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ntroduction.

Implant placement or dental implantation is

a very challenging procedure which requires

different types of imaging to reach a suc-

cessful procedure as it helps develop an ap-
propriate and precise treatment plan for implanta-
tion [1-5]. Successful implant placement requires
extensive planning. Evaluation of medical and in-
tra-oral conditions to determine eligibility, com-
bined with a thorough periodontal and dental as-
sessment and radiographic evaluation will provide
valuable information in planning and completing
effective implant cases. Anatomic considerations
of the area for implant placement should guide
the appropriate radiological modalities as well as
dimensional accuracy [1-5].

Radiology in dental implantation is done
through the following phases:

* Pre-operative phase,

* Intraoperative phase,

* Post-operative phase.

Each step of these stages has different ap-
proach to minimizing the failure rate of operation
and complications that can happen after the sur-
gery [1-5].

The dental implants are replacement of
tooth roots to restore the missing tooth (Fig.1). It
provides a strong foundation for fixed prosthesis
(permanent) or removable prosthesis replacement
teeth that made to match the natural teeth [2, 3,
4]. They are metal biocompatible anchors surgical-
ly positioned in the jaw bone underneath the gum
tissue to support an artificial crown where natural
dentition is missing [4]. It provides effective, pred-
icable, and reliable means for tooth replacements.
Additionally, dental implants provide partially
edentulous and completely edentulous patients
the aesthetics and function they had with natural

dentition [1-5].

The dental implants are inserted into the
bone, where bone integration process begins -
“osseointegration”, which means fusion of the im-
plant surface with the bone around it [1-5].

Back in time it was firstly admitted by Leon-
ad Linkow in 1950, he is known as “Dental Im-
pantology Godfather”, he was the first one who
inserted titanium into bone in voluntary patient
[4].

There are several conditions for dental im-
plantation [1-5]:

* missing one tooth or more,

e when adequate bone present to secure the
implants or bone graft could be done,

* when oral tissue is healthy,

¢ if patient is unwilling or unable to wear
dentures,

e improvement of patient’s speech and es-
thetics

* absence of systemic local disease that will
affect bone healing .

Advantages of dental implantology are [1-5]:

¢ long lasting solution and cost effects,

e significant benefits in impairing quality of
patient’s life,

* jawbone support,

e durable,

e provide better oral hygiene,

e easy function and mastication,

e improved speech since edentations and
mobile dentures can restrict pronunciation.

Types of dental implants.

1. Endosteal implants.

Endosteal dental implants are the most
common type of dental implant, it is placed into
one’s jawbone by the path of the tooth root. These
dental implants have different shape of screws,

‘ 4 ENDOSSEQUS IMPLANTS
l Dental implant bonded
/| with the jawbone.
i A n oW
A : '
' V¥ Y ¥ )
8, . Wg ﬂ _
1o & |
,/"‘/ . a\" \\‘ |
Abutment placed on ,,f/ C\\ - mar \..\
the dental implant \‘LCus(om—madu crown, 1
Implants are placed
o jawbone
Fig. 1 (Puc. 1) Fig. 2 (Puc. 2)
Fig. 1. Scheme. Fig. 2. Scheme.
Dental implantation [2]. Endosteal implants [4].
Puc. 1. Cxema. Puc.2. Cxema.
JleHTasbHas UMIAQHTAIUA [2]. OHAOCTAABHBIH UMIIAQHTAT [4].

| www.rejr.ru | REJR. 2021; 11 (1):43-62

DOI: 10.21569/2222-7415-2021-11-1-43-62

Crpannna 44



http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

cylinders, or plates. “Root-form implants” are by
far the most used implants in dentistry recently
(Fig. 2). Osseo integrated root-form implants are
made up of a fixture and an abutment. The fixture
is the part of the implant that embedded surgical-
ly in the bone of the jaw. It is made of a material
that promotes osteo-integration (titanium). They
come in various sizes, ranging from (3,25 to 3,75
mm) in diameter and (7 to 10 mm) in length. The
size of the implant and length depends on the
amount of available bone. Dentists prefer the larg-
est possible implant as it increases the surface
area and provides stronger anchorage and better
bone integration. It is preferred to have 1-1,5 mm
of bone on either side of the implant fixture and 1-
2 mm of bone between the implant surface and
the adjacent vital structures like mandibular ca-
nal, maxillary sinus, nasal fossa. The abutment
which increases the height of the fixture level
above the gingival surface is attached to the fix-
ture with an abutment screw. The top of the
abutment screw has a small hole which allows the
dental prosthesis to be attached by a screw that
runs through the prosthesis and into the abut-
ment screw [2-5].

2. Subperiosteal implants.

It is a less common form of dental implants;
they are placed under the gumline but above the
jawbone instead of inserting it into the jawbone
like endosteal implants. Blade implants are rec-
tangular, like a razor blade. From the long side of
the rectangle, one or more posts extend into the
oral cavity to allow fixation of the prosthesis (Fig.
3). Subperiosteal implants are used when the pa-
tient has insufficient jawbone density and place-
ment of one’s dental implants directly into the

jawbone is not recommended [1-5].

3. Trans-osseous implants.

Trans-osseous implants still used for highly
resorbed mandibles, they are placed in the anteri-
or region between the 2 mental foramina. The
trans-osseous dental implant is a very stable im-
plant that acts like 4 standard root form implants.
It is placed from the bottom of the jaw and pro-
trudes through the upper part (Fig. 4). There is a
bar that can be secured to it and a denture sup-
ported by the structure. This implantation is not
performed by many dentists as it is very difficult
and need special skills as well as it needs to be
done in the hospital in most cases [1-5].

The size of dental implants varies with mini,
narrow or shorter dental implants available for
those with

insufficient gum and bone tissue which
cannot withstand traditional dental implant sizes
[1-5].

4. Zygomatic implants.

Zygomatic implants have been used for re-
habilitation of the edentulous atrophic maxilla as
an alternative to bone grafting for almost two dec-
ades resulting in satisfactory clinical outcomes.
However, the patients with edentulous atrophic
maxilla treated using this technique may present
serious complications that could put the prosthet-
ic restoration at risk [5, 6, 9].

Excessive bone resorption combined with
poor bone quality and increased maxillary sinus
pneumatization often making it impossible to
place conventional dental implants in the posteri-
or maxilla. Various bone augmentation tech-
niques, such as sinus floor elevation and onlay
bone grafting, have been described in order to in
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crease the volume of load-bearing bone. Neverthe-
less, efforts have been made to pursue alterna-
tives to grafting procedures and one of these, es-
pecially in the atrophic maxilla, is the use of zy-
gomatic implants. This implant which was initially
introduced for the prosthetic rehabilitation of pa-
tients with extensive defects of the maxilla caused
by tumor resections, trauma or congenital defects
was also used in patients with edentulous
atrophic maxilla, enabling rehabilitation with suf-
ficient function and improved esthetics. However,
the placement of zygomatic implant is not de-
prived of risks, since it may involve delicate ana-
tomical structures such as the orbit, and therefore
surgical experience is required [5, 6, 9]. Addition-
ally, many complications have been reported in
the literature, with sinusitis being the most com-
mon (Fig. 5).

Imaging plays a very important part in den-
tal implant procedures. The imaging modalities
vary from standard projections that is available in

Fig. 5 (Puc. 5)

Fig. 5. Scheme.
Zygomatic implants [9].
Puc.5. Cxema.

CkyAoBO# MMMIaAaHTaT (3Uroma) [9].

the dental office to more complex radiographic
techniques typically available only in radiology
centers. Implant imaging provides reliable and ac-
curate diagnostic information of the patient's
anatomy at the proposed site of implant [5-8, 10].
X-ray examination include intra-oral (periapical,
occlusal) and extra-oral (panoramic, lateral cepha-
lometric) radiographs. More complex imaging
techniques include computed tomography (CT),
and cone-beam computed tomography (CBCT).

The goals of imaging are [5-8, 10]:

e measuring bone height and width (bone
dimensions),

* to assess bone quality and structure,

* to determine alveolar bone long axis,

¢ to identify internal anatomy and localize it,

* to detect jaw boundaries,
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e to detect if any underlying pathology pre-
sent.

Preoperative assessment.

A comprehensive evaluation of the oral cavi-
ty begins with a detailed medical and dental histo-
ry, and a dental hard and soft tissue clinical ex-
amination. This is followed by panoramic radiog-
raphy and cross-sectional imaging using mul-
tislice computed tomography or cone-beam com-
puted tomography [1, 4, 5, 6, 11].

Imaging in this phase determines the quan-
tity, quality, and angulation of bone, relationship
of critical structures to prospective implant sites;
and the presence or absence of disease at the pro-
posed surgical sites [5, 8, 14].

Important landmarks are:

°In the maxilla: nasal floor, naso-palatine
canal, anterior superior alveolar canal, maxillary
sinus and related structures, posterior superior
alveolar canal, maxillary tuberosity, pterygoid
plates,

* In the mandible: lingual foramen, incisive
canal, genial tubercles, inferior alveolar nerve ca-
nal, mental foramina, retromolar foramen, sublin-
gual fossa (lingual undercut), mylohyoid under-
cut, lingula of ascending ramus,

e In the zygomatic region: orbital floor, infra-
orbital foramen, zygomatic bone [5, 6, 12] (Fig. 6).

The selection for radiographic imaging de-
pends on the amount of residual alveolar ridge
atrophy: this includes the bone quality, bone
quantity, remaining bone height, bone width, and
available bone volume. The residual alveolar ridge
topography needs to be understood and addressed
rather carefully, as the positioning of an implant
is crucial for prosthetic treatment planning [16,
17]. The identification of vital anatomic landmarks
and their relation or vicinity to the future implant
site/s is a crucial factor. Potential implant sites
need to be safely identified.

The main methods that are used in preoper-
ative planning of DI [5-8, 10, 11, 14-16]:

* Panoramic radiography,

* MSCT,

* CBCT.

1. Panoramic radiography.

These are narrow beam rotational tomo-
graphs, which use two or more centers of rotation
with a predefined focal trough, to produce a radio-
graphic image of both the upper and lower jaws.
Optimal patient setting is crucial in this procedure
because jaw positioning errors in the sagittal
plane can occur easily, particularly in the edentu-
lous patient. It provides an approximation of bone
height, vital structures, and any pathological con-
ditions if present [5, 6, 14-17].

The advantages of panoramic radiography
are:

e providing information on opposing land-
marks, vertical height of the bone,
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Fig. 6. Scheme.

a — anatomy of maxillary region, b — anatomy of lower jaw [12].

Puc. 6. Cxema.

a — aHATOMHS BEPXHEYEAIOCTHOM obracTH, 6 — aHATOMHS HUZKHEH deatocTH [12].

Fig. 7 (Puc. 7)

Fig. 7. Panoramic radiography.

W — mediodistal length of the defect: 1 — distance between the roots of adjacent teeth, 2 — distance at the level of
the apex of the alveolar ridge; 3 — distance between the crowns of adjacent teeth; L — height of the alveolar part [5].
Puc.7. OpTonaHToOMOrpamma.

W - memmomucTasbHaa maMHa AedekTa: 1 — paccTosgHUe MeXAy KOPHAMH COCEOHHX 3y00B, 2 — paccTogHHE Ha
YPOBHE BEPIIIHHBI aABBEOAIPHOTO I'PeOHS, 3 — pacCTosgHNE MEXAY KOPOHKaMHU OAMKANWIINX 3y00B; L — BbICOTA aAb-

BEOASIPHOM 4acTH [5].

* assessing crestal alveolar bone and cortical
boundaries,

e evaluating gross anatomy of the jaws and
related pathologic conditions,

e relatively short exposure time, and comfort
and simplicity of examination [5, 6, 14-17].

Panoramic radiography in implant proce-
dure could be used in pre-surgical phase as it is
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the most used diagnostic modality. The image re-
ceptor may be “a radiograph film, a digital storage
phosphor plate or a digital charge coupled device
receptor”. Complete imaging of both jaws could be
obtained in one film [5, 14-17] (Fig. 7).
Limited-angle linear tomography (zonogra-
phy) is used as a means for patient positioning for
making a cross-sectiona limage of the jaws to

Crpanuna 47


http://www.rejr.ru/

RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY

Fig. 8 (Puc. 8)

teeth [5].
Puc. 8.

OTCYTCTBYIOIINX 3y0OB [5].

Fig. 8. Multispiral computed tomography, multiplanar reconstructions.

Secondary (post-traumatic) edentulous teeth 1.1 and 2.1. Planning of dental implantation in the area of missing

MyAbTUCNUPAABHAS KOMMbIOTEPHAS TOMOrpadus, MyYAbTUNAQHAPHbIE PEKOHCTPYKLUM.

BropuyHag (mocrrpaBMaTHyeckasi) ameHTHd 3y6oB 1.1 u 2.1. [IaaHHupoBaHME AEHTAABHOM HMIIAQHTAIIUU B 00AACTH

modify the panoramic X-ray machine. The tomo-
graphic layer is approximately 5 mm thick, which
helps to determine the distance between the criti-
cal structures and the implant site, as well as the
bone quantity at the site of implant placement [5,
14-17].

A good panoramic radiograph will outline
the bony anatomy clearly and is generally used for
diagnosis of gross pathoses within the jaws as well
as the relation of anatomic structures such as si-
nuses, canals, fossae and foraminae to the im-
plant site. Although some panoramic machines
have uniform magnification (19%), in general,
most machines have varied and unreliable magni-
fications (25% to 30%) especially in the vertical
dimension [5, 6, 15-17]. Magnification is more
pronounced in posterior than in anterior areas.
This may give a false sense that more bone exists
between the crest of the alveolar process and the
inferior alveolar canal, nasal fossae, or maxillary
sinuses. Improper patient positioning may further
contribute to image distortion. Even properly posi-
tioned and exposed panoramic radiographs can-

| wwwe.rejr.ru | REJR. 2021; 11 (1):43-62

DOI: 10.21569/2222-7415-2021-11-1-43-62

not be used for direct bony measurements unless
the magnification factor for the target area is pre-
determined.

A technique for evaluating the panoramic
radiograph for mandibular posterior implants, as
well as for a comparison with the clinical evalua-
tion during surgery was developed by identifying
the mental foramen and the posterior extent of the
inferior alveolar canal [5, 16, 17]. However, stud-
ies have demonstrated that the mandibular fora-
men cannot be identified <50% of the time on the
radiograph film and, when visible, it may not be
identified correctly.

The disadvantages of this modality are [5,
14-17]:

e distortion of the visualized structures,

¢ low level of reproducibility,

* times magnification of the structures,

e difficulty in assessing hard tissue mor-
phology and density of the bone,

e little information about the buccolingual
cross-sectional dimension,

e inadequate identification of critical struc
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Fig. 2 a (Puc. 9 a)

Fig. 9 b (Puc. 9 6)

Fig. 9. MSCIT, sagittal (a) and coronal (b) reconstruction.

Incomplete secondary adentia of the upper jaw. In the area of missing teeth 2.6 and 2.7, a focus of bone compact
tissue of a rounded shape with size of 14x10x12 mm and density of 1500 HU, with homogeneous structure, occu-
pying the entire thickness of the alveolar process and extending to the walls of the nasal cavity and maxillary si-
nus is determined. This formation corresponds to the intraosseous osteoma of the alveolar process of the upper
jaw [5].

Puc. 9. MCKT, carutTaAbHas (a) M KOPOHAAbHASA (6) PEKOHCTPYKLLUM.

HemnoAHas BTopuYHasa ameHTUS BEPXHEM YEAIOCTH. B 06AacTH OTCYyTCTBYIOLIMX 3y00B 2.6 U 2.7 ompeneAseTcsa odar
YIAOTHEHHS KOCTHOM CTPYKTYpPbI OKPYTAOM hopMbI pasMepamu 14x10x12 mm, nmaotHocThio 1500 HU, romoreHHOM
CTPYKTYPBbI, 3aHUMAIOIINH BCIO TOAIIMHY aAbBEOASPHOI'O OTPOCTKA M PACIIPOCTPAHAIONIMHCH K CTEHKaM IIOAOCTH
HOCA ¥ BEPXHEYEAIOCTHOrO CHHyca. /laHHoe oOpa3oBaHME COOTBETCTBYET BHYTPHUKOCTHOH OCTEOME aABBEOASPHOIO

OTPOCTKA BEPXHEH YEAIOCTH [5].

tures,

°no data of spatial relationships between
the structures,

e patient positioning errors, however with
knowledge, most errors in patient positioning can
be corrected,

* the patient must leave the surgical room
and stand still for imaging purposes,

e the resolution of the image is less com-
pared to periapical images,

e zonography fails to identify disease at the
implant site or to access the differences in bone
densities.

2. Multispiral computed tomography.

CT was invented by Godfrey Hounsfield and
Allan Cormack in 1972. This modality gives rise to
high-density resolution images and allows soft tis-
sues to be visualized. The reformatted CT image
generates axial, panoramic, and cross-sectional
images that allow rapid correlation of the different
views. CT scan provides tangential and cross-
sectional tomographic images of the implant site
the density of structures produced in the image is
absolute and quantitative, and can be used to dif-
ferentiate tissues in the region and characterize
bone quality [5, 6, 14, 16].

Disadvantages include limited availability of
CT scanners, high cost of machines, image arti-
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facts caused by metal and the need for special
training in image interpretation.

CT images are indicated if the patient is be-
ing evaluated for total jaw reconstruction or for
multiple implants within the mandible or maxilla.
They are also recommended if ridge augmentation
is required, if the sinuses may be breached during
the procedure or if there are variations in the
anatomy, atrophic changes, or pathology. The
thickness of the image layer must be adequate to
achieve proper coverage; generally, a 0,5-1 mm
layer is indicated (Fig. 8-9) [5, 6, 14-17].

3. Cone-beam computed tomography.

CBCT scanners are designed specifically for
diagnosis and treatment planning in implant
therapy. Multiple pictures of the region of interest
are generated in a single scan. This enables the
dentist to have precise diagnostic information and
therefore perform minimally invasive surgery with
reduced surgery time, postoperative pain and
swelling, and faster recovery time [4, 5, 6, 11, 13,
14-17].

CBCT is valuable for the evaluation of the
mandible, maxilla and facial bones. CBCT scans
of the mandible can help clinicians determine the
size of the lingual concavity in the symphyseal re-
gions. Occasionally, the mandible may have an
unexpected lingual concavity in the posterior re-
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Fig. 10 (Puc. 10)

Fig. 10. CBCT, condition before DI.

Puc. 10. KAKT, cocTosiHue nepea AWU.

Assessment of parameters of the jaw’s alveolar parts, severe atrophy of both jaws [5].

OlLleHKA ITapaMeTPOB aAbBEOASPHBIX OTAEAOB YEAIOCTEH, BhIpazKeHHasa aTpodus ob6enx JeArocTeit [5].

gion of the mandible. In the inferior alveolar canal
(IAC), CBCT scans can show whether the canal is
single or divided and how it is placed buccolin-
gually (Fig. 10-11).

CBCT-aided implant surgery can be divided
into the following: passive, semi-active, and active.

1. Passive CBCT-aided implant surgery re-
fers to the use of CBCT information such as linear
measurements, relative bone quality, 3D evalua-
tion of ridge topography, and proximity to vital
anatomical structures to help in the implant
treatment planning process. Passive CBCT-aided
implant surgery can be accomplished with or
without third-party interactive treatment planning
software [5, 6, 11, 13, 14-17].

2. Semi-active CBCT-aided implant surgery
includes the use of CBCT data imported into
third-party interactive treatment planning soft
ware where virtual implants are simulated as a
precursor to the fabrication of surgical guides that
will be used at the time of implant placement. De-
pending on the software application’s protocol to
relate implant position to the underlying bone and
restorative needs of the patient, a scanning tem-
plate may need to be fabricated before the scan
acquisition. The scanning template can be made
with a radiopaque material (barium sulfate), con-
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tain gutta-percha markers, or other specific fidu-
ciary markers that aid in the fabrication of the
surgical guide. The scanning template is posi-
tioned intraorally, and the CBCT scan is acquired
[5, 6,11, 13, 14-17].

3. Active CBCT-aided implant surgery refers
to the use CBCT data and surgical navigation sys-
tems to perform fully computer-guided implant
placement. One of the main concerns of postim-
plant evaluation with CBCT is the presence of
beam hardening and partial volume artifacts
around implants which in some cases prevent the
visualization of the bone-implant interface. How-
ever, scattering artifacts caused by metal are sig-
nificantly less with CBCT as compared with medi-
cal CT. Naitoh et al in 2010 evaluated the rate of
bone to implant contact in a clinical study and
reported that the bone configuration surrounding
anterior dental implants with and without bone
grafting can be adequately assessed using CBCT.
With the help of Digital Imaging and Communica-
tions in Medicine (DICOM) data, computer-
generated surgical guides (stereolithographic
models) can be fabricated from the CBCT data.
The guide helps the surgeon place implants in
their optimal and exact position [4, 5, 6, 11, 13,
14-17].
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Fig. 11. Planning of dental implantation using an additional specialized program based on CT data.

Puc. 11. MNMAaHupoBaHue CTOMOTOAOTMY4ECKOU MMMNAQHTALMU C MOMOLLLBIO AOMOAHUTEABHOM CMELLMAAU-

3MPOBAHHOM NPOrPAMMbI HQ OCHOBE AAHHbIX KT [5, 6].

Advantages of CBCT are that it generates a
3D dataset (digitally reconstructed image with 670
projections), has the potential for generating all
2D images (e.g. orthopantomogram, lateral cepha-
logram), and allows vertical scanning with the pa-
tient in a seated position CBCT generates high-
resolution images of anatomical structures, bone
trabeculae, periodontal ligament (PDL), and root
formation. The other advantages include rapid
scanning procedure, lower radiation dose, reduced
disturbance from metal artifacts, lower cost, easy
accessibility, easy handling, and DICOM compati-
bility [4, 5, 6, 11, 13, 14-17] (Fig. 12-13).

CBCT has some disadvantages. It has a low
contrast range, restricted field of view (FOV), re-
duced scanned volume caused by limited detector
size gives little information about the inner soft
tissue, and increased noise from scatter radiation
and artifacts [4, 5, 6, 11, 13, 14-17].

According to U. Lekholm and G. Zarb (1985)
classification, there are 4 types of quality of bone
tissue. C. Misch in 1999 developed the 4 types of
bone tissue quality (D1-D4) according to Houns-
field unites (Table 1) [4, 5, 14].

Intraoperative implant imaging.

During surgical implant placement, in-
traoperative imaging is limited to quick, in-office
modalities, including digital-based periapical and
panoramic radiography. These radiographs con-
firm appropriate pilot drill position and allow early
errors to be identified so that appropriate modifi-
cations to the remaining osteotomy steps can be
made. Occasionally, surgical accidents may re-
quire advanced radiologic imaging in the in-
traoperative phase, for example, when an implant
is displaced into the maxillary sinus or placed
through the inferior alveolar canal. In such situa-
tions, CBCT imaging will accurately locate the im-
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plant or assess the extent of nerve canal en-
croachment [5, 6, 17-19].

Along with studying the optimal position
and orientation of the implant, intraoperative im-
plant imaging helps evaluate the healing and inte-
gration of surgery sites. The correct position of the
abutment and prosthesis fabrication are ensured
in this phase [5, 6, 17].

The goals of imaging are [5, 6, 17-19]:

* to assess the quality of implanting screws
during the procedure,

e to clarify implant screw placing,

* determining the long axis of alveolar bone,

¢ identifying and localizing the internal posi-
tion of the implant,

* to establish the boundaries of the jaw,

* to detect if any underlying pathology pre-
sent (Fig. 14-17).

Post-prosthetic implant imaging.

This phase commences just start the after
placement of the prosthesis and continues as long
as the implant remains in the jaw [5, 6, 19-21].

Postoperative imaging and monitoring im-
mediately following implant placement, a periap-
ical image should be acquired to serve as a base-
line image for future comparisons. If multiple im-
plants have been placed, a panoramic image may
be appropriate. During the prosthetic phase of
treatment, periapical or bite-wing images may be
made to ensure complete seating of the implant
abutment and restoration. When such images are
made, it is important to position the central beam
as perpendicular to the longitudinal axis of the
implant fixture as possible.

Small angular deviations may result in over-
lapping of the implant threads and allow small
gaps between the fixture and prosthesis to become
unnoticed [5, 6, 19-21]. Postoperative imaging for
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Fig. 12 (Puc. 12)

Fig. 12. CBCT with an additional specialized program Simplant made it possible to reliably assess the
parameters of the alveolar ridge, as well as to select the implants that are optimal in shape and size and
virtually position them [5, 6].

Puc. 12. KAKT ¢ AONOAHUTEAbHOM CMNELUAAUIMPOBAHHOM NMporpammoirt Simplant AaAM BO3MOXHOCTb
AOCTOBEPHO OLL€HUTb MAPAMETPbI GAbBEOASPHOIO OTPOCTKA, d TAKXE BblIGPATbL ONTUMAAbHbIE MO
dopme U pasmepam MMNAAHTATbI U BUPTYAAbHO UX PACMOAOXMTbD [5, 6].

Fig. 13 (Puc. 13)

Fig. 13. Manufacturing of an individual surgical template, preparation of the implantation bed after fixa-
tion of the extra-bone surgical template with guides [4].

Puc. 13. U3roToBAEHME UHAMBUAYAABHOIO XMPYPrM4ECKOro LWWAGAOHA, MOAFOTOBKA MMNACGHTALLMOHHOIO
AOXQA NocAe OUKCALMM HAOKOCTHOIO XMPYPrM4ecKoro WabAOHA C HaONPABASIOLWLUMM [6].
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Table Nel. Assessment of density and architectonics of the jaw’s alveolar parts.

Correspondence of bone tissue type
to Hounsfield unites according to C.
Misch (1999)

The type of bone tissue according to U.

The type of bone tissue Lekholm and G. Zarb (1985)

D1
Homogeneous cortical bone tissue More than 1250 HU

Spongiform bone, surrounded by
D2 850-1250 HU

compacted cortical bone tissue

Spongiform bone, surrounded by thin
D3 350-850 HU

cortical bone tissue

D4 Homogeneous spongiform bone tissue 150-350 HU

Fig. 14 (Puc. 14)

Fig. 14. Photos.

Intraoperative radiography makes it possible to obtain diagnostic images during implantation directly in the oper-
ating room (on a PC screen), to assess possible intraoperative risks and to eliminate them timely [5, 6].

Puc. 14. %oTo.

HHaTpaonepaliioHHas peHTreHorpadus gaeT BO3MOXKHOCTD IIOAYYATH AUATHOCTUYECKHE H300paKeHUs B XOe HM-
IIAQHTAIIUH HEIIOCPEACTBEHHO B OIIEPAIIMOHHOM (Ha 9KpaHe IIePCOHAABHOTO KOMIIBIOTEpPA), OLEHHBATH BO3MOKHEIE
HHTPAaOoIlePaIlHOHHbIE PUCKH ¥ CBOEBPEMEHHO UX YCTPAHATH [5, 6].
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Fig. 15a (Puc. 15 a) Fig. 15 b (Puc. 15 6)

Fig. 15. Digital microfocus radiographs, performed during the DI in areas 2.5 and 2.7 at the stage of
formation of the implantation bed 2.7 (a) and after implantation (b).

Perforation of the maxillary sinus lower wall is determined at the stage of bed formation — the apical part of the
depth gauge is located 3 mm above the maxillary sinus wall (a). During the operation, the implant 2.7 was placed
with a smaller depth, its apical part is located 1 mm above the sinus wall in the submucosal layer (b) 5, 6].

Puc. 15. UudpbpoBble MUKPOOOKYCHbIE PEHTI€HOFPAMMbI, BbIMOAHEHHbIE B XOAE OnepaLm MMMNAGH-
Taumm B o6AacTu 2.5 U 2.7 Ha aTane doOpMUPOBAHUA UMIAAHTALLMOHHOIO AOXA 2.7 (a) U nocAe ycTta-
HOBKM MMNAGHTATOB (6).

OmnpezneasgeTrca nepdopaliyis HUKHEH CTEeHKH BEPXHEUEAIOCTHOIO CHHyca Ha 3Tale (POPMHPOBAHUA AOXKA — AIIH-
KaAbHasd 4acTb TAYOHMHOMEpPA PaCIIOAOKEHa Ha 3 MM BBIIIEe OHA BEPXHEUYEAIOCTHOIO CHHyca (a). Bo BpeMma omeparnu
HMIIAQHTAT 2.7 ObIA YCTAHOBAEH C MEHBIIIMM 3aTAyDA€HHEM, €T0 allMKaAbHAas YacTh PACIOAaraeTcs Ha 1 MM BEBIIIE
CTEHKH CHHyCa B IIOACAU3UCTOM caoe (0) [5, 6].

Fig. 16 a (Puc. 16 a) Fig. 16 b (Puc. 146 6)

Fig. 16. Intraoperative digital microfocus X-ray (a), performed before the formation of the implantation
bed. A photograph taken during the operation at the stage of removing the filling material (purple ar-
row) (b) [5, 6].

3 foreign bodies corresponding to the filling material (blue arrows) and a bone fragment in the projection of soft
tissues (red arrow) are identified, which located at a sufficient distance from the lower wall of the maxillary sinus
(green arrow),

Puc. 16. UHTpaonepaunoHHas uucopoBas MUKPOCPOKYCHAS PEHTIEHOIPAMMA, BbINOAHEHHAS A0 ¢hbop-
MMUPOBAHUA MMMNAGHTALLMOHHOIrO AoXa (a). PoTorpachus, BbINOAHEHHAS B XOAE OnMepauuu Ha aTane
YAGA€HUS TAOMBUPOBOYHOIO MaTepmuana (cupeHeBas cTpeAka) [5, 6] (6).

Omnpeneadiorcsd 3 UHOPOAHBIX TeAd, COOTBETCTBYIOIIHE TAOMOMPOBOYHOMY MaTEPHAAY (CHHHE CTPEAKH), H KOCTHBIH
dparMeHT B IPOEKIINH MATKHUX TKaHeH (KpacHas CTPeAKa), HaXOAdIHecsd Ha JOCTATOYHOM PACCTOSHUM OT HHKHEH
CTEHKHU BEPXHEYEAIOCTHOI'O CHHYyCa (3eA€HAs CTPEAKA);
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Fig. 17 a (Puc. 17 a) Fig. 17 b (Puc. 17 6)

Fig. 17. Intraoperative digital microfocus X-ray, performed before the formation of the implantation bed
after complete removal of the filling materia (a). Photo, taken during the operation at the stage of bone
fragment removing located in the soft tissues in the area of the planned implantation [5, é] (b).

X-ray control made it possible to assess the quality of its removal and subsequent extraction of the bone fragment
(arrow).

Puc. 17. UHTpaonepaunoHHas uUdpoBas MUKPOCGOOKYCHAA PEHTIEHOTPAMMA, BbIMOAHEHHAs A0 cdoop-
MUPOBAHUSA UMMNACHTALUOHHOIO AOXA NMOCAE MOAHOFO YAGA€HUSi MAOMGUPOBOYHOro martepuaaa (a).
PoTorpachbus, BbITOAHEHHAS B XOAE ONEpALMM HA 3TANE YAAAEHUss KOCTHOro coparmMeHTa, pacnoAora-
IOLLErocsa B MATKUX TKAHAX B 30HE NMACGHUPYEMOU MMNAQHTALLMK [5, 8]. (6)

PeHTreHOAOTHYEeCKHH KOHTPOAB IT03BOAHMA OLIEHUTH KA4YECTBO €r0 VAAACHHS U IIOCAEAYIOIIEr0 U3BACYEHUS KOCTHOIO
dparmeHnTa (yKaszaHO CTPEAKOH).

Fig. 18 a (Puc. 18 a) Fig. 18 b (Puc. 18 6)

Fig. 18. Orthopantomograms (fragments).

a — before the installation of the orthopedic structure (3 months after dental implantation in the area of tooth 3.6,
radiological signs of satisfactory osseointegration are determined, favorable conditions for further treatment and
the formation of the load on the implant),

b — 1 year after orthopedic treatment (there is a moderate resorption of bone tissue in the cervical region, not ex-
ceeding 1,5 mm, there are no bone-destructive changes in the peri-implanar region) [5, 6].

Puc. 18. OpTonaHToMorpammbl (cbparmeHTbl).

a — IIepes YCTAaHOBKOH OPTONEANYEeCKON KOHCTPYKIIHMH (3 MecsdIla II0CA€ OEHTAaABHOM HCIIAQHTAIIMU B obaacTu 3yba
3.6; ompeneAdroTCs PEHTTEHOAOTMYECKHEe IIPHU3HAKH YIOBAETBOPUTEABHON OCTEOHMHTETPAIIMH, OAATOIPUATHBIE YCAO-
BHS A9 JaABHEHIIIETro Ae4eHUs M (DOPMUPOBAHUS HATPY3KH Ha HMIIAQHTAT),

b — gepe3 1 rox mocae OPTOIEAUYECKOTO A€HYEHHUs (0TMedYaeTcs YMepPeHHas pe3opOIiys KOCTHOM TKAaHU B IIPUIIeed-
HOM 00AacTH, He ImpeBbImamas 1,5 MM, KOCTHO-AECTPYKTHBHBIX U3MEHEHUH B IIEPUUMIIAAHAPHOM 00AaCTH HE BBI-
aBageTcs) [5, 6].
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Fig. 19 (Puc. 19)

Fig. 19. Orthopantomogram, performed immediately after implantation in the area of 1.5-1.6.

There is a violation of the integrity of the right maxillary sinus lower wall. In the lower parts of the sinus, an im-
plant is detected placed in the area 1.6 (arrow) [5, 6].

Puc. 19. OpTonaHTOMOrpamma, BbIMOAHEHHAS HEMOCPEACTBEHHO NOCA€ MMMNAGHTALMKU B o6AaacTu 1.5-
1.6.

OTMeyaeTcs HapyIIEHHE IIEAOCTHOCTH HHKHEH CTEHKH IIPABOTO BEPXHEYEAIOCTHOIO CHHyca. B HHXXHUX OoTAeAax
CHHycCa BBIIBAGETCH UMIIAAHTAT, yCTaHABAHUBAEMBIH B 00AacTh 1.6 (YyKa3aH CTpPeAKol) [S, 6].

Fig. 20 (Puc. 20)

Fig. 20. Orthopantomogram performed immediately after implantation in the area of tooth 2.5 with a
one-stage closed sinus-lifting.

Radiological signs of damage to the lower wall of the left maxillary sinus are revealed. It is difficult to determine the
correctness of the implant position in relation to the injected CPM based on the results of this study. This condi-
tion is an indication for additional CT [5, 6].

Puc. 20. OpTONAHTOMOrPAMMAQ, BbINOAHEHHAS HEMOCPEACTBEHHO NMOCA€ MMMNAGHTALMM B OGAQCTH 3Y-
6a 2.5 c OAHOMOMEHTHbIM 3AKPbITbIM CUHYC-ANCDTUHIOM.

BBIIBAFIOTCSI PEHTIEHOAOTHYECKHE IIPU3HAKH ITOBPEXKICHHS HHKHEH CTEHKH A€BOTO BEPXHEYEAIOCTHOI'O CHHyCA.
OmnpeneAuTh MPaBHABHOCTL CTOSHHS HMIIAQHTATA II0 OTHOIIEHHIO K BBeAeHHoMy KIIM 1o pesyAbTaTaMm IaHHOTO
HCCA€NOBaHUS 3aTPYAHUTEABHO. TaKOEe COCTOSHUS SBASETCS IIOKa3aHHEM K OOIIOAHHUTEABHOMY IIpoBemeHmio KT [5,
6].
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Fig. 21 (Puc. 21)

Fig. 21. CBCI. Condition after dental implantation surgery in areas 1.4-1.6 and 4.3-4.7.

Damage to the lower wall of the nasal cavity by implants is determined. The 1.5 implant is located apically in the
submucosal layer of the nasal cavity (red arrow), the 1.4 implant completely perforates the wall and is positioned 3
mm in the nasal cavity (blue arrow). The revealed changes were not diagnosed by preliminary X-ray examination
and are poorly visualized on panoramic reconstructions (highlighted by an oval) 5, 6].

Puc. 21. KAKT. CocTosiHMe nocAe onepauuu A€HTAAbHOW MMNAQHTALMKU B oBAacTax 1.4-1.6 u 4.3-4.7.
OmpeneadgeTcs IIOBpPeKAeHHE HIKHEN CTEHKH IIOAOCTH HOCa HMMIIAaHTaTaMu. MmmaaHTat 1.5 anmmKasbHOM YacTBIO
pacroaaraercsd B IIOACAHU3UCTOM CAO€ HOCOBOM IIOAOCTH (KpacHasl CTPEAKAa), UMIIAAHTAT 1.4 IIOAHOCTHIO ITEPOPUPY-
€T CTEHKY H paclosaraercsd Ha 3 MM B IIOAOCTH Hoca (roaybas cTpeaka). BolaBAeHHBIE H3MEHEHHS HE JUATrHOCTHPO-
BaAKChH IIPU MIPEABAPUTEABHOM PEHTTEHOAOTHYECKOM HMCCA€IOBAHHM K IIAOXO BH3YAAH3HUPYIOTCH Ha ITaHOPAMHBIX
PEKOHCTPYKIIUSX (BBIAEACHO 0BaAoM) [5, 6].

Fig. 22 (Puc. 22)

Fig. 22. CBCI. Condition after dental implantation surgery on the upper jaw (1.5 years after implanta-
tion) followed by orthopedic treatment.

There is damage to the anterior and lower walls of the left maxillary sinus, radiological signs of chronic hyper-
trophic maxillary sinusitis [S, 6].

Puc. 22. KAKT. CocTossHMe nocAe onepauum A€HTAAbHOM MMNACHTALLMKU HO BepXHen YeAlocTu (1,5 ro-
AQ MOCAE€ UMNACGHTALUK) C NOCACAYIOLLUM OPTONEAUYHECKUM A€HEHUEM.

OTMeualoTcd MNOBPEXIAEHHE IIepeaHell M HHUKHEH CTEHOK AE€BOTO BEPXHEYEAIOCTHOTO CHHYCA, PEHTTE€HOAOTHYECKHE
IIPU3HAKU XPOHUYECKOTO THIIEPTPOPUIECKOTO BEPXHEUEAIOCTHOIO CUHYCHTA [5, 6].
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Fig. 23 a (Puc. 23 a) Fig. 23 b (Puc. 23 6)

Fig. 23. CBCIT, panoramic (a) and multiplanar (b) reconstruction.

Condition after dental implantation in the area of tooth 3.6 (3 weeks after surgery). There are radiological signs of
class IV peri-implantitis with pronounced destruction of the vestibular cortical plate, up to 7.5 mm of vertical re-
sorption (indicated by the arrow) [5, 6].

Puc. 23. KAKT, naHopamHas (a) 1 MyAbTUNAQHAPHAS (6) pPEKOHCTPYKLIMU.

CocTogHME TI0CAE AEHTAABHOM MMIIAQHTAIIMN B ob6aacTu 3yba 3.6 (3 HemeAu mocae orepariyiy). BeIaBAGIOTCS peHTre-
HOAOTHYECKHE MIPU3HAKH MHepuuMIAaHTUTa [V Kaacca ¢ BhIpazKeHHOH HECTPYKIIHEH BeCTHOYAdPHOM KOPTHKAABHOM
IIAACTHUHKH, 10 7,5 MM BEPTHUKAABHON Pe30pOILIMH (yKa3aHO CTPEAKOH) [S5, 6].

Fig. 24 (Puc. 24)

Fig. 24. MSCT, panoramic reconstruction.

Condition after simultaneous installation of 10 implants in the lower jaw. Multiple injuries of the mandibular ca-
nal and nerve, perforation of the vestibular and lingual cortical plates of the lower jaw alveolar part are determined
[5, 6].

Puc. 24. MCKT, naHOPAMHAs PEKOHCTPYKLMUS.

CocTosiHHE [10CA€ OAHOMOMEHTHOH YCTaHOBKH 10 MMIIAQHTATOB Ha HUXKHEH 4YeArocTH. OnpeneAdroTcss MHOXKECTBEH-
HbIE IIOBPEXKAECHNS HUXXHEYEAIOCTHOTO KaHaAa U HeEpBa, Iepdopally BeCTUOYAIPHON M S3BIYHON KOPTHKAABHBIX
IIAACTHUHOK aABBEOASPHOH YaCTH HUKHEH 4eAICTH [5, 6].
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Table No2. Radiographic modalities for various treatment stages [5].
Time limits for X-ray control The purpose of the study
On the day of the DI Assessment of the implants correct placement
1-1,5 months after DI Assessment of the bone structure state at the "implant - bone™ border, deter-

mination of the osseointegration degree, detection of bone resorption in the
cervical parts of the implants

Right before the orthopedic treatment

phase

(3-6 months after DI) Control of the height of the alveolar ridge in the peri-implant area before

loading the implant

1-1,5 months after Assessment of the bone structure state at the "implant - bone" border
the installation of orthopedic elements

Determination of the rate of bone resorption in the cervical regions of im-

1-1,5 years after plants in comparison with the control study

the orthopedic treatment

Fig. 25 a (Puc. 25 a) Fig. 25 b (Puc. 25 6)

Fig. 25. MSCIT, coronary reconstruction. Condition after dental implantation in the upper jaw and or-
thopedic treatment.

a — 10 months after implantation and 2 weeks after the installation of suprastructures (perforation of the lower
wall of the right maxillary sinus, bone-destructive changes around the body of the implant, radiological signs of
right-sided maxillary sinusitis are noted),

b — 2 months later (1 year after implantation and 2.5 months after the orthopedic stage of treatment), complete
destruction of the alveolar process in the area of the installed implant, lysis of the lower wall of the maxillary si-
nus, pronounced manifestations of right-sided maxillary sinusitis are revealed [5, 6].

Puc. 25. MCKT, kopoHapHas peKoHCTPYKuUua. COCTOSSHUE NOCAE€ AEHTAAbHOM UMNAQHTALLUM HA BEpX-
Hel YeAIOCTU U OPTONEeAUHECKOro Ae4EeHMUs.

a — gyepe3 10 MecdIleB TOCAE UMIAAHTAIIUN U 2 HENEAb IIOCAE YCTAHOBKHU CYIIPACTPYKTYP (OTMedaeTcd mepdoparius
HUKHEH CTEHKU MPAaBOTO BEPXHEYEAIOCTHOIO CHHYCa, KOCTHO-AECTPYKTHUBHBIE M3MEHEHUS BOKPYT T€Aa MMIIAQHTA-
Ta, PEHTT€HOAOTHYECKHE IIPU3HAKH IIPABOCTOPOHHETO BEPXHEYEAIOCTHOTO CHHYCHTA),

b - qepes 2 Mecdia (1 IOl ITIOCA€ UMITAQHTAITUU U 2,5 MeEcCdIla IIOCAE€ OPTOIIEAUYECKOTO dTaria Ae‘IeHI/IH) BBISIBAAIOTCA
IIOAHad OECTPYKIHUA aABBEOAAPHOT OTPOCTKA B obaacTu YCTaHOBAEHHOI'O UMIIAQHTAaTa, AUSHUC HUXKHEMN CT€HKHU BEPX-
HEYEAIOCTHOT'O CHHYyCa, BEIPAKEHHBIE ABACHHUA ITPABOCTOPOHHETO BEPXHEIECAIOCTHOTO CHUHYCHUTAa [5, 6]
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implant placement allows better confirmation and
accurate implant placement. Imaging after 3 to 5
years and beyond can be used to assess the bone-
implant interface and marginal peri-implant bone
height. Conventional panoramic radiographs for
postoperative assessment of implants are recom-
mended.

Imaging modalities used in postoperative
evaluation of the dental implant patient include
panoramic radiography, direct axial CT, and
reformatted panoramic, cross-sectional, and 3D
imaging. Panoramic radiography is undoubtedly
the most widely used imaging modality in postop-
erative evaluation of the dental implant patient;
panoramic radiographs are used routinely to as-
sess bone healing around the fixture [5, 6, 19-21]
(Fig. 18-20).

CBCT for postoperative care is only recom-
mended if the patient is symptomatic [5, 6, 19-
21]. This can include evaluation of post-implant
complications, such as neurosensory impairment,
osteomyelitis, implant mobility, acute rhinosinusi-
tis altered, sensation, and/or pain, and discomfort
(Fig. 21-23).

Imaging of DI complications.

Axial CT and reformatted panoramic, cross-
sectional and 3D images can be of great value
when one is concerned about possible complica-
tions associated with placement of an intra-
osseous fixture. These include failure to under-go
adequate osseous integration, implant loss, incor-
rect placement of the implant, and violation of ad-
jacent structures [5, 6, 14, 16, 22]. Although the
fixture is composed of a metal, usually titanium or
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a titanium alloy, there are no major problems in
performing CT on dental implants. Axial CT sec-
tions are useful in evaluating osseointegration by
demonstrating the presence or absence of bone-
to-metal contact as well as complications associ-
ated with implant failure. Cross-sectional refor-
matted images are useful in assessing osseointe-
gration, while 3D and reformatted panoramic and
cross-sectional images are useful in assessing
proper placement of a fixture (Fig. 24-25).

The time limits used in different phases of
treatment planning at various time intervals and
the purpose of the study are given in Table 2 [5].

Conclusion.

In dental implantation it is very important to
have a proper diagnosis before taking a step on
doing any implant placement, as the success rate
of these procedures depends on the quality of in-
vestigation methods. Nowadays conventional radi-
ography is of little importance in implant imaging.
Regardless, panoramic radiography remains the
technique of choice due to its cost effect. With the
advent of CT, quantitative and qualitative anal-
yses of bone can be conducted for implant place-
ment, it rapidly covers an extended anatomic area
with reduced patient motion. With the advent of
software used in CT, a 3D model can be obtained
and the construction of a surgical template is pos-
sible. Imaging in dental implantation is required
during all the stages of implant placement, as in
preoperative planning, intraoperative control and
postoperative follow-up.
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