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Nowadays, thanks to the internet service, accessing 
information is simple and fast. Global internet 
access rate was 25% in 2009 whereas this rate was 
reported as 58.8% in 2019.[1] The situation is similar 
in Turkey. Turkish Statistical Institute reported an 
internet usage rate of 72.9% in people aged 16-74 
years in 2018.[2] The internet has become a primary 
information tool to investigate diseases and 
treatment choices since it became readily accessible 
even from mobile devices today. A study from the 
US reported that more than half of adult Americans 
perform researches about their health-related 
questions via internet.[3] The main reasons for using 
the internet are to evaluate alternative treatment 
methods, confirm the information provided by 
doctors, and answer the questions about their 
conditions.[4]

Objectives: This study aims to evaluate the quality, accuracy, and 
readability of Turkish online resources for platelet-rich plasma 
(PRP) injections for orthopedic therapy.
Patients and methods: In this retrospective study, online searches 
using Google, Yandex, and Yahoo search engines were performed 
on 21-22-23 May 2019, respectively. “Platelet-rich plasma”, 
“platelet-rich plasma treatment”, “PRP”, and “PRP treatment” 
were entered in Turkish into these three search engines. The 
first 50 websites from each search were collected. The quality 
and accuracy of online information related to PRP injections for 
orthopedic therapy were evaluated by three reviewers with the use 
of scoring criteria specific to PRP. The Flesch-Kincaid (FK) score 
was used to determine readability.
Results: Eighty-six unique websites were evaluated. The average 
quality and accuracy scores of all websites were 7.1±4.3 out of a 
maximum of 25 points and 7.3±2 out of a maximum of 12 points, 
respectively. The average FK score of all websites was 10.8±2.2. 
Only 27 websites (31.4%) had a FK score that was at or below the 
eighth-grade level. There were no significant differences among 
the mean scores of websites categorized by search terms, search 
results ranking, owners or reading level for both quality and 
accuracy scores.
Conclusion: The information regarding PRP usage in orthopedic 
conditions provided by Turkish online resources has low quality 
and low accuracy ratings and is also difficult to read.
Keywords: Accuracy, health information, internet, online search, 
platelet-rich plasma, quality, readability.
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Health-related information from internet sources 
has not been regulated adequately and unfortunately 
may contain misleading information. Basic concerns 
for healthcare information obtained from the internet 
are the possibility of medically incorrect information, 
misleading information due to commercial interest, 
and that texts can be above the patient's reading level. 
Previous studies reported that information about 
orthopedic conditions provided by online resources 
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may have low-quality and be inaccurate with difficult 
texts for the patient to read.[5-8] When this misleading 
information obtained from internet sources and the 
medical information given by the doctor contradict, 
the trust bond between the patient and the doctor 
may be disturbed.[9] Also, correcting the inaccurate 
information obtained from online resources by the 
patients became a routine chore for the doctors so that 
the treatment progress is not affected.

Biological treatments used in orthopedic 
conditions have gained popularity in recent years 
and created a large commercial market for those 
therapies.[10] Amongst biological treatment options, 
platelet-rich plasma (PRP) injections became one of 
the most popular due to their ease of preparation 
that can be performed in an office setting and their 
relative cost-efficiency.[11] A global industry analysis 
study about PRP usage showed that the annual 
market share in PRP treatments used in orthopedics 
was about 160 million dollars in 2015 and is expected 
to increase by 11% each year, reaching an annual 
market share of 451 million dollars by 2024.[12] It may 
be assumed that the huge amount of information on 
internet may affect this enormous market share.

Our first hypothesis is that the quality and 
accuracy of the information from online sources are 
affected by keywords, search engine order, and type 
of website. Our second hypothesis is that increased 
accuracy and quality of online information decrease 
readability. Therefore, in this study, we aimed to 
evaluate the quality, accuracy, and readability of 
Turkish online resources for PRP injections for 
orthopedic therapy.

PATIENTS AND METHODS

In this retrospective study conducted at Koşuyolu 
Medipol Hospital, online searches using Google, 
Yandex, and Yahoo search engines were performed 
on 21-22-23 May 2019, respectively. Google, Yandex, 
and Yahoo search engines are the first three search 
engines used in Turkey with the usage rates of 
87.7%, 9.85%, and 1.32%, respectively.[13] We used 
“plateletten zengin plazma”, which is platelet-rich 
plasma in Turkish, “plateletten zengin plazma 
tedavisi”, which is platelet-rich plasma treatment in 
Turkish, “PRP”, and “PRP tedavisi”, which is PRP 
treatment in Turkish as keywords. The settings in 
each search engine were set to show only Turkish 
websites and all searches were performed in 
Istanbul, Turkey. Cookies were cleared before each 
search. This step is important as the online patient 
resources on the search results of search engines 
might change due to the user's previous searches 

and advertising choices that are stored in cookies. 
A previous study reported that people who perform 
online research about health-related issues usually 
scan the first few pages of search engine results.[14] 
Therefore, we included the first 50 website results 
shown on the search engine. Duplicates (same 
pages with different keywords or different search 
engine results), medical articles for healthcare 
professionals, sites that deal with PRP therapy other 
than orthopedic conditions, broken links, video 
links, and paid websites were excluded. Websites 
including login requirement were excluded because 
although 26% of online users looking for health 
information reported being asked to pay for access, 
only 2% actually made such a payment.[15] The study 
was conducted in accordance with the principles of 
the Declaration of Helsinki.

The websites included in the study were 
categorized according to their sources as websites by 
healthcare providers (such as hospitals, clinics, and 
personal websites of medical professionals) and sites 
by non-healthcare providers (such as news websites, 
online health sites, blogs, and commercial biomedical 
company websites). Websites were ranked according 
to their order in the search results in all three search 
engines and classified as results between 1-10, 11-20, 
21-30, 31-40, and 41-50. 

The quality and accuracy of each website were 
assessed using a previously published scoring 
technique.[5,6,16] The website addresses were randomly 
compiled into an Excel file. The websites were assessed 
by three board-certified orthopedic surgeons with at 
least five years of experience and who were blinded 
to the keywords and search engines in terms of 
quality and accuracy of the provided material. A 
current review of PRP usage in orthopedics[17] was 
read by the researchers before assessment. The 
quality score was determined using an assessment 
score from a similar previous study.[18] The 25-point 
scoring criteria were based on the guidelines of the 
American Academy of Orthopedic Surgeons[18] which 
included the definition, composition, rationale for 
usage, applications, and a general understanding 
of PRP (Table I). For each element discussed in the 
website content, the website was given 1 point while 
0 point was given if the website did not include any of 
the mentioned elements. The mean quality score for 
each website with a maximum of 25 was calculated 
by averaging the independent scores from the three 
evaluators. Reviewers scored content accuracy from 
1 to 4, with 1 showing <25% accuracy, 2 for 25-50% 
accuracy, 3 for 51-75% accuracy, and 4 for 76-100% 
accuracy. Accuracy scores calculated for each website 
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were added to individual reviewer scores, with a 
maximum score of 12.

Readability was assessed using the Flesch-
Kincaid (FK) method.[19-21] Flesch-Kincaid grade level 
is used to indicate the maximum level of education 
a reader must have to read and comprehend the 
material. Higher FK grade levels are correlated 
with higher difficulty levels in reading and 
comprehension.[22] Flesch-Kincaid readability grade 
of each website was determined by preparing the 
text obtained from the websites using Microsoft 
Word (Redmond, WA, USA), as described by Wang 
et al.[23] The standard formula for FK grade level 

is =(0.39 ¥ average number of words per sentence) 
+ (11.8 ¥ average number of syllables per word) 
- 15.59. The websites were organized as those 
with FK grade scores below the eighth-grade level 
(readability threshold) and those at or above the 
eighth-grade level, based upon recommendations 
for readable patient education material and the 
average reading level.[24]

Statistical analysis

Statistical analysis was performed using the SPSS 
for Windows version 15.0 software (SPSS Inc., Chicago, 
IL, USA). The Kolmogorov-Smirnov test was used 
to verify the normal distribution and homogeneity 
of variances of data. Comparative statistics were 
used to analyze the accuracy assessment, the FK 
grade level, and the quality score. Independent 
sample t-tests (for normally distributed data) and 
Mann-Whitney U tests (for non-normally distributed 
data) were used to determine any differences in 
quality, accuracy, and readability based on FK grade 
level and websites providers. One-way analysis of 
variance (for normally distributed data) and Kruskal-
Wallis tests (for non-normally distributed data) with 
post hoc pairwise comparisons utilizing Tukey's 
(for normally distributed data) and Dunnett tests 
(for non-normally distributed data) were used to 
determine any differences in quality, accuracy, and 
readability between search term, type of website, and 
the highest search result order. Interrater reliability 
for determining quality and accuracy ratings was 
evaluated with the use of the intraclass correlation 
coefficient. The significance level was set as p<0.05.

TAblE I
Quality assessment scoring criteria

Quality assessment scoring criteria

Characteristics

1. Attempts to define PRP

2. Defines platelets 

3. Mentions centrifugation technique

4. Mentions variability in PRP preparation

5. Differentiates between platelets, plasma, 
and leukocyte

6. Differentiates between pure, leukocyte-rich, 
leukocyte-low PRP 

7. Mentions growth factors (e.g., TGF-b)

8. Mentions rationale for tissue regeneration

9. Mentions rationale for anti-inflammatory effects

10. Mentions rationale for analgesia

11. Mentions rationale for antimicrobial effects

12. Mentions rationale for hemostasis

Musculoskeletal applications

13. Describes methods of application (e.g., injection)

14. Mentions application in cartilage lesion or 
osteoarthritis 

15. Mentions application in Achilles tendinopathy or 
tendon repair

16. Mentions application in bone fusion

17. Mentions application in ACL reconstruction

18. Mentions application in elbow epicondylitis

19. Mentions application in hamstring tendinopathy

20. Mentions application in rotator cuff tendon repair 

21. Mentions complications

22. Mentions weakness of current literature

23. Describes use of PRP as still investigational

24. Mentions need for randomized clinical trials 

25. Mentions cost

Total: .........................

(Maximum point: 25)

PRP: Platelet-rich plasma; TGF-b: Tumor growth factor beta; ACL: Anterior 
cruciate ligament.

FIGURE 1. Flowchart of study.
PRP: Platelet-rich plasma.
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RESUlTS

The initial search yielded 600 websites. After 
removing duplicates (n=267) and websites that met the 
exclusion criteria (n=247), the final group consisted 
of 86 websites that discussed PRP injections for 
orthopedic therapy. The flowchart diagram is given 
in Figure 1.

Of the 86 unique websites, 13 were categorized 
under "plateletten zengin plazma" (platelet-rich 
plasma), 26 were categorized under "plateletten 
zengin plazma tedavisi" (platelet-rich plasma 
treatment), 18 were categorized under "PRP", and 
29 were categorized under “PRP tedavisi'' (PRP 
treatment). Out of 86 websites included in the study, 
53 (61.6%) were from healthcare resources (hospitals, 
clinics or personal websites of medical professionals) 
whereas 33 (38.4%) were from non-healthcare 
resources (newspapers, magazines, blogs, online 
healthcare websites, or biotechnology companies). 
When sorted by the highest search order, 14 websites 
appeared between one and 10, 22 websites appeared 
between 11 and 20, 12 websites appeared between 21 
and 30, 19 websites appeared between 31 and 40, and 
19 websites appeared between 41 and 50.

The average quality score of all websites was 
7.1±4.3 out of a maximum of 25 points (range, 1-24). 
The quality rating was reliable among the reviewers 
with an intraclass correlation coefficient of 0.82. 
There were no significant differences among the 
mean quality scores of websites categorized by search 
terms (p=0.06), search results ranking (p=0.18) owners 
(p=0.16) or reading level (p=0.65). The summary of 
quality results was given in Table II.

The average accuracy score of all websites was 
7.3±2 out of a maximum of 12 points (range, 3-12). The 
accuracy rating was reliable among the reviewers 
with an intraclass correlation coefficient of 0.74. Only 
two websites (2.3%) received a maximum score of 
12. There were no significant differences among the 
mean quality scores of websites categorized by search 
term (p=0.47), search results ranking (p=0.56), owners 
(p=0.46) or reading level (p=0.54). The summary of 
the accuracy results was given in Table III.

The average FK grade score of all websites was 
10.8±2.2 (range, 5.6-18.8). Only 27 websites (31.4%) 
had a FK grade score that was at or below the eighth-
grade level.

TAblE II
Summary of quality results

n Mean±SD Range p

All websites 86 7.1±4.3 1-24

Search term 0.06

“Plateletten zengin plazma” 13 9.3±6.7 2-24

“Plateletten zengin plazma tedavisi” 26 7.8±3.6 3-18

Platelet-rich plasma 18 5.5±3.6 1-14

Platelet-rich plasma treatment 29 6.3±3.4 2-20

Highest search result ranking

1-10 14 9.4±6.2 2-24 0.18

11-20 22 7±3.2 2-17

21-30 12 7.7±5.4 1-20

31-40 19 5.9±2.5 2-11

41-50 19 6.3±4 2-18

Owners of the websites 0.16

Healthcare provider 53 7.3±3.8 2-24

Non-healthcare provider 33 6.8±5.1 1-20

Reading level 0.65

Written at or below an eighth-grade reading level 27 7.2±4 2-20

Written above an eighth-grade reading level 59 7±4.4 1-24

SD: Standard deviation; Threshold for significance was p<0.05. PRP: Platelet-rich plasma
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DISCUSSION

To the best of our knowledge, this is the first 
study that evaluated Turkish online resources 
for PRP treatment in orthopedic conditions. The 
most important finding of this study is that the 
information regarding PRP usage in orthopedic 
conditions provided by Turkish online resources has 
low quality and accuracy ratings and is also difficult 
to read.

Patients are more likely to refer to online resources 
for health-related information day by day.[25] This 
increase causes concerns about the accuracy and 
reliability of the information provided by online 
resources. Although the internet has become a 
primary source for orthopedics-related information 
for patients, previous studies also reported that the 
information provided by online orthopedic website 
resources may have low quality and be inaccurate 
with difficult texts for the patient to read.[5-8]

Our study showed that the information from 
Turkish online resources about using PRP in 
orthopedic treatments also has low quality. The 
mean quality score for Turkish online resources was 
found to be 7.1±4.3 out of 25 points. Ghodasra et al.[16] 
assessed US-based online resources using the same 

quality score for the usage of PRP in orthopedic 
treatments. They reported a mean quality score 
of 9.4±3.4 for studies on other orthopedic subjects 
using a similar methodology, including mean 
quality scores of 9.5±5.1 in shoulder instability, 
7.4±4.4 in cartilage defects, 10.6±40 in hallux valgus, 
12±7.2 in distal radius fractures, 11.9±6.1 in lateral 
epicondylitis, and 11.4±5.5 in trigger finger.[5-8,26,27] All 
the studies mentioned above reported a significantly 
better quality score in healthcare provider websites 
compared to other non-healthcare related websites. 
However, the present study did not show any such 
difference in Turkish websites. The reason that the 
Turkish online resources about PRP in orthopedic 
treatments have lower quality scores compared to 
other studies could be that the healthcare provider 
websites do not have high-quality information. As 
opposed to our initial hypothesis, the quality score 
was not affected by any of the variables we assessed. 

The mean accuracy score for Turkish online 
resources was calculated as 7.3±2 out of 12 points. A 
US-based similar study reported an average accuracy 
score of 7.9±2.9 points.[16] Again, as opposed to our 
initial hypothesis, the accuracy score was also not 
affected by any of the assessed variables. Our study 
shows that the information found in Turkish online 

TAblE III
Summary of accuracy results

n Mean±SD Range p

All websites 86 7.3±2 3-12

Search term 0.47

“Plateletten zengin plazma” 13 7.6±2.9 4-12

“Plateletten zengin plazma tedavisi” 26 7.7±1.7 4-11

Platelet-rich plasma 18 6.8±2.1 3-11

Platelet-rich plasma treatment 29 7.1±1.5 4-10

Highest search result ranking 0.56

1-10 14 8.1±2.1 5-12

11-20 22 7.3±2 4-11

21-30 12 7.1±2.6 3-11

31-40 19 7.3±1.8 4-10

41-50 19 7.3±1.9 5-11

Owners of the websites 0.46

Healthcare provider 53 7.4±1.8 4-12

Non-healthcare provider 33 7.1±2.2 3-12

Reading level 0.54

Written at or below an eighth-grade reading level 27 7.5±2.2 4-11

Written above an eighth-grade reading level 59 7.2±1.9 4-12

SD: Standard deviation; Threshold for significance was p<0.05. PRP: Platelet-rich plasma
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resources about PRP in orthopedic treatments has a 
relatively higher accuracy rating compared to quality. 

Other studies that use a similar methodology 
for the assessment of online resources about 
different orthopedic subjects also reported relatively 
higher accuracy ratings. The mean accuracy score 
was calculated as 10.2±1.4 points in hallux valgus, 
11.7±0.6 in cartilage defects, and 8.61±2.6 in shoulder 
instability out of 12.[5-7] Our study and the previous 
studies showed better accuracy scores compared to 
quality. This is possibly due to the limited information 
provided. For example, a website accurately 
describing usage of PRP only in knee conditions and 
not in any other orthopedic pathologies might cause 
a higher accuracy score with a lower quality score. 
Inadequate information, even with full accuracy, 
can be misleading for the patients. For this reason, 
we think that PRP information provided by online 
resources should be on a wider scale.

The majority of the websites we reviewed (59%) 
had a readability level above the eighth grade, which 
is above the recommended readability level for 
patients. A similar situation was also present in 
previous studies. This rate was reported as 87% in 
shoulder instability, 98% in cartilage defects, and 
79% in hallux valgus.[5-7] Online medical information 
about orthopedic subjects had a lower readability 
rating. We found that the accuracy and quality scores 
were not affected by FK grade levels. This would 
mean that it is possible to write high-quality and 
accurate information using a more understandable 
language. We believe that online medical resources 
should be written in a simpler language for patients 
to understand what they read.

Our study demonstrates that improvement is 
needed in the Turkish online sources about PRP 
treatment for orthopedic conditions. We believe 
that two main issues need to be addressed to solve 
this situation. Unlike previous studies, we did not 
find any difference between healthcare providers’ 
and non-healthcare providers’ websites according 
to quality and accuracy scores. Firstly, healthcare 
providers should rearrange the information about 
the use of PRP in orthopedic treatment on their 
websites. The current literature and guidelines 
should be referenced, and a simple language should 
be used. In addition, when considering rapid 
development in biological treatments, the websites 
should be updated periodically, and the last update 
dates should be specified. Secondly, we observed 
that most of the information about PRP usage in 
orthopedics from the Turkish online resources 
offers only a limited perspective. We think that 

online healthcare information should be given in all 
aspects. Because of that, objective information about 
PRP treatment such as it is still investigational, has 
possible side effects and is a costly treatment should 
be included in online resources.[28,29] We believe that 
by making these arrangements, Turkish websites can 
provide better quality, more accurate, and objective 
information to the patients.

This study has several limitations. The first 
limitation is that only four search terms were used 
even though patients might use different terms 
when searching on websites. Also, only three search 
engines were used. Using different keywords and 
search engines may alter the results. Moreover, the 
study was performed in a relatively short period. 
Because the internet is a very dynamic environment, 
we were able to assess only a single snapshot of the 
websites in question. The study period might affect 
the study results. Furthermore, the location where 
the web search is performed can change the search 
results and order. Different results may appear in 
web searches using the same search engine and the 
same keyword from a different city. However, in the 
current study, we evaluated the first 50 results for 
each search engine and each keyword; therefore, we 
think that this difference is negligible. In the current 
study, we used the FK formula, which is the most 
commonly used method in evaluating readability. 
Turkish adapted equivalents of this method were 
also described and readability values may differ 
when these methods are used.[30] Finally, only Turkish 
websites were included in our study. We believe that 
the majority of our patients only read Turkish online 
resources yet there is a small number of patients who 
can read English resources as well.

In conclusion, to our knowledge, this is the first 
study to assess the quality, accuracy, and readability 
of information on Turkish websites regarding PRP 
injections for orthopedic therapy. The information 
regarding PRP usage in orthopedic conditions 
provided by Turkish online resources has low quality 
and low accuracy ratings and is also difficult to read. 
The quality and accuracy of the information from 
Turkish online sources are not affected by keywords, 
search engine order, type of website, or reading 
level. The findings of this study may influence the 
website owners regarding the data presented in their 
websites. Furthermore, physicians should inform 
patients that many online patient resources have poor 
quality and accuracy and can be difficult to read. 
We believe that the data presented in this study may 
allow better communication between physicians and 
patients.
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