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RECONSTRUCTION OF THE TEMPOROMANDIBULAR JOINT AND LOWER JAW RAMUS USING
A PATIENT SPECIFIC TITANIUM IMPLANT

Yusupov Sh.Sh., Bobamuratova D.T., Narmurotov B.K. , Kurbanov Y.Kh.
Tashkent medical academy

Reconstructions for complex craniofacial defects of the facial bones after trauma and radical tumor surgery often
require individual surgical techniques. To achieve a satisfactory functional and aesthetic result, it is necessary to take
into account various anatomical aspects, such as the architectonics of the bone structures. This article presents the
method of reconstruction of temporomandibular joint and lower jaw using patient specific titanium implant made by
means of computer 3D modeling on the basis of laser stereolithography method. The study included 8 patients with
ankylosis and traumatic injuries or defects of the lower jaw and temporomandibular joint.

Key words: reconstruction; lower jaw; trauma temporomandibular joint; 3D modeling; individual implant.

Ushbu maqolada lazerli stereolitografiya usuliga asoslangan kompyuter 3D modellashtirish orqali Konmet to-
monidan ishlab chiqarilgan individual titan implantidan foydalangan holda chakka pastki jag’ bo’g’im va pastki jag'ni
rekonstruksiya qilish usuli keltirilgan. Tadqiqotda ankiloz va travmatik jarohatlar yoki pastki jag’ va chakka pastki
jag’ bo’g’imlarning nuqsonlari bo’lgan 8 nafar bemor ishtirok etdi.

Kalit so’zlar: rekonstruksiya; pastki jag; chakka pastki jag’ bo’g’im; 3D modellashtirish; individual implant.

B daHHoli cmamve npedcmas.ieH cnoco6 peKOHCMPYKYUU 8UCOYHO-HUNCHEYENHCMHO20 CYycmasa U HUdXCHel Ye-
JI0CMU € UCNO0/Ib308AHUEM UHOUBUJYANbHO20 MUMAHO8020 UumnaaHmama gupmul «KoHmemy», u320mog1eHHO20
nymém komnsiomepHozo 3D modeauposarust Ha ocHo8e memoda aaszepHoll cmepeoaumozpaguu. B uccaedosanue
8ow1U 8 60/bHBIX C AHKU/N030M U MPABMAMUYECKUMU NOBPe*COeHUSIMU Uau depeKmamu HUxiCHell yearocmu U 8u-

COYHO-HUJCHeYe/1lnCMHOo20 cycmaesa.

Kawueswlie caosa: DPEKOHCMPYKYUs, HUNCHAA Ye/IHCMb, BUCOYHO-HUNCHEYEAHCMHOLL cycmas; 3D .MO()B./IUPOQ(Z-

Hue; UHAUBUJYa/bHbLII UMNIaGHMam.

Introduction. Over the past decade, there has been a
significant increase in the number of patients with
traumatic and congenital defects and deformities of the
facial skeleton bones [2,4,17].

Temporomandibular joint disorder is an umbrella
term for pain and dysfunction of the temporomandibu-
lar joint and its neighboring structures, caused by vari-
ous factors. The prevalence of temporomandibular joint
disorder is 5%; it is more common in women and elderly
population [1, 10, 14].

But based on a long history devoted to the resto-
ration of defects in the lower jaw and reconstruction of
the temporomandibular joint (TM]), it is one of the cen-
tral in maxillofacial surgery. Its relevance is primarily
due to an increase in the number of such patients with a
tendency of constant growth of severe injuries to the fa-
cial skull, in the structure of which injuries of the lower
jaw account for from 65 to 85% [6, 9,17].

Major lateral defects lead to displacement of the low-
er jaw, pain and malocclusion. Temporomandibular joint
ankylosis (TMJA) is the functional disability of the man-
dible, caused by the fibrous or bony adhesion among the
condyle, disc, glenoid fossa, and eminence. Trauma is the
most common etiological factor, documented in 13%-
100% cases of TMJA. Treatment of ankylosis of the tem-
poromandibular joint, traumatic deformities of the facial
bones, tumors of the maxillofacial area set the specialist
the task of restoring the anatomical structure. The syn-
thetic materials and auto tissue are also used in order
to solve this problem. In this regard, the method of the
temporomandibular joint endoprosthetics deserves at-
tention when eliminating defects of the lower jaw that
have occurred after its resection with disarticulation [5,
7,11,12,18].

The improvement of diagnostic methods and surgi-
cal treatment in maxillofacial surgery requires the intro-
duction of more informative and ergonomic techniques
into practice, which became possible thanks to comput-
er technology. One of these methods is 3D reconstruc-
tion, which accurately determines the nature and ex-
tent of the defect. The construction of three-dimensional
graphical models was based on obtaining computer to-
mograms at minimum intervals, which allow to create
texture segmentation and three-dimensional recon-
struction of facial bones. This is diagnostically signifi-
cant due to visualization of the human body in various
planes with the possibility of examining the internal sur-
faces of both the soft tissue contour and bone structures
[4,8, 13,15, 16].

Research objective. Improvement of planning and
surgical treatment of patients with defects and deformi-
ties of the temporomandibular joint and mandibular ra-
mus.

Research materials and methods. 8 patients were
examined at the plastic surgery department of the mul-
tidisciplinary clinic of Tashkent Medical Academy in the
period 2018-2019 with acquired post-traumatic and
postoncological defects of temporomandibular joint
and lower jaw ramus. The age of patients ranged from
25 to 50 years. Females prevailed, accounting for 84% of
them. The causes of the defects of the temporomandib-
ular joint and the ramus of the lower jaw were: in 4 cas-
es, post-traumatic ankylosis of the TM], condition after
removal of the TM] together with the ramus of the lower
jaw, in 2 - ameloblastoma of the lower jaw, the condition
after resection of the lower jaw ramus, and in 2 cases -
odontogenic osteomyelitis of the lower jaw, the condi-
tion after resection of its ramus.
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All patients on admission underwent a classical com-
prehensive examination, including diagnostics by relat-
ed specialists (neuropathologist, dentist - orthodontist,
dentist - therapist, otorhinolaryngologist, anesthesiolo-
gist), multispiral computed tomography with 3D recon-
struction was performed on the GE Light Speed 64 appa-
ratus. Tomography of the facial skeleton was performed
with the following parameters: slice thickness - 0.6 mm,
slice collimation - 64 * 0.6, mAs / slice - 200, voltage -

120 kV, increment - 0.6, pitch - 0.5, reconstruction reso-
lution - high, radiation exposure - 0.4 - 0.8 mSv. The to-
mography was started from the upper point of the skull
to the lower boundary of the lower jaw body. The MSCT
data in the axial, sagittal and coronary planes were com-
plemented by the multispiral reconstruction in the axial,
coronal and sagittal planes with the construction of 3D
reconstruction (Fig. 1).

Figure 1. MSCT examination of a patient with 3D reconstruction

Further, on the basis of this tomographic study, a vir-
tual three-dimensional model of facial bones and bone de-
fect zones is created, which are then converted to the stl.
format, then transferred to the 3D laboratory of “Conmet”
company to engineer-technologist specialists in virtual
modeling for the manufacture of individual implants based
on the method of laser stereolithography of the skull.

Based on the data obtained, a specialist engi-
neer-technologist sequentially synthesizes first the volu-
metric parameters of the preserved side of the lower jaw
and temporomandibular joint, and then the volumetric
parameters of the side of the lower jaw and temporoman-
dibular joint, which has an anatomical defect. After that,
a surgical template is created that accurately follows the
contours of the bone for drilling the fixation points and
a model of an individual implant with the designated in-
dividual fixation points applied using a special comput-
er program for virtual simulation. Then the skull model,
an individual implant of the mandible branch, the articu-
lar head and glenoid cavity are transferred to 3D printing
(Fig. 2). After the production of these materials, the com-
pany’s process engineers send everything to our hospital.

Figure 2. Virtual computer simulation of surgery and
individual implant of the mandibular ramus:

A - creation of three-dimensional model of facial bones and
defect zone; B - virtual reposition of the lower jaw forward and
the area of resection of the glenoid cavity; C - modeled individual
implant of the lower jaw ramus, joint head and glenoid cavity; D
- installed individual implant in the defect zone.
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Research results

All patients in the preoperative period underwent vir-
tual computer planning of the surgery using a stereolitho-
graphic model of the skull. Surgical intervention was carried
out under general endonasal intubation anesthesia. Surgical
access was performed on old postoperative scars with their
excision. After the operation, the patient receives antibiotic
and general tonic therapy, undergoes daily wound dressing,
clinical examination (mobility of the lower jaw, examination
of the oral cavity, sensitivity change in the zone of facial nerve
innervation, etc.). After that, the patient was sent for a con-
trol MSCT examination, and on the 8-10th day, the sutures
were removed. We examined these patients every 3 months.
We examined these patients every 3 months. There were no
complications in the form of rejection of the implant or the
presence of inflammatory process in the distant postopera-
tive period.

Clinical case

Patient O, 26 years old, was admitted to the Department
of Plastic Surgery of the Multidisciplinary Clinic of the
Tashkent Medical Academy with a diagnosis: “Ankylosis of
the left temporomandibular joint, condition after resection
of the mandibular ramus.” At the moment of admission, the
patient complained of of lower jaw movements, inability to
chew food, deformation of the facial contours. According to
past medical history, the patient at the age of 6 for the first
time was found out restriction of lower jaw movements
and deformation of the face due to ankylosis in the projec-
tion of temporomandibular joint on the left. The patient was
repeatedly operated on for ankylosis of the joint on the left
with resection of the temporomandibular joint and its resto-
ration using various autografts (costal cartilage, ilium, tibia).
However, there was no effect from the treatment. Later the
patient had a complication in the form of osteomyelitis of the
jaw, in this regard, all these autografts were removed. In visu-
al examination, there is a marked asymmetry of the left half
of the face due to the absence of the angle and lower jaw ra-
mus, restriction of mouth opening due to scar contracture on
the left, a overocclusion is noted due to the mandibular mi-
crognathia. The patient is planned to undergo the operation
“Reconstruction of the defect of lower jaw angle and ramus
using a specific individual titanium implant” (Fig. 3).

The patient’s condition after the operation is sat-
isfactory, the configuration of the face is restored.
Postoperative sutures were removed on the 8th day, and
the control MSCT study was performed (Fig. 4). Follow-
up and monitoring of the patient was carried out every
3 months. No complications were observed in the late
postoperative period.

Conclusions

Thus, one of the perfect methods for planning the re-
construction of defects in the ramus of the mandible and
the temporomandibular joint of various etiologies is vir-
tual computer modeling with the help of which it is pos-
sible to accurately determine the nature, volume and lo-
calization of the defect.

Virtual planning allows to plan and determine the
scope of surgery, selection of an implant, determination
of the size and type of implant used, as well as the fixa-
tion area and its direction. Thanks to the virtual model,
it is possible to determine the indication and contrain-

dication for surgery, low-traumatic access to the defect
area, in addition, also allows to avoid postoperative com-
plications. On the basis of this method, individual virtu-
al models are made for patients, which allow, according
to the architectonics of the bones of the lower face zone
and the presence of a defect, to perform an implant that
will completely compensate and close the defect.

On the basis of this method, patients are made indi-
vidual virtual models, allowing according to the archi-
tectonics of the bones of the lower facial area and the
presence of defect to perform an implant that will fully
compensate On the basis of this method, individual vir-
tual models are made for patients, which allow, accord-
ing to the architectonics of the bones of the lower face
zone and the presence of a defect, to perform an implant
that will completely compensate and close the defect.

Fig. 3. Stages of the operation of reconstruction of
mandibular angle and ramus defect: A - stereolithographic
template of the facial bones with the defect zone; B - marking of
surgical access; C - defect area of the lower jaw ramus, formation
of the implantsocket; D - resection of the glenoid cavity to install
its implant; E - installation of an artificial simulated glenoid
cavity; F - installation of a simulated individual titanium
implant in the defect area. G - the patient’s condition before the
operation; H - the patient’s condition after surgery.
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Figure 4. MSCT examination in three projections with 3D reconstruction after surgery.
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MYANITUSGNIAP YYYH MABNTYMOT
MAKO/IAJIAP ®AKAT IOKOPUAA KYPCATU/ITAH KOUAANAPTA
KATbUMN PUOA KUTMHTAH XONAA KABYN KUNUHALK!

KYNE3MAHU TAUEPJIAIL KOUAAJAAPHU

“Toshkent tibbiyot akademiyasi axborotnomasi” jurnali 2 oyda 1 marta chop etiladi. Jurnalga respublika oliy
o‘quv yurtlari va tibbiyot markazlari xodimlari, qo‘shni davlatlardan kelgan mutaxassislarning maqolalari qabul
qilinadi.

Magola kompyuterda Word dasturida yozilishi kerak. Hoshiyalar: yuqoridan va pastdan 2 sm, chapdan 3 sm,
o'ngdan 1,5 sm asosiy shrift Times New Roman, asosiy matnning shrift o‘lchami 14, qator oraligi bir yarim, matnni
kengligi bo’yicha tekislash, paragrafning chegarasi (qizil chiziq) 1,5 sm.

Sahifani ragamlash amalga oshirilmaydi. Rasmlar matnga Kkiritilishi, har bir rasmda rasm ostida imzo bo’lishi
kerak.

Alifbo tartibida tuzilgan adabiyotlar ro‘yxatiga muvofiq kvadrat qavs ichida [1,2] adabiyotlarga havolalar av-
val rus tilidagi, keyin chet tilidagi manbalar yoziladi. Adabiyotlar ro’yxati Davlatlararo standart talablariga muvofiq
tuziladi.

Vestnik TMA jurnalida sarlavhalari mavjud:
“Yangi pedagogik texnologiyalar”
“Sharhlar”
“Eksperimental tibbiyot”
“Klinik tibbiyot”
“Gigiena, sanitariya, epidemiologiya”
“Amaliyotchiga yordam’,
“Yoshlar tribunasi’.

Magqolalar hajmi 20 bet, foydalanilgan adabiyotlar ro‘yxati 40-50 manba. Maqolalarga sharh uchta tilda (o’zbek,
rus, ingliz) sharh maqolalari kalit so’zlar bilan (3-5) 0,3-05 sahifadan oshmasligi kerak.

“Eksperimental tibbiyot”, “Klinik tibbiyot”, “Sanitariya, gigiena, epidemiologiya” (o’z materiali) bo’limlarida nashr
etish uchun mo’ljallangan magqolalar hajmi - 9-12 bet, foydalanilgan adabiyotlar ro’yxati - 12-15 manbadan ko’p
bo’lmagan. alifbo tartibida. O’z materiallarini 0’z ichiga olgan maqolalarga izohlar tuzilgan bo’lishi kerak, ya'ni. 0’z
ichiga oladi (qisqacha): maqgsad, material va usullar, natijalar, xulosalar, kalit so’zlar. Ular, shuningdek, uch tilda tuz-
iladi.

[Imiy maqolani loyihalashga umumiy talablar.

Magqolada quyidagilar bo’lishi kerak:

- qisqa kirish (alohida emas),

- tadqiqotning magqgsadi,

-materiallar va tadqiqot usullari

- tadqgiqot natijalari va ularni muhokama qilish

- xulosa

Oxirida muallifning telefon raqamini ko’rsatishi kerak, u bilan tahririyat bilan ish olib borish mumkin bo’lishi
ucun.

Magolalarning mazmuniga javobgarlik mualliflarning zimmasidadir.
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K CBEAEHUIO ABTOPOB

CTATbU NPUHNMAIOTCA TO/IbKO O®OPM/TEHHDIE
B CTPOITOM COOTBETCTBUU C NPUBEAEHHbIMW NPABUNTIAMMU!

MPABUJIA O®OPMJIEHUA CTATEM

Kypuan «BecTHuk TallkeHTCKOM MeIMITMHCKOM aKaJleMUU» BBIXOJIUT C IEPUOIUYHOCTBIO 1 pa3 B 2 Mecsna. B
»KYpHaJI IPUHUMAIOTCS CTAaThU COTPY/JHUKOB By30B U MEJULIMHCKUX LIEHTPOB PeCNyOJINKH, a TAKXKe CIEUaTUCTOB
13 GJIMKHETO 3apy6exKbs.

CraTbs JJ0/DKHA OBITh HaGpaHa Ha KoMmnbloTepe B nporpamMme Word. [losis: BepxHee U HUXKHee 2 cM, JeBoe 3
cM, npaBoe 1,5 cM. OcHoBHOU mpudt Times New Roman, pasmep mpudra ocHOBHOTO TekcTa 14 MyHKTOB,
MEXCTPOUYHBIH MHTEPBAJI MOJYTOPHBIN, BBIpAaBHUBAHNE TEKCTA 110 MIMPHHE, ab3aliHbIA OTCTYN (KpacHas CTpoKa)
1,5 cm. CTaThs o/nKHA OBITH cCOXpaHeHa B dpopMmaTte PTO.

Hymepanusa cTpaHul He BefieTcs. PUCYHKU BHeJpeHbI B TeKCT. Kax bl pUCYHOK J0/I3)KeH UMEeThb MOJAHUCh MO/,
PUCYHKOM U CCBLIY Ha HETO B TEKCTeE.

CchUJIKY Ha JINTEPATYpPy B KBAJIpaTHBIX CKOOKax [1,2] B COOTBETCTBUH C MPUCTATEHHBIM CIHCKOM JINTEPATY-
pbl, KoTopblil cocTaBisieTcs B AJIOABUTHOM nops/ike, cHayas1a pycCKOA3bIYHbIE, 3aTEM UHOS3bIYHbIE UCTOYHUKHU.
Crnucok iutepaTypbl opopmisieTcs corsiacHo Tpe6oBaHusM ['OCT.

B xkypHasie Becthuk TMA uMeroTcsi pyOpUKHU:

«Hoeble nedazozuyeckue mexHo/a102uu»,

«0630pbl»,

«IKcnepumeHMAa1bHASI MeAUYUHA»,

«KauHuueckas meduyuHa»,

«l'uzuena, caHumapus, 3nUdemuo0.102us»,

«IlomMouwjb npaKkmu4eckomy epauy»,

«TpuGyHa mM0.10061X».

06beM 0630pHBIX cTaTel — 10 20 CTpaHMUI], CHHUCOK UCI0JIb30BaHHOU iuTepaTyphl — 40-50 ucTounnkoB. 06beM
AHHOTAIMH Ha TpeX sA3bIKaxX (Y36eKCKOM, pyCCKOM, aHTJIMMCKOM) K 0630pHBIM CTaTbsIM He JIo/bKeH npeBbimath 0,3-
0,5 cTpaHHUIIBI, C KJIIOUEeBBIMH CJI0BaMH (3-5).

O6beM crarel, mpeJHAa3HAYEeHHBbIX AJS MyOJUKALMU B pPyOpHKax «IKcnepumMeHmMaabHasi MeouyuHay,
«Kaunuueckas meduyuHa», «CaHumapus, 2ueueHa, snudemuoio2us1» (co6cTBeHHbIA MaTepuan) — 9-12 crtpa-
HUII, CIKUCOK JIUTePaTyphbl — He 6osiee 12-15 UCTOYHUKOB TakXKe B a/ipaBUTHOM MOPsiiKe. AHHOTALUU K CTATbSIM,
coZiep>KaluM CO6CTBEHHBIN MaTepual, J0/HKHBI ObITh CTPYKTYPHUPOBAHHBIMY, T.€. COJlepkaTh (KPaTKO): 1ieJib, Ma-
TepHuaJl U METO/Ibl, Pe3y/IbTaThl, BEIBO/IbI, KJII0UeBble c10Ba. OPOpMIISIOTCSA TaKKe Ha TPeX s3bIKaX.

O6ujue mpe6ogaHus K ohopmaeHUI0 HaQy4YHOI cmamul.

B Havasie cTaThb¥ C BBIpaBHUBAaHHWEM HAa3BaHUS CTAThH 110 LIEHTPY YKa3bIBAIOTCS C KPACHOU CTPOKMU:

- HOMep 10 YHUBepCcaJbHOU JlecATUYHOH Kiaccudukanuu (YK)

- Ha3BaHMe CTaTbU Ha TOM, sI3bIKe, HA KOTOPOM HaIlMcaHa CTaThs,

- GbaMuJIUsI 1 MHUIMAJIBI aBTOPa,

- Ha3BaHMe OPTaHU3alLUH, B KOTOPOH BbINOJIHSIACH paboTa.

Jlasiee B TO »Ke OCJIeI0BATENbHOCTH HHGOPMALMS TPUBOAUTCS Ha PYCCKOM U aHIJIMMCKOM SI3bIKAX.

CTaThs J0KHA COepKaTh:

- KpaTKOe BBejleHHe (He BbIJeJISAeTCs),

- [|eJIb UCCIeIOBaHMS,

- MaTepuaJbl U METO/Ibl UCCJIE/IOBAHUS,

- pe3y/IbTaThl UCCIEJOBAHUS U UX 00CYK/IEHHE,

- 3aKJII0YEHUE,

- BBIBO/JIbI,

- IMTepaTypa.

B koHI11e CJeAyeT yKa3aTb HOMep TeJ'Ie(l)OHa dBTOpa, C KOTOPbIM MOKHO 6y,£LET BeCTHU peJaKIIUOHHYIO pa60Ty.

ABTOpr HEeCyT OTBETCTBEHHOCTD 3a COAEepXKaHHe CTaTbH.
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