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Cone-beam and micro-computed
tomography for the assessment of root
canal morphology: a systematic review

Abstract: This study presents an overview of the accuracy of cone
beam computed tomography (CBCT) compared with micro-computed
tomography (UCT) in the assessment of root canal morphology of
extracted human permanent teeth. A database search in PubMed,
PubMed Central, Embase, Scopus, Opengrey, Scielo and Virtual Health
Library was conducted which compared root canal morphology of
extracted human permanent teeth on the accuracy of CBCT with uCT. In
accordance with PRISMA statement guidelines, data were extracted on
study characteristics, target mediators, sampling and assay techniques
and the parameters associated with obtaining the image and ability to
identify the root canal morphology. Amongst 2734 records, ten fulfilled
the inclusion criteria. Four studies compared the accuracy of CBCT
and pCT in the assessment of root canal morphology using Vertucci’s
classification, with at least one CBCT group or subgroup of each study
presented high agreement compared to the puCT. Six studies assessed
more detailed root canal morphology, including two articles that found
a lack of agreement between these imaging systems. Risk of bias was
deemed low in three studies, moderate in four and high in three. CBCT
can be as accurate as pCT in the assessment of several morphological
features of extracted human permanent teeth; however there are some
exceptions related to the more detailed morphological aspects. Voxel
size likely influences the ability to detect these features, though the
different aspects of exposure setting used in studies components may
be confounding factors. CBCT may be considered for the assessment of
root canal morphology ex-vivo.

Keywords: Cone-Beam Computed Tomography; X-Ray
Microtomography; Dental Pulp Cavity.

Introduction

The morphology of the root canal system is possibly one of the main
confounding factors in ex vivo studies in Endodontology. In-vitro studies aim
to have strictly controlled conditions, including limiting the heterogeneity
of samples used for the assays. In fact, study results may be influenced by
the effect of the morphological variations of the root canal system instead of
the element of interest."? Two-dimensional radiography is commonly used
as the method for sample selection in endodontic research.*** However, this
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method presents with limited accuracy by providing
two-dimensional images of what, in reality, is a three-
dimensional structure.*®

Micro-computed tomography (uCT) has been
popular in recent years in studies of hard tissues
in general. In Endodontology, in particular, it has
been used to document the internal and external
morphologies of teeth”®® amongst others. pCT
has been used as a reference standard in several
root canal morphology studies.”® pCT has the
advantages of being a reproducible, non-invasive
and non-destructive technique.

Similarly, cone beam computed tomography
(CBCT) is frequently used for the identification of root
canal morphology.#*213 CBCT overcomes some of the
disadvantages of pCT such as scan time, radiation
dosage and high cost, as well as widespread use in
clinical practice, therefore, it has also been used in
laboratory assays.

However, previous studies suggest that CBCT could
fail to detect some minute morphological features,
such as of accessory canals' and be inadequate
for the assessment and identification of particular
types of root canal morphology.>'® Therefore, it can
be expected that CBCT and pCT imaging does not
yield comparable values for root canal morphologic
quality parameters, as the latter has superior image
sharpness, amongst others.

Recently, the development of specific software
and programs for the interactive visualisation of
CBCT datasets has allowed the evaluation of the
entire volume of the scanned structure, as well as
axial, sagittal and coronal bi-dimensional sections
simultaneously.®"”18192021 Furthermore, CBCT is of
relatively easier access for many investigators.

Due to the technological innovations in CBCT
imaging, we must consider the following question: can
CBCT images be used to assess root canal morphology
ex-vivo, instead of nCT? Is It might be possible
to obtain root canal morphology measurements
for CBCT images which can be equivalent to nCT
with lower scanning time and lower cost for image
acquisition and easier access? Thus, the accuracy
of CBCT and puCT in the assessment of root canal
morphology of extracted human permanent teeth
should be compared. The question under review was
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framed according to the PICO format (Population;
Intervention; Comparison; Outcome): P: extracted
human permanent teeth; I: imaging using CBCT;
C:imaging using pCT; O: accuracy to identify/detect
morphological features.

The question under review was framed according:
Is CBCT as accurate as pCT in the assessment of root
canal morphology of extracted human permanent teeth?

Methodology

This systematic review followed the Preferred
Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) statement guidelines.?

Preregistration

A protocol was preregistered with the International
Prospective Register of Systematic Reviews
(PROSPERO) on the 20th of July 2018 (record number:
CRD42019123288).

Data Collection
The following databases used were PubMed,
PubMed Central (PMC), Embase, Scopus, Opengrey,
Scielo and Virtual Health Library (VHL) with
combinations of the following terms: [CBCT*] OR [Cone
Beam computed Tomography*] OR [micro-CT*] OR
[x-ray microtomography] OR [micro ct] AND [anatomy
root canal*] OR [root canal*] OR [morphology root
canal*]. The Endnote software (Thompson Reuters,
Toronto, Canada) was used to manage research data
and eliminate duplicated publications. There were
no restrictions placed on the year of publication.
Final database search was completed on the 5th of
December 2018.
The inclusion criteria used in the systematic
review were as follows:
a. Publication in English or other Latin alphabets;
b. Extracted permanent human teeth;
c. Absence of root canal instrumentation or other
root canal treatment procedures;
d. Root canal morphology assessment using CBCT
and uCT;
e. Root canal morphology assessment as the outcome.
Studies were excluded when they assessed
pathological variations (e.g. dental resorption) or
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when they were case report/series, review articles or
expert opinion, or when the above inclusion criteria
were not met.

Additional articles of potential relevance from the
bibliography of included articles were subjected to
the same inclusion/exclusion criteria. Authors of the
included studies were contacted for clarification or
requested to provide further information as needed.

Evaluation of the selected studies
The titles and abstracts of the articles were analyzed

by two independent reviewers (CCB and GRF), taking
into consideration the inclusion and exclusion criteria
established for this review. In case of disagreement
regarding inclusion and exclusion of a retrieved article,
the consensus was reached by a discussion between
reviewers. The description of the study methodology
was retrieved and summarised from the included
articles by two reviewers (CCB and GRF) to allow
comparison amongst studies.

The following information was extracted for each
study and recorded on a data collection sheet: author(s),
year of publication, journal, country, study, tooth
type, imaging and described settings by methods
and compared morphological outcomes.

The studies were evaluated according to their
experimental quality by two independent reviewers
(CCB, GRF) based on a modified version of a previously
published risk of bias assessment tool.>? The assessment
included the following;:

a. Sample size calculation (Adequate: yes; Unclear:
not specified; Inadequate: no);

b. The comprehensiveness of exposure settings
reporting (Adequate: yes; Unclear: not specified;
Inadequate: no). Various factors may interfere
with the final result of the image quality as voxel
size, dynamic image range, x-ray parameters
Kilovoltage  and  Milliamperage, native

acquisition, the field of view (FOV), software

and scanner calibration and the software itself.?’

The studies were considered adequate - when

they depicted parameters such as Kilovoltage,

Milliamperage and FOV values corresponding

to CBCTs, not specified - when it did not present

one of these parameters and inadequate - when
the field of view and voxel size were inadequate.

c. Sufficient description of outcomes (Adequate:
yes; Unclear: not specified; Inadequate: no);
Blinding of outcome assessment [Examiner(s)
concealment of allocation (Adequate: vyes;
Unclear: not specified; Inadequate: no));

d. Observer(s) reliability assessment (Adequate:
yes; Unclear: not specified; Inadequate: no);

e. Attrition bias [Sample loss reported] (Adequate:
yes; Unclear: not specified; Inadequate: no). To
synthesize the validity of studies, they were
classified into the following categories:

f. Low risk of bias (i.e. studies that met at least
four of the quality criteria);

g. Moderate risk of bias (i.e. studies that met
between two and four of the quality criteria);

h. High risk of bias (i.e. studies that met at less
than two of the quality criteria). Disagreements
concerning study scores were discussed until a
decision was obtained by consensus.

Resulis

The database search strategy yielded in a total
of 2734 publications after the removal of duplicates.
Amongst the 2734 studies, ten satisfied the inclusion
criteria”182324252627282930 and ten were excluded, nine
have different object of study 3233435363738 and
one study has absence of comparative analysis." The
results of the search strategy are represented in Figure
1, while the information extracted for each study is
presented in Tables 1 and 2. pCT was considered as
the reference in all component studies. The authors of
six studies®*26¥2% were contacted for clarification
of the imaging exposure setting, as this was not
able to be determined by the data presented in the
studies, without reply.

Main features of the component studies are
presented in Table 1. Root canal configuration
using Vertucci’s classification was assessed in
four articles.?>?¢2%2° These component studies
included 293 teeth in total, including maxillary and
mandibular first molars and mandibular incisors.
Among this subgroup, at least one CBCT group or
subgroup of each study presented high agreement
compared to pCT. This included assessment
of mesiobuccal canals,?® anatomic patterns of
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Figure 1.Flowchart of the methodology.

Table 1. Main characteristics of the included studies: sample characteristics.

N -
Study Tooth type o;:;:g General feature assessment Specific feature assessment
Domark et al. (2013)% First/second maxillary 27 Detailed morphologic characteristics Number of roof " he mesiobuccal
molars root of maxillary molar
Marca et al. (2013)* Maxillary premolars 16 Detailed morphologic characteristics Root and canal areas
Freitas et al. (2014) First maxillary molars 35 Assessmenf of root /conol c-oAnflgAurchons Type of anatomy of MB canal
using Vertucci s classification
Fernandes et al. (2014)25 Mandibular incisors 40 Assessn?enf of roo’r' ,ccnol cg'nflg.urohons Various anc'n’romm' pgh‘erns of
using Vertucci s classification mandibular incisor
Ordinola-Zapata et al. Mandibular first 75 Assessment of root canal configurations Configuration of the mesial root
(2017)% molars using Vertucci s classification (Type | and 1)
Zhang et al. (2017)° Mandibular first 143 Assessmenf of roo’r- /conol cp'nflg'urohons Root canal configuration
premolars using Vertucci s classification of premolars
Shaheen et al. (2017)'8 Mandibular premolars 24 Detailed morphologic characteristics Volume
Michetti et al. (2017)% |n<:|sors/mcm||0ry e i 3 Detailed morphologic characteristics ~ Canal area and the Feret’s diameter
mandibular molars
Pulp horn/pulp chamber, isthmus,
0 . . ) . number of canals, lateral canals
Rashed et al. (2018) Maxillary premolars 10 Detailed morphologic characteristics and remaining dentin thickness of
maxillary premolars

Tolentino et al. (2018)? Mandibular first molars 40 Detailed morphologic characteristics Detect and measure isthmi

4 Braz. Oral Res. 2020;34:e056



Borges CC, Estrela C, Decurcio DA, Pécora D, Sousa-Neto MD, Rossi-Fedele G

anuyuo))

(988" 0=pddoy) ABojoydiow
_OCOU ile]e))] m£ +O COEUEOT

9104n220 8y} Buiuieouod - puolIg . 1D uoaau| &m._owu
SOWI|DPOW OM} B4 USOMI] WO2Id G ¢ Gcl G8 Lc 's08)1j05) L6VL 08 00§ suswolg 5 [2R=
seduaIapIp jupdyIUbIS ou asem edz
218y ;juswaalbp apay jsowy
(S0°0 > d) uoubdyisso}2 puibLO
WMOZZC
S, 192NHBA Ojul i} JOU pIp Dy} Lm,mc,\mtc\,w Bunswog) R 0zl c/ ol oxG ag 1-xog ( )
suonyoInBiyuod |POIWODUD By} Jopuow ’ 8 m._om
asiubodal of 9|qo jou aiam Asyy ’ ao 9°61 0S B M/ | | UDISAS EO_M_VM@
pup ‘(G0’0 < d) || @dAs pup | uonn|osal-ybiy A
adAy syt payiuep! spoytew yiog 0 yim saindwod - 051 06 zl Gxy sQg xpoud “PloUPio
ispoyjew usamiaq juswaalby dopysep v
m =
co_mh_%w_wm%\w SN 5 oLt prTL 99 O uomeN
(%88) II 894 pup (%86) (10D DIW PIOW ) oqe v 102)
o _ sz
| @dA} BuiAppuapt ul juswealbp  $9Q7 € G Z UOISIOA Gzl 08 oL PX{ SodomoRaIoN 8l 05 08 p 201 UD3ShS 1040
foapiad JSOW|D UD SDM BJ8Y|  JOMBIABWN|OABUQD
‘SPOYlewW UsBMIB] JuswaalBy  (yypepwnalseIn)) sopupuI
- : ac
© (|15 USHER QIRES - 9L 06 0l GLE
BuiBow| gg §O 0006 APPO
. . .« Qg uoixed
1D yym paindwod (UOIYBIq) SIoMyOS Ggee 06 06 4 2°GX9'S  Gnoib 7xd
uaym ‘(%08) £xd puP (%08) Lwim_> ag uoryaid g uoixaid
LXd "(%£°G9) NOI fo juswaaibo puo .:cco;cc.gm,&_ 891 06 06 4 °GX9S  gnoiB IXd < /7xC 9V 1L0T)
DIUDISGNS PUD (%4G) DD ! G'LTG[C ¢/l ‘048
_ ansp ° aouaIdg Buibow) xo -l XG' /T 001 00l uodsA w _
jo juawealbp sjpiepow SIOMIOS 1+ 1 -0 692 szl 0zl g-¢ g xg ._~Q N Lvo-! 1S 1O SD}19.]
D Sbm 2oy :juswoesibo cw_m_>o._.mqm—v_m L :dnoib ND)|
Isl ! 2ISSD -l
[PUUDISGNS PuD 2joIapoly 00y 05z ozl §€  EX9 gnomao)
SPJIY} PUD SO0 JUSISHIP
ay4 ul [puoipodoid a1em SUOHDLIDA
‘(W) stoou [poonqoissw puo
|o4ojRd By} JO SPAIY} [DDIAISD By} Ul
1dedxe ‘sjool ayj |0 JO SpJIYl By} (ysepoiny) _ _ _ " im._oNv
10 U1 (GO0 > d) 1M UDys s0BID  BIDMOS QY IOINY - 00¢ 0cl 12580 IvO-t er*vexye 0G /L0 YUBEE[S [2KS)
Jaoauf Ajpoysiols poy sebowi 02D\
109D usym | DM ubyy Jspoys spom
109D Buisn painspsw baib joou
Spoyfaw usamjeq juswisaibo oN|
(2G = d) pauIquOoD alom sjuNod .
LDt pup Sjunod 1563 sianasqo co_mmw\w m,moww._ os : B 1080 DAl &m._%mmw
i usiym suBIBYP OU SOM BiY [ U i) Ll 9/ 89 €9 as 0006 0¢ 0/ vl OV 1OPAIA [0 4
‘spoyjew usemjeq juswaaiby LIPOUL LUDSASSIDD Hewea
(S own  (wn) W b smen () for oy
sswodnQ 2IDMYOG uodg azis |oxon  abpyjonoyry ebosedwpy o plelq azis |oxon abpyoaoyry abnsadwoyjipy P GApNIS

Bumes 108D
‘sjnsal pup ABojopoyew S8IpNIs PepN|DUl B} O SDISLIBIDDIDYD UIDIA *Z d]qpL

Bueg 1 Orf

5

Braz. Oral Res. 2020;34:e056



Cone-beam and micro-computed tomography for the assessment of root canal morphology: a systematic review

(50> d)108D
pup | H1l ur sybus| snwiyyst sy}
useamiaq seduaJaylp jupdiubis
aJam 2yl so ‘syibus| snwiyis!
3y} O %/ 7/ @INSpaW p|nod
owoNdy (JE 8Yy| :spoyiew
usamjaq jusweaibo oN|
g'0=0ddoy| |puUDD |DIB4D)
pup z9-p=pddoy pauibiqo
SISA|DUD JUBWSS3SSD SNWIYJS!
8y} ul pup (| =oddoy) suioy
djnd sy o pajoejep 1 OG0 puP
1N "way} usemiaq sadUBIBYIP
fuodyIuBIS ou Yum 944 0 =4
ISON|DA | (Y Ul ‘S|PUDD 4OOI
o Jequinu sy} Buydsjep ul
suolp|a.10d Buouls auam sy |
1 spoyjew usemieq juswesiby

9502 AJBA SI UOIDNIISUODSI
ay} ‘uonpjuswbaes | HM ayj o}
pasodwuadns | HgD) abbw|
UayYp\ ‘piop | DM jus|painbe
ay} uoy} Jajpws Apybis aq
o} pauoaddp suoypjuswbas
1DdD oy pamoys uosuodwod
awnjoAay] (1000 > d
‘88°(0=4) JeyownIp 8y} o}
puo (1000 > d‘86'0 = 4)
0aJp 8y} 4o} | DM pup | HGD
usamjaq suolp[aLI0d Buoug
ispoyjew usamiaq juswaaiby

-€ pJoupdg
UHM 947" PUD ‘XDA XOWOI]
YHM %8°E U0LDI0I 09E 0/ L

OWOHNDDY YHM 97" ¢ ‘UOIDIOI
081 0L L CWOHNIIY YiMm %9°¢
8Q O} PUNO} SOM S}UBWIBINSDBW
awnjoA | HGD pup | Dl usemieq
9DUBJBHIP 84N|Osqp UpaW 8y |
(S0’0 < d) tuswainsoow
swin|oA | DD pup 1D
usamaq sedualapip Jubdyiubis
A||p21sDis ou suem sy
ispoyjew usamiaq juswaalby

sewiodINQO

ByA oW
{JOMBIA BWIN|OA BUD

(undor ‘ohyor
'DPIYSOA) 8IDMYOS
JamalA agnDauly

Jainpojnubw ay}
Aq pepiroid aipmyos

(wniBjag ‘usanaAN
951|DLIBIDIA
‘0’6 uolsiap)
9IDMYOS DUDW-¢

210MJOG

s09€/3
91

0le/s
Gl

09¢€/5
L€

09€/8
WAl

081/8
8

(s) swiy
updg

08

66X801X801

G/

0G1

00¢
091
091

(wr)

97Is [9XOA

08

06

08

96

G8
06

06
W

Ll

S
(v

284

6X01

0LXG/ @-¢ pioundg§

8x8

8x8

(w2) maria

abpyjonoyry ebosedwoyiy o plelq

Bues 159D

wayshs 0/ |
owoHNddYy
ac

DPIYSOA
‘aqnDauly

®de
0018 SO

XD\ XD

o09€ 0/1
owo}IN2y

o081 0/1
owo}INy

pup.g

(8102)

. TMLLL e,
961 0S 008 o
UB S ounus|o]
(8102)

1D001XWS
0z 0/ orl onyadsur o
paysoy
(£ 102)
G /T 08 00l TL 1| updshyg ‘oo
HaYdIN
al(£102)
8/l 00l 00l T/ 1| updSANS ‘oo
usayoyg

(wr) (W) (v uoig
azis |oxon abpyoaoyry abnsadwoljipy P GApnig
Buieg 1 Orf

uonoNUIUOY)

Braz. Oral Res. 2020;34:e056



Borges CC, Estrela C, Decurcio DA, Pécora |D, Sousa-Neto MD, Rossi-Fedele G u

mandibular incisors,? the configuration of the
mesial root of mandibular first molars® and root
canal configuration of premolars.?

The remaining six studies evaluated more detailed
morphology of the root canal system >822 These
included 120 teeth in total. Two articles including
56 teeth found lack of agreement when detecting
and measuring isthmi or assessing root and canal
areas.** Four studies with 64 teeth showed evidence
of the agreement between these methods when
evaluating the number of canals in mesiobuccal
roots of maxillary molars as well as canal area
and volume, 18232730

Imaging apparatus and methods, together with
outcome measurement techniques are reported in
Table 2. A broad variability in equipment settings,
software and outcome measures was evident amongst
the component studies.

Due to the variety of methods and parameters used
to measure the morphological outcomes, it was not
possible to standardize the research data and perform
a meta-analysis. Therefore, in the present systematic
review, a narrative synthesis was carried out,* after
collating the data and tabulating the relevant results
from the component studies.

Freitas et al. (2014)

Sample size calculation

Quality of settings reporting of CBCT and uCT

Insufficient description of outcomes

Blinding of outcome assessment

Observer(s) reliability assessment

Attrition bias

Of the ten studies included, three presented a
high risk of bias, *»*?% four showed a moderate risk
of bias®®2*30 and three had a low risk of bias??>28

(Figures 2 and 3).
Discussion

Eight out of ten component studies suggest
comparable accuracy between the imaging techniques
tested, at least with one of the CBCT devices compared.
Disagreement these occurred for the assessment of
more detailed morphology, such as measurement
of isthmi® and canal area.?* Therefore, several CBCT
scanners, when using specific imaging modes, have a
comparable accuracy for the assessment of endodontic
morphology as uCT.

In analyzing the different results, it must be
considered that numerous factors may influence
the final image quality and, consequently, in
the evaluation of the data. These include the
apparatus, the exposure setting, the software
used to reconstruct and display the datasets,
the monitor and, understandably the observer.?
These considerations are valid for both the uCT
and CBCT imaging processes.

~
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Figure 2. Risk of bias graph: Reviewers’ judgements about each risk of bias item presented across all included studies.
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Sample size calculation

Quality of settings reporting of CBCTnd uCT
Insufficient description of outcomes

Blinding of outcome assessment

Observer(s) reliability assessment

Attrition bias

Risk of bias graph

4 6 8 10 12

B Adequate  EUnclear BInadequate

Figure 3. Risk of bias graph: Reviewers’ judgements about each risk of bias item presented across all included studies.

The findings of the two imaging techniques
concurred for the assessment of the number of
canals and type of anatomy in mesiobuccal roots
of maxillary molars, #*? anatomic configuration
of mandibular incisors*® and mandibular first
premolars,'®® the number of root canals, remaining
dentin thickness, pulp horn detection, presence of
the isthmi and lateral canals of premolars, * plus
canal area of incisors, maxillary and mandibular
molars.”? Interestingly, agreement for Vertucci’s
configurations was found, but not for the proposed,
more detailed, sub-classifications.?®

When assessing quantitatively and qualitatively
small structures, such as the root canal systems,
high-definition images, the milliamperage must
be taken into account.”’ Tolentino et al.’ in spite
of the used of parameters of the CTC and nCT
similar to other studies, reported the highest
value of milliamperage nCT, which influences
the quality of the reference images*** with higher
values decreasing the image noise by increasing
the signal at the detector.*!

High tube potential has been associated with
fewer volumetric distortion artefacts in CBCT
scanning.**** However, among the two studies
that used higher kV values, Marca et al.** found
CBCT to be inaccurate in detecting morphological
features, whereas de Freitas et al.?* found moderate
and substantial agreement amongst the two
imaging modalities. Due to the limited detail
related to the exposure setting of both imaging

8 Braz. Oral Res. 2020;34:e056

techniques setting, it was not possible to obtain
robust conclusions regarding the effect of tube
potential on the outcome.

Beam collimation restricts the radiation exposure
to the region of interest, aiming that an optimal FOV
is chosen depending on the area under investigation.
Smaller scan volumes usually provide higher resolution
images* with enhanced root canal morphology
visualization.***”*® Amongst the ten component
studies, five did not report the field of view values,
and of those reported they ranged from 4x4 to 10x9
cm. Tolentino et al’ used a small field of view (4x4
cm) and showed no agreement between CBCT and
uCT. Conversely, de Freitas et al.,* when using
Prexion 3D for the diagnosis of MB canal with the
same FOV, reported high agreement between imaging
methods. Therefore, we are unable to present a definite
conclusion of the effect of FOV per se for the specific
setting and study designs.

No study compared different imaging software
programs; therefore, we are unable to present a
conclusion on this aspect. Two studies®?* used the
same software, with all eight remaining studies
using diverse software programs. The software
used for reconstruction may influence the image
through general software design, image editing
design, dynamic image range, sharpness of noise and
margin size controls, artefact reduction, functional
3D (multi-way browser), multidirectional browser,
compression with or without lost data logging, oblique
coordinate logging, registration of filter settings for
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replication, as well as specific search tools. * The
capture, processing and reconstruction of 3D images
are essential steps to obtain good quality images and
to prevent artefacts.?#** In order to overcome the
limitations of the CBCT, Bueno et al.*! have shown
the potential of new CBCT software with high-
quality images, for the visualization of complex
anatomical structures and reduction of artefacts.
Therefore, technological innovations supported by
three-dimensional CBCT analysis have resulted in a
considerable revolution, which has highlighted the
need to review some previously-established concepts
based on conventional imaging methods.

Four articles recorded that the professionals
responsible for interpreting the data were
endodontists,??>?¢?° one a radiologist,’ and the
remaining five studies did not mention the credentials
and/or qualifications of the observers.!#2#?2530 Fijye
out of ten components studies assessed intra- and
inter-examiner agreement, which is of relevance
considering that reliability is a concern in the study
where the data is collected by observers.* Domark et
al.? used the Friedman test, and the remaining four
studies used Kappa statistics.?>?%*% All five studies
showed substantial and almost perfect intra- and
inter-examiner statistics agreement, thus reducing the
amount of variability in how they view and interpret
data and record it on the data collection instruments.

The main limitation of the present systematic review
is the extensive methodological variation regarding the
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