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ABSTRACT

Purpose.

To determining the possibility of using stereolithography in the diagnosis of lesions of peripheral
nerves in conditions of ossificated bone canals of the maxillary bone.

Material and Methods.

We examinated 31 patients with secondary neurogenic lesions of trigeminal nerve using
stereolithography.

Results.

Diagnostic capabilities of color stereolithography for diseases of the second branch of the trigeminal
nerve were studied.

Conclusions.

High efficiency of stereolithography is proved. The method is recommended for use in medical
practice.

© Diagnostics and Treatment of Oral and Maxillofacial Pathology. Published by OMF Publishing,
LLC. All rights reserved.

Introduction

In modern medical practice, one of the main methods of
diagnosis, of course, after a clinical examination of the
patient, is radiography. The difficulties that arise when
decoding it are related not only to the lack of a volumetric
picture of the pathological process, which was localized
both in the bone and in surrounding tissues, but also with
an insufficient “visibility” of the bone canal in which the
maxillary branch of the trigeminal nerve passes. When
the bone canals narrow, there is no radiologic imaging
of the pathological focus. Many pathological processes
located inside the canals (ossification) are not available for
diagnosis and examination using the radiography method.
In the early 70-ies of the last century, as a result of scientific
and technological progress, computer tomography was
introduced into practice. This was a major achievement
of modern medicine and, first of all, radiology. Computer
tomography is a fundamentally new, noninvasive diagnostic
method that allows one to visualize the relationship of
individual organs and tissues in the norm and under
different pathological conditions, based on the use of the
principle of mathematical modeling of an X-ray image,
followed by computer-aided construction of images of
horizontal “slices” of the body on the display screen.
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Computer tomography has taken a firm place in the
diagnosis of diseases of the maxillofacial region. However,
the unreal sizes of the prototype and certain difficulties in
specifying the detailed location of the pathological focus,
as well as revealing its relationship with other anatomical
structures, creates many inaccuracies in diagnosis
and difficulties in planning and during some surgical
interventions on peripheral nerve trunks.

In recent years, a new modern technology for creating
prototypes of the human skeleton appeared based on data
obtained during medical scanning (CT, MRI). There are
several types of this technology. One of the most famous
among them is stereolithography. The basis of this method
is the principle of layer-by-layer construction of the three-
dimensional structure of the object and the creation of
a model that corresponds exactly to the dimensions and
shapes of parts of the human body (skull, upper jaw, lower
jaw, etc.). In the literature, we did not find information on
the possibilities of using stereolithography for lesions of
the peripheral branches of the trigeminal nerve located in
the bone canals of the maxillofacial skeleton.

The aim of the study was to determine the possibilities
of using stereolithography in the diagnosis of peripheral
nerve lesions [1-13] in conditions of ossificated bone
canals of the maxillary bone.

Material and Methods

We examined 31 patients with diseases of the second branch



(neuralgia, neuralgia-neuritis) of the trigeminal nerve with
the method of stereolithography. All examinees necessarily
had a general clinical examination, which included x-ray
of the jaws in different projections, computed tomography;,
stereolithography.  Stereolithographic ~ models  were
produced by combining in a single technological chain of
computer diagnostics the automated design of a virtual
model and laser stereolithography. Stereolithographic
models of the jaws were produced in the Technical
Department of Belgium by a stereolithographic machine
“SLA” from photopolymerized translucent composite
materials with successive curing of individual thin layers
joined together in a single unit. When the peripheral
branches of the trigeminal nerve were stained in a different
color, a color stereolithographic model of the maxillary
bone was obtained. The data obtained during the diagnosis
by conventional and color stereolithography was compared
with the results, which were revealed during radiography,
computer tomography and those acquired after the
operation.

Results and Analysis

In the practice of maxillofacial surgeons and
otorhinolaryngologists one of the main diagnostic methods,
of course, after a clinical examination of the patient, is
radiography. The difficulties that arise when deciphering
it are related not only to the lack of a three-dimensional
picture of the pathological process, which was localized
both in the bone and in surrounding tissues, but also with
insufhicient “visibility” of some bone orifices and canals in
which the maxillary branch of the trigeminal nerve passes.
When the bone channels narrow, there is no radiologic
imaging of the pathological focus. Many pathological
processes located inside the canals (ossification) are
not available for diagnosis and examination using the
radiography method. In the early 70-ies of the last century,
because of scientific and technological progress, computer
tomography was introduced into practice. This was a
major achievement of modern medicine and, first of all,
radiology. Computer tomography is a fundamentally new,
noninvasive diagnostic method that allows one to visualize
the relationship of individual organs and tissues in the
norm and under different pathological conditions, based
on the use of the principle of mathematical modeling of
an X-ray image, followed by computer-aided construction
of images of horizontal “slices” of the body on the display
screen. Computer tomography has taken a solid place in
the diagnosis of diseases of the middle zone of the face.
However, the unreal sizes of the prototype and certain
difficulties in specifying the detailed location of the
pathological focus, as well as revealing its relationship with
other anatomical structures, creates many inaccuracies in
diagnosis and difficulties in planning and during some
surgical interventions on peripheral nerve trunks.

In recent years, a new modern technology for creating
prototypes of the human skeleton appeared based on data
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obtained during medical scanning (CT, MRI). There are
several types of this technology. One of the most famous
among them is stereolithography. The basis of this method
is the principle of layer-by-layer construction of the three-
dimensional structure of the object and the creation of a
model that corresponds exactly to the dimensions and
shapes of parts of the human body (skull, upper jaw, lower
jaw, etc.). In the literature, we did not find information on
the possibilities of using stereolithography for lesions of the
peripheral branches of the trigeminal nerve located in the
bony canals of the maxillofacial skeleton. Stereolithographic
models were produced by combining in a single
technological chain of computer diagnostics the automated
design of a virtual model and laser stereolithography.
Stereolithographic models of the jaws were produced in the
Technical Department of Belgium by a stereolithographic
machine “SLA” from photopolymerized translucent
composite materials with successive curing of individual
thin layers joined together in a single unit. When the
peripheral branches of the trigeminal nerve were stained
in a different color, a color stereolithographic model of the
maxillary bone was obtained. The data obtained during
the diagnosis by conventional and color stereolithography
was compared with the results, which were revealed during
radiography, computed tomography and those acquired
after the operation.

On the orthopantomogram, as well as the x-ray patterns
of the maxillary bones, we did not succeed in detecting the
foci of narrowing of the bone orifices and canals (sections
of ossification) in the examined cases (Fig 1).

When carrying out a computer tomography of the
facial bones (Fig 2), we also could not detect pathological
foci (areas of narrowing of the bone apertures or canals)
in the bones of the maxillofacial skeleton. When carrying
out the usual stereolithographic models of the maxillary
bones, the exit points of the peripheral branches of

FIGURE 1. Radiograph of facial bones in a semi-axial projection (A). The arrows indicates
the areas where the outlets of the infraorbital branches of the trigeminal nerve are located
(). (Fig 1 continued on the next page.)
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FIGURE 1 (cont’d). Radiograph of facial bones in a semi-axial projection (B). The arrows indicates the areas where the outlets of the infraorbital branches of the trigeminal nerve are
located (B).

FIGURE 2. Computer tomography of facial bones in different projections. Sections are made at different levels (A, B, C).
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FIGURE 3. Stereolithographic model of the upper jaw of the patient with a narrowing of the infraorbital aperture (A, B). The projection of the infraorbital foramen is indicated by an arrow (B).

nerves from the infraorbital foramen “merged” into one
color and were not visualized either at the point of nerve
exit from the bone nor at the place of its passage in the
corresponding canal (Fig 3).

In the making of colored stereolithographic models of
the facial bones, the second branch of the trigeminal nerve
was colored in a different color (dark red) to visualize the
peripheral branches in the bone (Fig 4).

In the place of the exit of the maxillary nerve from the
infraorbital foramen it is defined as a colored rounded
portion with a diameter of 2 to 3 mm (in norm), (Fig 4).

The narrowing of the bone orifices less than the
minimum size indicated by us coincided with the clinical
manifestation of neurogenic lesion of the peripheral
branch on the diseased side (Fig 4B). If along the
course of the corresponding nerve in the bone canal,
its colored contours (orientations) are “lost”, then this

indicated ossification, which was observed in a certain
area of the given bone canal and always coincided with
the pathological focus detected during the operative
treatment - decortication of the corresponding part of
the canal. Based on our survey we can state that color
stereolithography makes it possible to obtain the real size
of the pathological focus (ossification) in the bone canal,
and also to determine its exact location (bone or canal).
This circumstance gave us the opportunity to carefully
study the localization and evaluate the complexity of the
planned surgical intervention, as well as assess the options
for approaching the location of the pathological focus.
Thus, with neurogenic diseases of the maxillofacial
region due to narrowing of the bone canals through
which the second branch of the trigeminal nerve passes,
stereolithography made it possible to reveal the exact
location of this narrowing along the bone tunnel and plan

FIGURE 4. Stereolithography model of the maxillary bone in color. The location of the infraorbital nerve is colored dark red. The form of the infraorbital foramen (indicated by the arrow)

is normal (A) and when it is narrowed (B).
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in advance access to this portion of the jaw, and therefore
carefully select the technique of conducting surgical
intervention with minimal traumatic damage to the jaw
bones.

Neuralgia of the trigeminal nerve is divided into two
of their forms: central (lesion of the gasserian ganglion)
and peripheral (lesion of the peripheral branches of the
trigeminal nerve) [14-22]. You cannot mix neuralgia of
central and peripheral genesis into one disease, because
each of these forms has its own peculiarities of the
clinical course, which requires different methods of their
treatment.

Peripheral neuralgia arises as a result of the impact of
the pathological process on various parts of the peripheral
part of the trigeminal nerve.

To the etiological factors that may cause neuralgia of
the trigeminal nerve of peripheral genesis may be included
ossification of the infraorbital aperture (through it comes
the infraorbital nerve).

Surgical methods for the treatment of peripheral
neuralgia of the trigeminal nerve are reduced to
conducting a neurotomy - dissection of the nerve and
neurectomy — excision of the nerve region, nerve exeresis
- removal of the nerve by twisting it out.

To date, there are many different methods of
neurectomy of the second and third branches of the
trigeminal nerve. The most promising methods for
treating peripheral forms of neuralgia of the trigeminal
nerve are decompression operations, i.e. with the release
of peripheral nerve branches from the bone canals.

Decortication of the infraorbital or mandibular canal
with resection of the neurovascular bundle is widely used
in our clinic (Department of Maxillofacial Surgery of
the Shupyk National Medical Academy of Postgraduate
Education). A positive effect was observed in almost 90%
of cases.

Electrophysiological methods that allow determining
the presence or absence of irreversible changes in the
peripheral branches of the trigeminal nerve. From special
methods of examination, we performed a measurement of
the electrophysiological parameters (conductivity, tone,
resistance) of the trigeminal nerve at the points of its
exit (the study was performed on the hardware-software
complex “DIN-1”). With these electrophysiological studies
of the branches of the trigeminal nerve (with neuralgia),
we were able to prove that in more than 80% of cases its
function remained, despite its violations, which were
expressed in varying degrees.

Operations are wusually performed under local
anesthesia (local anesthetic solution Artikain-ZT) at the
round foramen and infiltration of surrounding soft tissues
(with premedication or with neuroleptanalgesia) or under
general anesthesia. This provides painless intervention,
calm behavior of patients during the operation and in
the next few hours after it. In cases with severe psycho-
emotional lability, we usually use narcosis

The question of the size and degree of disturbances

in the sensitivity of the face after surgery is of interest.
It, basically, corresponds to a zone of an innervation of
a corresponding branch of a trigeminal nerve. Most of
all, pain sensitivity is disturbed. Tactile and temperature
sensitivity changes to a lesser extent, so damage to the
denervated area by hot food, sharp objects takes place.
However, over time, there is a tendency to narrow the
zone and the degree of violation of all types of sensitivity.
Complete restoration of sensitivity does not occur even a
few years after the operation.

Along with the marked disorders of sensitivity, patients
(in the first weeks or months after the operation) feel a
tingling sensation, “creeping crawling’, a feeling of tension
in the denervated area. Patients prefer to eat with healthy
side while eating. Any features in the process of using
removable dentures, which will be made for the patients
in the future, do not arise. The speech functionality does
not suffer.

The disturbance of the sensitivity of the facial skin,
although unpleasant to the patient, but in comparison
with the neuralgic pains that preceded the operation, is
incomparably less painful. They can get relatively used
to it.

The next day after the operation, patients were
assessed the electrophysiological parameters of the
third branch of the trigeminal nerve with the help of the
hardware-software complex “DIN-1”. Depending on the
received indices and complaints of patients, a course of
rehabilitation treatment was appointed to optimize the
postoperative course.

Patients were prescribed a course of treatment of
electrostimulation in the area of the infraorbital opening,
taking into account the data that we obtained in the
diagnosis at the given point the day after the operation.
Thus, we improve the trophic of the second branch of the
trigeminal nerve in the postoperative period. The course
of rehabilitation treatment using the hardware-software
complex “DIN-1” consisted of 5 electrical stimulations.
The course of electrostimulation was carried out daily or
every other day. All patients for antiseptic treatment of
the oral cavity, in the postoperative period, used the drug
“Givalex” for the prevention of inflammatory phenomena.

After completion of the ongoing treatment of patients,
i.e. at the time of their discharge from the hospital, we
noted a complete recovery of all types of sensitivity in
the innervation zone of the nerve. Neuralgic pain of the
trigeminal nerve in the operated cases were not revealed.

Conclusions

Color stereolithography is the most modern method
of examining a patient, which allows obtaining a three-
dimensional model of bones of the facial skeleton. This
method makes it possible to present a three-dimensional
picture and to detect the exact location of the pathological
focus (ossification), determine its real size, choose the
method and place for operation (bone or a certain part
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of the length of the bone canal) of decorticating the
maxillary canal. Color stereolithography is a method of
diagnostics that allows the surgeon to think and work out
the technique of the planned operation, to reduce the risk
of occurrence of unforeseen situations during complex
operations, which reduces the incidence of postoperative
complications.

Stereolithography can be used in the diagnosis of
ossification of the bone canals of the jaw bones, i.e. in places
where the second peripheral branch of the trigeminal
nerve passes. It is recommended for wide application in
practical medicine.

Funding

None.

Ethical Approval

Approval was obtained from the Medical Ethics
Committee of the Shupyk National Medical Academy of
Postgraduate Education, Kyiv, Ukraine.

Patient Consent

Not required.

References

Tymofieiev OO. Manual of maxillofacial and oral
surgery [Russian]. 5th ed. Kyiv: Chervona Ruta-Turs;
2012.

Tymofieiev OO, Ushko NO, Vesova OP, Yarifa MO.
Diagnostics of severity of the trigeminal nerve injuries
during jaws surgeries. ] Diagn Treat Oral Maxillofac
Pathol  2017;1:32-9.  http://dx.doi.org/10.23999/].
dtomp.2017.1.4.

Kumta S, Kumta M, Jain L, Purohit S, Ummul R. A novel
3D template for mandible and maxilla reconstruction:
rapid prototyping using stereolithography. Indian ]
Plast Surg 2015;48:263-73.

Diaz-Carandell A, Agut-Busquet E, Molina-
Montes J, Escuder-LaTorre O. Intraoral approach
and  stereolithographic-guided large mandibular
reconstruction with fibula free flap Plast Reconstr Surg
Glob Open 2014;2(8):e199. http://dx.doi.org/10.1097/
GOX.0000000000000162.

Montano N, Conforti G, Di Bonaventura R, Meglio
M, Fernandez E, Papacci F. Advances in diagnosis and
treatment of trigeminal neuralgia Ther Clin Risk Manag
2015;11:289-99. http://dx.doi.org/10.2147/TCRM.
S37592.

McMillan R. Trigeminal neuralgia — a debilitating
facial pain. Rev Pain 2011;5(1):26-34. http://dx.doi.
org/10.1177/204946371100500105.

94

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

VESOVA

Frediani F. Typical and atypical facial pain. Ital ] Neurol
Sci 1999;20:546-8.

Sinay V, Bonamico L, Dubrovsky A. Subclinical sensory
abnormalities in trigeminal neuralgia. Cephalalgia
2003;23:541-4.

Masuda Y. Diagnosis and treatment of trigeminal
neuralgia Nippon Rinsho 2001;59:1722-6.

Yoshino N, Akimoto H, Yamada I, Nagaoka T,
Tetsumura A, Kurabayashi T, Honda E, Nakamura S,
Sasaki T. Trigeminal neuralgia: evaluation of neuralgic
manifestation and site of neurovascular compression
with 3D CISS MR imaging and MR angiography.
Radiology 2003;228:539-45.

Joffroy A, Levivier M , Massager N. Trigeminal
neuralgia. Pathophysiology and treatment. Acta Neurol
Belg 2001;101:20-5.

Obermann M. Treatment options in trigeminal
neuralgia. Ther Adv Neurol Disord 2010; 3(2):107-15.
http://dx.doi.org/10.1177/1756285609359317.

Sato J, Saitoh T, Notani K, Fukuda H, Kaneyama K,
Segami N. Diagnostic significance of carbamazepine
and trigger zones in trigeminal neuralgia. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2004;97:18—-
22. http://dx.doi.org/10.1016/S1079210403004992.

Maeda S, Miyawaki T, Kuboki T, Shimada M. A
trigeminal neuralgia-like paroxysmal pain condition
presumably due to buccal nerve compression in the
temporalis muscle. Cranio 2001;19:56-60.

Toda K. Trigeminal neuralgia - symptoms, diagnosis,
classification, and related disorders. Oral Sci Int
2007;4(1):1-9. https://doi.org/10.1016/S1348-
8643(07)80006-1.

Blumenfeld A. Botulinum toxin type A as an effective
prophylactic treatment in primary headache disorders.
Headache 2003;43:853-60.

Zuniga C, Diaz S, Piedimonte F, Micheli E Beneficial
effects of botulinum toxin type A in trigeminal
neuralgia. Arq Neuro-Psiquiatr 2008;66(3):500-503.
http://dx.doi.org/10.1590/S0004-282X2008000400012.

Smith HS, Audette ], Royal MA. Botulinum toxin in
pain management of soft tissue syndromes. Clin ] Pain
2002;18(Suppl 6):5147-54.

Piovesan EJ, Teive HG, Kowacs PA, Della Coletta
MV, Werneck LC, Silberstein SD. An open study
of botulinum-A toxin treatment of trigeminal
neuralgia. Neurology 2005;65:1306-8. http://dx.doi.
0rg/10.1212/01.wnl.0000180940.98815.74.

Borodic GE, Acquadro MA. The use of botulinum
toxin for the treatment of chronic facial pain. J Pain
2002;3:21-7.

Silberstein S, Mathew N, Saper J, Jenkins S. Botulinum
toxin type A as a migraine preventive treatment. For the
BOTOX Migraine Clinical Research Group. Headache
2000;40:445-50.

Klein AW. The therapeutic potential of botulinum
toxin. Dermatol Surg 2004;30:452-5.



DIAGNOSTICS OF PERIPHERAL NEURALGIA

Vesova OP.
Modern diagnostic methods used in surgical treatment of peripheral neuralgia.
) Diagn Treat Oral Maxillofac Pathol 2017;1:89-95.
http://dx.doi.org/10.23999/j.dtomp.2017.2.6.

Cy4acHi MeTOM IiaTHOCTHMKM, 1[0 BUKOPIICTOBYIOThHCS
y XipypriuHomy 1ikyBaHHi nepudepuIHNX HeBpariii

Onena MetpisHa Becosa

[IMpoghecop kaghedpu wenenHo-nuyesoi xipypaii IHcmumymy cmomamornozii HauioHarnsHoi MeduyHoi aka-
demil nicnisdunnomHoi ocsimu imeri 1.J1. LLlynuka, dokmop med. Hayk, npoghecop.

ITPO CTATTIO PE3IOME

Iemopis pyronucy: Meta. BusHaumtyi MOXIMBOCTI
BUKOPNCTaHH:A cTepeornitorpadii y
AiarHOCTUI ypaxkeHb Iepudepnd-
HUX HepBiB mpm ocumikamii Kict-
KOBMX KaHa/liB BePXHbOLIE/NEMHOL
KiCTKM.

ITamienTn Ta MeTopu. Hamm mpo-
BefleHO obcTexxeHHA 31 XBoporo 3
BTOPMHHUMYU HEMPOTEHHVMM ypa-
JKEHHSAMMU JIPYTOI TiIKM TPiif4acToro
HepBa 3a JJOTIOMOTOI0 MeTOJ[a CTepe-
omitorpadii.

Pesynpraru. Buyeni fiarnoctymy-
Hi MOXX/IMBOCTi KOJIbOPOBOi CTepeo
mitorpadii mpy saxBoproBaHHAX I
Ti7IKM TPiif9acToOro HepBa.
Bucnoskun. Jlokazana Bucoka edex-
TUBHICTD cTepeomitorpadii. Mertox
PEKOMEH/IOBaH /Il BUKOPMCTaHHA
Y MeIMYHIl MPpaKTuILi.

Otpumanmit: 02 yepBHs 2017 poky
Tpuitaaruit: 04 yepsusa 2017 poky
Ommarin 3: 30 yepBH:A 2017 poky

Kniouosi cnosa:

TpiitqacTuit HepB
BropuHHi HeBporeHHi ypakeHH:A
Crepeonitorpadis

CoBpeMeHHbIe METObI AMATHOCTMKY IIPMMeHsAeMble B
XUPYPIr4ecKOM JIe4eHNN nepudepiryecKix HeBpaarui

Enexa MetposHa Becosa

I/ Kaghedpb! o-nuyegoll U HayuoHansHol medu-
uuHckol akademuu rocreduniomHo20 obpasosarusi umeru [1.J1. LLynuka, dokmop med. Hayk, npogheccop.
O CTATDBHE PE3IOME

Hemopus pyxonucu: Iens. OmpenenuTh BO3MOXKHOCTH

VCHIONMb30BAHNA  CTEPEONMTOrpa-
buy B IMArHOCTHMKE IIOPaXKEHMIt
nepudepnyeckux  HepBOB  IIpU
occuuKanmMy  KOCTHBIX KaHAJIOB
BEPXHEYETI0CTHOM KOCTH.
ITammentn u Metopbl. Hamu mpo-
BefieHo obcenoBanme 31 60MbHOTO
C BTOPMYHBIMI HEBPOT€HHBIMIU T10-
paXeHMAMU BTOPOI BETBU TPOIi-
HIYHOTO HepBa C TOMOIIBI0 MeTOfIa
crepeonurorpadumn.

Pesynbrarpl. VIsy4eHbl iuaroocTu-
JecKye BO3MOYKHOCTH I[BETHOII CTe-
peonurorpadu mpu 3aboneBaHMAX
II BeTBM TPOVHMYHOTO HEpBa.
BoiBopabl. JlokasaHa BbICOKas 9¢-
(bekTUBHOCTD CcTepeonuTorpadum.
MerToy, peKOMeH/I0BaH J/IA UCIIONb-
30BaHMA B MEIMIIMHCKOI IIPAKTHKE.

IMonyuena: 02 nions 2017 roga
IMpunara: 04 monsa 2017 roga
Ounnaitd ¢: 30 mions 2017 roma

Kniouesvie cnosa:

Crucrema TPOHMYHOTO HepBa
BropuyHbie HeBpPOTeHHbIE
HopakeHns
Crepeonurorpadus.
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