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Summary

Introduction: Micro-computed tomography (micro-CT) is a standard
3D technique for non-destructive analysis of bone micro-architec-
ture. Although there have been many micro-CT studies in contem-
porary literature, inter-study comparability is often challenging due
to a lack of methodological standardization, particularly regarding
human bone analyses.

Aim: This study aimed to assess the consistency of micro-CT gener-
ated micro-architectural parameters obtained by two researchers (in-
ter-observer reliability), by one researcher in two attempts (intra-ob-
server reliability), as well as between manual and semi-automatic
determination of the region of interest (ROI).

Material and methods: Superolateral femoral neck samples (n=8)
were scanned with Bruker 1172 micro-CT system with a voxel size
of 10 um. We manually determined cortical and trabecular ROI (two
authors, two attempts with a 45-day span). Also, trabecular ROI was
determined using a semi-automatic method (round-shaped ROl with
6.5 mm diameter).

Results: The intraclass correlation coefficient (ICC) showed a high
degree of consistency in the measurement of micro-architectural pa-
rameters of the superolateral femoral neck using the micro-CT (ICC
range: 0.721-0.998; p<0.05). However, a detailed analysis revealed sig-
nificant inter-observer and intra-observer differences, predominantly
reflected in cortical porosity parameters (Student’s t-test for depen-
dent samples, p<0.05). On the other hand, the choice of ROI did not
significantly affect trabecular micro-architectural parameters among
researchers and between manual and semi-automatic demarcation
methods (Student’s t-test for dependent samples, p>0.05).

Conclusion: Our study emphasizes the importance of standardizing
the methodology used in micro-CT evaluations of human bone sam-
ples, which could facilitate reliable inter-study comparison and en-
sure an adequate interpretation of results.
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INTRODUCTION

Micro-computed tomography (micro-CT) is based on
sequential X-ray scanning of limited-size samples, usu-
ally resulting in images of transversal sections that can
detect many small details [1]. As such, micro-CT opened
up new possibilities for advanced analysis of mineralized
and non-mineralized tissues in a non-destructive manner
[1,2]. To analyze bone tissue, researchers predominantly
used histomorphometric analysis of trabecular bone sam-
ples obtained by transiliac biopsy, which still represents
the “gold standard” for clinical evaluation of bone status
[3]. However, the preparation and procession of bone
samples for histomorphometry has some disadvantages
(for example, two-dimensionality, dependence on re-
searchers’ experience, and tissue destruction that makes
itimpossible to evaluate bone tissue using different meth-
ods) [4]. For all thise reasons, micro-CT has been increas-
ingly described in contemporary literature as the method
of choice for animal and human bone analyses [S].

Initially, micro-CT was used to calculate the mineral-
ized bone ratio in an examined sample [6]. After that, the
consistency of trabecular micro-architectural results ob-
tained by histomorphometry and micro-CT was shown
[1,7]. Soon enough, the importance of using micro-CT
for the analysis of cortical bone was noted (which is of
great significance in overall bone fragility), confirming
comparability of the results obtained with micro-CT
and histomorphometry [5,8]. Being a promising meth-
od, micro-CT has been applied in numerous human
[9,10] or animal bone studies [11-14]. Considering the
abundance of previous animal micro-CT studies, there
was a need to compare the obtained results. This raised
concerns about the validity of conclusions derived from
these comparisons, considering different sample process-
ing methodologies used in these studies. Therefore, pro-
tocols for semi-automatic differentiation of animal corti-
cal and trabecular compartments were developed (with
some persistent shortcomings), enabling a more reliable
inter-study comparison using uniform methodological
approaches [15-17]. On the other hand, studies conduct-
ed on human bone samples show significantly less uni-
formity in the micro-CT methodology of trabecular and
cortical micro-architecture analyses. This indicates the
necessity for standardization of micro-CT methodology
to achieve well-grounded conclusions derived from com-
paring numerous human studies, especially in femoral
studies, since these fractures are most severe in aged in-
dividuals [18].

This study aimed to determine the reliability of mi-
cro-CT derived micro-architectural femoral parameters
obtained by two researchers (inter-observer reliability),
by one researcher in two attempts (intra-observer reli-
ability) as well as between manual and semi-automatic
region of interest (ROI) determination.

MATERIALS AND METHODS
Material sampling for microstructural analysis

It has been shown that the trabeculae of the superolater-
al femoral neck represent the fracture-initiating site [19],
while its cortex suffers the most significant forces during
a side fall [20], so the reproducibility of the analysis of
this part of the skeleton is of great importance. For this
reason, we analyzed eight proximal femora collected
from institutional osteological collection. The criteria
for including samples in the study were as follows: fully
preserved dry proximal left femora of an adult individu-
al, without visible changes (e.g., cortical surface erosion,
tumor-like masses, osteolytic changes, etc.) that would
suggest the existence of structural bone damage.

Given that the micro-CT method cannot scan the en-
tire human femur, samples of the superolateral part of the
femoral neck were extracted (Figure 1) using Oscillating
Autopsy Saw (HB-740-Accu-250, Kugel, Germany). The
samples were then cleaned in an ultrasonic bath (SONO-
COOL 255, Bandelin, Germany) and air-dried for at least
two weeks. Finally, the samples were scanned using mi-
cro-CT system (1172 SkyScan, Bruker, Belgium).

Scanning of samples using the micro-CT method

To scan the transcervical region of the superolateral fem-
oral neck, the samples were placed in the scanning cham-
ber using identical sample orientation (basicervical parts
facing the holder, cortical surface set perpendicular to the
imaging camera). Orthodontic wax was used to attach
the samples to the holder and prevent sample movement.
The samples were scanned in dry conditions, using the
following parameters: 80kV, 124 pA, 10W, exposure time
1220 ps, voxel size of 10 pm, and Aluminium-Copper fil-
ter [10]. After scanning, the reconstruction of the projec-
tion images was made using NRecon software (version
1.6.9.8, Bruker, Belgium) accelerated with InstaRecon
CBR software (2.0.2.1 version, InstaRecon, Illinois,
USA). The reconstruction parameters were as follows:
beam hardening correction of 25%, ring artefact correc-
tion of S, smoothing correction of 2, and autogenerated
compensation for thermal drift and misalignment.

Using the updated version of the microstructural anal-
ysis software (CT.An 2020, Bruker, Belgium), all samples
were standardized and marked so that the central 60%
of the superolateral femoral neck’s length (transcervical
region of the neck) was analyzed (Figure 1). The total
length of the analyzed volume of interest (VOI) of trabec-
ular and cortical bone was 1101 sections (central section
+ §50). Using manually adjusted two-dimensional re-
gions of interest (ROIs), two investigators independently
marked trabecular and cortical VOIs. After 4S5 days, the
two researchers repeated the manual ROI determination.
Researchers consistently followed the rule that margin-
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Figure 1. The schematic representation of the used methodology (a) and flow chart of the present study (b)
Abbreviations: Micro-CT - micro-computed tomography; observer I — early-career researcher; observer II — experienced researcher; ROI -

region of interest.

alized damaged bone tissue was excluded from manually
adjusted ROIs. For semi-automatic trabecular ROI deter-
mination, a centrally positioned round-shaped ROI was
used (diameter: 6.5Smm; Figure 1). Using CT.An 2020
software, the analysis of trabecular and cortical micro-ar-
chitecture parameters was performed after segmenting
the mineralized (greyscale value levels ranging from 95
to 255) and non-mineralized parts of the sample (grey-
scale value levels below 95), which was consistently used
for all analyzed samples. The following parameters were
generated and analyzed: cortical tissue volume (Ct.TV),
cortical tissue surface (Ct.TS), cortical thickness (Ct.
Th), total cortical porosity (Po.tot), closed cortical poros-
ity (Po.cl), open cortical porosity (Po.op), total cortical
porosity volume (Po.V.tot), closed cortical porosity vol-
ume (Po.V.cl), open cortical porosity volume (Po.V.op),
cortical pore diameter (Po.Dm), cortical pore separation
(Po.Sp), trabecular tissue surface (Tb.TS), trabecular
tissue volume (Tb.TV), trabecular bone volume fraction
(BV/TV), trabecular number (Tb.N), trabecular thick-
ness (Tb.Th), trabecular separation (Tb.Sp), connectiv-
ity density (Conn.Dn), degree of anisotropy (DA), fractal
dimension (FD) and structural model index (SMI).

Statistical data analyses

The Kolmogorov-Smirnov test was used to assess the
data distribution normality. The intraclass correlation
coefficient (ICC) was used to evaluate the consistency
of the results obtained by two researchers, as well as the
results of semi-automatic and manual trabecular ROI
determination [21]. Student t-test for dependent samples
was used to evaluate the significance of the difference

between researcher results (inter-observer differences),
the difference of the results obtained during two ROI de-
terminations by the same researcher (intra-observer dif-
ferences), and the difference of results obtained through
manual and semi-automatic ROI determination. Open-
source statistical software (Easy R on R Commander,
EZR) was used for statistical analyses with a significance
level of 5% and a confidence interval of 95%.

RESULTS
Intra-observer differences in ROl determination

By comparing two manual ROIs marked in 45-day span,
observer I (early-career researcher) marked a larger ROI
during the second attempt, which was manifested by a
larger cortical volume (Ct.TV, p=0.047; Table 1). As pre-
sented in Table 1, this ROI choice resulted in a statisti-
cally significantly higher Po.tot, Po.V.tot, Po.op, Po.V.op,
Po.cl and PoV.cl values (p=0.00S, p=0.017, p =0.00S,
p=0.017, p=0.017, p=0.051, respectively). In contrast,
the results of the second ROI determination by observ-
er I (experienced researcher) only showed a trend to-
wards the selection of a smaller volume of the cortex (Ct.
TV, p=0.047), which resulted in a marginal decrease in
the cortical pore separation (Po.Sp, p=0.041) (Table 1).
Unlike cortical bone, trabecular micro-architecture did
not show a statistically significant difference between the
two measurements by both observers (p>0.05, Table 1).
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Table 1. Intraobserver differences in trabecular and cortical micro-architectural parameters obtained by micro-CT

Parameters ObserverI Observer I
1* attempt 2" attempt
(mean+ SD) (mean+ SD)

Ct.TS 339.73 £ 61.24 329.34 +£52.99

(mm?)

Ct.TV 95.86 +32.46 109.13 £ 24.33

(mm?)

Ct.Th 0.29£0.12 0.29+0.13

(mm)

Po.Dm 0.35+£0.13 0.39£0.15

(mm)

Po.Sp 0.27 £0.08 0.27 £0.07

(mm)

Po.tot 21.95 £11.60 26.23 £11.62

(%)

Po.cl 0.34+0.23 0.36 £0.24

(%)

Po.op 21.67 £ 11.67 2596+ 11.68

(%)

Po.V.tot 19.11 £7.99 27.03+9.26

(mm?)

Po.V.cl 0.26 £0.18 0.30£0.22

(mm®)

Po.V.op 18.85 + 8.08 26.72£9.32

(mm?)

Tb.TS 465.17 £97.08 461.15 £ 76.45

(mm?)

Tb.TV 500.18 £170.23 505.27 £ 162.67

(mm?)

BV/TV 22.88+7.29 22.72 +7.40

(%)

Tb.N 1.28 £ 0.41 1.26 +0.37

(1/mm)

Tb.Th 0.19+£0.07 0.18 £0.07

(mm)

Tb.Sp 0.88 £0.18 0.88£0.16

(mm)

Conn.Dn 22.051 +31.50 21.56 £28.98

(1/mm)

DA 2.13+£0.36 2.13+0.39

FD 2.42+£0.07 2.42+0.06

SMI -1.00+2.58 -0.84+£2.24

Observer IT Observer I1
(p) 1** attempt 2 attempt (p)
(mean+ SD) (mean + SD)

0.401 355.94 £47.17 365.23 £51.42 0.050
0.047 107.42 £27.68 106.93 +27.28 0.047
0.158 0.30+0.14 0.30+0.14 0.302
0.067 0.19 +0.06 0.20+0.06 0.466
0.238 0.27 £0.06 0.28 £0.08 0.041
0.008 18.99 +10.43 18.78 £ 10.36 0.450
0.017 0.37£0.24 0.37+£0.24 0.525
0.005 18.69 + 10.48 18.49 +10.41 0.451
0.017 18.44 £ 6.99 18.11+6.85 0.209
0.0S51 0.33+0.23 0.33+0.23 0.251
0.017 18.11 +£7.08 17.78 £ 6.94 0.212
0.712 533.81 £93.49 540.15 £ 96.44 0.411
0.758 630.14 £ 168.19 633.00 £ 182.12 0.878
0.431 22.38+7.25 22.37£7.14 0.964
0.47S 1.26 £0.39 1.27 £0.40 0.418
0.371 0.18 £ 0.06 0.18 +0.06 0.205
0.993 0.88 £0.17 0.87£0.16 0.150
0.698 21.64 +29.81 22.64+32.38 0.347
0.872 2.11+0.37 2.11+0.38 0.934
0.912 2.44+£0.07 2.44+0.06 0.865
0.292 -0.88 £2.38 -0.79+2.23 0.323

Student’s t-test for two dependent samples was used to assess microstructural differences between the two attempts in the region of interest

determination in two independent investigators (the significant difference is presented in bold).

Abbreviations: SD — Standard deviation; observer I — early-career researcher; observer II — experienced researcher; Ct.TS — Cortical tissue
surface; Ct. TV - Cortical tissue volume; Ct.Th — Cortical thickness; Po.Dm — Cortical pore diameter; Po.Sp — Cortical pore separation; Po.tot
— Total cortical porosity; Po.cl — Closed cortical porosity; Po.op — Open cortical porosity; Po.V.tot — Total volume of cortical porosity; Po.V.cl
— Volume of closed cortical porosity; Po.V.op — Volume of open cortical porosity; Tb.TS — Trabecular tissue surface; Tb.TV — Trabecular
tissue volume; BV/TV — Trabecular bone volume fraction; Tb.N — Trabecular number; Tb.Th — Trabecular thickness; Tb.Sp — Trabecular
separation; Conn.Dn — Connectivity density; DA — Degree of anisotropy; FD — Fractal dimension; SMI — Structural model index.

Inter-observer differences in ROl determination

Although ICC showed a high degree of consistency of
data on cortical and trabecular micro-architecture of
the femoral neck between two researchers (ICC range:
0.721-0.998; p<0.0S), suggesting a high degree of reli-
ability in measuring micro-architectural parameters by

micro-CT, a significant inter-observer inconsistency was
shown in the values of the diameter of the cortical pores
(ICC value: 0.026; p=0.565). To determine the cause of
these inter-observer inconsistencies in the microstruc-
tural parameter values, the Student’s t-test was used to
compare the second ROI determination of the younger
researcher and the experienced researcher. It was shown
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Figure 2. The inter-observer reliability for micro-CT assessment of femoral cortical and trabecular bone

Student’s t-test for two dependent samples was used to assess the difference in microstructural parameters obtained by two independent inve-
stigators (*** p<0.0S). Bar graphs represent the data as mean + standard deviation, including the individual data points.

Abbreviations: Observer I - early-career researcher; Observer II — experienced researcher; Ct.TS — Cortical tissue surface; Ct.TV — Cortical
tissue volume; Ct.Th — Cortical thickness; Po.Dm — Cortical pore diameter; Po.Sp — Cortical pore separation; Po.tot — Total cortical porosity;
Po.V.tot — Total volume of cortical porosity; Po.op — Open cortical porosity; Po.V.op — Volume of open cortical porosity; Po.cl - Closed cor-
tical porosity; Po.V.cl — Volume of closed cortical porosity; BV/TV — Trabecular bone volume fraction; Tb.Th — Trabecular thickness; Tb.N

— Trabecular number; Tb.Sp — Trabecular separation; DA — Degree of anisotropy; FD — Fractal dimension;

that the early-career researcher chose a smaller Ct.TS
(p=0.005), which resulted in a significantly thinner cor-
tex (p=0.021) that was substantially more porous (Po.
tot, p<0.001; PoV.tot p=0.001; Figure 2). Increased
Po.tot when marking was done by the early-career re-
searcher was conditioned by increased Po.op and Po.V.op
(p<0.001, p=0.001, respectively). Pore diameter was sig-
nificantly greater (p=0.011), while cortical Po.Sp was
lower in the cortex marked by the observer I (p=0.005,
Figure 2). On the other hand, the experienced research-
er analyzed a statistically significantly larger Tb.TS and
Tb.TV ( p<0.001, p<0.001, respectively) and obtained
higher FD values (p=0.013, Figure 2).

Differences between manual and semi-automatic
ROI determination

The ICC analysis showed a high degree of consisten-
cy of femoral neck trabecular micro-architecture data
between manual and semi-automatic ROI determina-
tion (ICC range: 0.658-0.994; p<0.0S), suggesting that
the micro-CT method is highly reliable in evaluation of
trabecular micro-architecture in superolateral femoral
neck. However, it was shown that there was also a signif-
icant inconsistency in the DA values (ICC value: 0.165;
p=0.739).

The possibility of selecting an irregularly shaped ROI
thatincludes alarger part of the trabecular zone is reflect-
ed by a significantly larger Tb.TS and Tb.TV obtained by
the manual method (p=0.001, p=0.003 respectively), and
the selected trabeculae demonstrated higher degree of
anisotropy (p=0.002, Figure 3).
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Figure 3. Differences in trabecular micro-architecture parameters due to manual and semi-automatic ROI demarcation methods.

Student’s t-test for two dependent samples was used to assess the difference in microstructural parameters between manual and semi-auto-

matic demarcation methods (***

p<0.05). Bar graphs represent the data as mean + standard deviation, including the individual data points.

Abbreviations: BV/TV - Trabecular bone volume/total volume; Tb.Th — Trabecular thickness; Tb.N — Trabecular number; Tb.Sp — Trabe-

cular separation; DA — Degree of anisotropy; FD - Fractal dimension

DISCUSSION

To analyze the bone sample with micro-CT, itis necessary
to select an adequate VOI, which illustrates the impor-
tance of adequately standardized segmentation of differ-
ent tissue compartments [22]. Analyzing various human
and animal skeletal sites, numerous techniques for select-
ing bone tissue of interest have been applied (semi-au-
tomatic segmentation by determining the threshold of
mineralized tissue [5,23], circular or rectangular ROIs of
constant area and manual demarcation of the cortex and
trabeculae [22]). Although the micro-CT methodology
has been increasingly present in the human bone research
practice, clear guidelines for manual ROI determination
have not been agreed upon yet [22-24]. There are nu-
merous dilemmas about manual ROI determination in
the bone research field, which compromises the validity
of the conclusion derived from inter-study comparison.
It may arise due to inter- and intra-group, as well as inter-
and intra-observer differences in research practice. It is
important to emphasize that previous studies on human
bone tissue used either a unique ROI selection method-
ology (methodology mentioned once in the work of one
research group) or a methodology that was not fully de-
scribed to enable exact reproducibility [23,24]. In addi-
tion, the methodology of including the transitional cor-
tico-trabecular zone is rarely described (given that it is
susceptible to subjectivity), which can have a significant
impact on the data interpretation and interstudy compar-
ison [1,10]. On the other hand, due to often conflicting
results and a complex understanding of the effects of var-
ious conditions on animal models [25-31], guidelines for
standardized micro-CT analyses of rodent bone tissue
were recommended [32].

To our knowledge, this is the first study that investi-
gated the inter-observer and intra-observer consistency
of micro-CT derived trabecular and cortical micro-archi-
tectural parameters in the human superolateral femoral
neck. In addition, the variability of the results obtained

by manual and semi-automatic demarcation methods
was investigated. Our study demonstrated a high degree
of consistency in the results of trabecular micro-architec-
tural parameters, except for a statistically significant dif-
ference in ROI size. A potential explanation may lie in the
distance of the demarcation edge from the tissue contam-
inated with fragments created during sampling (Figure 4,
Figure 5). Given that manual marking is time-consuming
and susceptible to subjective evaluation, there have been
attempts to develop a protocol for a semi-automatic meth-
od of segmenting cortical from trabecular bone [11,16,17].
The protocols were based on different greyscale thresh-
olds, and they had shortcomings that were primarily based
on the conditions of sample size and sample surroundings,
which is the rationale for the absence of consensus regard-
ing methodology standards. Nevertheless, an unambigu-
ous description of semi-automatic demarcation method-
ology in future studies may contribute to more reliable
inter-study comparisons [11,16,17].

Although the effect of choosing the cortical ROI has not
been investigated, the deterioration of cortical micro-ar-
chitecture conditioned by various factors can be of great
importance in the occurrence of increased bone fragility
[33,34]. It is important to emphasize that cortical micro-ar-
chitecture was more susceptible to inter-observer and
intra-observer variability in our study (Figure 4). One of
the primary causes of this finding may arise from different
approaches in ROl inclusion of transitional cortico-trabec-
ular zone (Figure 5). If the transitional cortico-trabecular
zone (in some studies reported as “cortical trabeculariza-
tion”) is considered part of the cortical compartment, there
is a possibility of overestimating cortical porosity [35]. An
additional cause of cortical variability may be transcortical
vascular pores (Figure 5) [36,37]. Although bone vascular-
ization is increasingly analyzed in animal and human bone
[36-38], it is not clear whether and to what extent vascular
pores can influence bone fragility. This suggests that a clear
explanation of the manual demarcation protocol in cortical
tissue (with particular reference to the transitional corti-
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account and clearly reported in the manuscript methodology section to ensure proper data interpretation and reproducibility.

co-trabecular zone and transcortical vascular pores) could
contribute to greater reliability of the interpretation of the
findings of different studies.

It is necessary to mention our study limitations. Al-
though a statistically significant difference in specific pa-
rameters of bone micro-architecture was shown, and the
number of samples is comparable to previous research
on human material [39], the interpretation of our results
could be complemented by including a larger number of
bone samples derived from various skeletal sites. The cor-
rectness of mineralized and non-mineralized tissue dif-
ferentiation was done using fixed greyscale intensity val-
ues by comparing to the original scanning image, which
may result in the subjective estimation of bone fraction,
especially when analyzing limited-volume samples with a
small amount of bone tissue (such as in postmenopausal
osteoporosis [40]). Lastly, our data could be subject to bias
because included investigators (both from medical back-
grounds) belong to the same research group and had simi-
lar training for micro-CT application in bone research.

CONCLUSION

Our study demonstrated that trabecular micro-architec-
tural parameters were not significantly sensitive to vari-
ous approaches in ROI demarcation methodology, given

that a high degree of consistency was noted between two
observers, between two attempts of the same observer
and between manual and semi-automatic ROI-determi-
nation methods. In contrast, ROI determination had a
significant effect on cortical microstructural parameters.
As a result of the non-standardized ROI determination
methodology, inter-observer and intra-observer differ-
ences were mainly reflected in cortical porosity param-
eters. Thus, our data highlight a need to standardize the
methodology used in micro-CT evaluations of human
bone samples in order to facilitate reliable inter-study
comparison and ensure adequate result interpretation.
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RAZLICITI METODOLOSKI PRISTUPI PROCENI MIKROARHITEKTURE KOSTI
POMOCU MIKRO-KOMPJUTERIZOVANE TOMOGRAFIJE: ZNACAJ ZA POREDENJE

REZULTATA RAZLICITIH STUDIJA

Uros Andjelic ?, Marija Djuric?, Jelena Jadzic?

Sazetak

Uvod: Mikro-kompjuterizovana tomografija (mikro-CT)
je Cesto koris¢en 3D metod za nedestruktivnu analizu
mikro-arhitekture kostanog tkiva. lako su u savremenoj
literaturi dostupne brojne mikro-CT studije, poredenje
nalaza ovih studija je otezano izostankom standardiza-
cije metodologije, posebno tokom analize humanog
materijala.

Cilj: Ova studija je imala za cilj da utvrdi konzistentnost
mikro-arhitekturnih parametara dobijenih mikro-CT
analizom, izmedu dva istrazivaca (meduposmatracka
pouzdanost), jednog istrazivaca u dva pokusaja (unu-
tarposmatracka pouzdanost), kao i izmedu manuelnog
i poluautomatskog metoda odredivanja regiona od in-
teresa (ROI).

Materijal i metode: Uzorci superolateralnog dela vrata
humanih butnih kostiju (n=8) skenirani su Bruker 1172
mikro-CT sistemom koristeci veli¢inu voksela od 10 um.
Odredivanje ROI-a kortikalne i trabekularne kosti je vr-
seno manuelno (dva istrazivaca, u dva vremena sa raz-
makom od 45 dana). Takode, odredivanje ROI-a trabe-
kularne kosti vrseno je i poluautomatski pomocu ROI-a
okruglog oblika (pre¢nik 6,5 mm).

Rezultati: Intraklasni koeficijent korelacije (intraclass
correlation coefficient - ICC) pokazao je visok stepen
konzistentnosti mikro-CT metodologije u merenju mi-
kro-arhitekturnih parametara superolateralnog dela
vrata femura (opseg ICC vrednosti: 0,721-0,998; p<0,05).
Medutim, detaljnija analiza je pokazala znacajne razlike
medu istrazivac¢ima, kao i izmedu nacina obelezavanja
jednog istrazivaca, koje se pretezno ogledaju u parame-
trima kortikalne poroznosti (Studentov t-test za zavisne
uzorke, p<0,05). S druge strane, izbor ROIl-a nije znacaj-
no uticao na parametre trabekularne mikro-arhitekture,
kako medu istrazivacima, tako i izmedu manuelnog i po-
luautomatskog metoda obelezavanja (Studentov t-test
za zavisne uzorke, p>0,05).

Zakljucak: Rezultati ove studije ukazuju na to da posto-
ji potreba za standardizacijom metodologije mikro-CT
analize kostanog tkiva humanog porekla kako bi se olak-
alo poredenje i omogucila adekvatna interpretacija re-
zultata razlicitih studija.

Kljucne reci: mikro-CT, vrat butne kosti, region od interesa, mikro-arhitektura kosti, humani materijal
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