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Abstract:  26 

Purpose: Inferior maxillary repositioning is among the most unstable orthognathic procedures. The 27 

overall purpose of this study was to measure skeletal stability after inferior maxillary repositioning.   28 

Method: The authors implemented a retrospective cohort study. The study cohort was derived from 29 

all orthognathic patients treated between January 2011 and December 2013 in Odense University 30 

Hospital. Inclusion criteria were orthognathic surgery with inferior maxillary reposition in patients 31 

with no maxillary segmentation or cleft lip/palate. Exclusion criteria were non-attendance at follow-32 

up or requiring reoperation before the 1-year follow-up. The primary predictor variable was the time 33 

from 1-week follow-up to 1-year follow-up. The primary outcome variable was maxillary skeletal 34 

movement. Other variables of interest were age, sex, preoperative occlusal relationship, obtained 35 

maxillary movement, and type of surgery (mono- or bimaxillary procedure). Skeletal stability was 36 

measured at the centroid, anterior, and posterior nasal spines using the semi-automatic 37 

measurement technique. Skeletal stability was clinically defined as less than 2 mm movement in any 38 

direction. Positive directions of the 3 axes were right, anterior, and superior. The data were analyzed 39 

by mixed model linear regression analysis and 1-sample t-tests.  40 

Results: In total, 17 patients were included in the study (mean age 28, 35% female, 59% bimaxillary 41 

surgeries). Inferior maxillary repositioning was stable with less than 0.3 mm mean skeletal movement 42 

in any direction. Only 1 patient had a relapse of more than 1 mm in the posterior direction and none 43 

exceeded 2 mm. However, 3 patients were excluded from this analysis, since they required 44 

reoperation during the first year after surgery due to osteosynthesis failure.  45 

Conclusion: Inferior maxillary repositioning was stable during the first year after surgery; however, 46 

there was a high complication rate (15%). Thus, this procedure may still benefit from use of more 47 

rigid patient-specific, printed plates to increase postoperative stability.   48 



Introduction 49 

Reoperation after orthognathic surgical procedures entail both high financial and human costs. The 50 

human costs for patients are additional pain and extended sick leave, and the patient may lose 51 

confidence in the surgeon. Inferior maxillary repositioning is considered among the least stable and 52 

predictable  of orthognathic procedures and carries a high risk of reoperation.1,2 The latest systematic 53 

review from 2015 found only 2 studies of sufficient quality to be included for analysis, a total of 22 54 

patients.3 The reported studies disagreed regarding the 1-year postoperative stability: Perez et al.4 55 

(1997, 10 patients) found a vertical relapse of –1.6 mm, while Kretschmer et al.5 (2010, 12 patients) 56 

found almost no relapse (0.1 mm). Both studies were planned using articulator models, and the 57 

relapse was measured by 2-dimensional lateral cephalometric tracing. Only Liebregts et al.6 have 58 

evaluated the overall 3-dimensional (3D) relapse for orthognathic surgery patients, but no study has 59 

specifically evaluated 3D relapse or skeletal stability in inferior maxillary repositioning.7  60 

 61 

The new 3D semi-automatic technique can be used to measure skeletal stability and relapse 62 

independent of postoperative orthodontic treatment.8–10 The semi-automatic technique uses voxel-63 

based registration to align the reference points in the moving maxillary segment from the 64 

preoperative scan to the 1-week and 1-year postoperative scans without the need to manually re-65 

identify the reference landmarks. Thereby, the measured distance between the reference points 66 

represents the true skeletal movement independent of the resection of the anterior nasal spine 67 

(ANS) and postoperative orthodontic treatment.9  68 

 69 

The overall purpose of this study was to quantify skeletal stability in patients who had undergone 70 

inferior maxillary repositioning. The investigators hypothesized that the lack of bony stability in 71 

inferior maxillary repositioning would destabilize the maxilla and significant relapse could occur in 72 

the superior and posterior directions. The specific aim of the study was to measure the change in 73 

maxillary positioning during the first year after surgery.  74 



 75 

Material and method  76 

Study design 77 

To address the research question, the authors implemented a retrospective cohort study. The study 78 

population was composed of all patients who had undergone this orthognathic procedure in the 79 

Department of Oral and Maxillofacial Surgery at Odense University Hospital from the 1st of January 80 

2013, to the 31st of December 2015. This cohort was also used to evaluate surgical precision in these 81 

patients.11 To be included in the study sample, patients had to have undergone orthognathic surgery 82 

with inferior maxillary reposition, but not have  maxillary segmentation or cleft lip or palate. Inferior 83 

maxillary repositioning was defined as inferior repositioning at 3 dental reference points: the upper 84 

first molars and the upper incisors edge. Patients were excluded if they had not attended the 1-year 85 

follow-up or if they required reoperation during the first year after surgery. Patients who were 86 

reoperated on before the 1-year follow-up were also excluded from the quantitative analysis, but 87 

these patients’ data were qualitatively analyzed post-hoc to evaluate underlying causes of 88 

osteosynthesis failure. In observance with the Danish code of conduct for research ethics, written 89 

consent was provided by all patients prior to inclusion, and all included surgeries used 3D virtual 90 

surgical planning (3D systems, Rockhill, SC). This study was exempt from ethical approval by the 91 

institutional review board, since the study did not directly influence patient’s treatment. This study 92 

was performed in compliance with the World Medical Association Declaration of Helsinki (2000). 93 

 94 

Variables 95 

The primary predictor variable was the time from the 1-week postoperative follow-up to the 1-year 96 

postoperative follow-up. The primary outcome variable was skeletal stability measured as the 97 

distance between the maxillary position at 1 week and 1 year after surgery. Skeletal stability was 98 

measured as a continuous variable at the centroid point of the maxilla along the 3 axes: right, 99 

anterior, and superior. Skeletal stability was clinically defined as less than 2 mm movement in any 100 



direction. Confounding variables were also recorded in the description of the sample [age, sex, 101 

preoperative occlusal relationship (angle class I, II, or III)] and the orthognathic surgery [obtained 102 

maxillary movement and type of surgery (maxilla-only or bimaxillary procedure)].  103 

 104 

Data collection methods 105 

The mandibular and maxillary segments were positioned by intermaxillary surgical splints in 106 

accordance with the virtual surgical plan. In bimaxillary procedures, the mandible was operated on 107 

first. The maxillary osteotomy was performed as a standard, horizontal Le Fort 1 osteotomy. The 108 

maxillary osteotomy was stabilized by 4 L-shaped plates (BioMet 2.0 systems, Zimmer Biomet corp., 109 

Warsaw, IN). The osteotomies were grafted by local bone, but no extraoral block grafting was 110 

performed. The solid bone grafts were interpositioned around the plates or in the osteotomy 111 

between the plates to stabilize the vertical dimension. All participants attended postoperative 112 

orthodontic treatment for finalization of occlusion. 113 

 114 

Cone beam computed tomography (CBCT) scans were performed at 1-week and 1-year follow-up 115 

using a NewTom 3G CBCT scanner (NewTom, Verona, Italy) with standard settings (field of view, 20 116 

cm x 20 cm; 110 kV; radiation exposure, 59 µSV12).  117 

 118 

Semi-automatic 3D measurement technique 119 

To differentiate the skeletal movements from the postoperative orthodontic movements and bone 120 

remodeling at the ANS and PNS, the maxillary movement was measured using a validated 3D semi-121 

automatic protocol.9 To position the reference points independently of dental movements and bone 122 

remodeling, the hard palate in the postoperative scans was aligned with the hard palate in the 123 

preoperative scan. When the moving maxillary segments are aligned at the bony palate, the 124 

reference points can be positioned identically in the preoperative scan and in the follow-up scans 125 

even if the reference landmarks have moved in the follow-up scans. Thereby, the reference points 126 



are still positioned identically in both the 1-week and the 1-year scans relative to the bony palate, 127 

even if the teeth were moved orthodontically or bony remodeling occurred. Thus, the reference 128 

points are positioned where the teeth and the ANS and PNS should have been in the follow-up scans 129 

if no orthodontic movements and bone remodeling had occurred. To align the global coordinate 130 

systems in the outcome measurements with the virtual surgical plan, the preoperative scan was 131 

rotated to align with the natural head position in the virtual surgical plan. Then, the cranial base in 132 

both the 1-week and the 1-year scans was aligned with the cranial base in the preoperative scan, and 133 

the distance between the respective reference points was measured.  134 

 135 

In total, 5 reference points were positioned directly in the axial, coronal, and sagittal views: the top 136 

of the mesiobuccal cusp on the first molar on each side (M6L and M6R), the midline at the edge of 137 

the central incisors (U1I), the posterior nasal spine (PNS), and the ANS.  138 

 139 

Mean linear reposition at the dentition was measured between the virtual centroid (C) points in the 140 

scans. The C points were created from the mean of 3 dental reference points (M6L, M6R and 141 

U1I).13,14 All measurements were recorded in relative numbers according to the positive values of the 142 

axes: right, anterior, and superior. Right was defined from the patient’s perspective, thus the 143 

patient’s right side.   144 

 145 

Rotations were measured in degrees around the central mid-molar (MM) point, calculated as the 146 

mean of the first molars’ reference points. The rotations were calculated as the difference between a 147 

dental reference point and the MM point: a positive yaw moved U1I to the left, a positive pitch 148 

moved U1I upwards, and a positive roll moved M6R upwards.   149 

 150 

Data analyses 151 

Data were analyzed using STATA 15.0 (StataCorp Lt, College Station, TX). 152 



 153 

Descriptive variables were compared between the analyzed cohort and the patients with 154 

osteosynthesis failure. Descriptive variables were analyzed by Fisher’s exact test and Wilcoxon rank-155 

sum test of unpaired data. The skeletal stability was presented with means and standard deviations 156 

and visualized in a box plot. The primary outcome was tested by 1-sample t tests to establish 157 

whether the postoperative skeletal movement was significantly different from 0. Multilevel 158 

regression analysis was performed because each patient had multiple measurements along the 3 159 

axes for both outcome and predictor variables. Therefore, the data were considered as clustered, 160 

and linear mixed model regression was performed to accommodate both fixed and random effects of 161 

the individuals while correlating for confounding variables.  162 

 163 

The level of statistical significance in all tests was set to a P value less than or equal to .05.  164 

  165 



Results 166 

Twenty-five patients fulfilled the inclusion criteria and were invited to participate in the study, but 2 167 

declined to participate, and 2 did not respond, leaving 21 patients. Of these 4 patients were 168 

excluded: 1 patient did not attend the 1-year follow-up and 3 patients required reoperation before 169 

the 1-year follow-up. Thus, the final cohort for quantitative analysis of postoperative skeletal 170 

movement consisted of 17 patients (Table 1).   171 

 172 

Overall, all included patients were clinically stable and all skeletal movements were less than 2 mm in 173 

any direction when measured at the centroid. Only 1 patient experienced a skeletal relapse of more 174 

than 1 mm in the posterior direction (20-year-old female with neutral occlusion who required 175 

bimaxillary surgery). The maxillary skeletal stability of the cohort showed a distribution with 2 176 

negative outliers along the anterior axis (Fig. 1). The mean relative skeletal change of less than 0.2 177 

mm and a mean absolute skeletal movement of less than 0.4 mm (Table 2). The vertical stability at 178 

the PNS was slightly less stable, with a standard deviation of more than 1 mm and a mean absolute 179 

skeletal movement of 0.7 mm. Likewise, rotational differences were also minimal, with rotations of 180 

less than 0.3 degrees (Table 3).  181 

 182 

Multivariable analysis of the included patients’ confounding variables showed a correlation between 183 

skeletal movement in the superior and posterior directions (Table 4). The relapse was negatively 184 

correlated with the obtained inferior repositioning, meaning that a large inferior repositioning 185 

relapsed in a superior direction. Finally, the skeletal movements were correlated with bimaxillary 186 

repositioning, indicating that bimaxillary surgery was less stable than solitary maxillary repositioning.  187 

 188 

In the bimaxillary procedures the maxilla moved in a posterior direction, while in the solitary 189 

maxillary procedures the maxilla moved in an anterior and superior direction (Table 5). This 190 

difference between solitary and bimaxillary procedures was not statistically or clinically significant. 191 



 192 

The 3 excluded patients needing reoperation before 1-year follow-up were evaluated post-hoc for 193 

factors that could explain the osteosynthesis failure. The need for reoperation was diagnosed 2, 5, 194 

and 12 months after surgery. The reasons for additional surgery were failure of the osteosynthesis 195 

plates with malocclusion, failure of the osteosynthesis plates with clinically significant asymmetry, 196 

and non-union of the maxilla after 12 months of healing. All were bimaxillary surgeries with maxillary 197 

advancements, but no other confounding variable was consistently present in all 3 patients (Table 1 198 

& Supplemental material). The CBCT scans were inspected to evaluate the maxillary bone quality or 199 

quantity, but none of the patients presented with bony abnormalities or unusually thin biotypes that 200 

could explain the osteosynthesis failure. 201 

  202 



Discussion 203 

The purpose of this study was to evaluate skeletal stability in patients who had undergone inferior 204 

maxillary repositioning. The investigators hypothesized that the lack of bony stability in inferior 205 

maxillary repositioning would destabilize the maxilla and significant relapse could occur in the 206 

superior and posterior directions. The specific aim of the study was to measure the change in 207 

maxillary positioning during the first year after surgery. This study is the first to analyze 208 

postoperative skeletal stability in inferior maxillary repositioning by 3D measurements. Inferior 209 

maxillary repositioning was quite stable, with a mean skeletal movement of less than 1 mm in 210 

patients without postoperative complications. However, 3 patients were excluded from the study 211 

since they required reoperation during the first year after surgery.  212 

 213 

The stability of inferior maxillary repositioning in patients without complications was consistent with 214 

the findings of Kretschmer et al.5, indicating that inferior maxillary repositioning is quite stable. While 215 

Kretschmer et al.5 reported a skeletal stability that was almost identical to the findings in the present 216 

study (0.1 mm versus 0.25 mm), but the standard deviation was higher (1.3 versus 0.46 mm). This 217 

increase in variation may be due to  their use of a larger inferior repositioning of the maxilla (ANS: 3.2 218 

mm inferior versus 1.65 mm)5 or because the 2D outcome measurement method was less accurate 219 

than our 3D technique.   220 

 221 

The high complication rate (15%) indicates that many patients may still benefit from increased 222 

stability following inferior maxillary repositioning. Stabilizing the obtained maxillary position may be 223 

achieved by incorporating additional rigidity into the plates (i.e. 3D patient-specific, printed plates)15 224 

or by increasing the support of the plates (i.e. by extraoral bone grafting)16.  225 

 226 

Only a few common traits were found for patients requiring re-operation during the first year after 227 

surgery. All were bimaxillary procedures with maxillary advancement. In the mixed model analysis, 228 



the bimaxillary procedures were also found to be a significant confounding variable for skeletal 229 

movement in patients without complications, indicating that bimaxillary procedures were less stable. 230 

Bending the plates multiple times could reduce the rigidity of the plates, but no evidence of this was 231 

found, and all operations were performed by experienced consultant surgeons. Interestingly, the 232 

preoperative occlusal relationship did not seem to influence postoperative complications or skeletal 233 

stability. Finally, when comparing the planned and obtained surgical repositioning in patients with 234 

postoperative complications, no distinct pattern emerged. Most planned and obtained movements in 235 

patients with complications were within 1 standard deviation from the mean obtained maxillary 236 

repositioning (see supplemental material). Thus, except for bimaxillary procedures with maxillary 237 

advancement, none of the other registered confounding variables indicated an increased risk of 238 

postoperative complications.  239 

 240 

This study was limited by the small sample size, although the cohort equals the combined sample size 241 

reported in the latest systematic review.3 The limited sample size includes a risk of overfitting the 242 

statistical model. Overfitting the statistical model may increase the correlation of the measurements 243 

and can result in significant P values that do not correspond to the raw data analysis. Thus, the P 244 

values in the mixed level regression models must be interpreted with caution and must be validated 245 

by future independent studies.  246 

 247 

To compensate for the limited sample size, measurement errors were minimized to decrease the 248 

variance of measurements and increase the reliability of the outcome measurements. The semi-249 

automatic measurement technique used in this study has several advantages with regard to 250 

analyzing postoperative skeletal movement. First, the semi-automatic technique shows a high degree 251 

of reproducibility, with less than 0.3 mm difference between repeated measurements.8–10 Second, 252 

using 3D information on the skeletal movement is more accurate and informative than conventional 253 

lateral cephalometric analysis.17–19 Third, the reference points are positioned automatically without 254 



the need to reidentify the landmark, thereby skeletal stability and relapse can be measured 255 

independent of postoperative orthodontic treatment.9,10 Thus, the semi-automatic measurement 256 

technique is ideal for analyzing postoperative skeletal stability and provides reliable results on 257 

skeletal relapse.   258 

 259 

Use of the centroid as the main point of measurement for skeletal stability has potential limitations. 260 

The clinical indication for inferior maxillary repositioning is often to increase incisor display; however, 261 

even though no skeletal movement occurs at the centroid, the vertical reposition of the incisors may 262 

still relapse in a superior direction. In this study, both the centroid and the pitch were stable, which 263 

indicates stability of the incisor display. Likewise, the skeletal change at the ANS was stable and may 264 

be a more clinically relevant indicator of stability of the central incisor display. Since the dental 265 

reference points used to calculate the centroid are not equally relevant clinically, future studies 266 

should consider using the central incisors edge as the primary measurement point instead of the 267 

centroid.  268 

 269 

Despite the reliability of the outcome measurements, not all problems concerning skeletal stability 270 

were addressed in this study. Skeletal relapse occurring before the 1-week postoperative scan was 271 

not included in this study but has previously been reported as surgical inaccuracy. The previous 272 

studies on surgical accuracy found a much larger variation between the virtual surgical plan and the 273 

obtained reposition.11,20 It is unknown how much of the surgical inaccuracy is caused by early skeletal 274 

relapse, and the problem of skeletal instability may therefore be larger than reported in this study. 275 

Thus, it is still advisable to increase the skeletal stability in inferior maxillary repositioning using bone 276 

grafting or 3D patient-specific, printed plates. Hopefully, increased skeletal stability will increase the 277 

surgical accuracy and decrease the number of postoperative complications, thereby reducing both 278 

the financial and human cost involved in reoperation.  279 

 280 



In conclusion, inferior maxillary repositioning was stable during the first year after surgery but 281 

entailed a high complication rate and the risk of reoperation. Further studies are needed to validate 282 

these findings in larger samples, preferably in a multi-center study setup. Future studies should also 283 

explore whether inferior maxillary repositioning could benefit from the use of more rigid patient-284 

specific, printed plates to increase postoperative stability.   285 
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Tables 353 

Table 1. DESCRIPTIVE COHORT ANALYSIS OF INCLUDED COHORT AND PATIENTS EXCLUDED DUE TO 

REOPERATION DURING THE FIRST YEAR AFTER SURGERY 

Descriptive data Included cohort 

Excluded due to 

reoperation before 1-

year follow-up 

P Value 

    

Participants (N) 17 3  

Female gender 6 2 .54* 

Mean age (yr.) 28 26 1.00$ 

Range (yr.) 17–64 19–37  

Occlusion (Angle Classification)    

Neutral (I) 5 1 1.00* 

Distal (II) 5 1  

Mesial (III) 7 1  

Type of surgery    

Maxillary advancement 16 3 1.00* 

Bimaxillary surgery 10 3 .52* 

Mandibular advancement 9 2  

Mandibular setback 1 1  

    

* Fisher’s exact test.  354 

$ Wilcoxon rank-sum test of unpaired data. 355 

  356 



 357 

Table 2. LINEAR SKELETAL MOVEMENT MEASURED AT THE CENTROID POINT AND AT ANTERIOR 

AND POSTERIOR NASAL SPINES (N = 17) 

Measurements (mm)  

Mean (SD) 
1 week 1 year 

Absolute 

skeletal 

movement 

Relative 

skeletal 

movement 

P Value* 

      

Centroid      

Right −0.06 (0.87) −0.11 (0.18) 0.15 (0.08) −0.05 (0.17) .280 

Anterior   2.03 (1.51) 2.05 (0.34) 0.34 (0.30)  0.01 (0.46) .916 

Superior −1.37 (1.01) −1.18 (0.22) 0.27 (0.22)  0.19 (0.30) .018 

ANS      

Right −0.18 (1.15) −0.22 (1.10) 0.13 (0.11) −0.04 (0.17) .344 

Anterior 2.42 (1.85) 2.53 (1.84) 0.21 (0.22) −0.10 (0.07) .166 

Superior −1.79 (1.65) −1.54 (1.36) 0.41 (0.31) 0.25 (0.46) .037 

PNS      

Right 0.48 (0.89) 0.58 (0.77) 0.22 (0.25) 0.10 (0.32) .228 

Anterior 2.66 (1.79) 2.46 (1.92) 0.23 (0.42) −0.20 (0.44) .085 

Superior −0.56 (1.51) −0.38 (1.05) 0.69 (0.83) 0.19 (1.08) .480 

      

Abbreviation: SD, standard deviation. ANS, anterior nasal spine. PNS, posterior nasal spine. 358 

* One sample t test, evaluating whether the relative skeletal movement was different from 0.  359 

  360 



  361 

Table 3. ROTATIONAL SKELETAL MOVEMENT MEASURED AT THE OCCUSAL LEVEL (N = 17) 

Measurements (°)  

Mean (SD) 
1 week 1 year 

Absolute 

skeletal 

movement 

Relative 

skeletal 

movement 

P Value* 

      

Yaw  0.70 (1.58)  0.82 (1.39) 0.25 (0.21) 0.12 (0.31) .117 

Pitch −1.39 (2.83) −1.13 (2.04) 0.87 (0.88) 0.25 (1.23) .411 

Roll −0.27 (1.17) −0.35 (1.12) 0.34 (0.37) −0.09 (0.50) .476 

      

* One sample t test, evaluating whether relative skeletal movement was different from 0.  362 

  363 



 364 

Table 4. MIXED LINEAR REGRESSION ANALYSIS OF INTERNAL CORRELATION AND 

CONFOUNDING VARIABLES MEASURED AT THE CENTROID (N = 17) 

 β P Value 
95% Confidence interval 

Upper limit Lower limit 

     

Internal correlation to superior axis     

Right −.14 .359 −.45  .16 

Anterior −.31 .007 −.56 −.06 

Interaction with obtained movement 

Superior (baseline) −.12 .010 −.21 −.03 

Right (addition to baseline)  .06 .470 −.10  .22 

Anterior (addition to baseline) −.00 .993 −.17  .17 

Type of surgery     

Bimaxillary surgery −.38 .005 −.63 −.11 

Occlusion (Angle Classification)     

Distal (II) −.01 .956 −.25  .23 

Mesial (III) −.12 .236 −.33  .08 

Female gender  .10 .199 −.05  .26 

Age (yr.)  .01 .030   .00  .02 

Constant  .21 .185 −.10  .53 

SD (between subjects) 4x10-10  3x10-14  6x10-6 

SD (within subjects)  .25    .21  .31 

     

Note: The measurements for mixed model regression are the difference between planned and 365 

obtained movement.  366 



Abbreviation: SD, standard deviation.  367 



 368 

Table 5. COMPARISON BETWEEN MAXILLA-ONLY AND BI-MAXILLARY PROCEDURES 

Measurements (mm), Mean (SD) Solo-maxillary (N = 7)  Bi-maxillary (N = 10)  P Value* 

    

Right −.02 (.11) −.06 (.20) .634 

Anterior   .25 (.28) −.16 (.50) .071 

Superior .27 (.11) .14 (.32) .395 

    

* Student’s t test.  369 



Figures: 370 

 371 

Figure 1. Box plot of skeletal movement during the first year after surgery (N = 17). The maxillary 372 

skeletal movement was measured along 3 axes. Maxillary skeletal movement was measured between 373 

the 1-week and 1-year postoperative scans. Patients requiring reoperation during the first year after 374 

surgery were not included.  375 


