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SUMMARY

Outcomes of mandibular fractures were stated as frequent reason of temporomandibular joint
dysfunctions. The objective of this study was to evaluate dynamical changes of occlusion and articu-
lation during treatment of mandibular angle fractures. 12 subjects with mandibular angle fractures
underwent analysis of occlusion and articulation in all stages of healing. Findings of investigations
were presented in Posselt’s and intercondylar axis diagrams, occlusiograms and relative force vs.
time graphs. Comparison of results in first day, 1, 3 and 6 months after trauma showed that despite
typical process of fragments healing and good fixation but with insufficiently balanced occlusion
and posttraumatic discoordination of muscle activity first signs of TMJ articular discs dysfunction
were found. Our results confirm the concept that early rehabilitation of mandibular function and
occlusion are essential to prevent developing functional disorders of TMJ.
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INTRODUCTION

Injuries of stomatognathic system, their course
and sequences have significant influence on life
quality, psychological and esthetical conditions of
traumatized persons. Facial traumas amount 3.2-8%
of all injuries (1-3). Mandibular fractures (MF) take
79.7% among facial traumas (3, 4). In 20-30% cases
fractures occur in mandibular angle region (5). Major-
ity of persons who experienced MF are young people:
20-29 years old persons make 36.3%, 30-39 years old
—25.9 % of all cases (2, 3, 6-8). According to statis-
tics, there are annually around 500 patients with MF
hospitalized in Department of Maxillofacial Surgery,
Lithuanian University of Health Sciences, Kaunas,
Lithuania (9). Appropriate treatment and rehabilita-
tion of patients with MF are very important from a
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social and economical viewpoint. Most studies were
intended for pathology of temporomandibular joint
(TMJ) in result of fractures of mandibular condyle
(10-13). Only several studies emphasized that former
fractures of mandibular body may had become the
reason of TMJ’s dysfunctions (14, 15). Alterations
of occlusion and articulation during healing and
rehabilitation of MF were investigated episodically.
Well-timed, purposive and integrated treatment of MF
is relevant and efficient on purpose to avoid possible
dysfunctions of TMJ and has critical influence on
further rehabilitation and its results (16). Course of
MF’s rehabilitation should be preventive and adapted
to biological processes that happen during healing of
bone, such as formation of bony scar, concrescence
of bony tissue, functional changeover of bony scar.
Optimal treatment of MF should run in following
course: accurate reposition of fragments, stable max-
illomandibular fixation (MMF), secured function,
timely removal of MMF, stage-by-stage equilibration
of occlusion and individually composed program of
rehabilitation to re-establish function of masticatory
muscles and coordination of TMJ’s movements.
The purpose of this investigation was to evalu-
ate dynamical changes of occlusion and articulation
during treatment of mandibular angle fractures and

*A color version of this article can be found at
http://www.sbdmj.com/131/131-2.html.
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Fig. 1. Maximal vertical track (MVT) of mandibular incisors

Fig. 3. Maximal lateral track (MLT) of mandibular incisors
to the injured side

review requirement of rehabilitation methods and
their corrections considering course of MF treatment.

MATERIALS AND METHODS
Subjects

From patients hospitalized in Department of
Maxillofacial Surgery, Lithuanian University of

Table. Time of investigations during the stages of MF’s healing

Fig. 2. Maximal lateral track (MLT) of mandibular incisors
to the intact side

Fig. 4. Relation of occlusal balance (ROB) between the
intact and injured sides

Health Sciences, Kaunas, Lithuania, with diagnosis
of unilateral mandibular angle fracture, there were
12 subjects (all of them males) selected for this in-
vestigation. The age of subjects ranged from 19 to 45
years old. Maxillomandibular fixation (MMF) was
applied to all of the subjects. Alterations of occlu-
sion and articulation were analyzed in all stages of
MF’s healing (17): acute stage — the first day after

Pa- Time after injury (days)

tient’s Location of the fracture Investiga- Immobili- Investiga- Removal of Investiga- Investiga-

No. tion No.1 sation tion No.2 the MMF  tion No.3 tion No. 4

1 Left side angle, without dislocation 2 3 30 37 88 170

2. Right side angle, without dislocation 1 1 29 36 90 172

3. Left side angle, with dislocation 3 3 33 40 89 173

4, Right side angle, without dislocation 1 1 31 38 85 168

5. Right side angle, without dislocation 2 2 34 41 90 170

6. Left side angle, with dislocation 3 3 35 42 92 172

7. Left side angle, without dislocation 4 4 34 41 90 176

8. Left side angle, with dislocation 7 7 37 44 96 180

9. Left side angle, with dislocation 2 2 30 37 89 170

10. Left side angle, without dislocation 3 3 31 38 85 171

11. Right side angle, with dislocation 1 1 29 36 89 169

12. Left side angle, without dislocation 1 1 30 37 88 168
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Fig. 5. Posselt‘s diagrams in the fron-
tal plane: of a healthy subject (green)
and patient J.G., first day after injury
(brown)

Fig. 7. Intercondylar axis diagrams dur-
ing opening: of a healthy subject (left)
and patient J.G., first day after injury
(right)

Fig. 6. Posselt's diagrams in the sagit-
tal plane: of a healthy subject (green)
and patient J.G., first day after injury
(brown)

Fig. 8. Intercondylar axis diagrams dur-
ing closing: of a healthy subject (left)
and patient J.G., first day after injury

(right)

Fig. 9. Occlusiograms of a healthy subject with balanced occlusion (left) and patient

J.G., first day after injury (right)

Fig. 10. Physical parameters of occlusion: balanced occlusion of a healthy subject
(left) and patient J.G., first day after injury (right)
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injury, before MMF; 1 month after
injury, in stage of bony scar matu-
ration and secondary changeover,
after removal of MMF; 3 months
after injury and 6 months after in-
jury (Table).

Articulation analysis

Articulation of the mandi-
ble was analyzed using ZEBRIS
ultrasound system (Jaw Motion
Analyzer, Zebris Medical GmbH,
Isny, Germany). Following param-
eters were estimated: amplitudes
of spatial pathways of condyles
and incisal points, equivalence
and rate of the movements. Re-
sults of analysis are presented in
Posselt’s diagrams in two planes:
frontal and sagittal; accuracy of
movement analysis is £0.1mm
(18). The Posselt’s diagrams rep-
resent the movement limits of the
incisal point in maximum sagittal
and frontal jaw movements. In ad-
dition, the movement of the incisal
point is shown in the opening and
closing movements. Pathways
of the intercondylar axis during
opening and closing movements
are displayed in the axis diagrams
where green line indicates pathway
of the right condyle, red line — of
the left condyle.

Occlusal analysis

Dynamic occlusion analysis
was performed with T-Scan ana-
lyzer (Tekscan, Inc., Boston, MA,
USA) using two modes of time and
force analysis, there were evaluated
locations of occlusal contacts, their
active areas, shapes, relative forces,
total centre of occlusal forces and
alternations of bite force balance in
time (19-22). Findings of analysis
are visualized in occlusiograms
and relative force vs. time graphs
of physical parameters of occlusal
contacts, where green lines indi-
cate relative bite force rates of left
side and red lines — of a right side;
meanwhile resultant of a bite force
is shown as a grey line.
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RESULTS

Investigations of 12 trauma-
tized persons healing and functional
regeneration processes did not find
any significant differences between
cases as well as complications
during conventional rehabilitation
(Figures 1-3). Regulation of oc-
clusal balance for the traumatized
persons is multifactorial process
which is reliant on structural in-
tegrity as well as on character of
neurogulatory adaptation of the
subject. Graphic analysis of the
occlusal balance regulation did not
show any significant directional
tendency of the process (Figure 4).

After evaluating the tenden-
cies of alterations in occlusion and
articulation, we present for con-
sideration a standard clinical case
of patient J. G. (45 years of age)
with unilateral (on the right side)

Fig. 11. Posselt‘s diagrams in the frontal
plane: of a healthy subject (green) and
patient J.G., first day (brown) and 1
month (blue) after injury

Fig. 13. Intercondylar axis diagrams dur-
ing opening: of a healthy subject (left)
and patient J.G., first day (center) and 1
month (right) after injury

Fig. 12. Posselt‘s diagrams in the sagit-
tal plane: of a healthy subject (green)
and patient J.G., first day (brown) and 1
month (blue) after injury

Fig. 14. Intercondylar axis diagrams
during closing: of a healthy subject (left)
and patient J.G., first day (center) and 1
month (right) after injury

mandibular angle fracture, which
completely describes essence of
the problem.

Findings of the first day after
injury

Occlusion and articulation of
the patient J. G. were investigated
in acute stage without anesthesia,
before MMF. It was found strong
restriction of mandibular move-
ments with deviation to the trau-

matized (right) side during jaw Fig. 15. Occlusiogram of patient J.G. 1 Fig. 16. Physical parameters of occlusion

opening and lateral movements, Monthafter injury

Findings of analysis visualized in Posselt’s diagrams
indicated significant fragmentation and small am-
plitude of mandibular movements in frontal plane
(Figure 5) —up to 9 mm, in comparison with 40 mm
for the healthy person. In sagittal plane were deter-
mined restricted movements (up to 10 mm) without
protrusion (Figure 6). Pathway of the intercondylar
axis in the right side was minimal — restricted to 1
mm and uneven with deviation to the traumatized
side, whereas movement amplitude of the condyle
in the intact side was found better (up to 3 mm) but
still was far from norm (15 mm) (Figures 7 and 8).
Occlusal analysis showed disbalance of occlusal
contacts with deviation of total centre of occlusal
forces to the left side (Figure 9). There were deter-
mined unstable physical parameters of occlusal con-
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of patient J.G. 1 month after injury

tacts (Figure 10): resultant of bite forces achieved
the maximum only in the end of clenching phase;
distance between lines A and B in relative force vs.
time graph was more than 0.2 s (in balanced occlu-
sion it should be <0.2 s) (20). All above mentioned
findings indicate significant disbalance of occlusion.

Findings 1 month after injury

One month after injury, after removal of MMF,
occlusion and articulation of patient J.G. were
analyzed. In result of healing of bony fragments
and post-traumatic pain reduction amplitude of
mandibular movements increased to 16 mm as
well as their symmetry. Fragmentation of move-
ment in frontal plane remained, but it was defined
restriction of condylar movement in the intact side,
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Fig. 17. Posselt‘s diagrams in the fron-
tal plane: of a healthy subject (green)
and patient J.G., first day (brown), 1
month (blue) and 3 months (red) after
injury

Fig. 19. Intercondylar axis diagrams
during opening: of a healthy subject
(left) and patient J.G., first day (center),
1 month (right) and 3 months (below)

Fig. 18. Posselt‘s diagrams in the sagit-
tal plane: of a healthy subject (green)
and patient J.G., first day (brown), 1
month (blue) and 3 months (red) after
injury

Fig. 20. Intercondylar axis diagrams
during closing: of a healthy subject
(left) and patient J.G., first day (center),
1 month (right) and 3 months (below)

this may be explained by character
of the retrusive movement which is
much easier and less painful than
the protrusive one (Figure 14).
Balance of bite force resultants 1
month after trauma did not show
essential positive changes: occlusal
contacts began and staid stronger
in the intact side, although slight
contacts were noticed in the side of
fracture (Figure 15). Comparable
lines of occlusal forces in the right
and left sides still didn’t touch, al-
though resultant of bite forces was
more equal, but time till maximum
bite force staid longer than 0.2 s
(Figure 16).

Findings 3 months after injury

Analysis of articulation per-
formed for patient J.G three months
after his trauma showed that am-
plitudes of mandibular movements
were closer to normal if compared
with previous results, but their spa-
tial character indicated progress of
TMJ dysfunction. In frontal plane
of Posselt’s diagram amplitudes of
mandibular movements increased

after injury after injury

Fig. 21. Occlusiogram of patient J.G. 3 Fig. 22. Physical parameters of occlusion
of patient J.G. 3 months after injury

months after injury

possibly as a result of takeover of the function of
mandibular position stabilization (Figure 11). In
sagittal plane it was defined slight protrusive slip up
to 3 mm (Figure 12). Pathways of the intercondylar
axes in diagrams defined as still asymmetric, but in
the traumatized side their amplitude increased to 2
mm, while in the intact side remained restricted to
3 mm, therefore during opening mandible still devi-
ated to the injured side (Figure 13). During closing
mandibular movements were found closer to norm,

16

to 25 mm, but remained asymmetric
and uneven (Figure 17). In sagittal
plane there was found stronger pro-
trusive slip up to 5 mm (Figure 18).
Pathways of the intercondylar axes
in diagrams were still asymmetric
but their amplitudes increased: up
to 6 mm in the right side and to 8
mm in the left (Figure 19). Dia-
grams of intercondylar axes dur-
ing opening and closing indicated
bilateral reversible dislocation
of articular discs (red arrows in
Figures 15 and 20). There we no
physical or mechanical obstacles
for spatial orientation of articular discs, so their
might become uncoordinated in result of dysfunction
of muscles responsible for articulation. Examina-
tion of occlusion with T-Scan analyzer showed that
process of adaptation in stomatognathic system
has begun, but some signs of unbalanced occlusion
remained — occlusiogram indicated that balance of
bite force resultants was still in the left side (Figure
21). In the graph of physical parameters of occlusal
contacts comparable lines of occlusal forces in the

Stomatologija, Baltic Dental and Maxillofacial Journal, 2013, Vol. 15, No. 1
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right and left sides still didn’t touch
whereas time till maximum bite
force staid longer than 0.2 s (Figure
22). These findings indicated that
3 months after trauma there were
no essential positive changes in
patient’s occlusion.

Findings 6 months after injury
Examination of articulation
and occlusion six months after in-
jury gave results almost identical to
those obtained in three months after

trauma. Fragmentation of mandibu-
lar movements remained as well
as their deviations to the injured
(right) side (Figures 23-26). Signs
of occlusal disbalance persisted
(Figures 27, 28). Despite success-
ful biological healing of fractured
bone, functional rehabilitation was
still far from acceptable level. Find-
ings of our investigations showed
the progress of TMJ’s dysfunction
manifested by reversible disloca-
tion of articular disc during both
opening and closing movements
of the mandible (arrows in Figures
25 and 26).

Fig. 23. Posselt‘s diagrams in the frontal
plane: of a healthy subject (green) and
patient J.G., first day (brown), 1 month
(blue) 3 months (red) and 6 months
(purple) after injury

Fig. 25. Intercondylar axis diagrams
during opening: of a healthy subject
(left) and patient J.G., first day (center),
1 month (right), 3 months (below left)
and 6 months (below right) after injury

Fig. 24. Posselt‘s diagrams in the sagittal
plane: of a healthy subject (green) and
patient J.G., first day (brown), 1 month
(blue) 3 months (red) and 6 months
(purple) after injury

Fig. 26. Intercondylar axis diagrams
during closing: of a healthy subject
(left) and patient J.G., first day (center),
1 month (right), 3 months (below left)
and 6 months (below right) after injury

DISCUSSION

It has been reported that all
the patients with MF had various
signs of anatomical and functional
disorders in TMJ and soft tissues
of masticatory system caused by
two interdependent factors: (1)
mechanical injuries, related with
the reason of trauma; (2) alterations
in the masticatory system produced
by action of masticatory muscles
i.e. dislocations of bony fragments
(23). The stronger force was reason
of trauma, the heavier were dislocations and inju-
ries of soft tissues (24, 25). All the methods of MF
treatment were classified to conservative (sympto-
matic and functional) and active (immobilizing of
fragments by various techniques of osteosynthesis)
treatment (25-28). Conservative treatment of MF
includes maxillomandibular fixation and physi-
otherapy. Though in many cases after conservative
treatment were established developed disturbances
of mandibular movements, occlusion and dysfunc-
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Fig. 27. Occlusiogram of patient J.G. 6 Fig. 28. Physical parameters of occlusion
months after injury

of patient J.G. 6 months after injury

tion of TMJ (29, 30). Alterations of soft tissues sur-
rounding the TMJ were stated as one of the possible
reasons of TMJ dysfunction (31). Some authors
reported that in result of MF geometrical structure
of masticatory system was affected, nutrition of TMJ
and surrounding tissues was disturbed, response
of injured tissues to trauma was manifested, all of
above mentioned elements resulted in contractures
of masticatory muscles, progressive dysfunction and
arthritis of TMJ with myogenic origin (32). Other-
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wise other studies about conservative treatment of
MF showed that due to insufficiently accurate im-
mobilization after trauma “new bite” was developed
and as a result of adapted dynamical stereotype of
masticatory movements and new occlusion, condi-
tions for development of TMJ dysfunction with
neuroreflectoric origin were formed (33, 34). It was
reported that in period 3 to 6 months after MF ad-
aptation to the “new bite” are in process, moreover,
dysfunctional alterations in TMJ may be reversible
as dysfunction of masticatory muscles is of inflam-
matory character (which afterwards changes over to
contractive type) therefore this period was described
as very important in development of chronic dis-
orders of TMJ and masticatory muscles functions
(35). Results of our study confirmed this. However,
if adaptive process is well developed, disorders of
posttraumatic period may be not manifested after 6
months anymore. If injuries are harder and process
of adaptation is disturbed then stressful reaction of
organism proceeds, disorders of masticatory muscles
coordination (with neuroreflectoric origin) start and
in result dysfunction of TMJ develops (36). During
rehabilitation process of our investigated 12 subjects
complete regeneration of function did not occur.
Contrarily, in default of purposeful and sufficiently
efficient kinezitherapical treatment dysfunctions of
TMJ of different degree were diagnosed for all the
subjects in our study. Posttraumatic alterations in
masticatory muscles, TMJ and surrounding soft tis-
sues depend on location of MF and time after trauma
when treatment was started (37). In study about heal-
ing of experimental fractures of rabbits mandibles
was found that when dislocation of fragments was
marked, in only 3 months after trauma destructive
and dysfunctional alterations in TMJ (particularly in
the injured side) were observed; and in some cases
even fibratization of articular capsule was found
(38). The same study reported that when MF was
located in the centre of mandible and without dislo-

cation, 3 months after trauma there were not found
any morphological and morphofunctional changes
in masticatory muscles and TMJ structures, however
if there were marked dislocation of fragments and
big affections of masticatory muscles, accretions
in the muscles were found whereas destructive and
dystrophic changes of TMJ structures were noticed
(38). Our study confirmed abovementioned findings:
3 months after trauma, despite typical process of
fragments healing and good fixation but with in-
sufficiently balanced occlusion and posttraumatic
discoordination of muscle activity, first signs of
TMJ articular discs dysfunction were found. Con-
sequently in rehabilitation after MF, except perfect
immobilization, sufficient attention to restoration
of maximum possible balance of occlusion and
coordination of masticatory muscles by kinezith-
erapical means should be paid. It was reported that
after active treatment (osteosynthesis) of MF, dur-
ing period of rehabilitation, exercise of masticatory
muscles started next day after immobilization in 3
weeks gave much better electromyography results
if compared to passive healing (39).

CONCLUSIONS

Investigations of all the 12 clinical cases
analyzed in our study supported statements in the
reviewed literature that appropriate and well-timed
fixation of bony fragments is topical in treatment
of MF. Despite it, during process of trauma healing
dysfunction of TMJ often shows up as outcome of
complex affections. Timely evaluation of patient’s
occlusion, early correction and proper orthopaedic
treatment are essential factors for stimulation of
healing and rehabilitation after MF. Early rehabili-
tation of mandibular function and occlusion stimu-
lates coordinated activity of masticatory muscles
and consequently helps to compensate developing
functional disorders of TMJ.
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