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Abstract: Background: The aim of this study was to examine whether the thickness of the preoperative
soft tissue affects the degree of soft tissue movement relative to the hard tissue movement after
orthognathic surgery. Methods: This is a retrospective examination of lateral cephalometric X-rays
of patients who underwent orthognathic surgery in single medical center, during a 5-year period.
Demographic and operative data were collected. Soft tissue thickness was measured in preoperative
cephalometric X-ray, followed by superimposition of postoperative (>6 months) cephalometric X-rays
by overlapping fixed bony points. Results: In the upper jaw, there was a decrease in the relative
movement of soft tissue with an increase in the initial thickness in surgeries performing advancements
up to 5 mm (r = —0.288). In mandibular advancements, there was a clear decrease in soft tissue
movement ratio with an increase in the initial soft tissue thickness (r = —0.418), while there was no
correlation in mandibular setback cases (r = 0.062). The same correlation between the decrease in
relative soft tissue movement and the increase in initial soft tissue thickness was found in advancement
genioplasty (r = —0.411). Conclusion: This research shows a general pattern of decrease in relative
movement of soft tissue in orthognathic surgery correlated to an increase in its initial thickness.

Keywords: orthognathic surgery; soft tissue movement; surgery prediction; surgery tracing

1. Introduction

Orthognathic surgery is a jaw correction surgery, widely performed for correction
of congenital and acquired facial deformities. This surgery improves the masticatory
function of the dentition, as well as facial harmony and aesthetics. Surgical hard tissue (HT)
movement in this surgery is followed by soft tissue (5T) movement and different attempts
were performed to assess the association between the changes in soft and hard tissue after
orthognathic surgery [1-4].

Accurate assessment of hard and soft tissue changes is an essential part of diagnosis
and treatment planning in orthognathic surgery. It is mainly important for the matching
between patient’s pre-surgical expectations and the reality of surgical possibilities and
outcomes [5].

Previous studies found association between preoperative ST thickness and the post-
operative changes due to HT movement [2,6-8]. It was found that the structure of facial
ST and facial profile are dependent on the underlying bone, but the bone change is not
expressed equally in each ST area [6]. For example, it was found that upper lip movement
is 60-90% of HT movement [7], while in the lower lip the rate is 90-100% and in the chin it
is 55-90% [2,8,9].

Moreover, there are reports that claim that because of ST thickness differences between
patients, the assumptions of constant relative movements are inaccurate [10]. There is an
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influence of the pre-surgical ST thickness on its relative movement and it affects pre-surgical
planning and outcome prediction [11,12].

Prediction of ST changes is completed by two-dimensional cephalometric evaluation,
performed pre- and post-surgery [13]. This evaluation may be performed manually or
digitally, using various digital software options, sometimes combined with video shots.
Additionally, there are three-dimensional prediction methods [13].

Manual prediction is based on expected changes [14], while digital software programs
are based on average values from databases, reported in previous studies that measured
the relationship between soft and hard tissue movement, both giving limited and inaccu-
rate estimates of predicted ST movement [15,16]. As a consequence, the accuracy of the
simulations is based on the reliability and accuracy of the database used [1].

All manual and most digital methods assume that ST response is linear to HT move-
ment, regardless the preoperative amount and movement direction of the skeletal tis-
sue [1,14]. The validity of this assumption is not only debatable, but also inconsistent in
different reports from various studies [10].

Additionally, previous reviews showed that differences in measuring and prediction
methods, it was impossible to achieve significant conclusions regarding ST movement in
this surgery [17].

The great variability and lack of agreed measuring standard complicate accurate
assessment of post-surgical ST outcome, as well as the influence of pre-surgical ST thickness
on its movement ratio.

The aim of this study was to examine whether the thickness of the preoperative
ST affects the degree of ST movement relative to the HT movement after orthognathic
surgery. Null hypothesis was that there is an influence of initial ST thickness on its relative
movement after orthognathic surgery.

2. Materials and Methods
2.1. Definition of Study Sample

All patients who underwent an orthognathic surgery in the department of oral and
maxillofacial surgery at the Baruch Padeh medical center, Poriya, Israel between September
2013 and September 2018. In total, 42 patients met inclusion criteria with full patient and
surgery data and were included in the study. As it was a retrospective study, based on
availability of full patient data, no sample size calculations were performed.

Exclusion criteria: asymmetry cases—need for fixing differences in size or position of
face halves, redo surgery cases, and unavailable X-rays.

2.2. Definition of Variables

Dependent variable: post-operative movement of soft tissue in millimeters (mm) in
relation to operative hard tissue movement in millimeters.
Independent variable: preoperative thickness of soft tissue in millimeters.

2.3. Research Methods

The current study is a retrospective study. According to treatment protocol in OMFS
at Baruch Padeh MC, every orthognathic patient gets a lateral cephalometric X-ray at
most 1 month prior to surgery, another one in the first 48 h postoperative and another one
6 months postoperative. All x-rays were performed by the same X-ray machine.

The analysis was divided into three categories: surgeries involving the maxilla, surg-
eries involving the mandible, and surgeries involving the chin. We checked only horizontal
movement and checked it regardless of surgery type performed—as a methodological
assumption—in order to get larger study groups and allow us to obtain individual inde-
pendent and dependent variables.

All measurements were performed by the same researcher (FED.) on those lateral
cephalometric X-Rays, using measuring tools (on screen digitization) of Dolphin Ceph
Tracing 11.95 (Dolphin Imaging & Management Solutions, Chatsworth, CA, USA). The
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software enables measuring the accurate distance between two points on an image in
millimeters after calibration with “on image” ruler.

The following data were collected for all study participants: age, sex, medical con-
dition, operated jaw /area, and operational movement (advancement, setback). Figure 1
shows the measurements conducted for all patients: upper lip thickness (A-A’), lower lip
thickness (B-B’), and chin ST thickness (Pog-Pog’).

Figure 1. Lateral cephalometric X-ray measuring points. Abbreviations: S—Sella Turcica, N—Nasion,
A—Hard tissue A point, A’—Soft tissue A point, B—Hard tissue B point, B'—Soft tissue B point,
Pog—Hard tissue pogonion, and Pog’—Soft tissue pogonion.

The measurements of hard and soft tissue operational changes were performed by
superimposition of preoperative and 6 months postoperative lateral cephalometric X-Rays.
The superimposition was performed by aligning constant hard tissue points (not affected
by surgery)—Nasion (N), Sella Turcica (S), and S-N line.

Changes of hard tissue were measured by the following points:

Patients after maxillary surgery—A postop-A preop distance;

Patients after mandibular surgery—B postop-B preop distance;

Patients after chin surgery—Pog postop-Pog preop distance;

Soft tissue Changes were measured in the same way: A’ postop—A’ preop distance; B’
postop—B’ preop distance; and Pog’ postop—Pog’ preop distance;

e Preoperative soft tissue thickness was measured on preoperative X-ray (A-A’, B-B’,
Pog-Pog’—Figure 1).

All measurements were made independently of the surgery type performed and were
taken for every area that was intentionally horizontally moved during surgery.

The relation between postoperative hard and soft tissue movement was calculated
X,postop* X,preop

by division of soft tissue movement to relevant hard tissue movement
(X=A/B/Pog).

Xpostop - xpostop

2.4. Statistical Analysis

Statistical analysis was performed using Excel (2021 version, Microsoft, Redmond, WA,
USA) and Prism (9.0 version, Graphpad, San Diego, CA, USA) software for MS Windows.
Comparisons between subgroups were made using the t-test, Fisher’s exact test, and chi-
square test. Adjustment factors were calculated by the Pearson method. Linear regression
was tested for correlation between variables and outcomes. Comparison of correlation
from independent samples was calculated by Eid, Gollwitzer, and Schmidt method. A
probability <0.05 was considered significant.
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3. Results

This study included 42 patients with complete available data, including pre- and
post-surgical imaging and full data about the surgical movements. Mean age in this
study was 21.8 £ 6.9 years (range 16-32), with 27 female patients (64.3%) and 15 males
(35.7%). Preoperative ST measurements are presented in Table 1. Surgical HT movement
measurements are presented in Table 2.

Table 1. Preoperative soft tissue measurements.

N Mean (+SD) p Value (t-Test)

Preoperative soft tissue thickness upper lip (A-A’—mm) 33 13.79 +2.37
Preoperative soft tissue thickness upper lip—<5 mm advancement (A-A’—mm) 16 14.06 + 2.77 053
Preoperative soft tissue thickness upper lip—>5 mm advancement (A-A'—mm) 17 13.53 +1.97
Preoperative soft tissue thickness lower lip (B-B’—mm) 35 1123 + 1.6
Preoperative soft tissue thickness lower lip—setback cases (B-B'—mm) 21 11.75 + 1.46 0.006
Preoperative soft tissue thickness lower lip—advancement cases (B-B'—mm) 14 10.28 + 1.46
Preoperative soft tissue thickness upper lip (Pog-Pog’—mm) 6 11.8 +2.44

Table 2. Surgical hard tissue movement measurements.

Mean (+SD)
Maxillary AP advancement (N = 33, mm) 5.55+212
Mandibular AP advancement (N = 14 mm) 5.96 +2.42
Mandibular AP setback (N =21 mm) —6.21 +2.52
Chin AP advancement (N = 6 mm) 6.02+3.2

The most prevalent type of surgery was bi-jaw surgery, performed in 57.1% of the
cases, followed by mandible only surgery in 16.7% of the cases (Table 3).

Table 3. Prevalence of different surgery types.

Type Count Y%

Bi-Maxillary (Two Jaws) 24 57.1%

Bi-Maxillary and chin 4 9.5%
Maxilla only 5 11.9%

Maxilla and chin 1 2.4%
Mandible only 7 16.7%

Mandible and chin 1 2.4%
Total 42 100.0%

In 33 of the cases involved advancement of the maxilla. The mean preoperative ST
thickness (A-A’) was 13.79 £ 2.37 mm (range 9-18.9). Mean surgical HT advancement was
5.55 £ 2.12 mm (range 1.6-9.1). Analyzing the linear regression of the correlation between
preoperative ST thickness and the relation between hard and soft tissue postoperative
movement in maxillary advancement cases, there was no significant correlation (r = —0.101,
p = 0.58), but the general trend points on decrease in relative ST movement with the increase
in its initial thickness. Same analysis in cases of less than 5 mm maxillary advancement
(16 cases), revealed a clear trend, albeit not statistically significant, of decrease in relative
movement of postoperative ST with the increase in its initial thickness (r = —0.288, p = 0.28,
Figure 2). However, in cases of >5 mm maxillary advancement (17 cases), there was a trend,
albeit not statistically significant, of increase in relative ST movement with the increase in
its preoperative thickness (r = 0.308, p = 0.22, Figure 3). There was no statistically significant
difference between pre-surgical ST thickness between the two groups (p = 0.53, Table 1).
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Comparison on ST/HT movement ratio between >5 mm and <5 mm maxillary advance-
ment revealed not statistically significant difference between the groups (0.906 & 0.297 vs.
0.928 £ 0.185, p = 0.797, t-test).

Regression Line: y = —0.031x + 1.3419
Correlation: r = —0.2882
R-squared: 7% = 0.0831

Figure 2. Correlation between initial ST thickness in the maxilla (x axis) and the relation between
postoperative soft and hard tissue movement (y axis)—cases of maxillary advancement of 5 mm or
less (N =16, p = 0.28).

Regression Line: y = 0.0292 + 0.5352
Correlation: r = 0.3082
R-squared: r% = 0.095

Figure 3. Correlation between initial soft tissue thickness in the maxilla (x axis) and the relation
between postoperative soft and hard tissue movement (y axis)}—maxillary advancement of more than
5mm (N =17, p =0.23).

In total, 35 of the cases involved horizontal movement of the mandible. The mean
preoperative ST thickness (B-B") was 11.23 &= 1.6 mm. Analyzing the linear regression of the
correlation between preoperative ST thickness and the relation between hard and ST post-
operative movement in mandibular horizontal movement cases, there was no correlation
or trend (r = —0.011, p = 0.95). We stratified the analysis to check advancement and setback
movements separately. There was a statistically significant difference in pre-surgical tissue
thickness between the groups (p = 0.006), with the setback group having initially thicker
ST. In setback cases (21 cases—mean surgical HT movement —6.21 £ 2.52 mm) there was
no significant trend to point on (r = 0.06, p = 0.79, Figure 4). However, in mandibular
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advancement (14 cases—mean surgical HT movement 5.96 + 2.42 mm), there was a clear
and borderline significant trend of decrease in relative ST movement with the increase in
its preoperative thickness (r = —0.417, p = 0.12, Figure 5).

Regression Line: y = 0.01292 + 0.9103
Correlation: r = 0.0625
R-squared: r? = 0.0039

Figure 4. Correlation between initial soft tissue thickness in the maxilla (x axis) and the relation
between postoperative soft and hard tissue movement (y axis)—cases of maxillary advancement of
5 mm or less (N =16, p = 0.28). Correlation between initial soft tissue thickness in the mandible (x
axis) and the relation between postoperative soft and hard tissue movement (y axis)—mandibular
setback cases (N = 21, p = 0.79).

Regression Line: y = —0.0673z + 1.6638

Correlation: r=—0.4178

R-squared: r? = 0.1746
Figure 5. Correlation between initial soft tissue thickness in the mandible (x axis) and the relation
between postoperative soft and hard tissue movement (y axis)—mandibular advancement cases
(N=14,p=0.12).

Six of the cases involved horizontal advancement of the chin. The mean preopera-
tional ST thickness (Pog-Pog’) was 11.8 & 2.44 mm. Mean surgical HT advancement was
6.02 £ 3.2 mm. Analyzing the linear regression of the correlation between preoperative ST
thickness and the relation between hard and soft tissue postoperative movement in chin
advancement cases, there was a clear, albeit not statistically significant, trend of decrease in
relative ST movement with the increase in its preoperative thickness (r = —0.411, p = 0.42).

4. Discussion

In the current research, we retrospectively analyzed cephalometric X-rays of orthog-
nathic surgery patients in order to check the preoperative thickness of their ST and the
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amount of its movement in different types of surgeries involving the maxilla, mandible,
and the chin. The research was performed to check whether preoperative ST thickness
affects the relative degree of ST movement in orthognathic surgery.

The analysis was divided into three categories: surgeries involving the maxilla, surg-
eries involving the mandible, and surgeries involving the chin.

In the maxilla (33 cases), in was revealed that overall trend pointed on decrease
in relative ST movement with the increase in its initial thickness (r = —0.101). Though,
dividing the cases to those involving 5 mm or less advancement (16 cases) and more than
5 mm advancement (17 cases), revealed that in <5 mm there was clear trend of decrease in
relative ST movement with the increase in its initial thickness (r = —0.2882), while in >5 mm
cases the trend was quite the opposite (r = 0.3082). Same stratification was performed in
previous report, showing that in >5 mm maxillary advancement, it is more difficult to
predict ST relative movement [18].

A possible explanation for the decrease in relative ST movement with the increase in
its initial thickness may be related to the fact that thick ST absorbs part of the operative
changes to the HT [18]. Moreover, several previous reports showed that higher initial ST
thickness causes its relatively smaller movement in correlation to HT movement [7,18,19].

The unusual finding was in >5 mm maxillary advancements, with a clear trend of
increase in relative ST movement with the increase in its initial thickness and the explanation
for this may be that the ST, even a thick one, cannot absorb relatively large movement
(>5 mm). Previous reports in similar movements showed great difficulty in relative ST
movement prediction and difficulty to achieve good correlation [7].

In surgeries involving the mandible (35 cases), there was no possibility to point a
clear general trend because of the great difference between the characteristics of advance-
ment and setback surgeries. Checking up separately setback (21 cases) and advancement
(14 cases) surgeries, revealed that in advancement cases there is a clear trend of decrease in
relative ST movement with the increase in its initial thickness (r = —0.4178), while setback
cases did not show any clear trend (r = —0.0625). Regarding preoperative condition, setback
cases have significantly thicker ST.

The trend of decrease in relative ST movement with the increase in its initial thickness
may be explained identically as it was in small advancements of the maxilla with the
absorption of HT movement by thick ST [18]. However, in setback cases it is not possible to
point out any trend, in line with previous reports, showing very low regression coefficient
of hard and ST movement in mandibular setback cases [15,20,21]. Same findings were
presented in a systematic review on this subject [22]. The explanation primary relates to
the surgical movement itself, as in advancement there is an anterior pulling of the tissue
causing its stretching and the amount of the stretch depends on its ability to absorb the
subsequent tension—an ability very much dictated by its initial thickness. On the other
hand, in setback surgery, the ST does not move posteriorly univalent with the HT and
thus the influence of initial ST thickness is less evident. This finding is exaggerated by the
significant difference in initial tissue thickness between the groups, with setback patients
having, on average, 1.5 mm more pre-surgical ST thickness than advancement patients.

In chin advancement surgeries (6 cases), there was a clear trend of decrease in relative
ST movement with the increase in its initial thickness (r = —0.4113). Once again, it may be
explained by absorption of HT movement by thick ST, as it was present previously in this
study and in previous reports [19].

The limitations of this research:

e  Some of the performed surgeries involved more than one jaw. This creates a situ-
ation in which we check similar movements in different surgeries that may affect
the outcome—it is known that one jaw surgery might affect ST of the other. Further
research in larger sample groups would require stratification not only along direction
of movements or the jaw moving, but also the type of surgery and other movements
along the one that is being checked.
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e  We had a relatively small study group (cases with insufficient data were excluded)
causing difficulty in reaching statistically significant results. This resulted in dealing
with trends in present cases without performing a calculation of study samples.

e  Thereis a limitation in the ability to check the relation between hard and soft tissue
movements in lateral cephalometric X-ray due to several factors: complex anatomical
structures, superimposition of two images, image sharpness and quality, and the
ability of the researcher to mark accurately the reference points.

e  Selection bias—only fully documented cases were selected; it is not known whether
other operated cases may have changed the results.

Therefore, there is a need for future multi-center, multi-national research with a large
patient pool and the ability to isolate different types of surgeries allowing statistical analysis
of every movement in every type of surgery, without methodological assumptions and
clear connection between trends and surgical movements.

5. Conclusions

In this study, we showed a general trend pointing that the relative surgical movement
of soft tissue is decreasing with the increase in its initial width. The only exception was
in >5 mm maxillary advancement resulting in opposite results, possible because of the
amount of movement in the surgery itself. There is a need for further research in bigger
study samples, possibly prospective ones, in order to obtain more clear and significant
results. Evaluation of these data may help in the future in the accuracy of presurgical
planning and outcome prediction of orthognathic surgeries—enhancing better surgical
outcomes, matching more closely patients’ needs and expectations.
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