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ABSTRACT

Objective: To evaluate and compare the abilities of Language Models (LLMs) in
simplifying Turkish ultrasound (US) findings for patients.

Methods: We assessed the simplification performance of four LLMs: ChatGPT
4, Gemini 1.5 Pro, Claude 3 Opus, and Perplexity, using fifty fictional Turkish US
findings. Comparison was based on Atesman’s Readability Index and word count. Three
radiologists rated medical accuracy, consistency, and comprehensibility on a Likert scale
from 1 to 5. Statistical tests (Friedman, Wilcoxon, and Spearman correlation) examined
differences in LLMs’ performance.

Results: Gemini 1.5 Pro, ChatGPT-4, and Claude 3 Opus received high Likert scores for
medical accuracy, consistency, and comprehensibility (mean: 4.7—4.8). Perplexity scored
significantly lower (mean: 4.1, p<0.001). Gemini 1.5 Pro achieved the highest readability
score (mean: 61.16), followed by ChatGPT-4 (mean: 58.94) and Claude 3 Opus (mean:
51.16). Perplexity had the lowest readability score (mean: 47.01). Gemini 1.5 Pro and
ChatGPT-4 used significantly more words compared to Claude 3 Opus and Perplexity
(p<0.001). Linear correlation analysis revealed a positive correlation between word
count of fictional US findings and responses generated by Gemini 1.5 Pro (correlation
coefficient = 0.38, p<0.05) and ChatGPT-4 (correlation coefficient = 0.43, p<0.001).
Conclusion: This study highlights strong potential of LLMs in simplifying Turkish US
findings, improving accessibility and clarity for patients. Gemini 1.5 Pro, ChatGPT-4,
and Claude 3 Opus performed well, highlighting their effectiveness in healthcare
communication. Further research is required to fully understand the integration of
LLMs into clinical practice and their influence on patient comprehension and decision-

making.
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INTRODUCTION

Large Language Models (LLMs) are Al systems designed
to comprehend and generate human language [1]. ChatGPT,
developed by OpenAl and launched in November 2022, stands
out as a prominent example of LLMs [2]. Alongside ChatGPT,
there exist various other LLMs such as Google’s Gemini,
Microsoft’s Copilot, Anthropic’s Claude, and Perplexity.
Studies across different medical specialties have evaluated the
performance of LLMs [3-5].

Notably, in radiology, multiple studies have shown that large
language models (LLMs) can effectively structure and simplify
radiology reports, as well as educate patients about interventional

radiology procedures [6-8].

Ultrasound (US) is among the most frequently utilized
modalities in radiology, with reports heavily reliant on medical
terminology [9]. Barrat et al.’s systematic review highlighted the
negative impact of medical terminology on patient anxiety and
treatment perceptions [10]. This highlights the need to provide
patients with imaging reports that are easy to comprehend,

especially as these reports become more readily available [11].

Main Points

» This study found that large language models (LLMs9
can effectively simplify Turkish ultrasound findings for
non-medical individuals, achieving high Likert scores

for accuracy and comprehensibility.

e Gemini 1.5 Pro and ChatGPT 4 emerged as top
performers in terms of accuracy, comprehensibility,
and readability, while Claude 3 Opus performed
reasonably well but with slightly lower readability.
Perplexity lagged behind in accuracy and readability.

» Transforming complex medical terminology into clear,
accessible language, which can empower patients
with a deeper understanding of their health status
and treatment choices, highlights the potential of
LLMs to facilitate patient-centered communication in

healthcare, as demonstrated in this study.
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Simplified reports have the potential to significantly benefit
patients by enhancing their understanding of their condition
and promoting adherence to treatment plans [12]. Among the
various readability indices for texts, Atesman’s Readability
Index specifically measures the readability of Turkish texts,
assessing how easily the target audience can understand them
[13].

While studies comparing the performance of LLMs in
simplifying radiology reports exist for different languages,
there is currently no literature available on this topic for Turkish
ultrasound reports. Therefore, the aim of this study is to assess
and compare the performance of different LLMs in simplifying
Turkish ultrasound reports into languages understandable by

patients.

MATERIALS AND METHODS

Study Design

The study conducted an assessment and comparison of several
LLMs including ChatGPT 4 (https:/chat.openai.com), Gemini
1.5 Pro (https:/gemini.google.com), Claude 3 Opus (https:/
claude.ai), and Perplexity (https:/perplexity.ai) to simplify
Turkish US findings. Our study exclusively utilized fictional US
findings and did not involve actual radiology reports, thereby
exempting it from the need for ethical board approval due to
the absence of real patient information. The study adhered to
the Standards for Reporting of Diagnostic Accuracy Studies
(STARD) guidelines for its design and implementation [14].

Data Collection and Prompt Design

Radiologist 1 (Y.C.G.) created 50 fictional Turkish US
findings used in radiology reports. Care was taken to ensure
these findings were common in daily practice and portrayed
realistically. The designed findings were entered into each
LLM via their respective websites following the prompt, “T will
write the findings from the MRI report below. Please explain
them in a way that someone without a medical background can
understand.” in Turkish (Figure 1). Each finding was processed
in a new window with default settings used for each model. The
study was conducted in April 2024. All findings are shown in
Table 1. The study’s workflow is illustrated in Figure 2.
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Table 1. Common Fictional Ultrasound Report Sentences

The liver parenchymal echo pattern appears coarse and granular.

An echo increase consistent with grade 2 steatosis is observed in the liver.

A hyperechoic lesion, primarily suggestive of a hemangioma, measuring 10 mm in segment 4 of the liver, is noted.

The gallbladder appears contracted.

Multiple stones, with the largest measuring 1 cm in diameter, are observed in the gallbladder.

The gallbladder is hydropic.

The gallbladder is hydropic, with increased wall thickness diffusely. Millimetric stones and biliary sludge are present within the gallbladder.

Biliary sludge is observed within the gallbladder.

Diffuse, millimetric hyperechoic lesions causing posterior comet-tail artifacts on the gallbladder wall are noted. The findings are suggestive of
diffuse adenomyomatosis.

Phrygian cap appearance is observed in the gallbladder.

Intrahepatic bile ducts are dilated in both lobes.

Features consistent with acute cholecystitis are observed in the gallbladder.

A primarily polyp-like lesion measuring 7 mm in diameter, immobile with patient movement and non-vascular on ultrasound, is noted in the
gallbladder, suggesting evaluation for acute appendicitis.

Pancreas and midline structures cannot be evaluated due to gas.

A cystic lesion measuring 7 mm in diameter, without solid components or septa, is observed in the pancreatic head.

The pancreatic parenchyma appears diffusely edematous, with fluid collections in the peripancreatic area.

The spleen measures 14 cm in size and appears enlarged.

An accessory spleen measuring 7 mm in diameter is observed at the splenic hilum.

A nodular lesion measuring 8 mm in diameter, demonstrating arterial vascularity on ultrasound, is observed at the splenic hilum, suggesting a
splenic artery aneurysm.

Collateral vascular structures are observed at the splenic hilum.

Grade 2 increase in echogenicity is noted in the parenchyma of both kidneys.

Both kidneys appear decreased in size and parenchymal thickness.

Multiple simple cortical cysts measuring less than 1 cm in diameter are observed in both kidneys.

Fusion of the lower poles of both kidneys to the midline of the abdomen anterior to the abdominal aorta is observed, suggesting a horseshoe
kidney.

A hyperechoic nodular lesion, primarily suggestive of an angiomyolipoma, measuring 8 mm in the mid-pole of the right kidney, is observed.

An isoechoic solid mass lesion with internal vascularity measuring 27x24 mm, extending exophytically in the lower segment of the right kidney,
is observed. Dynamic upper abdominal CT/MRI is recommended for lesion characterization.

Grade 2 dilation of the pelvicalyceal system is noted in both kidneys.

A hyperechoic solid lesion measuring 17x12 mm, demonstrating vascularity on ultrasound, with papillary extensions into the lumen, is observed
in the posterolateral wall of the bladder. Histopathological correlation is recommended.

There is diffuse thickening of the bladder wall.

There is increased trabeculation of the bladder wall.

Widespread millimetric echogenicities are observed within the bladder lumen. Clinical and laboratory evaluation is recommended for cystitis.

A submucosal edema measuring 9 mm in diameter, originating from the terminal ileum in the right lower quadrant, with a blind-ending tubular
segment unresponsive to compression, is observed. Clinical and laboratory evaluation is recommended for acute appendicitis.

Omental fat tissue and bowel loops demonstrating herniation from a fascial defect measuring approximately 13 mm in the right inguinal region
with valsalva maneuver are observed.

Omental fat tissue and bowel loops demonstrating herniation from a fascial defect measuring approximately 13 mm in the right inguinal region
with valsalva maneuver are observed. There is no return of herniated material following the valsalva maneuver. Thickening of up to 7 mm is
measured at the thickest point of the herniated bowel loops, with loss of vascularity on ultrasound examination. Fluid measuring 5 mm in depth

is observed within the hernia sac.
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Multiple simple cysts measuring less than 5 mm in diameter are observed in both breasts.

A solid lesion measuring 13x14 mm, parallel to the skin with regular contours and no vascularity on ultrasound examination, is observed
approximately 24 mm from the nipple at 3 o’clock in the right breast (BI-RADS 3).

A hypoechoic solid lesion demonstrating spiculated margins and vascularity on ultrasound examination, measuring 13x14 mm, is observed
approximately 33 mm from the nipple at 6 o’clock in the right breast (BI-RADS 5).

An echogenic hilum lymph node measuring 13 mm in diameter is observed in the right axilla.

An LAP with asymmetric cortical thickening measuring 17 mm in diameter, with a cortex thickness of 3.4 mm at the thickest point, is observed
in the right axilla.

The thyroid parenchyma appears heterogeneous with scattered hypoechoic areas and echogenic fibrous septa.

An isoechoic nodule with microcystic degeneration areas measuring 16 mm in diameter is observed in the mid-section of the right thyroid lobe.

Multiple isoechoic nodules, with the largest measuring 8 mm in the mid-section of the right lobe and 11 mm in the lower section of the left lobe,
are observed in both thyroid lobes.

A hypoechoic solid nodule with irregular margins measuring 13x13 mm in the lower section of the right thyroid lobe is observed, with
microcalcifications within.

Multiple lymph nodes with echogenic hilum, measuring less than 1 cm in short diameter and with thick cortex, are observed in both cervical
chains.

A cystic appearance primarily suggestive of a dominant follicle, measuring 23 mm, is observed in the right ovary.

A heterogeneous lesion with thick septa and a solid component demonstrating vascularity on ultrasound examination, measuring 23x24 mm, is
observed in the left ovary. Contrast-enhanced pelvic MRI is recommended for lesion characterization.

An intramural myoma measuring 13 mm in diameter is observed in the right half of the uterine corpus.

Endometrial thickness, measured as double-wall thickness, is 17 mm and significantly increased.

A tubular structure measuring 14 mm in diameter in the right adnexal region, suggestive of a tubal structure consistent with hydrosalpinx, is
observed.

A lesion measuring 17 mm in diameter with multiple septa within, primarily suggestive of a hemorrhagic cyst, is observed in the right ovary.

Asafnra ultrasonografi raporunda gegen bir climleyi y cafim. Bunu doktor olmayan birinin anlayabilecedi 5

ultrason raporundaki cOmbeyi yazin, ben de on daha antagihr bir sekild

Karacijerde grade 2 steatar ile uyumiu ek izlenmigtir

Mode

Karaciger Yaglanmasi Agiklamasi

"Karacigende grade 2 steatoz ile uyumiu eko artig nrmigtir clmlesi, karacigerinizde orta derac yaglanma cldugunu g

nir.

e yaglanmay : eder, Grade 2, orta dereceli

antamina oelir, Bu durum, karaciderde vad

Figure 1. Demonstrates the Turkish input and output process for Turkish ultrasound findings in the study through Gemini 1.5 Pro.
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Figure 2. The study’s workflow is illustrated in Figure 2.

Performance Evaluation of LLMs

The responses from the LLMs were analyzed using the
Atesman’s Readability Index [198,825 - (40,175 x number of
syllables/number of words) - (2,610 x number of words/number
of sentences)] to determine readability levels in Turkish which
has been introduced in 1997 by Ender Atesman (Table 2) [13].
The word length used in the formula is calculated in syllables and
sentence length is calculated in words. The publicly available and
free website “http://okunabilirlikindeksi.com” was used for this
analysis. The responses were rated jointly by three radiologist
[Radiologist 1 (Y.C.G.), Radiologist 2 (T.C.), Radiologist 3
(E.C.), each with 6 years of experience in general radiology
and certified by the European Diploma in Radiology (EDiR)]
using a Likert Scale from 1 to 5 based on medical accuracy,
consistency of recommendations, and comprehensibility. The
number of words in each response was recorded. Additionally,
the word count and Atesman’s Readability Index of the fictional
US findings were compared to the responses generated by each
LLM.

Statistical Analysis

Data distribution was examined using the Kolmogorov-Smirnov
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and Shapiro-Wilk tests, while the Levene test was utilized to
assess data variance. Descriptive statistics, comprising measures
such as minimum, maximum, average, median, standard
deviation, interquartile range, and percentages, were then
calculated. Subsequently, to identify significant relationships
among quantitative data within dependent groups, both the
Friedman and Wilcoxon tests were employed. Additionally,
Spearman correlation analysis was conducted to investigate the
linearity of correlations between quantitative data. Statistical

analyses were performed using IBM SPSS Version 26.

RESULTS

Likert Scale

No statistically significant difference was found between the
scores of ChatGPT 4 (mean: 4.82; median: 5.0), Gemini 1.5
Pro (mean: 4.78; median: 5.0), and Claude 3 Opus (mean: 4.68;
median: 5.0) based on the Likert scale (p>0.05). However,
the scores of ChatGPT 4, Gemini 1.5 Pro, and Claude 3 Opus
were significantly higher than those of Perplexity (mean: 4.08;
median: 4.0) (p<0.001). No difference was found between the
scores of Claude 3 Opus and Gemini 1.5 Pro (p=0.39) (Figure
3) (Table 3).



European Journal of Therapeutics (2024)

Table 2. The Atesman Readability Index and Its Corresponding Readability Level

Gunes YC, Cesur T, Camur E.

Index Readability Level

90 -100 Easily understood by 4th grade and below students

80 -89 Easily understood by 5th or 6th graders

70-79 Easily understood by 7th or 8th graders

60 - 69 Easily understood by 9th or 10th graders

50 -59 Easily understood by 11th or 12th graders

40 - 49 Easily understood by 13th or 15th-year (associate degree) students
30-39 Easily understood by bachelor’s degree

<30 Easily understood by postgraduates

Table 3. Descriptive Findings of the Responses of the Large Language Models.

Gemini 1.5 Pro Claude 3 Opus ChatGPT 4 Perplexity
Likert Scores*
Minimum-Maximum 2.0-5.0 3.0-5.0 3.0-5.0 1.0-5.0
Mean + SD 48+0.5 4.7+0.6 48+0.5 4.1+0.6
Median (IQR) 5.0 (0) 5.0 (0) 5.0 (0) 4.0 (1.0)
Atesman Readability Index
Minimum-Maximum 45.0-72.0 28.0 - 66.0 29.0-73.0 26.0-71.0
Mean + SD 61.16 = 6.66 51.16 £7.23 58.94+9.61 46.25 +11.98
Median (IQR) 54.1(14.2) 47.2 (10.3) 37.8(7.6) 37.3(6.2)
Readability Level
Minimum 7.-8. Grade 9.-10. Grade 7.-8. Grade 7.-8. Grade
Maximum Associate’s Degree Postgraduate Postgraduate Postgraduate
Median 11.-12. Grade 11.-12. Grade 11.-12. Grade 13.-15. Grade
Word Count
Minimum-Maximum 77-283 69-197 57-292 40-187
Mean £ SD 166.9 +46.9 99.24 +36.3 154.9 +£39.8 88.4+26.5
Median (IQR) 171.5 (24.5) 79.0 (47.0) 157.0 (72.0) 91.5(35.0)

*Likert Scores: In our study, the accuracy of the explanations, consistency and comprehensibility of the suggestions made by the big language

models were rated on a scale of 1 to 5.

[l Claude 3 Opus [l ChatGPT 4 [l Gemini 1.5 Pro [ Perplexity

X

- =
° l
e o

Comparative Evaluation of LLMs Responses by Likert Scale

Figure 3. A box-plot displays the radiologists’ consensus scores for the Large Language Models’ answers, with the median score

denoted by ‘x’ and outlying scores marked by dots.
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SD: Standard Deviation, IQR: Interquartile range.

Atesman’s Readability Index

A significant difference was found between the mean scores of
the LLMs based on the Atesman’s Readability Index (p<0.001).
The highest mean score was 61.16 for Gemini 1.5 Pro, and
the second-highest score was 58.94 for ChatGPT 4, which
did not show a significant difference (p=0.208). Additionally,
both Gemini 1.5 Pro and ChatGPT 4 had significantly higher
Atesman’s Readability Index scores than Claude 3 Opus (51.16)
and Perplexity (47.01) (p<0.001). Claude 3 Opus’s Atesman’s
Readability Index score was also significantly higher than
Perplexity’s (p=0.006) (Table 3).

Word Counts

No significant difference was found between the mean word
count of Gemini 1.5 Pro (166.2) and ChatGPT 4 (154.38)
(p=0.213). However, both Gemini 1.5 Pro and ChatGPT 4
used significantly more words than Claude 3 Opus (99.24) and
Perplexity (93.48) (p<0.001). No significant difference was
found between the word count of Claude 3 Opus and Perplexity
(p>0.05) (Table 3).

Correlation Analysis

A linear correlation was observed between the word count of
fictional US findings and the word count of responses generated
by Gemini 1.5 pro (correlation coefficient = 0.38, p<0.05) and
ChatGPT 4 (correlation coefficient = 0.43, p<0.001). Conversely,
no correlation was found between the word count of Claude 3
Opus (p>0.05) and Perplexity (p>0.05).

A significant correlation was identified between the Ategsman’s
Readability Index of fictional US findings and the Atesman’s
Readability Index of responses from Claude 3 Claude 3 Opus
(correlation coefficient = 0.42, p<0.001), ChatGPT 4 (correlation
coefficient = 0.51, p<0.001), and Gemini 1.5 pro (correlation
coefficient = 0.45, p<0.001). However, no correlation was
detected between the Ategsman’s Readability Index of fictional

US findings and Perplexity (p>0.05).

DISCUSSION

Our study found that LLMs effectively simplified commonly
used Turkish US findings for non-medical individuals. Gemini
1.5 Pro, Claude 3 Opus, and ChatGPT 4 received high Likert
scores (4.68 to 4.82 out of 5), indicating their effectiveness in
conveying US findings clearly. However, Perplexity scored lower

(4.1), suggesting less accuracy and comprehensibility. Gemini
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1.5 Pro had the highest readability score (61.16), while ChatGPT
4 (58.94) and Claude 3 Opus (51.16) followed closely. Perplexity
had the lowest average score (46.25). These results suggest that
Gemini 1.5 Pro produced the easiest to understand responses,

while Perplexity generated the least readable responses.

In terms of readability, all LLMs predominantly produced
responses suitable for readers with at least an associate degree or
higher educational background. However, there were variations
in the readability levels produced by each model. Gemini 1.5
Pro and ChatGPT 4 mainly generated responses at a 7th to 8th-
grade reading level, while Claude 3 Opus and Perplexity tended
to produce responses at a slightly higher reading level, ranging
from 9th to 12th grade.

Gemini 1.5 Pro and ChatGPT 4 provided more detailed
explanations with higher word counts, while Claude 3 Opus
and Perplexity had lower word counts. Overall, Gemini 1.5
Pro and ChatGPT 4 emerged as top performers in accuracy,
comprehensibility, and readability, while Claude 3 Opus
performed reasonably well but with slightly lower readability.
Perplexity lagged behind in accuracy and readability.

The variations in performance among LLMs could be attributed
to their differing design architectures. For example, Perplexity’s
lower accuracy and readability scores might result fromits unique
feature of having internet access, potentially incorporating less

reliable online sources [15].

Previous studies have also demonstrated the effectiveness
of LLMs in simplifying radiology reports [16-21]. Doshi et
al. conducted a study showcasing the efficacy of ChatGPT 4,
ChatGPT 3.5, Google Bard, and Microsoft Copilot in simplifying
750radiology reports. Thesereports, spanning various modalities
like ultrasound (US), CT, MRI, mammography, and X-ray, were
subjected to three distinct prompts [16]. The first prompt sought
a general simplification of the report, while the second prompt
required the report to be simplified from a patient’s perspective.
The final prompt mandated the report to be simplified to a 7th-
grade reading level [16]. In our study, a prompt similar to the
second prompt used by Doshi was successfully employed to

simplify ultrasound reports.

Haver et al. [17] demonstrated that ChatGPT could simplify
responses to 25 breast cancer questions to a sixth-grade reading

level. They evaluated the original and simplified responses
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using the Flesch Reading Ease Index and five readability scales.
Ninety-two percent of the simplified responses were deemed
clinically appropriate, showing significant improvements in

reading ease, readability, and word count reduction.

Chung et al. [18] utilized ChatGPT to summarize MRI reports
of prostate cancer patients, customizing them for patient
comprehension levels. Their study yielded fifteen summarized
reports from five full MRI reports, revealing a noteworthy
decrease in the median Flesch-Kincaid Grade Level (FKGL)
score from 9.6 to 5.0.

Li et al. [19] showcased ChatGPT’s efficacy in simplifying
radiology reports to below an 8th-grade reading level across
various modalities, including radiographs, ultrasound (US),
computed tomography (CT), and magnetic resonance imaging
(MRI), demonstrating its versatility in different imaging
contexts. Their study revealed that the mean report length was
164 words, accompanied by a Flesch reading ease score of 38.0
and a FKGL of 10.4.

In Lyu et al’s study [20], radiologists evaluated ChatGPT’s
output for chest CT and brain MRI scans, acknowledging some
missing and incorrect information. Despite these discrepancies,
the overall quality score was 4.268 out of 5 on a five-point Likert
scale, with minor discrepancies of 0.08 and 0.07 for missing and

misinformation, respectively.

Tepe et al. [21] compared the effectiveness of ChatGPT 4,
Google Bard, and Microsoft Copilot in translating CT and MRI
reports into patient-friendly language, with all models achieved
understandability scores above 70%. but Bard showing superior

readability scores.

Our findings align with these studies, showing that ChatGPT
4, Gemini 1.5 Pro, and Claude 3 Opus effectively simplified
Turkish US findings, achieving high Likert scores for accuracy
and comprehensibility. However, Perplexity scored lower in
these areas. Gemini 1.5 Pro and ChatGPT 4 also produced the
highest readability scores, indicating their superior ability to
simplify medical language.
In contrast to previous studies, our research focused
specifically on Turkish US reports, providing new insights

into the performance of LLMs in this context rather than

Gunes YC, Cesur T, Camur E.

English radiological reports. Therefore, we used the Atesman’s
Readability Index for the Turkish language, rather than the

Flesch Reading Ease Index and other readability scales.

Our study also indicates the potential of LLMs to facilitate
patient-centred communication in healthcare. By transforming
complex medical terminology into clear, accessible language,
these systems have the potential to empower patients with
a deeper understanding of their health status and treatment
choices. This enhanced comprehension can facilitate more
confident decision-making, heightened patient involvement, and

ultimately, improved health outcomes.

Limitations

Although our study represents the first investigation into the
simplification of Turkish US findings by LLMs for individuals
without medical backgrounds, it has several limitations. Firstly,
although the US sentences utilized in our study are commonly
encountered in daily medical practice, they are synthetic in
nature. To provide a more accurate assessment of LLMs’
performance, real-world reports from hospital settings should
be incorporated into future studies. Secondly, the sample size
of sentences used in our study was limited, and they primarily
focused on straightforward cases. To enhance the applicability
of our findings, future research should expand the scope to
include a broader range of complex sentences tailored to
different anatomical regions. Thirdly, our study employed
a single prompt, which may not fully capture the range of
scenarios encountered in clinical practice. Further investigation
into the impact of different prompts on LLM performance is
warranted to better understand how varying contexts influence
their effectiveness. Lastly, our study lacked data on real-life
patients’ satisfaction and comprehension of simplified reports.
Prospective multicenter studies utilizing simplified reports
generated by LLMs and assessing patients’ understanding and
satisfaction levels are essential for validating the practical utility

of these systems in healthcare communication.

CONCLUSIONS

In conclusion, our study demonstrates that LLMs successfully
simplify Turkish US findings, emphasizing their role in
improving accessibility and understandability of radiological
information for patients. Further research and implementation
efforts are needed to fully harness the potential of LLMs

in facilitating effective communication between healthcare
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providers and patients.
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