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ABSTRACT

Cephalometric studies have shown that the Chinese race tends to have a greater preponderance of skeletal Class III malocclusion. It has also been reported 
that the soft tissue response to hard tissue movement varies among racial types. The aims of this retrospective cephalometric study were to assess the results 
of bimaxillary surgery on Chinese subjects presenting with Class III malocclusions and to evaluate the correlation between soft and hard tissue change. The 
sample consisted of 34 Chinese patients treated with bilateral sagittal split osteotomy and Le Fort I advancement. Lateral cephalograms were taken immediately 
before surgery and at least six months after surgery. Soft and hard tissue changes were recorded by computer-supported measurements of presurgical and 
postsurgical lateral cephalograms. Linear regression procedures were used to assess the degree of correlation in terms of soft to hard tissue changes between 
the two cephalograms. The results showed that there was normalization of the cephalometric variables after surgery. Mandibular soft and hard tissue movements 
showed a strong correlation in the horizontal direction and a moderate correlation in the vertical direction. Maxillary soft and hard tissue movement showed a 
moderate to weak correlation in both the horizontal and vertical directions. The ratios of soft to hard tissue movements derived from this study would contribute to 
the database for planning prediction.
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Treatment of moderate to severe Class III malocclusion frequently requires a combination of orthodontics and orthognathic surgical procedures. In most cases, the aims of 
such procedures are not only to correct the dental malocclusions but also to improve facial esthetics and to harmonize the facial profile. Therefore, it is important for the 
clinician to be able to predict the soft tissue changes resulting from alterations of the hard tissue. Many studies have attempted to evaluate the relationship between hard 
tissue surgery and the effects it has on the overlying soft tissue.1–6 

Studies among racial groups have demonstrated that the Chinese tend to have a greater preponderance of skeletal III discrepancies.7 Lew et al8 evaluated changes in the 
soft tissue profile after intraoral ramus osteotomy in 25 Chinese adults with mandibular prognathism and reported ratios of the soft tissue response to hard tissue movement. 
He concluded that these ratios varied from those reported in Caucasian samples and reiterated the need for different ratios for different racial types. A recent study by Hu et al9 
evaluated the differences by sex in the ratios of soft tissue to hard tissue change in 43 Chinese patients and concluded that there was a need for different ratios for men and 
women.

It has also been observed that a great proportion of orthognathic cases treated in our Centre involve bimaxillary surgery to correct skeletal III problems. However, little 
information is available on the soft tissue changes resulting from hard tissue surgery in this group of patients. The aims of this retrospective cephalometric study were (1) to 
assess the results of bimaxillary surgery on Chinese subjects presenting with Class III malocclusions and (2) to evaluate the correlation between soft and hard tissue change. 

MATERIALS AND METHODS Return to TOC

Sample selection

The sample consisted of 34 Chinese skeletal Class III patients (20 women, 14 men) with a mean age 22.1 years (standard deviation 6.2). This sample was selected from the 
cohort of patients who were treated during the period 1997 to 2000 and was included in the study based on the following inclusion criteria:  

1. All patients had combined Le Fort I and bilateral sagittal split osteotomies and surgical stabilization with internal rigid fixation using titanium mini bone plates and 
monocortical screws.

2. No additional surgical procedures were performed. Patients with cleft lip and palate and other congenital craniofacial anomalies were excluded. 

3. All patients had undergone presurgical orthodontics, and lateral cephalograms were taken after the completion of presurgical and postsurgical orthodontics. 
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The presurgical cephalograms were taken within two months of the surgery, and the postsurgical cephalograms were obtained at least six months (range, 6.2 to 2.2 months) 
after the surgery. All radiographs were taken with teeth together in centric occlusion and lips in repose.

The presurgical and postsurgical cephalograms were digitized using the CASSOS 2001 software (Hong Kong) program by a single examiner (Dr Chew). The cephalograms 
were analyzed using a modified soft tissue analysis of Legan and Burstone10 and Lew et al8 (see Figure 1 ). 

The horizontal reference line was constructed by raising a line 7 degrees from sella-nasion, and a perpendicular to this line at nasion was used as the vertical reference line. 
The hard and soft tissue landmarks were measured in millimeters to both the horizontal and vertical reference lines in both the presurgical and postsurgical cephalograms, and 
any differences in the distance were recorded as the surgical change.

Method error and statistical analysis

Descriptive statistics were generated for the soft tissue measurements for both the presurgical and postsurgical cephalograms using the SPSS statistical software. The 
paired-sample t-test was used to assess soft and hard tissue changes. Pearson correlation analysis and linear regression procedures were used to assess the degree of 
correlation between soft to hard tissue changes and to generate soft tissue to hard tissue movement ratios.

The reproducibility of the measurements was determined by selecting 10 cephalometric radiographs at random and by repeating the on-screen digitization by the same 
examiner one month after the initial digitization. No significant errors were found when the repeat measurements were evaluated with paired t-tests. 
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Surgical outcome

Tables 1  and 2  summarize the means and standard deviations of the hard and soft tissue changes. Significant angular, horizontal, and vertical changes were found in 
all parameters except for the labiomental fold and vertical changes of ANS, A, and Li. Greater changes were seen in the horizontal direction with all parameters showing 
changes at the P < .001 significance level (Table 1 ).

Correlations between hard and soft tissue movements

Strong and moderate correlation occurred between corresponding mandibular soft and hard tissue movements in the horizontal (r > .9) and vertical directions (.82 > r > .63) 
respectively (Table 3 ). Moderate to weak correlation occurred in corresponding maxillary soft and hard tissue movements in both horizontal (.78 > r > .56) and vertical (r 
< .6) directions. Correlations improved generally from pronasale to soft tissue pogonion in both horizontal and vertical directions. 

Ratio of soft tissue to hard tissue movement

The soft-to-hard tissue movement ratios ranged from 0.78 to 1.08 for mandibular variables and from 0.33 to 0.73 for maxillary variables (Table 3 ). The ratios of maxillary 
soft-to-hard tissue movement were generally lower than that of the mandibular movement in both horizontal and vertical directions. 
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Surgical outcome

The subjects included in this study presented with moderate to severe skeletal Class III discrepancies as indicated by the low presurgical mean ANB and overjet values of 
−4.9° and −7.5 mm, respectively. Frequently, a bimaxillary surgical approach is necessary in patients with severe skeletal discrepancies to achieve facial profile harmony and 
occlusal objectives. Surgical limitations and higher relapse risks may also determine the need for a bimaxillary approach in these cases. In this study, the postsurgical values 
showed normalization of both the ANB and overjet as a result of the two-jaw surgery. 

In a similar study by Lin and Kerr6 on Caucasian Class III patients treated by bimaxillary surgery, the mean ANB value was −3.65°. The relatively higher presurgical mean 
ANB value of the current sample is an indication of the greater severity of dentofacial deformities among patients of Chinese ethnic origin. This was supported by the study by 
Ngan et al11 that compared the cephalometric parameters of Chinese and Caucasian surgical Class III patients. 

Soft tissue profile changes were significantly altered because of the surgery. All subjects presented presurgically with a concave profile and a protrusive lower lip. The 
bimaxillary surgery improved the facial convexity, nasolabial angle, and upper- and lower-lip protrusion to approximate the esthetic Chinese norms established by an earlier 
study by Lew et al.12 

Soft tissue response

Besides the study by Lin and Kerr,6 there is a lack of studies on soft tissue changes after bimaxillary surgery of Class III patients. Comparing the results of this study with 
that of Lin and Kerr,6 most of the ratios of soft tissue to hard tissue movement were similar except for the vertical ratios of pronasale to anterior nasal spine and subnasale to 
point A. This comparison, however, must be interpreted with caution because the sample in the latter study is of Caucasian origin and the sample size was limited to 17 
patients.

The study by Enacar et al2 suggested that the soft tissue responses to two-jaw surgery were similar to those seen in mandibular setback surgery alone, with the exception 
of the changes in nasal tip projection and the upper-lip area. Comparing the present findings with studies on mandibular setback only, the effects of bimaxillary surgery on the 
mandibular soft tissue profile in the current patients were, on the whole, in agreement with the findings of these studies. 

In this study, the ratio of lower lip (Li) to mandibular incisal tip (L1E) change in the horizontal direction was 0.84:1, and this is similar to the studies by Lines and 
Steinhauser5 (0.75:1), Ingervall et al13 (0.88:1), and Suckiel and Kohn14 (0.83:1). A 1.01:1 ratio of mentolabial sulcus (Si) to point B horizontal movement is also similar to the 
results reported by Fanibunda15 (1.07:1), Ingervall et al13 (1.06:1), Gjorup and Athanasiou16 (1.03:1), and Robinson et al17 (1:1) but somewhat higher than that described by 
Lew et al8 (0.89:1) and Hu et al9 (0.90:1 for men and 0.92 for women). The 0.85:1 ratio of soft tissue pogonion (Pg′) to hard tissue pogonion (Pg) horizontal change in this study 
was somewhat lower than the results reported by Lines and Steinhauser5 (1:1), Fanibunda15 (0.94:1), Ingervall et al13 (1.07:1), Lew et al8 (0.95:1), and Hu et al9 (0.94:1 for 
men and 1.06:1 for women).

Lew et al8 in 1990, evaluated changes in the soft tissue profile after intraoral ramus osteotomy in 25 Chinese adults with mandibular prognathism and concluded that there is 



a need for different soft tissue to hard tissue movement ratios for different racial types. Comparing the results of this study with other similar studies on Caucasian samples, the 
majority of the ratios of soft tissue to hard tissue movement were similar, and in cases where there are differences, the discrepancy is small. Such direct comparison, however, 
must be treated with caution because of differences in sample size, types of initial dysgnathia, and the types of surgical procedures performed. 

The results of this study supported the findings of other studies in that the ratio of maxillary soft tissue movement is lower than that of the mandibular soft tissue in both the 
horizontal and vertical directions.1,2,6 The correlation of maxillary soft to hard tissue movement was also weaker compared with the mandibular counterparts, and this is similar 
to previous reports on maxillary advancement surgery using Caucasian samples.6,18,19 This may be explained in part by the variability in the amount of anterior nasal spine 
resection and the surgical closure of the soft tissue incision in maxillary surgery.

Vertically, the maxillary and mandibular soft tissue responses after surgery showed a poor or weak correlation to hard tissue. This made accurate prediction of soft tissue 
changes in this dimension difficult. In a study evaluating soft tissue prediction accuracy of computer prediction software in a sample of skeletal Class III patients treated by 
bimaxillary surgery, vertical changes were indeed less accurately predicted compared with horizontal changes.20 

Although there is general agreement on the anticipated average impact of surgery, more needs to be known about the influence of presurgical, perioperative, and 
postoperative factors on soft tissue response. With the increasing use of computerized prediction software as a treatment-planning tool in orthognathic surgery, similar studies 
are needed to contribute to the database for such planning predictions.
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● Bimaxillary surgery was effective in producing an orthognathic profile that approximated the Chinese esthetic norms.

● Stronger correlations between corresponding soft and hard tissue movements occurred in the mandible compared with the maxilla. A stronger correlation was also found 
in the horizontal direction compared with the vertical direction.

● The ratios of soft to hard tissue movements derived from this study would contribute to the database for planning prediction. 
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FIGURE 1. Cephalometric landmarks and reference planes: S indicates sella; N, nasion; ANS, anterior nasal spine; A, point A; U1E, maxillary incisor tip; L1E, mandibular 
incisor tip; B, point B; Pg, pogonion; Pn, pronasale; Sn, subnasale; Ls, labrale superius; Li, labrale inferius; Si, mentolabial sulcus; and Pg′, soft tissue pogonion  

aConsultant, Department of Orthodontics, National Dental Centre, Singapore
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