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Summary

Background and objectives: High-angle Class II malocclusion is considered challenging to treat to 
a stable result and, although studies report treatment outcome in terms of morphology, patient 
satisfaction has not been addressed. The objectives of the present study were to examine patients’ 
motives for treatment and satisfaction with the results.
Material and methods: A structured questionnaire was distributed 3  years post-operatively to 
93 consecutively treated patients with an initial diagnosis of mandibular-plane angle (ML/NSL) 
≥34.0 degrees and ANB angle ≥4.0 degrees. Three surgical subsamples were defined: one-piece Le 
Fort I, bilateral sagittal split osteotomy, or a combination of the two (Bimax). Lateral cephalometric 
radiographs were used to assess morphological characteristics and post-treatment changes.
Results: Questionnaire participation was 69.8 per cent. The most frequently reported motives for 
seeking treatment were to improve oral function (85.0 per cent) and dental appearance (71.7 per 
cent). Thirty per cent were very satisfied, 53.3 per cent were satisfied, and 16.7 per cent were 
dissatisfied with the overall treatment result. Dissatisfaction was associated with a persisting post-
treatment anterior open bite (AOB), horizontal relapse at B point, and with sensory impairment.
Conclusions and implications: A higher rate of dissatisfaction was found than what has usually 
been reported for othognathic surgical patients, and this was associated with a persisting AOB. 
In addition, mandibular relapse and impaired sensory function were related to dissatisfaction 
and are associated with mandibular surgery. Prospective high-angle Class  II patients should be 
comprehensively informed about the unpredictability of treatment outcomes in terms of occlusion 
and facial appearance.

Introduction

An appraisal of patients’ opinions of treatment outcome is an im-
portant supplement to the clinical results when examining whether 
treatment meets the public’s expectations. Treatment, involving both 
orthodontic therapy and surgery, is comprehensive and demanding 
to the patient, uses considerable resources, and carries a risk of un-
wanted side effects. As treatment is elective, it is necessary to ensure 
that treatment results are according to patients’ needs.

A hierarchy of stability for surgical procedures has been es-
tablished (1, 2) and mandibular advancement is known to have 

different relapse patterns depending on the vertical facial pattern 
(2–5). Despite these different patterns, many studies comprise of 
non-specific or mixed malocclusion samples (Class I, II, and III) or 
various surgical procedures, thus reporting a satisfaction rate for 
orthognathic surgical treatment in general. High rates of patients 
reporting satisfaction after mandibular advancement in Class II have 
been observed (6–9). However, a study of 516 orthognathic patients 
found that Class  II patients were often dissatisfied with treatment 
and that mandibular advancement increased the risk for dissat-
isfaction (10). We have been unable to identify studies addressing 
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patient satisfaction after surgical correction of high-angle Class  II 
malocclusion.

The most common reasons reported for seeking orthognathic 
treatment are to improve biting or chewing (oral function), dental 
appearance, facial appearance, and to prevent future dental prob-
lems (9, 11–17). Motives have mainly been studied in unspecified or 
mixed malocclusion samples, but it is possible that patient motives 
also differ according to the type of malocclusion present (18). A fea-
ture often seen in skeletal high-angle Class II patients is an anterior 
open bite (AOB), which may cause functional problems.

Treatment that meets patients’ motives and expectations is asso-
ciated with patient satisfaction, whereas factors such as prolonged 
treatment duration, post-treatment neurosensory impairment, and 
persisting temporomandibular pain (TMD) are likely to have a nega-
tive impact on overall satisfaction (16, 19). Self-completed patient 
questionnaires are tools that are available to try to understand pa-
tients’ subjective experiences (20, 21).

The purpose of the present study was to examine motivations 
for treatment and the rate of satisfaction/dissatisfaction among high-
angle Class II patients 3 years after orthognathic surgery. Further ob-
jectives were to analyse the association between patient satisfaction 
and post-surgical skeletal relapse, different surgical approaches, and 
success or failure to correct an AOB.

Materials and methods

A 3 year follow-up questionnaire was distributed to consecutively 
treated high-angle Class II patients who had undergone a combin-
ation of orthodontic treatment and orthognathic surgery. The self-
administered structured questionnaire was completed independently 
by patients at their final follow-up appointment in a separate room. 
At each question, patients could leave a comment if the answer 

alternatives did not apply or if they wished to elaborate on an an-
swer. The questions addressed motivation for seeking treatment, 
perception of the treatment outcome, and sensory disturbances 
(Table 1).

Surgery took place at the Department of Maxillofacial Surgery 
at the Oslo University Hospital, Ullevål, between 1990 and 2014. 
All patients were seen by members of the Orthognathic team before, 
during, and after treatment. Orthodontic treatment was carried out 
by referring orthodontists in private practice or by post-graduate 
students at the Department of Orthodontics, University of Oslo.

To be included in the study there had to be an initial diagnosis of 
high-angle Class II malocclusion as defined by the mandibular-plane 
angle (ML/NSL) ≥34.0  degrees and the ANB angle ≥4.0  degrees 
(values equal to or higher than 1 standard deviation from the mean 
values obtained from the Oslo Growth Material) (22). A subsample 
was established of patients with AOB ≥0 mm.

Surgery had to be either a one-piece Le Fort I, a bilateral sagittal 
split osteotomy (BSSO), or a combination of the two (Bimax), which 
constitute the three surgical subsamples. Rigid fixation was used 
in all cases and all participants underwent orthodontic treatment. 
Another requirement was the availability of complete patient files, 
including lateral cephalometric radiographs of acceptable quality. 
Craniofacial syndromes, cleft-lip-palate anomalies or dentofacial 
trauma cases were excluded.

Lateral cephalometric radiographs were used for the assess-
ment of morphological characteristics, treatment results, and 
changes. The Facad software (Ilexis AB, Linkõping, Sweden) was 
used for cephalometric analysis. Changes in dental and skeletal 
landmark positions were recorded using a coordinate system; 
the x-axis drawn 7.0 degrees below the nasion–sella line through 
sella and the y-axis, also passing through sella, was then drawn 
perpendicular to the x-axis. The x–y axes were transferred to 
each cephalogram by superimposition using the best fit of stable 
structures in the cranial base. Figure 1 shows the cephalometric 
landmarks and reference lines used. AOB was measured as the 
distance between the incisal edges perpendicular to the maxillary 
occlusal plane (23). The same examiner carried out all tracings 
and superimpositions (NT). Reproducibility of the cephalometric 
tracings was examined by duplicate tracings of 20 images, per-
formed at least 2 weeks apart, with images chosen at random. 
For skeletal variables, clinically significant relapse was defined as 
changes greater or equal to 2 mm or 2 degrees.

The study was reported to the Regional Ethical Committee (REC) 
but, as the aim of the study was to evaluate the quality of treatment 
patients had already received, the committee concluded that approval 
from REC was not necessary and had no objections to the study.

Descriptive statistical analysis was performed, results are pre-
sented in percentages or median with interquartile ranges (IQRs). 
Normality of continuous variables was analysed on histogram, 
-Q-Q plot, and by Shapiro–Wilk and Komologrov–Smirnov tests. 
Due to the low sample size and non-normal distribution of the con-
tinuous variables, Kruskal–Wallis analysis of variance was used to 
detect median differences of continuous variables and between the 
subsamples, and Fishers Exact test for the categorical variables. Eta 
squared (e2) was used to asses correlation between categorical and 
continuous data. Phi coefficient and Cramer’s V correlation were 
used to measure the strength of association between two categorical 
variables. Statistical analyses of the data were carried out in SPSS for 
Windows (SPSS, Chicago, Illinois, USA). The level of statistical sig-
nificance was set to P value ≤0.05.

Table 1. Questionnaire with fixed alternative answers to patients at 
the 3 year follow-up visit, response alternatives in italics

Q1. What was the reason for your decision to start treatment?

Not important at all/Not important/Somewhat important/Very  
important 

a. Improve dental appearance
b. Improve facial appearance
c. Improve chewing ability
d. Improve speech
e. Other reasons (comments)
Q2. How would you describe the result of treatment? 
Great improvement/Some improvement/No improvement/Worse
a. Dental appearance
b. Facial appearance
c. Chewing ability
d. Speech
e. Other (comments) 
Q3. Are you satisfied with the result of treatment? 
a. Very satisfied/Satisfied/Somewhat dissatisfied/Very dissatisfied
b. If you are dissatisfied, what is the reason? (comment)
Q4. With your current experience, would you have chosen this treat-
ment again?
Yes, definitely/Yes, probably/No, probably not/No, definitely not
Q5. Have you experienced a change in sensation in your face/ lip/ 
gums?
a. Yes/No/Unsure
b. Comments
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Results

Eighty-six patients fulfilled the inclusion criteria, and the question-
naire participation rate was 69.8 per cent (60 of 86). Thirteen parti-
cipants were male (21.7 per cent) and 47 were female (78.3 per cent). 
The median age at surgery was 25.5 years. Twenty (33.3 per cent) 
individuals underwent a Le Fort I procedure only, 18 (30 per cent) 
underwent a BSSO procedure, and 22 (36.7 per cent) underwent 
bimaxillary surgery (Bimax). Fifty-one (85.0 per cent) of the patients 
had an AOB at T1 (pre-surgery) and constitute the AOB subsample.

Pre- and post-treatment cephalometric data of the total sample 
(n = 60) are shown in Table 2. The sample can generally be described 
as high-angle Class II with a retrognathic mandible, increased over-
jet, and often with an AOB. Pre- and post-treatment cephalometric 
data of the three surgical subsamples are shown in Table 3. Overall 
skeletal treatment changes were generally small from pre-surgery to 
3  year follow-up in all subsamples (Tables  2 and 3). On average, 
there was an improvement in overbite and overjet.

Motives for treatment

Total sample 
The most frequently reported motives for seeking treatment were to 
improve oral function (85.0 per cent) and dental appearance (71.7 
per cent; Figure 2). Facial appearance was reported by 41.7 per cent, 
and the least reported motive was speech. Two individuals reported 
TMD as a motive for seeking treatment.

Surgical subsamples 
A statistically significant difference between the surgical subsamples 
was found for speech (P = 0.03), which was most frequently reported 
in the LeFort I subsample (35.0 per cent).

AOB subsample 
Oral function (88.2 per cent) and dental appearance (70.5 per cent) 
were the two most frequently reported motives. Speech was again 

the least reported (19.6 per cent), and facial appearance was re-
ported slightly less than in the total sample (35.0 per cent).

Perceived improvement

Total sample 
The majority reported an improvement in oral function, dental ap-
pearance, and facial appearance (Figure 3). Speech was unaffected 
for most patients.

Surgical subsamples 
A statistically significant difference between the subsamples was 
only found for facial appearance (P = 0.02). Forty-five per cent of 
the Le Fort I  subsample, 66.7 per cent of the BSSO, and 86.3 per 
cent of the Bimax subsample reported an improvement in facial ap-
pearance (Figure 4), with 20.0, 16.7, and 13.6 per cent, respectively, 
reporting a worsening.

AOB subsample 
The AOB subsample reported results similar to the total sample. 
Dental appearance improved for 90.2 per cent and oral function for 
80.4 per cent. Facial appearance improved for 60.8 per cent, 19.6 
per cent reported no change, and 19.6 per cent reported a worsening. 
Speech was unchanged for 70.6 per cent and improved for 15.7 per 
cent.

Sensory impairment
Thirty-eight patients reported unchanged or fully recovered sen-
sory function at 3  years post-surgery. Twenty-two reported per-
manent sensory impairment, and an association between patient 
dissatisfaction and sensory impairment was found (Cramer’s 
V = 0.3, P = 0.02).

Patient satisfaction with the treatment result
Total sample 
Thirty per cent were very satisfied, 53.3 per cent were satisfied, and 
16.7 per cent were dissatisfied with the treatment. Of the 10 dissatis-
fied patients, 8 gave their reasons in the comments section. Six were 
dissatisfied with the resulting occlusion, and two of these specifically 
mentioned relapse. Three patients were dissatisfied with their facial 
appearance, and one experienced loss of sensation in the lower lip. 
Eleven of the satisfied patients gave negative comments about the 
effects of changed sensation, facial appearance, TMD, and that the 
treatment process was extensive.

Figure 1. Landmarks, reference lines, and coordinate system used in the 
cephalometric analysis.

Table 2. Cephalometric characteristics of the total sample  
pre-surgery (T1) and at the 3 year follow-up (T5) [median (M) and 
interquartile range (IQR)]. ML/NSL, mandibular-plane angle

 Pre-surgery (T1) 3 year follow-up (T5)

 M IQR M IQR

Age (years) 25.7 (20.1, 29.2)   
SNA 78.6 (76.4, 81.6) 79.0 (76.6, 81.9)
SNB 70.9 (69.4, 73.7) 73.5 (71.2, 75.5)
ANB 7.0 (5.9, 9.1) 5.1 (3.6, 7.3)
ML/NSL 43.9 (41.2, 46.5) 42.5 (40.4, 46.0)
Overjet (mm) 6.6 (4.4, 8.1) 3.8 (2.7, 4.9)
Overbite (mm) −1.8 (−2.9, −0.8) 0.0 (−0.6, 0.8)
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Surgical subsamples 
Most patients in the Le Fort I subsample (90.0 per cent) was satisfied 
or very satisfied with the overall treatment result, the corresponding 
rates were 72.2 and 86.4 per cent for the BSSO and Bimax sub-
samples (Figure 5).

Figure 3. Relative distribution of responses to questions about the effects of 
treatment (Q2; Table 1) among the total sample of 60 patients.

Figure 4. Relative distribution of responses to the question about the effect 
of treatment in terms of facial appearance (Q2; Table  1) among the three 
surgical subsamples.
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Figure 2. Relative distribution of responses to questions about motives for 
treatment (Q1; Table 1) among the total sample of 60 patients. The responses 
‘Not important’ and ‘Not important at all’ are combined.
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AOB subsample 
Eighty-two point 4 per cent were satisfied or very satisfied with treat-
ment result and 17.6 per cent were dissatisfied. The majority (81.7 
per cent) of the patients reported they would re-elect treatment when 
they were asked ‘knowing what you know today, would you make 
the same decision to undergo treatment?’ (Table 4).

Association between patient satisfaction and 
skeletal relapse
More than 30 per cent of the total sample showed horizontal relapse of 
the mandible ≥2 mm, measured at B point (Table 5). Almost half of the 
BSSO and the Bimax subsamples had relapse ≥2 mm compared with 20 
per cent in the LeFort I subsample. A moderate association was found 
between patient dissatisfaction and relapse at B point (e2 = 0.18).

Association between patient satisfaction and 
correction of AOB
Almost half of the total sample (48.3 per cent) had an AOB at the 
3 year follow-up (Table 6). The highest open bite rate was 62.5 per 
cent in the BSSO subsample. More than half (55.1 per cent) of the 

AOB subsample had an anterior bite at 3 years. The LeFort I sub-
sample had the lowest rate of open bite at the 3 year follow-up (30.0 
per cent).

An association was found between patient dissatisfaction and an 
AOB at 3 years post-surgery (e2 = 0.23) (Figure 6). No association 
between patient satisfaction and gender or age was found. No asso-
ciation was found between the initial severity of the malocclusion 
and patient satisfaction.

Discussion

In this study of 60 high-angle Class II patients, the most frequently 
reported reasons for seeking treatment were to improve oral func-
tion and dental appearance. Although the majority reported an im-
provement in these areas, 16.7 per cent reported a worsening in 
facial appearance from treatment. Only 30.0 per cent were ‘very’ 
satisfied with overall treatment and 22.0 per cent of the satisfied 
patients reported at least one negative consequence; 16.7 per cent 
were dissatisfied.

The Le Fort I  subsample had the highest rate of patient satis-
faction and likelihood to re-elect treatment. The Le Fort I had the 
lowest rate of AOB 3 years after surgery but also had the highest 
rate of self-reported worsening in facial appearance. This suggests 
that oral function was more important than facial appearance for 
this subsample. The BSSO and Bimax subsamples reported lower 
rates of overall satisfaction. Worryingly, almost one-third of BSSO 
patients were dissatisfied, although the differences between the sur-
gical subsamples were not statistically significant, possibly due to 
small sample sizes.

Figure 5. Relative distribution of responses to the question about satisfaction 
with the overall treatment result (Q3; Table  1) among the three surgical 
subsamples.

Table 4. Distribution of responses to the question of whether the 
patient would re-elect surgery based on their experience with 
treatment and the result (Q4; Table 1)

Surgery No (%) Unsure (%) Yes (%)

Le Fort I 10.0 5.0 85.0
BSSO 11.0 16.7 72.3
Bimax 0.0 13.6 86.4
Total sample 6.6 11.7 81.7

Table 5. Proportion of patients with relapse at B point ≥2 mm at the 
3 year follow-up (T5)

Surgical subsample 3 year follow-up (T5)

Total sample 36.2%
Le Fort I 20.0%
BSSO 43.8%
Bimax 45.5%

Table 6. Proportion of patients with an anterior open bite (AOB) at 
pre-surgery (T1) and at 3 year follow-up (T5) by subsample. BSSO, 
bilateral sagittal split osteotomy

Subsample Pre-surgery (T1)
3 year follow-up  
(T5)

AOB 100 % 55.1%
Total sample 85.0% 48.3%
Le Fort I 95.0% 30.0%
BSSO 94.4% 62.5%
Bimax 68.2% 54.5%

Figure 6. Association between patient satisfaction (satisfied or dissatisfied) 
and degree of open bite or positive overbite at 3  years post-surgery [a 
negative value indicates an open bite, a positive value indicates an overbite 
(millimetres)]
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Dissatisfaction was associated with horizontal mandibular re-
lapse and with an AOB at 3 years post-surgery. It was also associated 
with a loss of sensory function. The higher rate of dissatisfaction 
in the Bimax and BSSO subsamples may be due to the increased 
rates of AOB, mandibular relapse, and sensory impairment. Sensory 
impairment is frequently associated with the BSSO and Bimax pro-
cedure (10, 24, 25). The average long-term surgical skeletal changes 
were smaller than expected considering that the aim of surgery is to 
reduce the underlying skeletal discrepancy; nevertheless, the overjet 
and AOB improved in all subsamples.

The findings in the present study are in agreement with previous 
studies on motives for seeking orthognathic treatment, although a 
higher proportion reported facial appearance to be important in 
other studies (9, 11, 12, 15, 18, 26–28). There are a few studies on 
Class II malocclusion for comparison (7, 10, 25, 29), but none on 
high-angle Class II patients or Class II open bite. As studies tend to 
combine ‘very satisfied’ and ‘satisfied’, subtle distinctions between 
satisfaction rates in subsamples may be overlooked. The combined 
(satisfied and very satisfied) satisfaction rate (83.3 per cent) in the 
present study are amongst the lowest reported for orthognathic sur-
gery so far, with most finding satisfaction rates of more than 90 per 
cent or at least a higher proportion of highly satisfied patients (6, 8, 
9, 15, 16, 18, 30–35). The dissatisfaction rate found (16.7 per cent) 
is, thus, high relative to previous studies (9, 36), but there are few 
rates of dissatisfaction to compare with. When studies only report 
satisfaction rates, it is difficult to establish whether participants that 
were not among the satisfied were really dissatisfied. Two studies 
have reported that mandibular advancement patients were less satis-
fied than mandibular setback patients (10, 25), and treatment for a 
retrognathic mandible was associated with a lower score in overall 
satisfaction in another study (29). On the other hand, studies have 
also found no difference between surgical subsamples (16) or be-
tween malocclusion subsamples (18, 37). Patients with more severe 
deformities have reportedly been more satisfied after treatment (38), 
but such an association was not confirmed by this present study.

Limitations of the study
This study is based on retrospective data and accordingly there is 
a risk of bias. To reduce this risk, only consecutive treatments were 
included. The reasons for the 30.2 per cent non-participation rate 
are unknown, but highly satisfied or dissatisfied patients may have 
refrained from completing the questionnaire.

The present study has used a questionnaire with fixed alterna-
tive answers and, as this was a retrospective study, there was no 
opportunity to change to another method, such as a visual analogue 
scale or oral health-related quality of life index (15). The number of 
questions used to assess patient satisfaction could have been more 
comprehensive and included factors such as treatment duration, 
treatment costs, and quality of pre-treatment information that may 
also influence patient satisfaction (26). Nevertheless, the question-
naire uses two questions that have been consistently used in previous 
studies (6, 18, 30, 32, 34, 38–43), and a comments section was avail-
able for the patient to use after every question.

Although participants could give more than one reason for seek-
ing treatment, it might have been more useful to ask them to rate 
their order of importance. A  qualitative approach may be better 
suited than quantitative methods to reach a deeper understanding of 
patients’ expectations from treatment and on how to better support 
the small but important proportion of patients that report dissatis-
faction with the treatment (13, 44). However, taking in to account 
the long-term interval needed to collect this sample of high-angle 

Class  II patients, a qualitative study or the development of a new 
questionnaire to supplement the findings would probably have re-
sulted in a low response rate.

The long follow-up time was considered important because re-
lapse of high-angle Class II tends to appear over a period of time. 
However, 3 years is a considerable time span, which may affect pa-
tients’ memories about the treatment. (38)

The inclusion criteria restrict this sample to high-angle Class II 
malocclusion. The prevalence of high-angle Class  II malocclusion 
treated by orthognathic surgery is relatively low compared to other 
types of malocclusions, and it was, therefore, not possible to increase 
the sample size whilst maintaining the inclusion criteria. The sample 
has a higher proportion of females than males, which is typical of 
surgical samples (45).

Conclusions

An improvement in oral function and dental and facial appearance 
was reported by the majority of these high-angle Class  II surgical 
participants. However, a higher rate of dissatisfaction was found 
than what is usually reported for othognathic surgical patients in 
general, which is of concern. Dissatisfaction was primarily associ-
ated with a persisting AOB. In addition, mandibular relapse and im-
paired sensory function were related to dissatisfaction and these are 
associated with mandibular surgery.

Prospective patients may benefit from a comprehensive consult-
ation about surgical approaches and possible treatment outcomes, 
including relapse tendencies. Future studies are needed to examine 
how to support the significant proportion of patients who report dis-
satisfaction, particularly as the negative effects of this elective pro-
cedure may have a large impact on a healthy individual’s life.
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