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Abstract: Background and aim: Olympus Corporation released the texture and color enhancement
imaging (TXI) technology as a novel image-enhancing endoscopic technique. We investigated the
effectiveness of TXI in the imaging of serrated colorectal polyps, including sessile serrated lesions
(SSLs). Methods: Serrated colorectal polyps were observed using white light imaging (WLI), TXI,
narrow-band imaging (NBI), and chromoendoscopy with and without magnification. Serrated polyps
were histologically confirmed. TXI was compared with WLI, NBI, and chromoendoscopy for the
visibility of the lesions without magnification and for that of the vessel and surface patterns with
magnification. Three expert endoscopists evaluated the visibility scores, which were classified from
1 to 4. Results: Twenty-nine consecutive serrated polyps were evaluated. In the visibility score
without magnification, TXI was significantly superior to WLI but inferior to chromoendoscopy in the
imaging of serrated polyps and the sub-analysis of SSLs. In the visibility score for vessel patterns
with magnification, TXI was significantly superior to WLI and chromoendoscopy in the imaging
of serrated polyps and the sub-analysis of SSLs. In the visibility score for surface patterns with
magnification, TXI was significantly superior to WLI but inferior to NBI in serrated polyps and in the
sub-analysis of SSLs and hyperplastic polyps. Conclusions: TXI provided higher visibility than did
WLI for serrated, colorectal polyps, including SSLs.

Keywords: TXI; sessile serrated lesion; hyperplastic polyp; colonoscopy

1. Introduction

Globally, colorectal cancer is the third most diagnosed malignancy [1]. The endo-
scopic resection of colorectal polyps could reduce colorectal cancer mortality by over 50%,
providing evidence for the importance of endoscopic resection [2,3].

Recently, the serrated polyp–cancer sequence has received considerable attention,
and it is responsible for up to 20% of all sporadic colorectal cancers. Serrated polyps are
classified into three categories: hyperplastic polyps (HPs), sessile serrated lesions (SSLs),
and traditional serrated adenomas [4]. Of these, SSL and traditional serrated adenoma
are both precursors of cancer [5]. SSL predominantly occurs in the right side of the colon
and is associated with B-RAF mutation and high microsatellite instability [6]. SSL is often
difficult to detect because it typically has indistinct borders, and the color is similar to the
background mucosa or is slightly faded [7]. SSL is often overlooked, though it accounts for
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a significant proportion of interval cancers [8]. Thus, it is desirable to improve the detection
sensitivity for SSL.

Recently, Olympus Corporation released texture and color enhancement imaging
(TXI) as an image-enhanced endoscopy technology in the new endoscopy system EVIS
X1. Briefly, TXI enhances texture and color and adjusts brightness. TXI consists of six
consecutive processes: (i) The input image is split into a base layer and detail layer. (ii) The
brightness in the dark regions of the base layer is adjusted. (iii) Tone-mapping is applied to
the corrected base layer. (iv) Texture enhancement is applied to the detail layer to enhance
the subtle contrast. (v) The base layer after tone-mapping and the detail layer after texture
enhancement are recombined. A TXI image produced in the fifth step is TXI mode 2 (texture
and brightness enhancement). (vi) Color enhancement is applied to the output of TXI mode
1 to more clearly define the slight color contrast. The color enhancement algorithm of TXI
was designed to expand the color difference between red and white hues in the image. TXI
more greatly improves the visibility for colorectal adenoma than does white light imaging
(WLI). In this study, we investigate the effectiveness of TXI for colorectal serrated polyps,
especially SSLs.

2. Methods
2.1. Patients

We enrolled patients who underwent endoscopic resection for serrated colorectal
lesions at Toyoshima Endoscopy Clinic from March to June 2021. When colorectal lesions
were endoscopically diagnosed or were suspected to be SSLs, they were removed. When
patients had multiple polyps, the polyps were treated individually. All of the resected
specimens were examined histologically under hematoxylin and eosin staining. Indications
for colonoscopy included the evaluation for symptoms, examination for a positive fecal
occult blood test, polyp surveillance, and a medical check-up [9].

2.2. Ethics

This study was conducted in accordance with the ethical guidelines of the Declaration
of Helsinki. This study was approved by the Certificated Review Board of Yoyogi Mental
Clinic on 16 July 2021 (approval no. RKK227).

2.3. Endoscopy

We used the EVIS X1 video system center (CV-1500), a 4K resolution ultra-high-
definition liquid crystal display monitor (OEV321UH), and a CF-HQ290Z colonoscope
(Olympus Corp., Tokyo, Japan). For chromoendoscopy, we used 0.05% indigo carmine [10].

One expert endoscopist performed the colonoscopy and observation using the WLI,
TXI, narrow band imaging (NBI), and chromoendoscopy modalities [11]. Lesions were first
washed carefully with water to remove the mucus. Images were then obtained through WL,
TXI, and NBI with distanced observation, followed by magnified observation. The lesions
were subsequently stained for chromoendoscopy with indigo carmine, and images were
obtained with and without magnification. TXI has mode 1 and mode 2. Mode 2 involves
texture enhancement and brightness adjustment, and mode 1 adds color enhancement to
mode 2. Mode 1 was used in this study.

2.4. Visibility Scoring

We investigated the visibility of the lesions, the vessel patterns, and surface patterns.
The visibility of the lesions was defined as the detectability of the lesions without

magnification. The visibility of the vessel patterns was defined as the visibility of micro-
vessels and varicose microvascular vessels using magnification. The visibility of the surface
patterns was defined as the visibility of the mucosal structure, including the white zone,
pit, and expanded crypt opening, using magnification. An expanded crypt opening is a
feature of SSLs.
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As in previous reports, the visibility score was defined as follows: 4, excellent (easily
detectable); 3, good (detectable with careful observation); 2, fair (hardly detectable without
careful examination); and 1, poor (not detectable without repeated careful examination) [12,13].
Representative images of each score are shown in Figures 1 and 2. Three expert endoscopists
evaluated the visibility scores.
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Figure 2. Representative images of sessile serrated lesion with magnification. (A) white-light imaging,
(B) texture and color enhancement imaging, (C) narrow-band imaging, (D) chromoendoscopy.

2.5. Statistical Analysis

The continuous variables are expressed as mean ± standard deviation (SD). Continu-
ous data between the four groups were compared using Dunn’s test with the Kruskal–Wallis
test. Continuous data between the two groups were compared using the signed-rank test.
Calculations were performed using Stat Mate IV software (version 4.01, ATOMS, Tokyo,
Japan). Statistical significance was defined as a p < 0.05.

3. Results
3.1. Patients

Table 1 shows the clinicopathological characteristics of the 27 consecutive patients
with 29 serrated polyps evaluated in this study. Histologically, there were 18 SSLs and
11 microvesicular mucin-rich type hyperplastic polyps.
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Table 1. Clinicopathological characteristics of patients and adenomas.

Serrated Polyps, n. 29

Histological subtype; n.
Sessile serrated lesion 18
Microvesicular mucin-rich type hyperplastic polyp 11
Goblet cell-rich type hyperplastic polyp 0

Location; n., cecum, ascending, transverse, descending, sigmoid,
rectum 4, 12, 10, 0, 3, 0

Size, mean (standard deviation, range); mm 9.0 (4.29, 3–18)
Morphology; n., Ip, Is, IIa, IIb 0, 0, 29, 0

3.2. Visibility Score for the Lesion without Magnification

The lesion visibility score of TXI was significantly higher than that of WLI but lower
than that of chromoendoscopy in serrated polyps and the sub-analysis of SSLs (Table 2).

Table 2. Visibility scores without magnification for WLI, TXI, NBI, and chromoendoscopy.

WLI TXI NBI Chromoendoscopy

All serrated polyps
Mean visibility score (SD) 2.27 (0.75) 2.93 (0.76) *** 2.74 (0.79) ** 3.45 (0.68) ***, †††, ‡‡‡

SSLs
Mean visibility score (SD) 2.25 (0.76) 2.90 (0.77) *** 2.65 (0.79) 3.45 (0.64) ***, ††, ‡‡‡

Hyperplastic polyps
Mean visibility score (SD) 2.30 (0.72) 2.97 (0.67) ** 2.88 (0.77) * 3.45 (0.74) ***, ‡

The visibility score was defined as follows: 4, excellent (easily detectable); 3, good (detectable with careful
observation; 2, fair (hardly detectable without careful examination); and 1 poor (not detectable without repeated
careful examination). WLI, white light imaging; TXI, texture and color enhancement imaging; NBI, narrow-band
imaging; SD, standard deviation. ***: p value < 0.001 compared with WLI, **: p value < 0.01 compared with WLI,
*: p value < 0.05 compared with WLI, †††: p value < 0.001 compared with TXI, ††: p value < 0.01 compared with
TXI, ‡‡‡: p value < 0.001 compared with NBI, ‡: p value < 0.05 compared with NBI.

3.3. Visibility Score for Vessel Pattern with Magnification

The visibility score of TXI for the vessel pattern with magnification was significantly
higher than that of WLI and chromoendoscopy in serrated polyps and the sub-analysis of
SSLs (Table 3).

Table 3. Visibility scores of vessel pattern and surface pattern with magnification for WLI, TXI, NBI,
and chromoendoscopy.

WLI TXI NBI Chromoendoscopy

All serrated polyps
Vessel pattern (SD) 2.30 (0.74) 2.91 (0.80) ***, ††† 3.23 (0.84) ***, ††† 2.21 (0.83)
Surface pattern (SD) 1.86 (0.64) 2.75 (0.68) *** 3.46 (0.70) ***, ‡‡‡, ††† 2.79 (0.75) ***

SSLs
Vessel pattern (SD) 2.24 (0.74) 2.89 (0.81) ***, †† 3.19 (0.86) ***, ††† 2.30 (0.87)
Surface pattern (SD) 1.80 (0.62) 2.70 (0.66) *** 3.39 (0.78) ***, ‡‡‡, †† 2.83 (0.76) ***

Hyperplastic polyps
Vessel pattern (SD) 2.41 (0.73) 2.96 (0.79) ††† 3.33 (0.77) ***, ††† 2.04 (0.69)
Surface pattern (SD) 2.00 (0.67) 2.85 (0.70) ** 3.59 (0.49) ***, ‡‡, ††† 2.70 (0.71) *

WLI, white light imaging; TXI, texture and color enhancement imaging; NBI, narrow-band imaging; SD, standard
deviation. ***: p value < 0.001 compared with WLI, **: p value < 0.01 compared with WLI, *: p value < 0.05
compared with WLI, †††: p value < 0.001 compared with chromoendoscopy, ††: p value < 0.01 compared with
chromoendoscopy, ‡‡‡: p value < 0.001 compared with TXI, ‡‡: p value < 0.01 compared with TXI.



J. Clin. Med. 2022, 11, 119 6 of 9

3.4. Visibility Score for Surface Pattern with Magnification

The visibility score of TXI for the surface pattern with magnification was significantly
higher than that of WLI but lower than that of NBI in serrated polyps and the sub-analysis
of SSLs and hyperplastic polyps (Table 3).

3.5. Visibility Scores for WLI and TXI by Each Expert Endoscopist

The visibility scores of TXI with and without magnification were significantly higher
than those of WLI (Table 4). The visibility improvement in TXI was consistent among the
three expert endoscopists.

Table 4. Visibility scores for WLI and TXI assigned by each expert endoscopist.

WLI TXI

Mean visibility scores without magnification (SD)
Expert endoscopist 1 2.29 (0.71) 2.75 (0.75) ***
Expert endoscopist 2 2.46 (0.83) 3.00 (0.77) ***
Expert endoscopist 3 2.07 (0.66) 3.04 (0.69) ***

Visibility scores of vessel pattern with magnification
Expert endoscopist 1 1.85 (0.60) 2.37 (0.74) ***
Expert endoscopist 2 2.52 (0.85) 2.89 (0.70) **
Expert endoscopist 3 2.52 (0.58) 3.48 (0.58) ***

Visibility scores of surface pattern with magnification
Expert endoscopist 1 1.62 (0.88) 2.48 (0.80) ***
Expert endoscopist 2 1.89 (0.51) 2.74 (0.59) ***
Expert endoscopist 3 2.07 (0.38) 3.04 (0.52) ***

WLI, white light imaging; TXI, texture and color enhancement imaging; SD, standard deviation. ***: p value < 0.001
compared with WLI, **: p value < 0.01 compared with WLI.

4. Discussion

This study showed that TXI with and without magnification provided higher visibility
than WLI did for serrated colorectal polyps, including SSL. However, non-magnified TXI
was inferior to chromoendoscopy, and magnified TXI for surface patterns was inferior to
magnified NBI. This is the first report on the efficacy of TXI for serrated colorectal polyps,
including SSL.

Olympus Corp. first developed the NBI as an innovative image-enhanced endoscopy
technology in 2007 [14]. Fujifilm Corp. developed blue light imaging (BLI) as a similar
product. NBI and BLI are mainly used for magnified endoscopy and the detection of
esophageal cancer [15,16]. Fujifilm Corp. also developed the linked color imaging (LCI)
method, which is mainly used to detect lesions without magnification [17]. A randomized
controlled trial (RCT) showed that LCI was significantly superior to standard WLI for
polyp detection [18]. Currently, LCI-based observations are becoming standard instead of
WLI. However, Olympus did not have a mode corresponding to that of LCI until recently.
Olympus released TXI as a mode similar to that of LCI. Although LCI and TXI have similar
concepts, there are several differences in their principles. LCI uses ambient light with
wavelengths of 410 nm and 450 nm, the images are converted to resemble those of WLI, and
color is enhanced such that red is changed to vivid red and white is changed to clear white.
On the other hand, TXI uses white light, texture and color are enhanced, and brightness is
adjusted. There is no study that directly compares TXI and LCI. The comparison between
TXI and LCI is a future issue. The global share of Olympus Corp. is 70% for gastrointestinal
endoscopy, so the spread of TXI may exceed that of LCI.

TXI provides higher visibility than does WLI for colorectal adenomas. In the present
study, we found that TXI provided higher visibility than did WLI for serrated colorectal
polyps. Taken together, this might imply that TXI can replace WLI in the detection of
premalignant polyps in colonoscopy.
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It is controversial whether LCI allows for better SSL detection. Fujimoto et al. showed
that LCI was the most sensitive mode for SSL detection among WLI, BLI, and LCI in still-
image examinations. Furthermore, their RCT of tandem colonoscopy with WLI and LCI
suggested that LCI is superior to WLI in SSL detection [19]. An RCT by Dos Santos showed
that LCI enables better adenoma detection, with a borderline significance for a higher
detection of sessile serrated adenomas (p = 0.05) [20]. Conversely, an RCT by Paggi et al.
showed that LCI allowed for better adenoma detection, but not for SSL detection [21]. Our
study showed that TXI was significantly superior to WLI for SSL detection in still-image
examinations. With regard to the SSL detection rate during colonoscopy, prospective RCTs
are required in the future.

In this study, TXI was inferior to chromoendoscopy in SSL detection. Furthermore,
the magnified TXI was inferior to the magnified NBI in terms of the visibility of surface
patterns. On the other hand, Kitagawa et al. found that magnified LCI with indigo carmine
was superior to magnified BLI [22]. Sakamoto et al. also reported that magnified LCI with
crystal violet staining provided more diagnostic information than magnified blue light
imaging (BLI) and WLI [23]. TXI with chromoendoscopy might be also promising, and
needs to be further investigated in future studies.

Texture plays an important role in the identification of regions of interest in an image;
hence, texture enhancement is a meaningful component in digital image processing [24,25].
There are several reports on the quantitative analysis of TXI. Sato et al. performed a
quantitative analysis using endoscopic images of the gastrointestinal tract from an in vivo
porcine study [26]. Their quantitative analysis included edge-based contrast measurements,
the standard deviation of the averaged illumination, and the color difference. In the analysis
of edge-based contrast measure, TXI had higher value than WLI, showing that TXI can
enhance image contrast, arising from texture enhancement. This study also revealed that
TXI can reduced the standard deviation of the illumination nonuniformity compared with
white light imaging (WLI). This improvement was achieved by selectively enhancing the
brightness in dark areas. In the analysis of color difference, TXI had a higher color difference
than WLI due to color enhancement. Ishikawa et al. also analyzed the color difference
between neoplastic and peripheral areas of twelve gastric neoplasms in WLI and TXI [27].
The color difference was significantly higher in TXI than in WLI.

The present study had some limitations. The sample size was small, although statisti-
cally significant differences were observed. Larger prospective studies are required in the
future. Even though this was a single-center, retrospective study, because our institution
specializes in endoscopy, the endoscopic environment was well managed.

5. Conclusions

The visibility provided by non-magnified TXI was higher than that provided by WLI
and lower than that provided by chromoendoscopy for serrated polyps, including SSLs.
The visibility provided by magnified TXI was higher than that provided by WLI but
lower than that provided by NBI. TXI could be a suitable modality for the detection of
premalignant colorectal polyps.

Author Contributions: T.N.: conception of article, writing of article, statistical analysis, review of
endoscopic images; O.T.: conception of article, taking endoscopic images, review of endoscopic
images, and final manuscript approval; S.Y., C.U., K.K., M.M., M.O. and T.Y.: review of endoscopic
images, critical review; M.F., H.E. and H.S.: critical review and final manuscript approval. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was reviewed and approved by the Certificated
Review Board, Yoyogi Mental Clinic on 16 July 2021 (approval no. RKK227).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: No additional data are available.



J. Clin. Med. 2022, 11, 119 8 of 9

Conflicts of Interest: MF received a research grant and honoraria from Olympus Corporation.

References
1. Goyal, H.; Mann, R.; Gandhi, Z.; Perisetti, A.; Ali, A.; Aman Ali, K.; Sharma, N.; Saligram, S.; Tharian, B.; Inamdar, S. Scope of

Artificial Intelligence in Screening and Diagnosis of Colorectal Cancer. J Clin. Med. 2020, 9, 3313. [CrossRef] [PubMed]
2. Zauber, A.G.; Winawer, S.J.; O’Brien, M.J.; Lansdorp-Vogelaar, I.; van Ballegooijen, M.; Hankey, B.F.; Shi, W.; Bond, J.H.; Schapiro,

M.; Panish, J.F.; et al. Colonoscopic polypectomy and long-term prevention of colorectal-cancer deaths. N. Engl. J. Med. 2012, 366,
687–696. [CrossRef] [PubMed]

3. Albeniz, E.; Pellise, M.; Gimeno Garcia, A.Z.; Lucendo, A.J.; Alonso Aguirre, P.A.; Herreros de Tejada, A.; Alvarez, M.A.; Fraile,
M.; Herraiz Bayod, M.; Lopez Roses, L.; et al. Clinical guidelines for endoscopic mucosal resection of non-pedunculated colorectal
lesions. Gastroenterol. Hepatol. 2018, 41, 175–190. [CrossRef] [PubMed]

4. Nishizawa, T.; Yoshida, S.; Toyoshima, A.; Yamada, T.; Sakaguchi, Y.; Irako, T.; Ebinuma, H.; Kanai, T.; Koike, K.; Toyoshima, O.
Endoscopic diagnosis for colorectal sessile serrated lesions. World J. Gastroenterol. 2021, 27, 1321–1329. [CrossRef]

5. Kinoshita, S.; Nishizawa, T.; Uraoka, T. Progression to invasive cancer from sessile serrated adenoma/polyp. Dig. Endosc. 2018,
30, 266. [CrossRef]

6. Dhillon, A.S.; Ibraheim, H.; Green, S.; Suzuki, N.; Thomas-Gibson, S.; Wilson, A. Curriculum review: Serrated lesions of the
colorectum. Frontline Gastroenterol. 2020, 11, 243–248. [CrossRef]

7. Riu Pons, F.; Andreu, M.; Naranjo, D.; Alvarez-Gonzalez, M.A.; Seoane, A.; Dedeu, J.M.; Barranco, L.; Bessa, X. Narrow-band
imaging and high-definition white-light endoscopy in patients with serrated lesions not fulfilling criteria for serrated polyposis
syndrome: A randomized controlled trial with tandem colonoscopy. BMC Gastroenterol. 2020, 20, 111. [CrossRef]

8. JE, I.J.; van Doorn, S.C.; van der Brug, Y.M.; Bastiaansen, B.A.; Fockens, P.; Dekker, E. The proximal serrated polyp detection rate
is an easy-to-measure proxy for the detection rate of clinically relevant serrated polyps. Gastrointest. Endosc. 2015, 82, 870–877.
[CrossRef]

9. Nishizawa, T.; Yoshida, S.; Toyoshima, O.; Matsuno, T.; Irokawa, M.; Arano, T.; Ebinuma, H.; Suzuki, H.; Kanai, T.; Koike, K. Risk
Factors for Prolonged Hospital Stay after Endoscopy. Clin. Endosc. 2021, 54, 851–856. [CrossRef]

10. Toyoshima, O.; Yoshida, S.; Nishizawa, T.; Yamakawa, T.; Sakitani, K.; Hata, K.; Takahashi, Y.; Fujishiro, M.; Watanabe, H.;
Koike, K. CF290 for pancolonic chromoendoscopy improved sessile serrated polyp detection and procedure time: A propensity
score-matching study. Endosc. Int. Open 2019, 7, E987–E993. [CrossRef]

11. Toyoshima, O.; Nishizawa, T.; Yoshida, S.; Sekiba, K.; Kataoka, Y.; Hata, K.; Watanabe, H.; Tsuji, Y.; Koike, K. Expert endoscopists
with high adenoma detection rates frequently detect diminutive adenomas in proximal colon. Endosc. Int. Open 2020, 8, E775–E782.
[CrossRef]

12. Yoshida, N.; Hisabe, T.; Hirose, R.; Ogiso, K.; Inada, Y.; Konishi, H.; Yagi, N.; Naito, Y.; Aomi, Y.; Ninomiya, K.; et al. Improvement
in the visibility of colorectal polyps by using blue laser imaging (with video). Gastrointest. Endosc. 2015, 82, 542–549. [CrossRef]
[PubMed]

13. Suzuki, T.; Hara, T.; Kitagawa, Y.; Takashiro, H.; Nankinzan, R.; Sugita, O.; Yamaguchi, T. Linked-color imaging improves
endoscopic visibility of colorectal nongranular flat lesions. Gastrointest. Endosc. 2017, 86, 692–697. [CrossRef] [PubMed]

14. Kurumi, H.; Nonaka, K.; Ikebuchi, Y.; Yoshida, A.; Kawaguchi, K.; Yashima, K.; Isomoto, H. Fundamentals, Diagnostic Capabilities
and Perspective of Narrow Band Imaging for Early Gastric Cancer. J. Clin. Med. 2021, 10, 2918. [CrossRef] [PubMed]

15. Wagner, A.; Zandanell, S.; Kiesslich, T.; Neureiter, D.; Klieser, E.; Holzinger, J.; Berr, F. Systematic Review on Optical Diagnosis of
Early Gastrointestinal Neoplasia. J. Clin. Med. 2021, 10, 2794. [CrossRef]

16. Okumura, K.; Hojo, Y.; Tomita, T.; Kumamoto, T.; Nakamura, T.; Kurahashi, Y.; Ishida, Y.; Hirota, S.; Miwa, H.; Shinohara, H.
Accuracy of Preoperative Endoscopy in Determining Tumor Location Required for Surgical Planning for Esophagogastric Junction
Cancer. J. Clin. Med. 2021, 10, 3371. [CrossRef] [PubMed]

17. Matsumura, S.; Dohi, O.; Yamada, N.; Harusato, A.; Yasuda, T.; Yoshida, T.; Ishida, T.; Azuma, Y.; Kitae, H.; Doi, T.; et al.
Improved Visibility of Early Gastric Cancer after Successful Helicobacter pylori Eradication with Image-Enhanced Endoscopy: A
Multi-Institutional Study Using Video Clips. J. Clin. Med. 2021, 10, 3649. [CrossRef]

18. Min, M.; Deng, P.; Zhang, W.; Sun, X.; Liu, Y.; Nong, B. Comparison of linked color imaging and white-light colonoscopy for
detection of colorectal polyps: A multicenter, randomized, crossover trial. Gastrointest. Endosc. 2017, 86, 724–730. [CrossRef]

19. Fujimoto, D.; Muguruma, N.; Okamoto, K.; Fujino, Y.; Kagemoto, K.; Okada, Y.; Takaoka, Y.; Mitsui, Y.; Kitamura, S.; Kimura,
T.; et al. Linked color imaging enhances endoscopic detection of sessile serrated adenoma/polyps. Endosc. Int. Open 2018, 6,
E322–E334. [CrossRef]

20. Oliveira Dos Santos, C.E.; Malaman, D.; Pereira-Lima, J.C.; de Quadros Onofrio, F.; Ribas Filho, J.M. Impact of linked-color
imaging on colorectal adenoma detection. Gastrointest. Endosc. 2019, 90, 826–834. [CrossRef]

21. Paggi, S.; Radaelli, F.; Senore, C.; Maselli, R.; Amato, A.; Andrisani, G.; Di Matteo, F.; Cecinato, P.; Grillo, S.; Sereni, G.; et al.
Linked-color imaging versus white-light colonoscopy in an organized colorectal cancer screening program. Gastrointest. Endosc.
2020, 92, 723–730. [CrossRef] [PubMed]

22. Kitagawa, Y.; Hara, T.; Ikebe, D.; Nankinzan, R.; Takashiro, H.; Kobayashi, R.; Nakamura, K.; Yamaguchi, T.; Suzuki, T. Magnified
endoscopic observation of small depressed gastric lesions using linked color imaging with indigo carmine dye. Endoscopy 2018,
50, 142–147. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm9103313
http://www.ncbi.nlm.nih.gov/pubmed/33076511
http://doi.org/10.1056/NEJMoa1100370
http://www.ncbi.nlm.nih.gov/pubmed/22356322
http://doi.org/10.1016/j.gastre.2018.03.001
http://www.ncbi.nlm.nih.gov/pubmed/29449039
http://doi.org/10.3748/wjg.v27.i13.1321
http://doi.org/10.1111/den.12988
http://doi.org/10.1136/flgastro-2018-101153
http://doi.org/10.1186/s12876-020-01257-4
http://doi.org/10.1016/j.gie.2015.02.044
http://doi.org/10.5946/ce.2020.292
http://doi.org/10.1055/a-0953-1909
http://doi.org/10.1055/a-1136-9971
http://doi.org/10.1016/j.gie.2015.01.030
http://www.ncbi.nlm.nih.gov/pubmed/25851158
http://doi.org/10.1016/j.gie.2017.01.044
http://www.ncbi.nlm.nih.gov/pubmed/28193491
http://doi.org/10.3390/jcm10132918
http://www.ncbi.nlm.nih.gov/pubmed/34209939
http://doi.org/10.3390/jcm10132794
http://doi.org/10.3390/jcm10153371
http://www.ncbi.nlm.nih.gov/pubmed/34362152
http://doi.org/10.3390/jcm10163649
http://doi.org/10.1016/j.gie.2017.02.035
http://doi.org/10.1055/s-0043-124469
http://doi.org/10.1016/j.gie.2019.06.045
http://doi.org/10.1016/j.gie.2020.05.044
http://www.ncbi.nlm.nih.gov/pubmed/32502550
http://doi.org/10.1055/s-0043-119212
http://www.ncbi.nlm.nih.gov/pubmed/28954304


J. Clin. Med. 2022, 11, 119 9 of 9

23. Sakamoto, T.; Inoki, K.; Takamaru, H.; Sekiguchi, M.; Yamada, M.; Nakajima, T.; Matsuda, T.; Saito, Y. Efficacy of linked colour
imaging in magnifying chromoendoscopy with crystal violet staining: A pilot study. Int. J. Colorectal Dis. 2019, 34, 1341–1344.
[CrossRef] [PubMed]

24. Haralick, R.; Shanmugam, K.; Dinstein, I. Textural features for image classification. IEEE Trans. Syst. Man Cybern. 1973, 3, 610–621.
[CrossRef]

25. Yu, Q.; Vegh, V.; Liu, F.; Turner, I. A Variable Order Fractional Differential-Based Texture Enhancement Algorithm with Application
in Medical Imaging. PLoS ONE 2015, 10, e0132952. [CrossRef]

26. Sato, T. TXI: Texture and Color Enhancement Imaging for Endoscopic Image Enhancement. J. Healthc. Eng. 2021, 2021, 5518948.
[CrossRef]

27. Ishikawa, T.; Matsumura, T.; Okimoto, K.; Nagashima, A.; Shiratori, W.; Kaneko, T.; Oura, H.; Tokunaga, M.; Akizue, N.; Ohta,
Y.; et al. Efficacy of Texture and Color Enhancement Imaging in visualizing gastric mucosal atrophy and gastric neoplasms. Sci.
Rep. 2021, 11, 6910. [CrossRef]

http://doi.org/10.1007/s00384-019-03323-0
http://www.ncbi.nlm.nih.gov/pubmed/31168654
http://doi.org/10.1109/TSMC.1973.4309314
http://doi.org/10.1371/journal.pone.0132952
http://doi.org/10.1155/2021/5518948
http://doi.org/10.1038/s41598-021-86296-x

	Introduction 
	Methods 
	Patients 
	Ethics 
	Endoscopy 
	Visibility Scoring 
	Statistical Analysis 

	Results 
	Patients 
	Visibility Score for the Lesion without Magnification 
	Visibility Score for Vessel Pattern with Magnification 
	Visibility Score for Surface Pattern with Magnification 
	Visibility Scores for WLI and TXI by Each Expert Endoscopist 

	Discussion 
	Conclusions 
	References

