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ABSTRACT

Pre- and postoperative photos to assess results are widely used in plastic and reconstructive surgery, for
instance, in patients with cleft lip and palate (CL/P). Evaluations are often performed by assessment panels by
viewing the photos. However, these are prone to be subjective. Measurements of soft tissues in photos could
be an alternative method but have not been widely used so far. Some patients with CL/P develop a retrog-
nathic maxilla in adolescence, with ensuing Class Il malocclusion. In severe cases, distraction osteogenesis
(DO) of the maxilla may be indicated. The effect of DO on the facial soft tissues is sparsely reported, perhaps
due to the rare procedure. The primary aim of the present study is to provide a reliable and objective method
of measuring soft tissue profiles in two-dimensional digital photos. Furthermore, the study aims at assessing
changes in soft tissues following DO.

Fourteen patients who had undergone DO at our unit were recruited. Preoperative and postoperative photos
were identified, and long-term follow-up photos were taken. Three raters performed measurements of four
angles and two distances. Inter- and intra-rater reliability and soft tissue changes were analyzed statistically.
Inter- and intra-rater reliability was high overall for most variables. Two angles related to facial convexity
changed significantly. So did the upper lip height.

Soft tissues can be measured with a high degree of accuracy, but further evaluation of the method is neces-
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sary. DO causes a favorable increase in facial convexity, and an increased upper lip height.

Introduction

An ensuing retrognathic maxilla is sometimes encountered in
patients treated due to cleft lip and palate (CL/P). This results in a neg-
ative overjet with altered facial aesthetics. If the maxilla is only slightly
retrognath, this can be corrected by a Le Fort | osteotomy with instant
fixation [1]. In a few cases of more severe retrognathic maxilla, how-
ever, distraction osteogenesis (DO) of the maxilla may be indicated. In
DO, a Le Fort | osteotomy is created and then the freely mobile
teeth-bearing part of the maxilla is gradually advanced forward in the
sagittal plane [2]. Both methods, in combination with orthodontic
treatment, may achieve a neutral occlusion. However, whether, and in
what way, the soft tissues of the face are altered by the procedure is
so far poorly understood. If during adolescence the need for a sec-
ondary correction of the nose and lip is foreseen, it is customary to
wait with these measures until after the orthognathic surgical correc-
tion. The idea is to ensure a stable result regarding soft tissues.

Facial appearance, for instance after DO, may be assessed from
conventional photos using panels consisting of professionals,
patients, and laymen. For this purpose, particular assessment indices
have been developed, for instance, the Asher-McDade index and the
CARS (Cleft Aesthetic Rating Scale) index [3, 4]. Apart from being
prone to subjectivity, viewing photos may focus mostly on the face
rather than on the precise effect of a particular surgical procedure. A

feasible, objective and reliable measuring method for such an
assessment would be of potential great clinical value. Consequently,
the possibility of measuring certain angles and distances on
preoperative, postoperative and long-term follow-up routine
2-dimensional (2D) digital photos seemed to be an option. 2D digital
photography is simple and cheap technology and used routinely
worldwide. Consequently, the method can be used globally in all
settings which could be of value.

It would appear that very little is written in our context about 2D
digital photography, and 3D photography is a significantly more
expensive and complicated technology. The primary aim of the
present study was therefore to further investigate whether angles
and distances of soft tissues of the face can be measured with safety
in digital photos. A secondary aim was to assess changes in facial
morphometry following DO.

Materials and methods
Subjects

The responsible senior oral and maxillofacial surgeon at our unit kept
short notes on which patients had been treated with DO. When the
idea of a long-term follow-up study arose in 2017, 16 patients were
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Table 1. The subjects’demographic data.

ID Sex Diagnosis  AgeatDO  Time of follow-up ~ Maxillary
(years) photos (months) advancement

(mm)

1 F BCLP 243 21 8.5

2 F UCLP 16.3 138 6.2

3 M UCLP 23.1 98 9.5

4 M UCLP 21 96 9.6

5 M BCLP 20.1 153 10.5

6 F UCLP 15.7 145 9.1

7 M UCLP 19.5 32 8.3

8 M UCLP 19.4 85 10.0

9 M UCLP 19.8 61 17.0

10 F BCLP 213 163 13.0

11 F CcpP 253 44 5.6

12 F UCLP 20 54 74

13 F UCLP 214 149 7.0

14 F UCLP 19.5 40 8.4

Demographic data for 14 patients. F: females; M: males; BCLP: bilateral cleft lip
and palate; UCLP: unilateral cleft lip and palate; CP: cleft palate; DO: distraction
osteogenesis.

identified using those notes and a pilot screening of indicated medi-
cal records was performed. Indications for DO were individual and
primarily based on a combination of a marked retrognathic maxilla
and marked scaring in the palate. Patients were then contacted by
letter and informed about the study which required a 1.5-2 h visit to
the clinic including taking photos and cephalograms, making dental
impressions and speech recordings, as well as answering a question-
naire regarding their own experience of the DO procedure. Fourteen
patients gave informed consent to participate, while two declined
since they lived far away from the clinic.

After the study cohort was set, the photographic archives at the
departments of Maxillofacial Surgery and Plastic and Reconstructive
Surgery were scrutinized. Photos were taken straight from the front
(en face), and in profile. Preoperative photos had to be taken in the
late teens to make sure that the facial skeleton was fully grown.
Postoperative photos were taken approximately 1 year after DO.
Missing data were noted for one patient whose postoperative photos
could not be found. Long-term photos were taken at the clinical
follow-up. All photos were taken at a distance between camera and
subject of 1.5 meters, and camera settings of 50-110 mm regarding
focal length and 8-16 regarding aperture.

Demographic data are shown in Table 1. Review of the medical
records showed that a secondary rhinoplasty had been delayed in
seven patients (3, 4, 6, 9, 12, 13, 14) and a secondary lipplasty in two
patients (5, 8) until after completion of the DO. The cohort has
previously been reported in regards to patient reported outcome [5]
and speech [6]. Briefly, the patients tolerated DO very well. DO caused
deteriorated velopharyngeal function in a few cases in whom
secondary velopharyngeal surgery had to be performed.

Handling of photos and measurements

All collected photos were transferred to Sectra PACS (Sectra AB,
Linkdping, SWEDEN) which is the program used by our Department
of Radiology for handling images. In order to calibrate the photos en
face, the interpupillary distance was set to 100 arbitrary length units
measured from the center of each pupil. One senior orthodontist (A),
one medical student (B) and one senior plastic surgeon (C) carried out
the measurements independently. However, before starting they cal-
ibrated their interpretation of crucial landmarks. Angles measured on
the profile photos were N'A'Pg, N'Prn’Pg, the nasolabial angle and the
tip of the nose (Figures 1 and 2). Distances were measured on the en
face photos and represented the alar width and the height of the
upper lip (Figure 3). We chose these six parameters based on the most

N
Prn
A
Pg
N - nasion
Pm - pronasale
A - A point

y

Pg - pogonion

Figure 1. The four landmarks on the profile photos.

expected effects of DO on the soft tissues. After a minimum of 4
weeks, the assessors repeated the measurements without looking at
their previous results. Results were noted on paper sheets and then
transferred to a SPSS database for computation.

Statistics
Inter-rater agreement

The measurements were stored and analyzed using IBM SPSS
Statistics (IBM, New York, U.S.A.). Inter-rater agreement was analyzed
using the Intraclass Correlation Coefficient (ICC). For this purpose, the
first measurements were used. With a 95% confidence interval (Cl),
the ICC values indicate the following reliability: <0.5, poor; 0.5-0.75,
moderate; 0.75-0.9, good; >0.9, excellent [7].

Intra-rater agreement

Intra-rater agreement, that is, agreement between first measure-
ments and measurements 4 weeks later, was analyzed for each rater,
also using the ICC.

Soft tissue changes

The soft tissue measurements were compared between pre- and
postoperative photos (n = 13), preoperative photos and follow-up
photos (n = 14), and postoperative photos and follow-up photos
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N'A'Pg N'Pm'Pg

Nasiolabial Nasal tip

Figure 2. The four measured angles. From left to right: NA'Pg, N'Prn’Pg, nasolabial, nasal tip.

(n = 13). Whether soft tissues changed following DO was analyzed
using the non-parametric Wilcoxon signed rank test for paired obser-
vations. For this analysis, median values of the three raters’ first meas-
urements of each angle and distance were used. A p-value <0.05 was
considered to indicate a significant change.

Ethics

The study was conducted according to the principles of the
Declaration of Helsinki, and it was approved by the Regional Ethical
Review Board in Lund, Sweden (Dnr 2017/690). All patients gave their
informed consent to participate.

Results
Inter-rater reliability

Table 2 lists the results for inter-rater reliability for each measured var-
iable on the preoperative, postoperative and follow-up photos. The
reliability was high overall with average measures ranging from good
to excellent. NA'Pg and N'Prn’Pg had mostly excellent agreement. The

Figure 3. The two measured distances: alar width and upper lip height.

nasolabial angle and the nasal tip were the only measurements with
moderate agreement between the raters. However, the average
measures were still in the good to excellent range. The agreement for
linear measurements was good to excellent among the raters.

Intra-rater reliability

Table 3 lists the results for intra-rater reliability for each measured var-
iable on the preoperative, postoperative, and follow-up photos.
N’A'Pg and N'Prn’Pg showed excellent agreement for raters A and B,
and good to excellent agreement for rater C. The ICC for the preoper-
ative nasolabial angle was low, with poor to moderate agreement.
However, raters A and C showed good to excellent agreement for the
nasolabial angle on the postoperative and follow-up photos. The
nasal tip showed good to excellent agreement for all raters, and the
linear measurements showed mostly excellent agreement.

Soft tissue changes

Soft tissue measurements were statistically significant between the
preoperative and the postoperative photos, and the preoperative
and follow-up photos for NA'Pg, N'Prn’Pg and upper lip height

Table 2. Inter-rater reliability for rater A, B, and C.

Variable ICCSM  ICCSM  ICCSM ICCAM  CIAM
A/B A/C B/C A/B/C (95%)

N’A’Pg 0 0977 0972 0985 0992  0.980-0.997
N'A’Pg 1 0954 0879 0892 0961 0.900-0.987
N‘A’Pg 2 0975 0900 0939 0976 0.942-0.992
N’Prn’Pg 0 0964 0981 0984 0990 0.977-0.997
N’Prn’Pg 1 0973 0923 0952 0980 0.949-0.993
N’Prn’Pg 2 0884 0770 0790 0927 [0.821-0.975
Nasolab 0 07461 0982 [10699" 0928 0.824-0.975
Nasolab 1 0743 TO7457 0924 0917 0.789-0.972
Nasolab 2 0575 0611 0878  0.808 0.528-0.933
Nasal tip 0 0744 0607 0730 0862 0.662-0.952
Nasal tip 1 0779 0826 0914 0933 0.829-0.978
Nasal tip 2 0.791 0872 0935 0948 0.872-0.982
Alar width 0 0973 0960 0930 0983 0.958-0.994
Alar width 1 0972 0829 0870 0959 0.895-0.986
Alar width 2 0.931 0798 0927 0954 0.887-0.984
Upper lip height0  0.911 0900 0907 0960 0.902-0.986
Upperlipheight1 0945 0791 0873 0951 0.874-0.984
Upperlipheight2 0898  0.897 0943 0965 0.914-0.988

Inter-rater reliability with ICCs for each variable with 95% Cl for rater A, B and
C. Variables are listed for preoperative (0), postoperative (1) and follow-up
photos (2). White, light gray and dark grey depicts excellent, good, and
moderate reliability, respectively. Single measures (SM) represent agreement
between two raters, while average measures (AM) represent agreement
between all raters. Cls are only shown for AM for simplicity. ICC: Intraclass
Correlation Coefficient; Cl: confidence interval.
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Table 3. Intra-rater reliability for rater A, B, and C.

Variable ICCSMA Cl(95%) A ICCSMB Cl1(95%) B ICCSM C Cl(95%) C

N'A'Pg 0 0.982 0.944-0.994 0.977 0.931-0.993 0.992 0.974-0.997
N’A’Pg 1 0.981 0.938-0.994 0.976 0.922-0.993 0.983 0.945-0.995
N'A'Pg 2 0.985 0.955-0.995 0.985 0.953-0.995 0.970 0.911-0.990
N’Prn’Pg 0 0.966 0.899-0.989 0.907 0.737-0.969 0.985 0.953-0.995
N’Prn’Pg 1 0.924 0.771-0.976 0.986 0.955-0.996 0.843 0.563-0.949
N’Prn’Pg 2 0.974 0.920-0.991 0.960 0.881-0.987 0.993 0.980-0.998
Nasolab 0 0.479 -0.046-0.797 0.510 -0.005-0.811 0.679 0.254-0.884
Nasolab 1 0.963 0.883-0.989 0.370 -0.203-0.754 0.999 0.996-1.000
Nasolab 2 0.849 0.593-0.949 0.553 0.055-0.831 0.997 0.990-0.999
Nasal tip 0 0.923 0.778-0.975 0.828 0.546-0.941 0.996 0.986-0.999
Nasal tip 1 0.909 0.730-0.971 0.887 0.672-0.964 0.990 0.969-0.997
Nasal tip 2 0.970 0.908-0.990 0.807 0.501-0.934 0.996 0.988-0.999
Alar width 0 0.984 0.951-0.995 0,989 0.963-0.997 0.983 0.948-0.994
Alar width 1 0.964 0.885-0.989 0.984 0.948-0.995 0.895 0.692-0.967
Alar width 2 0.965 0.896-0.989 0.966 0.897-0.989 0.987 0.959-0.996
Upper lip height 0 0.955 0.867-0.985 0.934 0.807-0.978 0.946 0.840-0.982
Upper lip height 1 0.959 0.871-0.987 0.952 0.850-0.985 0.942 0.820-0.982
Upper lip height 2 0.961 0.882-0.987 0.936 0.814-0.979 0.979 0.935-0.993

Intra-rater reliability with ICCs for each variable with 95% Cl for rater A, B and C. Variables are listed for preoperative (0), postoperative (1) and follow-up photos
(2). White and light grey, depict excellent and good reliability respectively. Dark grey depict moderate and poor reliability. SM represent agreement between two
ratings. SM: single measures; ICC: Intraclass Correlation Coefficient; Cl: confidence interval.

(Table 4). There were no significant changes between the postop-
erative, and the follow-up photos for any variable. N'A’'Pg decreased
from a median of 181.2 on the preoperative photo, to 171.0 on the
postoperative photo. This change seemed to remain in the follow-up
photos, where the median was 173.3. N'Prn'Pg decreased slightly
between the preoperative and the postoperative photos, as well as
the follow-up photos. The upper lip height increased from a median
of 25.2 in the preoperative photos, to 29.5 and 30.4 in the postopera-
tive and follow-up photos, respectively.

Discussion
Methodological considerations

Although CL/P is one of the most common orofacial deformities, the
number of patients is small, with an incidence of just 0.1-0.2% of all
live births [8, 9]. With modern cleft care, the number of patients who
will eventually suffer from severe retrognathic maxilla is even smaller.
Therefore, DO for retrognathic maxilla is very seldom encountered in
the treatment of CL/P. In this study, we had the opportunity to iden-
tify 16 consecutive patients who had undergone the procedure dur-
ing a 12-year period. Furthermore, 14 of them agreed to participate in
along-term follow-up. Two patients lived far away and were unable to
participate for that reason. Hence, the study population should be
representative of the entire cohort. A small study population consti-
tutes always a weakness in the study of rare conditions.

Because of the small study population, a literature search was at
start conducted to strengthen the scientific basis of the study
regarding the feasibility of using digital photos for measurements of
angles and distances of soft tissues in the face. The PubMed database
was consequently searched (October 2023) using the terms

Table 4. Soft tissue variables” median in length units.

‘photographic assessment + soft tissue + face’ which generated 189
results. After having judged titles and abstracts, about half of the
articles were discarded because they did not fulfill the objectives of
the present study. The other half were read in full text except for six
which could not be accessed through the internet. Additional
inclusion criteria that were the photos depict real persons, and at
least three assessors performed measurements independently
including methodological evaluations excluded almost all articles. In
the end, only two remained. Fink et al. [10] conducted a study where
soft tissue measurements were performed on both conventional
photos and three-dimensional face scans. The intra-rater reliability
varied markedly between moderate and almost perfect. The authors
concluded that observer sensitivity affected the outcome of
measurements of the facial soft tissues in photographs. Ikavalko et al.
[11] used lateral photographs to measure the facial convexity through
three different landmarks. The inter-rater reliability varied between
poor and moderate, and the authors concluded that their method
was unreliable for its purpose.

A cephalogram primarily shows the skeletal structures even
though a rough assessment of the soft tissues of the face is
conceivable in the lateral view. A cephalogram in the frontal view
adds no further information in this respect. Consequently, the use of
digital photos with software analysis of angles and distances seems
to be an interesting new avenue of refinement when soft tissues need
to be addressed. Digital photography is simple and cheap, and it does
not imply any radiation hazards. The storage, handling, and visual
interpretation of digital images have moreover become a clinical
routine worldwide.

At the time when the pre- and postoperative photographs were
taken, it was not anticipated that they would constitute a basis for a
later scientific evaluation. They were simply taken as a clinical routine

Variable Median 0 (min-max) Median 1 (min-max) Median 2 (min-max) p-sig. 0-1 p-sig. 0-2 p-sig 1-2
N'A'Pg (degrees) 181.2(174.0 - 195.9) 171.0 (166.7 — 186.6) 173.3(167.5-189.7) wx% wxE NS
N’Prn'Pg (degrees) 139.9 (130.0 - 147.4) 136.3(130.2 - 148.2) 138.0 (130.2 - 145.6) w* ** NS
Nasolab (degrees) 106.5 (70.0 - 128.0) 104.8 (83.5-124.2) 108.5(82.3-131.3) NS NS NS
Nasal tip (degrees) 66.7 (54.1 - 85.2) 68.3 (46.3-87.1) 65.8 (50.2 - 83.9) NS NS NS
Alar width (lu) 62.4(54.8-68.2) 66.0 (59.1-70.4) 65.8 (58.6 - 69.9) NS NS NS
Upper lip height (lu) 25.2 (20.0 - 30.2) 29.5(26.0 - 33.2) 30.4 (26.0 - 36.3) wx Hrx NS

Soft tissue medians for the preoperative (0), postoperative (1) and follow-up photos (2) for each variable. The minimum and maximum medians are listed in
parentheses. Angular measurements are listed in degrees and distances in length units (lu). Statistically significant differences between 0-1, 0-2, and 1-2, p <

0.001 ***;, p < 0.01 **; NS = no significance.



and no ruler was used as reference. To overcome this issue, the
interpupillary distance was set to 100 in all photos en face and
measurements of distances could thereby be expressed in length units,
rather than in metric mm. The interpupillary width attains final range at
the age around 20 years [12]. Due to this alternative calibration,
conclusions can clearly be drawn about the actual changes in alar
width and upper lip height in terms of increases and decreases.

Early on it was shown that there is a substantial agreement
between findings in clinical investigations and assessments in
2-dimensional digital photographs regarding the soft tissues in
patients treated due to CL/P [13]. However, as the literature search
showed, reliability analyses of such photographical measurements
have been sparsely reported in the past. Nonetheless, reliability
analyses are crucial in order to evaluate whether a new method can
be implemented in clinical practice with safety. From this perspective,
our study population of 14 individuals, 6 variables, and 3 assessors is
most adequate for the purpose. Notably, measurements are not
dependent on the underlying type of cleft.

The level of agreement varied between the six variables examined
in this report but was high overall. NA’Pg and N'Prn'Pg, which are two
large angles between three distinct landmarks, had good to excellent
inter- and intra-rater reliability. The nasolabial angle, and to some
extent the nasal tip angle, did not reach the same level of agreement.
The discrepancy in agreement between the angles could be because
it is probably more difficult to measure an angle with less distinct
landmarks. Additionally, a small angle makes the raters’ margin of
error larger. The same reasoning regarding ambiguous landmarks can
be applied to distances, which is supported by a study using
3-dimensional photos in normal adults [14]. However, the inter- and
intra-rater reliability were in the good to excellent range for our two
distances measured. This was expected since the outer edges of the
alae and the lower border of the upper lip were clearly visible on the
photos and thereby easy to localize. The subnasale, from which the
upper lip height was measured, might be less conspicuous but was
also localized with accuracy. The literature search provided two
articles for comparison. Both reported poorer levels of agreement
compared with our results. This difference might be due to the choice
of landmarks, and how difficult these are to locate on photos. In this
study, the raters found the four landmarks on the lateral photos easy
to localize since they all correspond to the innermost or outermost
points of the profile. Fink et al. [10] used the landmarks of the nasion,
subnasale, pogonion, orbitale and porion. The orbitale, a landmark
under the eye, could possibly be difficult to localize on lateral photos
as it lacks well-defined adjacent structures. Furthermore, the
subnasale was used by both Fink et al. and lkavalko et al. [11] and
might be slightly harder to locate on lateral photos compared to the
A point (Figure 1) which was chosen in this study. Ikdvalko et al. used
the glabella, the smooth area of the frontal bone between the
superciliary arches, instead of the nasion. The glabella is probably
harder to localize since it is less distinct than the nasion.

Clinical considerations

DO is expected to markedly improve the facial aesthetics by balanc-
ing the facial profile. Both N'A’'Pg and N'Prn’Pg really decreased signif-
icantly between the preoperative and postoperative photos,
indicating a more convex facial profile. The greatest difference was
observed in N'A'Pg, by 10.2° whereas N'Prn'Pg decreased only by 3.6°.
Because of these small numbers, the differences should be inter-
preted with caution. Anyhow, the decrease indicates that the soft tis-
sue of the nasal tip is also advanced forward during DO. As mentioned
earlier, the nasolabial and nasal tip angles had poorer reliability, and
no soft tissue changes between preoperative and postoperative pho-
tos were observed in these variables.
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The results regarding profile changes after DO are supported by a
previous study, in which lateral cephalograms were analyzed in regards
to soft tissues. Wen-Ching Ko et al. [15] measured N'Prn’Pg and found a
6.82° decrease. Furthermore, the nasolabial angle favorably increased
significantly, but the standard deviation in this variable was large,
indicating a great individual variation between patients. This supports
our view that the nasolabial angle is ambiguous, and therefore perhaps
less appropriate to measure on photographs.

No significant changes were observed in the alar width, which could
conceivably increase as a result of increased tension of the soft parts of
the base of the nose. Nevertheless, with a fairly low p-value of 0.064
between preoperative and postoperative photos, the width increased
by 3.6 length units. A larger study population would perhaps allow for
a statistically significant change. The median height of the upper lip
increased significantly by 4.3 length units between the preoperative
and postoperative photos. This change was perhaps unexpected but
shows that the upper lip adjusts after DO and thus covers the upper
incisors in a more normal way. We have no sure explanation for this but
possibly the vestibular incision plays a role with a release of the lip.
However, our results in this respect are not supported by Wen-Ching Ko
et al. [15], who found no change in upper lip height.

Meazzini and co-workes [16] investigated 12 adult patients with
clefts operated with maxillary DO at a mean age of 24.4 years (range
17-44 years). Results were evaluated with cephalometry and the A
point was advanced 17.7 + 6.6 mm and SNA increased by 13.9 + 5.9
degrees. No significant change of the maxillary position was observed
at long time follow-up indicating that DO is an extremely stable and
reliable procedure. Our current results regarding soft tissues are in
good agreement with these cephalometric findings as we found no
significant changes between postoperative and follow-up photos in
any variables. However, no unambiguous conclusion can be drawn
from this in the perspective of DO since nine patients had had
secondary corrections either of the nose or the lip. These operations
might affect the soft parts, although the effects are likely to be less
than the effects of the distraction itself. Furthermore, an effect of
aging on the soft tissue cannot be excluded as the timeframe
between DO and follow-up is wide (21-163 months).

A weakness of the study might be that the photos were taken
merely as a clinical routine, rather than in a scientific consistent way.
However, our clinical photos follow since long departmental practices:
the head leaned to a neck support; the patient was instructed to look
straight forward, distance to camera was 1.5 meters; and standard
camera settings were used. An inclusion of a ruler in the photos would
have enabled measurements of distances in true mm.

Conclusions

Soft tissue measurements of angles and distances in digital photos
can be measured with a high degree of accuracy, but further evalua-
tion and standardization of the method is necessary.

DO causes a favorable increase in facial convexity, and an increased
upper lip height. These soft tissue changes seem to be stable over
time.
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