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Summary

Aim of the study. An image has the power to
facilitate comprehensibility of complex data. The
aim of this paper is to discuss chart selection
in medicine, dentistry and health sciences
articles, increasing data comprehension and
memorization.

Methods. Design, mathematical, statistics,
health, and technology papers, books and
websites were used to best describe data
visualization through graphic use. Authors
searched MEDLINE, Cochrane Library, and grey
literature for chart styles and which one best
suits specific data. Some articles were included
as examples.

Results. Some principles of data visualization
were discussed. Chart types (comparison,
combination, distribution and relationship) were
clarified, and a practical guide of selection was
performed. Colours option and some aesthetic
aspects were considered.

Conclusions. An appropriate chart selection
is extremely useful to researchers and readers,
making data more assimilable.

Streszczenie

Cel pracy. Obraz utatwia zrozumienie ztozo-
nych danych. Celem niniejszego artykutu jest
omowienie doboru odpowiednich wykresow w ar-
tykutach o tematyce medycznej, stomatologicznej
i naukach o zdrowiu, usprawniajgcych mozliwo-
Sci przyswojenia danych oraz ich zapamigtania.

Metody. Wykorzystano ksigzki, strony interne-
towe oraz artykuly z zakresu dizajnu, matematyki,
statystki, nauk o zdrowiu i technologii w celu jak
najlepszego opisania wizualizacji danych poprzez
uzycie wykresow. Bibliograficzne bazy danych
(MEDLINE, Cochrane Library) oraz publikacje
z zakresu szarej literatury zostaly uzyte w poszu-
kiwaniu stylow wykresow oraz dopasowania ich
do konkretnych typow danych. Niektore artykuty
wykorzystano jako przyktady.

Wyniki. Omowiono niektore zasady wizualiza-
¢ji danych. Typy wykresow (porownania, kombi-
nacje, rozktady i zaleznosci) zostaly wyjasnione;
przedstawiono rowniez praktyczny przewodnik
utatwiajgcy dobor wykresu do konkretnego ro-
dzaju danych. Przedyskutowane zostaly opcje ko-
lorystyczne oraz elementy poprawiajgce estetyke.

Whioski. Wiasciwy dobor wykresow ma
ogromne znaczenie dla badaczy oraz czytelnikow
sprawiajqc, ze dane sq tatwiej przyswajalne.
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Introduction

“Apictureis worth athousand words” and any
graphical representation behaves as a picture,
communicating a clearer message.! A chart
has the possibility to elucidate and summarize
plenty of crucial data, and for this reason is
largely used in scientific papers. An appropriate
graph embodies massive data and can replace
some exhaustive and hard to handle tables,
illustrate trends, relations or simply publish
raw data.? The question of chart selection is
crucial since a wrong path could lead to an
inappropriate data visualization, causing more
confusion rather than elucidating.

A figure/photograph can communicate
fundamental information to a scientific article
reader, especially regarding a new surgical
technique, an outstanding biomaterial or a
specific anatomical region. One obstacle lies in
transposing data or numbers to a figure in a way
that facilitates not only understanding but also
memorization of these data. Due to the large
availability of numbers and written data, charts
are largely used in scientific papers, useful for
data presentation, comparisons, relationships
or even composition. Graph utilization is
getting wider since the majority of journals are
presented in digital formats, with no restriction
to colours.? Graphic representation of data is
known as data visualization or “data viz”.

The aim of this paper is to create a practical
guide in chart selection. Crucial questions
about what kind of data and how these data
can be displayed have been elucidated. Basic
principles of data visualization have been
debated. Variables, items, categories, and
outcomes amount presentation have also been
discussed.

Material and methods

This is an original article about graphical
analysis in scientific articles and has followed

no guideline. A bibliographic search concerning
design, mathematical, technology and health
science articles, books and websites was
performed and steps on choosing which chart
is ideal for spreading research findings were
analysed. The authors searched MEDLINE,
Cochrane Library, and grey literature for chart
styles to find which one best suits specific
data. Some articles were included as examples.
Literature regarding health articles and chart
selection is scarce.

Example tables and charts were created
through Microsoft Excel and PowerPoint
(Microsoft, Richmond, VA, USA), and
XLSTAT (Addinsoft Inc, Paris, France). Forest
plot example was created through Review
Manager Software 5.4 (Review Manager
(RevMan) [Computer program]. Version
5.4. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014).
Network visualization was performed through
VOSviewer (VOSviewer, Leiden University,
The Netherlands).

A practical guide to chart selection was
performed to help authors to choose which
chart best suits medicine, dentistry and health
sciences scientific papers. Readers can also
benefit from this knowledge, due to a more
efficient interpretation of the data and graphs
presented.

Results

Principles of data visualization

Some attributes are related to a high-quality
graph including easy to read dots and lines,
visually balanced axes and scales. The chart
itself must deliver a message without referring
back to the text.! Colour optimization brings
higher effectiveness, enhancing visibility;*>
a colour palette use with balancing and
contrasting colours is very useful to achieve
this purpose.®® A coherent order of colours
allows a meaningful interpolation, achieving
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Fig. 1. Two bar charts with the same data. A more
pleasant visual can be achieved with colour palette
and gridlines.

Fig. 2. A three-dimensional chart, not so clear.
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Fig. 3. A combination between a bar chart (yellow)
and a line chart (blue).

a more pleasant visual result (figure 1).” Free
and easy to use colour palettes are available on
the internet. Even if we are not dealing with
a photograph, and efficient edition must be
performed in order to obtain a better graphical
image. The majority of journals use a pattern of
300 dots per inch (DPI) as minimum resolution.
A variety of charts can be helpful in scientific
papers.

Care must be taken in inclusion of aesthetic
appeal elements. When overly used, they reduce
the effectiveness of visualization by obscuring
the intended message.'? The excessive use of
three-dimensional charts, stereo and motion
depth can disturb visualization (figure 2).!!
A helpful tool is a combination chart, two or
more chart types in a single chart; a helpful
combination, typical in epidemiological

Fig. 4. A grouped in male and female horizontal bar
chart.

analysis, is a bar chart and a line chart (figure
3)_12

Two questions are fundamental when
selecting a chart. To this purpose a display
form must be selected. A chart can be used for
data visualization of composition, comparison,
distribution, and relationship. Another crucial
information is how these data behave in relation
to time, whether they are static or dynamic.

Comparison charts

Comparison charts are used to present data,
their magnitude and proportionality. This
comparison can be measured among items,
using a bar chart, or over time. Bar chart or line
charts are useful to compare non-cyclical data,
bar chart for a single or several categories
and line chart used for many categories. Bar
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Fig. 5. A control chart example.

Fig. 6. A radar chart example.
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Fig. 7. A pie chart example. Confusion to the eyes can
be caused due to difference between variables size.

charts can be grouped (figure 4),!3 displaying
the same data on absolute and proportional
variables, study and experimental groups,'4
different years, genders,!’ etiology,'® or age
range.!” Horizontal or vertical bar charts can
be used for the same purpose!® but a horizontal
bar chart is usually employed when many data
are available. A minor modification of line
chart is addition of a single dot on time; this
chart is a control chart (figure 5).'° Plotted in
time order, it is useful for changing data over
time.

A rather uncommon comparison chart,
variable width column chart, can be used for
comparison among items with two variables per
item. Cyclic multivariate data can be charted

Fig. 8. A treemap with the same data of pie chart
figure 3. Clearer visual comprehension, even with
great variable size between groups.

using a radar chart (figure 6), a useful graph for
multidimensional visualization,?? helpful in the
control of quality improvement and strengths
and weaknesses, i.e. distinct trademarks,
biomaterials 2! or gene expression.??

Composition charts

This type of charts shows individual
parts and percentage of each part in a whole
composition, exhibiting relative or absolute
values. A composition chart is helpful in
demonstrating static data through a pie chart,
a stacked bar chart or a treemap. A pie chart
is used to demonstrate a simple share of the
whole and even though it is a frequently used
chart,?? it is considered a very poor graphical
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Fig. 9. Stacked bar chart about the number of
publications in orthognathic surgery topics over
decades.

Fig. 10. Stacked area chart of ameloblastoma
publications and journals research categories.
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Fig. 11. A boxplot example chart.

analysis.?* A pie chart using many variables can
cause some visual confusion (figure 7).

A treemap has multiple advantages® over a
pie chart including visual processing, labeling,
color-coding, sizing and multi-level data; a
helpful chart in scientific papers analyzing
static composition regardless of the number
of variables. A treemap could be especially
useful in epidemiological analysis making
understanding of the data more assimilable
than a pie chart (figure 8).

For time-based data, a stacked bar chart
(figure 9) can be used to demonstrate a few
periods dynamic data,?%27 while a stacked area
(figure 10) is useful when a larger number of
periods are evaluated. A stacked bar or stacked

Fig. 12. Scatterplot assessing Pearson’s correlation
between the number of citations about orthognathic
surgery in two different search platforms.

area charts can be used in dynamic analysis,
including epidemiological comparisons over
time, i.e. anatomic site involved in a trauma and
age range'? or percentage responses.?8

Distribution charts

Frequency distribution displays the frequency
of various outcomes in a sample, containing the
frequency or a number of occurrences related
to a particular group or interval.?? A histogram
is aregularly used distribution chart, as is a bar
histogram or a line histogram. A bar histogram
is preferable when outcomes are not on same
range, resulting in unequal width bars, a crucial
difference to bar charts. Some formulae, not so
elementary, are used to figure out the bar width
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Fig. 13. Aforestplot example created with RevMan 5.4

Fig. 14. A flowchart example.
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Fig. 15. Keyword network visualization of oral and
maxillofacial surgery articles created withVOSviewer.

on a histogram, many of them with a Gaussian
assumption.3?

Line histograms are more useful in papers
with more outcomes.’! Line
histograms or line charts are helpful tools for
distribution statistical tests like t-Student, Chi-
square, Kolmogorov-Smirnov and Shapiro-
Wilkes tests.

A singular distribution chart is a boxplot,
a graphical method to assess quartiles (figure
11). One single plot can reveal extremes, upper
and lower hinges, median, and outliers.3? It is
very useful in exploring data and understanding
the studied information,® i.e. effect of a
determined medication to third molar surgery3*
or a biomarker level.3

numerous

Fig. 16. A country map chart example.

Relationship charts

A scatterplot is a singular example of a
relationship chart, versatile, polymorphic,3¢ it
can also be used as a distribution chart, when
multivariable data are involved.’” Relationship
charts are used to find correlations, outliers,
clusters and trendship assessment between
two variables. Three or more variables can
be analysed through a bubble scatterplot.
Scatterplots are employed on trendlines and
correlation between variables using Pearson’s
(figure 12) or Spearman’s correlations is helpful.

Some other charts are only variations of the
charts presented above and are not usually used
in scientific articles (funnel charts, bullet graphs
or heat maps). On the other hand, there are two
charts created specifically for scientific articles.
A forest plot, or a blobbogram (figure 13) is a
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type of graphical display performed to represent
a meta-analysis,’®3° summarizing results of
randomized controlled trials.*® A flowchart
(figure 14) is a graphical representation of
identification, election and inclusion of articles
in a systematic review,*! a mandatory step
according to PRISMA guideline.*? Although not
mandatory, flowcharts are highly recommended
to be used in CONSORT (randomized clinical
trials)» and STROBE (cohort studies)**
statements.

Anetwork visualization graph (figure 15) isa
mathematical structure useful for representation
of relations and changes between points.*> Very
useful in bibliometrics to evaluate citations
and authors occurrences,*® it can be created
with some free softwares like VOSviewer?
and CiteSpace.*® A map chart can be made
to assess country, region, or cities differences
(figure 16).

Conclusions

Selection of an appropriate chart is
fundamental for data visualization, making
information clearer, useful to researchers. It is
a crucial step towards a more comprehensive
information absorption and memorization,
helpful for the readers, editors and reviewers.

References

1. Annesley TM: Put your best figure forward:
Line graphs and scattergrams. Clin Chem
2010; 56(8): 1229-1233.

2. Naylor WP, Muiioz-Viveros CA: The art of
scientific writing: How to get your research
published! Vol. 6, Journal of Contemporary
Dental Practice 2005; p. 164-180.

3. Forero DA, Lopez-Leon S, Perry G: A
brief guide to the science and art of writing
manuscripts in biomedicine. J Transl Med
2020; 18(1).

10.

11.

12.

13.

Lee S, Sips M, Seidel HP: Perceptually driven
visibility optimization for categorical data
visualization. IEEE Trans Vis Comput Graph
2013; 19(10): 1746-1757.

Vignesh U, Mehrotra D, Bhave SM, Singh PK:
Quality of life after distraction osteogenesis in
TMJ ankylosis patients. Oral Surg Oral Med
Oral Pathol Oral Radiol 2021; 131(3): 295-
303.

Gabbard JL, Smith M, Merenda C, Burnett
G, Large DR: A Perceptual Color-Matching
Method for Examining Color Blending
in Augmented Reality Head-Up Display
Graphics. IEEE Trans Vis Comput Graph
2020; PP.

Anderson CL, Robinson AC: Affective
Congruence in
Influences on Reading Categorical Maps.
IEEE Trans Vis Comput Graph 2021; PP.
Sulukdjian A, L’Homme R, Chanlon A,
Moreau N: Gabapentinoid prescription in
Oral Medicine and Oral Surgery practice.
Part II-A systematic scoping review of the
literature. Vol. 26, Journal of Oral Medicine
and Oral Surgery 2020; p. 37.

Phan HQ, Fu H, Chan AB: Color Orchestra:
Ordering Color Palettes for Interpolation and
Prediction. IEEE Trans Vis Comput Graph
2018; 24(6): 1942-1955.

Brath R, Peters M, Senior R: Visualization for
communication: The importance of aesthetic
sizzle. In: Proceedings of the International
Conference on Information Visualisation
2005; p. 724-729.

Ware C, Mitchell P. Visualizing graphs in
three dimensions. ACM Trans Appl Percept
2008; 5(1).

Wusiman P. Maimaitituerxun B, Guli, Saimaiti

Visualization  Design:

A, Moming A: Epidemiology and Pattern of
Oral and Maxillofacial Trauma. J Craniofac
Surg 2020; 31(5): e517-20.

Hariri F, Abdullah MF, Adam KBC, Bahuri
NFA, Kulasegarah J, Nathan AM, et al.:
Analysis of complications following

228

PROTETYKA STOMATOLOGICZNA, 2022; 72, 3



Chart selection appropriate for articles in the field of medicine,...

www.protetstomatol.pl

14.

15.

16.

17.

18.

19.

20.

21.

multidisciplinary functional intervention in
paediatric craniomaxillofacial deformities.
Int J Oral Maxillofac Surg 2021; 50(4): 457-462.
Ghanem WMA, Al-Moudallal Y, Droubi M, Al-
Nerabieah Z: Effect of intrasocket application
of ozonized olive oil gel on postsurgical pain
and soft tissue healing of impacted mandibular
third molars surgery: Split-mouth randomized
controlled trial. Int J Dent Oral Sci 2021; 8(2):
1408-1414.

Singaram M, G SV, Udhayakumar RK:
Prevalence, pattern, etiology, and management
of maxillofacial trauma in a developing
country: a retrospective study. J Korean Assoc
Oral Maxillofac Surg 2016; 42(4): 174.

Einy S, Rahman NA, Siman-Tov M, Aizenbud
D, Peleg K: Maxillofacial trauma following
road accidents and falls. J Craniofac Surg
2016; 27(4): 857-861.

Joachim M, Tuizer M, Araidy S, Abu El-Naaj 1.
Pediatric maxillofacial trauma: Epidemiologic
study between the years 2012 and 2015 in an
Israeli medical center. Dent Traumatol 2018;
34(4): 221-228.

Nguyen DPA, Le SH, Nguyen CTK, Dien
VHA, Nguyen LTB: The vulnerability of
lingual plate of the mesioangular impacted
mandibular third molars: a measurement on
CBCT images. Oral Surg 2021; 14(2): 106-
112.

Singh AK, Sharma NK, Kumar PGN,
Singh S, Mishra N, Bera RN: Evaluation of
Arthrocentesis with and Without Platelet-
Rich Plasma in the Management of Internal
Derangement of Temporomandibular Joint:
A Randomized Controlled Trial. J Maxillofac
Oral Surg 2021; 20(2): 252-257.

Porter MM, Niksiar P: Multidimensional
mechanics: Performance mapping of natural
biological systems using permutated radar
charts. PLoS One 2018; 13(9): €0204309.
Fujimoto K, Minami N, Goto T, Ishida Y,
Watanabe M, Nagao K, et al.: Hardness,
cohesiveness,

and adhesiveness of oral

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

moisturizers and denture adhesives: Selection
criteria for denturewearers. Dent J 2016; 4(4).
Jung HM, Phillips BL, Patel RS, Cohen DM,
Jakymiw A, Kong WW, et al.: Keratinization-
associated miR-7 and miR-21 regulate tumor
suppressor reversion-inducing cysteine-rich
protein with kazal motifs (RECK) in oral
cancer. J Biol Chem 2012; 287(35): 29261-
29272.

Spence I, Playfair W: No Humble Pie: The
Origins and Usage of a Statistical Chart. J
Educ Behav Stat 2005; 30(4): 353-368.

Few S: Save the Pies for Dessert [Internet].
2007.  Available from: http://www.
perceptualedge.com/articles/08-21-07.pdf
Chazard E, Puech P, Gregoire M, Beuscart
R: Using treemaps to represent medical data.
Stud Health Technol Inform 2006; 124: 522-
527.

Ploder O, Sigron G, Adekunle A, Burger-
Krebes L, Haller B, Kolk A: The Effect of
Orthognathic Surgery on Temporomandibular
Joint Function and Symptoms: What are the
Risk Factors? A Longitudinal Analysis of 375
Patients. J Oral Maxillofac Surg 2021; 79(4):
763-773.

Wrobel-Bednarz K, Drozdzynska A, Ktosowska
E, Ceglarska A, Korzeniewski R: Subjective
problems and temporomandibular disorders
symptoms among musicians playing wind
instruments. Protet Stomatol 2021; 71(1):
18-37.

Hattar S, Alhadidi A, Altarawneh S, Abu-
Ghazaleh S, Hammad M: Dental Student
Perspectives
Teaching Methodology: A  Confidence,
Effectiveness, and Challenge Report. Int J
Dent 2020; 2020: 8842008.

Manikandan S: Frequency distribution. J
Pharmacol Pharmacother 2011; 2(1): 54-56.
Scott DW: On optimal and data-based
histograms. Biometrika 1979; 66(3): 605-610.
Shimazaki H, Shinomoto S: A method for
selecting the bin size of a time histogram.

of a Comprehensive-Based

PROTETYKA STOMATOLOGICZNA, 2022; 72, 3

229



R. Grillo et al.

www.protetstomatol.pl

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Neural Comput 2007; 19(6): 1503-1527.
McGill R, Tukey JW, Larsen WA: Variations of
Box Plots. Am Stat 1978; 32(1): 12.
Marmolejo-Ramos F, Siva Tian T: The
shifting boxplot. A boxplot based on essential
summary statistics around the mean. Int J
Psychol Res 2010; 3(1): 37-45.

Hiriyanna NM, Degala S: Objective and
subjective comparison of submucosal and
intravenous routes of single-dose preoperative
dexamethasone for mandibular third molar
surgery — a prospective randomized observer-
blind study. Oral Maxillofac Surg 2020; 25(2):
207-213.

Mokeem SA, Alasqah MN, Michelogiannakis
D, Al-Kheraif AA, Romanos GE, Javed F:
Clinical and radiographic periodontal status
and whole salivary cotinine, IL-13 and IL-6
levels in cigarette- and waterpipe-smokers
and E-cig users. Environ Toxicol Pharmacol
2018; 61: 38-43.

Friendly M, Denis D: The early origins and
development of the scatterplot. J Hist Behav
Sci 2005; 41(2): 103-130.

Emerson JW, Green WA, Schloerke B, Crowley
J, Cook D, Hofmann H, et al.: The generalized
pairs plot. J Comput Graph Stat 2013; 22(1):
79-91.

Beaumont S, Bhatia N, McDowell L, Fua
T, McCullough M, Celentano A, et al.:
Timing of dental extractions in patients
undergoing radiotherapy and the incidence
of osteoradionecrosis: a systematic review
and meta-analysis. Br J Oral Maxillofac Surg
2021; 59: 511-523.

Borse S, Chaware S: Tooth shade analysis
and selection in prosthodontics: A systematic
review and meta-analysis. J Indian Prosthodont
Soc 2020; 20(2): 131.

Lalkhen AG, McCluskey A. Statistics V:
Introduction to clinical trials and systematic
reviews. Contin Educ Anaesthesia, Crit Care
Pain 2008; 8(4): 143-146.

Sharifi F, Larki M, Jamali J, Roudsari RL:

42.

43.

44,

45.

46.

47.

48.

Domestic Violence against Infertile Women.
Sultan Qaboos Univ Med J 2022; 22(1): 14-27.
Moher D, Shamseer L, Clarke M, Ghersi
D, Liberati A, Petticrew M, et al.: Preferred
reporting items for systematic review and
meta-analysis protocols (PRISMA-P) 2015
statement. Rev Esp Nutr Humana y Diet
2016; 20(2): 148-160.

Gorski B, Szerszen M, Kaczynski T. Effect of
24% EDTA root conditioning on the outcome
of modified coronally advanced tunnel
technique with subepithelial connective tissue
graft for the treatment of multiple gingival
recessions: a randomized clinical trial. Clin
Oral Investig 2022; 26(2): 1761-1772.
Tallarico M, Czajkowska M, Ciccin M,
Giardina F, Minciarelli A, Zadrozny £, et
al.: Accuracy of surgical templates with and
without metallic sleeves in case of partial
arch restorations: A systematic review. J Dent
2021; 115: 103852.

Yoo HH, Shin S, Lee JK: Exploration of the
changes in the perceptions of medical students
about cadaver dissections using metaphors. J
Taibah Univ Med Sci 2021; 16(3): 307-317.
Grillo  R: Orthognathic  Surgery: A
Bibliometric Analysis of the Top 100 Cited
Articles. J Oral Maxillofac Surg 2021; 79(11):
2339-2349.

Grillo R: Bibliometric trending analysis of
complications related to facial non-surgical
aesthetic procedures: a retrospective study.
Prosthodontics 2021; 71(3): 228-233.

Balel Y, Tiimer MK: A Bibliometric Analysis
of International Publication Trends in Total
Temporomandibular ~ Joint  Replacement
Research (1986-2020). J Oral Maxillofac
Surg 2021; 79(7): 1458.e1-1458.¢e12.

Zaakceptowano do druku: 8.08.2022 r.
Adres autorow: Department of Oral Surgery, Institute

and Research Centre, Sao Leopoldo Mancic,
13045-755 Campinas, SP, Brazil

© Zarzad Glowny PTS 2022.

230

PROTETYKA STOMATOLOGICZNA, 2022; 72, 3



