Sakamoto et al. BMC Gastroenterology 2014, 14:100
http://www.biomedcentral.com/1471-230X/14/100

BMC
Gastroenterology

RESEARCH ARTICLE Open Access

Impact of clinical experience on type V pit
pattern analysis using magnifying
chromoendoscopy in early colorectal cancer:
a cross-sectional interpretation test

Taku Sakamoto', Takahisa Matsuda', Takeshi Nakajima', Yutaka Saito' and Takahiro Fuiii®

Abstract

compared to that with conventional colonoscopy.

Background: Although type V pit pattern analysis is effective in determining the invasion depth of early colorectal
cancers, the clinical results may vary because findings are operator-dependent. This study aimed to assess the
benefits of type V pit pattern analysis in estimating the invasion depth using magnifying chromoendoscopy

Methods: A cross-sectional interpretation test involving 32 endoscopists with varying levels of experience performing
colonoscopies was conducted. Fifty histopathologically diagnosed cases of intramucosal or submucosal cancer were
selected retrospectively. The lesions were classified as superficial or deep by the endoscopists, based on magnifying
chromoendoscopic and non-magnifying endoscopic images. The endoscopists were classified into 3 groups based on
the number of colonoscopies performed: | (<500), Il (501-5000), and IIl (>5000). Differences in the interpretation of
invasion depth between group Il and groups I and Il were assessed using the Mann-Whitney U test.

Results: There was no significant difference in the median number of correct interpretations using non-magnifying
endoscopic images among the groups. However, a significant difference (P = 0.007) was observed between the results
of groups Ill and | when the analysis was performed using magnifying chromoendoscopic images.

Conclusions: When performed by less experienced endoscopists, pit pattern analysis of colonic lesions using
magnifying chromoendoscopy is not a reliable modality for estimating invasion depth in early colorectal cancer.
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Background

Magnifying chromoendoscopy has been widely demon-
strated to be effective not only in differentiating between
colorectal neoplastic and non-neoplastic lesions but also
in accurately diagnosing the invasion depth of early colo-
rectal cancers [1-11]. Estimating the invasion depth of
early colorectal cancer is considered crucial for making
decisions about appropriate treatment protocols. There
have been reports of significantly increased risk factors for
lymph node metastasis of early colorectal cancers in cases
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where the lesions invaded the deep submucosa (SM-d, dis-
tance from the muscularis mucosae 21,000 pm). On the
other hand, the risk of metastasis is low in the absence of
lymphovascular invasion, poorly differentiated adenocar-
cinoma component, and budding finding [12-14]. There-
fore, estimating the intramucosal or superficial submucosal
(SM-s, distance from the muscularis mucosae <1000 pm)
invasion is important to determine appropriate treatment
protocols.

Proper interpretation of the type V pit pattern provides
critical information for appropriate treatment of early
colorectal cancer. Type V pit patterns exhibit mild irre-
gularity (Vi mild), severe irregularity (V) severe), and
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non-structured (Vy) patterns; in Japan, lesions showing V;
severe and Vi pit patterns are associated with a high risk
of deep submucosal invasion [15,16]. Previous studies
have demonstrated good reproducibility in the analyses of
colonic pit patterns [17,18]. However, estimating invasion
depth using magnifying endoscopy is considered more
operator-dependent than differentiating between neoplas-
tic and non-neoplastic lesions. Furthermore, some vari-
ability may exist among endoscopists in the interpretation
of the subcategories of type V pit patterns. Therefore, des-
pite the demonstrated effectiveness of this technique, pit
pattern analysis with magnifying endoscopy has not yet
been widely accepted for the assessment of early colorectal
cancers—especially in Western countries.

The primary aim of this study was to determine the
added benefit of magnifying chromoendoscopy to the
diagnostic accuracy of conventional colonoscopy in esti-
mating the depth of invasion of colorectal neoplasms,
using indigo carmine spraying. In addition, we attempted
to assess possible differences between experienced and
less experienced endoscopists in the assessment of the
invasion depth of the lesions, and subcategories of type
V pit patterns.

Methods

Definition of type V pit patterns

According to the classification of colonic crypts described
by Kudo and Tsuruta, type V pit patterns include areas
with irregular crypts (type Vi) and areas of apparent non-
structure (type V). Type Vi pit patterns are further sub-
divided into areas of mild irregularity (type V; mild) and
areas of severe irregularity, which exhibit destroyed and
badly damage pits (type V| severe). Tobaru et al. [15] de-
fined type Vi severe pit patterns as areas with poorly de-
marcated pits and with pits showing faded or unstained
stromal areas (Figure 1).

Selection of cases

In a retrospective review of the colonoscopy examination
database at the National Cancer Center Hospital (December
2008 to November 2009), we selected cases of colorectal
cancer on the basis of the following criteria: 1) demonstra-
tion of histologically precise diagnoses; 2) detection by
magnifying chromoendoscopy using crystal violet staining;
3) endoscopically diagnosed cases of early colorectal can-
cer that underwent subsequent endoscopic or surgical re-
section; and 4) cases with good quality images, as judged
by an experienced endoscopist familiar with the histo-
pathological diagnosis of colorectal cancers. The final
histopathological diagnoses of invasion depth were 30
superficial (mucosa/submucosa, <1,000 pm) and 20 deep
(submucosa, 21,000 um) lesions. Other clinicopathological
features of the selected cases are presented in Table 1.
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Figure 1 Type V pit patterns consist of areas with irregular pits
(type V)) and non-structured areas (type Vy). Type V, severe pit
patterns consist of areas with destroyed and badly damaged pits,
including pits with irregular margins, narrowing, poorly demarcated
boundaries, faded or unstained stromal areas, and signs of scratching.

Selection of participants

Thirty-two Japanese endoscopists with various levels of
experience at medical centers other than the National
Cancer Center Hospital (where magnifying chromoendo-
scopy is utilized routinely for colonoscopies) participated
in the study. All endoscopists were blinded to the cli-
nical details of each case, outcome, including histopatho-
logical data and prescribed treatments. Participants were

Table 1 Clinicopathological features of the lesions
selected for the study

Macroscopic type No. (%)
0O-Is 7 (14)
0-lla, Is+lla 19 (38)

LST-G-MIX 9(18)

LST-NG-F 10 (20)
O-lla+lic, llc +1la, llc 24 (48)

LST-NG-PD 24 (48)

Size of lesions (mean = SD, mm) 27 +£15

Invasion depth No. (%)
Intramucosa/submucosa, <1000 um 30 (60)
Submucosa, 21000 pm 20 (40)

Histology No. (%)
Well diff. adenocarcinoma (W/D) 24 (48)

Low-grade atypia 21 (42)
High-grade atypia 4(8)
Moderately diff. adenocarcinoma (M/D) 12

LST-G-MIX: laterally spreading tumors, granular, nodular mixed type; LST-NG-F:
laterally spreading tumor, non-granular, flat elevated type; LST-NG-PD: laterally
spreading tumor, non-granular, pseudo-depressed type.
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informed about the aims of the study at the outset, and
that the study included 50 cases of colorectal neoplasms
with no detailed information about invasion depth.

Each participant performed 2 independent assessments
of endoscopic image data for each case, using images
showing the relevant area for estimating invasion depth.
The first session consisted of evaluating 2—4 endoscopic
still images taken by conventional colonoscopy alone,
and the second session consisted of evaluating a single
conventional still image showing the entire lesion sup-
plemented by 4 additional magnifying chromoendoscopy
images; the images in the second assessment were shuf-
fled to minimize the possibility of identifying or recog-
nizing the lesion observed in the first assessment. The
endoscopists classified the lesions as superficial or deep
in each session, and classified the type V pit pattern by
using chromoendoscopic images in the second session.
The evaluation time in each session was limited to
2 min per case.

Data analysis

We categorized the endoscopists’ level of experience
into 3 groups depending on the number of colonos-
copies each had performed: group I, <500 (12 endosco-
pists); group II, 501-5000 (10 endoscopists); and group
III, >5000 (10 endoscopists). A Mann—Whitney U test
was performed to assess the significance of differences
between the depth invasion assessments of the 3 groups.
We compared data from group I with that from groups
IT and III because the endoscopists assigned to Group III
were highly experienced with colonoscopy and magni-
fying chromoendoscopy. Hence, Group III should be set
as the reference for diagnostic ability. The kappa statistic
was used to compare agreements for type V pit pattern
classifications within groups.
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Ethics

The subjects were identified by reviewing the endoscopic
database at our division. The study was conducted in ac-
cordance with the guidelines of our institutional review
board, and was approved without the need for patients’
informed consent. All patients had provided written in-
formed consent for the colonoscopy and endoscopic
treatment.

Results and discussion

The results of the endoscopist assessments are presented
in Figure 2. For the first session (conventional colonos-
copy, CCS), the number of correct interpretations of the
invasion depth (median and interquartile ratio, IQR)
were 32.5 (30.5-35.5) in group I, 32.5 (29-34.5) in group
II, and 34 (32-36.5) in group III; no significant differ-
ences were noted between group III and the other
groups. For the second session (magnifying chromoen-
doscopy, MCE), the number of correct interpretations
was 28.5 (25-30) in group I, 33 (30-36) in group II, and
34.5 (34-36) in group III; significant differences were
observed between groups III and I (P =0.007). In both
sessions, the smallest range of the number of correctly
interpreted cases was observed in group III, which had
the most experienced endoscopists. The kappa value for
inter-observer agreement of type V; sub-classification
was 0.18 in group I, 0.18 in group II, and 0.48 in group
III (Table 2).

Table 3 shows the clinicopathological features of the
cases with less than half the number of correct diagno-
ses, as determined by the experienced colonoscopists in
group III. There were 4 superficial and 2 deep cancers.
Regarding the histopathological findings, all cancers
were well-differentiated adenocarcinoma, with 3 of the 4
superficial lesions showing high-grade atypia and one

&
o
*=]

&
L
&
-
==

jffﬁﬁff_fffff %l—

correct interpretation no

20 20 20
15 15 15
10 10 10
CCS MCE CCS MCE CCS MCE
CCS (IQR) MCE (IQR)
I 32.5(30.5-35.25) 28.5 (25-30)
1I 32.5(29-34.5) 33 (30-35.75)
I 34 (32-36.5) 34.5 (34-35.75)
Figure 2 Differences in the number of correct interpretations of invasion depth by the different endoscopist groups (I, Il, and Ill) for

conventional colonoscopy (CCS) and magnifying chromoendoscopy (MCE).
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Table 2 Inter-observer agreements for pit pattern
classification within the 3 endoscopist groups

Kappa value Agreement evaluation
[ 0.18 Slight
I 0.18 Slight
Il 048 Moderate

showing low-grade atypia, and both deep lesions show-
ing low-grade atypia.

To the best of our knowledge, this is the first report to
compare the diagnostic ability of depth invasion in early
colorectal cancers, using pit pattern analysis with mag-
nifying chromoendoscopy, among endoscopists with
varying levels of experience. In this study, the number of
correct interpretations of invasion depth was lower in
the second session test than in the first session test, in
the inexperienced group. However, the number of cor-
rect interpretations tended to increase with experience,
indicating that accurate estimation of invasion depth for
early colorectal cancer using magnifying chromoendo-
scopy requires experience.

Regarding the efficacy of pit pattern analyses, it is im-
portant to differentiate between “differentiating neoplas-
tic and non-neoplastic lesions” and “estimating depth
invasion for neoplastic lesions” because the former is
probably easier than the latter. Pit pattern analyses using
magnifying chromoendoscopy enable us to accurately
observe the surface histology of the lesions; some pit
patterns show various degrees of type V irregularity re-
lated to the grade of atypia [1,19-26]. This is considered
one factor that makes it difficult to accurately interpret
type V pit patterns for inexperienced colonoscopists, and
one reason magnifying chromoendoscopy has not be-
came more widespread, despite its obvious diagnostic
efficacy.

Regarding inter-observer agreements, our results showed
a slight agreement in groups I and II and moderate agree-
ment in group III. This finding indicates that magnifying
chromoendoscopy for estimating the depth of early co-
lorectal cancer might be clinically unreliable for in-
experienced colonoscopists. However, the clinical value
of magnifying chromoendoscopy is not only in the
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estimation of invasion depth, but also in the differentiation
between neoplastic and non-neoplastic lesions. Typical
adenomas usually show relatively regular tubular and/or
villous structures histologically, and pit patterns in these
lesions are less variable. Therefore, inexperienced endosco-
pists can easily differentiate between neoplastic and non-
neoplastic lesions using magnifying chromoendoscopy.

Regarding the standardization of diagnoses by magnify-
ing chromoendoscopy, the classification should be linked
directly with the selection of appropriate treatments. The
invasion depth of early colorectal cancer is usually judged
from the accumulated data of serial observations, inclu-
ding conventional imaging without magnification. From
this perspective, Matsuda et al. [6] reported the clinical
classification “Invasive/Non-invasive pattern,” which in-
cludes conventional observations of lesion configuration,
such as depression, large nodules, or reddened area. For
differentiating between M/SM-s and SM-d lesions, inter-
pretation using this invasive pattern showed a sensitivity
of 85.6% and a specificity of 99.4% [6]. In this report, diag-
nostic accuracy sufficiently demonstrated the efficacy of
magnifying chromoendoscopy, and the clear advantage of
this classification was directly reflected in the choice of
treatment: endoscopic or surgical resection. On the basis
of the pit pattern classification, the invasive pattern might
include some cases classified as Vi severe and Vy pit pat-
terns. Therefore, it might be difficult to discriminate endo-
scopically between M/SM-s and SM-d cancers on the
basis of magnifying chromoendoscopy results alone.

For experienced colonoscopists, magnifying chromoen-
doscopy is considered a complementary tool heightening
the levels of diagnostic confidence and consensus, and
contributing to high diagnostic accuracy. However, we
should recognize the exceptional cases in which depth
invasion is difficult to diagnose using magnifying chro-
moendoscopy. In this study, in some cases, the number of
correct diagnoses was less than half the number, as deter-
mined by the experienced group III. It is generally consi-
dered that intramucosal tumors show histologic evidence
of low-grade atypia, whereas the majority of infiltrative tu-
mors exhibit high-grade atypia. Therefore, as discussed
above, lesions showing highly irregular pits are considered
as cases at risk for submcuosal infiltrating cancer. The

Table 3 Difficult interpretations of cases by group lll endoscopists using magnifying chromoendoscopy

No. of correct interpretations Size (mm) Macroscopic type Depth (um) Histology Grade of atypia
1 30 llic M W/D Low
1 25 lla+llc M W/D High
1 20 lla M W/D High
1 15 lla+llc SM-s (300) W/D High
1 45 lla SM-d (1300) W/D Low
2 18 Isp SM-d (1700) W/D Low

M: intramucosa; SM-s: submucosa, <1000 um; SM-d: submucosa, >1000 um; W/D: well-differentiated adenocarcinoma.
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possibilities of misdiagnosis on the basis of only pit
pattern analysis are heightened in cases of invasive cancers
with low-grade atypia or intramucosal cancers with high-
grade atypia. When there is a discrepancy between the
estimations of invasion depth using conventional colo-
noscopy and magnifying chromoendoscopy, other mo-
dalities such as “endoscopic ultrasonography,” “non-lifting
sign,” or “narrow-band imaging” should be used in the
evaluation.

There are some limitations inherent to our study. First,
all evaluations were based on retrospective analyses of
still images, which can differ considerably from in vivo
endoscopic assessments of specific areas because the
retrospective analyses exclude the possibility of direct
examinations. Second, the small sample size may have
introduced the possibility of beta error in the statistical
interpretations of the diagnostic accuracy of magnifying
chromoendoscopy in estimating invasion depth; in this
study, we only evaluated the difference in diagnostic
ability on the basis of colonoscopic experience. There-
fore, this study may not be relevant for the evaluation of
diagnostic performance of magnifying chromoendoscopy
in estimating invasion depth.

Conclusions

In conclusion, the results of the present study suggest that
pit pattern analysis of colonic lesions with magnifying
chromoendoscopy is not a reliable modality in estimating
the depth of invasion by less experienced endoscopists.
Thus, such diagnoses might improve with the level of ex-
perience of the endoscopist.

Abbreviations
MCE: Magnifying chromoendoscopy; CCS: Conventional colonoscopy.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Conception and design: TS. Acquisition of data: TS. Analysis and
interpretation of data: TS. Manuscript writing: TS, TM, TN, YS, and TF. Critical
revision of manuscript: TM, TN, YS, and TF. Final approval of manuscript: TS,
TM, TN, YS, and TF. All authors read and approved the final manuscript.

Acknowledgements
The authors wish to thank all endoscopists who participated in this study,
conducted at the Kanto llc Workshop, Tokyo, in December 2009.

Author details

'Endoscopy Division, National Cancer Center Hospital, 5-1-1 Tsukiji Chuo-ku,
Tokyo 104-0045, Japan. *TF clinic, 4-13-11 Ginza Chuo-ku, Tokyo 104-0045,
Japan.

Received: 12 September 2013 Accepted: 19 May 2014
Published: 30 May 2014

References

1. Kudo S, Tamura S, Nakajima T, Yamano H, Kusaka H, Watanabe H: Diagnosis
of colorectal tumorous lesions by magnifying endoscopy. Gastrointest
Endosc 1996, 44:8-14.

20.

Page 5 of 6

Togashi K, Konishi F, Ishizuka T, Sato T, Senba S, Kanazawa K: Efficacy of
magnifying endoscopy in the differential diagnosis of neoplastic and
non-neoplastic polyps of the large bowel. Dis Colon Rectum 1999,
42:1602-1608.

Kato S, Fujii T, Koba I, Sano Y, Fu KI, Parra-Blanco A, Tajiri H, Yoshida S,
Rembacken B: Assessment of colorectal lesions using magnifying
colonoscopy and mucosal dye spraying: can significant lesions be
distinguished? Endoscopy 2001, 33:306-310.

Fu Kl, Sano Y, Kato S, Fujii T, Nagashima F, Yoshino T, Okuno T, Yoshida S,
Fujimori T: Chromoendoscopy using indigo carmine dye spraying with
magnifying observation is the most reliable method for differential
diagnosis between non-neoplastic and neoplastic colorectal lesions:

a prospective study. Endoscopy 2004, 36:1089-1093.

Fu Kl, Kato S, Sano Y, Onuma EK, Saito Y, Matsuda T, Koba |, Yoshida S,

Fujii T: Staging of early colorectal cancers: magnifying colonoscopy
versus endoscopic ultrasonography for estimation of depth of invasion.
Dig Dis Sci 2008, 53:1886-1892.

Matsuda T, Fujii T, Saito Y, Nakajima T, Uraoka T, Kobayashi N, lkehara H,
lkematsu H, Fu KI, Emura F, Ono A, Sano Y, Shimoda T, Fujimori T: Efficacy
of the invasive/non-invasive pattern by magnifying chromoendoscopy
to estimate the depth of invasion of early colorectal neoplasms.

Am J Gastroenterol 2008, 11:2700-2706.

Onishi T, Tamura S, Kuratani Y, Onishi S, Yasuda N: Evaluation of the depth
score of type V pit patterns in crypt orifices of colorectal neoplastic
lesions. J Gastroenterol 2008, 43:291-297.

Kobayashi Y, Kudo SE, Miyachi H, Hosoya T, lkehara N: Clinical usefulness of
pit patterns for detecting colonic lesions requiring surgical treatment.
Int J Colorectal Dis 2011, 26:1531-1540.

Matsumoto K, Nagahara A, Terai T, Ueyama H, Ritsuno H: Evaluation of new
subclassification of type V(I) pit pattern for determining the depth and
type of invasion of colorectal neoplasm. J Gastroenterol 2011, 46:31-38.
lkehara H, Saito Y, Matsuda T, Uraoka T, Murakami Y: Diagnosis of depth of
invasion for early colorectal cancer using magnifying colonoscopy.

J Gastroenterol Hepatol 2010, 25:905-912.

Tanaka S, Hayashi N, Oka S, Chayama K: Endoscopic assessment of
colorectal cancer with superficial or deep submucosal invasion using
magnifying colonoscopy. clin Endosc 2013, 46:138-146.

Kitajima K, Fujimori T, Fujii S, Takeda J, Ohkura Y, Kawamata H, Kumamoto T,
Ishiguro S, Kato Y, Shimoda T, Iwashita A, Ajioka Y, Watanabe H, Watanabe
T, Muto T, Nagasako K: Correlations between lymph node metastasis and
depth of submucosal invasion in submucosal invasive colorectal
carcinoma: a Japanese collaborative study. J Gastroenterol 2004,
39:534-543.

Ueno H, Mochizuki H, Hashiguchi Y, Shimazaki H, Aida S, Hase K, Matsukama
S, Kanai T, Kurihara H, Ozawa K, Yoshimura K, Bekku S: Risk factors for an
adverse outcome in early invasive colorectal carcinoma. Gastroenterology
2004, 127:385-394.

Yamamoto S, Watanabe M, Hasegawa H, Baba H, Yoshinare K, Shiraishi J,
Kitajima M: The risk of lymph node metastasis in T1 colorectal carcinoma.
Hepatogastroenterology 2004, 51:998-1000.

Tobaru T, Mitsuyama K, Tsuruta O, Kawano H, Sata M: Sub-classification of
type VI pit patterns in colorectal tumors: relation to the depth of tumor
invasion. Int J Oncol 2008, 33:503-508.

Kanao H, Tanaka S, Oka S, Kaneko |, Yoshida S, Arihiro K, Yoshihara M,
Chayama K: Clinical significance of type V(1) pit pattern subclassification
in determining the depth of invasion of colorectal neoplasms. World J
Gastroenterol 2008, 14:211-217.

Huang Q, Fukami N, Kashida H, Takeuchi T, Kogure E, Kurahashi T, Stahl E,
Kimata H, Kudo SE: Interobserver and intra-observer consistency in the
endoscopic assessment of colonic pit patterns. Gastrointest Endosc 2004,
60:520-526.

Zanoni EC, Cutait R, Averbach M, de Oliveira LA, Teixeira CR, Corréa PA,
Paccos JL, Rossini GF, Camara Lopes LH: Magnifying colonoscopy:
interobserver agreement in the assessment of colonic pit patterns and
its correlation with histopathological findings. Int J Colorectal Dis 2007,
22:1383-1388.

Kudo S, Hirota S, Nakajima T, Hosobe S, Kusaka H, Kobayashi T, Himori M,
Yagyuu A: Colorectal tumors and pit pattern. J Clin Pathol 1994,
47:880-885.

Axelrad AM, Fleischer DE, Geller AJ, Nguyen CC, Lewis JH, Al-Kawas FH,
Avigan MI, Montgomery EA, Benjamin SB: High-resolution chromoendoscopy



Sakamoto et al. BMC Gastroenterology 2014, 14:100
http://www.biomedcentral.com/1471-230X/14/100

21.

22.

23.

24.

25.

26.

for the diagnosis of diminutive colon polyps: implications for colon cancer
screening. Gastroenterology 1996, 110:1253-1258.

Kudo S, Rubio CA, Teixeira CR, Kashida H, Kogure E: Pit pattern in
colorectal neoplasia: endoscopic magnifying view. Endoscopy 2001,
33:367-373.

Konishi K, Kaneko K, Kurahashi T, Yamamoto T, Kushima M, Kanda A, Tajiri H,
Mitamura K: A comparison of magnifying and nonmagnifying
colonoscopy for diagnosis of colorectal polyps: a prospective study.
Gastrointest Endosc 2003, 57:48-53.

Hurlstone DP, Cross SS, Adam |, Shorthouse AJ, Brown S, Sanders DS, Lobo
AJ: Efficacy of high magnification chromoscopic colonoscopy for the
diagnosis of neoplasia in flat and depressed lesions of the colorectum:
a prospective analysis. Gut 2004, 53:284-290.

Kiesslich R, Jung M, DiSario JA, Galle PR, Neurath MF: Perspectives of
chromo and magnifying endoscopy: how, how much, when, and whom
should we stain? J Clin Gastroenterol 2004, 38:7-13.

Kato S, Fu K, Sano Y, Fujii T, Saito Y, Matsuda T, Koba |, Yoshida S, Fujimori
T: Magnifying colonoscopy as a non-biopsy technique for differential
diagnosis of non-neoplastic and neoplastic lesions. World J Gastroenterol
2006, 12:1416-1420.

Yamada T, Tamura S, Onishi S, Hiroi M: A comparison of magnifying
chromoendoscopy versus histopathology of forceps biopsy specimen in
the diagnosis of minute flat adenoma of the colon. Dig Dis Sci 2009,
54:2002-2008.

doi:10.1186/1471-230X-14-100

Cite this article as: Sakamoto et al.: Impact of clinical experience on type
V pit pattern analysis using magnifying chromoendoscopy in early
colorectal cancer: a cross-sectional interpretation test. BMC
Gastroenterology 2014 14:100.

Page 6 of 6

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Definition of type V pit patterns
	Selection of cases
	Selection of participants
	Data analysis
	Ethics

	Results and discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

