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Abstract

Purpose Globally, pediatric surgical association websites present patient/family education materials on an extensive list
of conditions, including descriptions of the condition, signs and symptoms, diagnostic modalities, and treatment options.
The purpose of this project was to assess the readability of pediatric surgical association websites’ patient/family education
materials.

Methods With IRB approval, we accessed all patient/family education materials on pediatric surgical association websites
from around the globe and used multiple grade-level assessments and readability assessments to determine the reading level
at which the information is presented.

Results The American Pediatric Surgical Association (APSA) website and the British Association of Paediatric Sur-
geons (BAPS) present publicly accessible patient/family education materials. Seventy-four (74) conditions on APSA’s
website were analyzed. Three grade-level assessments and the Flesch Reading Ease assessment indicated that the articles
are written at high school reading levels. No articles were available in languages other than English. BAPS presented 6
conditions, most of which were more readable than their APSA counterparts.

Conclusions Our analysis indicates that the patient/family education materials available on pediatric surgical association
websites may not be written at a level that is comprehensible by the general population. Potential solutions include re-writing
the materials with an emphasis on readability and presenting materials in languages other than English.

Level of evidence V.

Keywords Health literacy - Readability - Pediatric surgery

Introduction

The internet has become an important tool for people to
access health information as up to 7 million health-related
searches are performed on Google daily [1]. It is established
that when parents are well-informed of their child’s medi-
cal condition(s), they are better able to engage in the plan
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of care and this leads to better outcomes [2]. Measures of
improved parental/family engagement include increased
compliance with medications, planning of post-operative
rehabilitation needs, and improved post-surgical quality of
life [2]. However, how parents and families can best become
informed on the myriad of surgical conditions that can befall
a child to ensure improved outcomes is not well defined.
Health literacy refers to the basic reading and numerical
skills that allow a person to function within a health care
environment. Those with a high health literacy are better
able to participate in the care of their child, whether by mak-
ing scheduled appointments, adhering to medication regi-
mens, or by following the instructions of the treatment team
[3]. The opposite is true for those who have low health lit-
eracy. Health literacy can be improved by providing disease-
specific education materials that are readable by patients [4],
where readability refers to the ease in which written text
can be understood by the population. The National Institutes
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of Health recommends that medical information should be
presented at a 4th—6th grade reading level and should not
exceed that of an 8th grade reading level, which encom-
passes 80% of Americans [4].

Multiple pediatric surgical associations exist worldwide,
with goals of connecting their membership and serving the
patients/families in their geographic regions. As an exam-
ple, the American Pediatric Surgical Association (APSA)
website presents patient and family education materials
on an extensive list of common and rare pediatric surgical
conditions. The site contains information about the condi-
tion, including signs and symptoms, diagnostic modalities,
medical treatments, when surgery is needed, and general
post-operative care. However, this information is curated
by medical professionals, and may not be presented in a
format suitable for the general population to understand.
The purpose of this project was to assess the readability
of pediatric surgical association websites’ We hypothesized
that the patient/family education materials presented on the
pediatric surgical association websites would be above the
reading level that would make it the most useful for the gen-
eral population.

Methods
Ethics statement

The Institutional Review Board determined that this
study qualified for Not Human Subjects Research status
in that it does not involve “human subjects” as defined in
45CFR46.102(e)(1).

Identification and analysis of pediatric surgical
association patient/family education materials

The publicly accessible portions of the American Pediatric
Surgical Association (APSA), American Pediatric Surgical
Nurses Association (APSNA), British Association of Paedi-
atric Surgeons (BAPS), Canadian Association of Paediatric
Surgeons (CAPS), European Paediatric Surgeons' Associa-
tion (EUPSA) and Pan African Paediatric Surgery Asso-
ciation (PAPSA) websites were searched for patient/family
education materials. APSA and BAPS websites contained
education materials for patients/families while APSNA,
CAPS, EUPSA and PAPSA did not.

All patient/family education materials on the APSA and
BAPS websites were accessed and downloaded as separate
documents for analysis. Online readability formula tools
(https://readabilityformulas.com/) were used to perform
multiple grade-level assessments and readability assess-
ments on each topic. To ensure accurate assessment of each
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of the conditions mentioned on the website, the full text
was used to calculate the grade-level and readability scores.

The Flesch Reading Ease Formula, which uses the total
words, sentences, and syllables in a text to come up with a
readability score between 1 and 100, is considered as one of
the oldest and most accurate readability formulas [5]. The
Flesch—Kincaid Grade Level Readability Test also uses total
words, sentences, and syllables of a text for its calculation,
but improves upon the Flesch Reading Ease Formula by con-
verting the results into a US grade-level equivalent.

The Coleman-Liau Index, based on the average number
of letters and average number of sentences per 100 words,
was designed to approximate the usability of a text, origi-
nally to calibrate the readability of all textbooks for the US
public school system. The Coleman-Liau Index has been
previously applied to medical texts because of its utility in
evaluating the length of words [6].

The Simple Measure of Gobbledygook (SMOG) Index
assesses the number of polysyllabic words in a passage to
present a grade reading level equivalent. The SMOG Index
is best applied to text that has at least 30 sentences and was
designed specifically for the healthcare field. It is measured
by taking 10 sentences from the beginning, middle, and end
of a text, counting every word that has 3 syllables or more,
taking the square-root of that number, rounding to the near-
est tenth, and adding 3 to get the final score [6].

Finally, the Lasbarhetsindex Swedish Readability For-
mula (LIX) is designed to measure the difficulty of reading
text in a foreign language. LIX utilizes the percentage of
words greater than six characters and the average number
of words per sentence to provide a readability index (lower
values indicate greater readability).

Statistical analysis

Summary statistics were calculated in GraphPad Prism v9
(GraphPad Software, LLC).

Results

Availability of patient/family education materials
on pediatric surgical websites

The publicly accessible portions of the American Pediat-
ric Surgical Association (APSA) and British Association
of Paediatric Surgeons (BAPS) websites contained patient/
family education materials. The American Pediatric Surgi-
cal Nurses Association (APSNA), Canadian Association
of Paediatric Surgeons (CAPS), European Paediatric Sur-
geons' Association (EUPSA) and Pan African Paediatric
Surgery Association (PAPSA) websites did not contain
patient/family education materials.
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American Pediatric Surgical Association (APSA)
website

The American Pediatric Surgical Association (APSA) web-
site contained patient/family education materials for 74
conditions, ranging alphabetically from Achalasia to Wilms
tumor (Table 1). Articles had a median word count of 1053
(IQR 850-1339). Three separate grade-level assessments
were performed. The Flesch—Kincaid Readability Test indi-
cated that the articles were written at a median grade level
of 9.6, although five topics were written below the 8th grade
level (Adrenal tumors, Burns, Inguinal Hernia/Hydrocele,
PDA, Sacrococcygeal Teratoma) (Table 1, Fig. 1A). In con-
trast, the SMOG Index demonstrated that topics were all
above the 10th grade level, with many assessed to be at a
college level (Table 1, Fig. 1B). Finally, the Coleman—Liau
Index similarly demonstrated topics to be above the 8th
grade reading level, with a moderate number at the college
level as well (Table 1, Fig. 1C). The Flesch Reading Ease
test demonstrated a median score corresponding with above
the 9th grade reading level, although six topics were below
the 8th grade reading level (Adrenal tumors, Alpha-1 Antit-
rypsin Deficiency, Burns, Inguinal Hernia/Hydrocele, Pectus
Carinatum, and Thyroglossal Duct Cyst) (Table 1, Fig. 1D).

British Association of Paediatric Surgeons (BAPS)
website

The British Association of Paediatric Surgeons (BAPS)
website contained patient/family education materials for 6
conditions, ranging alphabetically from Acute Appendici-
tis to Umbilical Hernia [Table 2]. Articles had a median
word count of 351 (IQR 304-386). Three separate grade-
level assessments were performed. The Flesch—Kincaid
Readability Test indicated that the articles were written at a
median grade level of 7.5, with 5/6 topics written below the
8th grade level (acute appendicitis, circumcision, hydrocele,
inguinal hernia, orchiopexy) (Table 2, Fig. 2A). In contrast,
the SMOG Index demonstrated that topics were all above
the 10th grade level, but were below a college level (Table 2,
Fig. 2B). Finally, the Coleman—Liau Index similarly dem-
onstrated topics to be above the 8th grade reading level but
below the college level (Table 2, Fig. 2C). The Flesch Read-
ing Ease test demonstrated a median score corresponding
with above the 10th to 12th grade reading level, although
one topic was below the 8th grade reading level (Hydrocele)
(Table 2, Fig. 2D).

Readability of patient/family educational materials
for non-English speakers

No articles were available on the APSA or BAPS websites
in languages other than English. Therefore, we used the LIX

readability score, which assesses the difficulty of reading a
foreign text. Materials on the APSA site indicated a median
readability score corresponding with 9th grade or medium
difficulty, with five topics assessed as easy to read (adre-
nal tumors, anal fissure, burns, PDA, and sacrococcygeal
teratoma) (Table 1, Fig. 1E). Materials on the BAPS site
indicated a median readability score corresponding to the
7th grade or easy difficulty, with three topics assessed as
easy to read (acute appendicitis, hydrocele, and umbilical
hernia) (Table 2, Fig. 2E).

Discussion

In this study, we assessed the readability of multiple pediat-
ric surgical associations’ patient/family education materials
and found that (1) the majority of associations do not pre-
sent these materials to the public, (2) the APSA materials
are predominantly presented at a high school grade reading
level, and (3) the BAPS materials are often presented at an
easier reading level. These findings were consistent across
all the readability and grade-level assessments utilized. Fur-
ther analysis of the APSA materials identified that the aver-
age grade level for the topics were in high school for the
Flesch—Kincaid and Coleman-Liau assessments and college
level for the SMOG Index, respectively.

Multiple prior studies have assessed the readability of
medical texts. One of the earliest studies in the literature,
from the 1970s, analyzed health education materials that
were found both in medical pamphlets and lay text [6]. That
study used the SMOG Index, which was designed specifi-
cally for health-related texts, and identified averages above
a 9th grade reading level. Similar studies from that period,
utilizing multiple readability formulas, demonstrated similar
results [7]. Over time, as medical texts have transitioned
from written pages to computer screens, readability formu-
las have demonstrated increasing levels of complexity. This
is also not limited to pediatric surgery, as assessments of
other surgical subspecialties, have shown similar levels of
complexity [8]. This may be related to the rapid escalation
of technology and techniques for diagnosis and treatment,
resulting in complex writing.

Further analysis of the results from APSA showed that
despite what may be considered “easier” topics, the con-
tent remained above the NIH recommended 8th grade read-
ing level. For example, acute appendicitis, one of the most
common pediatric surgical conditions, is described using
1487 words and had grade-level assessments of 9.9 from
Flesch—Kincaid, 12.5 using the SMOG Index, and 11.4
using the Coleman-Liau Index. Conversely, conditions
that may have non-surgical treatment options such as gas-
troesophageal reflux disease (GERD) were described using
913 words and had grade-level assessments of 10.8, 13,
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Table 1 List of all conditions with patient/family education materials on the APSA website and assessment of readability using multiple meas-
ures

Condition Word count Flesch—Kincaid SMOG (median  Coleman—Liau Flesch reading ease  LIX (median
(median 1053, IQR  (median 9.6, IQR 12.5,IQR (median 11, IQR (median 52, IQR 42, 1QR
850-1339) 9-10.3) 12-12.9) 10.3-11.8) 48-56) 39-44)
Achalasia 1814 104 12.9 11.1 51.5 45
Acute appendicitis 1487 9.9 12.5 114 474 41
Adrenal tumors 792 7.9 10.8 10 60.3 33
Alagille syndrome 1254 9.4 12 10.3 55.5 37
Alpha-1 antitrypsin 832 8.4 10.7 10 60.6 36
deficiency
Anal fissure 686 9 11.2 10.5 56.4 35
Annular pancreas 1200 9.8 12.7 10.9 514 43
Anorectal malfor- 1150 10.3 12.6 10.6 514 41
mation
Biliary atresia 2078 9 11.7 9.9 57.7 38
Biliary dyskinesia 735 10.7 13.4 12 47.1 44
Branchial anomalies 1037 8.5 12 10.2 58.1 40
Brest problems 1174 9.1 12.1 11.2 54.5 38
Bronchogenic cysts 894 9.7 12.3 114 52.4 42
Burns 1916 7.3 10.1 8.8 70.5 33
Central venous 877 10.1 13.5 11.7 514 44
catheters
Cecal volvulus 721 9.4 12.3 10.6 55.2 41
Choledochal cyst 1649 9.7 12.7 11.1 52.2 42
Cloacal anomalies 1564 8.4 11.6 10.3 55.4 37
Cloacal exstrophy 1262 8.8 12 10.7 53 39
Congenital dia- 1858 9.4 12.4 10.2 56.4 39
phragmatic hernia
Crohn's disease 1989 10.8 13.7 12.2 46.8 47
Diaphragmatic 805 10.1 12.7 12.5 46.7 44
eventration
Duodenal atresia 1074 8.8 119 10.8 52 42
Duplication cyst 855 9.2 12.1 11.3 51.5 41
Empyema 1032 9.6 12.6 10.8 52 40
Epididymitis/ 630 11.6 134 12.5 36.7 46
orchitis
Esophageal atresia/ 1322 10.8 13.3 10.2 514 44
tracheoesophageal
fistula
Esophageal foreign 1390 9.1 12.1 10.7 53.7 40
body/injury/
trauma
Fistula-in-ano 640 10 12.5 11.2 48.1 43
Gallbladder diseases 1854 9.3 12.3 11.2 54.9 40
Gastrointestinal 1186 9.7 12.9 10.7 53.8 42
foreign bodies/
bezoars
Gastroschisis 1166 9.9 12.4 10.3 55.1 39
Gastroesophageal 913 10.8 13 13.1 429 49
reflux disease
Gynecomastia 1049 9.9 12.7 11 52.1 40
Hepatoblastoma 1288 11.2 13.1 11.1 48.3 43
Hirschsprung 2420 11 13 13.2 42.2 47
disease
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Table 1 (continued)

Condition Word count Flesch—Kincaid SMOG (median ~ Coleman-Liau Flesch reading ease  LIX (median
(median 1053, IQR  (median 9.6, IQR 12.5,IQR (median 11, IQR (median 52, IQR 42, IQR
850-1339) 9-10.3) 12-12.9) 10.3-11.8) 48-56) 39-44)

Hyperthyroidism 1267 10.9 12.8 12.1 48.1 46

Hypertrophic 952 8.2 11 10.1 552 37
pyloric stenosis

Inguinal hernia/ 110 7.3 11.6 9.3 62.6 36
hydrocele

Intussusception 756 10.4 13.4 12.9 43.1 44

Labial adhesions 679 10.6 13.6 11.5 48.7 42

Malrotation 1251 9.9 12.8 12.3 47.2 44

Meckel's diverticu- 984 9.4 12.2 11 49.8 42
lum

Meconium ileus 942 10.4 12.8 12 479 45

Meconium plug 701 9.5 11.9 11.5 52.7 44

Mesenteric and 910 9.6 12.6 11.7 48.9 43
omental cysts

Neck masses 1057 9.6 12.9 12.4 49.9 43

Necrotizing entero- 804 10.1 12.6 11.9 47 44
colitis

Neuroblastoma 1822 10.7 12.9 11 50 41

Omphalocele 1172 9.7 12.2 11.5 49.7 41

Ovarian torsion 921 8.8 12.1 9.3 57.1 36

Pancreas divisum 683 10.7 13.2 13.4 41.2 46

Pancreatic cysts 828 9.6 12.7 12 50.8 44

Pancreatitis 1222 12.2 14.5 12.9 43.8 50

Parathyroid prob- 1782 11.9 13.6 12 44 46
lems

Patent ductus arte- 699 7.7 10.6 9.7 59.2 33
riosus

Pectus carinatum 996 8.1 11.3 10.1 61.5 38

Pectus excavatum 965 8.2 11.2 10.4 59.6 38

Rectal prolapse 1474 10 12.6 11.5 49.1 42

Ruptured appendi- 2030 9.6 12.4 11.3 50 42
citis

Sacrococcygeal 962 7.6 10.5 9.7 59.7 34
teratoma

Short Bowel syn- 1023 12.4 14.8 13.8 36.9 51
drome

Skin lesions 1066 9.1 12.2 9.7 59.6 39

Spontaneous pneu- 1225 9.2 12.4 11.1 56.1 41
mothorax

Testicular torsion 864 8.6 12 10.2 57.2 40

Thyroglossal duct 924 8.3 11.4 10 60 38
cyst

Thyroid cancer 1584 9.8 12.4 10.8 54.9 43

Torticollis 836 9.4 12.5 10.8 53.9 40

Ulcerative colitis 1600 11.3 13.7 12.1 44.4 47

Umbilical condi- 1401 9 11.8 10.5 54.2 38
tions

Undescended 817 9.2 12.8 10.7 53 42
testicle

Urachal cysts 918 9.5 12.5 10.5 51.3 41

Vascular rings 1191 9.8 12.6 10.9 53.5 42
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Table 1 (continued)

Condition Word count Flesch—Kincaid SMOG (median ~ Coleman-Liau Flesch reading ease  LIX (median
(median 1053, IQR  (median 9.6, IQR 12.5,IQR (median 11, IQR (median 52, IQR 42, IQR
850-1339) 9-10.3) 12-12.9) 10.3-11.8) 48-56) 39-44)
Wilms tumor 1320 10.1 12.7 10.3 55.6 42
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Fig.1 Visual representation of readability tests from APSA. Three
grade-level assessments were performed. A The Flesch—Kin-
caid Readability Test indicated that most articles were written at a
median grade level corresponding with 8th—12th grades (black dots),
although five topics were written below the 8th grade level (green
dots; details in Table 1), and two topics were written at the college
level (red dots; details in Table 1). B The SMOG Index demonstrated
that topics were all above the 10th grade level, with many assessed to
be at a college level (red dots; details in Table 1). C The Coleman—
Liau Index demonstrated topics to be above the 8th grade reading

T
LIX Readability

level, with a moderate number at the college level (red dots; details
in Table 1). D The Flesch Reading Ease test demonstrated a median
score corresponding with above the 9th grade reading level, although
six topics were below the 8th grade reading level (green dots; details
in Table 1). E The LIX readability score was used to assess the dif-
ficulty of reading a foreign text and indicated a median readability
score corresponding with 9th grade or medium difficulty, with five
topics assessed as easy to read (green dots; details in Table 1) and ten
topics assessed as being above medium difficulty (red dots; details in
Table 1)

Table 2 List of all conditions with patient/family education materials on the BAPS website and assessment of readability using multiple meas-

ures
Condition Word count (median Flesch—Kincaid SMOG (median Coleman—Liau Flesch reading ease  LIX (median
351, IQR 304-385) (median 7.6, IQR 10.9, IQR (median 9.6, IQR (median 55, IQR 36, IQR
7.2-7.9) 10.0-11.3) 8.8-9.9) 52-57) 34-38)

Acute appendicitis 387 7.2 9.2 8.6 51.7 34
Circumcision 293 7.8 10.3 10.1 52.2 38
Hydrocele 307 7 10.6 9.4 60.7 35

Inguinal hernia 367 7.6 11.1 9.7 56 36
Orchiopexy 334 7.5 11.1 8.9 56.3 38

Umbilical hernia 385 8.3 11.7 9.8 54.1 32
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Fig.2 Visual representation of readability tests from BAPS. Three
grade-level assessments were performed. A The Flesch—Kincaid
Readability Test indicated that most articles were written below
the 8th grade level (green dots; details in Table 2). B The SMOG
Index demonstrated that topics were all above the 10th grade level
but below the college level (black dots; details in Table 2). C The
Coleman-Liau Index also demonstrated topics to be above the 8th
grade reading level but below the college level (black dots; details

and 13.1, respectively. Interestingly, while BAPS presented
fewer topics on its website, the materials presented were
generally more readable than those on the APSA website.
This may be due in part to the short word length of each
topic (median ~ 350 words vs. > 1000 words). Readability of
a text has health literacy implications and potential impact
on the health of the person or population to which the text
applies [3].

While our study focused on counseling materials for
surgical conditions, all documents, ranging from discharge
instructions, vaccination information, and survivorship care
plans for cancer patients, are impacted by the complexity of
the information they contain [9, 10]. Additionally, as care
plans become increasingly complex and multidisciplinary
in nature (e.g., multimodal care for cancers), it becomes
incredibly important that information be presented at an
appropriate level for patients and families to understand. It is
equally important that the providers also take an active role
in improving the health literacy of patients, which includes

T
LIX Readability

in Table 2). D The Flesch Reading Ease test demonstrated a median
score corresponding with above the 10th to 12th grade reading level,
although one topic was below the 8th grade reading level (green dot;
details in Table 2). E The LIX readability score was used to assess
the difficulty of reading a foreign text and corresponded to the 7th
grade or easy difficulty, with three topics assessed as easy to read
(green dots, details in Table 2)

increased use of lay language, slowing down to the pace of
discussions with patients, and asking patients to repeat back
information that was presented to them during the encounter
[11].

Potential limitations to this study relate to the meas-
ures used to assess readability. This study used five differ-
ent assessments to measure readability; however, there are
dozens of different tools available to assess readability with
varying levels of complexity. The measures chosen for this
study include some of the most used and easy to interpret
(Flesch) as well as those specifically created to assess med-
ical texts (e.g., SMOG Index and Coleman-Liau). It was
important to use different assessments to measure readabil-
ity to establish ways in which text can be improved. For
example, the Coleman—Liau Index is helpful for reducing the
number of words in a text. Furthermore, the SMOG Index
may assist with changing longer words into smaller words
which could improve readability. In addition, we only iden-
tified materials on the APSA and BAPS websites available
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in English, and so we can only infer how the information
would be interpreted if it was in a different language. To
mitigate this limitation, we employed the LIX formula in our
analysis. In addition, readability assessments only measure
written text and, therefore, cannot account for how visual
aids may improve or detract from comprehension. Finally,
materials on the multiple association websites were not pub-
licly accessible and, therefore, not able to be analyzed.

Conclusions

APSA’s patient/family education materials aim to help fami-
lies “better understand the problem, what can be done and
what to expect when considering pediatric surgery.” Our
analysis indicates that the patient/family education materials
available on pediatric surgical association websites may not
be written at a level that is comprehensible by the general
population. Potential solutions include re-writing the mate-
rials with an emphasis on less, more precise wording, and
presenting materials in other languages.
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