
SUMMARY
Background/Aim: Class III malocclusion case are considered 

complex problems associated with unacceptable esthetics. The purpose 
of the present study was to assess the characteristics of the soft tissue 
profile and investigate the possible gender differences in adult Greeks with 
Class III malocclusion. Material and Methods: The material of the study 
comprised of 57 pretreatment lateral cephalograms of adult patients with 
Class III malocclusion aged 18 to 39 years. Eleven variables were assessed. 
The variables were measured and the mean, minimum and maximum and 
standard deviations were calculated. Parametric and non-parametric tests 
were used to compare males and females patients. Results: The total sample 
was characterized by concave skeletal profile. Male patients exhibited 
greater nose prominence and superior sulcus depth, longer distance from 
subnasale to the harmony line, more concave profile, thicker upper lip and 
larger upper lip strain. Conclusions: Many significant differences were 
noted in soft tissue characteristics between males and females with skeletal 
Class III malocclusion, suggesting possible gender dimorphism. 
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Introduction

One of the most important aspects of orthodontic 
treatment planning is an evaluation of the soft tissue 
profile1. Perception of facial esthetics is also one of the 
factors determining patient satisfaction of orthodontic 
therapy2. Appreciation of dental and facial appearance is 
also a matter of subjective evaluation having significant 
implications for one’s social interactions3-5. The potential 
negative effect of compromised esthetics has been 
recognized and considered to be sufficient cause for 
treatment6,7.

Soft tissue profile reflects the underlying hard 
tissues, this being true for the skeletal Class III patients 
where the existing discrepancy results in a concave 
soft tissue profile8,9. Class III patients compose less 
than 2% of the general population10.  Although Class 
III malocclusion is not very common in Caucasian 
populations11,12, it represents a condition of great clinical 

interest. Class III malocclusion cases are considered 
complex problems and many of the patients may seek 
surgical treatment because of unacceptable esthetics. 
One third of Class III patients evaluated in the 1980’s at 
the University of North Carolina through the Dentofacial 
Program sought orthognathic surgery13. The prevalence 
of Class III malocclusion in some Mediterranean and 
Middle Eastern populations has been reported to be 
relatively high14-17. In Northern Greece the prevalence of 
Class III malocclusion is 1.21% for the adolescents 12-14 
years old18.

Early orthodontic and/or orthopedic treatment of 
Class III malocclusion results in an acceptable occlusion, 
function and facial esthetics19. For adults with skeletal 
Class III malocclusion treatment is always a kind of 
camouflage resulting in an acceptable occlusion but cannot 
extensively affect facial esthetics10 as the patient retains his 
or her characteristic concave profile. Better esthetic results 
are achieved when a functional mandibular prognathism 
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Figure 1. Lines and variables used in the Holdaway analysis. 1. Facial 
angle (soft tissue)(o), 2. Nose prominence (mm), 3. Superior sulcus depth 

(mm), 4. Subnasale to H plane (mm), 5. Convexity at A point (mm), 6. 
Basic upper lip thickness (mm), 7. Upper lip strain (mm), 8. H angle (o), 
9. Lower lip to H plane (mm), 10. Inferior sulcus to H plane (mm), 11. 

Soft tissue chin thickness (mm)

Statistical analysis
The assumption of normality was investigated 

using the Shapiro-Wilk test. Normally distributed 
variables between the two genders were compared with 
the independent samples t-test, whereas non-normally 
distributed variables were compared with the Mann-
Whitney U test.

The error of the method was examined by double 
tracing of 30 randomly chosen cephalometric radiographs. 
Normally distributed variables were tested with the paired 
samples t-test, whereas non-normally distributed variables 
were tested with the Wilcoxon test.

Results

The results for method error analysis are presented 
in Table 1. Soft tissue analysis demonstrated significant 
differences between Class III males and females (Table 
2). Class III males presented greater nose prominence 
and upper lip curvature, longer distance from subnasale 
to the harmony line, more negative convexity of the 
skeletal profile, thicker upper lip and upper lip strain when 
compared to Class III Greek females.

component exists. In general, adults expect from treatment 
changes of their facial profile esthetics.  Such changes 
could be attained by a combination of orthodontic 
and orthognathic intervention20-26. Thus, a significant 
proportion of patients seeking orthognathic surgery are 
esthetically motivated27-29 and the esthetic evaluation of 
Class III patients who demand soft tissue changes after 
treatment is a main step in treatment planning30.

The purpose of the present study was to assess the 
characteristics of the soft tissue profile and investigate the 
possible gender differences in adult Greeks with Class III 
malocclusion on pretreatment lateral skull cephalometric 
radiographs.

Material and methods

The pre-treatment orthodontic files of the Post-
graduate Orthodontic Clinic, Department of Orthodontics, 
Aristotle University of Thessaloniki, Thessaloniki, Greece 
were reviewed and appropriate cases selected according to 
the following criteria: 

 ● Greek ethnicity,
 ● Age above 18 years,
 ● Class III relationship of the first permanent molars. 

In order to exclude functional shift the assessment 
was carried out in centric relation,

 ● Good quality of pre-treatment lateral cephalograms.
The final material involved 57 pretreatment lateral 

cephalograms (mean: 24.33 years-old; Standard Deviation 
(SD): 4.40; range: 18-39). Twenty-six of them were males 
(mean: 23.77 years-old: SD: 4.1; range: 18-34) and thirty-
one females (mean: 24.81 years-old; SD: 4.64; range: 
19-39). 

Lateral cephalometric radiographs were traced on 
acetate tracing paper and digitized with the Viewbox 2.6 
(dhal Software, Athens) cephalometric software.

The Holdaway cephalometric analysis31 was applied 
and the following lines were used (Figure 1):

 ● The H plane or harmony line drawn tangent to the 
soft tissue chin and the upper lip,

 ● A soft tissue facial line from soft tissue chin 
overlying Ricketts’ suprapogonion,

 ● The hard tissue facial plane,
 ● The Sella-Nasion line,
 ● The Frankfort horizontal plane (FH),
 ● A line running at a right angle to the FH down 

tangent to the vermilion border of the upper lip.
Subsequently, the following eleven variables were 

measured; Facial angle (soft tissue)(o), Nose prominence 
(mm), Superior sulcus depth (mm), Subnasale to H 
plane (mm), Convexity at A point (mm), Basic upper lip 
thickness (mm), Upper lip strain (mm), H angle (o), Lower 
lip to H plane (mm), Inferior sulcus to H plane (mm), and 
Soft tissue chin thickness (mm) (Figure 1)31.
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Discussion

Class III malocclusion is a severe dental discrepancy 
affecting facial esthetics; in most cases it is concomitant 
to a skeletal disharmony32. The clinical discrepancy can 
derive from skeletal retrusion of the maxilla, protrusion 
of the mandible, or the combination of them resulting in a 
characteristic concave facial profile33-37.

As the soft tissue profile characteristics may differ 
among individuals of varying ethnic origin38-42, it was 
considered useful to investigate the soft tissue esthetic 
discrepancies of the Class III malocclusion adult Greeks. 
The finding that males exhibit greater soft tissue thickness 
overall has already been observed in previous studies43. 
Consequently, the evaluation of soft tissue profile of 
Greek males and females with Class III malocclusion and 
the determination of their morphological characteristics 
may contribute to the diagnosis, prognosis and therapeutic 
procedures used for these patients. 

Because the thickness of the tissues overlying 
Pogonion may vary greatly, the soft-tissue facial angle 
constitutes a more appropriate means of assessing chin 
prominence than the skeletal tissue measurements. The 
findings of this study concerning the soft- tissue facial 
angle are greater but still in the acceptable range of the 
ideal measurement of 91 ±70 as Holdaway proposed31. 

Furthermore, variations in the nasal area are 
considered to be very important. Although nasal form 
should be judged on an individual basis, nasal prominence 
may be categorized. Measurements below 14 mm fall in 
the small nose category, while those over 24 mm, may 
be categorized as large or prominent. Female noses were 
normal in size according to Holdaway norms31 but the 
males’ nose prominence was significantly larger. 

The superior sulcus depth normally ranges from 
1 to 4 mm, and one should avoid reaching results were 
this variable falls below 1.5 mm. The superior sulcus 
depth may be allowed to be under in some circumstances, 
like decreased face height, increased chin prominence, 
and upper lips that are long or thick31. Class III females 
presented statistically significant lower value of the upper 
lip curvature. Thus, females presented a more severe 
esthetic problem concerning the upper lip curvature.

The nasolabial angle is also considered important 
in evaluating nasal area esthetics. However, in cases of 
excess one cannot determine the cause; back slanting 
of the upper lip, an upwards-turning nose tip, or both. 
Drawing a line perpendicular to the Frankfort Horizontal 
plane could describe more accurately the subnasal 
contour31. 

Class III females presented significantly reduced 
distance from the soft-tissue subnasale to the H line 
compared to Class III males resulting in worse esthetics. 
In males however, the observed measurement was found 
to be within the normal range31.

Table 1. Method error analyzed with the paired samples t-test or 
the Wilcoxon test (indicated by *).

Variable Mean SD t df Sig. 
(2-tailed)

Facial angle 
(soft tissue)(o) -0.269 0.709 -4.452 29 0.050

Nose prominence 
(mm) 0.783 2.119 2.421 29 0.056

Superior sulcus 
depth (mm) 1.033 2.748 2.757 29 0.052

Subnasale to H 
plane (mm) 0.362 2.921 2.688 29 0.510

Convexity at A 
point (mm) 0.100 0.479 1.143 29 0.262

Basic upper lip 
thickness (mm)* -0.507 1.145 -2.423 29 0.062

Upper lip strain 
(mm)* -0.007 0.931 -0.039 29 0.897

H angle (o) -0.327 1.476 -1.212 29 0.235
Lower lip to H 
plane (mm) -0.097 1.293 -0.409 29 0.685

Inferior sulcus to H 
plane (mm) -0.020 1.414 -0.077 29 0.939

Soft tissue chin 
thickness (mm)* -0.343 1.483 -1.268 29 0.191

SD: Standard Deviation; df: Degrees of freedom;  
Sig.: significance

Table 2. Comparison between males and females for the 
considered variables with the independent samples t-test or the 

Mann-Whitney test (indicated by *).

Males Females

Variable Mean SD Mean SD Sig. 
(2-tailed)

Facial angle (soft 
tissue)(o) 93.62 3.82 94.62 3.58 0.313

Nose prominence 
(mm) 17.48 3.33 14.71 2.84 0.001

Superior sulcus 
depth (mm)* 2.10 2.78 -0.34 3.21 0.006

Subnasale to H 
plane (mm) 3.20 2.93 0.40 3.49 0.002

Convexity at A 
point (mm) -4.59 3.59 -2.79 2.26 0.032

Basic upper lip 
thickness (mm)* 19.44 4.37 16.17 1.52 0.000

Upper lip strain 
(mm)* 16.24 5.17 12.47 1.84 0.000

H angle (o) 7.26 5.03 7.10 4.12 0.899
Lower lip to H 
plane (mm) -2.60 1.92 -2.36 1.34 0.594

Inferior sulcus to H 
plane (mm) 2.97 2.35 2.53 1.57 0.396

Soft tissue chin 
thickness (mm)* 12.98 4.92 11.62 2.01 0.232

Significant differences in bold
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Conclusions

From the results of the current study we may 
conclude that:

1. Class III malocclusion males and females present 
negative convexity of the skeletal profile.

2. Class III males present the following differences 
compared to females: more prominent noses, 
increased depth of the upper lip sulcus, increased 
distance from subnasale to H line, more concave 
profiles, thicker upper lip at the basis, as well as the 
level of the vermillion border.

3. There observed differences possibly suggest gender 
dimorphism in adult Greeks.

References

1. McNamara JA Jr, Brust EW, Riolo ML. Soft tissue 
evaluation of individuals with an ideal occlusion and a well-
balanced face. In: McNamara JA Jr, editor. Esthetic and 
the treatment of facial form. Monograph 28, Craniofacial 
Growth Series. Ann Arbor: Center for Human Growth and 
Development, University of Michigan; 1993. p. 115-146.

2. Sarver DM. Esthetic orthodontics and orthognathic surgery. 
St Louis : Mosby; 1998. p. 1-60.

3. Peck H, Peck S. A concept of facial esthetics. Angle Orthod, 
1970;40:284-318.

4. Peck S, Peck L. Facial realities and oral esthetics. In: 
McNamara JA Jr, editor. Esthetic and the treatment of 
facial form. Monograph 28, Craniofacial Growth Series. 
Ann Arbor: Center for Human Growth and Development, 
University of Michigan; 1993. p. 77-113.

5. Berscheid E, Gangestade S. The social psychological 
implications of facial physical attractiveness. Clin Plast 
Surg, 1982;9:289-296.

6. Albino JE, Tedesco L. Esthetic need for orthodontic 
treatment. In: Melsen B. editor. Current Controversies in 
Orthodontics. Chicago: Quintessence Publ. Inc.; 1994. p. 
11-24.

7. Dann C, Phillips C, Broder HL, Tulloch JF. Self-concept, 
Class II malocclusion and early treatment. Angle Orthod, 
1995;65:411-416.

8. Rak D. Cephalometric analysis in cases with Class III 
malocclusions. Stomatol Glas Srb, 1989;36:277-287.

9. Kajikawa Y. Changes in soft tissue profile after surgical 
correction of skeletal Class III malocclusion. J Oral Surg, 
1979;37:167-174.

10. Profitt WR. Contemporary orthodontics. Mosby: St Louis; 
2000.

11. Suda N, Hiyama S, Kuroda T. Relationship between 
formation/eruption of maxillary teeth and skeletal pattern of 
maxilla. Am J Orthod Dentofacial Orthop, 2002;121:46-52. 

12. Sato S. Case report: developmental characterization of skeletal 
Class III malocclusion Angle Orthod, 1994; 64:105-111.

13. Profitt WR, White R. Jr. Surgical-orthodontic treatment. 
Mosby: St Louis; 1991. p. 428-429. 

Although skeletal profile convexity does not refer 
to soft tissues, it is directly related to harmonious lip 
relationships44. Measurements between –3 to +5 mm, 
enable harmonious lip alignment in cases wherethat the 
superior sulcus depth is around 5 mm. In cases with short 
and/or thin lips, a skeletal profile convexity of 3 mm is 
considered adequate, whereas a 7 mm convexity may by 
in harmony with longer and/or thicker lips31. Skeletal 
convexity was significantly more negative in males 
compared to Class III females, maybe due to the reduced 
chin prominence relative to Nasion.

Basic upper lip thickness is useful in determining 
strain in the lips, when it is compared to the thickness 
of lip tissue at the level equal to the vermilion border31. 
In white norms this measurement has a mean value of 
15±1 mm. The male upper lip thickness was statistically 
significant greater compared to females.

Usual lip thickness at the vermilion border level 
is 13 to 14 mm. Measurements larger than basic upper 
lip thickness usually indicate decreased anterior facial 
dimensions and deep overbite31. Gender dimorphism was 
evident in the investigated sample with larger upper lip 
strain in Class III males compared with females.

The H angle has a mean value of 10 degrees when the 
convexity measurement is 0 mm. Under ideal conditions, as 
skeletal convexity increases, the H angle must also increase 
in order to have a harmonious relationship31. The H angle 
for both males and females was smaller compared to the 
normal value. This finding is harmonious to the negative 
skeletal convexity of this sample.

According to existing norms, the lower lip should 
be on the H line or 0.5 mm anteriorly. However, a range 
from -1 to +2 mm can be regarded to be within a normal 
range31. When the chin is prominent or the mandible is 
prognathic, the H line can move forward relative to the 
rest of the facial structures and the lower lip distance from 
the H plane acquires negative values. In the investigated 
Class III sample, both in males and females, the lower lip 
was found to be more posteriorly positioned in relation to 
H line confirming the severe chin prominence31. 

The inferior sulcus point to the H line is an indicator 
of the axial inclination of the lower incisors. Lower 
incisors with labial root torque result in a decrease in 
the curvature of the inferior sulcus area and make the 
distance from the inferior sulcus to the H line shorter31. 
In the Class III sample regarding our study this distance 
was significantly shorter from normal, possibly because 
of the lower incisor inclination due to the dentoalveolar 
compensation that characterizes skeletal Class III 
disharmony. 

Finally, it is importance to acknowledge the fact 
that soft tissue overlying the chin present variability and 
refrain from retracting the lower and consequently the 
upper incisors, thus taking away the needed lip support. 
This measurement showed no significant differences in 
the studied patient groups.



166   Smaragda Kavvadia et al. Balk J Dent Med, Vol 21, 2017

30. Sarver DM. The esthetic impact of orthodontic: planning 
treatment to meet patient’s needs. J Am Dent Assoc, 
1993;124:99-102.

31. Holdaway RA. A soft-tissue cephalometric analysis and its 
use in orthodontic treatment planning. Part I. Am J Orthod, 
1983;84:1-28.

32. Stapf WC. A cephalometric roentgenographic appraisal of 
the facial pattern in Class III malocclusions. Angle Orthod, 
1948;18:20-23.

33. Sanborn RT. Differences between facial skeletal patterns of 
Class III malocclusion and normal occlusion. Angle Orthod, 
1955;25:208-222.

34. Dietrich UC. Morphological variability of skeletal Class 
3 relationship as revealed by cephalometric analysis. Rep 
Congr Eur Orthod Soc, 1970;131-143.

35. Jacobson A, Evans WG, Preston CB, Sadowsky PL. 
Mandibular prognathism. Am J Orthod, 1974;66:140-171.

36. Ellis E, McNamara JA Jr. Components of adult Class III. J 
Oral Maxillofac Surg, 1984;42:295-305.

37. Koodaryan R, Rafighi A, Hafezeqoran A. Components of 
Adult Class III Malocclusion in an Iranian Population. J 
Dent Res Dent Clin Dent Prospects, 2009;3:20-23.

38. Slavicek R, Schadlbauer E. Etude et comparison de valeurs 
cephalometriques regionales en Autriche et en Allemagne. 
Rev Orthop Dentofacial, 1982;16:417-471.

39. Haralabakis B, Spirou V, Kolokythas G. Dentofacial 
cephalometric analysis in adult Greeks with normal 
occlusion. Eur J Orthod, 1983;5:241-243.

40. Singh GD, McNamara JA, Lozanoff S. Craniofacial 
heterogeneity of prepubertal Korean and European-
American subjects with Class III malocclusions: Procrustes, 
EDMA and cephalometric analyses. Int J Adult Orthod 
Orthognathic Surg, 1998;13:227-240.

41. Alcalde RE, Jinno T, Orsini MG, Sasaki A, Sugiyama RM, 
Matsumura T. Soft tissue cephalometric norms in Japanese 
adults. Am J Orthod Dentofacial Orthop, 2000;118:84-89.

42. Staley RN. Summary of Human Postnatal Growth. In: 
Bishara SE, editor. Textbook of Orthodontics. New York: 
WB Saunders Company; 2001. p. 31-42.

43. Kavadia-Tsatala S. Cephalometric study of the relationships 
between morphology, size and position of the mandible 
and anterior facial heights. Doctorate Degree Thesis. 
Thessaloniki: Aristotle University of Thessaloniki; 1985.

44. Ricketts RM, Nench R, Cugino C, Hilgers J, Schulhof 
R. Bioprogressive Therapy. Denver: Rocky Mountain 
Orthodontics; 1979. p. 71-72.

Received on March 31, 2016.
Revised on May 21, 2016.
Accepted on Jun 2, 2016.

Correspondence:

Eleftherios G. Kaklamanos 
Hamdan Bin Mohammed College of Dental Medicine 
Mohammed Bin Rashid University of Medicine and Health Sciences 
Dubai Healthcare City, Dubai, United Arab Emirates 
e-mail: eleftherios.kaklamanos@mbru.ac.ae; kaklamanos@yahoo.com

14. Muakeh M, Sulaiman M. Prevalence of malocclusion in a 
population of Syrian children and adults. Aleppo: Aleppo 
University JS Res; 1996.

15. Muakeh M. Cephalometric evaluation of craniofacial 
patterns of Syrian children with Class III malocclusion. Am 
J Orthod Dentofacial Orthop, 2001;119:640-649.

16. El-Mangoury NH, Mostafa YA. Epidemiologic panorama of 
dental occlusion. Angle Orthod, 1990;60:207-214.

17. Toms AP. Class III malocclusion: a cephalometric study of 
Saudi Arabians. Br J Othod, 1989;16:201-206.

18. Sidiropoulou-Hatzigianni S, Topouzelis N, Kavadia-
Tsatala S, Kolokythas G. The dentomaxillofacial Class III 
anomaly in Northern Greece. Epidemiological study. Stoma, 
1995;23:191-201.

19. Mandall N, Cousley R, DiBiase A, Dyer F, Littlewood S, 
Mattick R, Nute SJ, Doherty B, Stivaros N, McDowall 
R, Shargill I, Worthington HV. Early class III protraction 
facemask treatment reduces the need for orthognathic 
surgery: a multi-centre, two-arm parallel randomized, 
controlled trial. J Orthod, 2016;43:164-175.

20. Haralabakis N. The role of orthodontics and maxillofacial 
surgery in managing severe dentoskeletal abnormalities. 
Hell J Oral Maxillofac Surg, 1989;4:75-86.

21. Profitt WR, Philips C, Prewitt JW, Turvey TA. Stability 
after surgical orthodontic corrective of skeletal Class III 
malocclusion. 2. Maxillary advancement. Int J Adult Orthod 
Orthognath Surg, 1991;6:71-80.

22. Profitt WR, Philips C, Turvey TA. Stability after surgical 
orthodontic corrective of skeletal Class III malocclusion. 3. 
Combined maxillary and mandibular procedures. Int J Adult 
Orthod Orthognath Surg, 1991;6:211-225.

23. Boultault F, Cadenat H. Strategie de la decision en 
chirourgie orthognatique. 2e partie : le choix esthetique 
en chirourgie orthognathique–application pratique. Rev 
Stomatol Chir Maxillofac, 1992;93:287-297.

24. Athanasiou AE, Mavreas D, Toutountzakis N, Ritzau M. 
Skeletal stability after surgical correction of mandibular 
prognathism by vertical ramus osteotomy. Eur J Orthod, 
1992;14:117-124.

25. Athanasiou AE. Morphologic and functional implications 
of the surgical-orthodontic management of mandibular 
prognathism: A comprehensive review. Am J Orthod 
Dentofacial Orthop, 1993;103:439-447.

26. Moldez MA, Sugawara J, Umemori M, Mitani H, 
Kawamura H. Long-term dentofacial stability after 
bimaxillary surgery in skeletal Class III open bite patients. 
Int J Adult Orthod Orthognath Surg, 2000;15:309-319.

27. Jacobson A. The influence of children’s dentofacial 
appearance on their social attractiveness as judged by peers 
and lay adults. Am J Orthod, 1981;79:399-415.

28. Kiyak HA, Hohl T, West RA. Psychologic changes in 
orthognathic surgery patients: a 24-month follow-up. J Oral 
Maxillofac Surg, 1984;42:506-512.

29. Flanary CM, Barnwell GM, Alexander JM. Patients 
perceptions of orthognathic surgery. Am J Orthod, 
1985;88:137-145.


