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Background: Readability scores predict the ease with which a document can be read and understood.
Identification of the factors that affect readability might improve the quality of surgical literature.
Methods: Electronic copies of submitted, peer reviewed and edited manuscripts of 189 articles published
in the British Journal of Surgery from March 2006 to April 2007 were studied. Flesch reading ease
scores were calculated for each version. Type of article (meta-analysis, review, randomized trial or other
original paper), first language of principal author, number of peer revisions and editor were recorded.
Results: Flesch score varied according to type of article (P = 0·004). The mean readability score was
lower when English was the first language of the principal author (P = 0·016). There was no significant
difference in mean Flesch score between the submitted and accepted (peer reviewed) manuscripts, but a
significant increase occurred after editing (P < 0·001), which did not vary between editors.
Conclusion: Several factors influence readability. Knowledge of such factors might help authors to
improve their scientific writing.
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Introduction

Readability refers to the ease with which a piece of text
is understood by a particular class of people1 . Factors
that inﬂuence readability include typography, legibility,
individual differences (in for example comprehension or
motivation), layout and use of illustrations1 . Readability
may be estimated using a predictor score such as the Flesch
reading ease scale2 , which is calculated from simple text
measurements (number of words, sentences and syllables)3 .
This score can be determined using word processing
software and has been used to predict readability in medical
and nursing journal articles4,5 , consent forms6 and webbased information resources7 .
Journal type and author nationality are associated
with differences in readability score8 – 10 . Although it
is recognized that the processes of peer review and
editing can increase the quality of articles in scientiﬁc
journals4,9,11,12 , little is known about the factors that
inﬂuence the readability of surgical articles. Published
instructions to authors tend to provide information about
formatting rather than readability13 . A recent study of
The Flesch score of this manuscript at submission was 23·4. This
changed to 25·7 after the ﬁrst revision and became 32·0 after editing.
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articles published in three surgical journals suggested that
they contained too many large words and long sentences,
and that their readability could be improved14 . The present
study assessed submitted, accepted (peer reviewed) and ﬁnal
version (edited and copy edited) manuscripts in order to
determine the variables that affect the readability score of
articles published in the British Journal of Surgery (BJS).

Methods

Manuscript sources
Manuscript Central is an internet-based tool that processes
articles submitted to biomedical journals15 . BJS started to
use Manuscript Central in March 2006, and from then to
the end of April 2007, 244 articles were published in the
journal. Rejected manuscripts were not considered in this
study.
Using Manuscript Central with Content Editor access
privileges, digital copies of submitted and accepted (after
revision) versions of 189 articles were retrieved editorials
and leaders were excluded. The ﬁnal (edited) manuscript
for each article was obtained electronically from the
publisher’s website16 . For each version, the words from
the introduction, methods, results and discussion were cut
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and pasted into a separate blank document as unformatted
text and saved. Errors that appeared during downloading of
hypertext mark-up language were corrected before analysis.
Two assumptions were made in this study. First, it was
assumed that the peer review process inﬂuenced changes
in manuscript content between submission and acceptance.
Second, it was assumed that the editing process (including
copy editing) inﬂuenced changes in manuscript content
between acceptance and publication.

Text measurements
The Flesch reading ease score was calculated using the
Microsoft Word spelling and grammar tool (Microsoft,
Redmond, Washington, USA). The calculation is based on
the equation 206·835–1·015× (total words/total sentences)
−84·6× (total syllables/total words)3 . The maximum score
is 121 and there is no lower limit. The Flesch score was
chosen for simplicity and convenience of measurement.
The higher the score, the more readable the text is
predicted to be. Other scoring systems are available that
produce an index referring to the grade of student from a
USA school that should be able to understand the text17,18 .
Predicted readability has an inverse relationship with these
scores.
Text measurements of total words, paragraphs, sentences
and characters, as well as mean number of sentences per
paragraph, words per sentence and characters per word
and number of passive sentences were performed using
the Microsoft Word spelling and grammar tool. Other
recorded variables included the type of article, country
of origin, the ﬁrst language of the principal author, the
number of revisions before acceptance and which of six
editors had been assigned to the manuscript.
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randomized clinical trials and 119 (63·0 per cent) were
other types of original article. The geographical origin of
the manuscripts was Europe for 145 (76·7 per cent), the
USA and Canada for ten (5·3 per cent), South East Asia
for 21 (11·1 per cent) and Australasia for 13 (6·9 per cent).
English was the ﬁrst language of the principal author of 77
manuscripts (40·7 per cent).
There was no signiﬁcant difference in the mean Flesch
score relating to geographic origin (P = 0·168). However,
manuscripts written by an author whose ﬁrst language was
English had a signiﬁcantly lower mean Flesch score than
those written by an author for whom English was a foreign
language (P = 0·016) (Fig. 1).
The mean Flesch score also varied signiﬁcantly
according to manuscript type (P = 0·004). Original articles
and randomized clinical trials generally scored better than
meta-analyses and reviews (Fig. 2).

Peer review
Submitted manuscripts had been assigned to one of six
editors and sent for peer review. Nine (4·8 per cent)
of the 189 manuscripts were accepted without revision;
133 (70·4 per cent) required a single revision and 47
(24·9 per cent) required two or more revisions before
acceptance. There was no signiﬁcant difference in mean
Flesch score between submitted and accepted (peer
reviewed) manuscripts (P = 0·435) (Fig. 3). Change in
score at this stage was assessed according to the number of
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Statistical analysis
Text calculations and variable scores were entered into a
Microsoft Excel spreadsheet (Microsoft) and imported
into SPSS version 11 (SPSS, Chicago, Illinois, USA) for
analysis. Means of continuous variables were compared
using the paired- or independent- samples t test and
one-way analysis of variance (ANOVA) as appropriate.
P < 0·050 was considered signiﬁcant. Data are presented
as means with 95 per cent conﬁdence intervals.
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Of the 189 articles, nine (4·8 per cent) were meta-analyses,
27 (14·3 per cent) were reviews, 34 (18·0 per cent) were
Copyright  2008 British Journal of Surgery Society Ltd
Published by John Wiley & Sons Ltd

Not English
(n = 112)

First language of principal author

Results

Submitted manuscripts

English
(n = 77)

Mean Flesch scores for submitted manuscripts according
to the ﬁrst language of the principal author, with error bars
representing 95 per cent conﬁdence intervals. P = 0·016
(independent- samples t test)

Fig. 1
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Manuscript type

Original
article
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Mean Flesch scores for submitted manuscripts according
to type of article, with error bars representing 95 per cent
conﬁdence intervals. P = 0·004 (one-way ANOVA)

Fig. 2

revisions. Manuscripts that received two or more revisions
had a signiﬁcantly lower mean change in readability score
(P = 0·028). The only signiﬁcant difference in text variable
between the manuscripts at the peer review stage of
publishing was in the mean proportion of passive sentences
(P < 0·001) (Table 1).

Editing
The mean Flesch score signiﬁcantly improved between
manuscript acceptance and publication (P < 0·001)
(Fig. 3). The mean increase was 16·1 per cent (Table 1).
The mean numbers of words, characters, paragraphs, sentences, sentences per paragraph and characters per word
signiﬁcantly decreased between the accepted and published manuscripts (Table 1). When this mean change in
score was analysed by editor, no signiﬁcant difference was
found (P = 0·649). Examples of text from published original articles with the highest and lowest recorded Flesch
scores appear in Fig. 4.
Discussion

In this study, Flesch scores indicated that readability
was lower when the principal author’s ﬁrst language
was English. In addition, meta-analyses and reviews were
generally less readable than randomized clinical trials and
other types of original article. Although peer review made
no difference to the readability score, the editing stage
signiﬁcantly improved it, with no signiﬁcant difference
between editors.
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Submitted

Accepted

Final

Stage of publishing

Mean Flesch scores of 189 manuscripts at different stages
of publishing, with error bars representing 95 per cent
conﬁdence intervals. *P < 0·001 versus accepted manuscript
(paired-samples t test)

Fig. 3

Editors aim to increase the impact factor of their
journals19 , but improving readability has received less
attention4,5 . Authors receive hardly any instruction on
this13 , and papers are rarely rejected by editors because of
problems with readability20,21 .
This study showed that manuscripts submitted by
authors whose ﬁrst language was English were less readable
than those from authors for whom English was a foreign
tongue. The latter probably constructed shorter, less
complex, sentences. Some may have used an independent
professional manuscript-writing service. These factors may
affect the readability of surgical journals. Furthermore,
most articles published in surgical journals come from
the USA22 , and readability scores of articles by American
authors tend to be lower than those of British writers23 .
In this context, it is interesting that the proportion of
articles published by European and non-American authors
is increasing. Perhaps readability will improve24 .
Lower readability scores for reviews and meta-analyses
is a new observation; the literature lacks evidence to
conﬁrm this. Systematic reviews and meta-analyses occupy
the highest echelons of research evidence, presenting a
rigorous evaluation of the published literature25 . However,
these articles are often unpopular with readers26 . Whether
their poor readability translates into poor understanding
by readers is not known.
Peer review is a ubiquitous yet controversial part of
scientiﬁc publishing. The process is slow, expensive, subject
to bias and has little evidence base27,28 . Nevertheless,
a combination of peer review plus editing is known
www.bjs.co.uk
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Table 1

Summary of text values for manuscripts at each stage of publishing
Submitted

Words
Characters
Paragraphs
Sentences
Sentences per paragraph
Words per sentence
Characters per word
Passive sentences
Flesch score

Accepted

Final

Mean

P*

Mean

P†

Mean

2723 (2599, 2847)
15 262 (14 553, 15 970)
38·6 (36·6, 40·5)
114·4 (109·2, 119·6)
4·6 (4·5, 4·8)
23·3 (22·8, 23·7)
5·4 (5·4, 5·5)
37·0 (35·8, 38·2)
20·6 (19·5, 21·8)

0·719
0·712
0·985
0·834
0·657
0·100
1·000
< 0·001
0·435

2736 (2608, 2864)
15 336 (14 604, 16 067)
38·6 (36·6, 40·5)
114·1 (108·8, 119·3)
4·6 (4·4, 4·8)
23·4 (22·9, 23·9)]
5·4 (5·4, 5·5)
38·1 (36·9, 39·2)
20·5 (19·3, 21·6)

< 0·001
< 0·001
< 0·001
< 0·001
0·045
0·138
< 0·001
0·103
< 0·001

2524 (2403, 2644)
13 923 (13 245, 14 601)
33·9 (32·4, 35·4)
108·4 (103·4, 113·4)
4·5 (4·4, 4·6)
23·1 (22·8, 23·5)
5·3 (5·3, 5·3)
38·7 (37·6, 39·8)
23·8 (22·8, 24·9)

Values in parentheses are 95 per cent conﬁdence intervals. *Versus accepted manuscript; †versus ﬁnal manuscript; paired-samples t test.

Lowest ranking score

Highest ranking score

In this study anastomotic leak occurred in 6·4 per cent of patients who underwent
hepatobiliary resection involving an intrahepatic cholangiojejunostomy. Several
authors have reported an incidence of anastomotic leak of 0·4–8 per cent after
hepaticojejunostomy distal to the hepatic hilum in pancreatic resection or bypass
surgery. De Castro et al. recently reviewed details of their experience with
hepaticojejunostomy in 1033 patients (distal to the hepatic hilum in 989, proximal
to the hepatic hilum in 44), following which anastomotic leak of the
hepaticojejunostomy occurred in 2·3 per cent. Only the study of Miyazaki et al.
appeared to include a high proportion of intrahepatic cholangiojejunostomies;
anastomotic breakdown occurred in 22 per cent (14 of 65) of patients who
underwent hepatectomy for hilar cholangiocarcinoma, but no specific details
about the difficulty of anastomosis were given. Other authors mentioned bile
leakage in 1·0–21·8 per cent of patients with hilar cholangiocarcinoma who
underwent resection with or without hepatectomy. These reports, however, did
not clearly specify whether bile leakage arose from the liver stump or from
anastomotic leak of the hepaticojejunostomy. In the absence of detailed reports
explicitly focusing on intrahepatic cholangiojejunostomy, there is no standard
against which the present results can be evaluated. Considering the technical
difficulties and highly invasive surgery needed, an overall incidence of anastomotic
leak of 6·4 per cent appears acceptable.
Final manuscript score, 8·6; paragraph score, 0

A consecutive series of patients whose chronic leg
ulcers failed to heal with prolonged conservative
management were treated by wide excision and
meshed split-skin grafting. All but three were
healed on discharge and more than half of these
ulcers remained healed for up to 5 years. Ulcer
recurrence was most likely to occur in the first 2
months after grafting, in keeping with other series.
Most ulcers that were healed at 2 months in the
study remained healed at 5 years. There was no
control group, in whom conservative management
was continued, but all patients in the series had
been treated previously with at least 6 months of
compression bandaging. The present study also
demonstrated that ulcers of various aetiologies can
be healed successfully and that the breakdown rate
was similar for all types of ulcer. The size of the
ulcer did not affect the healing rate, again
confirming the findings of others.

Fig. 4

Final manuscript score, 40·4; paragraph score, 55·2

Example discussion paragraphs from articles with the lowest and highest ranking Flesch scores

to improve the quality of published articles4,5,9,11 . A
meta-analysis has also demonstrated a slight improvement
in readability through ‘technical editing’ that included
peer review29 . Recently, a systematic Cochrane review
conﬁrmed that the overall package of technical editing
improves paper quality30 . However, the present study
found no signiﬁcant difference in readability score
attributable to peer review; indeed, a negative effect on
readability was noted if there were two or more revisions
after peer review. The signiﬁcance of this is uncertain,
but it raises the suspicion that repeated adjustment of text
adversely affects readability.
Attempts have been made to improve the peer review
process. Structured training has proved unpopular31 and,

although a randomized trial assessing a self-improvement
course showed some increase in review quality, this was not
of editorial signiﬁcance32 . Others have shown that a panel
of dedicated methodology and statistical reviewers failed
to improve manuscript quality33 . In this study, editors
and authors ignored half of all suggestions for manuscript
improvement33 . Neither masking the authors nor revealing
the identity of reviewers has made any difference to the
quality of peer review32,34 .
Editing was identiﬁed as making a signiﬁcant impact
on readability. This result is novel as others have studied
differences in readability scores only between submitted
and ﬁnal manuscripts without separating ‘technical editing’
into components4,5 . Reassuringly, there was no signiﬁcant
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difference between editors with respect to improvement in
score. The editing process is complex, involving interaction
between editors, referees and authors. Quality control of
the ﬁnal manuscript includes adjustments made by copy
editors. Editing has been shown to improve the quality of
abstracts and accuracy of reference lists29 . It also involves
dealing with too much, too little, inaccurate and misplaced
information, as well as problems with manuscript layout35 .
The present study identiﬁed signiﬁcant reductions in most
of the recorded text measurements after the editing stage
of publishing. Most of these changes reduce manuscript
length. The editing process reduced the mean word count
of manuscripts by 7·8 per cent. It would be interesting to
know if asking authors to shorten manuscript length by a
similar or greater amount would achieve similar changes
in readability score.
Some have criticized the Flesch score as a predictor
of readability36 . None of the available score systems
has been speciﬁcally designed for use with scientiﬁc
literature. However, the Flesch score is being used
increasingly in this context and has been validated4,5,14,23 .
Still, the present study used only a single readability
measurement. It is possible that other scoring systems,
such as the Coleman–Liau index or the Simple Measure of
Gobbledygook score, might produce different results17,18 .
In the light of the above, it would seem reasonable
to provide authors with information on readability and
how to improve it. This might beneﬁt surgical publishing.
Hall14 has suggested that authors aim for a Flesch score of
over 30 to avoid the possibility of their manuscripts being
as difﬁcult to read as legal documents. While this level
of text might be beyond the surgical authorship, or even
inappropriate for surgical work, perhaps it is something to
aspire to.
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visit the on-line correspondence section of the website (www.bjs.co.uk). Electronic
communications will be reviewed by the Correspondence Editor and a selection
will appear in the correspondence section of the Journal. Time taken to produce
a thoughtful and well written letter will improve the chances of publication in the
Journal.
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