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The relationship between unilateral mandibular angle 
fracture and temporomandibular joint function
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Juozas Zilinskas

  SCIENTIFIC ARTICLES

SuMMaRy

Purpose. Aim of this study was to analyze relation of occlusal correction and alterations of 
temporomandibular joint function during treatment of unilateral mandibular fractures. 

Materials and methods. We compared 49 patients treated for unilateral mandibular fracture 
without occlusal correction with 21 patient treated for unilateral mandibular fracture along with 
early and consequent occlusal analysis and correction and with 49 control subjects. Patients’ 
complaints, mandibular movements and occlusal parameters were evaluated during the period 
of healing. ZEBRIS ultrasound system (Jaw Motion Analyzer, Zebris Medical GmbH, Isny, 
Germany) was used for analysis of mandibular movements and T-Scan analyzer (Tekscan, Inc., 
Boston, MA, USA) was used for occlusal analysis. 

Results. Findings of our study showed statistically significant (p<0.05) diminution of pa-
tients complaints, mandibular movement alterations and occlusal disturbances in patients who 
received occlusal correction during MF treatment if compared to patients treated without oc-
clusal correction, except noises from the joint in the injured side and mandibular lateral track 
to the injured side in the final stage of investigation. Despite applied treatment recovery of the 
TMJ function was not complete and the investigated parameters remained worse if compared 
to the control group.

Conclusions. Results of this study confirmed positive influence of early and subsequent 
occlusal analysis and correction during stages of MF treatment on diminution of functional 
alterations of the temporomandibular joint function. Timely occlusal correction improves and 
hastens process of rehabilitation therefore it is indispensable part of MF treatment. 
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INTRODuCTION

Due to specific anatomical structure mandibular 
fractures (MF) are almost always characterized by 
changes in articulation, chewing function and speech 
during the process of healing and rehabilitation (1-
4). Whereas the TMJ dysfunction has multifactorial 
etiology, it’s diagnostic and treatment remains one 

of the most complicated fields of odontology (5). It 
was stated that prevalence of the TMJ dysfunction 
of non-traumatic origin range from 27.5 to 43.3%, 
while prevalence of traumatic origin TMJ dysfunc-
tions varies from 42.0 to 62.5% (6-8). Some authors 
emphasized deficiency of adaptive capacity of neu-
romyogenic process in the stomatognatic system, for 
example Mc Namara and Tsukiyama stated that oc-
clusal disturbances didn’t have significant influence 
on the TMJ dysfunction because continual adaptive 
processes run in the human stomatognatic system 
and they compensate inessential functional disorders 
(9). Petrosov, Lebedenko, Arutiunov, Slavicek and 
Cooper concluded that occlusal disturbances are one 
of the main etiological factors of the stomatognatic 
system dysfunction of compensated or decompen-
sated type (10–14). Trauma of the stomatognatic 
system was described as very important etiological 
factor for development of the TMJ dysfunctions 
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Kaunas, Lithuania, in period 2003-2008 with diag-
nosis of unilateral mandibular angle or ramus frac-
ture, 37 men and 12 women age 30.88±2.728. Crite-
rions of inclusion in this study were: 1) Inhabitant of 
Lithuania which understands Lithuanian language; 
2) Person with diagnosis of unilateral mandibular 
angle or ramus fracture; 3) Person with complete 
dental arches; 4) Person agrees to participate in the 
study; 5) Age 18 and more. Following criterions of 
exclusion were used in this study: 1) Not inhabit-
ant of Lithuania or does not understand Lithuanian 
language; 2) Person does not agree to participate in 
the study; 3) Obvious mental or physical disability 
limiting participating in the study; 4) Other acute or 
chronic disease aggravating patient’s state; 5) Per-
son is younger than 18; 6) Person with incomplete 
dental arches. In Group 1 there were 35 MF without 
and 14 with dislocations during trauma. 21 people 
get treatment with Kirschner wire osteosyntesis and 
maxillomandibular fixation (MMF) with individual 
wire splinting, while 28 get only maxillomandibular 
fixation (MMF) with individual wire splinting. Any 
occlusal correction was applied for the Group 1 pa-
tients. The second group (Group 2) consisted of 21 
persons hospitalized in Department of Maxillofacial 
Surgery, Lithuanian University of Health Sciences, 
Kaunas, Lithuania, in period 2009-2011 with diag-
nosis of unilateral mandibular angle fracture, 17 men 
and 4 women 27.05±3.853. In Group 2 there were 
15 MF without and 6 with dislocations. 14 people 
were treated by only maxillomandibular fixation 
(MMF) with individual wire splinting while 7 were 
treated with Kirschner wire osteosynthesis and max-
illomandibular fixation (MMF) with individual wire 
splinting. Occlusal correction was performed in four 
stages during healing for all the persons of Group 2. 
The control group (Group K) consisted of 49 healthy 
persons, 35 men and 14 women age 33.08±5.024 
characterized by physiological types of bite, without 
trauma of stomatognatic system and without any 
complains related to the TMJ dysfunction.

Clinical evaluation
In all three groups there were evaluated: com-

plaints of the patients such as pain in the region of 
TMJ, limitations of the mandibular movements, 
deviations (single or double) and noises from the 
joint during mandibular movements as well as pa-
rameters of mandibular movements (articulation) 
and dynamic analysis of occlusion.

articulation analysis
Articulation of the mandible was analyzed using 

ZEBRIS ultrasound system (Jaw Motion Analyzer, Ze-

due to affected all of three principal components 
(5, 15-18). In cases of MF etiopathological factors 
become active and their complex influence on the 
TMJ dysfunction increases. Experimental studies 
with animals based on morphohistological analysis 
of divers location mandibular fractures showed that 
violated integrity of mandible and its biomechanics 
always resulted in structural alterations of mastica-
tory muscles which determined development of 
the articular and muscular dysfunction (3). Timely 
and complete complex treatment of trauma should 
assure early diagnostic of risk factors and initial 
functional disorders, while well-timed correction 
and rehabilitation of primary disorders can prevent 
or reduce development of the TMJ dysfunction (19). 
Clinical studies confirmed that parameters such 
as area of occlusal contacts and time between the 
1st occlusal contact to maximal occlusal contacts 
between the dental arches reliably describe state of 
the stomatognatic system’s function because they 
allow to evaluate degree of structural as well as 
neuromuscular rehabilitation, furthermore, timely 
control and purposeful correction of alterations are 
relevant in the process of rehabilitation (20). Heal-
ing of affected bony structures after MF is lengthy 
though early balanced occlusion and purposeful 
stimulation of masticatory muscles activity during 
post-operative period not only determine faster 
regeneration of the stomatognatic system function 
but has positive effect on bone healing process (21). 
There is few data about dynamical changes of oc-
clusion and articulation during MF healing as well 
as about potential of their correction, therefore their 
investigation during process of active MF healing 
is relevant. 

Aim of this study was to verify the hypothesis 
if occlusal analysis and corrections during MF 
healing has significant influence on functional al-
terations of the temporomandibular joint function. 
In this study we evaluated alterations in function 
of the stomatognatic system during healing of MF 
in two investigative groups composed of persons 
with unilateral MF treated in periods 2003-2009 and 
2009-2011; obtained results were compared with 
functional parameters of the stomatognatic system 
of healthy people.

MaTERIaLS aND METHODS

Subjects
Three groups of investigation were formed in 

this study. The first group (Group 1) consisted of 49 
persons hospitalized in Department of Maxillofacial 
Surgery, Lithuanian University of Health Sciences, 
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bris Medical GmbH, Isny, 
Germany). Following pa-
rameters were estimated: 
amplitudes of spatial path-
ways of condyles and in-
cisal points, equivalence 
and rate of the vertical and 
horizontal movements. 
Measuring accuracy in 
region of mandibular inci-
sors was 0.1 mm while in 
region of condyles 0.2-0.3 
mm (22). 

Occlusal analysis
Dynamic occlusion 

analysis was performed 
with T-Scan analyzer 
(Tekscan, Inc., Boston, MA, USA) using two 
modes of time and force analysis, there were 
evaluated locations of occlusal contacts, their 
active areas, shapes, occlusal balance between 
intact and injured sides, time between the 1st oc-
clusal contact to maximal occlusal contacts and 
alternations of bite force balance in time (23-25). 

Plan of the investigation
Analysis of the Group 1 and Group K was 

performed once during the control examination. 
Course of the complex examination of 

Group 2 consisted of 6 stages:
I stage – investigation before immobiliza-

tion (first day after injury);
II stage – investigation along with the occlusal 

correction (just after removal of MMF);
III stage – investigation along with the occlusal 

correction (1 month after removal of MMF);

IV stage – investigation along with the occlusal 
correction (3 months after removal of MMF);

V stage – investigation along with the occlusal 
correction (6 months after removal of MMF);

Fig. 1. Comparative diagram of mandibular movements dynamic during the stages of inves-
tigation

Fig. 2. Dynamical changes of occlusal contacts areas during the 
stages of investigation

Table 1. Findings of clinical evaluation of patients’ complaints in all stages of investigation

Group K n=49 Group 1
n=49

Group 2 
n=21 
I stage

Group 2 
n=21 
II stage

Group 2 
n=21 
III stage

Group 2 
n=21 
IV stage

Group 2 
n=21 
V stage

Group 2 
n=21 
VI stage

Group K 
n=49

Pain in the region of 
TMJ

0 8 
(16.3%)

18 0 0 1 
(5%)

2 
(9.5%)

2 
(9.5%)

Limitations of the man-
dibular movements

0 31 
(63.3%)

21 
(100%)

21 
(100%)

9 
(43%)

8 
(38%)

7 
(33%)

5 
(23.8%)

Deviation (single/dou-
ble)

0 49
(37/12) 
100%

19 
(90%)

0 4 
(19%)

4 
(19%)

4 
(19%)

4 
(4/0)
(19%)

Noises from the joint 
I – in the intact side 
T – in the injured side 
HT – in the intact and 
injured sides

I – 0 
T – 0 

I – 13 
(26.5%) 
T – 13 
(26.5%) 
IT – 10 
(20.4%)

I – 0 
T – 0

I – 0 
T – 0

I – 0 
T – 2

I – 1 
(5%) 
T – 4 
(19%)

I – 2 
(9.5%) 
T – 5 
(24%)

I – 2 
(9.5%) 
T – 6 
(28.5%) 
IT – 0
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VI stage – evaluation of patients complains 
along with the occlusal analysis (12 months after 
removal of MMF).

Statistical analysis was performed using pro-
gram SPSS 22.0 by Student t test and paired t test 
if the values showed a normal distribution and by 
Mann-Whitney U test and Wilcoxon signed rank 
test if the values did not show a normal distribu-
tion. Significance was defined as P less than 0.05 
for all analyses.

RESuLTS

Findings of patients’ clinical evaluation in our 
study showed significantly (p<0.05) higher rate of 
all complaints in Group 1 if compared to Group 2 
in the final stage of investigation except noises from 
the joint in the injured side (Table 1). Results of 
mandibular movement analysis in this study showed 
statistically significant (p<0.05) improvement of all 
parameters in Group 2 except MLT to the injured 
side if compared to the Group 1 (Table 2). Findings 
of occlusal analysis in present study displayed that 
in the VI stage of investigation all occlusal param-
eters in Group 2 improved significantly (p<0.05) if 
compared with Group 1 nevertheless parameters of 
Group 2 stayed significantly (p<0.05) lower than the 

Group K findings (Table 2). Comparative diagram 
of mandibular movements dynamic during the heal-
ing is presented in Figure 1. Dynamical changes 
of occlusal contacts areas during all the stages of 
investigation are presented in Figure 2.

DISCuSSION

Function of the human temporomandibular joint 
(TMJ) is determined by following three principal 
components: occlusion between the dental arches, 
structure of the TMJ and the neuromuscular sys-
tem, responsible for performance and control of 
the function. American Academy of Orofacial Pain 
(AAOP) classifies TMJ disorders in two groups 
according to the main etiological factor – disor-
ders of arthrogenic origin (due to the structural 
changes and functional disorders) and disorders 
of biopsychosocial and neuromyogenic origin (26, 
27). Disorder in activity of even single abovemen-
tioned component can start development of the 
TMJ dysfunction (28). However, influence of every 
component is rated differently in discussions; for 
example, coefficient of occlusion between the dental 
arches influence on the TMJ pathology is significant-
ly lower than the arthrogenic or biopsychosocial and 
neuromyogenic origin alteration’s influence (26). 

Table 2. Findings of mandibular movements and occlusal analysis in all stages of investigation

Group K 
n=49

Group 1 
n=49

Group 2 
n=21
I stage

Group 2 
n=21
II stage

Group 2 
n=21
III stage

Group 2 
n=21
IV stage

Group 2 
n=21
V stage

Group 2 
n=21
VI stage

Maximal vertical 
track (MVT) of 
mandibular incisors 
(mm)

47.08±6.7 46.21±4.44 13.17±6.24 11.34±2.83 39.93±2.34 42.41±2.09 42.73±1.8 43.11±1.74

Maximal lateral track 
(MLT) of mandibular 
incisors to the intact 
side (mm)

10.76±2.15 11.0±2.62 5.07±2.43 4.36±1.4 9.45±1.0 10.72±1.12 11.37±1.24 11.6±1.2

Maximal lateral track 
(MLT) of mandibular 
incisors to the injured 
side (mm)

10.93±1.7 12.59±2.35 3.5±2.1 4.92±2.76 9.64±1.3 10.93±1.29 11.59±1.29 11.71±1.31

Maximal protrusion 
(MP) (mm)

9.94±1.16 6.86±2.04 2±0.89 2.57±0.68 7.48±0.75 8.05±0.8 9.29±0.9 11±1.22

Relation of occlusal 
balance (ROB) be-
tween the intact and 
injured sides (%)

49.69±1.79/ 
49.36±1.75

47.79±8.39/ 
51.82±7.97

60.11±18.47/ 
39.88±18.45

50.81±8.59/ 
49.19±8.59

47.74±2.19/ 
52.22±2.2

45.91±3.41/ 
54.09±3.41

48.06±2.83/ 
51.98±2.78

49.61±1.43/ 
50.39±1.43

Time between the 
1st occlusal contact 
to maximal occlusal 
contacts (s)

0.17±0.02 1.14±0.41 1.52±0.69 1.604±0.409 0.722±0.167 0.553±0.173 0.396±0.139 0.24±0.09

Area of occlusal con-
tacts (intact/injured 
sides) (mm²)

308.79±1.00/ 
316.47±0.76

220.71±5.19/ 
121.39±2.04

79.34±3.74/ 
64.92±1.39

198.52±4.56/ 
116.13±2.53

121.34±2.4/ 
91.23±4.21

84.04±13.42/ 
56.23±3.42

219.08±2.37/ 
134.33±2.1

215.08±7.44/ 
206.13±4.51
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Clinical studies on patients with MF during 
period of healing and rehabilitation showed typical 
disorders related to the masticatory muscles activity: 
limitations of mandibular movements during open-
ing, protrusive and lateral movements, asymmetric 
opening movement, pain in the masticatory muscles 
during palpation and function, asymmetry of the 
face. All of those disorders described articular – 
muscular dysfunction and were found in up to 97.3% 
cases of MF (4). It was stated that one of the main 
factors for successful treatment of various location 
MF is proper immobilization of the fragments. There 
are two basic groups of immobilization techniques 
in contemporary traumatology – the external and 
internal (29, 30). Complete immobilization of 
mandible during treatment of MF is impossible due 
to obstruction of the vital functions. Partial immo-
bilization with partial restoration of integrity and 
anatomical shape of the broken mandible as well as 
pain and biopsychosocial factors disorganize coor-
dinated activity of stomatognatic system’s muscles, 
optimal occlusal contacts between teeth and full-
rate chewing (31, 32). In cases of non-complicated 
unilateral linear MF with adequate fixation bone 
integrity and function regenerates in 4-5 weeks. 
Complicated multiple fractures of mandibular ra-
mus and condyle determine complex morphologi-
cal and functional disorders. Biopsychosocial and 
neuromyogenic factors get activated during healing 
and rehabilitation of MF and development process 
of the TMJ dysfunction assumes long-term multi-
factorial character (4, 31-34). Analysis of literature 
concerning the course of MF healing showed that the 
most of them were concentrated on optimization of 
the method of immobilization (29, 35-38) but only 
few studies mentioned meaning of the rehabilita-
tion means during healing stages of MF (39, 40). 
Fundamental of the external immobilization is to 
eliminate mobility of the fragments without surgical 
intervention. External devices (splints) are fixated 
to the teeth of the injured and antagonistic jaw. Ac-
tion of the fixating splint is transferred to the jaw 
bone through soft tissues and periodont. In such 
circumstances there is no guarantee that the primary 
repositioning of the fragments will remain during 
all the period of immobilization (41). Results of the 
studies concerned to the efficiency of the immobili-
zation showed that inflammatory complications of 
MF were more frequent and heavier when internal 
techniques of fixation were used (42, 43) however 
from the perspective of occlusal rehabilitation wire 
splinting did not warrant stable position if compared 
with immobilization based on the orthodontic means 
or mini-implants (43, 44). Despite there are many 

methods proposed for the fragments fixation number 
of complications such as wrongly concrescence of 
fragments or post-traumatic osteomyelitis remains 
quite high (1, 45). The truth is that not all the authors 
qualify occlusal disturbances as complication (39). 
Timely and purposeful treatment of any location 
MF is relevant and efficient for prevention of pos-
sible dysfunctions of the TMJ and has significant 
influence on further course of rehabilitation and 
its results (45). Obligatory condition for valuable 
healing of the bone is to ensure good nutrition of 
the surrounding tissues and proper oxygenation 
(46), but immobility of both jaws for 4 to 5 weeks 
worsen these conditions significantly. Early use of 
the physical exercise can ensure abovementioned 
conditions (37). Therapeutic exercise in the early 
post-operative period determine faster psychologi-
cal adaptation of the patient, improves breathing 
and hasten processes of metabolism (47). However 
some of the authors stated that early physical ex-
ercise must be avoided when external methods of 
fragments fixation are used considering maintenance 
the stability of MMF (38). If internal means of 
fixation such as osteosynthesis are used stability of 
fragments is ensured theoretically but broad use of 
functional exercise is not recommended either due to 
incomplete investigation of the interaction between 
bone and osteosynthesis plate. When conservative 
treatment of MF is applied hypokinesia and hypo-
dynamics dominate (36). Such situation discourages 
process of stamotagnatic system rehabilitation and 
may become the reason of occlusal alterations and 
dysfunction of the TMJ. Earlier studies emphasized 
significance of early occlusal analysis and correction 
on the prophylaxis of the TMJ disorders (3, 48). In 
our study we showed dynamics of the functional 
changes during the healing process as well as posi-
tive influence of the early and subsequent corrective 
treatment on the TMJ dysfunction prevention.

CONCLuSIONS

As a result of MF function of the stomatognatic 
system is disturbed essentially. Timely diagnostic 
of alterations and their purposeful correction stimu-
lates course of neuromyogenic adaptive processes 
and supports compensation of developing dysfunc-
tions of the TMJ. Optimal treatment of MF must 
take such course: accurate reposition of the frag-
ments, stable fixation, assurance of function, timely 
removal of the splints, occlusal balancing in stages 
and individually formed program of rehabilitation 
to restore the function of masticatory muscles and 
coordination of the TMJ movements. Findings of 
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our study showed statistically significant (p<0.05) 
influence of early and subsequent occlusal analy-
sis and correction during stages of MF treatment 

on diminution of functional alterations of the 
stomatognatic system, consequently, on the TMJ 
dysfunction formation
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