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Several dental implant studies have reported that radiographic evaluation of bone quality can
aid in reducing implant failure. Bone quality is assessed in terms of its quantity, density,
trabecular characteristics and cells. Current imaging modalities vary widely in their efficiency
in assessing trabecular structures, especially in a clinical setting. Most are very costly, require
an extensive scanning procedure coupled with a high radiation dose and are only partially
suitable for patient use. This review examines the current literature regarding diagnostic
imaging assessment of trabecular microstructure prior to oral implant placement and suggests
cone beam CT as a method of choice for evaluating trabecular bone microstructure.
Dentomaxillofacial Radiology (2013) 42, 20120075. doi: 10.1259/dmfr.20120075

Cite this article as: Ibrahim N, Parsa A, Hassan B, van der Stelt P, Wismeijer D. Diagnostic
imaging of trabecular bone microstructure for oral implants: a literature review.
Dentomaxillofac Radiol 2013; 42: 20120075.

Keywords: dental implants; cone beam CT; microstructure

Introduction

The term “bone quality” has been extensively used in
the literature to describe different aspects of bone
characteristics with variable definitions depending on
the context. Among inseparable factors that influence
bone quality is the trabecular bone.1–4 The trabeculae or
“trabecular” bone is the primary anatomical and func-
tional unit of cancellous bone. Cortical bone helps to
attain primary implant stability, but the role of can-
cellous bone is also remarkable. This is because can-
cellous bone has a higher bone turnover rate than
cortical bone5 and has direct contact with the majority
of the implant surface.6 Accordingly, it influences the
healing and osseointegration process at the implant–
bone surface.7

Bone strength has a significant role in determining
implant success. To improve prediction of bone

strength, the measurements of trabecular density and
trabecular microstructure should be combined.8 This is
because those measurements do not always denote
each other. For instance, high bone density does not
always correspond to high trabecular parameters such
as trabecular number (Tb.N) and trabecular thickness
(Tb.Th).9 Therefore, estimating implant success by
assessing trabecular density alone is no longer
suggested.10

Precise clinical assessment of bone structural and
mechanical properties is essential in planning dental
implant treatment and implant thread design.11 The
task can be performed on two-dimensional (2D) plain
radiographs (e.g. intraoral radiograph) by calculating
fractal dimensions of trabecular bone.12 In three-
dimensional (3D) imaging modalities [e.g. high-
resolution peripheral quantitative CT (HR-pQCT)],
high-resolution images are analysed using dedicated
imaging software [e.g. CT Analyser (CTAn); Skyscan®,
Kontich, Belgium]. Computational techniques such as
finite element methods13,14 are also utilized in analysing
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3D images to simulate the status of implant surface and
the bone adjacent to the implant.11

To date, bone quality assessments in oral implant
studies have largely focused on trabecular bone
density.15–18 What follows is a review of the imaging
techniques used in oral implant studies for assessing
trabecular microstructure as evidenced in the literature.
Articles that reported on trabecular microstructural
imaging methods were searched in the PubMed elec-
tronic database. Titles and abstracts of the related
articles were reviewed based on keywords that had ini-
tially been set as inclusion criteria: bone quality, imag-
ing, trabecular microstructure, cone beam CT (CBCT)
and dental or oral implant.

Dental radiographs

Periapical (PA) and panoramic radiographs are the
first-choice diagnostic clinical instruments in dentistry.
PA radiographs with superior resolution and sharpness
provide valuable information for evaluating the amount
and pattern of trabecular bone structure.19,20 Trabecu-
lar visibility was reported to be high on PA radio-
graphs,21 thus enhancing its potential in trabecular
imaging studies.22–27

Bone classification systems are used to study bone
quality on PA images. Of the Lekholm and Zarb, Trisi
and Rao, and Misch systems, the first is largely
adopted in oral implant studies on trabecular bone
assessment.22–25 A visual index was proposed in 1996
to simplify trabecular classification on PA radio-
graphs.23 This index categorizes trabecular patterns
according to the intertrabecular spaces (small or large) and
the degree of trabeculation (sparse or dense).25–27 How-
ever, these subjective techniques remain partially
validated.22

On the other hand, panoramic radiographs have also
been used to assess trabecular structure.28,29 However,
this technique applies the rotational principles that
structures not centred in the focal trough are not sharply
imaged. The formation of geometrical distortion, mag-
nification and loss of information are thus commonly
observed artefacts on panoramic radiographs. More-
over, the reduced resolution of panoramic images
degrades their ability in identifying fine trabeculae.30

Therefore their application in trabecular assessments is
less favourable than PA radiographs.27

Undeniably, utilizing dental radiographs for assess-
ing trabecular microstructure is a rapid, relatively safe
and convenient method to apply in the jaws. Although
the nature of the 2D image could never provide in-
formation in the buccolingual direction,31 dental
radiographs are still largely employed in many coun-
tries for pre-implant assessment because of availability
and cost.32

The complex shapes and structure of trabecular bone
can be calculated by performing fractal dimension (FD)
analysis on 2D images such as PA and panoramic

radiographs.30 Current studies on 2D FD analysis of
trabecular microarchitecture parameters (porosity,
connectivity and anisotropy) are reported to be ade-
quately comparable to that of the 3D FD method.33

FD analyses and calculations of trabecular structures
require several complex steps.25 Nowadays, FD appli-
cations are simplified by using personal computers and
simple Java software (Oracle®, Los Angeles, CA).
However, the overall reproducibility of the projection
techniques remains a contentious issue that requires
further investigation.34

MRI

MRI is a non-invasive, non-ionizing system which
applies high magnetic fields, transmission of radio-
frequency waves and detection of radiofrequency sig-
nals from excited hydrogen protons. Trabecular bone
is filled with bone marrow that contains free protons
and generates a strong MR signal.35,36 Fat and water
protons in the marrow tissue are depicted as negative
images. Because the trabecular structure cannot di-
rectly be visualized, this technique employs image
processing to invert the negative image.37,38 Using this
technique, values for implant loading and bone healing
time for trabecular alveolar bone were proposed to
improve implant success.39 Despite improving trabec-
ular structure assessment, the quality of the acquired
MR images is largely influenced by the field strength,
pulse sequence, echo time and signal-to-noise ratio.
Additionally, the measurements are affected by the
selected threshold values, image-processing algo-
rithms, complex analysis and interpretation of the
images.39–41 Moreover, the availability and accessibil-
ity of MRI machines for dental practitioners remains
limited.

CT

CT techniques are being progressively developed to
meet the clinical needs in assessing the bone micro-
structure. Structural analysis of trabecular bone
requires scanners with contiguous isotropic pixel res-
olution of less than 300 mm.42 High-resolution CT
systems that are commonly employed for trabecular
microstructural assessment in oral implant studies are
discussed below.

Multidetector CT
The latest generation of multidetector CT (MDCT)
systems has improved the resolution to 150–300 mm in
plane and 300–500 mm in slice thickness.43 Trabecular
microstructure parameters such as Tb.N, Tb.Th and
trabecular separation (Tb.Sp) were measured using
MDCT and compared with HR-pQCT.42 Although the
resolution is still beyond trabecular dimensions (50–
200 mm), the measurements from both techniques were
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highly correlated. In a human cadaver study, trabecular
microstructure parameters were compared among
MDCT and micro-CT and micro-CT finite element
modelling.44 The study concluded that trabecular bone
structure assessment using MDCT is overall feasible,
although still limited by its spatial resolution.
These studies were conducted using a high-resolution
mode, which is not routinely used in clinical settings
protocols.42,43 Consequently, although MDCT is
largely employed in oral implant studies, its applica-
bility remains mostly confined to bone density
measurements.45–47

High-resolution peripheral quantitative CT
With a spatial resolution of 82 mm, this device is used
for trabecular microstructural imaging. The measure-
ments of microstructural parameters are reported to be
similar to those of micro-CT (voxel size of 25 mm).48

The technology has a higher spatial resolution than
MDCT; however, scanning sites are limited to the
peripheral skeletal region (e.g. wrist and tibia) and
accessibility is currently limited.43 Unlike MRI, micro-
structural assessment using high-resolution CT permits
direct visualization of trabecular bone. However, the latter
technique involves a relatively high radiation dose which is
beyond the recommended clinical setting.38 Moreover, the
results are also affected by the selected threshold, image
analysis and processing techniques.49 Thus its application
in oral implant imaging studies remains restricted.

Micro-CT
2D histomorphometric analysis was previously consid-
ered the gold standard for assessing trabecular size,
shape, connectivity and orientation. As it is time-
consuming and costly, micro-CT is now routinely
employed for structural 2D or 3D evaluations of the
trabecular microstructure.43,50 This non-destructive
high-resolution (approaching 10 mm) method depicts
the trabecular network in different grey levels according
to its mineral content. It has been reported that

trabecular parameters quantified by micro-CT are
similar to traditional 2D histomorphometric values.35,36

As it permits high-resolution scans, in 2004 micro-CT
was recommended as a gold standard imaging for ex
vivo bone studies at implant sites.50 However, only
studies with small-sized jaw specimens have been con-
ducted to observe trabecular microstructure in oral
implant research.6,9,18,51

Cone beam CT
CBCT systems were developed in the 1990s. In 2001,
CBCT was introduced as a 3D imaging modality. Since
then it has largely replaced both single- and multislice
CT for diagnostic imaging in oral implants.52 Owing to
the wide availability of the machines, rapid scan and
processing times, high-resolution images and relatively
reduced scan radiation dose and costs, the demand
for CBCT images preceding implant placement has
increased exponentially.53–57 Although many studies
have been conducted on CBCT, the literature on its
suitability in measuring trabecular bone microstruc-
tural parameters at oral implant sites remains scarce.
This may be due to the insufficient resolution of
past generations of CBCT systems to depict bone mi-
crostructure. The applications of CBCT in evaluating
bone quality are still restricted for bone density
assessment.45–47 Recently, however, a study on
assessing bone microstructure described CBCT as
a promising modality for analysing trabecular bone.57

Bone parameters (Tb.Th, Tb.N and Tb.Sp) at the
mandibular condyle were also successfully evaluated
by CBCT at a resolution of 125 mm coupled with im-
age processing.58

The visibility of small anatomical structures with
CBCT is largely influenced by the field of view (FOV)
and scan setting selection.59 Visibility of trabecular
microstructure is mainly determined by the chosen
voxel size and signal-to-noise ratio plus image arte-
facts.60 In CBCT, voxel size, slice thickness, and spatial
and contrast resolutions vary with respect to machine

a b c
Figure 1 Sagittal images of trabecular structure at the lingual foramen region derived from (a) multidetector CT (650 mm), (b) cone beam CT
(80 mm) and (c) micro-CT (35mm)
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type, FOV and scan settings.59,60 Additionally, several
image artefacts specific to CBCT technology could in-
fluence the effective system resolution, which could be
less than the nominal system resolution expressed in
voxel size alone. It has been previously stated that the
accuracy of 3D measurement of anisotropic trabecular
structures can be improved by performing in vivo rather
than in vitro investigation.4,8 In this respect, the use of
CBCT could prove appealing. As the need to evaluate
the implant insertion sites prior to surgical placement
has dramatically increased, CBCT should be vali-
dated as a non-invasive procedure for assessing bone
microstructure.
Müller et al61 have described that a CT scanner with

a resolution up to 60 mm can present morphometric
information similar to that of 10 mm. Using the latest
CBCT system, the appearance of trabecular structures
was observed using a 43 4 cm FOV at a nominal res-
olution of 80 mm. The resultant image was compared

with images derived from MDCT and micro-CT
(Figure 1). It is expected that this system could be
useful in measuring trabecular microstructure. How-
ever, thorough investigation and validation are required
prior to applying this technique in clinical practice.

Conclusions

Although there is rapid progress in advanced bone im-
aging modalities, their routine clinical employment
remains limited due to the technical features, cost and
complex procedures. The current review recommends
studies to validate CBCT as a clinical imaging modality
to evaluate trabecular microstructure at oral implant
sites. More research is required to assess the influence of
CBCT FOV, scan settings and image artefacts on the
visibility of the trabecular microstructure.

References

1. Sievänen H, Kannus P, Järvinen TLN. Bone quality: an empty
term. PLoS Med 2007; 4: e27.

2. Compston J. Bone quality: What is it and how is it measured? Arq
Bras Endocrinol Metab 2006; 50: 579–585.

3. Licata A. Bone density vs bone quality: What’s a clinician to do?
Cleve Clin J Med 2009; 76: 331–336.

4. Fyhrie DP. Summary—measuring “bone quality”. J Muscu-
loskelet Neuronal Interact 2005; 5: 318–320.

5. Sakka S, Coulthard P. Bone quality: a reality for the process of
osseointegration. Implant Dent 2009; 18: 480–485.

6. Fanuscu MI, Chang TL. Three-dimensional morphometric anal-
ysis of human cadaver bone: microstructural data from maxilla
and mandible. Clin Oral Impl Res 2004; 15: 213–218.

7. Minkin C, Marinho VC. Role of the osteoclast at the bone-
implant interface. Adv Dent Res 1999; 13: 49–56.

8. Müller R. Bone microarchitecture assessment: current and future
trends. Osteoporos Int 2003; 14(Suppl. 5): S89–S95.

9. Gomes de Oliveira RC, Leles CR, Lindh C, Ribeiro-Rotta RF.
Bone tissue microarchitectural characteristics at dental implant
sites. Part 1: Identification of clinical-related parameters. Clin
Oral Implants Res 2012; 23: 981–986.

10. Wirth AJ, Goldhahn J, Flaig C, Arbenz P, Müller R, van Lenthe
GH. Implant stability is affected by local bone microstructural
quality. Bone 2011; 49: 473–478.

11. DeTolla DH, Andreana S, Patra A, Buhite R, Comella B. Role of
the finite element model in dental implants. J Oral Implantol 2000;
26: 77–81.

12. Yi WJ, Heo MS, Lee SS, Choi SC, Huh KH. Comparison of
trabecular bone anisotropies based on fractal dimensions and
mean intercept length determined by principal axes of inertia.
Med Biol Eng Comput 2007; 45: 357–364.

13. Krug R, Burghardt AJ, Majumdar S, Link TM. High-resolution
imaging techniques for the assessment of osteoporosis. Radiol Clin
North Am 2010; 48: 601–621.

14. Müller R, van Lenthe GH. Trabecular bone failure at the mi-
crostructural level. Curr Osteoporos Rep 2006; 4: 80–86.

15. Turkyilmaz I, McGlumphy EA. Influence of bone density on
implant stability parameters and implant success: a retrospective
clinical study. BMC Oral Health 2008; 8: 32.

16. Turkyilmaz I, Sennerby L, McGlumphy EA, Tözüm TF. Bio-
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