
Acta of Bioengineering and Biomechanics Original paper
Vol. 23, No. 4, 2021 DOI: 10.37190/ABB-01985-2021-03

Changes in muscle length and orientation
after orthognathic surgeries

using a bilateral sagittal split osteotomy as an example
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Purpose: The aim of the present study was to analyze the changes in the angular positions and lengths of the mandibular elevator
muscles due to the displacement of bone segments  after bilateral sagittal split osteotomy. Additionally, the impact of changes in man-
dibular geometry on the values of occlusal forces and mandibular condyle loading was considered. The combined geometric and force
analysis makes a valuable contribution to the operating conditions of the system affected by the changes. Methods: The considerations
were based on elementary principles of analytical geometry and the analysis was performed for two craniofacial geometries. Results: For the
rotation of the proximal segment, the greatest differences in angular position concern the masseter muscle during roll rotation (11.7°).
Significant changes in muscle length occurred during pitch rotation and amounted to 3.7 mm. Translation of the distal segment by 10 mm
changed the angle of the pterygoid muscle by 30.2° in the coronal plane and 18.7° in the sagittal plane, simultaneously changing its
direction to that of the opposite. Posterior translation (10 mm) caused an elongation of the muscle by 4.7 mm and anterior translation
caused a shortening by 2.6 mm. For the mandible with elongated geometry, lower values of occlusion forces and increased reaction
forces in the condyle were observed. Conclusions: The analysis revealed significant changes in the orientation and length of the masti-
catory muscles, and thus, their potential impact on the functioning conditions of the masticatory system.
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1. Introduction

One of the basic procedures affecting our appear-
ance (face) is bilateral sagittal split osteotomy (BSSO).
The main goal of this surgery is to restore the ana-
tomically correct functionality of the masticatory sys-
tem, i.e., the correction of malocclusion. During the
procedure, the osteotomized bone segments, which are
mainly distal, are set in a new position, in turn, pro-
viding proper bite conditions. By introducing the dis-
placement of bone segments, the position of the mus-
cle attachments changes, along with their length and
orientation.

Studies on geometric changes and muscle orienta-
tion are often combined with the analysis of craniofa-
cial bone morphology. There is a clear link between
the above-mentioned factors regarding facial height
and mandibular shape. For faces with elongated vertical
dimensions, a more oblique orientation of the muscles
is observed when compared to normal or short-faced
subjects [24], [30]. Face types are also associated with
appropriately generated bite forces: weak for dolicho-
cephalic and strong for brachocephalic patterns [14],
[31]. The correction of craniofacial defects, which can
sometimes be significant, can lead to a change in face
type. The change in the length and orientation of the
muscles, along with neuromuscular adaptation and

______________________________

* Corresponding author: Dominik Pachnicz, Division of Automotive Engineering, Wrocław University of Science and Technology,
Wrocław, ul. Ignacego Łukasiewicza 5, 50-371 Wrocław, Poland. Phone: +48 533 197 073, e-mail: dominik.pachnicz@pwr.edu.pl

Received: October 18th, 2021
Accepted for publication: December 15th, 2021



D. PACHNICZ et al.128

excessive soft tissue stretch, is often mentioned as one
of the factors affecting the functioning of the muscular
system [21], [25]. The impact of these changes, com-
bined with an alteration of geometry, on subsequent
skeletal stability can be noticed in the available lit-
erature [20], [27]. The direction of the action of mus-
cle forces is responsible for the strain distribution
in bone and cartilage, which in turn is an indicator
of their growth and remodeling [3], [11]. On the
other hand, stretching the muscle may cause increased
loading of the mandible condyle, and consequently its
remodeling. The relationship between muscle tension
and skeletal relapse is indicated, among other things,
by its more frequent occurrence when muscles are
stretched during backward rotation of the proximal
segment [15].

In a series of articles, Dicker et al. [4]–[7] investi-
gated changes in the Masseter muscle and Medial
Pterygoid muscle after the correction of mandibular
hypoplasia. The results of their analysis indicate sta-
tistically significant changes in the position and ge-
ometry of muscles for the group with an increased
mandibular plane angle. Along with the anterior rota-
tion of the proximal segment, the mean value of which
was 5.6, muscle direction became by 9 more verti-
cal. The procedure also resulted in a significant re-
duction in the cross-sectional area of the muscle.

The purpose of this study was the quantitative analy-
sis of changes in the length and orientation of man-
dibular elevators as a result of changes in bone geome-
try after bilateral sagittal split osteotomy. Moreover,
changes in the maximum values of occlusal forces and
the values of reaction forces in the temporomandibu-
lar joint (TMJ) resulting from different muscle orien-
tations were considered. The combined geometric and
force analysis provides valuable insight into the con-
ditions of the masticatory system. The obtained con-
clusions provide important information that enables
geometric changes in the mandible and the function-
ing of the mandible’s elevatory muscles, as well as the
TMJ load, to be corelated.

2. Materials and methods

The elementary principles of analytical geometry
were used to calculate geometric parameters (distance
between the attachments and spatial orientation of mus-
cles). The considerations were carried out for elevatory
muscles: masseter (superficial and deep), temporalis
(anterior, medial, posterior), and medial pterygoid.
Each muscle was represented as a line passing through

the geometric centers of their attachments, which also
corresponds to the line passing through the centers of
the muscles’ cross-sections [22]. These lines coincide
with the direction of the force vector of a given mus-
cle. Such an approximation of the muscle shape can
be found in many publications. The values of changes
in the muscle orientation angles were determined in
three main planes. The reference planes and directions
of measurements are shown in Fig. 1. The length of
the muscle is the distance between the points defining
the geometric centers of the muscles’ attachment and
origin.

Fig. 1. Orientation of the masticatory muscles (dashed-A1 model,
dotted-A2 model): a) frontal, b) coronal, c) sagittal plane

The analysis was performed for given bone seg-
ment displacements:
– rotation of the proximal segment in three directions

(yaw, roll, pitch) relative to the center of the coor-
dinate system located at the condylar process O
(0, 0, 0),

– translation of the distal segment in the sagittal
axis.
The range of proximal segment rotation (from –5

to 5) and distal segment translation (from –10 to 10 mm)
was based on the literature [18], [26], [29]. The assumed
ranges correspond to permanent displacements after full
body union. The data of the coordinates of the muscle
attachments were determined for two models: the first
(A1) – the author’s geometry was built on an ana-
tomically correct polyurethane model of the human
mandible (Synbone 8596) and skull (Synbone 8500);
the second (A2) – was described in the work of Nel-

a) b)

c)
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son [17]. The coordinates of the attachments and the
initial values of the angles for both systems are pre-
sented in Tables 1 and 2.

The effect of changes in muscle orientation on the
biomechanics of the masticatory system was analyzed
in terms of static equilibrium. Same, constant value of
force for each muscle was assumed for the system be-
fore and after geometric changes. Loading conditions
for intercuspal clenching were recreated based on [17].
The analysis was performed for the planar force sys-
tem in the sagittal plane. The comparison was based
on the value of the resulting force on the incisors and
the reaction forces in the mandibular condyle.

3. Results

In the available literature, there is a lack of quan-
titative analysis that focuses on changes in the angular
position of the masticatory muscles after orthognathic
surgery. According to the authors’ knowledge, the only

study of this kind was carried out by Dicker et al. [6].
On the basis of this study, 2.8 was assumed as the
significant value of the angular change, which corre-
sponded to statistical significance at the level of 0.05.
In Table 2, the changes in angular position for indi-
vidual muscles are summarized.

With any rotation of the proximal segment, sig-
nificant changes can be seen in the case of the masse-
ter muscle. They also occurred in the coronal plane,
where the greatest difference in position was observed
for the superficial masseter during roll rotation. It was
11.7 for A1 and 9.4 for A2 geometry, respectively.
Significant changes in the angle in the sagittal plane
occurred only during pitch rotation and only in the
masseter muscle – mostly in the deep layer of the
muscle. Yaw rotation has the main impact on the po-
sition of the temporal muscle. It was only for the A2
model that changes were noticed in the coronal plane
with other rotations. With translation of the distal
segment, the position of the medial pterygoid muscle
can change by up to 18.6 in the sagittal plane and
by 30.2 in the coronal plane. In addition, the direc-

Table 1. Coordinates of muscle attachments and origins

Model A1
Origin Attachment

x y z x y z
SM 38.3 1.3 –7.9 18.9 –3.8 –46.7
DM 15.9 9.4 0.3 17.5 –1.0 –19.2
PL 20.4 –27.5 –12.7 11.9 –9.6 –42.7
TA 16.0 9.0 55.0 29.7 –4.1 0.6
TM –1.0 20.0 51.0 26.3 –2.3 11.4
TP –9.0 16.0 27.0 21.1 –1.3 4.7

Model A2

Origin Attachment

x y z x y z
SM 41.9 8.9 –1.6 20.6 –1.7 –46.6
DM 16.8 12.5 5.0 26.0 1.6 –14.5
PL 27.5 –25.3 –12.7 12.6 –6.0 –44.2
TA 39.4 3.1 45.8 32.1 –8.1 –28.0
TM 0.5 14.4 57.4 33.8 –0.4 1.6
TP –33.7 16.1 38.7 33.6 –0.3 1.4

Table 2. Initial muscle orientation []

A1 A2

Sagittal Coronal Frontal Sagittal Coronal Frontal
SM 116.57 165.25 97.50 115.34 153.70 103.17
DM 85.29 81.25 118.19 64.63 49.56 119.10
MP 105.92 205.60 59.25 115.37 217.68 58.45
TA 75.86 43.83 103.60 95.65 123.21 98.59
TM 55.39 39.22 119.39 59.16 23.93 104.84
TP 36.49 29.88 127.83 29.01 13.69 113.72
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tion of the muscle in the sagittal plane changed to the
opposite when the distal segment was advanced more
than 8 mm. From an acute angle in the sagittal plane,
it changes to an obtuse angle in the sagittal plane. The
muscle, therefore, takes a non-anatomical direction of
action (Fig. 2).

Fig. 2. Changes in medial pterygoid muscle orientation
after distal segment advancement

In Table 3, the values of muscle length changes
are shown. The results are only summarized for elon-
gation/shortening of more than 1 mm. This value was
adopted on the basis of the work by Grunheid et al. [9].
For proximal segment rotations, significant changes in
length only occur during pitch rotation. The greatest
differences were observed for the superficial masseter
and anterior temporalis muscle. For extreme values of
proximal segment displacement, the change in length
can increase by 3.7 mm, which is almost 8% of the
initial length of the masseter muscle. Posterior trans-
lation of the distal segment affects changes in the
length of the medial pterygoid muscle more than ante-
rior translation. The maximum values of elongation
were 3.5 mm and 4.7 mm for A1 and A2, respectively.
During mandibular advancement, the muscle length
decreased by 1.2 mm (A1) and 2.6 mm (A2).

In the analysis of alterations in biomechanics, a con-
stant total force generated by each muscle was assumed
for all the considered displacements. The values were
adopted from the literature [17]. For the basic models
without geometrical changes, the occlusal force was
282 N (A1) and 261 N (A2). The translation of the

Table 3. Muscle angular changes A1

Pitch Roll Yaw Translation
Sagittal Coronal Coronal Frontal Coronal Frontal Sagittal Coronal

o SM DM SM DM SM SM DM SM TA TM DM TP mm MP
–5 –3.94 –5.48 –3.59 –8.37 –10.52 5.95 3.90 –4.05 6.10 3.08 3.38 2.83 –10 15.81 20.49
–4 –3.14 –4.35 – –6.80 –8.54 4.76 3.12 –3.29 4.93 – – – –8 12.96 17.22
–3 – –3.24 – –5.18 –6.50 3.58 – 3.73 – – – –6 9.95 13.57
–2 – – – –3.50 –4.39 – – – – – – – –4 6.79 9.50
–1 – – – – – – – – – – – – –2 3.46 4.98
1 – – – – – – – – – – – – 2 –3.59 –5.44
2 – – – 3.69 4.59 – – – – – – – 4 –7.27 –11.28
3 – 3.09 – 5.59 6.94 –3.59 – – – – – – 6 –11.04 –17.44
4 3.01 4.10 – 7.53 9.32 –4.79 –3.18 3.61 –5.33 – –2.88 – 8 –14.84 –23.80
5 3.74 5.09 2.51 9.49 11.72 –5.99 –3.99 4.55 –6.74 –3.12 –3.62 –3.08 10 –18.65 –30.20

Table 4. Muscle angular changes A2

Pitch Roll Yaw Translation

Sagittal Coronal Frontal Coronal Frontal Coronal Frontal Sagittal Coronal
o SM DM SM DM TA DM SM DM TA SM SM DM TA TM DM TM TP mm MP

–5 –3.41 –5.87 –5.00 –3.39 –9.12 3.20 –8.10 3.10 –4.91 4.91 –3.48 5.16 –2.94 4.21 4.86 – 3.66 –10 13.01 14.53
–4 – –4.65 –3.88 – –7.25 – –6.59 – –4.05 3.94 –2.82 4.18 – 3.38 3.93 – 2.95 –8 10.70 12.19
–3 – –3.46 –2.83 – –5.40 – –5.03 – –3.13 2.96 – 3.17 – – 2.98 – – –6 8.25 9.60
–2 – – – – –3.57 – –3.41 – – – – – – – – – – –4 5.65 6.72
–1 – – – – – – – – – – – – – – – – – –2 2.90 3.53
1 – – – – – – – – – – – – – – – – – 2 –3.04 –3.90
2 – – – – 3.43 – 3.62 – – – – – – – – – – 4 –6.23 –8.20
3 – 3.30 – – 5.09 – 5.51 – 3.82 –2.99 – –3.45 2.99 – –3.15 – – 6 –9.54 –12.89
4 – 4.37 3.13 3.46 6.70 – 7.45 3.61 –5.33 –3.99 3.13 –4.67 4.27 –3.45 –4.23 – –3.09 8 –12.96 –17.96
5 3.29 5.43 3.82 4.45 8.27 – 9.43 4.55 –6.74 –5.00 3.96 –5.94 5.72 –4.33 –5.34 –2.87 –3.88 10 –16.48 –23.38
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distal segment affects the length of the moment arm of
the occlusal force, which in turn has a significant im-
pact on the value of the force. During mandibular
setback by 10 mm, occlusion forces increased by 48 N
and 32 N, respectively for geometries A1 and A2. For
the same range of advancement, it decreased by 33 N
and 28 N. Pitch rotation of the proximal segment re-
sulted in changes ranging from 7 N to almost 10 N.

In Figure 2, the values of the reaction force com-
ponents in the mandibular condyle in the sagital (X)
and vertical (Z) axes are shown. Upward rotation of
the proximal segment caused an increase in both reac-
tion components. For the maximum values of rotation,
these changes were 7 N in the Z-axis and 23 N in the
X-axis for model A1, and respectively 12 N and 25 N

for model A2. Moreover, with a more anterior position
of the distal segment, the value of the X-component
decreased and the value of the Z-component increased.
The force changes reached their maximum values of
42 N and 68 N in the X and Z axes, respectively.

4. Discussion

The topic of the relationship between the mor-
phology of craniofacial bones and the functioning of
the muscle system has been extensively studied and
highlighted in the literature for decades [7]. Such re-
lations are noticed for muscle orientation, anatomical

Table 5. Muscle length changes [mm] (percentage value of change)

A1

SM DM TA TM TP MP
–5 –3.7 (–7.6) –1.4 (–5.6) –2.9 (–4.8) –2.1 (–4.9) –1.5 (–3.2) –10 3.5 (8.6)
–4 –3 (–6.1) –1.1 (–4.5) –2.3 (–3.8) –1.7 (–3.9) –1.2 (–2.6) –8 2.6 (6.5)
–3 –2.2 (–4.6) – –1.7 (–2.9) –1.3 (–3) – –6 1.8 (4.5)
–2 –1.5 (–3) – –1.1 (–1.9) – – –4 1.1 (2.8)
2 1.5 (3) – 1.1 (1.9) – – 4 –
3 2.2 (4.5) – 1.7 (2.9) 1.3 (3) – 6 –1 (–2.5)
4 2.9 (6) 1.1 (4.6) 2.3 (3.8) 1.7 (4) 1.2 (2.5) 8 –1.1 (–2.8)
5 3.7 (7.5) 1.4 (5.7) 2.8 (4.8) 2.2 (5) 1.5 (3.1) 10 –1.2 (–2.9)

A2

SM DM TA TM TP MP
–5 –3.3 (–6.5) –1.3 (–5.5) –3.1 (–4.1) –2.6 (–3.9) –1.6 (–2) –10 4.7 (11.9)
–4 –2.7 (–5.2) –1.1 (–4.4) –2.4 (–3.2) –2.1 (–3.1) –1.2 (–1.6) –8 3.6 (9.1)
–3 –2 (–3.9) – –1.8 (–2.4) –1.5 (–2.3) – –6 2.6 (6.6)
–2 –1.3 (–2.6) – –1.2 (–1.6) –1 (–1.5) – –4 1.7 (4.2)
2 1.3 (2.6) – 1.2 (1.6) 1 (1.5) – 4 –1.3 (–3.3)
3 2 (3.9) – 1.8 (2.4) 1.5 (2.3) – 6 –1.8 (–4.6)
4 2.6 (5.1) 1.1 (4.5) 2.4 (3.1) 2 (3) 1.2 (1.5) 8 –2.3 (–5.7)
5 3.3 (6.4) 1.4 (5.7) 2.9 (3.9) 2.5 (3.7) 1.4 (1.8) 10 –2.6 (–6.5)

(a)      (b) 

Fig. 3. Components of the reaction force in mandibular condyle [N]:
(a) proximal segment pitch rotation, (b) distal segment translation
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characteristics, neuromuscular activity, and forces gen-
erated in the system. Skeletal corrections introduced
during orthognathic surgery cause changes in both soft
tissues and the positions of muscle attachments, and,
in turn, the orientation, shortening or elongation of
muscles. Changing one of the factors will, therefore,
affect the others, thereby, inducing an adaptive re-
sponse in the postoperative period [1], [9], [12], [20].
A summary of information from research on the ad-
aptation of the craniofacial muscles can be found in
the paper by Grunheid et al. [9].

One of the factors initiating changes in the struc-
ture and functioning of muscles is tension. Significant
stretch-induced hypertrophy may occur in stretched
muscles, i.e., digastic muscles during mandibular ad-
vancement or masseter and medial pterygoid muscles
during mandibular setback [2]. Elongation alters the
composition of the muscle fibers towards a higher per-
centage of slow fibers, while at the same time increas-
ing the muscles’s length by producing more sarco-
meres [8]. Grunheid et al. [9] also mention the golden
rule that the pterygo-masseteric sling must not be
stretched, otherwise skeletal relapse is likely to occur.
Therefore, the question arises whether the range of
acceptable stretching of the craniofacial muscles can
be indicated? The most commonly considered muscles
in this context are the digastic muscles that undergo
extension during mandibular advancement and dis-
traction. It is assumed that the safe range of distraction
that provides adequate conditions for bone and muscle
tissue remodeling is 1 mm per day [28]. Exceeding
this may lead to contractile material damage by over-
stretching and further insufficient regeneration. It should
be mentioned that the value of digastic muscle elon-
gation is smaller than the range of distraction. This
may, therefore, indicate that a safe amount of muscle
stretch is less than one millimeter per day. Mackool et
al. [16] noticed that the advantage of distraction over
traditional mandibular advancement is the gradual
introduction of the displacement, which allows the
soft tissues to adapt appropriately. Considering the
above and the obtained results, it can be concluded that
the displacement of the bone segments during orthog-
nathic surgeries (i.e., pitch rotation, posterior transla-
tion) may lead to temporary, excessive muscle trac-
tion. It is worth mentioning that shortened muscles,
e.g., medial pterygoid during anterior translation of
the distal segment, become understretched and undergo
a similar remodeling process. In both cases, passive
stiffness may occur [32]. The results of changes in
muscle length presented in the paper refer to permanent
displacement of bone segments (after full mandibular
bone union). It should be kept in mind that these val-

ues are often much smaller than surgical changes.
The bone segment displacements introduced during
the surgery are reduced during the period of bone
healing and remodeling [18]. There is a tendency of
the system to return to its original position, which is
related, among others, to the tension in soft tissues
and muscles.

A subject often discussed in many publications is
the stability of treatment results, which is often meas-
ured by skeletal relapse. Correlations are sometimes
sought in the changes in the biomechanics of the masti-
catory system. The muscles directly act on the skeletal
system through attachments, the position of which
changes during surgery. This is also the case with
muscle orientation, and, therefore, the direction of the
force action. The distribution of forces in the masti-
catory system is to be altered, including both the mus-
cle forces and the reaction forces in the temporoman-
dibular joints. A statement on this issue is presented
by Hwang et al. [13]. The authors note that new
biomechanical conditions may contribute to changes
in bone geometry in the postoperative period, which
are largely related to bone remodeling. The opposite
view is taken by Dicker et al. [6]. They do not support
the hypothesis that postoperative changes, e.g., man-
dible condyle resorption or increased occlusal force,
result from improved biomechanical conditions [4],
[10]. Despite statistically significant changes in the
orientation of the masseter and medial pterygoid muscles
during mandibular advancement, changes in biome-
chanical conditions should not cause the remodeling of
bony structures. Their analysis showed only a slight
increase in the maximum reaction force on the con-
dyle. A more vertical orientation of the muscles may
contribute to their more efficient action and an in-
creased vertical component of the muscle force. An-
other point the authors mention is the reduction of the
muscle’s cross-sectional area, which is supposed to
cause the capability of the muscle to generate force in
order to decrease. This conclusion is consistent with the
statement that the maximum force of a muscle is de-
pendent on its cross-sectional area. The analysis of the
muscle forces in the masticatory system under static
load conditions admittedly showed slight changes in
their values, which resulted from pitch rotation of the
proximal segment. However, as the distal segment is
advanced, the forces increase significantly [19].

The results of the mechanical analysis presented
here indicate that the position of the distal segment
has a significant effect on the value of the occlusal force.
The loading conditions of the condyle also change.
From a mechanical point of view, the obtained results
seem to favor the first hypothesis [13]. With mandible
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setback of 10 mm, the occlusal force increased by
17%, while for advancement of 10 mm it decreased
by 11%, compared to the preoperative value. The
reaction forces of joints simultaneously decreased
by 20% and increased by 15% for posterior and ante-
rior translation of the distal segment, respectively.
With the rotation of the proximal segment, the change
in the value of the occlusion force did not exceed 4%.
The reaction force in the joint increased by up to 7%.
The altered loading conditions of the condylar head
may lead to remodeling due to changes in strain dis-
tribution. Both excessive and reduced loading may
lead to resorption and bone loss [11]. It should be
mentioned that soft tissues, including muscles, char-
acterizes with elasticity and stiffness. In the initial
postoperative period additional forces resulting from
tissue tension is present in the system. These forces
may alter the loading conditions of the temporoman-
dibular joint. The presented analysis does not take into
account the given forces due to the consideration of
conditions after complete bone union. After a given
period of time, it can be assumed that the given loads
have no effect due to the initial adaptation of the
system.

The obtained changes in the values of occlusion
forces are consistent with the data presented in clinical
reports. For subjects with elongated facial dimensions,
lower values of occlusion forces are observed than for
short facial morphology [14], [31]. As the length of
the mandibular body increases, the moment arm of the
occlusal force simultaneously increases. This results
in greater masticatory muscle activity or a decreased
occlusal force value and, in both cases, an increased
reaction force at the temporomandibular joint. With
the advancement of the distal segment, the pterygoid
muscle becomes more vertical, which results in an
increase in the vertical component of the force and
a decrease in the horizontal component. Anterior rota-
tion of the proximal segment similarly results in a more
vertical orientation of the masseter, thus also causing
a possible increase in the occlusal force. To a lesser
extent, however, it affects the position of the tem-
poralis muscle, which becomes oriented slightly more
horizontally, thereby, increasing the reaction force
component in that direction. However, the origin of
the temporal muscle is so extensive that such minor
angular changes may not actually have a significant
effect on its function.

In the presented analysis, muscles were repre-
sented as a single line. Reducing the muscle force to
a single vector is a considerable simplification. How-
ever, it does allow for changes in the magnitude of the
force components in individual directions to be con-

sidered. Although justified, this does not fully reflect
the much more complex real conditions. The muscle,
in its volume, is made up of numerous fibers running
between its attachment and origin. The masticatory
muscle attachments are distributed over a large area
of the bone. Surgical changes can, therefore, affect
the stretching of the fibers to a different extent, de-
pending on what part of the muscle they are located
on. As a result of backward pitch rotation, the ante-
rior part of the superficial masseter might be stretched
more than the posterior part. Moreover, masticatory
muscles have a relatively large surface area of at-
tachments when compared to the length and volume
of the muscle. In fact, the distribution of forces
across the surface is not uniform. Similarly, the
vector of forces generated by the muscle does not
coincide with the direction of its linear representa-
tion [23].

The analysis of anatomically correct craniofacial
models can also be seen as a limitation of the given
study. Such morphology can be seen to be different
than the actual anatomy, with defects occurring in the
positions of muscle attachments, the initial orientation
of muscles, the length of the mandibular ramus and
the length of the mandible itself. As a result, the ana-
lyzed values for the assumed displacements will dif-
fer. However, they should be significantly different,
which can be seen by the similarity of the results ob-
tained for both geometries.

The performed quantitative analysis concerns
single changes in the geometry of the mandible. Such
considerations are difficult to generalize and trans-
late into real cases with complex geometry changes.
There are no visible patterns concerning the displace-
ments of fragments and the relationship between
changes in geometry and specific treatments [18]. A full
analysis requires the consideration of combinations of
these displacements, which can be infinite in number.
An accurate reference to real conditions is an addi-
tional complex issue due to, among other things, the
small number of clinical reports that present quantita-
tive data. Similar to the conclusions in Dicker et al.
[5], the clinical significance of the presented results
for muscle angular positions is still to be determined.
They show the extent to which particular displace-
ments of bone segments will affect the change in the
geometry of the muscular system, and thus, the load
conditions. In addition, a significant impact of changes
in bone morphology introduced during the proce-
dures on the length of the muscles and the biome-
chanics of the masticatory system was noticed. Modern
techniques of planning surgery allow the positions of
bone segments to be predicted. The presented results,
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taking the necessity of additional operations such as
muscle detachment into account, may, therefore, be
useful.

5. Conclusions

The presented analysis provides a biomechanical
perspective on the issue of changes in the orientation
and length of the masticatory muscles, as well as
their influence on mandibular loading conditions.
The changes introduced during orthognathic proce-
dures significantly affect the considered issues, which
may constitute an important factor for the remodel-
ing of the musculoskeletal system. Based on the analy-
sis of the results, the following conclusions were
drawn:
 Translation of the distal segment significantly

affects the position of the medial pterygoid mus-
cle. With the mandibular setback, the muscle di-
rection can even be by 23 more horizontal. With
large ranges of the mandible protrusion, the direc-
tion of the muscle’s action may change to the op-
posite – the non-anatomical one,

 Pitch rotation of the proximal segment, and trans-
lation of the distal segment may cause excessive
stretching of the masticatory muscles, as well as
changes in the value and direction of the reaction
force in the mandibular condyle,

 Changes in the value of the occlusal force are
mainly affected by the translation of the distal
segment in the sagittal plane.
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