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SOFT TISSUE RESPONSE AFTER MAXILLARY STEP SURGERY WITH OR 

WITHOUT ANS REDUCTION 

 

ABSTRACT  

Objectives: Prediction of the soft tissue profile is an important part of 

orthognathic surgery planning. Variations in surgical techniques can affect 

soft tissue response. The current study aimed to determine the effects of 

maxillary step osteotomy with or without anterior nasal spine (ANS) 

reduction on the soft tissue response. 

Materials and Methods: A total of 24 patients (17 women, 7 men) who 

underwent maxillary advancement and mandibular set back surgery using 

maxillary step and bilateral sagittal split ramus osteotomy techniques were 

included in the study. Then two subgroups were created as ANS reduction 

positive group (ANSR+) and negative group (ANSR-). Cinch suture and 

V-Y closure techniques were used in all patients. The lateral cephalometric 

radiographs which had taken preoperatively and 6-8 months after surgery 

were recruited. Soft and hard tissue changes were evaluated by using paired 

samples T-test. Pearson correlation test was used to determine the 

correlation between hard and soft tissue movements. 

Results: Maxillary soft to hard tissue ratios of the ANSR+ group were 

lower than those in the ANSR- group. The ratios were Pr/ANS: 6% vs 49%, 

Pr/A: 16% vs 42%, Sn/A: 52% vs 66%, Ls/U1: 31% vs 78%, in ANSR+ 

and ANSR- groups, respectively.  

Conclusions: The maxillary step osteotomy technique may be useful in 

patients where it is desired to further support the nose tip in an anterior 

direction. ANS reduction process causes a quite decrease in the soft tissue 

response of the tip of the nose and the upper lip. The subnasal region is 

relatively less affected. 
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Soft Tissue Response after Maxillary Step Surgery 

 

INTRODUCTION 

Orthognathic surgery is a method in the treatment 

of skeletal deformities in adults. The goal of 

orthognathic surgery is an improved facial 

aesthetic with a functional occlusion.1,2 Therefore, 

it is essential for the clinician to accurately predict 

the soft tissue profile after surgery. Although there 

are many studies on this subject, many different 

rates have been reported, especially for the 

maxillary region. In the literature, the reason for 

that shown as variations in surgical techniques used 

in the maxilla.3 Variations in surgical techniques 

can affect the soft tissue response.4,5 In a recent 

study4 even adjunctive procedures such as V-Y 

closure and alar base cinch suture have been 

reported to cause alterations on related soft tissue 

response. Unfortunately, many studies6-8 in the 

literature did not report detailed information about 

the osteotomy type or the soft tissue techniques 

used. Therefore, there is a need for studies 

classified according to each surgical factors such as 

type of the osteotomy technique, applied soft tissue 

procedures, or magnitude and direction of surgical 

movements.3 

 The original Le Fort I osteotomy may be 

sufficient for mild or moderate midface deficiency 

correction, especially as an aesthetic approach.9 

Severe midface deficiency has been corrected by 

using quadrangular Le Fort I osteotomy.10 Also, 

some stabilization problems were seen in the 

original Le Fort I osteotomy. So, less invasive and 

more stable techniques were searched and 

developed in later studies.11-13 The maxillary step 

technique was firstly described by Bennett and 

Wolford14 in 1985 to overcome these 

disadvantages of the original Le Fort I osteotomy. 

Later, many modifications were made, and these 

continue to be used.9,15 The studies have shown that 

maxillary step osteotomy and its modifications are 

more stable than the original Le Fort I osteotomy.  

 Although there is a tendency for three-

dimensional (3D) planning today, reasons such as 

cost, time investment, and learning curve hamper 

the 3D planning to enter the routine practice.16 

Moreover, the lateral cephalograms are very useful 

and feasible in the sagittal profile examination with 

a low radiation dose. So, this retrospective study 

aimed to investigate the effects of maxillary step 

osteotomy technique with and without ANS 

reduction on the soft tissue response using lateral 

cephalometric radiographs. 

MATERIAL AND METHODS 

Ethical approval was granted by the clinical 

research ethics committee of the Tokat 

Gaziosmanpasa University (Project number: 19-

KAEK-111). The study included 24 patients with 

skeletal Class III malocclusion who received 

orthodontic treatment at Tokat Gaziosmapasa 

University, Department of Orthodontics, and 

operated in Oral and Maxillofacial Surgery 

Department of the same university. The mean age 

of the patients (17 women, 7 men) was 21.6 ± 4.72 

years. 

The following criteria were used as inclusion 

criteria; 

• Patients who underwent maxillary 

advancement and mandibular set back surgery 

without maxillary impaction 

• Patients who have lateral cephalometric 

radiographs with adequate quality, taken just 

before surgery and 6-8 months after surgery 

Exclusion criteria were as follows: 

• Patients with a maxillary vertical movement 

bigger than 3 mm 

• Patients who underwent additional surgical 

interventions such as genioplasty or infraorbital 

augmentation 

• Facial asymmetry patients with occlusal cants 

in the frontal plane 

• Patients with any craniofacial anomaly such as 

cleft lip and palate 

• Patients previously underwent surgical 

procedures related to maxilla or mandible 

 Maxillary movements were planned parallel 

to the Frankfurt horizontal plane, and surgical 

splints were constructed by using model surgery. 

Mandibular movements were planned to 

accommodate maxillary occlusion.  

 All patients underwent bimaxillary 

orthognathic surgery by the same surgical team. 

The maxillary step osteotomy technique14 was 

performed in all patients (Figure 1).  
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Figure 1: Illustration of the difference between the maxillary step 

osteotomy line and the original Le Fort I osteotomy (A) Frontal view 

of the original Le Fort I osteotomy. (B) Frontal view of the maxillary 
step osteotomy. (C) Lateral view of the original Le Fort I osteotomy. 

(D) Lateral view of the maxillary step osteotomy.  

Then the maxilla was mobilized and repositioned 

according to the presurgical plan. Fixation was 

performed via monocortical plates and screws. 

Under the surgery plan, ANS reduction was 

performed in 12 of 24 patients (ANSR+ group), 

while ANS was kept intact in the remaining 12 

patients (ANSR- group). Cinch suture17 and V-Y 

closure18 techniques were used in all operations. 

The cinch suture was performed using a 2/0 

absorbable suture and a curved needle. The suture 

was passed through the lateral nasal muscles and 

their fibroareolar tissues in a lateral to medial 

direction. Then, the suture was tied for the 

approximation of the alar bases and fixed to a hole 

made in the anterior nasal spine. 

 Mandibular surgery was performed by 

bilateral sagittal split ramus (BSSR) osteotomy 

technique in all patients. Monocortical plates and 

bicortical screws were used for mandibular 

fixation. Demonstrative presentation of a patient 

included in the study was shown in Figure 2. 

 
Figure 2: Extraoral and intraoral photographs of a patient included in 
the study. a: At the beginning of the orthodontic treatment, b: Pre-

operative, c: At the end of the treatment. 

 All lateral cephalometric radiographs were 

traced using Dolphin Imaging software (Version 

11.5, Patterson Dental, CA, USA) by a single 

examiner (NI). The cephalometric radiographs 

were evaluated using a modified Legan-Burstone 

soft tissue analysis method.19,20 With this method, 

a horizontal reference line was constructed raised + 

7˚ from Sella-Nasion, and a perpendicular line 

from the Nasion point was used as the vertical 

reference (Figure 3).  
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Figure 3: Cephalometric landmarks and reference planes: S indicates 

Sella, N: Nasion, ANS: anterior nasal spine, A: point A, U1: maxillary 

incisor tip, L1: mandibular incisor tip, B: point B, Pg: hard tissue 
pogonion, Pr: pronasale, Sn: subnasale, Ls: upper lip, Li: lower lip, B’: 

soft tissue B point, and Pg’: soft tissue pogonion, HR: horizontal 

reference line, VR: vertical reference line.  

The measured soft tissue landmarks were pronasale 

(Pn), subnasale (Sn), labrale superior (Ls), labrale 

inferior (Li), soft tissue B point (B’), and soft tissue 

Pogonion (Pog’). And the hard tissue landmarks 

were anterior nasal spine (ANS), point A (A), 

upper incisor tip (U1), lower incisor tip (L1), B 

point (B), and pogonion (Pog). The distances of 

hard and soft tissue landmarks to the vertical 

reference line were measured on pre- and post-

surgical cephalograms. The differences were 

recorded as the amount of soft or hard tissue 

movements.  

 Three weeks later, to assess the repeatability 

of the measurements, pre- and postoperative lateral 

cephalograms of 9 patients who were randomly 

selected were retraced by the same researcher. 

Statistical Analysis 

Statistical analysis of the data was carried out using 

the SPSS statistical software package (SPSS Inc. 

version 19.0) (IBM, Somers, NY, USA). The 

means, standard deviations, and differences 

between time points were calculated. The changes 

between time points were analyzed with paired 

samples T-test. Pearson correlation test was used to 

evaluate the correlations between soft and hard 

tissue parameters. Dahlberg21 formula √ (Σd²/2n) 

was used to assess intraexaminer repeatability. The 

level of significance was set at P<0.05. 

RESULTS 

The intraexaminer reliability was high with an 

error of ≤ 0.34 mm in linear measurements, and an 

error of ≤ 0.24° in angular measurements.  

 The mean and standard deviations of the 

measurements and the changes between time points 

of all patients were given in Table 1.

 Table 1.  The cephalometric changes after orthognathic surgery in all included patients  

 
T1 T2 T2-T1 

 
Mean SD Mean SD Mean SD p 

SNA (º) 78.82 6.03 82.68 5.7 3.86 1.95 0.00* 

SNB (º) 84.33 5.59 81.92 5.49 -2.4 1.52 0.00* 

ANB (º) -5.51 2.8 0.77 2.43 6.28 2.1 0.00* 

Wits (mm) -13.06 3.76 -4.42 3.11 8.64 2.98 0.00* 

Overjet (mm) -7.27 2.82 2.85 0.96 10.13 2.55 0.00* 

Overbite (mm) 1.31 2.64 1.75 1.2 0.44 2.47 0.39 

Nasolabial angle(º) 103.66 9.89 104.29 9.5 0.62 6.72 0.65 

Mentolabial angle(º) 142.03 12.27 135.22 11.73 -6.8 11.06 0.01* 

ANS-VR(mm) 0.72 6.52 4.15 5.43 3.42 2.48 0.00* 

A-VR (mm) -4.4 6.48 -0.26 5.63 4.14 1.93 0.00* 

U1-VR (mm) -0.37 8.31 5.02 8.02 5.4 2.55 0.00* 

L1-VR (mm) 6.89 8.74 2.44 7.71 -4.45 3.22 0.00* 

B-VR (mm) 1.95 10.26 -1.76 9.41 -3.72 3.44 0.00* 

Pg-VR (mm) 4.69 11.35 1.96 10.43 -2.72 4 0.00* 

Pr-VR (mm) 29.08 4.85 30.51 4.54 1.42 1.51 0.00* 

Sn-VR (mm) 13.36 5.87 15.95 5.4 2.58 2.03 0.00* 

Ls-VR (mm) 14.28 7.71 17.58 7.21 3.3 2.95 0.00* 
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Li-VR(mm) 19.41 9.44 15.62 8.67 -3.79 4.01 0.00* 

B'-VR(mm) 13.06 10.49 9.32 9.76 -3.74 3.63 0.00* 

Pg'-VR (mm) 15.34 11.29 12.5 10.36 -2.84 4.18 0.00* 

  *indicates p<0.05 

Statistically significant increase in overjet, ANB, 

SNA, and Wits; a significant decrease in SNB and 

mentolabial angle were found (p <0.05). There was 

no statistically significant change in the overbite 

and nasolabial angle. The advancement amount of 

point A, U1-tip, and ANS were found to be 

4.14±1.93 mm, 5.4±2.55 mm, and 3.42±2.48 mm, 

respectively. The amounts of setback were 

3.72±3.44 mm at point B, 4.45±3.22 mm at L1-tip, 

and 2.72±4 mm at Pog.  

 The cephalometric differences between 

ANSR+ and ANSR- groups in different time points 

were given in Table 2.  

Table 2.  The maxillary cephalometric differences between ANSR+ and ANSR- groups  

 
ANSR+ 

Mean±SD 

ANSR- 

Mean±SD 

 

p 

ANS-VR    

T1 0.86±5.60 0.60±7.59 0.92 

T2 3.19±5.00 5.12±5.90 0.40 

T2-T1 2.33±2.01 4.52±2.51 0.02* 

A-VR    

T1 -3.91±5.32 -4.90±7.68 0.72 

T2 -0.38±4.82 -0.14±6.56 0.92 

T2-T1 3.52±1.54 4.76±2.16 0.12 

U1-VR    

T1 0.97±7.41 -1.72±9.26 0.44 

T2 6.33±7.07 3.72±9.00 0.44 

T2-T1 5.36±2.39 5.44±2.83 0.94 

Pr-VR    

T1 29.13±5.20 29.04±4.72 0.96 

T2 29.95±4.59 31.07±4.62 0.55 

T2-T1 0.82±1.11 2.03±1.66 0.04* 

Sn-VR    

T1 13.94±6.09 12.78±5.87 0.64 

T2 15.99±5.09 15.91±5.92 0.97 

T2-T1 2.05±1.61 3.12±2.33 0.20 

Ls-VR    

T1 15.42±7.39 13.16±8.19 0.49 

T2 17.91±6.54 17.27±8.11 0.83 

T2-T1 2.49±2.61 4.11±3.18 0.19 
*indicates p<0.05 

The groups were found to be similar regarding all 

cephalometric values at T1. The changes in ANS-

VR and Pr-VR values of the ANSR+ group were 

statistically smaller than the ANSR- group (ANS-

VR: 2.33 vs. 4.52; Pr-VR: 0.82 vs. 2.03) between 

T2 and T1. 

 Maxillary soft to hard tissue ratios in the 

ANSR+ group were smaller than those in the 

ANSR- group. Pr/ANS: 6% vs 49%, Pr/A: 16% vs 

42%, Sn/A: 52% vs 66%, Ls/U1: 31% vs 78%. 

(Table 3). 

 Mandibulary soft to hard tissue ratios were as 

follows: Li/L1: 103% vs 101%, B’/B: 99% vs 

129%, and Pg’/Pg: 122% vs 120%, in ANSR+ and 

ANSR- groups, respectively. (Table 3).
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Table 3.  Correlations and soft to hard tissue movement ratios (S/H) in the ANSR+ and ANSR- groups. 

ANSR+ Group     

Soft Tissue Variable Hard Tissue Variable r p S/H 

Pr ANS 0.259 0.42 0.06 

Pr A 0.720 0.01* 0.16 

Sn A 0.787 0.00* 0.52 

Ls U1 0.803 0.00* 0.31 

Li L1 0.923 0.00* 1.03 

B' B 0.974 0.00* 0.99 

Pg’ Pg 0.985 0.00* 1.22 

ANSR- Group     

Pr ANS 0.482 0.11 0.49 

Pr A 0.534 0.07* 0.42 

Sn A 0.472 0.12 0.66 

Ls U1 0.840 0.00* 0.78 

Li L1 0.845 0.00* 1.01 

B' B 0.969 0.00* 1.29 

Pg’ Pg 0.975 0.00* 1.20 

*indicates p<0.05 

DISCUSSION 

Unlike most similar studies in the literature, the 

maxillary step osteotomy was used in the current 

study. To our knowledge, this is the first study that 

evaluates the soft to hard tissue ratios in this 

osteotomy technique. And the present study 

revealed that the maxillary step technique supports 

the tip of the nose much more than the original Le 

Fort I. Soft to hard tissue ratios related to the nose 

tip were reported between 16% and 35% in the 

literature.6,7,22,23 Whereas, relatively high Pr/ANS 

and Pr/A ratios (49%, 42%, respectively) were 

found in the ANSR- group of the current study. So, 

the maxillary step osteotomy technique can be 

preferred in patients with a nasal hump. Supporting 

our findings, in a recent study9, modified Le Fort I 

step osteotomy was found to be effective for 

improvement of paranasal flatness in maxillary 

deficiency.  

 The current study also showed that ANS 

reduction considerably affects the soft tissue 

response of the nose tip. Pr/ANS and Pr/A ratios in 

the ANSR- group, were quite higher than those in 

the ANSR+ group (Pr/ANS: 0.49 vs. 0.06; 

Pr/A:0.42 vs. 0.16). So, the clinician should 

examine the preoperative nose profile well and 

decide whether ANS reduction should be 

administered or not. Also, it should be noted that 

these soft to hard tissue rates will vary based on the 

amount of ANS reduction.  

 Another finding of the current study is that 

ANS reduction has an impact not only on the nose 

tip but also on other soft tissues such as the upper 

lip and the subnasal region. In the ANSR- group, 

the upper lip to upper incisor ratio (Ls/U1) was 

78%, while this ratio is halved and becomes 31% 

in the ANSR+ group. This effect might have 

occurred via the musculus depressor septi nasi. 

When ANS is remained intact, the tip of nose is 

further supported anteriorly. This leads the 

columella plane to rotate in the anti-clockwise 

direction,24 and the musculus depressor septi nasi 

pulls the upper lip forward and upward. On the 
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other hand, when ANS reduction is performed, the 

upper lip loses this support in the anterior direction.  

 Soft tissue ratios in the mandible were 

consistent with other studies in the literature.6,7,25-28 

The correlations of soft to hard tissue movement in 

the mandible were more reliable than in the 

maxilla. This can be explained by before 

mentioned variations in maxillary surgical 

techniques such as the amount of ANS reduction, 

osteotomy type, or the soft tissue techniques used.  

 The current study has some limitations. The 

major limitation is the limited number of patients. 

Because patients with differences in surgical 

techniques involving hard or soft tissue were 

excluded from the study. The patients with the 

same type of osteotomy, the same direction of 

movement (pure maxillary advancement and 

mandibular setback without vertical movement), 

the same additional soft tissue techniques, and the 

same fixation technique were recruited in the 

current study. This effort restricted the number of 

patients included. Another limitation is the lack of 

an original Le Fort I group, including the same 

adjunctive surgical techniques.  

CONCLUSIONS 

The maxillary step osteotomy technique may be 

useful in patients where it is desired to further 

support the nose tip in an anterior direction. ANS 

reduction process causes a quite decrease in the soft 

tissue response of the tip of the nose and the upper 

lip. Specific studies for each surgical technique 

with an adequate number of patients in the maxilla 

are still needed. 
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ÖZ 

Amaç: Yumuşak doku profilinin tahmini, ortognatik 

cerrahi planlamanın önemli bir parçasıdır. Cerrahi 

tekniklerdeki değişiklikler yumuşak doku yanıtını 

etkileyebilir. Bu çalışma, anterior nasal spina (ANS) 

redüksiyonlu veya redüksiyonsuz basamaklı maksiller 

osteotominin yumuşak doku yanıtı üzerindeki etkilerini 

belirlemeyi amaçlamıştır. Gereç ve Yöntemler: 

Çalışmaya basamaklı maksiller osteotomi ve bilateral 

sagittal split ramus osteotomisi kullanılarak, maksiller 

ilerletme ve mandibular geri alma cerrahisi uygulanan 

toplam 24 hasta (17 kadın, 7 erkek) dâhil edildi. Daha 

sonra ANS redüksiyon pozitif (ANSR+) ve negatif grup 

(ANSR-) olmak üzere iki alt grup oluşturuldu. Tüm 

hastalarda chin sütür ve V-Y kapama teknikleri 

kullanılmıştır. Ameliyat öncesi ve ameliyattan 6-8 ay 

sonra alınan lateral sefalometrik radyografiler arşivden 

toplandı. Yumuşak ve sert doku değişiklikleri, 

eşleştirilmiş T-testi kullanılarak değerlendirildi. Sert ve 

yumuşak doku hareketleri arasındaki korelasyonu 

belirlemek için Pearson korelasyon testi kullanıldı. 

Bulgular: ANSR+ grubunun maksiller yumuşak/sert 

doku oranları ANSR- grubundan daha düşüktü. ANSR+ 

ve ANSR- gruplarında oranlar Pr/ANS:% 6'ya karşı % 

49, Pr/A:% 16'ya karşı % 42, Sn/A:% 52'ye karşı % 66, 

Ls/ U1:% 31'e karşı % 78 olarak bulunmuştur. 

Sonuçlar: Basamaklı maksiller osteotomi tekniği, 

burun ucunun anterior yönde daha fazla 

desteklenmesinin istendiği hastalarda faydalı olabilir. 

ANS redüksiyon işlemi, burun ucu ve üst dudağın 

yumuşak doku yanıtında azalmaya neden olur. Subnazal 

bölge nispeten daha az etkilenir. Anahtar kelimeler: 

Ortodonti, ortognatik cerrahi işlemler, sefalometri.  
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