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Introduction: Posterior impaction of the maxilla leads to spontaneous rotation of the man-
dible and these rotations are often accompanied by soft tissue and skeletal changes. The present 
research aims to determine the effects of posterior impaction of the maxilla on mandible’s Autoro-
tation in patients with anterior open bite.

Materials and Methods: Using a 3D reconstructed model of 25 patients with anterior open 
bites, this descriptive study is conducted. The construction model of the posterior segment of the 
mandible design was subjected to 2, 3, 5, and 7mm posterior impaction of the maxilla around the 
ANS axis without any mandibular intervention, using the available CT scan and ProPlan CMF 
software. Following this, the autorotation and anterior open bite correction were assessed. A basic 
linear regression test was used to examine the effects of various variables on the anterior open bite 
closure at various impaction rates.

Results: The rise, in impact rate led to an increase in the byte closure rate. With 2, 3, 5 and 7mm 
posterior impaction of the maxilla, the bite closure was not significantly affected by maxilla length, 
mandible length, U1-SN angle, ANS-PNS angle with the maxillary occlusal plane, or mandibular 
incisor angle with the mandibular plane. Nevertheless, during the 5mm posterior maxillary impac-
tion procedure, there was a 0.2mm increase in the open bite closure for every 1 degree increase in 
IMPA; this number is statistically significant. (p<0.001).

Conclusion: The amount of bite closure increased along with the posterior impaction of the 
maxilla. All other variables did not significantly affect bite closure rate, with the exception of the 
IMPA variable in 5mm impactions.

Keywords: Maxillary posterior impaction; Mandible autorotation; Anterior open bite; ProPlan 
CMF software.
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Introduction

Under normal circumstances, the lower in-
cisors are vertically aligned and spaced 1 to 
3mm apart from the upper incisors. When 

there is no vertical overlap—that is, when the posterior 
teeth are fully occluded but the anterior teeth are still 
spaced apart—this condition is known as an open bite. 
Numerous factors, such as anomalies in the develop-
ment of the jaws, genetic predispositions, nail biting, 
tongue, lip, or thumb sucking, can contribute to this 
disorder [1]. Numerous conditions, including dental, 
skeletal, neurological, and respiratory issues, can con-
tribute to this anomaly [2-5]. Because of this anoma-
ly’s high recurrence rate, treatment for it can be quite 
complex [6,7]. Patients seek treatment primarily for 
aesthetic reasons, though it can cause problems with 
eating and speech [5].

There are various treatment options for this condi-
tion, the most important of which are myofunctional 
therapy, orthodontic procedures, surgical interventions 
or a combination of these approaches [8]. An open an-
terior bite is when the teeth overlap by at least 1mm 
when the jaw is closed. When skeletal abnormalities 
are the cause of the open bite, a combination of ortho-
dontic and orthognathic surgery. For patients, with an 
anterior open bite this surgical procedure involves Le 
Fort I osteotomy and posterior impaction of the max-
illa [5,9]. This method involves making an incision in 
the upper buccal sulcus, performing an osteotomy to 
free the maxilla and then by removing the posterior 
portion of the maxillary bone, it moves upward in the 
posterior part, causing mandibular rotation and ulti-
mately closing the bite open [9]. Conditions like long 
face syndrome, gummy smiles (excessive gum display), 
decreases in lower face height, skeletal open bite cor-
rection, and lip sealing can all be treated with maxillary 
impaction surgery [10]. Maxillary impaction can cause 
the lower jaw to auto-rotate forward naturally as orig-
inally observed by Schendel et al. (1976) [11]. These 
spontaneous jaw rotations are often linked to changes, 
in both soft tissues and bone structure as can also be 
observed in mandibular advancement or a reduction 
in the lower face’s vertical height [12]. In the field of 
deformity surgery, it is crucial to be able to predict the 
changes that will occur in both the structure and soft 
tissues [13]. Over the decades advancements in virtual 
planning technology and software have made it possi-
ble to anticipate the outcomes of such surgeries. One 
notable software tool that has emerged is CMF Pro-
plan, specifically designed for planning purposes. By 
utilizing virtual treatment imaging alongside engineer-

ing expertise this software has been proven to enhance 
outcomes and reduce reconstruction time notably. Ini-
tially introduced in 2011, CMF Proplan is now widely 
utilized across Europe and America [14]. The primary 
objective of this study is to assess how maxillary im-
paction effects mandibular autorotation in patients 
with an anterior open bite, through geometric analysis, 
using the ProPlan CMF software based on available CT 
scans.

Materials and Methods

This research uses a descriptive method concentrat-
ing on 3D reconstructed models of individuals, with 
anterior open bites. A total of 25 cases with anterior 
open bite who underwent surgery at the advanced max-
illofacial research center at Shariati Hospital between 
January 20, 2020 and January 20, 2021 were included in 
the investigation. The research protocol was approved 
by the ethics committee of the Faculty of Dentistry, at 
Tehran University of Medical Sciences (approval code; 
IR.TUMS.DENTISTRY.REC.1401.020). In Figure 1 the 
CT scan images display a 11.6mm width open bite re-
construction using ProPlan CMF software. The soft-
ware used existing CT scans to depict an impaction of 
the maxilla by 2mm (Figure 2), 3mm (Figure 3), 5mm 
(Figure 4) and 7mm (Figure 5), with no intervention 
in the mandible. The study evaluated the mandibular 
autorotation and the extent of correction of the open 
bite. For each patient, the angle between palatal plane 
and occlusal plan of maxilla (Figure 6), length of man-
dible (Co-Gn), length of maxilla (Co-A), the angle of 
maxillary central incisors to the cranial base (U1-SN) 
and the angle of the lower incisors to the mandibular 
plane (IMPA) was measured and recorded. In Figure 
7, 3D cephalometric analysis using soft Proplan CMF 
software is shown. Figure 7 illustrates a cephalometric 
analysis conducted using Proplan CMF software. Ad-
ditionally, we compared the amount of open bite both 
before impaction and after impaction, by 2, 3, 5 and 7 
millimeters. STATA 17 was the software used for data 
analysis. Important statistics were computed, including 
the minimum and maximum values, the interquartile 
range, the mean, the median, and spread metrics like 
deviation.  The measurements of bite closure post im-
paction were assessed at 2mm, 3mm, 5mm and 7mm. 
We used a Shapiro-Wilk test (p<0.05) to verify that the 
data fit into a normal distribution. Using a straightfor-
ward linear regression analysis, the effects of several 
factors on the degree of bite closure after varying de-
grees of maxillary impaction were investigated. 
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Figure 1. Reconstruction of primary anterior open 
bite of 11.6mm in CT scan images using from Pro-
Plan CMF software (also maxilla length of 84.7mm and 
mandible length of 120.4mm is visible).

Results 

In Table 1, the rate of bite closure following max-
illary posterior impaction with different values is 
presented. In maxillary posterior impaction of 2mm, 
mean of bite closure ± standard deviation was equal to 
2.18±1.1811mm, in maxillary posterior impaction of 
3mm was 3.38±1.2821mm, in maxillary posterior im-
paction of 5mm was 5.55±1.9329mm, and in maxillary 
posterior impaction of 7mm, the rate of bite closure 
in patients was estimated as 11.0±0mm. On the other 
hand, the amount the initial open bite of the patients 
was equal to 4.836.2±2.4464mm. The outcomes of the 
basic linear regression test, which looked into how 
different factors affected the bite closure in the 2mm 
maxillary posterior impactions, are shown in Table 2. 
The amount of bite closure in the 2mm posterior im-
paction of the maxilla was not significantly affected by 
mandible length (p=0.83), angle between the central 
maxillary incisor and skull base (U1-SN) (p=0.218), 
angle between the mandibular incisors and mandibular 
plane (IMPA) (p=0.848), or maxilla length (p=0.183). 
Furthermore, when performing a 2mm posterior max-
illa impaction, the angle between the palatal plane and 
the maxillary occlusal plane (ANS-PNS) had no statis-
tically significant impact on the bite closure. (p=0.526).

The results of a basic linear regression analysis of the 
effects of different factors on open bite closure during 
3mm posterior maxillary impaction are presented in 
Table 3. The amount of bite closure in the 3mm pos-
terior impaction of the maxilla was not significantly 
affected by mandible length (p=0.336), angle between 
the central maxillary incisor and skull base (U1-SN) 
(p=0.296), angle between the mandibular incisors and 
mandibular plane (IMPA) (p=0.313), or maxilla length 
(p=0.628). Furthermore, when performing a 3mm pos-
terior maxilla impaction, the angle between the pala-
tal plane and the maxillary occlusal plane (ANS-PNS) 
had no statistically significant impact on the bite clo-
sure. (p=0.649). The results of a basic linear regression 
analysis of the effects of different factors on open bite 
closure during 5mm posterior maxillary impaction are 
presented in Table  4. The amount of bite closure in 
the 5 mm posterior impaction of the maxilla was not 
significantly affected by mandible length (p=0.271), 
maxilla length (p=0.532), angle between the central 
maxillary incisor and skull base (U1-SN) (p=0.997) 
and the angle between the palatal plane and the max-
illary occlusal plane (ANS-PNS) (p=0.15); but the an-
gle between the mandibular incisors and mandibular 
plane (IMPA) has significant effect on bite closure 
when performing 5mm posterior maxillary impaction. 

(p<0.001) There is a statistically significant increase in 
bite closure of 0.25mm for every 1 degree increase in 
IMPA in 5mm maxillary impaction.

Figure 2. Reconstruction of anterior open bite by 9.7 
mm after 2mm of posterior impaction in  Patient’s CT 
scan using ProPlan CMF software.

Figure 3. Reconstruction of anterior open bite equal to 
8.3mm after 3mm of posterior impaction in Patient’s 
CT scan using ProPlan CMF software (bite closure fol-
lowing posterior maxillary impaction through autoro-
tation of the mandible).
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Figure 7. 3D cephalometric analysis using Proplan 
CMF software.

Figure 4. Reconstruction of anterior open bite equal to 
3.6mm after 5mm posterior impaction in Patient’s CT 
scan using ProPlan CMF software (bite closure follow-
ing posterior maxillary impaction through autorota-
tion of the mandible).

Figure 5. Anterior open bite reconstruction equal to 
0.4 mm after 7mm posterior impaction in Patient’s CT 
scan using ProPlan CMF software.

Figure 6. The angle of 5.8 degrees between the palatal 
plane and the maxillary occlusal plane.

Table 1. The rate of bite closure in patients following maxillary posterior impaction with different values.

Posterior 
maxillary 
impaction

N Mean Standard 
deviation

Minimum Maximum Percentile
25

Percentile 50 Percentile 75

2mm 25 2.18 1.1811 0.3 4.9 1.5 2 2.8

3mm 20 3.38 1.2821 1.3 6 2.5 3 4.4

5mm 10 5.55 1.9329 2.3 8.6 4 5.8 7

7mm 2 11 0 11 11 11 11 11

Initial open 
bite

25 4.836 2.4464 1.5 3.4 3.4 4.1 5.2

Table 2. The results of the simple linear regression test to investigate the effects of different variables on bite closure 
in 2mm posterior maxillary impaction.

Variable Coefficient
Regression

Standard error The number of t P value confidence interval average

Maxillary length -0.0586 0.0427 -1.37 0.183 -0.03-0.15

Mandibular 
length

0.0052 0.0236 0.22 0.825 -0.04-0.05

U1-SN 0.0378 0.0378 1.27 0.218 -0.01-0.02

IMPA 0.0070 0.0360 0.19 0.848 -0.07-0.08

ANS-PNS 0.0399 0.0621 0.64 0.526 -0.09-0.17
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Discussion

Maxillary impaction surgery can result in mandible 
autorotation and forward chin movement by lowering 
the lower anterior height of the face. The impact of 
maxilla impaction on mandibular reaction has been a 
topic of much recent discussion. Furthermore, anterior 
cranial movement is said to cause the mandible to au-
torotate [15-17]. This study used pre-existing CT scans 
to examine the effects of maxillary posterior impaction 
on mandibular autorotation in patients with anterior 
open bite using geometric analysis and ProPlan CMF 
software. The current study’s findings show that when 
the maxilla is posteriorly impactioned by 2mm around 
the anterior nasal spine (ANS), the average byte closure 
is equal to 2.18mm; when the maxilla is posteriorly im-
pactioned by 3mm, the average byte closure is equal to 
3.38mm; when the maxilla is posteriorly impactioned 
by 5mm, the average byte closure is equal to 5.55mm; 
and when the posterior impaction of the maxilla oc-
curs at a rate of 7mm, the rate of bite closure in patients 
was equal to 11.0mm. The rates of maxillary impaction 
are also correlated with spontaneous rotation (autoro-
tation) of the mandible. Consequently, the values of 
bite closure increase with the extent of impaction in 
the maxilla. This is due to the fact that the posterior 
and anterior parts of the maxilla are raised to different 

degrees during impaction surgery. The maxillary pos-
terior part is typically more impacted than the anteri-
or part in patients with frontal open bites in order to 
facilitate bite closure; So maxillary impaction change 
the position of the mandible and improved the patient’s 
open bite’s occlusion and aesthetics [17]. The axis of 
mandible rotation is positioned close to the mandib-
ular center of rotation during maxillary impaction 
surgery, not on the condyles [18]. Consequently, there 
is a bigger decline in the anterior height of the lower 
face compared to its posterior height [19]. Moreover, 
during impaction surgery, the mandible’s autorotation 
results in a decrease in both the mandible plane angle 
and the articular angles [20]. The results of our study 
also showed a reduction in anterior lower face height 
and vertical proportion after maxillary impaction sur-
gery, but there was no detectable reduction in posterior 
face height at this time. Furthermore, in the present 
study, there were no significant effects of the different 
variables on the degree of bite closure and mandibular 
autorotation. Following maxillary impaction and the 
establishment of a fixed occlusion, autorotation of the 
mandible is a clinical and cephalometric consequence 
[21-23]. Wessberg and colleagues. In their 1982 study, 
demonstrated that the mandible’s autorotation is a bio-
logical result and a component of a mechanism that is 
controlled by the central nervous system. They named 

Table 3. The results of the simple linear regression test to investigate the effects of different variables on bite closure 
in 3mm posterior maxillary impaction.

Variable Coefficient
Regression

Standard error The number of t P value confidence interval average

Maxillary length -0.0259 0.0524 -0.049 0.628 -0.08-0.14

Mandibular 
length

0.0269 0.0272 0.99 0.336 -0.03-0.08

U1-SN 0.042 0.0374 1.08 0.296 -0.04-0.12

IMPA 0.0437 0.0421 0.04 0.313 -0.04-0.13

ANS-PNS 0.0337 0.0727 -0.46 0.649 -0.12-0.19

Table 4. The results of the simple linear regression test to investigate the effects of different variables on bite closure 
in 5mm posterior maxillary impaction.

Variable Coefficient
Regression

Standard error The number of t P value confidence interval average

Maxillary length 0.0747 0.1143 0.65 0.532 -0.19-0.34

Mandibular 
length

0.0729 0.0617 1.18 0.271 -0.07-0.22

U1-SN -0.0004 0.0862 0 0.997 -0.19-0.20

IMPA 0.2584 0.0508 5.09 0.001 0.14-0.38

ANS-PNS 0.2909 0.1825 1.59 0.15 -0.13-0.71
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this phenomenon “occlusal programming feedback” 
[22]. With 2, 3, 5 and 7mm posterior impaction of the 
maxilla, the bite closure was not significantly affect-
ed by maxilla length, mandible length, U1-SN angle, 
ANS-PNS angle with the maxillary occlusal plane, or 
mandibular incisor angle with the mandibular plane. 
Nevertheless, during the 5mm posterior maxillary 
impaction procedure, IMPA has significant effects on 
the extent of bite closure. Therefore, the role of these 
variables in the extent of bite closure in maxillary im-
paction surgery was rejected. In the research by Peleg 
and colleagues. In patients undergoing Le Fort I max-
illary impaction surgery for vertical maxillary excess, 
the prognosis of mandibular autorotation was exam-
ined in (2019) and no relationship was found between 
the degree of maxillary impaction and the presence of 
autorotation [24].

The mandibular center of rotation is the funda-
mental problem in determining the values of mandib-
ular autorotation during maxillary impaction surgery. 
The line joining the center of each side’s condyle is the 
mandible’s center of rotation in this study. Nadjmi and 
companions. (1998) developed a method to predict the 
mandibular autorotation center [15] and demonstrated 
that in cases of maxillary impaction, the mandible’s ro-
tational center is located in the center of the condyles. 
As a result, it is possible to replicate the mandibular 
rotation using a template by measuring the degree of 
maxillary impaction in lateral cephalograms. Sperry 
1998 also stated that the primary factor influencing 
the mandible’s position was the surgeon’s experience. 
The rotation center of the mandible is frequently found 
in the posterior of the condyle cavity, according to 
findings by Nattestad and associates (1991 and 1992) 
[25,26]. The condylion (the highest point on the con-
dyle), the condyle center, and the Sperry point (the 
most posterior position in the condyle cavity) were 
the three distinct centers for mandibular rotation in a 
study involving fifteen patients with Maxilla impaction 
that was conducted by Brayan et al. (1994). 

The aforementioned study did not find any differ-
ences among these three centers for autorotation of the 
mandible. Based on Bryan et al. Because each patient 
has a unique craniofacial morphology, the mandibu-
lar rotation center varies, making precise identification 
of the center of rotation essential to optimal treatment 
outcomes. All three points of mandibular rotation 
can be used to determine varying amounts of autoro-
tation [16]. Sperry & Associates (1982) and Bryan et 
al. (1994) stated that it is impossible to predict with 
certainty the results of orthosurgical procedures, espe-

cially the amount of mandibular autorotation. Also the 
problems in identifying the center of rotation is also 
one of the reasons why mandibular autorotation ex-
tent cannot be anticipated during maxillary impaction 
surgery [13,27]. Moreover, after maxillary impaction 
surgery and mandibular autorotation, the vertical di-
mensions of the lower face alter. Various studies have 
reported a correlation between maxillary impaction 
and lower facial height reduction rate. Schendel along 
with others [10,11] examine the outcomes of maxil-
lary impaction surgery and mandible autorotation in 
the initial post-operative period. They also simulate 
post-operative outcomes using particular templates on 
lateral cephalograms. Lee and associates. (1996) doc-
umented comparable modifications to hard and soft 
tissue structures following maxillary impaction treat-
ments [28-30].

It has been stated that when the maxilla is the only 
area operated on, the mandible naturally rotates to cre-
ate a new occlusion; this phenomenon eventually leads 
to the soft tissue adjusting to the hard texture. Stud-
ies have shown that there is a 1:1 ratio between the 
mandibular autorotation following maxillary impac-
tion and the shortening rates of the lower face (cranial 
movement of chin protrusion) [28,29]. ProPlan CMF 
software was employed in this study to measure the 
amount of anterior open byte changes following pos-
terior maxillary impaction around the anterior nasal 
spine (ANS). In addition to being an extremely pow-
erful soft tissue prediction tool, this software can be 
used to consult with patients and justify procedures 
prior to surgery. Because ProPlan CMF software is 
commercially available, clinicians can find it useful and 
appropriate. Knoops and associates tested the accuracy 
of several software programs, including ProPlan CMF 
in 2019 and it was found that this software is very accu-
rate for three-dimensional prediction with continuous 
displacements and it is able to adjust soft tissue param-
eters [31]. 

Based on the findings of Mojdehi et al. (2001) max-
illary impaction surgeries have specific effects on the 
mandibular position, as demonstrated by the results of 
the current study [20]. Additionally, a study found that 
a 2.7mm Maxilla impaction causes the mandible to au-
torotate forward 3.3 degrees to the front. Additionally, 
pre-operative estimates showed that 5mm of maxillary 
impaction would cause the chin to move 2mm forward 
and grow 1/2mm shorter vertically when the mandi-
ble’s autorotation center aligns with the condyles’ ra-
diographic center [25]. In a study by Mojdehi and col-
leagues. (2001) found that an impaction of the maxilla 
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by 3.2mm anteriorly and 1.3mm posteriorly causes a 
rotation of the mandible by 3.2 degrees [20]. Reddy et 
al. (2021) in a systematic review protocol examined the 
rate of mandibular autorotation following maxillary 
impaction in patients with gummy smiles. The results 
showed that intrusion of the maxilla and autorotation 
of the mandible have a clear effect on the final position 
of the mandible and chin, with an upward impaction 
of the maxilla by 1mm shifting the chin by 0.2mm in 
the horizontal direction and 0.6mm in the vertical di-
rection [32]. Predicting outcomes using cephalomet-
ric landmarks necessitates identifying these landmarks 
and tracing them accurately.

During overlay and carrying out calculations, some 
errors may occur [33]. Conversely photoencephalome-
try and video imaging methods can also be susceptible 
to inaccuracies [34]. The effect of surgery in specific 
landmarks cannot be interpreted  as an isolated event 
and doing so may lead to inconsistent outcomes [35]. 
It’s important to take into account the changes in hard 
tissue, which should be interpreted cautiously and with 
an eye toward possible errors. Conventional cephalo-
metric landmarks in the jaw, however, typically favor 
the dental system over other basal skeletal structures. 
Concurrently, surgery typically modifies cephalomet-
ric landmarks, particularly in the maxilla; post-surgery 
fixation also modifies landmarks as well. Taking into 
account the cephalometric assessments conducted in 
the study, reveals an interconnection among growth 
patterns, effects of pre-operative and post-operative 
orthodontic procedures, surgical modifications, bone 
structures and positioning of landmarks. 

Accordingly, research indicates that orthodontic 
treatments and growth processes are closely related 
and frequently occur together with surgical proce-
dures. Given that this study was conducted in a single 
center, another study involving more homogeneous 
populations at similar developmental and age stages is 
necessary. Additionally, there remains a need to com-
pare intraoperative clinical results and values with the 
advantages of Proplan CMF software through an inves-
tigation with a larger sample size.

Conclusion 

The amount of bite closure (mandible autorotation) 
increases in proportion to the amount of maxillary 
posterior impaction surgery. All investigated variables, 
with the exception of the IMPA variable in impactions 
of only 5mm, have no discernible effects on the amount 
of bite closure.
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