aged for each nasolabial component and for the sum 
of the 4 subscores. The intrarater agreement of the 
panel scorings showed good to very good agreement 
among professionals and fair to good agreement 
among layman panel members as presented in ear-
lier studies. Consequently, the mean scores of the 3 
observers were used for comparison between panels, 
and when comparing the results of the panels to the 
SWA self-assessed scores.8 Statistical evaluations were 
carried out with a computer software package (SPSS 
PC version 22.0; SPSS, Chicago, Ill).

RESULTS
Patients were found to have a larger nostril area 

as measured on the photographs both on the cleft 
and the noncleft side compared with controls: pa-
tients’ cleft side median 105.8 mm2 (IQR, 36.9 mm2), 
patients’ noncleft side 85.7 (39.9), and controls 69.8 
(28.0); P < 0.001 for both comparisons. Further-
more, the cleft side was significantly larger than the 
patients’ noncleft side (P < 0.001). The nostril area 
for all subgroups (patients’ cleft and noncleft side 
and controls) correlated with the anterior volume of 
the same nostril as measured by AR before and af-
ter decongestion (Table 2). The airflow resistance at 
inspiration measured with RM correlated inversely 
with the patients’ noncleft side and with the con-
trols, after decongestion, P = 0.043 and P = 0.013, re-
spectively. No significant correlation could be found 
for the patients’ cleft side and airflow resistance at 
inspiration (Table 2).

When comparing measurements from photo-
graphs representing asymmetry (nasal tip deviation 
angle, width ratio, and area ratio) between UCLP 
patients and controls, patients presented with a 
larger nasal tip deviation angle; median 4.2° (IQR, 
4.0°) compared with controls; 2.5 (3.3) (P = 0.001). 
Similarly, the area ratio was larger for the patients, 
0.98 (0.12), compared with controls 0.05 (0.07)  
(P < 0.001). No difference was found for width ratio 
between patients and controls (Table 3).

Analysis of correlation between measurements of 
nasal asymmetry on photographs and nasal appear-

Table 1. Definition of Width Ratio and Area Ratio

Width ratio
Midsagittal line to right nostril (mm)  Midsa

=
− ggittal line to left nostril (mm)

Midsagittal line to right  nostril (mm) + Midsagittal line to left nostril (mm)

Area ratio
Area of the right nostril (mm )  Area of the l2

=
− eeft nostril (mm )

Area of the right nostril (mm ) + Area o

2

2 ff the left nostril (mm )2

A negative result was multiplied with −1.

Table 2. Correlation of Measurements From Photographs, Representing Asymmetry, With Functional Test 
Outcomes

Photographic	Variables

Cleft	Patient	Nostril		
Area;	Cleft	Side

Cleft	Patient	Nostril		
Area;	Noncleft	Side

Control	Subject		
Nostril	Area

Correlation	
	Coefficient* P	

Correlation	
	Coefficient* P	

Correlation	
	Coefficient* P	

Functional variables
  Anterior volume before decongestion 0.33 0.005 0.34 0.004 0.42 <0.001
  Anterior volume after decongestion 0.29 0.015 −0.03 0.016 0.37 <0.001
  Airflow at inspiration before decongestion 0.03 0.818 −0.01 0.924 −0.20 0.025
  Airflow at inspiration after decongestion −0.64 0.603 −0.25 0.043 −0.23 0.013
*The Spearman rho test. Bold indicates a P value < 0.05.
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ance assessed by layman, professional, and patients 
showed correlation only with layman panel judg-
ment (Table 4). The correlation was significant for 
patients’ width ratio (0.27, P = 0.022) and for con-
trols’ nasal tip deviation angle (0.26, P = 0.041)) and 
area ratio (0.31, P = 0.015). No further correlation 
was found.

DISCUSSION
Photographs are widely used to assess outcome of 

cleft care. The current study hypothesized that mea-
surements from digital photographs, representative 
of nasal asymmetry, can be used to analyze and com-
pare nasal form and function between patients and 
over time. Data indicate that parameters measured 
on photographs are affected in a cleft population 
and correlate with some variables of nasal function.

A key end point of cleft surgery is reconstruction 
of nasal form and function. Assessment of end points 
is a continuous debate in cleft surgery—what aspects, 
at what time point, and how should they be evalu-
ated? Objective measures are sought for as these can 
easily be compared between patients and over time. 
The evaluation method needs to be simple enough 
to allow application in different clinical settings. Two-
dimensional photography can easily be performed 
and is a noninvasive method from which objective 
measurements can be made. The current study ana-
lyzes whether measurements from photographs can 
be used to assess these aspects, that is, changes over 
time or differences between different populations, 
and whether it could be used as an easily evaluated, 
indirect end point, for nasal function and satisfaction 
with appearance.

The treatment of clefts aims at normalization of 
facial appearance and improved quality of life, which 
has been shown to be associated with satisfaction of 
appearance.15 Patients are less satisfied with their ap-
pearance than controls.4,8,9 Professional opinions are 
not always the same as the patients’ opinion of ap-
pearance and successful treatment; self-assessment 
and panel judgment of appearance differ.8 A series 
of studies have presented that the majority of cleft 
patients express a wish for further surgical treat-
ment, both aesthetically and functionally.3,4,9

In the current study, cropped photographs were 
evaluated by laymen and professional panels, to 
reduce rating based on background facial attrac-
tiveness rather than nasolabial appearance. This 
4-featured assessment allows individual features of 
the nasolabial area to be assessed independently 
or added together.1 Panel evaluations and cropped 
versus noncropped photographs have been ex-
tensively studied in cleft treatment, and the cur-
rent method with cropped photographs has been 
thought to give the most adequate evaluation of na-
sal features after cleft treatment and has been inter-
nationally chosen as a validated way of evaluating 
cleft treatment outcome.12 Still, it is known from 
earlier studies that photographs are limited in their 
2-dimensional representation.1,16 Yildirim et al17 
performed an analysis of morphed photographs to 
improve evaluation of photographs as an outcome 
tool, concluding that morphing of pictures is a suit-
able method for creation of standard cleft faces to 
eliminate other facial appearance aspects that may 
affect assessment outcome.

The measurements from photographs correlat-
ed with laymen panel judgment, but not with pro-
fessional panel judgment or with self-assessment 
(Table 4). Laymen are nontrained judges and 
consequently do not look for surgically associated 
outcome nor do they have a personal history with 
cleft deformity, which may affect judgment of ap-
pearance. This may explain why laymen may have 
a more nontrained/nonaffected and thus non-
biased judgment and thus correlating with pho-
tographic measurements. Similarly, Vegter and 
Hage18 found that patient satisfaction with appear-
ance and wish to perform secondary corrective 
surgery of the nose did not correlate with anthro-
pometric measurements. Appearance is multifac-
torial and needs to be evaluated in coherence with 
patients’ experience.

The present study demonstrated that the nasal 
tip deviation angle was significantly larger among 
patients compared with the control group. The size 
of the nasal tip deviation angle showed no correla-
tion with any self-assessment of appearance made 
by patients or controls. Similar results were found 

Table 3. Comparison of Photographic Measurements for Asymmetry Between Patients and Controls

Patients Controls

P	*Median IQR Median IQR

Nasal tip deviation angle (°) 4.24 3.98 2.47 3.28 0.001
Width ratio 0.08 0.12 0.07 0.08 0.243
Area ratio 0.98 0.12 0.051 0.06 <0.001
*Mann -Whitney U test.
IQR, interquartile range. Bold indicates a P value < 0.05.
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when comparing the ratio of the distance from 
the midsagittal line to the lateral nostrils with the 
panel ratings and the self-assessments. There was a 
correlation between layman ratings and the width 
ratio, whereas there was no correlation with the self-
assessments. The results of the current study suggest 
that both professionals and laymen consider differ-
ent measurable features in the face to be important 
factors for facial appearance, whereas satisfaction 
with appearance among patients is not directly asso-
ciated with actual facial features. Vegter and Hage18 
concluded this in a very clear statement, “Patients 
do not seem to have an anthropometric interest in 
their appearance.”

People treated for UCLP demonstrate a wide 
range of nasal function impairments.6,7,19,20 The vol-
ume and minimum cross-sectional area of the cleft 
side are smaller in people treated for UCLP com-
pared with controls, when measured with RM.7  In 
the current study, the nostril area was larger on the 
cleft side for UCLP patients than for controls. This is 
explained by differences in method of analysis; area 
of nostril as measured on photographs is measured 
at the level of the nasal opening, whereas the mini-
mum cross-sectional area (as measured by RM) is the 
area at the level of narrowing in the anterior part 
of the nose. The anterior part is defined from the 
entrance to 2.2 cm into the nose.21 The cleft defor-
mity or the surgical treatment of the malformation 
can over time affect the nasal septum, the turbinates, 
and the cartilages leading to changes in size of the 
nasal conduits anywhere along this level.2

A potential drawback of the current study is the 
large age range among the study group (20–47 years). 
However, all the patients were full-grown adults and 
the degenerative process of the nose has theoretically 
not begun at the age of 47 years.22 Furthermore, the 
control group was age-matched to limit any short-
comings due to age differences. The limited number 
of patients is always a challenge in long-term follow-
up studies. On the contrary, no other study with a 
follow-up time of mean 35 years have been found in 
the field with a similarly large population or partic-
ipation rate (n = 74; 68%). A further limitation of 
the current study is that different scales were used 
for self-assessment and panel judgment of nasolabial 
appearance, making comparisons of results more dif-
ficult. Therefore, nonparametric statistics based on 
ranking, and not numeric values, were used. The  
patients who chose not to participate in the study 
might have differed from the patients participating 
in the study. However, telephone communication 
with the nonparticipants showed that the reason for 
not participating mainly was due to time limits or 
long travel distance.Ta
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CONCLUSIONS
Photographic measurements correlate partially 

with both functional tests of the nose and panel rat-
ings of appearance. Acknowledging the limitations 
stated in the current study, these measurements are 
not specific enough to suggest indication for treat-
ment on an individual level; however, they may serve 
as a simple method to follow treatment over time. 
No correlation was found with self-assessment of ap-
pearance. Evaluation of photographs needs to be 
combined with patient-reported outcome measures 
to be a valuable end point of nasal appearance. It is 
essential to continue the development of more stan-
dardized outcome measurements in cleft care as this 
can ensure quality control and be helpful in com-
parison of results between centers and over time.
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