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Abstract

Purpose:  To determine the availability and readability of on-
line patient information (OPI) provided by paediatric hospi-
tals in the United States using clubfoot as a model condition

Methods:  The websites of the top 95 paediatric hospitals 
identified using US News & World Report were included. 
The names of paediatric hospitals and the terms “clubfoot”, 
“clubfeet” and “talipes equinovarus” were entered into the 
Google search engine. Readability was assessed using five 
validated metrics and the composite grade level (CGL). The 
number of unpaid monthly visits was calculated with the 
Ahrefs Organic Traffic Score (OTS) tool. Data for paediatric 
hospitals were compared with the same metrics for the top 
ten Google search results. 

Results:  Of 95 paediatric hospitals, 29 (30.5%) did not have 
at least one web page dedicated to clubfoot. The 128 web 
pages representing 66 paediatric hospitals had an average 
CGL of 9.4, representing a readability level requiring some 
high school education. The mean OTS for all paediatric hos-
pitals was 116 estimated visits per month, which was signif-
icantly less than that for the top ten Google clubfoot search 
results (3035.1; p < 0.0001).

Conclusion:  Paediatric hospital web pages on clubfoot were 
visited much less frequently than those from the top ten 
Google search results. Only two web pages (1.6%) from 
paediatric hospitals offered OPI on clubfoot that met the 
American Medical Association recommended reading level 
(sixth-grade level). Paediatric hospitals should create OPI on 
clubfoot with appropriate readability and accessibility for pa-
tient families.

Level of Evidence:  N/A
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Introduction
Online patient information (OPI) is becoming increasingly 
important in the field of medicine. Recent surveys show 
that over 70% of Americans use the internet to search for 
information about their health, and that a majority state 
that online information influences their decisions about 
healthcare treatment.1,2 OPI can help increase knowledge 
of health conditions in some cases, but information on the 
internet can also be inaccurate, esoteric or sensational, 
leading to disinformation or distrust in the physician-pa-
tient relationship.3 More specifically within paediatrics, 
mothers are very likely to use OPI in the first few years 
after their child’s birth, especially to seek more details on 
the diagnosis of paediatric conditions.4 

Quality of OPI is generally lacking, creating a digital 
information ecosystem that could potentially misguide 
patients.5 In one meta-review of orthopaedic OPI, only 
around 3% to 15% of websites were rated as high-quality.6 
The availability of OPI from reputable healthcare institu-
tions, such as paediatric hospitals, is not well-known, but 
prior work has indicated that OPI coming from academic 
centres and hospitals tend to be among the highest qual-
ity available to patients, as compared with commercial 
websites. However, prior work has suggested that OPI 
provided by academic centres represents a small minority 
of OPI accessed online.7 Furthermore, the vast majority of 
OPI, including that for orthopaedics, has generally been 
shown to be above both the American Medical Association 
(AMA)-recommended sixth grade reading level and the 
average US reading level (eighth grade), making access 
to comprehensible, accurate information challenging for 
patients.8-10 

Clubfoot is one of the most common congenital defor-
mities of the skeletal system and one that is associated with 
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tremendous anxiety for patient families. Prenatal diagno-
sis of congenital deformities has been shown to increase 
acute parental psychological distress after birth.11 Without 
any social support, young mothers of children with club-
foot are more likely to report stress and depressive symp-
toms. Availability of accurate medical information has 
been shown to provide support for families dealing with 
clubfoot.12 As there remain gaps in our knowledge regard-
ing the aetiology and long-term management of clubfoot, 
access to and availability of accurate information becomes 
all the more important for guiding families deciding on 
treatment options.13 Consequently, the goal of this study 
is to provide a much-needed examination of the quality, 
availability and readability of OPI for clubfoot in order to 
better inform clubfoot care and improve understanding of 
how patients use online health information. 

Materials and methods
Identification of institutions 

All paediatric hospitals in this study were identified using 
the U.S. News & World Report rankings website,14 and 
all paediatric hospitals ranked for orthopaedics were 
included in our study.

Website search methodology

The names of the paediatric hospitals along with either 
the term “clubfoot” “clubfeet” or “talipes equinovarus” 
were entered into the Google search engine sometime 
between 03 September 2020 and 20 September 2020. 
A single author (MX) manually evaluated search results 
to verify relevance of web page content. Up to five web 
pages were included for each institution in our analysis. If 
a paediatric hospital did not have any web pages with at 
least one paragraph dedicated to clubfoot aimed at patient 
use, it was discarded from the rest of the analysis. Pages 
listing providers treating clubfoot, any patient testimoni-
als or blog entries and advertisements were also omitted. 
To compare web pages from paediatric hospitals with the 
most popular results being accessed by patients, a Google 
search blinded to prior search history of “clubfoot” was 
undertaken on 26 September 2020; the first page (i.e. the 
top ten links that were not adverts) were used for analy-
sis, as previous research has shown that patients rarely go 
beyond the first page of search results.15

Assessment of OPI availability

Web pages from the search process outlined above were 
assessed for availability of OPI on clubfoot as following: 1) 
nothing at all on clubfoot or congenital malformations of 
the lower extremity; 2) some information on congenital 
malformations of the lower extremity but no specific men-

tion of clubfoot; 3) website has one or less paragraphs; 4) 
website has more than one paragraph but less than one 
full web page; and 5) have at least one standard web page. 

Assessment of OPI readability 

Readability of each web page with at least some informa-
tion on clubfoot was assessed using the WebFX online tool 
(Harrisburg, PA, USA) using the text presented on each 
web page. This tool assesses presented text for readabil-
ity using five validated metrics that take into consideration 
the number of total words, sentences and syllables to esti-
mate the minimum grade level required to comprehend 
the text. The metrics analysed were the Flesch-Kincaid 
Grade Level, the Gunning Fog Score, the Simple Measure 
of Gobbledygook Index, the Coleman-Liau Index and the 
Automated Readability Index.16,17 A higher score in each 
metric corresponds to a higher grade level and greater 
difficulty of comprehension. To account for the variabil-
ity among readability metrics, the mean of all five metrics 
listed above was rounded to the nearest grade level to find 
the corresponding grade level (CGL).

Assessment of web traffic access 

Website traffic was assessed using the website analytics 
tool from Ahrefs, a website analysis company (Singa-
pore, Malaysia). Ahrefs represents website traffic using the 
Organic Traffic Score (OTS) metric, which estimates the 
number of unpaid visits per month to a particular uniform 
resource locator by calculating the traffic generated by the 
top 100 keywords associated with searches leading to that 
particular site over a 30-day average. 

Statistical analysis

Comparative analyses were performed using two-sided 
Student’s t-tests (α = 0.05). 

Results
Assessment of availability 

Of the 95 paediatric hospitals, 29 (30.5%) had no informa-
tion on clubfoot. For the other 66 (69.5%) that provided 
at least some information, there were a total of 128 web 
pages that mentioned clubfoot to varying degrees. Out of 
these 128 web pages, 123 (96.1%) were full web pages on 
clubfoot, one (0.8%) had more than one paragraph but 
less than one full web page, and three (2.3%) had at least 
one paragraph on clubfoot (Fig. 1). 

Assessment of readability 

A total of 128 web pages from 66 paediatric hospitals 
were assessed for readability. The mean corresponding 
grade level (CGL) for all web pages was 9.4 (range = 8), 
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corresponding to some high school education. The low-
est CGL was fifth grade, and the highest was seventeenth 
grade (i.e. requires a college degree). In all, 37% of web-
sites from paediatric hospitals required a middle school 
education to comprehend (i.e. sixth to eighth grades), 
45% required some high school education (i.e. nineth to 
eleventh grades), 11% required a high school degree (i.e. 
completing tweltfth grade) and 7% were at the level of 
some college or holding a college degree (i.e. greater than 
twelfth grade; Fig. 2). The average of all five metrics and 
the CGL for paediatric hospital web pages and Google top 
ten search results were higher than the sixth-grade level 
recommended by AMA (Fig. 3). In fact, 126 (98.4%) of the 
web pages had a CGL above 6 (sixth-grade level) and 60 
(46.9%) above 9 (equivalent to high school education). A 
mean of around 12.0% of the words on each web page 
were considered complex (range = 19.4). 

For the top ten search results on Google, five were 
from academic hospitals, three were private foundations, 
one was from a general knowledge website (Wikipedia), 
and one web page was from the American Academy of 
Orthopedic Surgeons (see Table 1) for all Google top ten 
results listed out in greater detail). There were no statisti-
cally significant differences in any of the readability met-
rics between the top ten search results from Google and 
the paediatric hospital web pages. The mean CGL for all 
Google top ten web pages was around 9.3 (range = 6), 
or corresponding to some high school education, just 
as for the paediatric hospital web pages. In all, 40% of 
the web pages from the Google search required a middle 
school education or lower to understand, while half (50%) 
required some high school and 10% required a high 
school degree; no sites required any college education. All 
but one website (90%) required an education above sixth 
grade, which is the AMA-recommended reading level. As 

with paediatric hospital web pages, all five of the read-
ability metrics and the CGL were higher than the sixth-
grade level recommended by AMA (Fig. 4). Within the ten 
websites found on Google, between those from paediatric 
hospitals and those not from paediatric hospitals, there 
were no statistically significant differences in any of the 
readability metrics. 

Assessment of web traffic access

The mean web traffic score for all paediatric hospital web 
pages with information on clubfoot was around 116.2, 
which means that, on average, around 116 visits were 
made to each web page per month. There was a wide 
range of web traffic scores for paediatric hospital web 
pages, from 0 to 9000, with 79 web pages having a score 
of 0. In contrast, the mean web traffic score for the top 
ten search results on Google was much greater, at 3035.1 
(range = 8686), which means that, on average, around 
3035 visits were made to each web page from the first 
page of Google search results per month (Fig. 5). A two-
sided t-test was performed, and the difference between 
the two averages were found to be statistically significant 
(p < 0.0001).

For the top ten search results on Google, there were 
web pages from five paediatric hospitals: number 2, Mayo 
Clinic (web traffic score: 9000); number 5, Johns Hopkins 
(web traffic score: 2100); number 6, Neymours (web traf-
fic score: 2300); number 8, Cedars-Sinai (web traffic score: 
314); and number 10, Children’s National (web traffic 
score: 1100). There was no statistically significant differ-
ence between the paediatric hospitals and non-paediatric 
hospitals within the top ten search results on Google in 
terms of web traffic. 

Discussion

OPI plays a crucial role in educating families of children 
with clubfoot when they make treatment decisions, but 
so far, very little is understood regarding the availability, 
readability or accessibility of clubfoot OPI, especially from 
high quality sources like hospitals and academic institu-
tions. Our analysis suggests that clubfoot OPI provided by 
paediatric hospitals is not universally available, is written 
at a level too difficult to read and of the information that is 
available is not readily accessed by patient families. 

Assessment of availability

Our results suggest that clubfoot OPI provided by pae-
diatric hospitals is limited in availability. Of the paediat-
ric hospitals included in this analysis, 29 of 95 (30.5%) 
do not provide any information on their website about 
clubfoot. Accurate medical information has been shown 

Fig. 1  The availability of online patient information (OPI) for 
paediatric hospitals. ‘With clubfoot OPI’ = at least one page 
dedicated to clubfoot; ‘multiple paragraphs on clubfoot’ = at 
least one paragraph on clubfoot; ‘one (or fewer) paragraph 
on clubfoot’ = less than one paragraph for clubfoot; and ‘no 
information’ = no information on clubfoot provided.
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to support the psychological wellbeing of families deal-
ing with clubfoot;12 as such, the lack of readily available 
information provided by treating institutions represents 
a potential opportunity for improvement in providing 
patients with usable health information as a part of their 
care. This finding also aligns with prior research indicating 
that hospital websites are, as a whole, typically poor in 
accessibility, do not feature the information most desired 
by potential patients efficiently, and are not designed with 
patients and their families in mind.18-22 Potential solutions 

have been proposed, such as having hospitals and medi-
cal institutions involve patient feedback during any web-
site design process in order to provide higher-quality and 
more accessible OPI.22,23 Since many Americans use the 

Fig. 2  Grade-level distributions of clubfoot-specific web pages for paediatric hospital and Google top ten search results.

Fig. 3  The readability of clubfoot online patient information 
found on paediatric hospital web pages and pages from Google 
top ten search results. Mean values are shown. The bolded 
horizontal line indicates the American Medical Association-
recommended sixth grade reading level.

Table 1  Out of the top 10 search results for clubfoot on Google, five are 
from academic institutions or hospitals. This table shows the type of web 
page and name of web page for all 10 results

Type of website Number Web page source

Academic institutions 
or hospitals

5 Mayo Clinic, Johns Hopkins School of 
Medicine, Cedars-Sinai Medical Center, 
Boston Children’s Hospital, Nemours 
Children’s Health System (KidsHealth) 

Private 
organizations

3 Medical News Today, March of Dimes, 
WebMD 

General information 
site

1 Wikipedia 

Other 1 American Academy of Orthopedic Surgeons

Fig. 4  The readability of clubfoot online patient information 
found on paediatric hospital web pages and non-paediatric 
hospital pages, comparing only websites from the Google top 
ten search results. Mean values are shown. The bolded horizontal 
line indicates the American Medical Association-recommended 
sixth grade reading level.

Fig. 5  Comparison of mean monthly traffic estimates for the top 
ten Google “clubfoot” search results and paediatric hospital web 
pages dedicated to clubfoot. The difference in the Organic Traffic 
Score was statistically significant (p < 0.0001). 
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internet to learn more about their illnesses and possible 
procedures and medications, improved access to OPI from 
hospitals can be transformative, as patients tend to view 
hospitals with better and more comprehensive websites 
more favourably,24 and those equipped with accurate OPI 
help families feel more comfortable with their provider, 
leading to increased confidence in their physician’s recom-
mendations.25

Assessment of readability

In our analysis, we found that web pages from paediatric 
hospitals are at a reading level around high school level 
(mean = 9.425, around nineth grade). Additionally, the 
vast majority of web pages from hospitals were written at a 
reading level far higher than AMA recommendations (125 
web pages or 98.4%). These challenges may ultimately 
prove to be a barrier in the effective use of OPI.25 Low 
health literacy, which can result from failing to understand 
OPI if the OPI is not ‘readable’ enough, has been linked 
to poorer health information comprehension and health 
outcomes.26,27 Prior work has found that patients with 
greater health illiteracy may not completely comprehend 
and may misuse medications, skip appointments, among 
other negative effects, which leads to worse healthcare 
outcomes.28 While low levels of health literacy have been 
linked to poorer comprehension of orthopaedic care, it 
remains unclear what the specific effect of low compre-
hensibility of OPI might be on patient outcomes in club-
foot care and paediatric orthopaedic care more generally.29 

Assessment of web traffic

OPI from academic institutions and paediatric hospitals 
were accessed at a very low rate, and at a much lower rate 
than the top ten search results from Google, with 84% 
(107) of all web pages from hospitals receiving fewer than 
ten visits per month. Given the variability of the types of 
sources in the top ten Google search results, the degree 
to which patients are receiving high-quality information 
is uncertain. The most commonly accessed online infor-
mation (i.e. from Google) can be of uncertain quality and 
may not be providing patients with accurate information, 
since OPI from academic institutions has been previously 
shown to be of higher quality and reliability than those 
from private or media sources.30 Furthermore, given the 
rapid monetization of internet search engines, online 
advertisements that are prominent on the first page of 
search results can easily be mistaken for valuable and 
accurate health information, which poses a grave dan-
ger to patients’ understanding of medical conditions 
and procedures.31 Potential solutions have previously 
been described, including developing a website quality 
assessment tool as a guide to help websites (from paedi-
atric hospitals) rank higher in Google search engine result 

pages, since the average Internet user does not go past 
the first page of search results. Additionally, clinicians may 
use their time with patients to discuss what online sources 
are trustworthy and which ones they should avoid, and 
to encourage them to prioritize their hospital’s website 
for information.15,32 (Before doing this, clinicians should 
ensure that their hospitals are providing accessible and 
readable information online.) Ultimately, additional work 
is needed to better assess effective solutions that connect 
patients and their families to OPI supplied by healthcare 
professionals or institutions.

Limitations

This study was not without its limitations. While our study 
was not limited to an analysis of clubfoot centres, our 
methodology allows us to evaluate OPI as provided by a 
wide range of institutions providing paediatric care in the 
United States. Future studies may clarify differences in care 
between dedicated centres and paediatric orthopaedic 
care at large. Our reported web traffic score from Ahrefs 
is an estimate based on Ahrefs’ proprietary web traffic 
algorithm and does not track actual count of page visits. 
However, the algorithm itself ensures good comparisons 
between web pages of the same niche, such as clubfoot 
information on hospital websites in this study.33 Readability 
measures are also imperfect, but without other validated 
metrics, the readability indices used in this study represent 
the best available tool to assess reading difficulty.34 We did 
not systematically assess the accuracy or reliability of infor-
mation from paediatric hospitals included in our analysis, 
though prior work has indicated that OPI from hospitals 
tends to be among the highest quality available.30 Top ten 
Google search results may vary from person to person 
based on previous search history, location, saved cookies 
and cache. For our analysis, Google Chrome’s incognito 
mode was used for all searches to minimize this source of 
variability. Finally, while clubfoot represents only a single 
condition within paediatric orthopaedics, we believe this 
topic to be both germane to orthopaedic surgeons and 
to highlight the problems facing OPI in the current digital 
health landscape.

Conclusion
Our study highlights the challenges faced by medical insti-
tutions and hospitals in presenting and providing readable 
OPI for patients and their families within the context of club-
foot. We have indicated that the information about clubfoot 
from paediatric hospitals is not visible or comprehensible 
enough for the general population to make the most use. 
Improving the availability, accessibility and readability of 
such information through transformative, patient-cen-
tred design at a hospital-level has the potential to improve 
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patient comprehension about clubfoot and potentially 
patient outcomes in this field. Additional work is needed to 
evaluate the impact of such an intervention and to ensure 
hospital communication with patients is the most efficient 
and effective in improving the quality of medical care.
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