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Soft tissue thickness changes after correcting Class III 
malocclusion with bimaxillar surgery

Andris Abeltins, Gundega Jakobsone

  SCIENTIFIC ARTICLES

SUMMARY

The aim of this study was to evaluate and analyse soft tissue thickness changes after bimaxil-
lary orthognathic surgery. 

Materials and methods. Eighty three consecutive patients (54 males and 29 females) with 
Class III malocclusion operated with bimaxillary orthognathic surgery were enrolled in this study. 
Standardized lateral cephalograms of adequate quality were analysed. 

Results. The mean upper lip thickness decreased as a result of the surgery and statistically 
significant differences were recorded (p<0.01). The statistically significant difference in the post 
surgical tissue thickness of the lower lip also was recorded (p<0.05). Subjects with thick upper lips 
compared to patients with thin upper lips demonstrated greater (0.7 mm) and statistically significant 
(p<0.01) increase of vertical nasal projection. Vertical growth pattern had an influence only on B point 
to lower lip distance, which exhibited greater (2.2 mm; p<0.01) decrease during observation period. 

Conclusion. It was found differences in the soft tissue responses between patients with thick or 
thin soft tissues after bimaxillary surgery and it should be taken into account while planning operation. 
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INTRODUCTION

Well balanced and harmonious soft tissue facial 
profile is a very important goal in orthognathic sur-
gery. Sometimes it is difficult to predict the post surgi-
cal profile due to high variability of the thickness of 
the soft tissue overlying hard tissue structures which 
are subjected to surgical repositions. These varia-
tions result not only from imbalance of the dental and 
skeletal structures, but from individual variations in 
the thickness and tension of the soft tissues [1]. Some 
studies have indicated the influence of the gender on 
the soft tissue behavior [2]. Generally, the changes of 
the superior and inferior aspects of the profile, such 
as nasion and pogonion, have shown to have more 
predictable patterns than those of the midface areas, 
such as the nose and lips [3]. Soft tissue thickness and 
soft tissue adaptation of the lower lip and chin continue 
to occur up to 3 years post surgically [4]. There are 
only few articles focusing on the thickness of the soft 

tissue after orthognathic surgery, usually involving 
only one jaw procedures [3, 5, 6]. However precise and 
comprehensive data usable for planning bimaxillary 
procedures are lacking. The study of mandibular set 
back cases show thinning of the upper lip and minor 
thickness gain in chin and lower lip region [5, 6]. Max-
illary advancement surgery gives minor thinning of the 
upper lip [7].The results of the studies suggest that in 
order to archive precise prediction of the postoperative 
profile the ratios of the soft tissue response to the hard 
tissue repositions should be calculated separately for 
thick or thin soft tissue patients.

The aim of this study was: 1) to describe and 
analyze soft tissue thickness changes after bimaxillary 
orthognathic surgery to correct Class III malocclusion. 
2) to find if there is any differences in the soft tissue 
responses between patients with thin or thick soft tis-
sues. 3) to find out differences in the soft tissue behavior 
among patients with different vertical growth pattern.

MATERIALS AND METHODS

The subjects enrolled in this study were 83 con-
secutive Caucasian patients (54 males and 29 females) 
with Class III malocclusion operated with bimaxillary 
orthognathic surgery. Age at the time of the surgery 
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ranged from 16.2 to 52.2 years 
(mean age 25.8 years). LeFort 
I osteotomies with maxillary 
advancement were performed 
on the upper jaw and bilateral 
sagital split osteotomies were 
performed on the lower jaw. In 
the LeFort I osteotomies the 
incision was made from the 
zygomatic maxillary buttress 
region above the first molarto the 
midline of the maxilla above the 
central incisors. No dissection 
of tissue was done inferior to the 
incision. The nasal aperture was 
exposed with careful dissection 
along the piriform rim and lateral 
nasal wall under the inferior tur-
binate. Mucosa and periosteum 
from the floor of the nose are 
elevated as far the nasal crest of 
the maxilla in the midline.  Forty 
one persons after surgery showed 
decrease of the facial height, 31 
person did not changed their 
vertical facial dimensions and 
11 persons showed increase of 
the facial height. The subjects 
were selected from the files at the 
Department of the Orthodontics, 
University of Oslo. Surgery was 
performed at the Department of Maxillofacial Surgery, 
Ullevaal University Hospital during the period from 
1990 to 2003. No patient received any additional orthog-
nathic surgical procedure and all patients had rigid in-
ternal fixation. A criterion for inclusion in the study was 
the availability of the standardized lateral cephalograms 

Fig. 1. ANS point – tip of anterior nasal spine; A point – deepest point between ANS and 
upper incisor alveolus; B point – deepest point between Pog and lower incisor alveolus; 
Pog – most anterior point on bony chin; Tip of nose – most prominent point of nose; 
Subnasale – transition between columella and philtrum; Soft tissue A point – deepest 
point of philtrum; Upper lip – most prominent point of upper lip; Lower lip – most 
prominent point of lower lip; Soft tissue B point – deepest point of labiomental area; 
Soft tissue pogonion – most prominent point of chin.

Table 1. Characteristics of the study groups

Measurement 
Study groups 
and subgroups

Number 
of patients

Gender 

M         F

Mean age, 
years

Surgery A to A 
soft tissue 
distance

B to B 
soft tissue 
distance

Nasal  
projection

Thick upper lip 
(2A)

40 34         6 26.6 14 maxilla up; 21 no vertical 
change; 5 maxilla down

20.0 mm 12.9 mm 33.1 mm

Thin upper lip 
(1A)

43 20        23 22.6 27 maxilla up; 10 no vertical 
change; 6 maxilla down

16.1 mm 12.1 mm 31.1 mm

Thick lower lip 
(2B)

41 30        11 24.8 20 maxilla up; 16 no vertical 
change; 5 maxilla down

18.7 mm 13.9 mm 32.3 mm

Thin lower lip 
(1B)

42 24        18 24.2 27 maxilla up; 10 no vertical 
change; 6 maxilla down

17.3 mm 11.1 mm 31.8 mm

Long nose 
(2C)

42 33         9 25.2 17 maxilla up; 17 no vertical 
change; 8 maxilla down

18.7 mm 12.7 mm 34.9 mm

Short nose 
(1C)

41 21        20 23.7 24 maxilla up; 14 no vertical 
change; 3 maxilla down

17.3 mm 12.3 mm 28.9 mm

of adequate quality and resolution exposed according to 
a strict data collection protocol. X-rays were taken one 
week before surgery, within one week after surgery, 2 
month, 6 month, 1year and 3years after surgery.

Depending on the local anatomy anterior nasal 
spine was recontoured in 16 patients. The nasal cinch 
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was almost never performed, but the wound was al-
ways sutured with single V-Y suture.     

The same cephalostat was used for all x-rays and all 
x-rays were performed in natural head position, teeth in 
maximal intercuspidation and lips relaxed. No adjust-
ments were made for magnification (5.6%). Tracings 
were carried out on acetate paper by the same examiner 
(G. J.) for all the radiographs. The cephalogramm of the 
best quality was traced first and the consecutive radio-
graphs were superimposed on sella, nasion, anterior 
and posterior cranial base using the “best fit” method. 
From the 6 month postoperative radiograph a template 
of the outline of the maxilla was constructed and super-
imposed on the presurgical radiograph on the outline of 
the bony palatal structures. This method of anatomic 
best fit was used to account for surgical alteration of the 
anterior nasal spina during surgery.

The cephalogramms were digitized with Dentofa-
cial Planner software (Dentofacial Software, Toronto, 
Canada) on a computer with a digitizing screen (Nu-
monics Cooperation, Montgomeryville, USA). A hori-
zontal reference line (x-axis)  was constructed through 
sella, rotated 7° from nasion-sella line. This line is 
approximation of the Frankfort horizontal plane. The 
y-axis was perpendicular to x-axis and passed through 
sella. The reference lines and points used in the analysis 
of the cephalogramms are given in Figure 1.

Statistical analysis
Statistical analyses were performed with SPSS for 

Windows software (SPSS, Chicago, Ill).  Paired t-tests 
were used to analyze changes over time in cephalomet-
ric variables. Differences between groups were tested 
by independent samples t-test. For analysis of method 
error, 20 radiographs, chosen at random, were traced 
and digitized by the same investigator on 2 separate 
occasions at least 2 weeks apart. Dahlberg’s [8] method 
was used to determine the error between the duplicate 
determinations. Systematic error was calculated by a 
paired t-test at the 10% level as recommended by Hous-
ton [9]. Lineal regression analysis was performed to test 
predictors for upper and lower lip thickness changes. 
Here are methods and results (data of measurements) 
mixed. There are 3 groups according to the soft tissue 
localization – upper lip, lower lip and nose. Every group 
has 2 subgroups.      

The patients (group A, B, C) were divided in 2 
subgroups (1A, 2A etc.) (Table 1) according to the 
preoperative upper lip thickness (represented as A-À  
distance). The median of the A-À  distance was set as 
a bench mark (17.9 mm); thus similar numbers of pa-
tients (43 and 40 subjects respectively) were allocated 
in the groups. Mean upper lip thickness in the thin lip 
group1A was 16.1±1.4 mm in the range from 12.2 to 
17.9 mm, mean thickness in the thick lip group 2A was 
20.0±1.5 mm in the range 18.0 to 23.7 mm (Table 1). 

The same procedure was performed for the lower 
lip thickness, represented as B-B` distance. Patient 
were divided into two groups (41 and 42). The mean 
value of the lower lip thickness in the group 1B was 

Table 2. Surgical repositions in the groups

Table 3. Summary of the changes in pre and post operative soft tissue thickneses

1A 2A P value 1B 2B P value 1C 2C P value
A point horizontally 3.3±2.5 4.0±1.9 0.13 3.5±2.5 3.8±2.0 0.63
A point vertically 0.1±3.3 -0.1±2.7 0.73 0.1±4.0 1.1±3.7 0.5
B point horizontally -6.8±5.6 -6.9±5.5 0.54
B point vertically 2.6±4.7 1.8±4.1 0.41

“-“- in horizontal direction indicates backward movement and in vertical direction downward movement.

Variable 
changes from 
T0 to T5

1A 2A 1A 
with 
2A 

1B 2B 1B 
with 
2B 

1C 2C 1C 
with 
2C 

ANS – Tip -1.6±3.0** -2.3±2.3** -0.8 -1.4±3.1**
(5%)

-2.5±2.0** 
(7%)

-1.1

A – A` -1.4±1.8** 
(9%)

-2.8±1.7** 
(14%)

-1.3** -0.9*

A – SN -1.9±2.1** -3.1±1.4** -1.2** -0.7
A – Upper lip -0.9± 2.6** -2.9±2.7** -2.0** -1.3*
B – lower lip -1.1±2.6** -1.8±2.2** -0.7
B – B` 0.4± 0.7** 

(4%)
-0.5±1.4** 
(4%)

-0.9**

B – Pog` -1.2± 1.8** -1.1±1.9** -0.1
** – p<0.01, * – p<0.05. Negative values indicate decrease in thickness and vice versa.
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11.1±0.7 mm with the range of 9.2-12.1 mm and in 
group 2B was 13.9±1.6 with the range of 12.4-19.0 mm.

The nose projection was measured as a horizontal 
distance from ANS to Tip of nose. The 41 patients 
with the shortest nasal projection of mean 28.9±2.6 
mm (range 20.7-32.0) made up the short nose group 
1C, while the 42 patients with the longest distance 
represented the long nose group (mean 34.9±2.0 mm 
in the range of 32.2-40.5 mm). 

RESULTS

Soft tissue thickness change
The subgroups were tested with t-test for equality 

in the surgical repositions in the horizontal and vertical 
planes. Mean surgical movements in the groups are 
presented in Table 2 

There were no statistically significant differences in 
surgical movements between groups so we can compare 
these groups. The upper lip thickness decreased in the 
both groups as a result of the surgery and statistically 
significant differences (p≤0.01) were recorded for A-Sn, 
A-À  and A-Ls. The statistically significant difference 
in the post surgical tissue thickness of the lower lip was 
recorded for B-Ll, B-Pog̀  and B-B` (p≤0.05) (Table 3).

Statistically significant were only some of the 
tested variables: vertical direction of movements of 
the maxilla during surgery (up, down and no vertical 
change), gender, amount of the horizontal movement of 
the maxilla during surgery, distance from ANS to the 
tip of the nose, amount of the horizontal movement of 
the B point during surgery, growth pattern (mandibular 
plane angle), vertical changes at B point during surgery. 
This equation explained 32% of the changes in the upper 
lip thickness and only 15% in the lower lip.

Vertical growth type and soft tissue thickness
The patients were divided into the subgroups ac-

cording to the preoperative mandibular plane angle. 
Nine patients with the mandibular plane angle less 
than 27º represented horizontal growth type group, 
45 patients  with mandibular angle from 27º to 39º 
represented neutral growth type group and 29 patients 
with mandibular plane angle more than 39º were al-
located in the vertical growth type group.

When the subgroups were tested for the differ-
ences in the surgical movements, no differences were 
found between the horizontal and neutral groups, but 
both groups differed from the vertical group for both 
horizontal and vertical movements. Horizontal and 
vertical groups were linked together and compared 
to vertical growth group. Results demonstrated that 
preoperatively all soft tissue thicknesses were similar, 
except distance from B point to lower lip (p<0.01) 

which was longer in vertical growth type patients. In 
the vertical growth type patients this distance exhib-
ited greater (2.2 mm; p<0.01) decrease during surgery 
and post surgical observation period. 

Nasal projection change
Before surgery nasal projection values were simi-

lar in both groups (thin upper lip and thick upper lip) in 
both dimensions. Horizontal nasal projection showed 
no change comparing pre and 3 years postoperative 
values, while vertical nasal projection showed minor 
(0.3 mm), but statistically significant (p=0.028) in-
creasing. Thick upper lip group demonstrated greater 
(0.7 mm) and statistically significant (p<0.01) increase 
of the vertical nasal projection. 

The factors influencing the change of the tip of 
the nose were tested by multiple regression analysis. 
Several factors were tested and following independent 
variables were found to be statistically significant: 
preoperative nasal projection from Sn to Tip in the 
horizontal and vertical planes (Figure 2), horizontal 
movement at A, vertical movement at A, mandibular 
plane angle and distance from ANS to the tip of the 
nose. Linear regression equation explained 42% of 
horizontal and 35% of vertical changes.

DISCUSSION

The prevalence of the Class III malocclusion has 
been assessed in several epidemiological studies and 
some authors claim it is more frequent in males [10] 
while others did not observe noticeable gender differ-
ences [11], but noticeable differences in the craniofacial 
morphology were recorded [12]. Our sample has a 
prevalence of men (65% men, 35% women) and that 
distinguish it from other studies in bimaxillary sur-

Fig. 2. Vertical and horizontal nasal projection (dotted lines)
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gery [13-15]. Men on average have thicker soft tissues 
compared with women [2]. Most of the women in our 
study were in the thin soft tissue groups and most of 
the men felled in the thick tissue groups.  

The major effect of maxillary advancement and 
V-Y lip closure is to cause the nose to become more 
pronounced, with the tip being elevated and moved 
forward [16]. We observed the mean increase of the up-
per lip which corresponds to other authors [13, 16]. In 
the present sample there was almost never performed 
alar base cinch since the maxillary advancements were 
moderate. The opinions about the alar base cinch on 
the response of the of the soft tissues are controversial 
[16-18]. Furthermore clear criteria for the indications 
of the procedure is lacking. 

The focus of the present study was to evaluate 
long term changes in the soft tissue profile thickness 
after bimaxillar surgery to correct Class III skeletal 
malocclusion and investigate the factors influencing 
the changes on the nasal tip. Evaluation of the 3 year 
outcome demonstrated considerable improvements 
in the facial profile. Usually prognathic patients are 
characterized by rolled up upper lip contour, decreased 
nasolabial angle, excessive protrusion and fullness of 
the lower lip and poorly contoured mentolabial fold. In 
agreement with several other studies [3, 5, 19] maxil-
lary advancement resulted in thinning of the upper lip 
by 1.3 mm. Difference between thin and thick group 
shows that thicker lip can tolerate more of surgical 

advancement. In contrary to expected, distance from 
B point to the lower lip decreased and it could be 
contributed to anticlockwise rotation of B point in 
most of the cases during surgery as the majority of 
the cases had increased facial height. The thin lower 
lip group represented tiny increase in the soft tissue 
thickness and it corresponds well to other research [5, 
6]. Soft tissue thickness decrease in thick lower lip 
group recorded in mentolabial fold region does not 
correspond to the current literature data [5, 6] and it 
could be explained with decrease of the lower facial 
height during surgery and formation of more accented 
mentolabial fold. Distance from B point to the soft tis-
sue pogonion increased and it is in agreement with the 
current literature [5, 6]. Nose projection demonstrates 
similar changes to maxilla, when longer nose group 
showed greater tolerance of the performed surgical 
advancement of the maxilla and vice versa. 

The ratios of the soft tissue response to hard tis-
sues should be calculated separately for thick and thin 
groups or for men and women [2]. Results of our study 
show that persons with thicker soft tissues are able to 
mask more of the hard tissues movements which cor-
responds to findings of Hu et al [2], but it is in opposite 
to the statements of the Mobarak et al [5]. 

It was found differences in the soft tissue re-
sponses between patients with thick or thin soft tissues 
after bimaxillary surgery and it should be taken into 
account while planning operation. 

REFERENCES

1.	 Kazutaka K. Soft tissue adaptability to hard tissues in facial 
profiles. Am J Orthod Dentofacial Orthop 1998;113:674-84.

2.	 Hu J, Wang D, Luo S, Chen Y. Differences in soft tissue profile 
changes following mandibular setback in Chinese men and 
women. J Oral Maxillofac Surg 1999;57:1182.

3.	 Bailey LJ, Dover AJ, Proffit WR. Long-term soft tissue changes 
after orthodontic and surgical corrections of skeletal class III 
malocclusions. Angle Orthod 2007;77:389-96.

4.	 Ewing M, Ross RB. Soft tissue response to mandibular ad-
vancement and genioplasty. Am J Orthod Dentofacial Orthop 
1992;101:550-5.

5.	 Mobarak KA. Factors influencing the predictability of soft 
tissue profile changes folowing mandibular setback surgery. 
Angle Orthod 2001;71:216-27.

6.	 Chunmaneechote P. Mandibular setback ostetomy: facial soft 
tissue behavior and possibility to improve the accuracy of the 
soft tissue profile prediction with the use of a computerized 
cephalometric program: Quick Ceph Image Pro: v 2.5. Clin 
Orth Res 1999;2:85-98.

7.	 Engel GA, Quan RE, Chaconas SJ. Soft-tissue change as a 
result of maxillary surgery. A preliminary study. Am J Orthod 
1979;75:291-300.

8.	 Dahlberg G. Statistical methods for medical and biological 
students. New York: Interscience Publications; 1940.

9.	 Houston WJB. The analysis of errors in orthodontic measure-
ments.  Am J Orthod 1983;83:382-90. 

10.	El-Mangoury NH, Mostafa YA. Epidemiologic panorama of 

dental occlusion. Angle Orthod  1990;60:207-13.
11.	Thilander B, Pena C, Infante L,  Parada SS, de Mayorga C. 

Prevalence of malocclusion and orthodontic treatment need in 
children and adolescents in Bogota, Colombia: An epidemio-
logical study related to different stages of dental development. 
Eur J Orthod  2001;23:153-67.

12.	Baccetti T, Reyes B C, McNamara Jr J A. Gender Differences 
in Class III Malocclusion. Angle Orthod 2005;75:510-20.

13.	Chew MT. Soft and hard tissue changes after bimaxillary surgery 
in Chinese Class III patients. Angle Orthod 2005;75:959-63.

14.	Lin SS, Kerr WJ. Soft and hard tissue changes in Class 
III patients treated by bimaxillary surgery. Eur J Orthod 
1998;20:25-33.

15.	Enacar A, Taner T, Toroğlu S. Analysis of soft tissue profile 
changes associated with mandibular setback and double-jaw 
surgeries. Int J Adult Orthodon Orthognath Surg 1999;14:27-35.

16.	Rosenberg A, Muradin MS, van der Bilt A. Nasolabial esthetics 
after Le Fort I osteotomy and V-Y closure: Statistical evalu-
ation. Int J Adult Orthod and Orthog Surg 2002;17:29-39. 

17.	Carlotti AE Jr, Aschaffenburg PH, Schendel SA. Facial changes 
associated with surgical advancement of the lip and maxilla. J 
Oral Maxillofac Surg 1986; 44:593-6.

18.	Stella JP, Streater MR, Epker BN, Sinn DP. Predictability of 
upper lip soft tissue changes with maxillary advancement. J 
Oral Maxillofac Surg 1989; 47:697-703.

19.	Rosen HM. Lip-nasal aesthetics following Le Fort I osteotomy. 
Plastic and Reconstructive Surgery 1988;81:171-82.

Received: 10 04 2010
Accepted for publishing: 23 09 2011


