Peabinimauyinni ma Qizxynemyphno-pexkpeayiiini acnekmu po3eumxy Ji00unu

PHYSICAL REHABILITATION OF ATHLETES WITH POSTTRAUMATIC
CONTRACTURES OF MASTICATORY MUSCLES USING A DEVICE FOR ACTIVE
AND PASSIVE MECHANICAL THERAPY OF THE MANDIBLE

PIBUYHA PEABLVIITANIA CIIOPTCMEHIB I3 IOCTTPABMATUYHUMUA
KOHTPAKTYPAMM KYBAJIbHUX M’SI31B 13 3BACTOCYBAHHAM ITPUCTPOIO
JJIsA AKTUBHOI TA TACUBHOI MEXAHIYHOI TEPAIIII HAKHBOI HIEJIEITN

Mahlovanyy Anatoliy', Pankevych Victoriia!, Kunynets Olha', Rudenko Romanna®

! Danylo Halytsky Lviv National Medical University, UKRAINE
2 Health Department, Lviv State University of Physical Culture, Lviv, UKRAINE

http://doi.org/10.5281/zenodo.3766400

AHoTanii

The article analyzes the dependence
of localization of head and face injuries
on the type of sport. We have proposed
a device for active and passive mechan-
ical therapy of the mandible which is
successfully used in the physical reha-
bilitation of athletes with injuries of the
maxillofacial area. The study was con-
ducted for 3 years and it was attended
by 70 athletes with contractures of
masticatory muscles, which were divid-
ed into 2 clinical groups, depending on
the method of treatment. The pur-
pose of the study is increasing of mouth
opening amplitude to normal rates —
4.5-5 cm. The advantages of the device
over the known: the device has remov-
able plates of different size — suitable
for children and adults, the plates are
perforated — for people with partial
absence of teeth, the bottom plate
adapted to configuration and move-
ments of lower jaw (not balances), the
thickness of the plates provides their
use even in patients with mouth open
only to 5 mm easy to use, not requires
great efforts, when patient presses on
device handle, in the principles of ac-
tion is programmed using not only
passive, but active work of masticatory
muscles. The most striking indicator of
its effectiveness was the magnitude of
the opening of mouth. In patients treat-
ed with the new method, the magnitude
of the opening of mouth reached the
norm for 14 days, at the same time, as
in patients with control group, it was
almost twice less.

Key words: physical rehabilitation,
sports injuries, contracture, device for
mechanical therapy of the mandible,
masticatory muscles.

VY crarTi mpoaHATi30BaHO 3aJCK-
HICTh JIOKaJi3allii TpaBM TOJOBH Ta
o0Im4us Bin BUY criopTy. Mu 3ampo-
MOHYBAJIM TIpWIaj A1 aKTUBHOI Ta
TIACHBHOI MEXaHIYHOI Tepartii HIKHBOT
IIEJIETIH, SIKHH YCIIITHO 3aCTOCOBYETh-
¢y ¢i3muHil pealimirtamii crioprcMme-
HIB i3 TpaBMaMmu IIEJICIHO-JIUIILOBOI
30HU.  JIOCHI/DKEHHS ~ TPOBOJIMIIOCH
NpOTAroM 3 POKIB, Y HBOMY B3SUIH
y4yacth 70 CHOPTCMEHIB i3 KOHTPaKTy-
POIO KyBAJIbHUX M’si31B, Ki OyIH po3-
JUJeHi Ha 2 KJIHIYHI TPYIH 3aJIe)KHO
BiJI MeTOMy IiKyBaHHA. MeTa OCHi-
JUKCHHS — 3OUIBLICHHA AaMIUTITYIH
BIIKpMBAHHS pOTa 0 HOPMAJIBHUX
nokasHukiB — 4,55 cm. IlepeBarm
MPUCTPOIO TIepe]T BIIOMUMH: TPHCTPIN
Mae 3HIMHI IDTACTUHKHY PI3HOTO PO3Mipy
— MIXOOWTh JUIS JITeH Ta JOPOCIHX,
IUIACTHHY TIep(OpoBaHi — s JrofeH 3
YaCTKOBOIO BIJICYTHICTIO 3yOiB, HIKHSI
IUIACTUHA TMPHCTOCOBAaHA JI0 KOHQIry-
pauii Ta pyxiB HWKHBOI wLieienu (He
BPIBHOBO)KCHHS), TOBIIMHA IUIACTHH
3a0e3rnedye iX BUKOPHCTAHHS HaBiTh Y
TIAIIEHTIB 3 BIIKPUTUM POTOM JIHIIIC Ha
5 MM, TIpocTe Yy BUKOPHCTaHHI, HE BHU-
Marae BEJIMKUX 3yCHJb, KOJIH TAIi€HT
HATHCKAE Ha PyUKy MPUCTPOIO, B IPUH-
IMIax Iii IporpaMyeThesi 3 BHKOpPHC-
TaHHSM HE TUIBKH IACHBHOIO, aje i
aKTHBHAa pPO0OOTa JKyBaJbHUX M SI3IB.
HaiisickpaBimmM — MOKa3HUKOM — HOTO
e(eKTHBHOCTI Oyia BeIWYMHA BiIKpH-
BaHHS pOTa. Y TAIl€HTIB, AKi JIiKyBa-
JIMCSI HOBUM METOJIOM, BEJIMYMHA BiJIK-
pHMBaHHS poTa Jocsrana HopMmu 3a 14
JHIB, TIpU ILOMY, SK 1 y TALI€HTIB
KOHTpOJIbHOI TpyIH, BOHa Oyna Maiike
BJIBI4i MEHIIIOKO.

Knrouosi cnosa: diznuna peadii-
Tallist, CIIOPTHBHI TPaBMH, KOHTPAKTY-
pa, mpwWiaan Ui MEXaHidHOI Tepartii
HWKHBOT IIEJIETTH, KYBAJIBHI M’ S3H.

B cratbe aHanuzupyercs 3aBUCH-
MOCTh JIOKJIW3alMHd TPaBM TOJIOBBI M
qua or Buza cropra. Hamu mpeguio-
J)KEHO YCTPOMCTBO /Ui AaKTHBHON U
[IACCUBHOM MEXAHUYECKOM Tepanuu
HIDKHEH YeIFOCTH, KOTOPOE YCHEIIHO
TIPUMEHSIETCS TIPU (PH3UIECKO peadu-
JIMTAIMH CTIOPTCMEHOB C MOBPEKIICHH-
SIMH ~ YEJTIOCTHO-JIMLIEBOH  00JacTHL.
HccnenoBanue NpoBOIMIOCH B TCUCHHUE
3 5mer, U B HEM IPUHLIM Yy4yacTHe
70 cIOpTCMEHOB € KOHTPAaKTypamH
JKEBATEJIbHBIX MBIIII, KOTOpbIE OBbLIN
pasznencHsl Ha 2 KIMHWYECKUE TPYIITBI
B 3aBHCHMOCTH OT METO/a JICUCHUS.
Lens wccnenoBanust — yBENMYEHHE
aMIUTMTYZIbl OTKPBIBaHUSI PTa J0 HOp-
MaJIbHBIX MOKa3zatened — 4,55 cm.
IIpeumymiecTBa  ycTpolicTBa  Iepen
U3BECTHBIMH: YCTPOMCTBO MMEET CheM-
Hble IUIACTHHBI PA3HOTO pa3Mepa —
MOAXOINUT I JIeTe W B3pOCIBIX,
IUIACTHHBI  TIepOpPHPOBAaHBl  — VIS
moAeil C YacTHYHBIM OTCYTCTBHEM
3y0OB, HIDKHSS TUIACTHHA a/lallTHPOBa-
Ha K KOHOQHUIYpallMd W IBIDKCHHUSIM
HIDKHEH 4emocTH (He BEChl), TOJIIIMHA
IUJIACTMH OOECIIeYMBaeT MX HCIIOB30-
BaHHE JJAXKE y TAIMEHTOB C OTKPBITHIM
PTOM BCETO JI0 5 MM, MIPOCTa B MCIOJIb-
30BaHNH, HE TpeOyeT OONBIINX YCHITUH,
KOT'J[a MALEeHT HAKMMAeT Ha PYKOSTKY
YCTpOMCTBA, B MPUHLUNAX JEHUCTBUS
MPOrpaMMHpPYeETCs] HE TOJBKO IacCHB-
HOE, HO M aKTHBHas paboTa )KeBaTellb-
HbIX MbIm. CaMbIM SIDKMM TIOKa3are-
neMm ero 3¢ddexkTuBHOCTH OBIIAa BEIH-
YMHa OTKPBITHS pTa. Y TAIMEHTOB,
TIOJTy4aBIIMX HOBBIM METOJI, BEJIMYMHA
OTKPBITUS pTa JOCTHIJIA HOPMBI 3a
14 nHel, mpy 3TOM, KaK U y MAUEHTOB
KOHTPOJIBHOH TPyNITEl, OHa ObLIA HOYTH
B/IBOE MEHBIIIE.

Knrwouesvle cnosa: Qusmdeckas
peabuuTanysl, CIOPTHBHBIE TPaBMBI,
KOHTPAaKTypa, anmapar Uil MEeXaHude-
CKOM Teparnuu HIKHEHN YeNtoCTH, JKeBa-
TEJIbHBIE MBIIIIIBL.
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Introduction.Unfortunately, the sport injury is
an integral part of the existence of professional
sports, and, in comparison with injuries of other
origin (domestic, street, etc.), has a number of
specific features. The risk of injury and their loca-
tion mainly depends on the particular sport, fit-
ness and athlete’s role. According to our own
clinical observations, which are quite similar to
the results of statistical studies of other authors, it
is determined that professional boxing and mar-
tial arts (60%) are in the first place in the head
and face traumatic frequency. During fights
sports, fractures of the lower jaw often occur in
the area of the condyle, angle and symphysis,
which in turn usually leads to the need for surgi-
cal treatment and long-term rehabilitation of ath-
letes. A fairly large percentage of head, face, and
neck injuries are reported in the hockey game, in
which most often occur fractures of the crown of
tooth, as well as fractures of the upper and lower
jaws. The table below shows statistics for
Ukraine that reflect the dependence of the locali-
zation of sports injuries in the area of the head
and face of the sport (Tabl. 1).

Table 1
Localization of sports injuries in the area of
head and face including the main sports
(in percentage)

Sports Head and face
Boxing 23,89
Wrestling 12,58
Hockey 18,84
Cycling 13,54
Skiing 11,79
Skating 9,02
Football 4,48

According to research, typical complica-
tions of facial injuries in sports like boxing,
hockey, foot ball, handball and cycling are post-
traumatic contractures of masticatory muscles
[4, 5, 11-13]. Masticatory muscles contractures
may develop after the bruising of the soft tissues
in parotid-masticatory area, and after the frac-
tures of the lower jawbone in the areas of con-
dylar process and gonial angle.

The results of our retrospective analysis of
patients’ case histories showed that the frequen-
cy of posttraumatic contractures emergences in
cases of lower jawbone condylar process frac-

tures reached 23 %, and in cases of lower jaw-
bone gonial angle fractures it reached 43 %,
which is equal to the results of other studies [7,
9].

It was discovered that the reflex contracture
of masticatory muscles has developed because
of durable jaws immobilization due to orthope-
dic treatment of lower jawbone, soft tissues
bruising in parotid-masticatory area. Cicatricial
contractures mostly occurred after mechanical
injuries of masticatory muscles during osteosyn-
thesis surgery. The presence of a restriction on
the opening of mouth in athletes leads to a dete-
rioration of the function of chewing, a language
that significantly reduces its general-somatic
status and psycho-emotional state. Not isolated
cases of alimentary dystrophy, aspirational as-
phyxiation by emesis in such patients, which are
a direct threat of a lethal outcome [4, 6]. Also,
the procedure for general anesthesia is signifi-
cantly complicated due to the impossibility of
intubating the trachea through the oral cavity.
Therefore, in such cases, anesthetists carry tra-
cheostomy [7]. All this makes this problem very
actual today.

Materials and methods. According to the
common clinical shows of posttraumatic masti-
catory muscles contractures and the peculiarities
of medical tactics within certain stages of the
disease, 70 athletes were divided into 2 equal
clinical groups: the first control group included
35 patients with reflex and circatricial contrac-
tures who were treated with standard methods.
The second main group included 35 patients
with reflex and circatricial contractures who
were treated by the new scheme.

We have developed a scheme for the physi-
cal rehabilitation of sick athletes with contrac-
tures of masticatory muscles, in which active-
passive mechanical therapy of the mandible is
the dominant element. In the context of ad-
vantages and disadvantages of existing devices
we constructed a modern device for active and
passive mechanical therapy of the mandible
(patent for invention Ne 111394 UA, AG61S
19/00) [10].

The main novelty of the device and its dif-
ference from the known is in the fact that the
lower dental plate is fixed to the body of the
device with the help of articulated joints. This
ensures the adaptation to the lower jaw occlusal
teeth surface in the process of the mechanical
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therapy session and eliminates the danger of
balancing on it.

The perforated surface of upper and lower
plates is provided in the design of the device.
This, with prior filling of the plates with some
silicone, allows the usage of the device for ath-
letes with orthodontic pathology and secondary
edentia, which is impossible with other modern
devices. The design of the device also provides
a power supply of two batteries, which are
placed in the supporting handle. This ensures
ergonomics and compactness.

In order to expand the range of patients who
can use this device, the design provides remov-
able dental plates of different sizes according to
patients age and constitution.

Doctor’s effective control of mechanical
therapy process is achieved with the help of the
digital indications screen, which shows the gap
between the jaws in cm, and the pressure on
masticatory muscles in kg, which allows select-
ing of optimal treatment mode. Audible alarm of
the pain fixation helps the patient to undergo the
mechanical therapy session more effectively,

which is not provided in any other known de-
vices.

A significant advantage of the device over
others is the ability to use it with the mouth
opening amplitude less than 5mm due to a min-
imal thickness of dental plates. We have created
a special computer program with the help of
which it is possible to trace the tendencies of the
course of different diseases in maxillofacial ar-
ea.

Device mode action.

1. The patient, holding the handle of the de-
vice with one hand, and, if necessary, support-
ing the body of the device with the other hand,
places the dental plates into the mouth cavity in
the correct and comfortable position.

2. As shown in Figure 1, passive mechani-
cal therapy is performed by squeezing the mov-
ing handle of the device with the patient’s hand
which, through the system of articulated joints,
the lever and the lower dental plate, transmits
the force of the patient’s or the doctor’s hand on
the jaw.

Fig. 1. Passive dosed mechanical therapy — patient pressing hand on device handle parting jaw and
mouth opens

3. With the pain growing, the patient de-
creases the pressure on the handle then the light
and audio alarm located on the front part of the
device go off. The performance data of the gap
between the mouth (in mm) and the pressure on
the masticatory muscles (in kg) remain un-
changed on the digital indicator for some time
up to 10 seconds.
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4. As shown in Figure 2, active mechanical
therapy is performed consciously by the patient
with the deliberate clenching of dental plates
due to masticatory muscles contractions and
dosed retroaction, created by the patient’s or
doctor’s pressure on the handle.
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Fig. 2. Active dosed mechanical therapy — after feeling pain patient consciously grips jaw (hear
audio signal) which lead plate of the device to its primary position — mouth closed

5. The programmable microcontroller was
installed into the device for mathematical data
processing from the sensors and in order to pro-
vide the indication and the signalization.

Diagnostics. In addition to general clinical
examination of the patients, we performed ultra-
sonographic examination of masticatory mus-
cles. The modified method of ultrasonographic
examination was used for diagnosis of inflam-
matory masticatory muscles contractures.

The nature and the extent of the functional
muscles disorder and their dynamics in the pro-
cess of treatment was determined with the help
of functional EMG. During the quantitative pro-
cessing of electromyograms the following indi-
cators were taken into account: the amplitude in
the resting position and during straining the
muscles on the damaged side and the opposite
side, and the EMG amplitude asymmetry.

In order to evaluate the extent of local mas-
ticatory muscles damage the level of creatine
phosphokinase in peripheral blood was deter-
mined.

Treatment. All patients from the control
and main groups with reflex and circatricial
masticatory muscles contractures underwent
mechanical therapy, drug therapy and physio-
therapy. The control group patients used the
second group mechanical therapy devices every
day during 14 days. They made the devices
themselves or bought a simple dilator in the
medical equipment stores. Also, during the
14 days the patients took «Dicloberl» underwent
electrophoresis with lydazum in the parotid-
masticatory area.

The main group members conducted the
14 days dosed course of passive and active me-
chanical therapy of the mandible in the hospital
or at home. In total, the patient performed
6 rounds of 60 cycles of opening and closing the
mouth daily.

Of course, the usage of mechanical therapy
with muscle contracture changes is a rather
painful procedure. That is why we have com-
plemented the masticatory contractures treat-
ment regimen with mandatory muscle relaxant
and analgesic intake with the central action
mechanism — «Katadolon Retard». The patient
took 1 capsule in the morning after meals and
before the first mechanical therapy round daily
during 14 days. This drug has shown very good
results in our practice, is well tolerated by the
patients, however, it should be indicated, that it
might cause drowsiness, which disappears after
the patients stop taking the drug. Also, with the
severe muscle scarring changes, we inject in-
tramuscular solutions of «Longidazay.

We also perform magnetic laser therapy
sessions during 14 days for the purpose of rapid
edema removal and the increase of blood circu-
lation in the masticatory muscles. These data
complements each other and significantly
speeds up the healing process of the patient.
But, still, in our own experience, we have dis-
covered that the role of mechanical therapy in
masticatory muscles contractures is dominant.
Redressment surgery-forced jaws opening, can
be avoided with the help of it in many cases
even with severe contractures.
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The results. In the process of the study, it
was found out that the most sensitive masticato-
ry muscles alteration marker is creatine phos-
phokinase. The increase of the creatine phos-
phokinase level is ten times higher in compari-
son with the standard (up to 1788 units by litre)
on the next day after the osteosynthesis.

One of the major clinical parameters in pa-
tients with contracture was the mouth opening
amplitude dynamics. At the beginning of the
treatment, all patients were diagnosed with a
rapid mouth opening amplitude limitation from
20 to 5 mm. During the treatment this indicator
was increasing wavily, especially in the even-

ing. However, the amplitude of mouth opening
reduced significantly (5 mm) in the morning,
accompanied by the feeling of tightness in the
masticatory muscles. The moment, when the
morning and evening indicators were the same,
proved the positive dynamics. As shown in Fig-
ure 3, at the end of the treatment the amplitude
of the mouth opening in patients with reflex
contracture of the control group was only
24 mm, which is significantly less than in pa-
tients in main groups, while the patients of the
main group showed the results of 42 mm, which
is close to a standard. The patients with the re-
flex contractures showed similar results.
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Fig. 3. Dynamics of changes in the opening amplitude of the mouth in patients with the main and
control groups, depending on the type of treatment

The athletes with circatricial contractures
showed the most significant deviation from the
medium ultrasonographic standard the next day
after the splint removal. It was 5 times lower
than the standard — 5.77 %. However, the ath-
letes with reflex contractures from the main
group reached the standard ultrasonographic
indicator in 14 days, while the athletes of the
control group-only in 35 days.

At the end of the treatment the patients of
the main group showed significantly higher
EMG-amplitude indicators, and the difference
of the EMG-amplitudes was significantly lower,
than it was in control group athletes.

Discussion. At the current stage of modern
dental care development, there exist different
approaches to the posttraumatic masticatory
muscles contracture treatment abroad. They are
usually determined not by the type (reflex or
cicatricial), but by clinical severity, which pre-
supposes the usage of surgery, drug therapy and
mechanical therapy [2—4, 6].
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As a rule, doctors resort to redressement
surgery with «oldy» contractures (after 10 weeks
of their formation), when the thick intramuscu-
lar scar is formed [2, 8].

Our practical experience has shown that
mechanical therapy is the most effective way of
masticatory contractures treatment. In cases of
masticatory muscles contractures local authors
recommend the usage of well-known old-
fashioned devices, which belong to the first
group, namely those that act upon the entire
dental arch and spread even pressure on the
whole dentition applying dosed load. In particu-
lar, these are the Darsisak’s device, spoons of
Limberg, Mathesis’s device, Yadrova’s device.
But, unfortunately, due to absence of these de-
vices in hospitals and medical equipment stores,
the patients have to use the devices of the se-
cond group — wooden clamps or wedge-shaped
struts, which only apply pressure on particular
parts of dental arch and have not dosed load [1].

The situation is quite different in Europe
and the USA where there is a clear system of
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standardized treatment protocols. For example,
the world-known mechanical therapy system
TheraBite® is used in Sweden. In the USA two
known systems are used — the TheraPacer 3000,
which makes continuous passive movements
and is effective for the treatment of patients with
temporomandibular joint (TMJ) diseases, and
after the surgeries in the maxillofacial area, and
a biomechanical DTS device, provided for con-
tinuous passive mechanical therapy- Dynasplint
Trismus System ®. All of these devices can be
used at home, they are commercially available
[2, 3].

But, along with the advantages each model
has its disadvantages, including: dental plates
balancing for people with secondary edentia,
large size. Some of the devices need to be
plugged into a source of power. The design of
all the devices includes the installation of dental
plates in the oral cavity when mouth opening
amplitude is no less than 5mm. They are quite
expensive. In professional literature there are no
reports on the creation of medical diagnostic
device for mechanical therapy of the mandible
that would allow tracing the dynamics and pre-
dicting the time of recovery with various pa-
thologies.

Conclusions and recommendations for
further research.

1. It has been determined that posttraumatic
contractures of masticatory muscles are most
often developed by athletes engaged in boxing
and martial arts, hockey, football, handball and
cycling.

2. Mechanic therapy is the dominant means
in our proposed comprehensive treatment meth-
od for contractions of masticatory muscles.

3. The proposed method of treatment and
rehabilitation of athletes with contractions of
masticatory muscles is aimed at a significant
reduction in the cost of the treatment process
and also in many cases allows the abandonment
of surgical methods of treatment of this pathol-

ogy.
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