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Microcomputed tomography cortical bone
evaluation for craniofacial implantology
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SUMMARY

Introduction Good implant stability is one of the most important factors for successful implant therapy.
This precondition is important for all kinds of implants, oral and extra-oral, i.e. craniofacial implants as
well. One of the most important factors for satisfactory implant stability is the bone quality, particularly
of the cortical bone, which is determined by its microarchitectural parameters.

The aim of this paper was to assess cortical bone microarchitectural parameters in the targeted regions
for craniofacial implant placement.

Methods Bone quality on targeted locations was determined by the micro-CT method on a cadaver
model. The target places for implant placement were the periorbital, the perinasal, and the periauricular
region. Microarchitectural parameters included cortical thickness (Ct.Th.), cortical porosity (Ct.Po.), pore
diameter (Po.Dm.), and pore separation (Po.Sp.).

Results The smallest Ct.Po. (4.1%) and the largest Po.Sp. (0.5 mm) were determined in glabella. The
maximum Ct.Th. (2.7 mm) as well as Po.Dm. (0.2 mm) were found in the zygomatic region. The mastoid
part of the temporal bone showed the smallest Ct.Th. (1.2 mm) and Po.Sp. (0.3 mm). The highest Ct.Po.
was in the perinasal region (8.5%).

Conclusion The bone quality measured through microarchitectural parameters was good in all the
regions of interest for the disk- and screw-shape extra-oral implant anchorage.
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INTRODUCTION

Patients with different facial defects (orbital,
nasal, auricular) are indicated for craniofacial
implant therapy and prosthetic rehabilitation.
Majority of them have undergone previous tu-
mor resections, which could cause the lack of
the bone needed for implant placement. Good
implant stability is important for stable maxil-
lofacial prosthesis anchorage [1, 2]. One of the
most important factors for successful implant
therapy is the bone quality and quantity [3].
For this reason, implant therapy should be well
planned and carefully carried out. For cranio-
facial implant stabilization, microarchitectural
parameters of cortical bone in the targeted im-
plant placement points are particularly impor-
tant. [2, 3]. The periorbital, the perinasal, and
the periauricular region, which are used for
implant anchorage, have different bone micro-
structure, which could affect the final outcome
of the implant therapy [3]. Microtomography
(micro-computed tomography — micro-CT) is
a method to image and quantify bone tissue.
It has the capability to assess the architecture
and the mechanical properties of the bone [4].

The aim of this paper was to assess corti-
cal bone microarchitectural parameters in the
targeted regions for craniofacial implant place-
ment.

METHODS

The research was performed at the Laboratory
for Anthropology, Institute of Anatomy, School
of Medicine, University of Belgrade. The study
was reviewed and approved by the Committee
on Ethics of the School of Dental Medicine,
University of Belgrade (No. 36/14).

A young Caucasian adult’s dry scull from the
collection of the Laboratory for Anthropology,
Faculty of Medicine, University of Belgrade,
was selected in order to perform the micro-CT
analysis of the targeted implant placement areas
and to evaluate the microarchitectural param-
eters which define the quality of the cortical
bone. Sexual and demographic characteristics
were moderately expressed, thus the skull used
presented an average anatomical sample for the
situation.

According to the implant placement points
for maxillofacial prosthetic rehabilitation, the
following locations were selected: for nasal im-
plants — glabellar part of the frontal bone and
lateral walls of the nasal pyramid; for orbital
implants — upper and lower (cranial and cau-
dal) lateral edges of the orbit and the body of
the zygomatic bone; for auricular implants - the
petrous part of the temporal bone (Figure 1).

Based on these targeted implant placement
points, the following areas for micro-CT scan-
ning were selected: supraorbital margin - orbit,
body of the zygoma, glabella, mastoid process,
piriform aperture.
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Figure 2. Micro-computed tomography scans 3D reconstruction: 1.
supraorbital margin - orbit; 2. glabella; 3. mastoid process; 4. body of
the zygoma; 5. pyriform aperture - perinasal

A low-speed diamond saw (SYJ-160; MTI Corporation,
Richmond, CA, USA) was used to excise bone specimens
from the five sites of the skull that correspond to the com-
mon implant placement sites in patients (Figure 1).

The specimens were scanned at the Department of Ra-
diology, School of Dental Medicine, University of Belgrade.

The scanning was performed in a bone window with a
voltage of 120 kV and a tube current of 40 mAs. A total of
179 axial sections were obtained with a single slice thick-
ness of 0.75 mm.

Each bone sample was scanned in dry state at a reso-
lution of 10 um using micro-CT (SkyScan 1172 x-Ray
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Table 1. Microarchitectural parameters of the cortical bone measured
by microcomputed tomography

Microcomputed

Unit Description
tomography parameter
Cortical thickness mm Average thickness of the cortical
bone
. . Volume of pores in relation to the
V)

Cortical porosity % total volume of the cortical bone
Pore diameter mm Average pore diameter
Pore separation mm | Average distance between pores

Microtomography; SkyScan, Kontich, Belgium). Acqui-
sitions were performed on 85 kV voltages, 118 pA pipe
current, 1000 ms time exposure, 0.5 mm thick aluminum
and copper filter, and 180° rotation. The obtained images
were reconstructed using NRecon v.1.6.9.8 software (Micro
Photonics Inc., Allentown, PA, USA) with a beam harden-
ing correction of 25%, a ring artefact with a correction of
18%, and a reduction of 2. The images were then analyzed
using CTAn 1.14.4.1 software (Bruker-microCT N.V. Com-
pany, Kontich, Belgium). 3D reconstructions were made
(Figure 2).

The following microarchitectural parameters were eval-
uated: cortical thickness, cortical porosity, pore diameter,
and pore separation (Table 1).

RESULTS

The obtained results were based on micro-CT scanning
evaluation of the microarchitectural parameters in five
different positions (Figure 1).

The smallest cortical porosity (Ct.Po.; 4.1%) was deter-
mined in the glabella, which suggests that this region has
the densest cortical bone. The maximum pore separation
(Po.Sp.; 0.5 mm) and small pore diameter (Po.Dm.; 0.1
mm) also speak in favor of dense glabellar cortical bone.
Moreover, glabellar cortical thickness (Ct.Th.) showed
a value of 1.5 mm. The maximum Ct.Th. (2.7 mm) was
found in the zygomatic region, as well as the maximum
pore diameter (Po.Dm 0.2 mm). In the orbital region, the
value of cortical thickness was also high (Ct.Th. 1.9 mm),
although the porosity was somewhat higher (Ct.Po. 6.7 %),
which tells about thick but porous cortex. The mastoid part
of the temporal bone showed the minimum thickness of
the cortical bone (Ct.Th. of 1.2 mm), as well as the small-
est Po.Sp. (0.3 mm). Perinasal region showed the highest
Ct.Po. values (8.5%) (Table 2).

Table 2. Microarchitectural parameters of the cortical bone microcomputed tomography evaluation

Position 1 - - " Position 5

Parameter Orbit (supraorbital Slomudlon 2 Posmpn - el Perinasal
. Glabella Mastoid. Pr. Zygoma. .
margin) (pyriform aperture)

Cortical thickness (mm) 1.9 1.5 1.2 2.7% 1.4
Cortical porosity (%) 6.7 4.1 43 5.7 8.5%
Pore diameter (mm) 0.1 0.1 0.1 0.2* 0.1
Pore separation (mm) 0.4 0.5% 0.3’ 04 04

*Highest value for the parameter;
‘lowest value for the parameter
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DISCUSSION

Bone tissue exhibits organization from smaller (nano,
micro) to larger (macro) length scales. However, there
is a shortage of qualitative information on cortical bone
thickness, porosity, as well as on the distribution and size
of pore in the midface region and cranium. Therefore, the
essence of the present research was to investigate how cor-
tical bone variates in micro-architectural parameters in
areas of interest for craniofacial implant placement [5, 6].
Extra-oral (EO) implants are used for anchoring maxil-
lofacial epithesis. A reliable and clinically verified implant
therapy includes production of freestanding implant-sup-
ported prosthesis [7]. Generally, EO screw-type implants
are widely used for this purpose. Due to the anatomical
features and thickness of the bone available, the use of
conventional EO screw-shaped implants is limited. Good
anchoring of enosseal implants requires sufficient bone
volume and density [1, 8]. In the case of bone resection,
only a small amount of cortical bone is usually left be-
hind. Hence, particularly in the midface area, anchorage of
screw-type implants is compromised. The usual locations
for screw implant placement are the glabella, mastoid part
of temporal bone and upper ridge of orbit. Vertical or even
horizontal bone dimensions are often limited after surgery,
for example nasal amputation, thus screw type implants
often cannot be used [1, 3]. However, disk implants present
an optimal alternative whenever implant-retained cranio-
facial epithesis are indicated, especially when “vertical”
bone substance is limited, because such implants require
the width rather than the height of bone. Since the thick-
ness of the disk implant plate is 0.6 mm, the minimum
amount of the cortical bone where the disk implant could
be placed is at least 1 mm, which is far less than minimal
requirements for EO screw implants [9, 10]. Disk implants
are bi- or multicortically anchored to the cortical bone. The
basic premise is that these implants should have absolute
primary stability in cortical bone on each side of the disk-
plate. The functional load is transferred to the cortical/
basal part of the bone [9, 10].

One of the most important factors in the implant ther-
apy is the bone tissue quality. The bone tissue was evalu-
ated and categorized over the years, by different authors
[11-15]. However, not a single classification was directly
correlated to the implant therapy success. It is not pos-
sible to predict the subtle differences in bone quality when
applying either the Lekholm and Zarb or Misch classifi-
cations [11, 12]. For this reason, Trisi and Rao [13] and
Norton and Gamble [14] demonstrated that subjective
methods of evaluating bone quality are useful only when
clinically assessing up to three classes of bone quality [15].

In spite of this, the use of computed tomography / cone
beam computed tomography methods to estimate the de-
gree of bone density is not implemented by implantologists
very often.

Nevertheless, the microarchitecture of the bone has an
impact on the success of the implant therapy. Microar-
chitectural parameters like Co.Th., Po.Dm., Co.Po., and
Po.Sp. can tell a lot about the bone characteristics, and
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help predict the outcome of the EO implant therapy in a
certain region of the cranium [3, 16].

Micro-CT evaluation can provide an insight to biome-
chanical properties of the midfacial bones, their thick cor-
tical bone structure, zones of strength, as well as the areas
containing thin cortical bone which are considered weak
and fragile. However, recent studies revealed that bones of
the midfacial skeleton exhibit remarkable regional varia-
tions in structure and elastic properties. These variations
have been frequently suggested to result from different in-
volvement of cortical and trabecular bone in the transfer of
forces. This is why precise evaluation of the areas intended
for implantation is important [17, 18, 19].

By examining the microarchitecture of the cortical bone
in the orbit, glabella, peripheral region of the aperture piri-
formis, zygomatic bone, it was understood that the qualita-
tive value of the cortical bone tissue in these localizations
was optimal for insertion of disk implants, that are corti-
cally anchored, which is a good alternative for retention of
maxillofacial prothesis. This bone area is typically resistant
to infection because of its high mineralization. Further-
more, these bone areas are stable to resorption [3, 9, 10].
That is why the cortical bone was of interest for this study.

The maximum Ct.Th. value was in the zygomatic region
(2.7 mm) and slightly smaller in the orbital region (1.9
mm). Glabella, piriform aperture (perinasal bone area)
showed smaller Ct.Th. (1.5 mm and 1.4 mm, respectively).
Because of relatively dense cortical bone in those areas,
disk implants can be used [1, 3, 9]. When the microarchi-
tectural parameters were higher (Co.Po. and Co.Th.), and
when there is a sufficient amount of bone for triple disk
implants, it would be justified to use this kind of implants
because of better stability. Single- or double-disk implants
could be used in the limited bone quality and quantity
when the Ct.Th. is smaller and Co.Po. lower.

Mastoid part of the temporal bone showed the mini-
mum Ct. Th. (1.2 mm) as well as small Ct.Po. (4.3 mm).
Anatomically and microarchitecturally, this part of the
temporal bone is suitable only for screw EO implants.
Screw-type EO implants are similar to short oral (den-
tal) implants; however, there are some differences when
it comes to the shape. EO implants have a flange design
around their neck to prevent an unwanted drop of the im-
plant, intracranial in the mastoid region. This is justified
even more because this region has the smallest cortical
thickness, which was shown in this study. For this reason,
the implant placement has to be very carefully performed
because thin cortex can be easily disrupted [3, 16].

According to other researches where Ct.Th. was higher,
the implant stability was more satisfactory. In addition,
according to implant stability quotient by resonant fre-
quency analysis, where Ct.Po. was the smallest, Po.Dm./
Po.Sp. the greatest, the implant stability was the best. This
suggests that the cortical bone characteristics and micro-
architectural parameters may determine the outcome of
the implant therapy [20-24].

Micro-CT evaluation of cortical bone on the dry scull
cadaver model, on certain implant placement points, can
give insight into the cortical bone properties, which can
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provide valuable guidelines when planning complex im-
plant-retained prosthetic restoration.

CONCLUSION

The bone quality measured through microarchitectural
parameters was good in all the regions of interest for the
disk- and screw-shape EO implant anchorage.
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MpoueHa KOPTUKANHE KOCTM MUKPOKOMMjyTepCKOM Tomorpadujom 3a

KpaHnodauujanHy UMNNAHTONOTHjY

Ounnn Neatwau, Butomup C. KoHcTaHTUMHOBUR

YHuBep3uTeT y beorpagy, Cromatonowku pakyntet, KnuHuka 3a makcunodauymjanHy xmpyprujy, beorpag, Cpbuja

CAMETAK

YBop [lo6pa cTabunHOCT UMNNaHTaTa jefjaH je oA HajBax-
HUjux GaKkTopa 3a yCreLHy UMNNaHTONOLWKY Tepanujy. OBaj
npeAycnoB je NPMMEeHJbIB Ha CBe TUMOBE MMMJIaHTaTa, opa-
He 1 eKcTpaoparnHe, KpaHnodaLmjanHe UMNnaHTaTe. JeaaH o
HajBaxHMjux GaKTopa 3a 3a[j0BObaBajyny cTabunHOCT MMNNaH-
TaTa je KBaNMTET KOCTY, HAPOUMTO KOPTUKaHE KOCTY, LTO je
oppeheHo MUKPOoapXNTEKTOHCKIM NapaMeTpuMa.

Linrb je 6v0 npoLieHa MUKPOapXUTEKTOHCKUX MapameTapa Kop-
TVKanHe KOCTU Ha LbaHNM pervjama 3a nocraBibatbe Kpa-
HuodaLmjanHmx MMnaaHTara.

MeTtope KBanuteT KOCTW Ha Lu/baHMM JIOKanu3aLmjama oj-
peheH je MyKpoKomnjyTepckom Tomorpadujom Ha KagaBepuy-
Hom mogeny. Pervije og nHTepeca 3a NocTaB/bakbe UMMNaaHTaTa
6une cy: nepuopbrTanHa, NeprHasanHa 1 nepuaypukynapHa
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pervja. icnnTaHn MUKPOapXMTEKTOHCKI MapamMeTpy Cy KOpTyi-
KaJiHa aebrbuHa (Ct.Th.), KopTuKanHa noposHocT (Ct.Po.), npey-
HYK nopa (Po.Dm.) n cenapauuja nopa (Po.Sp.).

Pesyntatm Hajmarba Ct.Po (4,1%) n Hajseha Po.Sp. (0,5 mm)
yTBpheHe cy y rnabenu. Hajseha Ct.Th. (2,7 mm) n Po.Dm.
(0,2 mm) npoHabheHe cy y 3uromatukoj peruju. MactongHu geo
TeMropanHe KOCTU MoKa3ao je Hajmamy Ct.Th. (1,2 mm) n Po.Sp.
(0,3 mm). Hajseha Ct.Po. (8,5%) 6vna je y nepuHasanHoj pervju.
3aKsbyuak KBanmtet KOCTU M3MepeH MUKPOAPXUTEKTOHCKUM
napameTpuma 6110 je 3agoBosbaBajyhu y cBUM pervjama og
MHTepeca 3a cupperbe eKCTpaopasHUX MMMIaHTaTa obnmka
AuncKa n wpada.

KrbyuHe peumn: MUKpoapXmnTeKTYpa; KBAIUTET KOCTU; MUKPO-
KOMMjyTepcka Tomorpaduja
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