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Abstract
Background:

Health literacy is de�ned as the ability to understand basic health information with such competence as
to be able to use this information to enhance health. Lower health literacy is associated with increased
post-operative complications, reduced satisfaction and compliance. To ensure accessibility and
comprehension by the general public, many international health organisations suggest that health
literature has a reading grade level equivalent to the American sixth grade. However, previous studies
show that this rarely occurs.

Total ankle replacement (TAR) technology has rapidly progressed with new prosthesis showing
increasingly improving outcomes. However, TAR remains a complex procedure which may be challenging
to explain to the patient. Thus, many patients will turn to the internet for more information and as a
‘quasi-second opinion’. If the health education materials provided on the internet is not accessible to
patients, it can leave them overwhelmed and confused. The aim of the study is to evaluate the readability
of information on the internet with regards to Total Ankle Replacement

Methods:

110 websites from the two main search engines (Google and Bing) were assessed using the terms ‘total
ankle replacement’ and ‘total ankle arthroplasty’. Once duplicates had been removed and exclusion
criteria were applied, 36 unique websites were categorised and underwent analysis using readability
software (WEB FX readability tool). The websites were assessed for readability using the Fleisch Reading
Ease Score (FRES) and the Reading Grade Level (RGL). A score of greater than 65 for FRES and an RGL
of six or less were considered acceptable. Differential and Inferential statistical analysis was performed
using SPSS.

Results:

The mean FRES score was 54.95 (SD: ± 13.2); this was signi�cantly below the recognised acceptable
standard score of 65 (P<.0001). An ANOVA conducted showed signi�cant difference between FRES
scores based on categories (P=.041) with post-hoc testing showing that the difference between
commercial and non-physician scores was the most signi�cant (P=.016; CI:3.84-61.66).

The mean RGL was 8.31 (SD: ± 1.95). One-way t-tests showed that these scores were signi�cantly higher
than the acceptable standard (P<.0001; CI: 1.64-2.97). ANOVA testing showed a signi�cant difference
based on category (P=.028) with post hoc testing showing signi�cant difference between non physician
and commercial scores (P=.012, CI: 0.71-9.33).

Conclusion:
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The majority of the websites pertaining to total ankle replacement are signi�cantly beyond the
comprehension levels of the general public. This will affect the patient’s ability to discern the complexities
and potential complications of total ankle arthroplasty, with serious rami�cations for consent as well as
post-operative rehabilitation and compliance.

Level of Evidence: not applicable

Introduction
Painful ankle osteoarthritis effects approximately 1% of the adult population and is associated with
similar levels of psychological distress and physical limitations as have previously been associated with
hip and knee arthritis [1-2]. Approximately 70-80% of symptomatic ankle arthritis is post-traumatic,
usually associated with a previous ankle fracture [3-5], though repetitive ligamentous injuries have also
been linked to long term degeneration of the ankle joint [1,5-6]. Other rare secondary causes of ankle
osteoarthritis include rheumatoid diseases, haemophilia, haemochromotosis, avascular necrosis and
post-infective states [7-8].

For most patients, ankle arthritis will present insidiously and non-operative treatment such as bracing,
anti-in�ammatory medications and intra-articular injections may help to provide pain relief and improve
function [9-12]. As the arthritis progresses and conservative treatments fail, patients will turn to surgical
options such as ankle arthrodesis and total ankle arthroplasty (TAA) to seek long term pain relief and
functional restoration [5].

The primary indication for Total Ankle Replacement (TAR) is end stage ankle arthritis [13]. Previous
literature reviews have shown that TAR is a good treatment option for end stage arthritis with the ability
to restore function and mobility as well as relieve pain [5, 14-20]. Concerns regarding long term function
and mobility with ankle arthrodesis combined with the growing success and evidence in hip and knee
ankle arthroplasty have sparked a revolution in developing an equivalent procedure for the ankle [5,21-
22]. Advances in implant design and surgical technique have yield better outcomes in recent years;
current literature shows a �ve-year failure rate of 10 % for TAR compared to a 50% failure rate previously
associated with �rst generation TAA implants [5,21,23-24]. Further analysis shows a 77% survival rate at
10 years [23-24]. TAA is also associated with improved post-operative range of motion [14-20] and
reduced rates of primary revision compared to ankle arthrodesis [20, 25-27].

Despite these advances, TAR is not without complication. Residual pain is frequent, effecting between 23-
60% of recipients’ [24], and this must be communicated to patients pre-operatively within the parameters
of their consent. Also, TAA works best in older, lower demand patients, meaning that those who were
active or sporty before their arthritis became debilitating may not bene�t from this surgical option [1, 5,
28-29]. TAR also requires a demanding post-operative regime that requires strict compliance; this includes
plaster cast immobilisation of the limb for six weeks post-operatively [1, 28-30].
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As TAR is such a complex operation which is still undergoing development and innovation and is still
associated with many biomechanical and surgical complications, it can be di�cult to explain this
procedure succinctly to the patient. Many patients may become confused or overwhelmed by the
information they are being given but may be too embarrassed to seek clarity. Often, these patients will
instead access the internet as a means to further understand their procedure and to seek a ‘quasi-second
opinion’[31]. Thus, it is of the upmost importance that the information on the internet be as inclusive and
accessible to patients as possible to ensure adequate health literacy.

Health literacy is de�ned as the ability to understand basic health information with such competence as
to be able to use this information to enhance health [32]. Lower levels of health literacy have been shown
to be associated with higher inpatient hospital service utilisation and increased post-operative
complications and costs [33-39]. A lack of health literacy has been shown to signi�cantly impact post-
operative rehabilitation compliance, which is particularly pertinent in the case of TAR [37, 28-30]. While
simplistic, the key to improving health literacy is to ensure that the materials provided to the health
consumers are easily understandable [40]. When we consider that the majority of Americans read at an
8th grade level or lower, it is not di�cult to discern that a complex procedure such as TAR may be beyond
their comprehension, resulting in negative outcomes [40-43]. Furthermore, TAR has a very speci�c and
lengthy post-operative rehabilitation process which includes several weeks of non-weight bearing [28-30].
A failure to understand this completely will reduce compliance and effect post-operative complication
and patient satisfaction rates [37-39]. For all of these reasons the United States Department of Health
and Human Services (USDHSS) and National Institute of Health (NIH) has previously recommended that
health education material be written at a reading grade level (RGL) of no higher than the sixth grade in a
bid to increase accessibility [40-41]. However, previous studies have shown that this level is often
exceeded [40, 44-48].

We conducted an extensive literature search and have not found any previously published study which
has sought to determine the accessibility of information about TAR on the internet. The aim of this study,
therefore, is to evaluate the readability of information on the internet with regards to Total Ankle
Replacement/Arthroplasty.

Methods And Materials
On a single day in the month of June 2020, we searched for websites on Google and Bing using the terms
total ankle replacement and total ankle arthroplasty [49](SUFE). For each of these searches, the �rst three
pages of returned hits were evaluated (n-110). The reasoning behind this methodology and limit was
based on evidence provided by previous studies which have shown that most people do not look beyond
the �rst two pages of website hits and that the majority of people only look at the �rst page of hits [49-
50]. The �gures for the returned hits for each search engine and each search term are shown in Table 1.

Duplicate websites were removed �rst and then the remaining websites were accessed and evaluated
based on the exclusion criteria. Medical journals, sites requiring logins or composed solely of videos were
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excluded. This is in accordance with previous studies which felt that medical journals would be beyond
the capacity of the majority of the population [51]. Following this review of the initial 110 websites, 36
unique webpages underwent further in-depth analysis. A breakdown of this aspect of the methodology is
shown via Flow Diagram in Figure 1.

The next step in the analysis was to categorise the 36 included websites by type; following the
methodology used in previous studies these categories included academic, physician, non-physician,
commercial, media and news, social media and non-speci�ed [49-51]. Any website linked to a university
or teaching hospital was considered academic while physician websites referred speci�cally to any
private website owned by a doctor in private practice. Non-physician referred to websites created by other
multidisciplinary team members such as physical therapists, radiographers and occupational therapists.
Commercial denoted websites which contained advertising or were trying to sell products. Social media
was added as a category to acknowledge the increased in�uence of Facebook, Instagram, Tinder and Tik
Tok in the modern era [49-51]. Finally, sites which did not fall into any of the above categories were
classed as unspeci�ed. A list of all included sites is available to review in Appendix 1.

Once classi�ed, the websites were transferred to the online readability software. While there are several
types available on the internet, the WEB FX readability software was used in this study. Once uploaded,
the readability software was used to calculate and produce a Flesch Reading Ease Score (FRES) and a
Reading Grade Level (RGL) for each website [44,52]. The FRES is de�ned as a determination of how
di�cult a passage in English is to understand [44-47, 49,51]. Among readability scoring systems, the
FRES is the only metric where a higher score indicates an increased readability. A FRES score of 65 or
greater is considered to be acceptable [44,49]. FRES scores between 30-50 are considered di�cult to read
and scores of less than 30 are considered exceptionally di�cult to read and are on par with Harvard Law
Review [44,49]. Table 2 shows a complete breakdown of the FRES scoring system [49].

The Reading Grade Level (RGL) is de�ned as the ‘cumulative score for the readability of a passage’. As
previously stated, it is recommended that educational materials generated for health consumers be
written at no more than a sixth-grade level of education [40-41].

Statistics were performed using SPSS version 26 (SPSS, Chicago, IL) [53]. The level of signi�cance was
set as 5%. To determine whether sites with translation services predicted higher readability scores, 2
sample t tests were used when the data was normally distributed and the Mann-Whitney U test was used
when it was not. To determine the difference between categories, ANOVA testing was performed and if
this achieved signi�cance, Post-Hoc statistics were undertaken [49,51]. RGL was compared to the 6th

grade standard using a one-way t-test. A score of 65 or higher was determined to be acceptable for the
FRES test; this acceptable standard was compared to the �ndings using a one-way t-test [49,51].

Results
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A total of 36 unique websites were evaluated using the readability tool. Only six out of the thirty-six
websites assessed had a FRES score greater than 65 (16.6%). The mean FRES index was 54.95 (SD: +/-
13.2), which classi�es the majority of pieces as ‘fairly di�cult to read (Table 2). The highest category
score as shown in Figure 2 was the non-physician websites. Nine (25%) of the websites reviewed had
FRES scores between 30-50 suggesting it would require college level education to be able to read and
interpret them. A one-way t-test was performed comparing the FRES mean to the standard; this was
signi�cantly below the recognised acceptable index (p<0.0001; 95% CI: -14.52 to -5.58). An ANOVA
conducted showed signi�cant difference between FRES scores based on categories (P=0.041) with post-
hoc testing showing that the difference between commercial and non-physician scores was the most
signi�cant (P=0.016; CI:3.84-61.66).

The mean RGL was 8.31 (SD: +/- 1.95). As shown in Figure 3 the worst RGL scores were in the
commercial category while the best were the non-physician websites. This is consistent with the �ndings
in Figure 2 for the FRES. One-way t-tests showed that these scores were signi�cantly higher than the
acceptable standard (p<0.0001; CI: 1.64-2.97). ANOVA testing showed a signi�cant difference based on
category (p=0.028) with post hoc testing showing signi�cant difference between non physician and
commercial scores (p=0.012, CI: 0.71-9.33).

Discussion
TAR is a biomechanical complex and technically challenging procedure which, despite advances, requires
strict post-operative program compliance and carries a high risk of complications [28-30]. Thus, if
patients are to be able to fully consent to this undertaking, they must have access to reliable information
at a level which is easily comprehendible [54].

As observed in previous studies regarding health consumers and the internet, this study has
demonstrated that the majority of health education websites regarding TAR exceed the comprehension
level of the intended audience [44-50,54]. By failing to adhere to the suggested levels of readability, these
websites which are meant to assist patients in understanding their procedure will instead create
confusion and anxiety, potentiating the risk of patients developing cyberchondria [55]. This will affect
levels of adherence with post-operative care, leading to missed appointments, increased complications,
increased hospital re-admission rates and reduced satisfaction with overall treatment outcomes [33-38].
A lack of credible information may affect the patient’s ability to give informed consent in regards to a
procedure [39]. As mentioned in the introduction to this article, TAR has an extremely speci�c post-
operative course which includes a signi�cant amount of time non-weight bearing; failure to comply with
this due to a lack of understanding and adherence could result in potentially disastrous complications
[28-30,37].

It is thus disquieting that the TAR sites evaluated in the study exhibited an average RGL of 8.31, well
above those recommended previously [40-41,56-57]. 84% of the materials which underwent analysis
scored above the recommended sixth-grade reading level with roughly 25% of the materials evaluated
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were scored at readability levels advised for university textbooks. This observation has note only been
noted during this speci�c study but appears as a consistent trend across the literature, supporting a
developing worrisome trend that patients will not be able to fully perceive the information regarding TAR
[33-39,49].

However, a surprising yet positive aspect which must be noted during this analysis is that although the
mean RGL for the TAR websites is above the recommended standard, it is better than the quoted RGL
scores for hip and knee arthroplasty in the literature. One paper by Shnaekel et al analysed nine sets of
patient education material for hip and knee arthroplasty and found them to have a cumulative RGL of
10.5 [58]. Similarly, Polishchuk et al published a study in 2012 which estimated Reading Grade Level
using a different readability test, the Flesch-Kincaid. Using this test, their study shows an estimated RGL
for arthroplasty materials of 11.1 [59]. These �gures suggest that while TAR website Reading Grade
Levels may not be compliant with the recommended standards, there is an awareness of the need to
simplify the information among Foot and Ankle specialists.

This difference could be speculated to be associated with the fact that most orthopaedic surgeons are
aware that the majority of patients will know someone within their social or family circles who will have
had a hip or knee arthroplasty procedure that they will be able to seek counsel from. However, TAR is a
rarer procedure and thus, places more onus on the physician to provide quality information to the patient.
This sense of responsibility may be translated into better quality of information being presented on
websites, in a bid to communicate more effectively with potential health consumers.

A second concerning trend noted during the analysis is the low FRES scores for the commercial,
academic and physician sections shown in Figure 2. The scores for the academic websites, which are
a�liated with major teaching hospitals, and for physician sites, which are private foot and ankle
specialists, are 55.85 and 53.66 respectively. These FRES score, as noted in Table 2, means that these
websites are at a level that requires nearly university level education to be read and understood on the
�rst pass; this is not feasible for many patients and may leave them confused and overwhelmed. The
commercial websites have a mean FRES score of 37.97, which means they require higher education to be
able to understand these websites. While it must be acknowledged that commercial sites will contain
more technical terms than are perhaps found in the other categories, their FRES score is approximately on
par with the readability of the score given to Harvard Law Review [44-47,52]. This would be beyond the
scope of comprehension for the majority of patients.

There is much scope to further improve the readability of the TAR websites and to make them compliant
with the suggested RGL standards. The Agency for Healthcare Research and Quality (AHRQ) has
previously advised an approach of assuming all patients and caregivers have di�culty understanding
health information and should be communicated with in a manner that anyone can understand [60].
Suggested application of this method for health-related education materials includes the use of diagrams
and simple words in a simple conversational style while avoiding jargon [60-65]. Videos could be used to
provide an additional further understanding of the procedure and its rehabilitation course.
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Orthopaedic surgeons who have a specialised interest in foot and ankle surgery should undertake the
responsibility of creating easily comprehensible, high quality education materials based on these
guidelines. TAR requires a unique perspective in that the material should not only provide information
regarding the surgery itself but should also provide in-depth data about the post-operative care and
rehabilitation. Once created, physicians and hospitals should then evaluate these materials using the
widely available readability software. Ideally, they should look for a readability software that identi�es
complex words and offers substitutions; the authors suggest this as most experienced physicians are
used to academic script and may be blinded to what constitutes a simple or complex word. An example
of this would be substituting the more complex “components” for the simpler, more readily understood
words “parts” [49].

The �nal suggestion the authors submit for improving readability and accessibility is to have websites
offer translation options where possible. Society has become extensively multicultural in the last two
decades and it is no longer acceptable to assume that English is the �rst language of every household or
health consumer [49].

This study is the �rst to consider the readability of the information on the internet in regards to TAR.
However, it must be acknowledged that there are shortcomings within the study [49]. Materials on the
internet are in constant �ux yet we limited are search strings to a single day. Thus, we acknowledge that
there may be better websites which were missed as a result. Furthermore, the �rst three pages of each
search engine was evaluated for each search term; while this was in keeping with the guidelines followed
in previous studies, it may mean that more accessible and readable websites on later pages have been
excluded [39,49].

A �nal limitation is the software used. The readability formulae determine the di�culty of the passage is
based on the letters per word, the syllables per word or the number of words per sentence. This means
that everyday words such as ‘replacement’ may generate a higher RGL than words with fewer syllables
and letters such as ‘physis’ which is a medical term and would be poorly understood by the general public
[49].

Conclusions
In conclusion, TAR is a complex procedure which has seen improved outcomes as implant quality and
surgical technique improve. However, TAR is also associated with signi�cant complications and a di�cult
post-operative rehabilitation process. It is therefore important that the information regarding this
procedure is high yield and easily understood by health consumers.

This study has shown that the data on the internet regarding TAR is relatively inaccessible to the majority
of patients and caregivers, with readability scores well above recommended levels. Given the imperative
role of health literacy to patient outcomes and the increasing usage of the internet among orthopaedic
patients, a substantial amount of work needs to be done to improve the readability of these websites.
Until this improves, physicians should err towards their patients away from the internet.
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Search Engine Search Term Number of Hits

Google Total ankle replacement 263,00,000

Google Total ankle arthroplasty 2,120,000

Bing Total ankle replacement 5,020,000

Bing Total ankle arthroplasty 77,900

 

Table (ii): Breakdown of the Flesch Reading Ease Score system. A score of 65 or greater is concerned to
be easily accessible to all reading levels [6].

Score School level Notes

100.00–
90.00

5th grade Very easy to read. Easily understood by an average 11-year-old
student.

90.0–80.0 6th grade Easy to read. Conversational English for consumers.

80.0–70.0 7th grade Fairly easy to read.

70.0–60.0 8th & 9th grade Plain English. Easily understood by 13- to 15-year-old students.

60.0–50.0 10th to 12th
grade

Fairly di�cult to read.

50.0–30.0 College Di�cult to read.

30.0–0.0 College
graduate

Very di�cult to read. Best understood by university graduates.

 

Figures



Page 15/17

Figure 1

Flow Diagram of methodology for screening websites Internet search �ow diagram, based on the PRISMA
(Preferred Reporting Items for Systematic Review and Meta-Analyses) statement.
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Figure 2

Mean scores for FRES as per category
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Figure 3

Mean scores for RGL as per category
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