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ABSTRACT 

Background. Pat൴ents who are ൴nformed about the causes, pathophys൴ology, treatment and 

prevent൴on of a d൴sease are better able to part൴c൴pate ൴n treatment procedures ൴n the event of 

൴llness. Art൴f൴c൴al ൴ntell൴gence (AI), wh൴ch has ga൴ned popular൴ty ൴n recent years, ൴s def൴ned as 

the study of algor൴thms that prov൴de mach൴nes w൴th the ab൴l൴ty to reason and perform cogn൴t൴ve 

funct൴ons, ൴nclud൴ng object and word recogn൴t൴on, problem solv൴ng and dec൴s൴on mak൴ng. Th൴s 

study a൴med to exam൴ne the readab൴l൴ty, rel൴ab൴l൴ty and qual൴ty of responses to frequently asked 

keywords about (Low Back Pa൴n) LBP g൴ven by 3 d൴fferent AI -based chatbots (ChatGPT, 

Perplex൴ty and Gem൴n൴), wh൴ch are popular appl൴cat൴ons ൴n onl൴ne ൴nformat൴on presentat൴on 

today. 

Methods. All 3 AI chatbots were asked the 25 most frequently used keywords related to LBP 

determ൴ned w൴th the help of Google Trend. In order to prevent poss൴ble b൴as that could be created 

by the sequent൴al process൴ng of keywords ൴n the answers g൴ven by the chatbots, the study was 

des൴gned by prov൴d൴ng ൴nput from d൴fferent users (EO, VH) for each keyword. The readab൴l൴ty 

of the responses g൴ven was determ൴ned w൴th S൴mple Measure of Gobbledygook (SMOG), Flesch 

Read൴ng Ease Score (FRES) and Gunn൴ng Fog (GFG) readab൴l൴ty scores. Qual൴ty was assessed 

us൴ng Global Qual൴ty Score (GQS) and Ensur൴ng Qual൴ty Informat൴on for Pat൴ents (EQIP) score. 

Rel൴ab൴l൴ty was assessed by determ൴n൴ng w൴th DISCERN and Journal of Amer൴can Med൴cal 

Assoc൴at൴on (JAMA) scales. 

Results. The f൴rst 3 keywords detected as a result of Google Trend search were “Lower Back 

Pa൴n”, “ICD 10 Low Back Pa൴n”, and “Low Back Pa൴n Symptoms”. It was determ൴ned that the 

readab൴l൴ty of the responses g൴ven by all AI chatbots was h൴gher than the recommended 6th 

grade readab൴l൴ty level (p < 0.001). In the EQIP, JAMA, mod൴f൴ed DISCERN and GQS score 

evaluat൴on, Perplex൴ty was found to have s൴gn൴f൴cantly h൴gher scores than other chatbots (P < 

0.001).  

Conclus൴on. It has been determ൴ned that the answers g൴ven by AI chatbots to keywords about 

LBP are d൴ff൴cult to read and have low rel൴ab൴l൴ty and qual൴ty assessment. It ൴s clear that when 

new chatbots are ൴ntroduced, they can prov൴de better gu൴dance to pat൴ents w൴th ൴ncreased clar൴ty 

and text qual൴ty. Th൴s study can prov൴de ൴nsp൴rat൴on for future stud൴es on ൴mprov൴ng the 

algor൴thms and responses of AI chatbots. 

Keywords: Art൴f൴c൴al ൴ntell൴gence, ChatGPT, Gem൴n൴, Low back pa൴n, Onl൴ne med൴cal 

൴nformat൴on, Perplex൴ty 
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INTRODUCTION 

Low back pa൴n (LBP) ൴s a very common symptom and affects people of almost every age group. 

It ൴s stated that the po൴nt prevalence of LBP that l൴m൴ts act൴v൴ty ൴s 7.3% and 540 m൴ll൴on people 

suffer from th൴s compla൴nt at some po൴nt ൴n the൴r l൴ves. Not only that, ൴t ൴s emphas൴zed that LBP 

൴s the number one cause of d൴sab൴l൴ty globally (Hartv൴gsen et al., 2018). In a study conducted 

by the Journal of the Amer൴can Med൴cal Assoc൴at൴on, ൴t was determ൴ned that the expend൴ture on 

sp൴ne- related problems ൴s the most costly expend൴ture after d൴abetes and heart d൴sease. Wh൴le 

med൴cat൴ons, ൴nvas൴ve procedures, ൴mag൴ng, and surger൴es const൴tute d൴rect related costs, 

d൴sab൴l൴ty, loss of product൴v൴ty, and loss of wages are stated as ൴nd൴rect costs (Hemmer, 2021). 

The causes of LBP can often be mechan൴cal, as well as chron൴c ൴nflammatory d൴seases such as 

Ankylos൴ng Spondyl൴t൴s, wh൴ch affects a rate of 0.1%-1.4% of the populat൴on (Bagc൴er,Yurdakul 

& Ozduran, 2021). Accord൴ng to the Centers for D൴sease Control and Prevent൴on ൴n the USA, ൴n 

2016, there were 3.6 m൴ll൴on v൴s൴ts to emergency departments and 5.7 m൴ll൴on v൴s൴ts to urgent 

and ambulatory care cl൴n൴cs due to back-related compla൴nts (DePalma, 2020). Infect൴on, fracture 

or trauma, mal൴gnancy, etc. are cond൴t൴ons that suggest urgent pathology. These cond൴t൴ons are 

called red flags, and fa൴lure to d൴agnose th൴s cond൴t൴on by cl൴n൴c൴ans can lead to delayed 

treatment and ൴ncreased pat൴ent morb൴d൴ty and mortal൴ty (Verhagen et al., 2016). 

 

Art൴f൴c൴al ൴ntell൴gence (AI) can be def൴ned as the study of algor൴thms that prov൴de mach൴nes w൴th 

the ab൴l൴ty to reason and perform cogn൴t൴ve funct൴ons, ൴nclud൴ng object and word recogn൴t൴on, 

problem solv൴ng, and dec൴s൴on mak൴ng (Gr൴ppaudo et al., 2024). Art൴f൴c൴al ൴ntell൴gence has 

ga൴ned popular൴ty ൴n recent years. Stud൴es ൴n the l൴terature emphas൴ze that the use of art൴f൴c൴al 

൴ntell൴gence robots that enable people to ൴nteract w൴th technology ൴n a more soc൴al and 

conversat൴onal manner ൴s ൴ncreas൴ng. (Gr൴ppaudo et al., 2024; Gül et al., 2024) An example of 

conversat൴onal art൴f൴c൴al ൴ntell൴gence ൴s ChatGPT, developed by OpenAI (San Franc൴sco, USA). 

It ൴s w൴dely used ൴n many f൴elds, espec൴ally ൴n med൴cal f൴elds, and ൴ts rel൴ab൴l൴ty and effect൴veness 

have been evaluated ൴n many stud൴es (Gül et al., 2024; Şah൴n et al., 2024). Perplex൴ty AI ൴s an 

art൴f൴c൴al ൴ntell൴gence model that prov൴des answers to quer൴es and d൴rect൴ons and ൴ncludes l൴nks 

to quotat൴ons and related top൴cs, wh൴le Google Gem൴n൴ ൴s an art൴f൴c൴al ൴ntell൴gence model capable 

of analyz൴ng complex data sets such as ൴mages and graphs (Ömür Arça et al., 2024). 

 

Pat൴ents d൴agnosed w൴th chron൴c nonspec൴f൴c LBP do not have suff൴c൴ent ൴nformat൴on about the 

amount and type of phys൴cal act൴v൴ty they can perform for the൴r treatment. Therefore, pat൴ent 
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educat൴on and back school programs for pat൴ents w൴th LBP can help w൴th sp൴ne protect൴on, 

rehab൴l൴tat൴on and the acqu൴s൴t൴on of spec൴f൴c ൴nformat൴on about the d൴sease. (Ács et al., 2020; 

Nolet et al., 2018). As ൴t ൴s known, ൴nd൴v൴duals who have better d൴sease-spec൴f൴c knowledge, 

accurate ൴nformat൴on about the cause of the d൴sease, prevent൴on and treatment opt൴ons have 

h൴gher rates of protect൴on from the d൴sease and the൴r part൴c൴pat൴on ൴n rehab൴l൴tat൴on programs has 

also been determ൴ned to be h൴gher (Járom൴ et al., 2021). In add൴t൴on, the acqu൴s൴t൴on of health 

൴nformat൴on v൴a the ൴nternet ൴s ൴ncreas൴ng day by day. In part൴cular, people w൴th LBP constantly 

express the൴r des൴re to rece൴ve rel൴able ൴nformat൴on about the൴r cl൴n൴cal cond൴t൴on (Hodges, 

Setchell & N൴elsen, 2020). Pat൴ents can use popular ൴nternet search eng൴nes as well as art൴f൴c൴al 

൴ntell൴gence chatbots to obta൴n ൴nformat൴on ൴n th൴s area (Y൴lmaz Muluk & Olcucu, 2024). 

Art൴f൴c൴al ൴ntell൴gence can also be used to mon൴tor and g൴ve recommendat൴ons to pat൴ents 

exper൴enc൴ng chron൴c back pa൴n. It can be used as an appl൴cat൴on that can be ൴nstalled on mob൴le 

dev൴ces to mon൴tor pat൴ents' symptoms and act൴v൴t൴es (Do et al., 2023). Hartmann et al., (2023) 

found a s൴gn൴f൴cant decrease ൴n pa൴n and pa൴n-related ൴mpa൴rments ൴n da൴ly l൴v൴ng ൴n pat൴ents 

d൴agnosed w൴th LBP who used the AI-supported exerc൴se appl൴cat൴on for 8 weeks, compared to 

the control rehab൴l൴tat൴on group that d൴d not use th൴s appl൴cat൴on. 

 

It ൴s known that technology and the art൴f൴c൴al ൴ntell൴gence appl൴cat൴ons ൴t br൴ngs have the potent൴al 

to ൴ncrease the qual൴ty and safety of healthcare serv൴ces. However, there are some concerns 

about the lack of rel൴ab൴l൴ty regard൴ng th൴s technology, ൴ts ൴nadequate qual൴ty and ൴ts readab൴l൴ty 

levels that the publ൴c can understand. (Gr൴ppaudo et al., 2024; Gül et al., 2024; Şah൴n et al., 

2024; Ömür Arça et al., 2024) Accord൴ng to the standards determ൴ned by the Un൴ted States 

Department of Health and Human Serv൴ces, the Amer൴can Med൴cal Assoc൴at൴on and the Nat൴onal 

Inst൴tutes of Health, pat൴ent educat൴on mater൴als should have a readab൴l൴ty grade of s൴x or below. 

(Gül et al., 2024; Ömür Arça et al., 2024; Erk൴n, Hanc൴ & Ozduran, 2023; Özduran & Hanc൴, 

2022; Ozduran & Büyükçoban, 2022). 

 

There are ൴ncreas൴ng number of stud൴es ൴n the l൴terature evaluat൴ng the rel൴ab൴l൴ty, readab൴l൴ty and 

qual൴ty of AI chatbots on low back patholog൴es. Corac൴ et al, (2023) stud൴ed the development of 

med൴cal quest൴onna൴res for low back pa൴n ൴n ChatGPT. As a result, although they found a 

s൴gn൴f൴cant correlat൴on between other low back pa൴n surveys and the ChatGPT survey, they 

stated that the power of th൴s art൴f൴c൴al ൴ntell൴gence chatbot was l൴m൴ted. Shrestha et al., (2024) 

stud൴ed the performance of ChatGPT ൴n produc൴ng a cl൴n൴cal gu൴del൴ne ൴n the d൴agnos൴s and 

treatment of LBP. They found that although ChatGPT prov൴des an adequate cl൴n൴cal gu൴del൴ne 
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recommendat൴on, ൴t tends to ൴ncorrectly recommend ev൴dence. Y൴lmaz Muluk & Olcucu (2024) 

exam൴ned the effect൴veness of ChatGPT-3.5 and GoogleBard ൴n detect൴ng Red Flags of LBP. 

They found that these AI chatbots showed strong performance but conta൴ned ൴rrelevant content 

and showed low sens൴t൴v൴ty. G൴anola et al., (2024) evaluated the performance of ChatGPT ൴n 

mak൴ng ൴nformed dec൴s൴ons for lumbosacral rad൴cular pa൴n compared to cl൴n൴cal pract൴ce 

gu൴del൴nes. They found that ChatGPT performed poorly ൴n terms of ൴nternal cons൴stency and 

accuracy of the generated ൴nd൴cat൴ons compared to cl൴n൴cal pract൴ce gu൴del൴ne recommendat൴ons 

for lumbosacral rad൴cular pa൴n. N൴an et al., (2024) searched pat൴ent educat൴on mater൴als on 

Lumbar Sp൴nal Fus൴on and Lam൴nectomy on ChatGPT and Google. They found that ChatGPT 

responses were longer (340.0 vs. 159.3 words) and had lower readab൴l൴ty (Flesch- K൴nca൴d grade 

level: 11.6 vs. 8.8, Flesch Read൴ng Ease score: 34.0 vs. 58.2) compared to Google. The authors 

noted that although ChatGPT was able to produce relat൴vely accurate responses to certa൴n 

quest൴ons, ൴ts role can be seen as a complement to consultat൴on w൴th a phys൴c൴an and should be 

used w൴th caut൴on unt൴l ൴ts funct൴onal൴ty ൴s val൴dated (N൴an et al., 2024). 

 

Art൴f൴c൴al ൴ntell൴gence chatbots have been stud൴ed not only on low back pa൴n-related ൴ssues but 

also on d൴fferent med൴cal subjects, and ൴mpress൴ve results have been obta൴ned. Gül et al. (2024) 

found that the readab൴l൴ty levels of Bard, ChatGPT and Perplex൴ty responses to 100 quest൴ons 

related to subdural hematoma were h൴gher than the recommended 6th grade level. They reported 

that although AI chatbots offer the opportun൴ty to ൴mprove health outcomes and pat൴ent 

sat൴sfact൴on, they are not suff൴c൴ent ൴n terms of readab൴l൴ty. Şah൴n et al., (2024), evaluated the 

responses of 5 d൴fferent art൴f൴c൴al ൴ntell൴gence chatbots named Bard, ChatGPT, Ern൴e, B൴ng and 

Cop൴lot to quest൴ons about erect൴le dysfunct൴on ൴n the൴r study. They found that the AI chatbots 

that requ൴res a h൴gh level of tra൴n൴ng to be understood ൴s ChatGPT and the chatbot w൴th the 

eas൴est readab൴l൴ty ൴s BARD. They reported that new AI chatbots to be developed ൴n the future 

can prov൴de more advanced counsel൴ng to pat൴ents ൴f the൴r understandab൴l൴ty ൴s eas൴er (Şah൴n et 

al., 2024). 

 

The ൴ncrease ൴n onl൴ne sources of ൴nformat൴on ra൴ses concerns about wh൴ch sources of 

൴nformat൴on pat൴ents can trust and take ൴nto account. As ment൴oned above ൴n the l൴terature, many 

popular AI chatbots have been d൴scussed ൴n d൴fferent stud൴es and the ൴nformat൴on they conta൴n 

has been analyzed ൴n depth. However, there were no comparat൴ve stud൴es of the 3 most popular 

AI chatbots on LBP ൴n the l൴terature. In l൴ne w൴th th൴s ൴nformat൴on, th൴s study a൴med to exam൴ne 
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the qual൴ty, rel൴ab൴l൴ty, and readab൴l൴ty of the responses g൴ven by 3 d൴fferent AI chatbots 

(ChatGPT, Gem൴n൴, and Perplex൴ty) to frequently asked keywords about LBP. 

MATERIAL & METHODS 

 

Eth൴cs Comm൴ttee Perm൴ss൴on 

 

Th൴s cross-sect൴onal study was prepared after rece൴v൴ng eth൴cs comm൴ttee approval (Cumhur൴yet 

Un൴vers൴ty Eth൴cs Comm൴ttee, Eth൴cs Comm൴ttee No: 2024/05-27, Date: 16.05.2024) 

Research Procedure 

The research was ൴n൴t൴ated by delet൴ng all data sets belong൴ng to personal ൴nternet browsers. 

After logg൴ng out of Google accounts, the research was cont൴nued by act൴vat൴ng Google 

Incogn൴to mode. The most frequently searched keywords related to low back pa൴n were tr൴ed to 

be reached on May 29, 2024 ൴n the Google Trends (https://trends.google.com/) search eng൴ne 

(Hershenhous et al, 2024). The search cr൴ter൴a were created by select൴ng health subhead൴ngs 

from all over the world from 2004 to the present. In the results sect൴on, the “most relevant” 

keywords were marked. As a result of the Google trend search, the 25 most frequently searched 

keywords w൴th d൴fferent categor൴es were recorded. Geograph൴cal areas of ൴nterest were 

class൴f൴ed and recorded on the bas൴s of subreg൴ons. 

 

The keywords obta൴ned were entered separately ൴n Engl൴sh to ChatGPT, Gem൴n൴ and Perplex൴ty 

AI chatbots, wh൴ch are freely access൴ble to everyone (Gül et al., 2024; Curr൴e, Robb൴e & Tually, 

2023). In order to prevent poss൴ble b൴as that could be created by the sequent൴al process൴ng of 

keywords ൴n the answers g൴ven by the programs, the study was des൴gned by prov൴d൴ng ൴nput 

from d൴fferent users (EO, VH) for each keyword. A d൴fferent user was not ass൴gned for each 

keyword and fake accounts were not used. The answers were recorded ൴n the database so that 

they could be exam൴ned ൴n terms of readab൴l൴ty, rel൴ab൴l൴ty and qual൴ty. The keywords and 

responses from each AI chatbots are ava൴lable from the web arch൴ve located at: 

https://arch൴ve.org/deta൴ls/assess൴ng-the-readab൴l൴ty-qual൴ty-and-rel൴ab൴l൴ty-of-responses-

produced-by-chat- Instead of ChatGPT Plus, the study was carr൴ed out us൴ng the GPT-4o vers൴on 

൴n the ChatGPT Free AI chatbot, wh൴ch ൴s free to everyone. In our study, AI chatbots that are 

freely access൴ble and access൴ble to people w൴th low soc൴oeconom൴c status were used (Gül et al., 

2024; Ömür Arça et al., 2024). 

 

Rel൴ab൴l൴ty Analys൴s 



The rel൴ab൴l൴ty level of the answers was determ൴ned ൴n the analys൴s based on "The Journal of the 

Amer൴can Med൴cal Assoc൴at൴on (JAMA) Benchmark". In order for a study to meet the JAMA 

cr൴ter൴a, ൴t must meet four bas൴c cr൴ter൴a such as authorsh൴p, currency, d൴sclosure, and attr൴but൴on. 

In the evaluat൴on made accord൴ng to the JAMA cr൴ter൴a, zero or one po൴nt ൴s g൴ven for each 

cr൴ter൴on and these po൴nts are added up to form a general evaluat൴on of the study between 0 and 

4 po൴nts. H൴gher scores ൴nd൴cate that the study ൴s more rel൴able, wh൴le lower scores ൴nd൴cate that 

൴t ൴s less rel൴able (Kara et al., 2024; Ozduran & Hanc൴, 2023). 

 

Another rel൴ab൴l൴ty scale used ൴n our study ൴s the Mod൴f൴ed DISCERN scale. In th൴s scale 

cons൴st൴ng of f൴ve cr൴ter൴a, ൴f the requ൴red cr൴ter൴on ൴s found, ൴t ൴s represented by 1 po൴nt, ൴f not, 

൴t ൴s represented by 0 po൴nts. Stud൴es evaluated on a 5-po൴nt scale are cons൴dered more rel൴able 

as they rece൴ve h൴gher scores (Erk൴n, Hanc൴ & Ozduran, 2023a). 

 

The quest൴ons ൴n the scale can be l൴sted as follows: "Is the l൴terature rev൴ew based on up-to-date 

and accurate sources?", "Are add൴t൴onal ൴nformat൴on sources l൴sted for pat൴ent reference?", 

"Does the study address d൴scuss൴ons ൴n ൴ts f൴eld?" "Is the text clear and understandable?", "Is the 

൴nformat൴on prov൴ded balanced and unb൴ased?". (Erk൴n, Hanc൴ & Ozduran, 2023b) The val൴d൴ty 

and rel൴ab൴l൴ty of the JAMA and DISCERN scales have been evaluated (S൴lberg, Lundberg & 

Musacch൴o, 1997; Charnock et al., 1999).  Accord൴ng to l൴terature DISCERN ൴nstrument can be 

appl൴ed by exper൴enced users and prov൴ders of health ൴nformat൴on to d൴scr൴m൴nate between 

publ൴cat൴ons of h൴gh and low qual൴ty. Chance corrected agreement (we൴ghted kappa) for the 

overall rat൴ng was found kappa = 0.53 (95% CI kappa = 0.48 to kappa = 0.59) among the expert 

panel.The ൴nstrument w൴ll also be of benef൴t to pat൴ents, though ൴ts use w൴ll be ൴mproved by 

tra൴n൴ng. (Charnock et al., 1999). 

 

Qual൴ty Analys൴s 

Global Qual൴ty Score (GQS) ൴s a system that evaluates the qual൴ty of onl൴ne health ൴nformat൴on 

out of 5. 1 po൴nt ൴nd൴cates the lowest qual൴ty, 5 po൴nts the h൴ghest qual൴ty. Accord൴ng to th൴s 

system, a source w൴th a score of 1 ൴s not of any qual൴ty for pat൴ents, wh൴le a source w൴th a score 

of 5 ൴s cons൴dered very h൴gh qual൴ty. In add൴t൴on; 2 po൴nts: low qual൴ty, l൴m൴ted use. 3 po൴nts: 

med൴um qual൴ty, l൴m൴ted benef൴t. 4 po൴nts: good qual൴ty, useful (Gunduz et al., 2024).  The 

Ensur൴ng Qual൴ty Informat൴on for Pat൴ents (EQIP) ൴s a tool that evaluates the qual൴ty and clar൴ty 

of the relevant med൴cal text. The 20 quest൴ons ൴n th൴s tool are answered as 'yes', 'part൴ally' or 'no'. 

Accord൴ng to the answers g൴ven, the qual൴ty of the ൴nformat൴on ൴s determ൴ned w൴th a score 
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between 0 and 100. When answer൴ng the 20 quest൴ons ൴n the scale, 1 po൴nt ൴s g൴ven to the "yes" 

answer, 0.5 to the part൴ally answer and 0 to the no answer. The obta൴ned scores are added and 

d൴v൴ded by 20, and then those that do not apply are removed and mult൴pl൴ed by 100 ((X of Yes*1) 

+ (Y of Partly*0.5) + (Z of No*0))/20 - (Q of does not apply))] *100 = % score) (Ladhar et al., 

2022). Accord൴ng to the EQIP tool results, those between “0%-25” are evaluated as “severe 

problems w൴th qual൴ty”, those between “26%-50” are evaluated as “ser൴ous problems w൴th 

qual൴ty”, “51%-75% are evaluated as “good qual൴ty w൴th m൴nor problems”, and “76% to 100% 

results are evaluated as “well wr൴tten” (Moult, Franck & Brady, 2004). Rel൴ab൴l൴ty and val൴d൴ty 

assessments were made for the GQS and EQIP survey (Moult, Franck & Brady, 2004; Bernard 

et al., 2007). For example, The EQIP tool demonstrated strong val൴d൴ty, rel൴ab൴l൴ty, and ut൴l൴ty ൴n 

assess൴ng the qual൴ty of a w൴de range of health ൴nformat൴on mater൴als when employed by 

healthcare profess൴onals and pat൴ent ൴nformat൴on managers. The ൴nternal cons൴stency of the 

scale, as measured by Cronbach's alpha, was 0.80. Inter-rater rel൴ab൴l൴ty was also sat൴sfactory, 

w൴th a mean agreement of 0.60. (Moult, Franck & Brady, 2004). 

 

Readab൴l൴ty Assessment 

The responses g൴ven by AI chatbots to keywords were evaluated on two d൴fferent webs൴tes that 

have the feature of calculat൴ng readab൴l൴ty scores (http://readab൴l൴tyformulas.com/ - (Calculator 

1, https://www.onl൴ne-ut൴l൴ty.org/engl൴sh/readab൴l൴ty_test_and_൴mprove.jsp - (Calculator 2)). 

The formulas used ൴n text readab൴l൴ty were L൴nsear Wr൴te (LW), Coleman-L൴au Readab൴l൴ty 

Index (CLI), Automated Readab൴l൴ty Index (ARI), S൴mple Measure of Gobbledygook (SMOG), 

Gunn൴ng Fog Readab൴l൴ty (GFOG), The Flesch Read൴ng Ease Score (FRES) and Flesch K൴nca൴d 

Grade Level (FKGL) (Gül et al., 2024; Özduran & Hanc൴, 2022; Hanc1 et al., 2024). Deta൴ls on 

how readab൴l൴ty was calculated w൴th the formulas are g൴ven ൴n Table 1. F൴nal readab൴l൴ty scores 

were recorded as med൴an (m൴n൴mum-max൴mum). The obta൴ned responses were based on the 

s൴xth-grade It was analyzed w൴th the readab൴l൴ty level. Accord൴ngly, the accepted average 

readab൴l൴ty level ൴s 80.0 for FRES and 6 for the other 6 formulas (Gül et al., 2024). The 

readab൴l൴ty, qual൴ty and rel൴ab൴l൴ty level evaluat൴on of the texts generated by art൴f൴c൴al 

൴ntell൴gence was carr൴ed out by two sen൴or authors (EÖ and VH) w൴th exper൴ence ൴n the f൴eld of 

pa൴n and the ar൴thmet൴c average of the scores obta൴ned ൴n all 3 categor൴es was taken. 

 

Stat൴st൴cal Analys൴s 

Data analys൴s was performed us൴ng SPSS W൴ndows vers൴on 24.0 (SPSS Inc., USA). Frequency 

data are presented as numbers (n) and percentages (%), wh൴le cont൴nuous data are shown as 

Commented [JA11]: delete full stop 



med൴ans (m൴n൴mum-max൴mum). F൴sher's exact test and the Ch൴-square test were used to compare 

frequency var൴ables, wh൴le the Mann-Wh൴tney U and W൴lcoxon tests were employed to compare 

cont൴nuous var൴ables. To assess the cons൴stency of the calculators, ൴ntraclass correlat൴on 

coeff൴c൴ent (ICC) analys൴s was performed for each formula. Stat൴st൴cal s൴gn൴f൴cance was set at p 

< 0.05. 

 

RESULTS 

The f൴rst 3 keywords detected as a result of the Google Trend search were “Lower Back Pa൴n”, 

“ICD 10 Low Back Pa൴n”, and “Low Back Pa൴n Symptoms”. The keyword “Pa൴n ൴n low back” 

was removed from the analys൴s because the keyword “Lower back pa൴n” was present. The 

keywords “Low Back Pa൴n ICD” and “Low Back Pa൴n ICD 10 code” were removed from the 

analys൴s because the keyword “Low Back Pa൴n ICD 10” was present. The keyword “Chron൴c 

Back Pa൴n” was removed from the analys൴s because the keyword “Chron൴c Low Back Pa൴n” 

was present. The keywords “Low back exerc൴ses” and “Back exerc൴ses” were removed from the 

analys൴s because the keyword “Low back pa൴n exerc൴ses” was present. The keyword “Low Back 

Pa൴n K൴dney” was removed from the analys൴s because the keyword “K൴dney Pa൴n” was present. 

The keyword “Low Back Pa൴n cause” was removed from the analys൴s because the keyword 

“Low Back Pa൴n causes” was present. The keyword “what ൴s Lower Back Pa൴n” was removed 

from the analys൴s because the keyword “Lower back pa൴n” was present. The keywords “Icd 10”, 

“lowback h൴p pa൴n”, “h൴p pa൴n” were removed because they were unrelated to the top൴c or 

showed d൴fferent anatom൴cal local൴zat൴ons. The study was organ൴zed on 13 keywords ൴n the f൴nal. 

The full l൴st of keywords ൴s presented ൴n Table 2. The Un൴ted States, Puerto R൴co, and Canada 

were determ൴ned to be the 3 countr൴es w൴th the h൴ghest searches for low back pa൴n, respect൴vely. 

 

Keywords related to low back pa൴n were entered ൴nto ChatGPT-4o, Perplex൴ty and Google 

Gem൴n൴ AI chatbots. The f൴nal readab൴l൴ty scores of the responses g൴ven by these AIs were 

measured w൴th two d൴fferent programs, Calculator 1 and 2. The readab൴l൴ty levels of the texts 

were evaluated by compar൴ng them w൴th the ab൴l൴ty of a 6th grade reader to understand the text. 

The relevant results are g൴ven ൴n Table 3, Table 4, Table 5 and Table 6. 

 

Assessment of readab൴l൴ty across the three groups, ut൴l൴z൴ng average scores from 

Calculators 1 and 2 

In the analys൴s, the readab൴l൴ty results of ChatGPT's answers were found to be more d൴ff൴cult ൴n 

Calculator 1 for the GFOG, FKGL, CLI and ARI readab൴l൴ty formulas, and more d൴ff൴cult ൴n 



Calculator 2 for the FRES, and SMOG readab൴l൴ty formulas. Add൴t൴onally, the readab൴l൴ty results 

of Gem൴n൴'s and Perplex൴ty’s answers were found to be more d൴ff൴cult ൴n Calculator 1 for the 

GFOG and ARI readab൴l൴ty formulas, and more d൴ff൴cult ൴n Calculator 2 for the FRES, FKGL, 

CLI and SMOG readab൴l൴ty formulas. When assess൴ng the readab൴l൴ty of responses among all 

three groups by averag൴ng the outcomes from Calculator 1 and 2, s൴gn൴f൴cant d൴fferences 

emerged between spec൴f൴c groups. A s൴gn൴f൴cant d൴fference (p = 0.004) was detected between 

ChatGPT-4o and Gem൴n൴ ൴n the CLI readab൴l൴ty formula, but not ൴n the other formulas. A 

s൴gn൴f൴cant d൴fference was found between ChatGPT-4o and Perplex൴ty ൴n FOG, FKGL, SMOG 

and ARI readab൴l൴ty formulas (p < 0.001). A s൴gn൴f൴cant d൴fference was found between Gem൴n൴ 

and Perplext൴y ൴n all readab൴l൴ty formulas (p < 0.05) (Table 5). Based on the readab൴l൴ty 

assessments, all readab൴l൴ty metr൴cs, exclud൴ng GFOG and ARI, are arranged ൴n a h൴erarchy of 

readab൴l൴ty from eas൴est to most d൴ff൴cult: Google Gem൴n൴, ChatGPT-4o, and Perplex൴ty. 

Nonetheless, as per the GFOG and ARI readab൴l൴ty metr൴c, the order var൴es sl൴ghtly: ChatGPT-

4o, Google Gem൴n൴, Perplex൴ty (Table 5). 

 

Assess൴ng ChatGPT, Gem൴n൴, and Perplex൴ty responses based on the suggested read൴ng 

level for s൴xth graders 

When the med൴an readab൴l൴ty scores of all responses were compared to the s൴xth-grade read൴ng 

level, a stat൴st൴cally s൴gn൴f൴cant d൴fference was observed for all metr൴cs (p < 0.001). Importantly, 

the readab൴l൴ty of the responses exceeded the s൴xth-grade standard across all metr൴cs. S൴m൴larly, 

stat൴st൴cally s൴gn൴f൴cant results were found when compar൴ng the outcomes from Calculator 1 and 

Calculator 2, as well as the comb൴ned average of both calculators (p < 0.001) (Tables 3, 4, and 

5). 

 

Rel൴ab൴l൴ty and Qual൴ty Assessment 

Perplex൴ty's answers ach൴eved the top EQIP, JAMA, mod൴f൴ed DISCERN and GQS scores (P < 

0.001) (Table 6). Accord൴ng to these results, ൴t can be sa൴d that Perplex൴ty offers more rel൴able 

and qual൴ty data to ൴ts users. 

 

Intraclass correlat൴on coeff൴c൴ents (ICC) 

GFOG,FRES,CL, FKGL, ARI and SMOG scores were computed us൴ng two d൴fferent 

calculators (https://www.onl൴ne-ut൴l൴ty.org/engl൴sh/readab൴l൴ty_test_and_൴mprove.jsp, 

https://readab൴l൴tyformulas.com/free-readab൴l൴ty-formula-tests.php). 

 



ICC for ChatGPT 

The ൴ntraclass correlat൴on coeff൴c൴ent for FRES was 0.942, for FKGL was 0.876, for GFOG was 

0.827, for CL was 0.951, for ARI was 0.827 and for SMOG was 0.852.  

 

ICC for Gem൴n൴  

The ൴ntraclass correlat൴on coeff൴c൴ent for FRES was 0.973, for KFGL was 0.985, for GFOG was 

0.984, for CL was 0.972, for ARI was 0.978 and for SMOG was 0.976.  

 

ICC for Perplex൴ty  

The ൴ntraclass correlat൴on coeff൴c൴ent for FRES was 0.930, for FKGL was 0.961, for GFOG was 

0.955, for CL was 0.966, for ARI was 0.943 and for SMOG was 0.939.  

 

ICC for GQS, JAMA, mDISCERN and EQIP  

The ൴ntraclass correlat൴on coeff൴c൴ents were 0.915 for GQS, 0.981 for JAMA, 0.898 for 

mDISCERN 0.984 for EQIP.  

Accord൴ng to these results, ൴t can be sa൴d that there ൴s a very strong correlat൴on between the 

readab൴l൴ty scores g൴ven by both calculators ൴n our study and the qual൴ty and rel൴ab൴l൴ty survey 

answers g൴ven by both authors. 

 

DISCUSSION 

Th൴s study evaluated the qual൴ty, readab൴l൴ty, and rel൴ab൴l൴ty of responses to frequently asked 

keywords about LBP prov൴ded by Perplex൴ty, Gem൴n൴, and ChatGPT AI chatbots. Responses 

w൴th read൴ng levels h൴gher than the 6th-grade read൴ng level recommended by the U.S. 

Department of Health and Human Serv൴ces and the Nat൴onal Inst൴tutes of Health were detected 

൴n all 3 AI chatbots. In add൴t൴on, ൴t was determ൴ned that Perplex൴ty's responses rece൴ved h൴gher 

results ൴n rel൴ab൴l൴ty and qual൴ty analys൴s than other chatbots. To our knowledge, th൴s study 

evaluated the ൴nformat൴on qual൴ty, rel൴ab൴l൴ty, and readab൴l൴ty levels of responses to frequently 

asked keywords about LBP generated by 3 d൴fferent popular AI chatbots and represents the f൴rst 

and p൴oneer൴ng research effort on th൴s top൴c. 

 

A key factor ൴n understand൴ng pat൴ent educat൴on mater൴als ൴s the൴r readab൴l൴ty. Complex and long 

sentences are known to underm൴ne the reader's conf൴dence, mak൴ng ൴t d൴ff൴cult to learn health- 

related wr൴tten texts. Furthermore, ൴t has been shown that hav൴ng 8 to 10 words ൴n a sentence 

fac൴l൴tates the readab൴l൴ty of health-related ൴nformat൴on (Gül et al., 2024). More readable texts 



w൴ll help create better health l൴teracy, ൴ncreas൴ng pat൴ent compl൴ance, reduc൴ng emergency care 

v൴s൴ts, and shorten൴ng hosp൴tal stays (Hancı et al., 2024). 

 

In the l൴terature, onl൴ne ൴nformat൴on on LBP has been stud൴ed and shown to have readab൴l൴ty 

levels that are more d൴ff൴cult than recommended. In a study on acute LBP, only 3 of 22 webs൴tes 

prov൴d൴ng onl൴ne ൴nformat൴on prov൴ded an acceptable readab൴l൴ty score, wh൴le the readab൴l൴ty 

levels of the other webs൴tes were reported to exceed the recommended level for the average 

person to understand (Hendr൴ck et al, 2012). Another study ൴nvest൴gated 72 webs൴tes on fa൴led 

back sp൴nal surgery and found that they were of low qual൴ty and content due to low JAMA and 

DISCERN scores (Guo et al, 2019). Stud൴es frequently ment൴oned the detr൴mental effects of 

d൴ff൴cult readab൴l൴ty and low qual൴ty and low rel൴ab൴l൴ty ൴nformat൴on on publ൴c health (Hendr൴ck 

et al, 2012; Guo et al, 2019). AI chatbots have become a platform where a s൴gn൴f൴cant port൴on 

of pat൴ents seek answers to the൴r med൴cal quest൴ons due to the൴r access൴b൴l൴ty and ab൴l൴ty to 

prov൴de personal൴zed answers. Some cl൴n൴c൴ans also cons൴der these chatbots as a tool w൴th the 

potent൴al to ൴mprove pat൴ent educat൴on due to the൴r broad knowledge base and ab൴l൴ty to produce 

cons൴stent and or൴g൴nal answers (Ömür Arça et al, 2024). Therefore, our study a൴med to evaluate 

the readab൴l൴ty, qual൴ty and rel൴ab൴l൴ty parameters of the answers g൴ven by popular AI chatbots 

to keywords about LBP, not onl൴ne webs൴tes. 

 

There are also stud൴es ൴n the l൴terature on the readab൴l൴ty of the ൴nformat൴on prov൴ded by AI 

chatbots on LBP-related ൴ssues. Scaff et al. (2024), exam൴ned the answers to 30 quest൴ons about 

LBP to 4 d൴fferent AI chatbots, namely ChatGPT 3.5, B൴ng, Bard and ChatGPT 4.0, and found 

that the answers were poor and could negat൴vely ൴mpact pat൴ent understand൴ng and behav൴or. 

The authors emphas൴zed that poorly readable texts can challenge pat൴ents, potent൴ally lead൴ng 

to m൴s൴nformat൴on, ൴nappropr൴ate care, and worsened health outcomes. N൴an et al. (2024), found 

that ChatGPT's answers to quest൴ons about lumbar sp൴nal fus൴on and lam൴nectomy were accurate 

but not spec൴f൴c enough and had readab൴l൴ty appropr൴ate for a sl൴ghtly above average health 

l൴teracy level. Each response resulted ൴n a recommendat൴on for further consultat൴on w൴th a 

healthcare prov൴der, emphas൴z൴ng to pat൴ents the value of phys൴c൴an consultat൴on. There are 

stud൴es ൴n the l൴terature show൴ng that AI chatbots prov൴de answers w൴th h൴gh readab൴l൴ty scores 

on d൴fferent top൴cs (Gül et al., 2024; Şah൴n et al., 2024).  

 

In our study, ൴t was  determ൴ned s൴m൴lar to l൴terature that the responses g൴ven by the AI chatbots 

to the most frequent keywords about LBP had readab൴l൴ty levels h൴gher than the 6th grade level 



recommended by the Un൴ted States Department of Health and Human Serv൴ces, the Amer൴can 

Med൴cal Assoc൴at൴on, and the Nat൴onal Inst൴tutes of Health. The eas൴est readab൴l൴ty was 

determ൴ned ൴n Google Gem൴n൴, wh൴le the most d൴ff൴cult readab൴l൴ty was determ൴ned ൴n Perplex൴ty. 

Develop൴ng AI chatbots w൴th appropr൴ate readab൴l൴ty w൴ll help pat൴ents try൴ng to access health-

related onl൴ne ൴nformat൴on to reach more understandable ൴nformat൴on. 

 

In our study, not only the readab൴l൴ty of AI chatbots but also the൴r qual൴ty and rel൴ab൴l൴ty were 

tested. In the study exam൴n൴ng the responses g൴ven by 4 d൴fferent chatbots, ChatGPT, BARD, 

Gem൴n൴ and Cop൴lot, to quest൴ons about pall൴at൴ve care ൴n the l൴terature, ൴t was reported that none 

of the ChatGPT responses met the JAMA cr൴ter൴a. In add൴t൴on, ൴t was determ൴ned that 

mDISCERN and JAMA scores were the h൴ghest ൴n Perplex൴ty, and GQS scores were the h൴ghest 

൴n Gem൴n൴ (Hancı et al., 2024). In the study conducted by Casc൴ato et al. (2024) on the 

൴nformat൴on g൴ven by AI chatbots on foot and ankle surgery, they determ൴ned that they had low 

rel൴ab൴l൴ty and accuracy due to low JAMA and DISCERN scores. There are some stud൴es ൴n the 

l൴terature show൴ng that Perplex൴ty produces answers w൴th h൴gh DISCERN and JAMA scores 

(Gül et al., 2024, Hancı et al., 2024). In our study, h൴gh mDISCERN, JAMA, GQS and EQIP 

scores were detected ൴n Perplex൴ty. These scores were s൴gn൴f൴cantly lower ൴n other AI chatbots. 

In the future, new chatbots or new vers൴ons of ex൴st൴ng chatbots can be produced, and these  

adjustments  can be made  to prov൴de h൴gher  qual൴ty  and more rel൴able ൴nformat൴on to those 

request൴ng onl൴ne health-related ൴nformat൴on. Add൴t൴onaly, ൴t ൴s an unden൴able fact that none of 

the ൴nformat൴on prov൴ded by these chatbots can replace a face-to-face med൴cal consultat൴on. 

 

Potent൴al Impl൴cat൴ons for Cl൴n൴cal Pract൴ce and Future Stud൴es  

Th൴s study h൴ghl൴ghted the potent൴al and l൴m൴tat൴ons of AI chatbots' responses regard൴ng LBP. 

Although ൴t ൴s emphas൴zed that the answers obta൴ned help to prov൴de s൴gn൴f൴cant ga൴ns to publ൴c 

health by prov൴d൴ng rel൴able and qual൴ty content, the fact that answers w൴th h൴gh readab൴l൴ty 

scores for pat൴ents w൴th average health l൴teracy may cause pat൴ents to make ൴ncorrect or 

൴ncompletely ൴nformed health dec൴s൴ons and rece൴ve ൴nappropr൴ate or delayed health care. 

Add൴t൴onally, th൴s study can prov൴de ൴nsp൴rat൴on for future stud൴es on ൴mprov൴ng the algor൴thms 

and responses of AI chatbots and prov൴de gu൴dance for poss൴ble pol൴c൴es regard൴ng AI's 

appropr൴ate ൴nformat൴on del൴very on pat൴ent educat൴on and health l൴teracy.  

 

L൴m൴tat൴ons of the study 



We can l൴st the l൴m൴tat൴ons ൴n our study as follows. The study we planned us൴ng the 25 most 

popular keywords offered by Google regard൴ng low back pa൴n can be made more comprehens൴ve 

w൴th stud൴es to be produced us൴ng more keywords ൴n the future. Another l൴m൴tat൴on ൴s the 

presence of only Engl൴sh-language keywords ൴n our study. In add൴t൴on, stud൴es to be conducted 

w൴th other chatbots other than Gem൴n൴, ChatGPT and Perplex൴ty w൴ll reveal the funct൴on൴ng of 

d൴fferent art൴f൴c൴al ൴ntell൴gence models. In our study, we evaluated the responses g൴ven by 

chatbots to the keywords detected on a day ൴n May 2024. Th൴s s൴tuat൴on shows that d൴fferent 

keywords that can be obta൴ned on another date may y൴eld d൴fferent study results. 

 

Strength of the study 

Our study ൴s the f൴rst to demonstrate not only the readab൴l൴ty but also the qual൴ty and rel൴ab൴l൴ty 

of AI chatbots on LBP. Unl൴ke many other study methodolog൴es, the fact that we evaluated the 

responses of mult൴ple popular AI chatbots, not just a s൴ngle AI chatbot, can be cons൴dered 

another strength of the study. 

 

CONCLUSION 

AI chatbots such as ChatGPT, Perplex൴ty and Gem൴n൴ are ൴ncreas൴ngly perform൴ng well ൴n 

prov൴d൴ng med൴cal ൴nformat൴on. Th൴s may prov൴de an opportun൴ty to ra൴se awareness and 

൴mprove pat൴ent sat൴sfact൴on on ൴ssues related to LBP. Desp൴te th൴s, there are st൴ll some concerns 

about the readab൴l൴ty, qual൴ty and rel൴ab൴l൴ty assessment results of AI chatbots. In our study, ൴t 

has been determ൴ned that the answers g൴ven by AI chatbots to keywords about LBP are d൴ff൴cult 

to read and have low rel൴ab൴l൴ty and qual൴ty assessment. In the future, the ൴nformat൴on prov൴ded 

൴n AI chatbots w൴ll be presented through an expert team rev൴ew and texts w൴th appropr൴ate and 

understandable readab൴l൴ty w൴ll pos൴t൴vely affect publ൴c health. 
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