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ABSTRACT

Background: The Doppler twinkling effect has also become a promising adjunctive method to
improve the ultrasound image of small urinary stones. The aim of the current research was to
determine the diagnostic accuracy of the Doppler twinkling artifact in detecting urolithiasis
with a diameter less than 5mm using non-contrast computed tomography of the kidneys,
ureters, and bladder (CT-KUB) as the reference standard.

Methods: This cross-sectional validation study carried out at the Department of Radiology,
Indus hospital and health network, Karachi, between the months of August 2025 and March
2026. The sample comprised 134 patients aged between 20 and 80 years old and whose chief
complaint was acute flank pain, which was followed by sequential grayscale and color
Doppler ultrasonography, then non-contrast CT-KUB. The twinkling artifact in the Doppler
imaging was noted and its diagnostic capability evaluated. All the essential diagnostic
accuracy parameters were evaluated and stratified analysis was done on the basis of age,
gender and duration of onset of symptoms.

Results: Study was male dominant with 62.7% of male population and mean age of the total
study population was 50.4+18.46 years. Urolithiasis was positive in 38.1% of enrolled subjects
on non-contrast CT. Doppler twinkling artifact demonstrated a sensitivity of 86.3%, specificity
of 92.8%, PPV of 88.0%, NPV of 91.7%, and overall diagnostic accuracy of 90.3%. The accuracy
of the diagnosis had been found to be consistent across gender, age groups, and symptom
duration with the overall accuracy ranging between 87.5% and 93.0%.

Conclusion: The Doppler twinkling artifact is a noninvasive, radiation-free, reliable imaging
adjunct, which has high diagnostic accuracy in detecting urolithiasis less than 5mm. Its
systemic integration with ultrasound assessments would make it less reliant on computed
tomography particularly in resource-limited contexts.
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Introduction stones are made of calcium oxalate and / or
phosphate.
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Nephrolithiasis refers to kidney /renal stone
formation. When these stones exit the kidney,
they are located in renal pelvis or anywhere
in the urinary tract such as ureter, it is
referred to as urolithiasis. (1,2) Majority of
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Other types include struvite, uric acid and
cysteine. (3) Poor oral fluid intake, high
intake of animal proteins, high intake of
oxalate containing foods and increased intake
of salt are some of the factors for urolithiasis

and nephrolithiasis. (4) The common
locations of obstructing calculi include
pelviureteric junction (PUJ) and

ureterovesical junction (UV]).The stones in
ureter result in colicky pain because they
result in increased luminal tension and
release of prostaglandins. (5,6) Common
presenting symptoms include acute right or
left flank pain with or without hematuria.
Abdominal  examination is  usually
unremarkable. Due to the colicky in nature,
the pain often waxes and wanes. (7) It has
been reported that prevalence of urinary tract
calculi is approximately 24.9% in Pakistani
population. (8)

Ureteral stones under 5 mm should be
prudently managed because their size
appears to determine their passage.
Urological referral is necessary for stones
over 4 mm. Patients with stones larger than 5
mm and ureteral stones that have not passed

after two to four weeks should see a urologist.

Non-contrast computed tomography (NCCT)
is the current gold standard to use in the
evaluation of acute flank pain and has
superseded intravenous urography (IVU).
The initial, radiation-free imaging modality is
ultrasound, though NCCT is reserved as a
means to confirm diagnosis if needed,
especially in younger patients, during
pregnancy and for follow up (9,10) Moreover,
by applying Doppler twinkling artifact, the
accuracy can be improved. In calculi less than
5.0 mm, the application of Doppler twinkling
artifact yields higher diagnostic accuracies
(11).

The diagnostic value of the twinkling artifact
with urinary calculi as a whole is known, but

it is comparatively under investigated in
patients having smaller calculi (<5 mm) and
in patients in whom grayscale ultrasound
fails most of the time. So, robust local data on
this subgroup are scarce. The present study
not only addresses this gap by isolating
calculi measuring less than 5 mm but also
benchmarks the twinkling artifact directly
against NCCT, using the reference standard,
and  provides  stratified  diagnostic-
performance data from a Pakistani populace
extending previous accuracy studies, rather
than duplicating them.

Methods
Following the approval of institutional
review board of Indus Hospital & Health
Network through letter number IHHN-IRB #
IHHN_IRB_2025_12 003 issued on 1°
January 2026 as well as prior approval of
CPSP, this cross-sectional validation study
was conducted from August 2025 to March
2026 in the Radiology Department. The study
was designed and reported in accordance
with the Standards for Reporting Diagnostic
Accuracy Studies (STARD 2015) guidelines.
Informed consent was obtained in writing
with the help of all the participants prior to
enrolment.  Non-probability — consecutive
sampling was used to incorporate 134
patients; where, sample size was calculated
using Dr. Lin Naing calculator and taking
sensitivity as 94% (12), specificity as 94.68%
(13), margin of error 3%, prevalence of
urinary calculi as 24.9% (8) and confidence
level as 95%. Eligible subjects were adult
patients aged 20 -80 years who had an acute
onset of severe flank pain (one or more
episodes of 1 hour or longer) with stone size
<5bmm, and were referred to non-contrasted
computed tomography (CT)- kidneys, ureters,
urinary bladder (CT-KUB). Patients who
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have a history of urinary tract infection,
previous diagnosis of nephrolithiasis with
follow-up, renal malignancy, acute or chronic
renal failure, or refused consent were not
included. After detailed clinical analysis and
physical examination, enrolled patients
subjected to ultra-sonographic analysis of the
kidneys, ureters, and urinary bladder with
the help of Canon Xario 100 ultrasound
machine using a 3.5 MHz transducer. Stone
size was measured in mm with maximum
diameter in any plane (sagittal, coronal or
axial). A sonographer who had more than
five years of experience co-registered grey-
scale imaging and color Doppler examination
and without knowledge of the CT results that
would follow. The index test (Doppler
twinkling artifact) was reported as positive
when it was seen to contain a rapidly
alternating color mosaic (red/blue/yellow).
There was no quantitative cut-off that could
be used. A Dblinded independent
interpretation was conducted. False positives
(n=6) were attributed to non-calcific
twinkling or sub-CT-resolution fragment;
false negatives (n=7) to composition of stone
(uric acid), deep location, or very small size
(<3mm).

Unenhanced helical CT-KUB was performed
with 0.8mm slice thickness keeping 120kVp
and smart mAs (50-250mAs) in axial, coronal
and sagittal sections for the detection and
characterization of urinary tract stones. A
consultant radiologist with over eight years
of experience interpreted the imaging and
was blinded to the result of ultrasound.
Urolithiasis was considered a hyper dense
focus of any size located either in the kidneys,
ureters or in the urinary bladder on CT.
Analysis of the data was done in SPSS
version 22. Mean and standard deviation
were used to report quantities variables;
frequencies and percentages were used to
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report qualitative variables. The diagnostic
accuracy of the Doppler twinkling artifact
was measured in terms of sensitivity,
specificity, PPV, NPV, and overall accuracy
with 95% confidence interval using a 2x2
contingency table with the gold standard of
non-contrast CT. Stratified analyses were
done to determine the possible effect
modifiers such as age group, gender, and
duration of symptoms in reference to
diagnostic performance. ROC analysis wasn’t
performed due to the binary nature of the

data.
% Excluded (n=0) %
|
\/
%

Figure 1: Graphical Presentation of study
methodology

Patient Assesed

and shortlisted
(n=134)

Results
Analysis of the collected data reflected that
the mean age of the patients was 50.4+18.46
years and all the patients were further
categorized in two age groups. Study
population was male dominant with 62.7% of
males and more than half of the patients
belonged to age group of 20-50 years. Mean
duration of flank pain was 24.84+12.67 hours.
There was no much difference in the mean
stone size measured by the CT and
ultrasound which was 1.1841.69mm for
ultrasound and 1.19£1.67mm for CT. We
further analyzed that more than 82% of the
patients presented after 12 hours of onset of
symptoms. Moreover, stones were identified
in 38.1% of patients on grayscale ultrasound
but twinkling artifact was observed in 37.3%
of patients on doppler. Gold standard i.e.
non-contrast CT confirmed stones in 38.1%
patients. Detailed analysis of all the
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qualitative variables is shown in table 1 and
locations of stones on CT and ultrasound is
graphically presented in figure 1.

Upon cross tabulation we ruled out 44
patients were true positive and 77 were true
negative. We further analyzed that twinkling
artifact demonstrated a decent sensitivity
(86.3%) as well as specificity (92.8%) for
detection of ureteric stones <bmm keeping
non-contrast CT as gold standard (table 2).
Stratification analysis illuminated a high
diagnostic yield of doppler twinkling artifact
for detecting <bmm urolithiasis. However,
sensitivity was higher in female gender 95%
and specificity was higher in male gender
96.2% and overall diagnostic accuracy was
nearly similar and around 90% in both

subgroups. Sub-group analysis on the basis
of age demonstrated higher sensitivity and
specificity in age group less than or equal to
50 vyears. Similarly, the patients who
presented 212 hours showed somewhat
higher sensitivity and specificity. Detailed
stratification analysis is shown in table 3.

The stratification based on localization of
stones was not performed due to the fact that
the small population of patients in each of the
anatomical compartments could impair the
statistical ~ validity and reliability  of
estimations of diagnostic accuracy. As a
result, a location stratified analysis was not

carried out.

Table 1. Distribution of Qualitative Variables (n = 134)

Variable Category Frequency | Percentage (%)
Gender Male 84 62.7
Female 50 37.3
20-50 71 53.0
Age Group (years) 51-80 3 470
Job 79 59.0
Occupation Business 31 23.1
Unemployed/ None 24 17.9
<12 h .
Duration of Symptoms >12 h(())::: 12140 ;Z i
Y .
Stone on Grayscale Ultrasound NG:)S Z:l), 2? é
Twinkling Artifact on Doppler ;ZS 22 ZZ;
Y .
Stone on Non-Contrast Computed Tomography NG(E)S Z; 2? ;
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Figure 1. Frequency of stones at various locations on
CT and ultrasound

Table 2: Diagnostic Performance of Doppler
Twinkling Artifact Compared with CT (n =134)

Twinkling | Stone on Stone on | Total
Artifact CT CT
Positive Negative
Positive 44 (True 6 (False 50
Positive) Positive)
Negative 7 (False 77 (True 84
Negative) Negative)
Total 51 83 134

o Sensitivity: 86.3% (95%Cl: 74.9-93.1)

o Specificity: 92.8% (95%CI: 85.1-97.3)

o DPositive Predictive Value (PPV): 88.0%
(95%Cl: 75.7-94.8)

o Negative Predictive Value (NPV): 91.7%
(95%Cl: 83.9-96.3)

e Overall Diagnostic Accuracy:

90.3% (95%Cl: 84.0-94.7)

Table 3: Stratified Diagnostic Accuracy of Doppler Twinkling Artifact (Using CT as Reference Standard)

Effect Modifier Category | Sensitivity | Specificity | PPV | NPV | Diagnostic
(n) (%) (%) (%) (%) | Accuracy (%)
Gender Female 95.0 86.7 82.6 96.3 90.0
Male 80.6 96.2 92.6 89.5 90.5
Age Group (years) | 20-50 92.3 93.3 88.9 95.5 93.0
51-80 80.0 92.1 87.0 87.5 87.3
Duration of <12 hours 83.3 91.7 90.9 84.6 87.5
Symptoms 212 hours 87.2 93.0 87.2 93.0 90.9
NPV: Negative Predictive Value, PPV: Positive Predictive Value,
Discussion artifact had a sensitivity of 94% in identifying

This research shows that Doppler twinkling
artifact is a very precise non-invasive
imaging modality in detecting urolithiasis
less than 5 mm with a high sensitivity value
(86.3%), specificity (92.8%), and general
diagnostic capability compared to non-
contrast CT as the reference modality. The
results of the study emphasize the diagnostic
importance of the Doppler twinkling artifact
in a regular wultrasound examination,
especially when a patient comes with acute
pain in his or her flank.

The diagnostic performance observed is
similar to and in other parts corroborates
other  previously  published  studies.
According to Hanafi et al. (12) twinkling

urinary calculi less than 5 mm, and was as
such more helpful in the detection of small
stones where grayscale ultrasound could be
at a disadvantage. On the same note, Adel et
al. (13) also achieved high specificity (94.68%)
of the twinkling artifact as a predictor of the
urinary tract calculi. The sensitivity in this
present study is a bit lower, but this
difference can be linked to operator
dependence, patient-related factors, stone
composition and anatomical location which
are known to affect the visibility of the
twinkling artifact. The reported sensitivities
vary between 71- 99 % and specificities
between 56 - 100 % across local and global
literature which used non-contrast computed
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tomography as a reference standard
(14,15,16,17,18). Studies that have looked into
microlithiasis (<5mm) have demonstrated
better detection using the twinkling artifact
than wusing grayscale ultrasound (only)
(14,18,19). The studies of Pakistani are also
showing similar diagnostic accuracy, which
supports the application of this technique in
local conditions (15,16,17). The difference in
specificity noted in certain studies can be
explained by the fact that they used the
twinkling artifact alone without the presence
of the signs of complementary grayscale or
shadowing as pointed out by Masch et al.
(20). In general, the existing data supports the
twinkling artifact to be used as a useful
addition to ultrasound to avoid the use of
computed tomography.

In the present study, twinkling artifact
identified stones where grayscale ultrasound
had failed and this supports the importance
of twinkling artifact as a supplementary tool
and not a substitute to the traditional
ultrasound. On grayscale imaging alone,
small stones especially those which do not
have a distinct posterior acoustic shadowing
can be easily overlooked. Color Doppler is
added to enhance detection on the basis of
exploiting the rough reflective surface of
calculi, which generates the characteristic
alternating color signal in short bursts (21,22).
There were six false positive tests noted. The
ones most likely were caused by twinkling
due to vascular calcifications, parenchymal
calcifications, crystalline deposits, or other
highly reflective interfaces that caused
Doppler signal fluctuations even in the
absence of urinary stones. This is similar to
what was observed in the past. There were
seven cases of false negative following CT
diagnosis of calculi. The extremely small size
of stones (<3 mm), stones further from the
kidney, poor acoustic windows, lack of

surface irregularity, and stone type due to
uric acid may have all contributed to the
absence of the twinkling phenomenon in
these cases.

Stratified analysis also revealed that
diagnostic accuracy of twinkling artifact was
consistently good in various subgroups. The
difference between genders in terms of
sensitivity was more common among female
patients; however, the difference in
specificity was more prominent among male
patients; the overall accuracy between the
genders was similar. Equally, the diagnostic
performance was minimally higher in
younger patients and in patients with the
longest period of onset, perhaps because of
greater obstruction-related changes or higher
stone conspicuity with age. Such results
indicate that twinkling artifact has a good
level of reliability when applied within a
broad clinical range and is not strongly
affected by low-level demographic variables.
Clinically, this study is of special interest to
resource-constrained  practices, including
those found in Pakistan, in which CT access
might be limited and radiation exposure an
issue. Considering the large incidence of
urolithiasis among the local population and
the many patients presenting with acute
flank pain, Doppler ultrasound with
twinkling  artifact evaluation is an
inexpensive, radiation-free, and an easily
accessible form of diagnosis, particularly in
the initial examination and screening. It is a
low cost, exposure-free, and accessible first
line tool in resource constrained settings like
Pakistan where access to CT may be
compromised and radiation exposure could
be a concern. A positive twinkling artifact in
the right clinical situation could be used to
help prioritize patients, where ultrasound is
uncertain, if there is persistent clinical
suspicion, or if complications like obstruction
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or infection are suspected, and could allow a
reduction in the need for CT, rather than
replacement of it.

The clear methodology, employment of the
non-contrast CT as the gold standard, case of
only small (less than 5 mm) stones, and the
strong stratified analysis of diagnostic
performance are among the main strengths of
this study. The results provide meaningful
local information, which fills a significant gap
in the Pakistani literature on the diagnostic
usefulness of the Doppler twinkling artifact.
However, there are several reasons why
these findings should be interpreted with
caution. The twinkling artifact is operator-
and equipment-dependent and is influenced
by Doppler parameters (such as pulse
repetition frequency, colour gain, and the
placement of the focal-zone), the type of
transducer used, and patient body habitus.
Artifacts can be confused with other
echogenic or crystalline signals, such as
vascular calcification, intrarenal calcifications,
and Randall plaques. The effect depends on
having a roughened, irregular reflecting
surface, and false-negative results occur more
often with very small, deep, and anterior
stone locations; when the patient has large
body habitus; and when the stone surface has
a low reflectiveness, as seen with the low
reflectability of the stones of the Durocher
group. It is critical to be aware of these
mechanisms when using the technique. In
short, the standardized acquisition protocols
and proper operator training will be
important for the reproducibility between
different institutions.

However, in spite of these strong points,
there are some limitations to be taken into
consideration. First, it was a single-center
study, which does not allow one to
generalize the results. Second, ultrasound is
operator dependent and even though the
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examinations were conducted by trained
sonographers interobserver variability was
not evaluated. Third, the small number of
cases in each anatomical site made
stratification =~ by  location of  stone
anatomically insignificant, making location-
specific inferences difficult. Also, the stone
composition was not assessed, which could
affect the existence and the strength of the
twinkling artifact. The findings of these
studies should be viewed in context of

multicenter, prospective  studies  with
interobserver  assessment and  stone-
composition analysis to confirm the

reproducibility and external validity of these
findings.

Conclusion
Compared to non-contrast computed
tomography, the color Doppler twinkling
artifact provides high sensitivity, specificity
and overall diagnostic accuracy in detecting
urolithiasis less than 5mm. The method is
also consistent across various age cohorts,
genders and symptom duration, which
further strengthens its soundness as a
diagnostic instrument. Considering that it is
non-invasive, does not involve ionizing
radiations and is commonly available in the
market, integration of color Doppler
evaluation in the standard practice of
ultrasonography can greatly improve early
detection of small stone in the urinary tract.
Non-contrast CT is still the gold standard but
the use of Doppler twinkling assessment may
add to the confidence of ultrasound
diagnosis and help to make clinical decisions,
especially when immediate CT scanning is
not available. The results have to be
confirmed in larger multicenter studies
before wide-spread use in clinical guidelines.

Int. J. pathol.2026; 24(2): 229 — 237



OPEN

. Stamatelou

ACCESS

Source of funding: Nil.
Conflict of interest: Nil

References

. Zeng G, Zhu W, Robertson WG,
Penniston KL, Smith D, Pozdzik A, et al:
International Alliance of Urolithiasis (IAU)
guidelines on the metabolic evaluation
and medical management of urolithiasis.
Urolithiasis 2022 Dec 1;51(1):4. doi:
10.1007 /s00240-022-01387-2.

. Smeulders N, Cho A, Alshaiban A, Read

K, Fagan A, Easty M, et al: Shockwaves
and the Rolling Stones: An Overview of
Pediatric Stone Disease. Kidney Int Rep
2022 Dec 2;8(2):215-28. doi:
10.1016/j.ekir.2022.11.017.

. Chung MJ: Urolithiasis and
nephrolithiasis. JAAPA 2017 Sep;30(9):49-
50. doi:
10.1097/01.JAA.0000522145.52305.aa.

K, Goldfarb DS:
Epidemiology = of  Kidney  Stones.
Healthcare (Basel) 2023 Feb 2;11(3):424.
doi: 10.3390/ healthcare11030424

. Jahrreiss V, Ozsoy M, Seitz C, Somani B:
Past, present and future of genomics for
kidney stone disease. Curr Opin Urol
2023 Mar 1,33(2):73-6.
doi:10.1097 /MOU.0000000000001064

. Spradling K, Ganesan C, Conti S: Medical
Treatment and Prevention of Urinary
Stone Disease. Urol Clin North Am 2022
May;49(2):335-44. doi:
10.1016/j.ucl.2021.12.007

. Sivaguru M, Saw JJ, Wilson EM, Lieske JC,
Krambeck AE, Williams JC, et al: Human
kidney stones:a natural record of
universal biomineralization. Nat Rev Urol
2021 Jul;18(7):404-32. doi: 10.1038/s41585-
021-00469-x

236

O

10.

11.

12.

13.

14.

Ahmad F, Nada MO, Farid AB, Haleem
MA, Razack SM: Epidemiology of
urolithiasis with emphasis on ultrasound
detection: a retrospective analysis of 5371
cases in Saudi Arabia. Saudi ] Kidney Dis
Transpl 2015 Mar;26(2):386-91. doi:
10.4103/1319-2442.152557

Serrell EC, Best SL: Imaging in stone
diagnosis and surgical planning. Curr
Opin Urol 2022 Jul 1,32(4):397-404. doi:
10.1097 /MOU.0000000000001002
Al-Shawi MM, Aljama NA, Aljedani R,
Alsaleh MH, Atyia N, Alsedrah A,
Albardi M: The Role of Radiological
Imaging in the Diagnosis and Treatment
of Urolithiasis: A Narrative Review.
Cureus. 2022 Dec 28;14(12):e33041. doi:
10.7759/ cureus.33041

Krakhotkin DV, Chernylovskyi VA, Sarica
K, Tsaturyan A, Liatsikos E, Makevicius J,
Iglovikov NY, Pikhovkin DN: Diagnostic
value ultrasound signs of stones less than
or equal to 10 mm and clinico-radiological
variants of ureteric colic. Asian ] Urol.
2023 Jan;10(1):39-49. doi:
10.1016/j.ajur.2022.03.015

Hanafi MQ, Fakhrizadeh A, Jaafaezadeh
E: An investigation into the clinical
accuracy of twinkling artifacts in patients
with wurolithiasis smaller than 5 mm in
comparison with computed tomography
scanning. ] Family Med Prim Care 2019
Feb;8(2):401-6. doi:
10.4103/jfmpc.jfmpc_300_18

Adel H, Sattar A, Rahim A, Aftab A, Adil
SO: Diagnostic Accuracy of Doppler
Twinkling Artifact for Identifying Urinary
Tract Calculi. Cureus 2019 Sep 13;11(9):
eb647. doi: 10.7759/ cureus.5647

Letafati M, Tarzamni MK, Hajalioghli P,
Taheri SM, Vaseghi H, et al: Diagnostic
accuracy of twinkling artifact sign seen in
color Doppler ultrasonography in

Int. J. pathol.2026; 24(2): 229 — 237



OPEN

15.

16.

17.

18.

ACCESS

detecting  microlithiasis of kidney.

Nephro-Urol Mon 2020;12(2): €102860. doi:

https:/ /doi.org/10.5812/numonthly.1028
60

Shuja MK, Wahid G, Bashir F, Jawaid A,
Khan S, Amjad A: Diagnostic accuracy of
twinkling artifact of Doppler ultrasound
in predicting urinary tract calculi taking
CT scan as gold standard. ] Gandhara
Med Dent Sci 2025;12(2):34-8.
https:/ /doi.org/10.37762/jgmds.12-2.652
Rasul T, Latif A, Rehman T, Bano A:
Diagnostic accuracy of twinkling artefact
on color Doppler ultrasound to diagnose
urinary tract stones taking unenhanced
CT-KUB as gold standard. Int ] Biosci Res
2025;3(4):858-61. Doi:
https:/ /doi.org/10.70749/ijbr.v3i4.1972
Tariq R, Nadeem SF, Tahir HB, Hasnain
AZ, Iftikhar A, Khan W: Comparison of
diagnostic accuracy of colour Doppler
twinkling artefact with CT KUB in
detection of nephrolithiasis. Pak Armed
Forces Med ] 2024;74(1):104-7.

Gliga ML, Chirila CN, Podeanu DM,

19.

20.

21.

22.

Med Ultrason 2017;19(3):272-5. doi:
10.11152/ mu-984

Din X]J, Hing EY, Abdul Hamid H:
Diagnostic value of colour Doppler
twinkling artefact in detecting
nephrolithiasis. Hong Kong J Radiol 2020;
23:268-74. doi:
https:/ /doi.org/10.12809/hkjr2017049
Masch WR, Cohan RH, Ellis JH, Dillman
JR, Rubin JM, Davenport MS:Clinical
effectiveness of prospectively reported
sonographic twinkling artifact for the
diagnosis of renal calculus. AJR Am ]

Roentgenol  2016;206(5):1027-33.  doi:
10.2214/ AJR.15.14998
Shabana W, Bude RO, Rubin JM:

Comparison between color Doppler
twinkling artifact and acoustic shadowing
for renal calculus detection: an in vitro
study. Ultrasound Med Biol 2009
Feb;35(2):339-50. doi:
10.1016/j.ultrasmedbio.2008.09.023

Rokni E, Zinck S, Simon JC: Evaluation of
Stone Features That Cause the Color
Doppler Ultrasound Twinkling Artifact.

Torok I, Voicu SL, Gliga MG, et al Ultrasound Med Biol 2021

Twinkle, twinkle little stone: an artifact May;47(5):1310-8. doi:

improves the ultrasound performance. 10.1016/j.ultrasmedbio.2021.01.016

HISTORY CONTRIBUTION OF AUTHORS
STO AUTHOR CONTRIBUTION
Date received: 22-04-2026 Conception/Design JASAS
Date sent for review: 22-06-2026 Data. acqulsltlo.n, analysis RF,SMSH,MSQISI
and interpretation
Date received reviewers 21-06-2026 Manuscript writing and JA
comments: approval
Date received revised All the authors agree to take responsibility for every
. 03-07-2026 .

manuscript: facet of the work, making sure that any concerns
Date accepted: 03-07-2026 about its integrity or veracity are thoroughly

examined and addressed.

237

Int. J. pathol.2026; 24(2): 229 — 237



OPENg ACCESS

238
Int. J. pathol.2023;21(3): 192-196



	Introduction

