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Density Mapping of Nasal Fracture:
A New Epidemiological Perspective of Nasal Fractures in a Pilot City
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Pilot Sehirdeki Burun Kiriklarinin Yeni Epidemiyolojik Perspektifi
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ABSTRACT Objective: Nasal fracture is the most common form of
fracture due to maxillofacial trauma. The most common mechanisms of
nasal fracture are traffic injuries, physical assault, falls, sports injuries
and other causes. In this study, epidemiological data are discussed in re-
lation to the location where the nasal fracture occurred. The aim of this
study was to identify nasal fracture cases on the city map and to deter-
mine high-risk areas and the reasons, so that precautions can be taken.
Material and Methods: The nasal fracture cases which were recorded
in this city in the last 20 months were marked on the city map using
the Geographic Information System (GIS) method. Results: According
to the etiology, 33.66% of the cases were physical assault, 15.53% were
falling, 27.19% were sport injuries, 10.75% were traffic injuries and
13.07% were other causes. When the etiological reasons were examined
according to gender, in the male patients, physical assault was found to
be 43%, traffic injuries 20%, sports injuries 20%, falling 11% and other
causes 6%. In the female patients, falling was occured in 34%, physi-
cal assault in 27%, traffic injuries in 18%, sports injuries in 17% and
other causes in 4%. Conclusion: The mapping of social health prob-
lems with GIS helps to provide information about the spatial distribu-
tion of diseases and to identify problematic points. To the best of our
knowledge, this is the first study in the literature to show the epidemi-
ological and etiological data of nasal fractures on a map.

Keywords: Epidemiological monitoring; facial injuries;
fractures; traumatology

OZET Amag: Burun kirig1, maksillofasiyal travmaya bagh en sik gorii-
len kirik seklidir. Burun kinginin en yaygin mekanizmalari; trafik yara-
lanmalari, fiziksel saldiri, diismeler, spor yaralanmalari ve diger
nedenlerdir. Ornek toplama igin il olarak Tiirkiye’nin giineydogusunda
yer alan 158.574 (2017) niifuslu Siirt ili se¢ilmistir. Bu ¢aligmada, burun
kinginin meydana geldigi yer ile ilgili olarak epidemiyolojik veriler tar-
tistlmigtir. Bu ¢alismanin amaci, sehir haritasi tizerinde burun kirig1 va-
kalarmi tespit etmek ve yiiksek riskli bolgeleri ve nedenlerini belirleyerek
onlem alinmasini saglamaktir. Gereg¢ ve Yontemler: Bu sehirde son 20
ayda kaydedilen burun kirig1 vakalari, Cografi Bilgi Sistemi (CBS) yon-
temi kullanilarak sehir haritasina isaretlendi. Bulgular: Etiyolojiye gore
olgularm %33,66’s1 fiziksel saldir1, %15,531 diisme, %27,19’u spor ya-
ralanmasi, %10,75°1 trafik yaralanmasi ve %13,07’si diger nedenlerdi.
Cinsiyete gore etiyolojik nedenler incelendiginde, erkek hastalarda fi-
ziksel saldirt %43, trafik yaralanmasi %20, spor yaralanmasi %20, diisme
%11 ve diger nedenler %6, kadin hastalarda ise %34’tinde diigme,
%27’sinde fiziksel saldir1, %18’inde trafik yaralanmasi, %17 sinde spor
yaralanmast ve %4 inde diger nedenler olarak sonuglandi. Sonug: Sos-
yal saglik sorunlarinin CBS ile haritalanmasi, hastaliklarin mekansal da-
gilimi hakkinda bilgi saglanmasina ve sorunlu noktalarin belirlenmesine
yardime1 olmaktadir. Bildigimiz kadariyla bu ¢alisma, literatiirde burun
kiriklarinin epidemiyolojik ve etiyolojik verilerini harita tizerinde goste-
ren ilk ¢alismadir. Burun kirig1 nedenlerinin ve cografi dagilimmin be-
lirlenmesi epidemiyolojinin daha iyi anlagilmasini saglar.

Anahtar Kelimeler: Epidemiyolojik izlem; fasiyal yaralanmalar;
kiriklar; travmatoloji

Nasal fracture is the most common form of frac-
ture due to maxillofacial trauma.'-* The nose is lo-
cated in the middle of the face and is a protruding

structure, thereby increasing the risk of fracture.
Functions such as breathing, smell and speech reso-
nance, and cosmetic reasons such as beauty and facial
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expression increase the importance of nasal fracture.
The most common mechanisms of nasal fracture are
traffic injuries, physical assault, falls, sports injuries
and other causes (collisions, work injuries, etc.) and
these injuries are more common in males and young
adults.**

Geographic Information System (GIS) is an in-
formation system that integrates the functions of
collecting, storing, analyzing and using the data ob-
tained in location-based operations. It is widely
used to identify the current situation of a disease
or for case mapping and to identify high-risk re-
gions.

In this study, the spatial distribution of nasal
fracture cases occurring in the central districts of Siirt
province, which was selected as the pilot city for
sample collection, is analyzed and the epidemiologi-
cal data are discussed in relation to the location where
the nasal fracture occurred. The aim of the study was
to identify nasal fracture cases on the city map and to
determine high-risk areas and the reasons in order to
take precautions.

I MATERIAL AND METHODS

This retrospective study included 433 patients who
admitted to Siirt State Hospital Otolaryngology Out-
patient Clinic with nasal trauma and who were diag-
nosed with a nasal fracture between 01.03.2017 and
01.11.2018.

Siirt, in the south-east of Turkey, with a popula-
tion of 158,574 (2017) was selected as the city for
sample collection. The nasal fracture cases which
were recorded in this city in the last 20 months were
marked on the city map using the GIS method. In this
study, the spatial distribution of nasal fracture cases
occurring in the central districts of Siirt province was
mapped using Esri ArcGIS®10.3 software (United
States) with the Kernel density method.®

The location of the nasal fracture cases was ob-
tained and recorded from the hospital database. Age,
gender, mechanism of injury (assault, sports injury,
fall, traffic injuries, etc.), and the location where the
fracture occurred in the city were recorded. A total of
29 patients who did not show the location on the map
were excluded from the study.
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Ethical Statement: The study protocol was ap-
proved by Manisa Celal Bayar University Medical
Faculty Clinical Researches Ethics Committee (pro-
tocol number: 2021/209, date: 11 October 2021) and
all participants provided written informed consent.
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

STUDY AREA

Located in the south-east Anatolia region of Turkey
where there are high plateaux and mountains, Siirt
province is surrounded by Batman, Bitlis, Van and
Sirnak provinces. Approximately 70% of the total
population of this geographical area, where a conti-
nental climate prevails, live in the city centre. There-
fore, this study was carried out in the city centre of
Siirt due to the frequent occurrence of nasal fracture
cases in the city centre. The working area shown in
Figure 1 is approximately 1,700 ha. and has 18 cen-
tral neighborhoods in total.

SPATIAL ANALYSIS METHOD

The distribution of point data with location information
features has three basic patterns: (i) clustered, (ii) ran-
dom, and (iii) homogeneous. In this study, which char-
acteristic pattern features has the point distributions was
first determined by The Nearest Neighbour Distance
Analysis. The Average Nearest Neighbour (ANN)
measures the distance between each feature centroid and
the nearest neighbour centroid location, and all these
nearest neighbour distances are then averaged. The
ANN ratio is calculated as the observed average distance
divided by the expected average distance. ANN helps
to determine the point data distribution feature. The
ANN ratio is calculated using the following equation:”®

In the equation, the upper calculation is the mean
distance of the nearest neighbour based on a euclid-
ian distance algorithm and the lower calculation is
the expected mean distance given in a random pat-
tern, where di is the distance between 1 and its near-
est neighbouring feature, n is the case number, and a
is the area. If ANN is <1, the pattern exhibits clus-
tering or if ANN is >1, the pattern exhibits disper-
sion.® In this study, the nasal fracture case distribution
showed a clustered pattern feature since the ANN
index resulted in 0.65 (Figure 2).
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FIGURE 1: Study area and distribution of nasal fracture cases.

The kernel density analysis method was used
to determine where the nasal fracture cases with
clustered point pattern feature were concentrated in
Siirt city centre. Kernel density is a non-parametric
approach to determine the probability density func-
tion of the random variable. It determines a magni-
tude per unit area from point features using a kernel
function to fit a smoothly tapered surface to
each point.” The surface value is highest at the lo-
cation of the point, and diminishes away from the
point, reaching zero at the end of the radius (Fig-
ure 3).1°

The kernel density method imposes a regular
grid onto the study area and uses a three dimensional
kernel function to visit each grid cell (Figure 3) and
to calculate a density value assigned to each grid
cell.!! The final kernel density estimate for one cell is
then calculated by totalling all the values obtained
from all the kernel density functions for that particu-
lar cell.”?

The location information of patients who were
diagnosed with nasal fracture between 01.03.2017
and 01.11.2018 were first added to the Google Earth
program in kml format. After converting the ob-
tained data to shapefile format in the ArcGIS soft-
ware, the properties of point patterns were first
presented with ANN. Kernel density analysis was
then applied to the nasal fracture cases, which were
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FIGURE 3: The principle of kernel function.

found to show clustered point pattern characteris-
tics.
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I RESULTS
The study included a total of 404 patients with nasal
fracture recorded between 01.03.2017 and

01.11.2018. The patients comprised 294 males
(72.77%) and 110 females (27.22%) with a mean age
0f22.30 years (range: 2-91 years). According to gen-
der, the average age was 21.90 years in males and
23.38 in females. Of the female patients, 57 were
younger than 18 years and 53 were older. Of the male
patients, 146 were under 18 years and 148 were older.
Of the male patients, 146 were under 18 years and
148 were older (Table 1).

When patients were classified according to
gender and age groups, in the male group, 57 were
aged 0-10 years, 111 were 11-20 years, 70 were 21-30
years, 21 were 31-40 years, 19 were 41-50 years, 12
were 51-60 years, and 4 were older than 60 years. In
the female group, 31 were aged 0-10 years, 33 were
11-20 years, 15 were 21-30-years, 12 were 31-40
years, 9 were 41-50 years, 5 were 51-60 years, and 5
were older than 60 years (Figure 4).

According to the etiology, 33.66% of the cases
were physical assault, 15.53% were falling, 27.19%
were sport injuries, 10.75% were traffic injuries and
13.07% were other causes. When the etiological rea-
sons were examined according to gender, in the male
patients, physical assault was found to be 43%, traf-
fic injuries 20%, sports injuries 20%, falling 11% and
other causes 6%. In the female patients, falling was
occured in 34%, physical assault in 27%, traffic in-
juries in 18%, sports injuries in 17% and other causes
in 4%. In patients aged younger than 18 years, sports
injuries occured in 49%, falling in 23%, physical as-
saults in 19%, traffic injuries in 8% and other causes
in 1% (Figure 5).

The map produced by 404 cases in the cent-
ral neighborhoods of Siirt province is shown in
Figure 6.

According to the results of the density map, it
was found that the nasal fracture cases were concen-
trated on Gures Avenue in the city centre and
Bahgelievler, Bati, Karakol and Yeni Mahalle neigh-
bourhoods around this street.
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TABLE 1: The number of patients, average age and
under 18 years old distribution.

Male Female Total
Number of patients 294 (72.77%) 110 (27.22%) 404 (100%)
Average age (years) 21.90 23.38 22.30
Under 18 yearsold  146/294 (49.65%) 57/110 (51.81%) 203/404 (50.24%)

Age and Gender Distributions of the Patients
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FIGURE 4: Age and gender distributions of the patients.
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FIGURE 5: Etiological factors according to gender.

I DISCUSSION

The mapping of social health problems with GIS
helps to provide information about the spatial distri-
bution of diseases and to identify problematic points.
GIS support was first used in mapping the spatial dis-
tribution of infectious diseases, such as cholera epi-
demics in the 1800s."* At the present time, these
methods are frequently preferred in epidemiological
studies. In this study, with the use of the kernel den-
sity method, nasal fracture distribution and high-risk
areas were determined. According to the results,
cases of nasal fractures are more frequently seen in
the city centre and newly developing neighborhoods
of Siirt city. This is because these areas are the cen-
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FIGURE 6: Nasal fracture density map.

tre of city life and residential areas. Thus, in these
neighbourhoods, housing and population are more
crowded and dense than in the outlying areas of the
city. It has been observed that especially in newly de-
veloping neighborhoods, the cases of assault have be-
come widespread. This can be attributed to arguments
becoming physical among young people due to the so-
ciocultural decline often seen in these neighbourhoods.
Increasing the sociocultural level and security meas-
ures in these neighbourhoods could decrease street
arguments, and lead to a reduction of cases of assault.

Nasal fracture is a common condition caused by
maxillo-facial trauma, which has cosmetic and func-
tional results due to the location in the middle of the
face. Etiological causes, age and gender differences
have been evaluated in many epidemiological studies.
In this study, etiological data were marked on the city
map using the ArcGIS method and evaluated with a
density map. To the best of our knowledge, this is the
first study in literature to show the epidemiological
and etiological data of nasal fractures on a map.

Nasal fracture cases are more common in under-
developed societies with low sociocultural levels.'*
Higher population densities, unemployment, and low
education levels in these areas, may increase inter-
personal violence. Fracture cases have been reported
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to be intensified in areas where there is a higher den-
sity of population and personal communication. Es-
pecially in males, the rate of physical assault is high.
The reason for more higher incidence in males has
been evaluated as more frequent exposure to physical
contact and arguments.'” Nasal fractures as a result of
physical assault are more common in high risk areas
such as schools, busy streets and shopping areas. In
underdeveloped societies, although violence against
women is common, it is often not reported because of
male dominance in the social structure. Therefore, due
to the concealment of domestic violence in particular,
the etiology in female patients has been recorded pre-
dominantly as falls and other reasons rather than phys-
ical assault. Increasing the sociocultural level to
enable women to express themselves more easily, pro-
viding easier contact with security forces and increas-
ing street camera systems could provide real data.
Despite frequent trauma in the paediatric population,
the lower rate of physical assault in the etiology may
be related to the elasticity of the nasal bones and lower
energy of trauma, causing nasal soft tissue damage
rather than nasal fractures.!®

Most of the fall cases occurred in the home and
no particular intensity was observed on the map.
The rate of these cases was higher in women, children
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and the elderly. The map density of falls was not con-
centrated in any specific area especially because of falls
on icy streets in the winter, children in the school play-
ground, and dizziness, chronic diseases, unsupported
mobilization and on domestic slippery floors such as
in the bathroom for the elderly population.

When the nasal fractures due to traffic injuries
were marked on the map, an increase was observed in
the intersection areas and on ring roads where vehi-
cle speed increased. Nasal fractures and multiple
trauma can be seen together as a result of in-vehicle
and out-of-vehicle traffic injuries in the city. How-
ever, in underdeveloped countries, traffic injuries are
more frequent due to the use of alcohol, not using
seatbelts and driving without a license.!” Important
precautions that can be taken include increasing the
number of pedestrian underpasses and overpasses,
educating pedestrians about safe road crossing, in-
creasing both pedestrian and motorist awareness and
reducing drink-driving habits.

School sports halls, football fields, basketball
fields and other sports areas are marked on the map and
nasal fractures are concentrated in these regions. Nasal
fractures are more common in children due to sports
injuries than physical assault and falling, and sports in-
juries may be caused by higher energy trauma.'®!” As
males and children do sports more often than females,
this is reflected in the increase in fracture frequency.

I CONCLUSION

In conclusion, the determination of nasal fracture eti-
ologies and geographic distribution provides a better

understanding of epidemiology. The same GIS can
be used to understand the epidemiology of diseases in
many different disciplines such as oncology, infec-
tious diseases, orthopaedics, dermatology or en-
docrinology. This will help to map the diseases,
determine high-risk areas and prepare precautionary
action plans.

Acknowledgement

Special thanks to Caroline Jane Walker for native speaker con-

trol and editing.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,
working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Mert Cemal Gokgoz, Merve Ersoy Mirici; Design:
Merve Ersoy Mirici; Control/Supervision: Mert Cemal Gokgoz,
Data Collection and/or Processing: Mert Cemal G6kgoz, Merve
Ersoy Mirici; Analysis and/or Interpretation: Merve Ersoy
Mirici; Literature Review: Mert Cemal Gokgoz, Merve Ersoy
Mirici; Writing the Article: Mert Cemal Gokgoz, Critical Review:
Mert Cemal Gokgoz, Merve Ersoy Mirici; References and Fund-

ings: Merve Ersoy Mirici.

Jin KS, Lee H, Sohn JB, Han YS, Jung DU,
Sim HY, et al. Fracture patterns and causes in
the craniofacial region: an 8-year review of
2076 patients. Maxillofac Plast Reconstr Surg.
2018;40(1):29. [Crossref] [Pubmed] [PMC]
VandeGriend ZP, Hashemi A, Shkoukani M.
Changing trends in adult facial trauma epi-
demiology. J Craniofac Surg. 2015;26(1):108-
12. [Crossref] [Pubmed]

Lu GN, Humphrey CD, Kriet JD. Correction of
nasal fractures. Facial Plast Surg Clin North
Am. 2017;25(4):537-46. [Crossref] [Pubmed)]

28(3):785-8. [Crossref] [Pubmed]

I REFERENCES
Hwang K, Ki SJ, Ko SH. Etiology of nasal 8. Mitchell A. The ESRI Guide to GIS
bone fractures. J Craniofac Surg. 2017; Analysis, Volume 2: Spatial Measurement &
Statistics. 2" ed. California: Esri Press;
Emodi O, Wolff A, Srouji H, Bahouth H, Noy 2005.
D, Abu EI Naaj |, etal. Trend and demographic 9. Silverman BW. Density Estimation for Statis-
characteristics of maxillofacial fractures in tics and Data Analysis. 1st ed. Washington,
level 1 trauma center. J Craniofac Surg. D.C.: Chapman & Hall/CRC; 1986.
10. Erdogan S, Yilmaz |, Baybura T, Gullu M. Ge-

2018;29(2):471-5. [Crossref] [Pubmed]

ArcGIS Tutorial [computer program] Version
10.3. Tools: Kernel Density. [Link]

Ebdon D. Statistics in Geography: A Practical
Approach. 2™ ed. Oxford: B. Blackwell; 1977.

36

ographical information systems aided traffic
accident analysis system case study: city of
Afyonkarahisar. Accid Anal Prev. 2008;40(1):
174-81. [Crossref] [Pubmed]


https://jkamprs.springeropen.com/articles/10.1186/s40902-018-0168-y
https://pubmed.ncbi.nlm.nih.gov/30370262/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6186527/
https://journals.lww.com/jcraniofacialsurgery/Abstract/2015/01000/Changing_Trends_in_Adult_Facial_Trauma.23.aspx
https://pubmed.ncbi.nlm.nih.gov/25534050/
https://www.sciencedirect.com/science/article/abs/pii/S1064740617300561?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28941506/
https://journals.lww.com/jcraniofacialsurgery/Abstract/2017/05000/Etiology_of_Nasal_Bone_Fractures.49.aspx
https://pubmed.ncbi.nlm.nih.gov/28468166/
https://journals.lww.com/jcraniofacialsurgery/Abstract/2018/03000/Trend_and_Demographic_Characteristics_of.50.aspx
https://pubmed.ncbi.nlm.nih.gov/29194270/
https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/kernel-density.htm
https://www.sciencedirect.com/science/article/abs/pii/S0001457507000863?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/18215546/

Mert Cemal GOKGOZ et al.

KBB ve BBC Dergisi. 2022;30(1):31-7

1.

Eck J, Chainey S, Cameron J, Leitner M, Wil-
son R. Mapping Crime: Understanding Hot
Spots. Washington, D. C.: National Institute of
Justice Special Report; 2005. [Link]

Chainey S, Tompson L, Uhlig S. The Utility of
Hotspot Mapping for Predicting Spatial Pat-
terns of Crime. Security Journal. 2008;21:4-
28. [Crossref]

Stevenson Lg. Putting disease on the map.
the early use of spot maps in the study of yel-
low fever. J Hist Med Allied Sci. 1965;20:226-
61. [Crossref] [Pubmed]

Zamboni RA, Wagner JCB, Volkweis MR, Ger-
hardt EL, Buchmann EM, Bavaresco CS. Epi-

15.

16.

demiological study of facial fractures at the
Oral and Maxillofacial Surgery Service, Santa
Casa de Misericordia Hospital Complex, Porto
Alegre-RS-Brazil. Rev Col Bras Cir. 2017;
44(5):491-7. [Crossref] [Pubmed]

de Lucena AL, da Silva Filho GF, de Aimeida
Pinto Sarmento TC, de Carvalho SH, Fonseca
FR, de Santana Sarmento DJ. Epidemiologi-
cal profile of facial fractures and their relation-
ship with clinical-epidemiological variables. J
Craniofac Surg. 2016;27(2):345-9. [Crossref]
[Pubmed]

Liu C, Legocki AT, Mader NS, Scott AR. Nasal
fractures in children and adolescents: Mecha-

37

17.

18.

19.

nisms of injury and efficacy of closed reduc-
tion. Int J Pediatr Otorhinolaryngol. 2015;
79(12):2238-42. [Crossref] [Pubmed]

Lee KH, Qiu M. Characteristics of alcohol-
related facial fractures. J Oral Maxillofac
Surg.  2017;75(4):786.e1.e7.  [Crossref]
[Pubmed]

Marston AP, O'Brien EK, Hamilton GS 3rd.
Nasal injuries in sports. Clin Sports Med.
2017;36(2):337-53. [Crossref] [Pubmed]
Patel Y, Goljan P, Pierce TP, Scillia A, Issa K,
Mclnerney VK, et al. Management of nasal
fractures in sports. Sports Med. 2017;47(10):
1919-23. [Crossref] [Pubmed]


https://www.hsdl.org/?view&did=456355
https://link.springer.com/article/10.1057%2Fpalgrave.sj.8350066
https://academic.oup.com/jhmas/article-abstract/XX/3/226/779504?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/14336182/
https://www.scielo.br/j/rcbc/a/7C4sphzGGq6t8NyGZbk7s4H/?lang=en
https://pubmed.ncbi.nlm.nih.gov/29019579/
https://journals.lww.com/jcraniofacialsurgery/Abstract/2016/03000/Epidemiological_Profile_of_Facial_Fractures_and.16.aspx
https://pubmed.ncbi.nlm.nih.gov/26967072/
https://www.sciencedirect.com/science/article/abs/pii/S0165587615005182?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26541296/
https://www.sciencedirect.com/science/article/abs/pii/S0278239116313064?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28061357/
https://www.sciencedirect.com/science/article/abs/pii/S0278591916301120?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/28314421/
https://link.springer.com/article/10.1007%2Fs40279-017-0729-8
https://pubmed.ncbi.nlm.nih.gov/28417330/

