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Facial Aesthetics in Young Adults 
after Cleft Lip and Palate Treatment 
over Five Decades
K. Sinko1, J. Cede1, R. Jagsch2, A. L. Strohmayr3, A. McKay3, W. Mosgoeller4 & C. Klug1

Cleft Lip and Palate (CLP) - a common facial malformation in newborns – is typically corrected by 
surgical intervention to allow for normal speech development, psychosocial adjustment, and facial 
attractiveness. The long term treatment outcome can be evaluated after a number of years, possibly in 
adulthood. We investigated the aesthetics of the nasolabial region by subjective ratings. To compare 
various surgical approaches we recruited 12 raters to evaluate 429 patients. Expert and lay raters 
judged photographs from patients, who have completed treatment with one of three different surgical 
strategies performed in our institution over 50 years. Facial photographs were cropped, presented to 
the raters in a randomized sequence, and judged by the raters on a 5 point Likert scale. The subjective 
ratings between the raters revealed a fair to substantial inter-rater reliability. The average ratings of the 
surgical outcome improved continuously over the investigated 5 decades. Despite possible differences 
between raters and rater groups this overall result was consistently seen in the gender groups (male/
female), or expertise related groups (expert/lay). Our analysis revealed that patients with bilateral 
CLP scored worse than patients with unilateral CLP when treated in the fifties; more recently treated 
patients of both groups scored similarly.

In the Caucasian population, about 1 in 700 newborns is born with a unilateral or bilateral cleft lip and palate 
(CLP). Whereas clefts of the lip are largely a cosmetic issue, clefts involving the palate pose a threat to the child’s 
development and physical well-being. During infancy, patients experience feeding difficulties; speech, hearing 
and dental problems occur as they grow older. Potentially life-long social and psychological consequences derive 
from the facial deformity itself1,2 and adversely influence the perception of facial attractiveness. An attractive face 
correlates with a number of positively perceived traits3. Aspects such as symmetry, averageness or a baby face 
affect the observer, regardless of his/her cultural background4, and can therefore disturb personal relationships 
and career5.

Treatment of CLP.  The core of any treatment plan is surgery. However, different centers use different surgi-
cal strategies and techniques which are subject to change over decades. A modern treatment method considers 
both function and aesthetics, and attempts to keep the number and impact of scars associated with the surgical 
intervention low2.

Two main surgical strategies (schools) are relevant. The first - more common in Anglo-American countries 
- proffers a so called “all in one” approach. Within the first year of life all anatomical structures that developed 
incompletely (lips, hard palate, soft palate) are repaired. An early closure of the soft and hard palate (until the 
age of 18 months) supports speech developing therapies and allows for better speech development. However, the 
surgery associated scars may impede on regular tissue growth and facial development.

Because a scar in the periost can cause dramatic growth abnormalities in the midface the second school puts 
more weight on bone growth. Therefore, only the soft tissue of the clefted area (lip, soft palate) is closed in the first 
year of life, while the structures covered by periost are not touched. The hard palate is closed later between the age 
of four and twelve6. This strategy ameliorates denudation of the periost in the first years of life, allowing for more 
time with less impact of surgery associated scars7.
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In the last 20 years mixed models became widely adopted. They merged the different methods and treat the 
patient at the pre-school age between 3 month to 3 years.

In Vienna, starting from the Veau method8 Hollmann systematically explored alternative and improved strat-
egies9,10. Based on animal research, he developed the “Vienna protocol”11 in the 60′s. This technique was charac-
terized by a very early closure of the vermillion (Lip-adhesion) within the first weeks of life and the closure of the 
soft palate before the baby starts to speak between 6 and 12 months.

The remaining parts of the lip and the nose were treated, when the patient was about 4 years old; the hard pal-
ate was closed at the age of 6 before the patient started with school. Typically, the floor of the nose was built with 
the secondary osteoplasty to close the alveolar ridge between 8 and 12 years of age.

This approach allowed for a fair speech development, without any dramatic growth disturbance of the 
midface12.

The overall principle of Hollmann’s strategy was not to dash periost tissue too early, thereby avoiding growth 
inhibition as much as possible. However, this strategy requires an average of 5 surgical interventions over 12 years.

In the 90′s, the Hollmann’s scholars modified this strategy. Lip adhesion in the first weeks of life and upper 
lip-nose correction at the age of 4 were abandoned in favor of whole lip and floor of nose closure between the ages 
of 3 and 6 months.

Treatment evaluation.  While there are internationally validated outcome measures for speech and facial 
growth in CLP patients, there is no such system for assessing outcomes in post-surgery facial aesthetics13. The 
treatment of CLP is very complex, the outcome evaluation is equally complex in turn. It is very difficult to define a 
valid evaluation strategy and outcome relationship between the various surgical strategies. Many variables influ-
ence the outcome, e.g. the severity and extent of the malformation, the surgical strategy and the individual sur-
geon, the timing with respect to the patients age, etc.

It is an open question whether the judgements of experts or lay persons are more relevant. There may be large 
differences between the judgement of experts in the field or lay raters14. In contrast, Meng et al.15 describe similar 
ratings between experts and lay raters. The Eurocleft project systematically applied an evaluation strategy based 
on the Likert scale to provide an extensive overview over the various treatment strategies available in Europe. 
Shaw et al.16 describe, that in 201 centers, 194 different treatment concepts are practiced. A similar project in the 
USA17 reported 169 cases with unilateral CLP from five centers, and described significant differences between 
centers. When evaluating midface growth with the GOSLON score18, the centers performing primary osteoplasty 
scored worst. In contrast, no such differences were described in respect to the nasolabial appearance17. We found 
no comparable studies to investigate the change of outcomes over several decades. While most studies compared 
outcomes from different centers, we aimed to compare the aesthetic outcome of different decades concerning one 
center. The treatment outcome is highly variable due to a number of confounders. To obtain robust evaluation 
results large cohorts are needed19. We mobilized our institution archives and compared three surgical strategies 
in over 400 cases treated over 5 decades, and tested differences in outcome related to gender and expert status.

Material and Methods
Our clinic is, and has been, a team care center for CLP-management for the east Austrian region for many years. 
We evaluated the photographic records from 429 patients (283 unilateral and 146 bilateral) with CLP, who were 
treated in our center from the 50′s to recently. The study was approved by the ethics commission of the Medical 
University Vienna, Austria (No: 1963/2016). All methods were carried out in accordance with the ethics com-
mission’s approved vote. Specifically, we obtained informed consent for study participation, and we obtained 
informed consent to publish the images in an online open-access publication. In addition the pictures of patients’ 
faces presented to the raters and selected for publication were cropped and masked to render them unidentify-
able. The cropping avoids full face presentation, the method complies to the US guidance regarding methods 
for de-identification of protected health information in accordance with the health insurance portability and 
accountability act (HIPAA) privacy rule.

Over the observed five decades, three generations of surgeons performed three different surgical strategies. 
Every strategy was typically applied by two or three senior surgeons with specific training. Any new strategy was 
gradually introduced and established.

Patient & Photographs.  We retrieved photographs from patients aged between 15 and 30 years, born 
between 1951 and 2001. They were treated in our center in the age between 2 weeks and adulthood. The photo-
graphs documented the original malformation and the post treatment photographs. For evaluation we used the 
most recent photographs documenting the long term outcome of the treatment. Patients with isolated cleft lips or 
patients treated primarily in other centers were not recruited.

We have no reliable information how many photographic documentations got lost over the decades and there-
fore were not included into the data pool.

After digitalization, the photographs were cropped as described previously20 and adjusted for contrast and 
lightness. Because the photographic images have been archived in total darkness, we did not have to consider 
possible fading in elderly analogue photographs.

Of each patient (age between 15 to 30) a set of three cropped images was produced and labelled with a number 
only. Each set contained three views, i.e. lateral left, frontal, lateral right (Fig. 1) of the nasolabial region in adult-
hood (15–30 ys), i.e. years after the primary treatment.

Raters.  It is a matter of debate whether or not the face-perception differs between experts in the field or lay 
persons, between females and males14,20. Because an average of the scores of three raters appears to be sufficient 
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for a substantial reliability in rating nasolabial appearance21, we recruited female and male raters, who were 
experts in the field or lay persons to form a panel of 12 raters altogether.

The six expert raters were involved in CLP treatment for many years (maxillofacial surgeons, orthodontist, 
speech language pathologist, and psychologist). The six lay persons were students (law, economy, sociology, den-
tistry) not familiar with CLP treatment.

Procedure.  To be comparable with the Eurocleft and Americleft studies for the documentation of the rater 
score, we used the method of Asher-McDade et al.22, which can be used reliably with three or more observers.

After ten openly discussed sets (warming up phase), the cases were presented to the raters at random using 
a power-point-presentation. After the warm-up, the raters judged four variables (nose, profile, symmetry of the 
nose, vermillion border) independently, i.e. without interaction between the raters. A typical single assessment 
of one photographic set took a few seconds. Ratings were documented for each case on a five point Likert scale.

The documented ratings were entered into a computer spread sheet twice. The second entry was subtracted 
from the first to receive zero as result in the case that both entries are identical. Errors were corrected, the com-
pleted data-set was statistically analyzed. The closed data set is available from the corresponding author.

Statistics.  We used the software package IBM SPSS for Windows Version 23. Statistical significance was set 
at p ≤ 0.01. Describing sociodemographic variables of patients was done using absolute and relative frequen-
cies. Univariate comparisons (e.g. males with vs. without beard; Caucasian vs. non-Caucasian) were conducted 
using t-tests for independent samples. For simultaneously analyzing main group and main time effects as well as 
interaction effects, the General Linear Model (GLM) for repeated measures was used, given that prerequisites 
proved fulfilled (a normal distribution of subsamples, homogeneity of variances and co-variances). In case of 
significance, additionally effect sizes partial eta2 scores were provided (low effect size: eta2 > = 0.01, medium: 
eta2 ≥ 0.06, high: eta2 ≥ 0.14).

Inter-rater reliability for dyads of raters was calculated by means of Cohen’s kappa with linear weighting using 
the Landis and Koch23 interpretation of kappa scores: <0.20 slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 
0.80 substantial, 0.81 to 1.00 almost perfect agreement. Aggregated means of Cohen´s kappa were then presented 
for the features nose, symmetry, vermillion border and profile, respectively.

Results
Patients.  Table 1 and Table 2 describe the demographic details of the 283 unilateral and 146 bilateral CLP 
patients enrolled.

In patients with UCLP, during the 50′s the mean age was 21.6 yrs, in the 90′s the mean age was 18.12 yrs. The 
patients age means from the other groups were in between these two means. The overall mean of all patients in 
all decades was 19.66 ( ± 3,531 STD). The effect sizes between the decades was medium to small (eta² = 0,080)

In patients with BCLP, the mean age in the 50′s was 21.76, and 19.79 in the 90′s. The overall mean was 20.94 
( ± 3.828 STD), The effect size was even smaller (eta² = 0,050).

Inter-rater reliability.  Figure 2 reveals the average of 15 possible dyads between the 6 experts and 6 lay raters 
for unilateral and bilateral CLP patients, for each of the four rating items (nose, profile, symmetry of the nose, 

Figure 1.  Example set with two lateral and one frontal view of the nasolabial region, of patient P212, as 
presented to the raters.

Unilateral CLP (N = 283) Bilateral CLP (N = 146)

Cleft side 180 Left (63.6%) 103 Right (36.4%) — —

Race 260 Caucasian (91.9%) 23 other (8.1%) 140 Caucasian (95.9%) 6 other (4.1%)

Males with beard 125 without (76.7%) 38 with beard 
(23.3%) 67 without (72%) 26 with beard (28%)

Table 1.  CLP patients.
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vermillion border). The range of the average ratings was from 0.362 (fair) to 0.672 (substantial) for the respective 
variable and rater groups (expert and lay).

There was a trend for the inter-rater reliability being higher in expert raters compared to lay raters. Except the 
rating of the profile there was a trend for higher inter-rater reliabilities for the judgement of the nasolabial appear-
ance after the surgical correction of CLP.

Ratings.  The comparison of race (Caucasian faces and others) revealed a small difference. Caucasian received 
better scores than non-Caucasians, however the effect size was very small (p = 0.020, effect size: eta² = 0.019). In 
view of the small group size with respect to beard and race we did not go into more detailed analysis.

Figure 3 shows a continuous improvement of the pooled data over the decades. This improvement is observa-
ble for both unilateral and bilateral CLP patients.

Difference between raters.  Figure 4 reveals the means of expert and lay, male and female raters. 
Interestingly the judgments of each subgroup revealed similar improvements of the outcome over the decades. 
We observed different levels of the ratings depending on the raters gender and/or experience. These different 
levels were obvious when judging faces after the repair of unilateral CLP (Fig. 4a), they were hardly recognizable 
in patients with a corrected bilateral CLP (Fig. 4b).

In the evaluation of unilateral CLP patients the female raters scored very similarly, irrespective of the raters’ 
experience. The male lay raters were most critical, the male expert raters were the least critical (Fig. 4).

Differences between patients.  Figure 5 compares the ratings between male and female patients over the 
five decades, in patients with repaired unilateral and bilateral CLP respectively.

The improvements over the decades were observable in both genders. In both patient groups - unilateral and 
bilateral - female faces tend to get better scores than male.

Surgical methodologies.  Figure 6 summarizes the 12 raters judgements of three different therapeutic strat-
egies. The Veau method was practiced prior to 1970. The Hollmann method was practiced from 1970–1990, 
followed by the modified Hollmann method, which has been employed since 1990.

As expected both patients with unilateral and bilateral CLP improved over the decades. Faces with repaired 
unilateral CLP scored generally better than those with bilateral CLP. The improvements in both unilateral and 

Patients Unilateral CLP Bilateral CLP

treated Male Female Total Male Female Total

50 s 17 11 28 18 11 29

60 s 44 35 79 18 18 36

70 s 37 23 60 26 6 32

80 s 29 22 51 14 7 21

90 s 36 29 65 17 11 28

Total 163 120 283 93 53 146

Table 2.  Number of analyzed cases per decade.

Figure 2.  Means of Interrater reliability ( ± SEM) between the rater subgroups and the rated items (nose, 
profile, symmetry, vermillion border). Except for “profile” the interrater reliability was generally moderate 
(0.4–0.6), and substantial in two cases (≥0.6).
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bilateral CLP patients were highly significant (p = 0.007; p = 0.001; respectively). However the effect size was 
small, e.g. (eta² = 0.026) in bilateral CLP.

Discussion
Our data demonstrates a continuous improvement of the postoperative nasolabial appearance over the decades 
(1950ies to 2000), which may be attributed to various aspects.

The rating procedure.  Our methodology to evaluate the aesthetic long term outcome of therapeutic inter-
ventions, employed subjective ratings by professional and lay persons as described before. To consider different 
possible perceptions by male and female raters, we balanced the ratio between male and female raters. The assess-
ment of a single case with four ratings took each rater less than one minute. According to Mosmuller et al.24, this 
is a reliable and cheap method to rate treatment outcomes non-invasively.

Figure 3.  The aesthetic outcome (mean of 12 raters ± SEM) of uni- and bilateral CLP treatment improved 
continuously over the five decades.

Figure 4.  The aesthetic outcome of uni- and bilateral CLP treatment from 1951 to 2001 improved continuously 
irrespective different experience levels and the gender of the rater. [(a) - unilateral CLP; (b) - bilateral CLP] To 
increase the readability error bars were omitted.
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Our rating methodology - clinical photograph evaluation - was among the main approaches described by 
Sharma et al.13. We used the five point Likert scale as it has been evolved from the Asher-McDade system22. 
Although the rating scale is a matter of scientific debate25. a 5 point Likert scale may be superior to a 3 point scale 
because of better resolution13.

Although semi-analog scales are discussed25 the big studies like Americleft26 and Eurocleft27 used a 5 point 
Likert scale. In view of the parameters’ natural variability we found a finer scale less useful, and adopted a 5 point 
scale, also to be comparable with the majority of the previous reports.

While Kocher et al.28 claimed that the rating of full faces is not biased by the overall facial attractiveness, 
Sharma et al.13 found that cropped photographs were more representative than full faces. However, to standardize 
the presentation of available post-surgery photographs from different decades, we cropped images to help the 
raters focus on the nasolabial region.

The presentation of the cropped image sets was randomized to avoid a possible anchoring on particular sets 
and a bias due to a specific presentation sequence. Furthermore, because the rating of frontal views alone may 
not be sufficient29 we analyzed a standardized mix from lateral and frontal views i.e. lateral right, frontal, lateral 
left (Fig. 1).

The cropping allowed for a masking of the age of the photographs, whilst also masking hints related to fashion 
and style, specific for any of the investigated decades.

Figure 5.  Male and female patients with a uni- and bilateral CLP, improved over five decades. [(a) - unilateral 
CLP; (b) - bilateral CLP]. Means ( ± SEM) of 12 raters.

Figure 6.  Outcomes of the three different treatment regimes; before 1970, from 1970 to 1990, and since 1990. 
Means ( ± SEM) of 12 raters.
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Because our presentation material was produced from the clinical documentation stored as color slides kept 
under dark condition, no fading of old slides - which might influence the raters – were recognizable.

The cropping of the photographs, the adjustment in brightness and contrast, and the limited time to focus the 
raters attention on the four categories, also aimed to decrease a confounder, i.e. a possibly different photograph 
quality related to different equipment used for their production over the decades.

Rater variability.  It is a matter of debate whether or not expert or lay raters reach different conclusions14. To 
account for possible differences attributable to the raters’ experience or gender, we analyzed the respective sub-
groups. Our data indicated a recognizable difference between male experts and male lays, which was not found 
between female experts and female lay raters (Fig. 4). When analyzing the inter-rater reliability with regard of 
different views such as the nose, profile, symmetry, and vermillion boarder, our data did not substantially differ 
between lay and expert raters (Fig. 2). The observed subtle differences indicate, that the overall outcome may 
depend on the assembly of the raters panel.

In contrast, the observed variabilities between ratings of facial regions (profile, nose) indicated that the dif-
ferences between facial regions may contribute to reported differences between expert and lay, female and male 
raters (Fig. 2).

Our finding in the subgroup analysis on a considerable difference between male experts and male lay (Fig. 4) 
may have occurred as a result of chance. It may explain some of the controversies related to the issue whether or 
not there is a difference between expert and lay raters.

Discussion of Overall results.  The treatment outcome depends on a complex interplay of the severity of 
the malformation, surgical technique and surgeons experience, individual patients factors, ad-on treatments, 
etc. Irrespective of possible rater related bias, our overall analysis as well as the rater subgroup analysis reveals a 
continuous improvement of the outcome over decades. (Fig. 3).

Figure 4 shows this very same trend consistently for each of the rater group. Every group rated post-surgery 
faces from the 50′s worse than the most recent cases.

Interestingly, in the 50′s and the 60′s, the results for bilateral CLPs were rated recognizably worse compared 
to the surgery outcome of unilateral CLP faces; this was not observed in more recent cases. It is possible that the 
surgical techniques improved to the extent that our raters documented no considerable difference since the 80′s. 
The outcome for both patient groups, either with unilateral or bilateral CLP faces advanced over the decades 
significantly (p = 0.007; p = 0.001; respectively; Fig. 3).

Another subgroup analysis that revealed differences, comparing ratings given to male patients relative to those 
given to female patients (Fig. 5). The improvement over the decades was not always parallel for male and female 
patients. This may be due to the natural variability of the overall outcome.

The Asher-McDade Index has not been validated for the rating of older teenagers, adult patients, or patients 
with BCLP. This may limit the generalization of our observations. However, we randomized the sequence of case 
presentation during the rating procedure. Therefore we argue that observed differences between our groups or 
subgroups can reflect real differences in the outcomes over the decades.

Conclusion
Irrespective of indications of high outcome variability, our study documents a continuous improvement of nasol-
abial appearance in patients after CLP treatment over the last 5 decades (1950 to 2000). Irrespective of possi-
ble differences between rater groups (male/female expert/lay) these findings are seen consistently between rater 
groups. In the last years uni- and bilateral CLP show similar outcomes.

References
	 1.	 Tobiasen, J. M. & Hiebert, J. M. Clefting and psychosocial adjustment. Influence of facial aesthetics. Clinics in plastic surgery 20, 

623–631 (1993).
	 2.	 Sinko, K. et al. Evaluation of esthetic, functional, and quality-of-life outcome in adult cleft lip and palate patients. Cleft Palate 

Craniofac J 42, 355–361, https://doi.org/10.1597/03-142.1 (2005).
	 3.	 Dion, K., Berscheid, E. & Walster, E. What is beautiful is good. Journal of personality and social psychology 24, 285–290 (1972).
	 4.	 Sinko, K. et al. Facial aesthetics and the assignment of personality traits before and after orthognathic surgery. Int J Oral Maxillofac 

Surg 41, 469–476, https://doi.org/10.1016/j.ijom.2011.10.026 (2012).
	 5.	 Cellerino, A. Psychobiology of facial attractiveness. J Endocrinol Invest 26, 45–48 (2003).
	 6.	 Schweckendiek, W. & Doz, P. Primary veloplasty: long-term results without maxillary deformity. a twenty-five year report. The Cleft 

palate journal 15, 268–274 (1978).
	 7.	 Farronato, G., Kairyte, L., Giannini, L., Galbiati, G. & Maspero, C. How various surgical protocols of the unilateral cleft lip and palate 

influence the facial growth and possible orthodontic problems? Which is the best timing of lip, palate and alveolus repair? literature 
review. Stomatologija 16, 53–60 (2014).

	 8.	 Veau, V. Operative treatment of complete double harelip. Annals of surgery 76, 143–156 (1922).
	 9.	 Hollmann, K. [Clinical and animal experimental studies of the lip and jaw region in cleft lip and cleft palate]. Österreichische 

Zeitschrift für Stomatologie 67, 320–336 (1970).
	10.	 Hollmann, K. [Surgical treatment of cleft lips, jaws and palates]. Wiener klinische Wochenschrift 81, 520–522 (1969).
	11.	 Hollmann, K. [“Vienna concept” of treatment of cleft lip, jaw and/or palate]. Österreichische Zeitschrift für Stomatologie 77, 249–252 

(1980).
	12.	 Sinko, K. et al. The GOSLON yardstick in patients with unilateral cleft lip and palate: review of a Vienna sample. Cleft Palate 

Craniofac J 45, 87–92, https://doi.org/10.1597/06-118.1 (2008).
	13.	 Sharma, V. P. et al. Outcomes in facial aesthetics in cleft lip and palate surgery: a systematic review. Journal of plastic, reconstructive & 

aesthetic surgery: JPRAS 65, 1233–1245, https://doi.org/10.1016/j.bjps.2012.04.001 (2012).
	14.	 Zhu, S., Jayaraman, J. & Khambay, B. Evaluation of Facial Appearance in Patients With Cleft Lip and Palate by Laypeople and 

Professionals: A Systematic Literature Review. Cleft Palate Craniofac J 53, 187–196, https://doi.org/10.1597/14-177 (2016).
	15.	 Meng, T., Ma, L. & Wang, Z. Comparative Assessment of the Cleft Profile by Patients with Cleft Lip and Palate, Cleft Surgeons, and 

Lay People. Aesthetic plastic surgery 39, 757–763, https://doi.org/10.1007/s00266-015-0546-0 (2015).

http://dx.doi.org/10.1597/03-142.1
http://dx.doi.org/10.1016/j.ijom.2011.10.026
http://dx.doi.org/10.1597/06-118.1
http://dx.doi.org/10.1016/j.bjps.2012.04.001
http://dx.doi.org/10.1597/14-177
http://dx.doi.org/10.1007/s00266-015-0546-0


www.nature.com/scientificreports/

8SCIEntIFIC RePorTS | 7: 15864  | DOI:10.1038/s41598-017-16249-w

	16.	 Shaw, W. C. et al. The Eurocleft project 1996–2000: overview. Journal of cranio-maxillo-facial surgery: official publication of the 
European Association for Cranio-Maxillo-Facial Surgery 29, 131–140; discussion 141–132, https://doi.org/10.1054/jcms.2001.0217 
(2001).

	17.	 Russell, K. et al. The Americleft study: an inter-center study of treatment outcomes for patients with unilateral cleft lip and palate 
part 5. General discussion and conclusions. Cleft Palate Craniofac J 48, 265–270, https://doi.org/10.1597/09-187.1 (2011).

	18.	 Mars, M., Plint, D. A., Houston, W. J., Bergland, O. & Semb, G. The Goslon Yardstick: a new system of assessing dental arch 
relationships in children with unilateral clefts of the lip and palate. The Cleft palate journal 24, 314–322 (1987).

	19.	 Semb, G. et al. A Scandcleft randomised trials of primary surgery for unilateral cleft lip and palate: 1. Planning and management. 
Journal of plastic surgery and hand surgery 51, 2–13, https://doi.org/10.1080/2000656x.2016.1263202 (2017).

	20.	 Mulder, F. J. et al. The Cleft Aesthetic Rating Scale for 18-Year-Old Unilateral Cleft Lip and Palate Patients: A Tool for Nasolabial 
Aesthetics Assessment. Cleft Palate Craniofac J, https://doi.org/10.1597/16-123 (2016).

	21.	 Mosmuller, D. G., Griot, J. P., Bijnen, C. L. & Niessen, F. B. Scoring systems of cleft-related facial deformities: a review of literature. 
Cleft Palate Craniofac J 50, 286–296, https://doi.org/10.1597/11-207 (2013).

	22.	 Asher-McDade, C., Roberts, C., Shaw, W. C. & Gallager, C. Development of a method for rating nasolabial appearance in patients 
with clefts of the lip and palate. Cleft Palate Craniofac J 28, 385–390; discussion 390–381, https://doi.org/10.1597/1545-
1569(1991)028<0385:doamfr>2.3.co;2 (1991).

	23.	 Landis, J. R. & Koch, G. G. An application of hierarchical kappa-type statistics in the assessment of majority agreement among 
multiple observers. Biometrics 33, 363–374 (1977).

	24.	 Mosmuller, D. G. et al. The Asher-McDade Aesthetic Index in Comparison With Two Scoring Systems in Nonsyndromic Complete 
Unilateral Cleft Lip and Palate Patients. J Craniofac Surg 26, 1242–1245, https://doi.org/10.1097/scs.0000000000001784 (2015).

	25.	 Fudalej, S. A., Desmedt, D., Bronkhorst, E. & Fudalej, P. S. Comparison of Three Methods of Rating Nasolabial Appearance in Cleft 
Lip and Palate. Cleft Palate Craniofac J, https://doi.org/10.1597/14-189 (2017).

	26.	 Mercado, A. M. et al. The Americleft Project: A Proposed Expanded Nasolabial Appearance Yardstick for 5- to 7-Year-Old Patients 
With Complete Unilateral Cleft Lip and Palate (CUCLP). Cleft Palate Craniofac J 53, 30–37, https://doi.org/10.1597/14-017 (2016).

	27.	 Brattstrom, V., Molsted, K., Prahl-Andersen, B., Semb, G. & Shaw, W. C. The Eurocleft study: intercenter study of treatment outcome 
in patients with complete cleft lip and palate. Part 2: craniofacial form and nasolabial appearance. Cleft Palate Craniofac J 42, 69–77, 
https://doi.org/10.1597/02-119.2.1 (2005).

	28.	 Kocher, K., Kowalski, P., Kolokitha, O. E., Katsaros, C. & Fudalej, P. S. Judgment of Nasolabial Esthetics in Cleft Lip and Palate Is Not 
Influenced by Overall Facial Attractiveness. Cleft Palate Craniofac J 53, e45–52, https://doi.org/10.1597/14-019 (2016).

	29.	 Stebel, A., Desmedt, D., Bronkhorst, E., Kuijpers, M. A. & Fudalej, P. S. Rating nasolabial appearance on three-dimensional images 
in cleft lip and palate: a comparison with standard photographs. European journal of orthodontics 38, 197–201, https://doi.
org/10.1093/ejo/cjv024 (2016).

Acknowledgements
The MS was prepared with the assistance of SCIgenia Science Support Ltd. We would like to thank our raters for 
their valuable contribution.

Author Contributions
All authors reviewed the MS. Specific contributions were: K. Sinko, Projekt design, data generation by rating, MS 
preparation. J. Cede, data generation by rating. R. Jagsch, Statistical analysis. A.L. Strohmayr, data generation by 
rating, data processing. A. McKay, data generation by rating, data processing. W. Mosgoeller, Projekt design, MS 
preparation. C. Klug, Projekt design, data generation by rating.

Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1054/jcms.2001.0217
http://dx.doi.org/10.1597/09-187.1
http://dx.doi.org/10.1080/2000656x.2016.1263202
http://dx.doi.org/10.1597/16-123
http://dx.doi.org/10.1597/11-207
http://dx.doi.org/10.1097/scs.0000000000001784
http://dx.doi.org/10.1597/14-189
http://dx.doi.org/10.1597/14-017
http://dx.doi.org/10.1597/02-119.2.1
http://dx.doi.org/10.1597/14-019
http://dx.doi.org/10.1093/ejo/cjv024
http://dx.doi.org/10.1093/ejo/cjv024
http://creativecommons.org/licenses/by/4.0/

	Facial Aesthetics in Young Adults after Cleft Lip and Palate Treatment over Five Decades

	Treatment of CLP. 
	Treatment evaluation. 
	Material and Methods

	Patient & Photographs. 
	Raters. 
	Procedure. 
	Statistics. 

	Results

	Patients. 
	Inter-rater reliability. 
	Ratings. 
	Difference between raters. 
	Differences between patients. 
	Surgical methodologies. 

	Discussion

	The rating procedure. 
	Rater variability. 
	Discussion of Overall results. 

	Conclusion

	Acknowledgements

	Figure 1 Example set with two lateral and one frontal view of the nasolabial region, of patient P212, as presented to the raters.
	Figure 2 Means of Interrater reliability ( ± SEM) between the rater subgroups and the rated items (nose, profile, symmetry, vermillion border).
	Figure 3 The aesthetic outcome (mean of 12 raters ± SEM) of uni- and bilateral CLP treatment improved continuously over the five decades.
	Figure 4 The aesthetic outcome of uni- and bilateral CLP treatment from 1951 to 2001 improved continuously irrespective different experience levels and the gender of the rater.
	Figure 5 Male and female patients with a uni- and bilateral CLP, improved over five decades.
	Figure 6 Outcomes of the three different treatment regimes before 1970, from 1970 to 1990, and since 1990.
	Table 1 CLP patients.
	Table 2 Number of analyzed cases per decade.




