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Abstract

Objective. The aim of this paper was to analyze the
distribution of stress and deformation on the man-
dibular first premolar under two types of loading
(axial and para-axial load of 200 N) using the FEM
computer method. Materials and Method. For this
research a ICT scan of the first mandibular premolar
was used, and the method used in this research was
FEM analysis under two types of loading. Results. The
values of the von Mises stress measured in the cervical
part of an intact tooth under axial load were up to 12
MPa, and under paraaxial load over 50 MPa. The val-
ues of the stress measured on the bottom of the non-
carious lesion are very high ~ 240 Mpa. Stress values
in the cervical part of the intact tooth are higher in
the zone of the sub-surface enamel. The deformation
values of the tooth under para-axial loading were ~ 10
times higher than the value of the deformation under
axial load. The greatest deformations were seen in the
area of the tooth crown. Conclusions. Occlusal load-
ing leads to significant stress in the cervical part of

teeth. The values of the measured stress are greater un-
der the action of paraxial load. The values of stress in
abfraction lesions measured under a paraxial load are
extremely high. Exposing the lesion to further stress
will lead to its deepening. The total deformation of the
entire tooth under paraxial load was = 10 times higher
compared to the deformation value of the tooth under
axial load.

Key Words: Mandibular first premolar * Morphology
= Abfraction ® FEM = Stress ® Deformation.

Introduction

Morphological Characteristics of the
Mandibular First Premolar

The mandibular first premolar is a specific
tooth in form and function. It could be con-
sidered as a transitional form between the
lower canine and the mandibular second
premolar because it has some characteris-
tics of both. Although it has the morpho-
logical characteristics of the posterior teeth,
the lower first premolar has a masticatory
function similar to the canine (1). Due to
the lingual inclination of its crown, its oc-
clusal surface does not lie perpendicular to
the long axis of the root (2). The mandibular
first premolar has a large buccal cusp with
the tip located near the center of the occlusal
surface, and it is only an occluding cusp. The
contact of the buccal cusp during articula-

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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tion and/or occlusion with an antagonist
tooth is not on its very tip, but rather on the
buccal surface of the buccal cusp. Having in
mind the prominent crown inclination of
the first mandibular premolar and its specif-
ic contact area, it is easy to pose the question
on their contribution to the mechanism of
the distribution of occlusal forces. The du-
rability of teeth depends on occlusal forces
and the distribution of those loads.

The mandibular first premolar is the
tooth with the highest prevalence of non-
carious cervical lesions, as determined in
previous studies. (3-6). A specific clinical
phenomenon called abfraction is related to
the distribution of stress along the tooth.
An abfraction lesion is a type of noncari-
ous cervical lesion (NCCL) in the form of
the microstructural loss of dental tissue,
due to the action of biomechanical occlusal
forces in the area of the highest stress con-
centration - the cervical region. This loss of
hard dental tissue in the cervical part of the
tooth was termed abfraction by Grippo (7)
in 1991, precisely to make a distinct from
lesions caused by erosion and abrasion.
The incidence and severity of noncarious
cervical lesions increase with the age of the
patient (8, 3). The presence of noncarious
cervical lesions of different morphologies
influences the biomechanics of the cervical
tooth region. A three-dimensional finite el-
ement analysis (FEM) proved to be a good
experimental model in research to help un-
derstand the complex biomechanics of dif-
ferent tooth regions in other teeth (9). The
aim of this paper was to evaluate the influ-
ence of different occlusal loads on the man-
dibular first premolar in the process of the
formation of cervical lesions. FEM analysis
enables an understanding of the complex
process of development and progression of
NCCL, considering the specific morphology
of mandibular first premolars.

Material and Methods

A mandibular first premolar was scanned by
micro computed tomography (uCT) scan-
ner (SkyScan 1076 Kontich, Belgium). A
volumetric 3D CAD tooth model was cre-
ated using program packages MATLAB
(MathWorks, Inc., Natick, USA) and Creo
Parametric 1.0 CAD software. On one tooth
model a wedge-shaped abfraction lesion,
a— V lesion, was modeled. The models were
exported to the finite element analysis soft-
ware ANSYS Workbench (14.0) and a finite
element mesh of the models was made by di-
viding the tooth into a large, but finite, num-
ber of smaller structural triangle elements,
connected by nodal points. The properties
of the tooth material, Young's modulus and
Poisson's ratio were used for all tooth tis-
sues. The model was fixed to allow displace-
ment under load by 300um, equal to the
average thickness of the periodontal liga-
ment. The presence of contact points with
adjacent teeth was also simulated. Axial and
para-axial loads of 200 N were simulated on
the models. To record the complex stress
measured in (MPa), von Mises stress (VMS)
was used.

A detailed description of the method-
ology of the study was given in our paper
published in Eur J Dent 2016; 10: 413-8.
Biomechanics of the cervical tooth region
and noncarious cervical lesions of different
morphologies; a three-dimensional finite el-
ement analysis / Published by Wolters Klu-
wer — Medknow (9).

Results

Stress distribution, as well as the type of de-
formation, differs in intact first mandibular
premolars compared to those with non-
carious cervical lesions, and depends on the
type of loading (axial or paraxial). A par-
axial load of 200 N causes almost five times
higher stress in the cervical part of an intact
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Figure 1. Stress distribution in a mandibular first premolar under axial (a) and paraxial loads (b) of 200 N. The
values of von Mises stress measured in the cervical part of the intact tooth under axial load rise up to 12 MPa,
while the stress in the same area of the tooth is almost 5 times higher under the action of paraxial forces, and

is over 50 MPa.

Figure 2. Stress distribution in a mandibular first premolar without lesions (a and b), and with an existing lesion
(c) under a 200 N paraxial load. The values of the stress measured inside the tooth model with an abfraction
lesion are higher within all dental tissues compared to the intact tooth.

first mandibular premolar compared to an
axial load of the same intensity (Figure 1).
On a tooth with a cervical lesion, the stress
caused by a paraxial load inside all dental
tissues becomes even higher (Figure 2). The
stress measured on the non-carious cervi-
cal lesion is the highest at its bottom (= 240
MPa). Although significantly lower stress
is presented in an intact tooth, it becomes
higher in the zone of the sub-surface cervi-
cal enamel, suggesting that the initial frac-
ture of the enamel could occur in these lay-
ers (Figure 3).

A paraxial load also causes tensile stress
(+) on the buccal side of the intact tooth
and compressive stress (-) on the oral side
(Figure 4). The values of the deformation of
the tooth under para-axial loading were =
10 times higher than the deformation of the
tooth under axial load. The greatest defor-
mations were seen in the area of the tooth
crown (Figure 5). Different types of load-
ing cause different types of deformation in a
tooth with a cervical lesion. When paraxial
load occurs on the tooth with a cervical le-
sion the deformation is greater (0.176 mm)
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Figure 3. Stress distribution on the sagittal section of a tooth with a lesion (a) and a tooth without a lesion (b)
under a paraxial load of 200 N. The values of the stress measured at the bottom of the non-carious lesion are
very high (= 240 MPa). It was noted that the stress values in the cervical part of the intact tooth are higher in the
zone of the sub-surface enamel, suggesting that the initial fracture of the enamel could occur in these layers.

a b

Figure 4. Distribution of principal stresses (Maximum Principal Stress) on the intact tooth. Under paraxial load,
tensile stress (+) was present on the buccal side of the tooth (a) and compressive stress (-) on the oral side (b).

a b

Figure 5. Distribution of deformation under axial (a) and para-axial loads (b) of 200 N.
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Figure 6. Type of deformation under a paraxial and axial load of 200 N on the tooth with a lesion. The highest
values of deformation of the teeth were seen on the model with a cervical lesion, under an axial load at 0.019

mm, paraxial load at 0.176 mm.

compared to cases when an axial load oc-
curs (0.019 mm) (Figure 6).

Discussion

The highest stress on the intact tooth model
under both types of load was observed in
the occlusal contact regions, under an axi-
al load of 205 MPa, and a paraxial load of
220.02 MPa (Figures 1 and 2a and b). The
activity of the occlusal load led to significant
stress in the cervical region of the teeth. The
von Mises stress measured in the cervical
part of the tooth under axial load was up to
12 MPa, while in the same part of the tooth
under paraxial load the stress measured was
more than 50 MPa. Similar findings were
presented by Rees (10), De las Casasa (11),
Tanaka (12) and Kuroa (13).

It is known that the dental structures, es-
pecially the enamel, have significantly great-
er compressive strength than tensile, and
are much more sensitive to tensile strain-
ing than compressive (14). Our findings
showed that the buccal surface of the tooth
is exposed to the more unfavorable type of
stress — tensile stress. In the study by Rees
(15), Yaman (16) and Bor¢i¢ (17) the values

of Maximum Principal Stress on the buccal
side of the tooth range from 60-90 MPa, and
are similar to our findings, where the Maxi-
mum Principal Stress noted on the buccal
side of the tooth (tensile stress) was 94.998
MPa (Figure 4).

By analyzing the mechanisms of the
formation of abfraction lesions, Rees and
Hammadeh (18) developed a theory about
the possible undermining of the enamel due
to the concentration of force on the enamel-
dentin border. Our analysis confirms the
observations of these authors that the stress
in the cervical part of the teeth is greater in
the sub-surface than in the surface zone of
the enamel, which is clearly visible on the
images of the sagittal section of the tooth
(Figure 3b).

If we compare models with a cervical le-
sion and the intact tooth model, we can see
different types of stress distribution. The
breakdown of the enamel and dentine conti-
nuity on the model with a lesion caused in-
creased stress, with a concentration of stress
around the apex/bottom of the lesion. The
values of stress were higher in all dental tis-
sues compared to the intact tooth, while the
stress values under paraxial loading at the
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bottom of the lesion were very high, mea-
suring 266.13 MPa (Figure 3a). The results
of this analysis show that the bottom of the
cervical lesions concentrates stress under
loading, and further exposure of the lesion
to stress will lead to the lesion’s progression.

The type of deformation of the tooth
model depended on the type of load. The de-
formation values of the tooth under paraxial
loading were = 10 times greater than the
deformation value of the tooth under axial
load (Figures 5 and 6). The maximum values
of tooth deformation were seen in the tooth
model with a cervical lesion (Figure 6). The
most prominent deformations were seen in
the area of the tooth crown, especially on
the occlusal surface and the tip of the buccal
cusp. The deformation values decreased as
they approached the apical area (Figure 5b).

Axial load caused the greatest deforma-
tion on the buccal surface of the tooth. The
deformation decreased moving towards the
lingual side (Figure 5a). This finding of tooth
deformation, even in the central occlusion,
indicates that the morphology, as well as the
occlusion, of the mandibular first premolar
is specific and often leads to an unfavorable
distribution of stress, which could be the
reason for the frequent finding of noncari-
ous cervical lesions on these teeth. Various
types of FEM models with NCCL of differ-
ent depth and/or different shape could give
more information on progression of NCCL.

Conclusions

The greatest influence on the intensity of
stress in dental tissues comes from the type
of load on the teeth. The values of the mea-
sured stress are greater under the action of
a paraxial load. Occlusal loading leads to
significant stress in the cervical part of the
teeth, although this region is not directly ex-
posed to the effect of mastication forces. The
values of stress in an abfraction lesion mea-
sured under a paraxial load are extremely

high. Lesions with expressed geometric dis-
continuity (V lesions) lead to the concen-
tration of high stresses at the bottom of the
tooth. Exposing the lesion to further stress
will lead to its deepening. The total deforma-
tion of the entire tooth under paraxial load
was ~ 10 times higher than the deforma-
tion of the tooth under axial load. The pat-
tern of the deformation of the teeth differs
depending on the type of load. The greatest
deformation under load was measured on
the tooth model with an existing abfraction
lesion. Although FEM analysis gives realis-
tic simulation and stress measurements, bio-
logical variations of tooth morphology, dif-
ferent types of intercuspidation and habitual
occlusion are factors that limit this type of
analysis. Also, the acting occlusal force in
this research is assumed as static, while in
reality there is always dynamic force, with a
relatively large number of repetitions.

What Is Already Known on this Topic:

Noncarious cervical lesions (NCCL) are more often found
on the mandibular first premolars compared to other types
of teeth. FEM analysis has proved to be a useful method for

experimental research on mechanical forces in human tissues.

What this Study Adds:

Numerous studies by means of FEM analysis have mainly
focused on the biomechanics of bone tissue. This study con-
tributes to understanding the connection between the specific
morphology of the mandibular first premolar and the action of
axial and paraxial forces on the development and progression
of NNC lesions.
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Abstract

Objectives. The purpose of this in vitro investigation
was to evaluate qualitatively the surface topography at
the bracket-adhesive-enamel junction, bonded to the
buccal and lingual surfaces of premolars with compos-
ite resin and resin-modified glass-ionomer orthodon-
tic adhesives, using two methods of adhesive removal:
a dental explorer and a micro brush. Methods. Forty
premolar surfaces were allocated to four groups of 10/
each, 20/buccal and 20/lingual surfaces. The brackets
were bonded to the surface of the enamel and any ex-
tra adhesive was removed with a dental explorer or a
micro brush. Specimens were evaluated and scored
by two calibrated independent raters, at the bracket-
adhesive-enamel junction, for adhesive overlap on the
bracket, the smoothness of the surface, as well as the
presence of projections and depressions, using a digi-
tal microscope. The Fisher-exact statistical test was
conducted to compare the different groups. Results.
Regardless of the method used to remove the adhe-

sives, all groups showed partial or complete overlap of
the adhesive on the bracket. No statistical difference
was found between the groups for adhesive overlap
(P=1.0). However, resin-modified glass-ionomer was
found to be statistically significantly (P<0.05) better
than composite resin in both smoothness and the lack
of projections or depressions, regardless of the instru-
ment of removal. Conclusion. Removing excess adhe-
sive with a dental explorer or a micro brush is not an
ideal method for adhesive removal, as partial or com-
plete overlap of the adhesive on the bracket existed in
all groups. On the other hand, resin-modified glass-
ionomer was a superior material to composite resin
for better smoothness and surface topography at the
bracket-adhesive-enamel junction.

Key Words: Orthodontic Brackets = Surface
Topography = Surface Characteristics ®* Orthodontic
Adhesive.

Introduction

Some of the features of ideal orthodontic ad-
hesives are: sufficient working time for the
dentist, fluoride release, good bonding, and
easy removal without damaging the enamel
surface, with minimal polishing needed (1-
3). Another ideal feature that has not been
tested before is the easy removal of the adhe-
sive from the areas around the enamel and
orthodontic bracket, after bonding and be-
fore setting, anticipating a smooth surface.
Composite resin is the most commonly used
adhesive because of its well-established clin-
ical and laboratory performance (4, 5). On
the other hand, resin-modified glass-iono-

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



mer cements have some advantages, which
include its ability to form a chemical bond
with the enamel and metal, less sensitivity to
moisture and saliva contamination, fluoride
release, and the ability to serve as a fluoride
reservoir (6, 7).

White spot lesions due to decalcification
of the enamel surface adjacent to fixed orth-
odontic appliances are a frequent undesir-
able consequence of orthodontic treatment
(8, 9). Several studies have reported the
prevalence of white spot lesions to be as high
as 96 percent (10-13). Fixed appliances and
bonding materials increase the retention of
biofilm and the development of white spot
lesions (8, 9). Management of white spot
lesions on the enamel surface comprises a
variety of approaches to prevent demineral-
ization, and procedures to promote remin-
eralization of any demineralization present
(8, 14). A wide variety of methods has been
described and implemented for the preven-
tion of such lesions, implemented by the pa-
tient and/or the dentist (8, 9, 14). However,
not all methods to prevent white spot lesions
are successful (15).

The application of adhesives to enamel
and orthodontic brackets could be a source
of irregular and rough surfaces at the brack-
et-adhesive-enamel junction after adhesive
removal, and could create areas for plaque
accumulation, with the resultant demineral-
ization (11, 16, 17). The surface roughness
of various metal and esthetic brackets, as
well as various orthodontic wires, has been
tested. However, to our knowledge no pub-
lished research has evaluated the surface to-
pography and roughness of the areas around
the enamel and the orthodontic bracket af-
ter bonding and adhesive removal.

Therefore, the aim of this study was to as-
sess qualitatively the surface topography at
the bracket-adhesive-enamel junction using
a digital microscope, after bonding to the
buccal and lingual surfaces of premolars,
using two orthodontic adhesives: composite
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resin (Transbond XT, 3M Unitek, Monrovia,
California, USA) and resin-modified glass-
ionomer (Fuji Ortho LC, GC Corporation,
Tokyo, Japan), and two adhesive removal
methods, using a dental explorer and a mi-
cro brush. The null hypothesis tested in this
study was that there is no difference in the
surface topography at the bracket-adhesive-
enamel junction after removal of the two
orthodontic adhesives using a dental ex-
plorer or a micro brush.

Materials and Methods
Preparation of Specimens

The study protocol was approved by the Re-
search and Ethical Committee of Human
Studies at the College of Dentistry Research
Center. Twenty human premolar teeth ex-
tracted due to orthodontic treatment, stored
in 0.1% thymol solution, were used in this
investigation. The teeth included had an in-
tact crown, no attrition, and were free from
hypoplastic areas, cracks, gross irregulari-
ties, decay and fractures. The enamel surface
of each tooth was scaled and polished with
a rubber polishing cup and pumice using a
low- speed handpiece for 10 seconds, then
stored in deionized water at room tempera-
ture (27°C) for 48 hours. The apical part of
each root was mounted in self-curing acryl-
ic resin (Vertex™ Orthoplast, Vertex-Dental
B.V. Asia Pte Ltd, Singapore) to facilitate per-
pendicular sectioning of each tooth into two
sections (buccal and lingual), and then each
section was decoronated 4 mm below the
CEJ using a diamond saw mounted under
a water spray (IsoMet-2000 Precision Saw,
Buehler, Lake Bluff, IL, USA). Each section/
surface was then placed in a standardized
mold and embedded in self-curing acrylic
resin, where the buccal and lingual surfaces
of each tooth were kept parallel to the floor.
The teeth were allocated into four groups,
with 10 specimens/group, according to the
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adhesive material and removal methods
used, with 20 buccal and 20 lingual surfaces
(Table 1). Due to the difficulty of collecting
teeth and the limited number, the lingual
and buccal surfaces of each tooth were used
to increase the sample size. The power sam-
ple size was 0.81 and the level of significant
0=0.05, with estimated standard deviation
=0.9. The sample size should be at least 9 in
each group.

Bracket Bonding and Evaluation

Orthodontic premolar brackets with gingi-
val offset (Ortho Classic, Roth 0.022, Ortho
Classic Inc., McMinnville, OR, USA) were
positioned using firm and even pressure,
and bonded to the enamel surface, following
the manufacturer’s recommendations, using
2 types of orthodontic adhesive: compos-
ite resin (3M-Unitek Transbond™ XT Light
Cure Adhesive, Monrovia, CA, USA) for
groups 1 and 2, and resin- modified glass-
ionomer (GC Fuji Ortho LC Capsule, GC
Corporation, Tokyo, Japan) for groups 3 and
4. The brackets were then bonded onto the
mesio-distal and occluso-cervical center of
the tooth surfaces. Excess adhesive was re-
moved in 5 applications using a regular size
micro applicator brush #2 (Dental Micro
Applicator Brush, Shanghai Smedent Medi-
cal Instrument Co., Ltd., Shanghai, China)
or a dental explorer (Double Ended #5, Hu-
Friedy Mfg. Co., LLC, Chicago, USA). One
micro brush was used for each specimen and
was wiped with gauze after each application.
In addition, the explorer was also wiped
with gauze after each application. The speci-
mens were light cured using an Ortholux™
Luminous Curing Light (3M Unitek Orth-
odontic Products, Monrovia, CA, USA)
(App. 1600 mW/cm) (LED). One investiga-
tor performed all the bonding procedures in
a consistent manner and random order. The
specimens were stored in distilled water at
room temperature for 48 hours. Each speci-

men was then photographed using a digi-
tal microscope (Digital Microscope System
Model KH 7700, Hirox; USA, Inc., Hacken-
sack, NJ, USA) at fifty times magnification.
One photograph, which included the brack-
et and the surrounding enamel, was taken.
Before the evaluation started, the two expert
evaluators discussed the evaluation scores
and they were calibrated. The two inde-
pendent examiners did not know the group
under evaluation. Each photograph was
evaluated and the bracket-adhesive-enamel
junction scored at the occlusal edge/side of
the bracket. The following parameters were
assessed: the adhesive overlap of the bracket,
the smoothness of the enamel, and the pres-
ence of projections and depressions. The ad-
hesive overlap of the bracket was allocated
to one of three classifications: no overlap,
where no adhesive was covering any part of
the occlusal edge/side of the bracket; partial
overlap, where there was adhesive covering
any part less than the entire length of the
occlusal edge/side of the bracket; and com-
plete overlap, where the adhesive covered
the entire length of the occlusal edge/side of
the bracket. The smoothness of the enamel
was given one of three possible classifica-
tions: completely smooth enamel - when
no rough area of adhesive was present over
the entire length of the occlusal edge/side of
the bracket; partially smooth enamel - when
some rough areas of adhesive were present
but less than the entire length of the occlu-
sal edge/side of the bracket; and no smooth
enamel - when a rough area of adhesive was
present along the entire length of the occlu-
sal edge/side of the bracket. The presence of
projections and depressions on the adhesive
was given one of four possible classifica-
tions: no projections and depressions, pro-
jections present, depressions present, and
both projections and depressions present.
For all parameters, when disagreement was
recorded between the two examiners, the
highest score was recorded.




Statistical Analysis

Comparison of different groups and iden-
tifying statistically significant differences
were performed using the Fisher's exact test.
The statistical significance was set at a p-
value of <0.05. Inter-examiner reliability for
scoring different parameters at the bracket-
adhesive-enamel junction was completed
using the Kappa statistic. All procedures
were performed using Stata SE15.1 software
(StataCorp, College Station, TX, USA).

Results

Inter-examiner reliability for scoring differ-
ent parameters showed that the Kappa sta-
tistic was 0.74, which indicated high agree-
ment. Regardless of the adhesive removal
method used, all groups showed partial or
complete overlap of the adhesive on the
bracket (Table 1).

Groups in which a composite resin was
used on the buccal surfaces showed com-
plete overlap of the adhesive in 90% of the
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surfaces when the dental explorer was used,
and 100% of the surfaces when the micro
brush was used (Table 1). Groups in which
a resin-modified glass-ionomer was used on
the lingual surfaces showed complete over-
lap of the adhesive on the bracket in 100% of
the surfaces when an explorer was used, and
90% of the surfaces when a micro brush was
used to remove the excess material (Table
1). The Fisher-exact statistical test showed
no significant difference between the groups
for complete/partial overlap of the adhesive
on the bracket on the buccal or lingual sur-
faces (P=1.0).

A completely rough surface of adhesive
on the enamel was found for the composite
resin when the dental explorer (10%) or mi-
cro brush (30%) were used, while none was
found for the resin-modified glass-ionomer
(Table 1). A partially rough surface of adhe-
sive on the enamel was found for the com-
posite resin when the dental explorer (90%)
or micro brush (70%) were used, while for
the resin-modified glass-ionomer 50% of
rough surface was recorded when the dental

Table 1. Frequency of the Three Outcomes between the Removal Methods and Adhesive Materials

Groups
Outcomes Dental Explorer (n=20) Micro brush (n=20)
CR RMGI P CR RMGI P
(N=10) (N=10) value (N=10) (N=10) value
Overlap of the adhesive over the bracket (N=40)
No overlap 0 0 0
Partial overlap 1 0 1.0 0 1 1.0
Complete overlap 9 10 10 9
Smoothness of the adhesive on the enamel (N=40)
Completely smooth 0 5 0 5
Partially smooth 9 5 0.033" 7 5 0.016"
Completely rough 1 0 3 0
Presence of projections and depressions on the adhesives (N=40)
None present 0 9 0 6
Projections 3 0 oot 1 0 D00t
Depressions 0 1 2
Both present 7 0 9 2

CR=Composite Resin; RMGI=Resin-Modified Glass lonomer; P-value of 2-sided Fisher's exact test; "Significant at P<0.05.
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explorer or and 40% when micro brush were
used (Table 1). Resin-modified glass-iono-
mer was statistically significantly better for a
completely smooth adhesive surface on the
enamel compared to resin composite, when
using the dental explorer (50%; P=0.033) or
the micro brush (50%; P=0.016).
Composite resin adhesive displayed both
projections and depressions in 70% of the
specimens when dental explorer was used,
and 90% when a micro brush was used to
clean the adhesive residues. On the other
hand, resin-modified glass-ionomer pre-
sented superior topography, where only
10% of specimens had depressions when
the explorer was used (P<0.001), and 40%
(P=0.001) had some form of surface topog-
raphy when using a micro brush (Table 1).

Discussion

The null hypothesis tested in this study was
rejected, as there was a difference in the
surface topography at the bracket-adhesive-
enamel junction after the removal of two
orthodontic adhesives, using a dental ex-
plorer or a micro brush. In the present study,
regardless of the method used to remove the
adhesives on the buccal or lingual surfaces,
no group prevented overlap of the adhesive
on the bracket and all groups showed par-
tial or complete overlap of the adhesive. The
measures reported for prevention of white
spot lesions have rarely considered the use
of orthodontic adhesives and their possible
overlap on the brackets as a potential source
of formation of irregular and rough surfaces
at the bracket-adhesive-enamel junction af-
ter adhesive removal (14). The forces of ad-
hesion of cariogenic bacteria to the enamel,
the adhesive and the stainless steel bracket
were found to be lowest on the enamel and
highest on the adhesive (18, 19). Morpho-
logical changes in the topography of the
enamel, especially roughness, are of consid-
erable clinical importance for the formation

of white spot lesions (20). One study report-
ed that, even with relatively uniform sur-
face roughness, surface free energy was sig-
nificantly different between resin composite
and resin-modified glass-ionomer adhesives,
which affects the adhesion of Streptococcus
mutans (21). Resin-modified glass-ionomers
showed significantly higher surface free en-
ergy than composite resin (21).

In the present study, there was a signifi-
cant difference between the groups in the
distribution of the smoothness of the ad-
hesive on the enamel surface, and a rough
surface was found on the composite resin
when a dental explorer or a micro brush was
used, while none was found on the resin-
modified glass-ionomer. In contrast, more
completely smooth adhesive was found us-
ing the resin-modified glass-ionomer when
a dental explorer or a micro brush was used,
and none was found for the composite resin.
Again, these results indicate that the appli-
cation of adhesives for bonding orthodontic
brackets to the enamel could be a source of
irregular and rough surfaces at the bracket-
adhesive-enamel junction after adhesive
removal. This may restrict cleansing activ-
ity and increase the risk of white spot for-
mation (14). This scenario is supported by a
study which reported the lower occurrence
of white spot caries lesions in patients who
used orthodontic lingual appliances, due to
their self-cleansing activity (22).

A rough surface provides opportunities
for bacterial adhesion by increasing the sur-
face area and providing suitable niches (23,
24). Differences in surface roughness were
reported, with the greater surface roughness
of different materials used for brackets than
orthodontic adhesives, which was attrib-
uted to minor dissimilarities in the surface
roughness (<0.5um) of different materials
(24). However, another study showed that
minor variations in surface roughness had
no significant effect on the contact angles
for surface free energy, or on the adhe-




sion of bacteria (23, 25). The adherence of
Streptococcus mutans to a fixed appliance
is largely the result of the bracket material,
where titanium brackets had the least num-
ber of Streptococcus mutans and the great-
est number of Candida albicans (26). The
variations in the adhesion of Streptococcus
mutans between brackets have been attrib-
uted to the surface free energy and tension
(26). It has been shown that stainless steel
had more surface tension, which is dem-
onstrated by the more likely attachment of
microorganisms on metallic brackets com-
pared with ceramic brackets (26, 27). Ac-
cordingly, substrates/materials with high
surface free energy will attract more micro-
organisms to their surfaces than those with
less surface free energy (26). In the present
study, there was a significant difference be-
tween the groups in terms of the presence
of projections and depressions on the adhe-
sive, and both projections and depressions
were present in the adhesive in composite
resin specimens when a dental explorer or
a micro brush was used, while fewer pro-
jections and depressions were found in the
resin-modified glass-ionomer when a micro
brush was used, and no projections and de-
pressions were found when a dental explorer
was used. The differences in the distribution
of diverse surface irregularities shown in
this study may be due to the dissimilar char-
acteristics and composition of each adhesive
and orthodontic material surface. This is
supported by the studies reporting the influ-
ence of surface roughness on the adhesion
of bacteria to the surfaces (11, 16, 17). In
addition, it has been suggested that the type
of filler modifies the surface of orthodon-
tic composite resin (28). However, another
study reported that the filler size, volume
and composition of different composite
resins have no effect on the adhesion of mi-
croorganisms (29). It has been reported that
glass ionomer and resin composites have a
tendency to collect more plaque or microor-
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ganisms than different restorative materials
in vivo and in vitro (30). The adhesion of mi-
croorganisms to the orthodontic composite
resin is attributed to van der Waals forces,
as well as hydrophobic and electrostatic fac-
tors, and Streptococcus mutans adhesion to
composite resin is greater than to orthodon-
tic appliances (31). In the present study,
excess adhesive was removed from around
the brackets during the bonding process to
simulate clinical practice. Another study
compared the effects on bonding strength of
removing excess adhesive from around the
bracket base both immediately after placing
the bracket on the tooth and after subjecting
the adhesive to 5 seconds of light curing to
initially secure the bracket in its proper po-
sition, and concluded that removing excess
adhesive after 5 seconds of light cure sig-
nificantly decreased the bond strength at 24
hours (19). It has been reported that the ad-
hesive properties influence the consistency
of the bond, the ease of debonding and the
ease of cleaning the enamel (32).

The design of this study had multiple di-
mensions, which included the effects of the
tooth surface, adhesive type, and the adhesive
removal method. Due to the difficulty of col-
lecting teeth, we used the lingual and buccal
surfaces of each tooth to increase the sample
size. We also used the buccal surfaces for
composite resin, and the lingual surfaces for
resin-modified glass-ionomer orthodontic
adhesives. This is supported by a study, which
reported no significant differences in shear
bond strength between the buccal and lingual
surfaces of premolars, and resin-modified
glass-ionomer and composite resin adhesives
exhibited sufficient shear bond strength for
orthodontic use, with no significant differ-
ence between the two adhesives (33).

Limitations of the Study

The present study has some limitations,
such as the use of only two orthodontic
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adhesives. It would be beneficial to com-
pare more orthodontic adhesives. We also
only evaluated the occlusal edge/side of the
bracket, which may be easier to clean com-
pared to other edges/sides. In addition, ag-
ing of specimens by thermocycling, to imi-
tate the conditions of the oral cavity, was not
performed. It would be useful to expose the
specimens to thermocycling and saliva to
simulate the oral environment. In addition,
use of a brush versus a micro brush, and
finishing of the adhesives, were not tested
in this study. Further research is needed for
evaluation of the different methods used to
improve the smoothness of the surface at the
bracket-adhesive-enamel junction so that it
is less attractive to biofilm. In addition, fu-
ture investigations are necessary to analyze
different parameters of the surfaces, such as
surface roughness, and the composition of
each material on microbial adhesion.

Conclusion

Within the limits of this in vitro study, it was
concluded that removing excess adhesive
with a dental explorer or a micro brush is
not an ideal method for adhesive removal,
as partial or complete overlap of the adhe-
sive on the bracket existed in all groups.
Resin-modified glass-ionomer was a supe-
rior material over composite resin for better
smoothness and surface topography at the
bracket-adhesive-enamel junction. There
was a difference in the surface topography
at the bracket-adhesive-enamel junction
between the methods used in this study.
There was a significant difference between
the groups in terms of distribution of the
smoothness of the adhesives, as well as the
presence of projections and depressions on
the adhesives.

What Is Already Known on this Topic:
The application of adhesives to enamel and orthodontic brack-
ets could be a source of irregular and rough surfaces at the

bracket-adhesive-enamel junction after adhesive removal, and
could create areas for plaque accumulation, with the resultant
demineralization. The surface roughness of various metal and
esthetic brackets, as well as different orthodontic wires, have
been tested. However, to our knowledge no published research
has evaluated the surface topography and roughness of the ar-
eas around the enamel and the orthodontic bracket after bond-

ing and adhesive removal.

What this Study Adds:

The manuscript provides evidence-based research to support
what orthodontists practice every day. As no published research
has previously evaluated the surface topography of the areas
around the enamel and the orthodontic bracket after bonding,
and adhesive removal using different adhesive removal meth-
ods, this study aimed to assess qualitatively the surface topog-
raphy at the bracket-adhesive-enamel junction after bonding
using two orthodontic adhesives and the use of two adhesive
removal methods.
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Abstract

Objective. The purpose of this study was to evaluate
the efficiency of the anticholinergic therapy with oxy-
butynin and the effects of daily transcutaneous tibial
nerve stimulation (TTNS) on the quality of life of
patients with an overactive bladder (OAB) and mul-
tiple sclerosis (MS). Patients and Methods. The study
was designed as a randomized controlled trial. The
patients who suffer from MS underwent urodynamic
tests which showed that they had an OAB. The tests
used to assess symptoms and quality of life were Over-
active Bladder Questionnaires (OAB-q) SE. Patients
were divided into 2 groups of 30 patients each. The
first group received a 5 mg oxybutynin tablet twice
a day for 3 months and the second group had TTNS
every day for 3 months. Results. The anticholinergic
therapy showed a statistically significant improvement
in all symptoms and quality of life (P<0.001). Side ef-
fects such as dry mouth were observed in about 35%
of patients. The results of the study TTNS daily thera-
py showed good performance in the reduction all clin-

ical symptoms of the bladder and improved quality of
life, with statistical significance (P<0.05) and with no
side effects. It was found that the improved quality of
life parameters and the reduced symptoms were more
statistically significant in the treatment with oxybu-
tynin tablets than TTNS therapy (P<0.001). Conclu-
sion. Our recommendation for the treatment of OAB
is oxybutynin in doses of 2x5 mg. If a patient can not
tolerate anticholinergic drugs, daily TTNS is recom-
mended to reduce OAB symptoms and improve qual-
ity of life, without side effects.

Key Words: Overactive Bladder = Oxybutynin =
TTNS.

Introduction

Difficulties in urination/micturition are
frequent in patients with multiple sclerosis
(MS), cause health problems and decrease
the patients’ quality of life (1). Up to 80%
of newly diagnosed patients, as well as up
to 96% of those who have suffered from MS
for more than 10 years, have problems with
urination (2). MS is a disease which mostly
affects people between 20 and 40 years old at
the time of diagnosis. It rarely affects people
before the age of 15 and after 60 (3). Women
are affected twice as often as men, but men
have more severe symptoms. The most com-
mon voiding disturbance in patients with
multiple sclerosis is a spastic bladder or
overactive bladder (OAB) (4). An overac-
tive bladder is defined as the occurrence of

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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bladder contractions suddenly, without the
person having control over it. Overactive
bladder syndrome is sometimes called an
irritable bladder or detrusor instability (5).

The progression of neurological diseases
results in the deterioration of overactive blad-
der symptoms. A correct diagnosis and treat-
ment can improve the control of the bladder
and the patients’ quality of life (5). The Inter-
national Continence Society (ICS) defines
the overactive bladder syndrome as an ur-
gency to urinate, with or without urge incon-
tinence and an increased frequency of urina-
tion during the day and night (6). Medicines
in the class of drugs called antimuscarinics
(also called anticholinergics) may alleviate
the symptoms of an overactive bladder. They
act by blocking certain nerve impulses to the
detrusor, which relaxes the detrusor thereby
increasing bladder capacity. Different types
of anticholinergics, with similar effects on the
symptoms of an overactive bladder, are used.
The side-effects of these are dependent on
the dose given. The medication with certain
side effects mentioned in the research was
oxybutynin (7, 8). Oxybutynin chloride is a
moderate anticholinergic and severe mus-
culotropic drugs. It is one of the first drugs
which has been used for more than 30 years
in the treatment of OAB patients and, until
recently, the only one available in our coun-
try. In our study we investigated the effects of
oxybutynin chloride (Ditropan) in the 2x5mg
doses, which is a half of the maximum daily
dose. The most common side-effects are dry
mouth, dry eyes, constipation, blurred vision
and drowsiness.

In addition to anticholinergics, trans-
cutaneous tibial nerve stimulation (TTNS)
is also used in the treatment of OAB, using
the TENS apparatus. TENS-Transcutaneous
electrical nerve stimulation is a non-invasive
exponential current (low-frequency current)
method that efficiently suppresses the exces-
sive activity of the urinary bladder. Nervus
tibialis is a mixed nerve composed of motor

and sensory nerve fibers that originate from
roots L4 to $3 and stimulate the innervation
of the bladder, urinary sphincter and pelvic
floor by stimulating the nociceptors of spi-
nothalamic tract neurons and reducing or
eliminating excessive activity (9).

The purpose of this study was to evaluate
the efficiency of the anticholinergic therapy
with 2x5mg doses of oxybutynin, and then
the effects of daily transcutaneous tibial
nerve stimulation (TTNS) on the quality of
life of patients with an overactive bladder
(OAB) and multiple sclerosis.

Patients and Methods

The study was a randomized controlled trial,
that tested the efficacy of oxybutynin anti-
cholinergic therapy and daily transcutane-
ous tibial nerve stimulation (TTNS) on the
quality of life of patients with an overactive
bladder (OAB) and multiple sclerosis (MS).
Participants were enrolled consecutively as
they were visiting the Urodynamics unit of
the Physical Medicine and Rehabilitation
Clinic, University Medical Center Tuzla for
a period of 2 years.

The inclusion criteria were patients with
MS who uderwent urodynamic testing that
showed an OAB with maximum bladder
capacity of less than 300 ml. Each patient
should have had a normal urine finding be-
fore the urodynamic testing. Exclusion cri-
teria were symptoms lasting for less than 6
months, pregnancy, sacral peripheral nerve
lesions, urinary tract infections, serious
secondary illnesses and detrusor-sphincter
dyssynergy-determined by a urodinamic
investigation. Patients were divided into 2
groups of 30 patients each. The first group
received a 5 mg oxybutynin tablet twice a
day for 3 months and the second group had
TTNS every day for 3 months.

Medio tens (Iskra Medical) devices were
administered to stimulate the nervous tibials
posterior and were administered to patients at




home daily. Current intensity, frequency, and
pulse duration were set on each apparatus at
a frequency of 10 HZ, constant stimulation
with intervals of 200 microseconds and dura-
tion of stimulation of 30 min. The active self-
adhesive electrode (A) was placed behind the
internal malleolus and the other 10 cm above
the right ankle. Patients were given detailed
instructions, how the sensation should be,
how to operate the device at home with the
above parameters already set. All patients who
received daily stimulation were given a device
to use at home for a period of 3 months.

OAB-q SF is a specific questionnaire
used to assess the frequency of hyperactive
bladder symptoms and the quality of life of
patients with urinary disorders and consists
of 2 subscales. The symptom subscale con-
tains 6 questions rated individually from 1
to 6 and quality of life subscale includes 13
questions rated from 1 to 6.

The symptoms which were monitored
and affected the quality of life are: urgency
(>than 3 to 24 h), daily voiding (frequency >8
in 24 h), nocturia and urgent incontinence.
The OAB-q SF questionnaire for determining
symptoms and quality of life was completed
before therapy and 3 months after therapy.

Statistical Analysis

Statistical analyses were performed using
MedCalc software (ver.12.1.4.0 for Win-
dows; MedCalc, Mariakerke, Belgium). To
test the differences between the groups in
terms of quantitative variables, the paired t-
test and Wilcoxon sum rank tests were done,
depending on data distribution. P<0.05 was
considered significant.

Results

Sixty patients were examined. There were
33.3% men and 66.6% women. The subjects
receiving the anticholinergic drug oxybu-
tynin were on average 45.8+8.13 years old
with a disease duration of 8.3+5.1 years,
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and the subjects who had electrostimula-
tion n. tibialis with TENS were on average
47.36+7.98 years old with a disease duration
of 8.94+4.9 years. (P>0.05).

The stimulation with TENS therapy has
shown a statistically significant reduction
in all clinical symptoms of the bladder and
an improved quality of life. The symptom
score before treatment with daily TTNS was
61.2+14.6 and decreased after treatment
to 50.8+12.3 (P=0.004). The quality of life
score increased from 28.5+12.6 after daily
TTNS treatment to 38.3x11.4 (P=0.003)
(Figura 1). The anticholinergic therapy with
oxybutynin produced a statistically sig-
nificant improvement in all symptoms and
quality of life.

The symptom score before the oxybu-
tynin treatment was 61.9+6 and 32.4+14.8
(P<0.001) after treatment. The quality of life
score before the oxybutynin treatment was
27.8+13.7 and 56.1+17.3 (P<0.001) after
treatment.

The therapy with oxybutinin tablets and
stimulation with TENS therapy have shown
a statistically significant reduction in all
clinical symptoms of the bladder and an
improvement in quality of life. After com-
paring the two types of treatment, it was
concluded that there were no statistically
significant improvements in the number of
daily mycions in favor of the treatment with
oxybutynin tablets (P=0.021), and no statis-
tically significant difference in the number
of nocturnal, daytime and nocturnal incon-
tinence groups (P>0.05) (Table 1).

After comparing the quality of life and
symptoms measured by the OAB-q SF ques-
tionnaire by treatment type, it was found
that the improved quality of life parameters
and the reduced symptoms were more sta-
tistically significant in the treatment with
oxybutynin tablets than TTNS therapy
(P<0.001). The side effect of a dry mouth af-
ter oxybutynin therapy was found in 35% of
patients, which did not require discontinu-
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Figure 1. Symptom score and quality of life before and after the treatment with daily daily transcutaneous tibial

nerve stimulation (P<0.05); OAB-S=Overactive bladder symptoms, OAB-Q=0veractive bladder quality of life.
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Figure 2. The symptom scores and quality of life before and after treatment with Oxybutynin (P<0.0001); OAB-
S=Overactive bladder symptoms, OAB-Q=Overactive bladder quality of life.

Table 1. The Comparison of Clinical Symptoms after the Oxybutynin Treatment and Daily Tibial Nerve

Stimulation

Treatment
Clinical symptoms Oxybutynin TTNS Pt

(x+ SD) (x+ SD)
Daily micturition number 7.5£2.8 9.4+3.4 0.021
Night micturition number 2.2+1.6 23114 0.729
Daily incontinence number 1.7+£1.7 24+1.4 0.112
Night incontinence number 0.6+0.8 0.6+0.5 0.719
OAB-Q* 56.1+17.2 38.3+114 <0.001
OAB-S® 324+14.8 50.8+12.3 <0.001

*Transcutaneous tibial nerve stimulation; tPaired t-test; OAB-S=Overactive bladder symptoms, OAB-Q=Overactive bladder quality of life.
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ation of therapy. There were no side effects
after the TTNS therapy.

Discussion

In our study, oxybutnin at a dose of 10 mg
daily, divided into two doses, was shown to
be a very effective drug in the treatment of an
overactive bladder, where the parameters of
the quality of life and the symptoms of over-
ractive bladder were significantly improved.
Alhasso et al., (10) searched papers related to
the treatment of an overactive bladder with
anticholinergics in MS using the Cochrane
database. Thirteen surveys were reviewed
with 1770 participants and all surveys were
designed as parallel groups except one that
was a cross-over study. The duration of treat-
ment was 3 to 12 weeks, with one check 24
weeks after starting treatment. It was con-
cluded that the use of anticholinergic drugs
in the treatment of OAB produces good re-
sults. The results are better when using an-
ticholinergics compared to bladder training,
as well as the two modalities compared with
each modality individually. There is insuffi-
cient data to show the effects of therapy after
discontinuation of anticholinergics. Anti-
cholinergics are known to have side effects,
such as dry mouth. Side effects such as dry
mouth have been reported in about 1/3 of
patients using anticholinergic therapy. In our
study, we found similar results with regard to
the side effects where 35% of patients had a
dry mouth but problems were not expressed
and therapy was not interrupted.

Although the dose used in this study
was half the maximum, it still achieved a
significant improvement in all parameters
measured by the urodynamic study. Similar
results were shown by Rolf et al. (11) who
have shown that flexible dosing of anticho-
linergics in the treatment of OAB is a use-
ful strategy in clinical practice to achieve
maximum effects with a maximum level of
tolerance. A study was conducted with 1658
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patients who used 15 mg trospium chloride
(TID) or 2.5 mg oxybutynin 3 times a day,
gradually increasing the dose. By the end of
the study the dose was 90 mg TID and 15 mg
oxybutynin daily. A decrease in incontinence
episodes and frequency of urination was ob-
served. Dry mouth was less pronounced in
the TID group than the Oxybutynin group
at 15 mg daily. The conclusion was that the
incidence of incontinence and number of
mictions could be significantly reduced by a
flexible dose of the drug to prevent side ef-
fects such as dry mouth. In this study, TID
was shown to be better tolerated than oxy-
butynin at a dose of 15 mg. Similar results
were demonstrated by Yoo et al. (12) who
tested the appropriate dose of oxybutinin in
clinical practice. The study included 809 pa-
tients, of whom 590 received treatment for
12 weeks. They used a different dose of oxy-
butynin from 5 mg to 30 mg. Most patients
received 5 or 10 mg oxybutinin daily. Symp-
tom assessment was performed with POSQ
and all symptoms improved. Similarly, drug
dosing was done in a study by MacDiarmid
et al. (13). The conclusion was that the dose
should be flexible with the need to constant-
ly monitor the effectiveness of the treatment
and side effects.

Versi et al. (14) examined the occurrence
of the side effect of dry mouth with the con-
ventional administration of oxybutnin and
slow release oxybutninin. They gradually in-
creased the dose from 5 mg in both groups
to a total of 20 mg daily. The incidence of
dry mouth increased with increasing dose
of oxybutinin in both groups. Thomas et al.
(15) investigated the effect of various anti-
muscarinic (anticholinergic) drugs in OAB
treatment by meta-analysis. A study of 69
studies concluded that antimuscarinic drugs
used at the recommended doses, presented
individually for each drug, had a similar ef-
fect, and it was emphasized that oxybutnin at
a dose greater than 10 mg per day had more
pronounced side effects than other drugs. A
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similar study was conducted by Hay-Smith
et al,, (16) where they reviewed 49 studies in
a meta-analysis to find out which anticho-
linergic drug should be used to treat OAB in
adults. It was concluded that it is better to use
lower doses as much as possible, which have
an effect, to avoid side effects, which was also
proven in our study. There was little or no
available evidence of the quality of life, cost,
or the long-term outcome in these studies.

As antihilonergic drugs have been used for
the treatment of OAB for many years, it has
become necessary to find new treatments that
will improve bladder function with as few side
effects as possible. Given the choice of a slight-
ly invasive method (PTNS) or non-invasive
one (TTNS), most studies are focused on us-
ing this treatment method (17). In our study,
we monitored the effect of TTNS therapy in
patients who had daily stimulation.

The results of the study with daily stimu-
lation showed good efficacy in reducing all
clinical symptoms of the bladder, especially
the number of nocturnal incontinence, all
of which had a positive effect on the qual-
ity of life. TTNS therapy also showed good
tolerability. The effectiveness of the therapy
was observed as early as the second week of
treatment and did not change significantly
over the 3 months of treatment duration.

The efficacy as well as tolerance of the
therapy provides a great opportunity for
patients, especially if they have other addi-
tional diseases or symptoms that would pre-
vent them from using anticholinergics. This
therapy gives them the ability to be treated
without fear of side effects. Voorham et al.,
(18) demonstrated the acute effect of a sin-
gle TTNS application in patients with OAB
symptoms using urodynamic parameters.
Out of the 40 patients, 20 only underwent
the urodynamics test, and TTNS stimula-
tion was performed on the other group of 20
patients during the urodynamics test with
1 electrode per n. tibialis and the other on
the S2-S4 foramen for 20 min. The results

of the urodynamic parameters for the first
group without stimulation were almost un-
changed, and in the group after stimulation
there was a statistically significant improve-
ment (P<0.05) in bladder capacity, volume
of mycation and the first contraction of the
detrusor. The study was performed as a di-
agnostic procedure rather than a treatment.

In France, a multicenter study was con-
ducted in which 70 patients treated with the
TTNS technique suffering from MS were
monitored (19). Stimulation with TTNS
lasted 3 months and the duration of therapy
was 20 minutes per day. They used the Qual-
iveen questionnaire to assess the quality of
life. After treatment, 83.3% of patients ex-
perienced a statistically significant improve-
ment in clinical parameters and symptoms,
as well as the quality of life.

Conclusion

Adequate diagnosis and treatment can im-
prove bladder control for patients with
symptoms of OAB. Our recommendation
for the treatment of OAB is an anticholin-
ergic (Oxybutynin) in doses of 2x5 mg as
it produces good results for all parameters
(symptoms) and quality of life. It is unfortu-
nate that electrostimulation therapy which
is non-invasive and has no side effects is
used so rarely, and produces good results.
If patients for any reason can not tolerate
anticholinergic drugs, daily TTNS is recom-
mended to reduce OAB symptoms and im-
prove quality of life, without side effects.

What Is Already Known on this Topic:

There are a number of ways to treat OAB, and pharmacologi-
cal treatment remains the most important in the management
of patients with OAB symptoms. Anticholinergics reduce con-
tractility and increase bladder capacity, and the difficulty in
prescribing medications for OAB is due to a lack of drug se-
lectivity leading to unwanted side effects. In addition to phar-
macological therapy in the treatment of OAB, electrical tibial
nerve stimulation is used, which is a non-invasive exponential
current (low-frequency) method that suppresses excessive blad-
der activity.




What this Study Adds:

In this study, we confirmed the effect of pharmacological ther-
apy in the treatment of OAB, but also the positive effects of
under-utilized electrostimulation, which are non-invasive and
have no side effects. The disadvantage of this study is the short-
term follow-up of patients, and there are no studies on the du-
ration of therapy.
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Abstract

Objective. Cadmium exposure is a common problem
in the production of nickel-cadmium batteries. How-
ever, keeping the respective legislative occupational
and safety policies is essential, but there are problems
with compliance. We analysed the effect of strategies
to increase compliance with precautions during 2013-
2015 on 59 workers at a nickel-cadmium battery fac-
tory. Material and Methods. A health promotion pro-
gram was implemented in two phases. The first phase
included comprehensive education on the importance
of appropriate behaviour and changes to the sanitation
program. The second phase included renovation of
sanitary facilities and modernization of the air exhaust
ventilation. Results. The initial median cadmium uri-
nary level in workers was 1.9 pg/g creatinine. After
the first phase of interventions, levels dropped to 1.0
ug/g creatinine. After the second phase no significant
further decrease was observed. Conclusion. Compre-
hensive education and changes in the sanitation pro-

gram were able to halve cadmium levels and can be
considered a useful and cost-effective preventive tool.

Key Words: Behaviour ® Cadmium = Compliance =
Education ® Workplace.

Introduction

Cadmium is a toxic heavy metal, which oc-
curs in the environment, but it is frequently
used in many industrial sectors. For exam-
ple, in the production of nickel-cadmium
batteries, workers are significantly exposed
to cadmium dust and fumes via inhalation,
but incidental ingestion from contaminated
hands, food and cigarettes cannot be neglect-
ed (1). Moreover, the metal has a long bio-
logical half-life and cannot be metabolized in
the human organism. So cadmium exposure,
even at low levels, can lead to a wide range
of adverse health effects (2). Besides, there
are some other factors, i.e. sex, age, dietary
intake, iron status, smoking, and length of
exposure or place of residence, which can
influence the total body burden (3).

To prevent negative effects on workers’
health, specific occupational health and
safety policies are included in the respective
legislation (4). The policies are mandatory
for employers and include workplace educa-

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



tion and training, occupational air monitor-
ing, and provision of adequate personal pro-
tective equipment. Despite the obligation
to keep these preventive measures, there is
sometimes a problem with poor compliance
by employees (5).Workplace health promo-
tion programs are quite common strategies
for more precise risk reduction, using the
most suitable interventions, i.e. improve-
ment in personal hygiene or sanitation, and
lead to behavioural changes (6-8).

The aim of this study was to evaluate the
effects of a workplace health promotion pro-
gram on exposure reduction in workers at a
nickel-cadmium factory.

Materials and Methods

This study analyses changes in urinary cad-
mium (U-Cd) levels in professionally ex-
posed workers, during a workplace health
promotion program that took place from
February 2013 to April 2015 in a nickel-
cadmium factory in the Czech Republic.
The factory is situated in the centre of a vil-
lage (1777 inhabitants) and operates in three
shifts. Although all the manufacturing pro-
cesses are fully automated, the workers may
be exposed to cadmium oxide via inhalation
when handling the components of nickel-
cadmium batteries. In the factory, all rele-
vant instruments for occupational safety and
health related to cadmium prescribed in the
legislation have been implemented, i.e. cad-
mium air concentrations are below the per-
missible exposure limit, personal protective
equipment is available, and all essential tech-
nical preventive measures prescribed by law
have been put into practice. Despite this, ret-
rospective analyses of U-Cd levels, conduct-
ed by an occupational physician, showed
excessive levels and this was the reason for
launching this extra preventive action.

The study started in February 2013 when
the initial U-Cd exposure levels in workers
were analysed during their periodic medi-
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cal check-up. Subsequently, in March 2013,
the first phase of the workplace health pro-
motion program began. Firstly, the safety
engineer, in partnership with the occupa-
tional physician, informed workers about
the increased U-Cd levels found in Febru-
ary and their possible future health effects.
The specific preventive measures in this
phase included providing specific informa-
tion on the importance of personal hygiene
and stopping smoking. Wet mopping be-
tween the shifts was also added. Although
the workers were educated about these pre-
ventive measures from the very beginning of
their recruitment, most employees neglected
them. Later in 2014, the second phase of the
workplace health promotion program was
introduced. The interventions in this phase
consisted of bathroom renovation (more
showers added) and a cloakroom divided
into “clean” and “dirty” parts, to avoid cross-
contamination. Moreover, in 2014-2015 the
modernization of the air exhaust ventilation
was carried out to eliminate cadmium dust.
A detailed description of the preventive
measures in the health promotion program
is shown in Figure 1.

Further, information on the subjects’
health history was obtained solely from med-
ical records (in cooperation with the respec-
tive health provider). The health and safety
manager from the factory provided detailed
information on preventive measures.

The sample included 59 workers tested
for cadmium; 36 women and 23 men, with
an average age of 39.4 years. Among them,
18 workers were smokers and 12 workers
lived in the same village where the factory
is situated (Table 1). The workers had on av-
erage been working in the nickel-cadmium
battery factory for 10 years.

Cadmium concentration is expressed
as U-Cd levels. Samples were obtained
from the workers at their annual preven-
tive check-ups, in the occupational doctor s
clinic. At the beginning of the study all the
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Figure 1. Scheme of Interventions Included in the Workplace Health Promotion Program and Laboratory

Analyses Conducted.

Table 1. Characteristics of the Workers in the Nickel-
Cadmium Factory

Variable Females Males
Sample size (%) 36 (61%) 23 (39%)
Smokers (%) 9(15%) 9(15%)

Residence in the village with

9 0,
the factory 7(12%) 5 (8%)

Average age in years +SD 41.5+11.1  36.2+11.7
(range) (22-61) (21-58)

Exposure duration in years 11.0£89 7.9+48
+SD (range) (1-34) (2-17)

workers signed informed consent to con-
firm their participation in the study. For the
laboratory cadmium testing, we collected
morning urine samples. The urine samples
were analysed by GT-AAS absorption atom-
ic spectrometry with electro-thermal atom-
ization (coefficient of variation CV: 5%; rela-
tive combined uncertainty U_ 17%). U-Cd
content was adjusted for creatinine in urine,
expressed as pg/g creatinine. The chrono-
logical sequence of urine tests is as follows:

o U-Cd 2/2013 initial cadmium levels in
February 2013, before the preventive in-
terventions,

o U-Cd 2/2014 cadmium levels in Feb-
ruary 2014, after the first phase of the
workplace health promotion program,

o U-Cd 4/2015 cadmium levels in April
2015, after the second phase of the work-
place health promotion program.

Statistical Analysis

The differences in U-Cd levels during the
workplace health promotion program were
statistically analysed by the non-parametric
Wilcoxon signed-rank test, and the differ-
ence in factors affecting U-Cd levels in work-
ers were analysed by the Wilcoxon rank-sum
test. A P value <0.05 was considered as the
level of statistical significance. Descriptive
analysis was used to calculate medians, in-
terquartile ranges (IQR), means, standard
deviations (SD), minimums and maximums.
U-Cd data are demonstrated as medians. The




results are graphically expressed using a box
and whisker plot (median, 25th percentile is
considered as lower limit, 75th percentile is
considered as the upper limit).

Results

The initial median U-Cd level observed in
59 workers was 1.9 ug/g creatinine (IQR 5.1
ug/g creatinine), 19 workers had initial U-Cd
levels higher than 5 ug/g creatinine. Although
median U-Cd levels in women were higher
in comparison to men, the difference was not
statistically significant (P=0.139). As Table 2
shows, there was no statistical difference in
U-Cd levels between smokers and non-smok-
ers (P=0.863), or between workers living in
the same village as the nickel-cadmium fac-
tory and those living outside (P=0.412).
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1%t Phase of the Health Promotion
Program

We analysed urine samples from 59 work-
ers. At the beginning of the health promo-
tion program, the initial median U- Cd level
in workers was 1.9 pg/g creatinine. After
the education and change of the sanitary
plan, U-Cd levels dropped by about a half
to 1.0 pg/g creatinine, and the difference in
concentration was statistically significant
(P<0.001) (Table 3 and Figure 2).

2" Phase of the Health Promotion
Program

Samples were taken from 44 workers. The
median level of U-Cd before the improve-
ment of technical measures was 1.1 ug/g cre-
atinine. Subsequently, after the intervention

Table 2. The Initial U-Cd Concentration and Factors Affecting Cadmium Levels in Workers

U-Cd [pg/g creatinine]”

Variable
Median IQR Mean SD Min. Max. R
Workers (N=59) 1.9 5.1 4.9 6.8 0.2 35.6
Women (N=36) 2.7 6.2 6.0 7.7 0.2 35.6 e
Men (N=23) 1.3 2.1 3.0 4.7 0.2 226
Smokers(N=18) 1.3 6.3 5.9 9.0 0.2 35.6 0863
Non-smokers (N=41) 2.2 45 4.6 5.9 0.2 226
Residence (N=12)* 2.5 8.4 6.5 7.8 0.2 20.5 o
Residence (N=47)s 1.7 4.7 4.7 6.5 0.2 35.6
*Cadmium urine levels; *Wilcoxon rank-sum test; *In the village with the factory; *Elsewhere.
Table 3. The Effect of the 1 Phase of the Workplace Health Promotion Program on U-Cd Levels
Variable U-Cd [ug/g creatinine]’
N=59 Median IQR Mean SD Min. Max. By
U-Cd 2/2013 1.9 5.1 4.9 6.8 0.2 35.6
U-Cd 2/2014 1.0 1.7 2.1 3.0 0.1 15.0 P<0.001
“Cadmium urine levels; "Wilcoxon signed-rank test.
Table 4. The Effect of the 2" Phase of the Workplace Health Promotion Program on U-Cd Levels
Variable U-Cd [ug/g creatinine]’
N=44 Median I0R Mean SD Min. Max. P value®
U-Cd 2/2014 1.1 0.5 23 34 0.1 15.0
U-Cd 4/2015 1.2 2.0 25 33 0.2 15.2 P=0.728

*
Cadmium urine levels; "Wilcoxon signed-rank test.
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Figure 2. The urinary cadmium levels (U-Cd) after the 1*tand 2™ phase of health promotion program.

(technical preventive measures), the median
level of U-Cd did not change significantly
(P=0.728) (Table 4, Figure 2).

Discussion

Generally, women, smokers and the popula-
tion living near factories have significantly
higher cadmium levels in their blood or

urine (3, 9-11). Although these studies de-
scribed a strong association of these factors,
our results did not confirm any significant
relationship. The women in our sample had
a similar job description to the men. Full
automation of the manufacturing processes
has led to reduction of cadmium exposure
in workers, and some positions have be-
come more favourable for women. Simi-




larly, the exposure duration for workers was
relatively long, so the variations in exposure
factors may be reflected in U-Cd levels (12).
The insignificant impact of smoking on cad-
mium levels can be explained by the strict
smoking ban in the factory (13). However,
there was no influence of place of residence
on U-Cd levels in workers, which indicates
that the measures carried out in the factory
to protect the surrounding environment are
effective.

The initial median cadmium level in
workers was below the Czech occupational
exposure limit (14), but still higher in com-
parison with the environmentally exposed
population (15). Nevertheless, although the
factory declared cadmium air concentrations
below the permissible exposure limit and the
presence of all statutory preventive measures,
U-Cd levels in 19 workers exceeded the oc-
cupational exposure limit. So according to
the previous studies, we assumed that insuf-
ficient compliance with the basic preventive
measures by these workers, such as poor
hygiene, could be closely associated with
excessive oral exposure to chemicals (16).
Therefore, apart from cadmium airborne
monitoring, behavioural changes contrib-
uting to improvement in workers” personal
hygiene are essential (5, 8, 17). Practicing
good personal hygiene showed a significant
positive effect on U- Cd levels in our sample,
indeed, within a relatively short time period.
Although behavioural change seems to be a
rather unsophisticated preventive measure,
the effect on workers” exposure can be very
significant (7). Moreover, supervision by the
safety engineer significantly contributes to a
notable behavioural change (18).

We supposed that the second phase of
the health promotion programme could
bring a further decrease in U-Cd levels.
However, there was surprisingly no signifi-
cant decrease in U-Cd levels. This indicates
that if the compliance with the basic preven-
tive measures is insufficient, the renovation
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of sanitary facilities and modernization of
air exhaust ventilation would be pointless.

There were some limitations to our study.
Firstly, the sample of workers exposed to
cadmium was relatively small and was not
divided proportionally by sex, smoking sta-
tus or residence. Moreover, due to the small
sample size, no statistically significant differ-
ences were found in the analysis of the influ-
ence of these factors. On the other hand, the
gender distribution, proportion of smokers,
and the number of exposed employees in
the workplace represents a typical situation
in this type of industry. Thanks to modern
technologies, mechanical overload has been
eliminated, and thisgenerally makes these
jobs more preferable for women. Moreover,
in the employment process non-smokers are
preferred and strict non-smoking policies
are adhered to in the workplace. Similarly,
we only used cadmium urine levels for our
analysis, which are considered to be a long-
term exposure biomarker. Although some
authors prefer blood samples to demon-
strate short-term changes better (12, 19, 20),
in our case urine testing was a standard part
of the check-up and therefore no additional
invasive procedures were needed. Finally,
there was no control group from the same
village where the factory is located, who
would only be exposed environmentally. We
assume that the limitations mentioned above
did not substantially alter the measured lev-
els and did not undermine the main contri-
bution of the article, that is,, to demonstrate
clearly the effect of comprehensive employee
education in a workplace with increased risk
of cadmium exposure.

Conclusion

The study clearly indicates that, although health
and safety measures are prescribed by law,
there is a problem with compliance by workers
in practice. The significant decrease in U-Cd
levels demonstrates that education is a con-
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vincingly useful and cost-effective way to re-
duce occupational chemical exposure, increase
workers” compliance and save employers from
the future possible compensation costs.

What Is Already Known on this Topic:

Cadmium is a toxic heavy metal, exposure to which even at low
levels can lead to serious adverse health effects. Legislatively
based preventive measures are prescribed for workplaces, but
their effectiveness can be limited by workers” poor compliance.

What this Study Adds:

We evaluated the effect of preventive measures on cadmium
levels in workers under the real conditions of a nickel-cadmium
factory. After the education of workers and changes in the sani-
tation plan, the initial median cadmium level 1.9 ug/g creati-
nine dropped by about a half. Subsequently, technical preven-
tive measures did not show any decrease in cadmium levels.
The results demonstrate the importance of further education
to promote workers’ compliance with legislatively based pre-
ventive measures, to minimize the potential harmful effects of
cadmium exposure.
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Abstract

Objective. The aim of this study was to assess the re-
lationship between the use of neuroenhancing sub-
stances, exam anxiety and academic performance
among first-year Bosnian-Herzegovinian (BH) uni-
versity students. Methods. In a cross-sectional study,
an ad hoc questionnaire was delivered to a sample of
BH first-year university students. The following data
were collected: socio-demographic features, con-
sumption of neuroenchancing substances, the West-
side Test Anxiety Scale (WTAS) and academic perfor-
mance. Results. A total of 214 students were included.
Consumption of lifestyle substances, coffee, energy
drinks, nicotine, alcohol, and marijuana, for the pur-
pose of neuroenhancement increased during the week
before the exams. OTC cognitive enhancer use was

reported by 31.0%, and of benzodiazepines by 1.5%
of students. No psycostimulants were used. A high
to extremely high exam WTAS score was reported in
38.3% students. The exam WTAS score was positively
correlated with consumption of coffee (rho=0.31;
P<0.001), energy drinks (rho=0.18; P=0.009), and nic-
otine (rho=0.22; P=0.001), and negatively correlated
with last exam grade (rho=-0.33; P<0.001). The exam
WTAS score was a significant independent predictor
(OR=0.55; 95% CI 0.31 to 0.97, P=0.039) for self-as-
sessed academic performance. Self-assessed academic
performance was positively correlated with last exam
grade (rho=0.15; P=0.043). Conclusions. Although
first-year BH university students do not seem to use
either prescription or illicit psycostimulants, the con-
sumption of nicotine, alcohol, and marijuana is wor-
rying. However, the consumption of these neuroen-
hancing substances seems not to be related to better
self-assessed academic performance. Finally, exam
anxiety seems to be a significant problem among BH
first-year university students.

Key Words: Performance-Enhancing Substances
= Lifestyle Drugs = Psycostimulants = Anxiety =
Academic Performance.

Introduction

The topic of neuroenhancement, defined as
the use of the substances by healthy subjects
in order to enhance their mood or cognitive
function, has become increasingly popu-
lar (1, 2). These substances are frequently
used among students in their academic en-
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vironment to improve their academic per-
formance (1, 3). The most commonly used
neuroenhancing substances are known as
soft enhancers [i.e. lifestyle substances, such
as caffeine, nicotine, alcohol, and over-the-
counter pharmacy products (OTC)] (4).
Unlike the use of soft enhancers, the use of
psychostimulants, both prescription (e.g.
methylphenidate, dexmethylphenidate, and
modafinil) and illicit (e.g. amphetamines)
presents a more serious threat for public
health due to their potential for misuse (5-
7). The reported prevalence of psycostimu-
lant use for neuroenhancement among stu-
dents varies between studies, probably at
least partially due to the different definitions
of neuroenhancement, and the ways the
prevalence was reported (e.g. lifetime preva-
lence versus past year prevalence). Preva-
lence of psycostimulants use varies from
2.5% to 55.0% in the United States (US) and
Canada (7), and is at about 9.5% among UK
and Irish students (8), but only 0.6% among
Italian medical students (9). Regarding the
use of both prescription and illicit psyco-
stimulants, prevalances of 5.5% and 0.12%
among Australian students (10), 5.8% and
3.5% among German students (11, 12), 4.1%
and 0.6% among Swiss students (4), and
2.5% and 0.6% among Dutch students (13),
have been reported respectively.

Evidence of the neuroenhancement effi-
cacy of substances used for this purpose in
healthy humans, including data from ran-
domized clinical trials, is still very limited
(5, 14, 15). Available data suggest some ef-
fects of caffeine and nicotine on attention
and memory function (16-18). Regarding
OTC cognitive enhancers, despite the insuf-
ficient evidence for their efficacy (19, 20),
their popularity and international sales are
rapidly growing, and exceed $1bn a year
(21). The cognitive effects of psycostimu-
lants (processing speed, decision-making,
planning, and cognitive perseveration) have
been shown to be more evident in subjects
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with lower baseline cognitive performance
(7,22).

Studies have shown that university stu-
dents use neuroenhancing substances not
only for cognitive enhancement, but also
to cope with psychosocial stressors (6, 23),
including exam anxiety which is reported
to be a widespread but underestimated and
neglected problem (24). In a survey con-
ducted in Germany, more than 50.0% of first
and second year, and 70.0% of third, fourth
and fifth-year medical students stated that
obvious exam anxiety had not been consid-
ered by lecturers (25). Also, a study in Iran
on first-year students documented moder-
ate exam anxiety in 40.3%, and severe exam
anxiety in 11.9% of students (26).

To our knowledge, no previous study
has investigated this topic on Bosnian-Her-
zegovinian (BH) university students, and,
having reviewed the literature on the topic,
we hypothesized that their level of exam
anxiety is high, as well as their use of cogni-
tive enhancers. The aim of this study was to
assess the relationship between use of neu-
roenhancing substances, exam anxiety and
academic performance among BH first-year
university students.

Subjects and Methods
Study Design and Study Population

This cross-sectional study included first-year
students at the Medical Faculty and the Fac-
ulty of Economics of the University of Sara-
jevo, in the 2015/2016 academic year. Ethi-
cal approval was obtained from the Medical
Faculty of the University of Sarajevo.

Data Collection

The students participated in an anonymous
questionnaire. A written information sheet
explained the purpose of the study, includ-
ing the warning that only substance use
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for the purpose of cognitive enhancement
was to be considered, and students had the
opportunity to accept or decline any fur-
ther participation with no repercussions.
The questionnaire related to (1) age, gen-
der, socioeconomic status (i.e. low, medium,
high), place of residence; (2) questions relat-
ed to the week before the exams, including:
(2a) the exam Westside Test Anxiety Scale
(WTAS); (2b) assessment of any increase in
physical activity compared to an ordinary
week; (2¢) assessment of any increase in the
consumption of coffee, energy drinks, ciga-
rettes, alcohol and marijuana compared to
an ordinary week; (2d) assessment of OTC
and prescription drug use and the reasons
for their use; (3) academic performance (i.e.
last exam grade, self-assessment of academ-
ic performance).

As a measure of academic accomplish-
ment, academic performance was also self-
assessed based on the statement: “My aca-
demic performance is higher than other stu-
dents' performance”, using a 5-point scale as
follows: 1=not at all/ never true; 2=slightly/
seldom true; 3=moderately/sometimes true;
4=highly/usually true; 5=extremely/always
true. Increased consumption of lifestyle
substances and marijuana was rated on the
same 5-point scale.

Statistical Analysis

Data were coded and analysed using the
SPSS statistical package (SPSS Inc., Chicago,
IL, USA) version 17. Continuous numeri-
cal variables with normal distribution were
expressed as meantstandard deviation, and
those that were not normally distributed as
median and 25" and 75" percentiles. Nu-
merical variables were compared using ei-
ther parametric or nonparametric tests,
when appropriate. Correlation between the
variables was tested using the Pearson R
test or the Spearman Test. Stepwise binary
logistic regression was used to assess how

well the predictor variables (i.e. place of
residence, physical activity, last exam grade,
exam WTAS score, consumption of coffee,
energy drinks, nicotine, alcohol, marijua-
na, and OTC use) predicted self-assessed
academic performance. Self-assessed aca-
demic performance was converted from the
5-point scale into 2 categories: No (never
true to seldom true) or Yes (moderately to
always true). The multivariate logistic model
included covariates that had reached a p-
value less than 0.25 level of statistical sig-
nificance in the univariate analysis. In the
multivariate regression analysis, P-value less
than 0.05 was set to identify association be-
tween covariables.

Results

Of the 218 first-year students available, 214
(98.2%) responded, and 210 students an-
swered all the questions. Their median age
was 20 (20-21) years. The students were
mainly women 74.0% (158/214). Regarding
socioeconomic status, 88.5% (186/210) stu-
dents reported middle, 10.9% (23/210) low,
and 0.5% (1/210) high status. The majority
of students reported that they were living
with their parents (59.6%), 21.1% in a rented
apartment, 10.8% in their own apartment,
and 8.5% in a dormitory.

Regarding changes in physical activity in
the week before exams, 14% of the students
reported increased physical activity to be
usually or always true, 27.6% reported it to
be seldom or sometimes true, and the ma-
jority (58.4%) reported no change in physi-
cal activity.

Consumption of lifestyle substances for
the purpose of neuroenhancement increased
during the week before the exams (Table
1). Consumption of coffee increased in
72.9% (156/214), of energy drinks in 58.4%
(125/214), of nicotine in 37.8% (81/214), of
alcohol in 24.7% (53/214), and of marijuana
in 19.0% (40/211) students.
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Table 1. The Proportion of Students with Increased Consumption of Lifestyle Substances Coffee, Energy Drinks,
Nicotine, Alcohol and Marijuana the Week before Exams, Compared to an Ordinary Week

Proportion of students with increased consumption

Student's rating Coffee Energy drinks Nicotine Alcohol Marijuana
(N=214) (N=214) (N=214) (N=21) (N=211)
Never true (%) 27.1 41.6 62.1 75.2 81.0
Seldom true (%) 11.2 11.2 3.7 7.9 33
Sometimes true (%) 9.8 13.1 7.0 5.6 3.8
Usually true (%) 17.3 14.0 7.0 47 6.6
Always true (%) 34.6 20.1 20.1 6.5 5.2

Table 2. Pre-Exam Anxiety Score Measured by the Westside Test Anxiety Scale

Pre-exam anxiety score

N (%) of students

1.0-1.9 (comfortably low test anxiety) 18 (8.29)
2.0-2.5 (normal or average test anxiety) 24 (11.0)
2.5-2.9 (high normal test anxiety) 35(16.1)
3.0-3.4 (moderately high) 57 (26.3)
3.5-3.9 (high test anxiety) 51 (23.5)
4.0-5.0 (extremely high anxiety) 32(14.7)

OTC cognitive enhancer use was re-
ported by 31.0% of the students. The main
reasons for their use were to calm down
(herbal sedatives) and to improve concen-
tration (ginkgo biloba, royal jelly, vitamins,
green tea). Of prescription drugs, only ben-
zodiazepines were used, by 1.5% of students.
No prescription or illicit psycostimulant use
was reported.

The average WTAS score was 3.17+0.78,
and it was significantly higher in women
compared to men (3.24+0.76 vs. 2.99+0.82;
P=0.037), and among economics students
compared to medical students (3.45+0.84
vs. 2.96+0.63; P<0.001). A high (3.5-3.9) to
extremely high (4.0-4.5) exam WTAS score
was found in 38.3% of the students (Table 2).

Positive correlations were found be-
tween the exam WTAS score and the con-
sumption of most lifestyle substances, i.e.
coffee (rho=0.31; P<0.001), energy drinks
(rho=0.18; P=0.009), and nicotine (rho=0.25;
P=0.001), while the WTAS score had no cor-
relation with the consumption of alcohol

(rho=0.12; P=0.074), marijuana (rho=0.07;
P=0.288) or OTC drugs (rho=0.13; P=0.059).

Regarding academic performance, the
average last exam grade was 8.16+1.48,
and it was higher among medical students
compared to economic students [9(8;10) vs.
7(6;8); p<0.001]. Regarding self-assessed
academic performance, the majority of stu-
dents (53.7%) reported that it is sometimes
true that their academic performance is
higher compared to other students' perfor-
mance. This was never true in 3.0%, seldom
true in 9.0%, usually true in 26.9%, and al-
ways true in 7.5% students.

A positive correlation was noted between
the last exam grade and self-assessed aca-
demic performance (rho=0.15; P=0.043),
while the exam WTAS score was negatively
correlated with the last exam grade (rho=-
0.33; P<0.001).

Also, binary logistic regression analysis
identified two independent predictors of self-
assessed academic performance: the exam
WTAS score as a negatively associated pre-
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Table 3. The Logistic Regression Model Assessing Independent Predictors of Self-Assessed Academic

Performance
Variables B SE Wald P Exp(B) e B
Lower Upper
Living with parents 1.462 0.732 3.991 0.046 4315 1.028 18.109
Living in a dormitory 0.789 0.758 1.084 0.298 2.201 0.498 9.717
Living in a rented apartment 1.006 0.885 1.293 0.256 2.735 0.483 15.488
Living in own apartment = = 5.016 0.171 = = =
Physical activity 0.241 0.170 2.015 0.156 1.272 0.912 1.775
Last exam grade 0.261 0.153 2.893 0.089 1.298 0.961 1.754
WTAS score -0.598 0.289 4.270 0.039 0.550 0.312 0.970
Coffee consumption 0.0025 0.133 0.035 0.852 1.025 0.790 1.330
Energy drinks consumption 0.185 0.138 1.801 0.180 1.203 0.918 1.577
Nicotine consumption -0.038 0.132 0.083 0.773 0.963 0.744 1.246
Alcohol consumption -0.125 0.261 0.228 0.633 0.883 0.530 1.472
Marijuana consumption -0.458 0.301 2.320 0.128 0.633 0.351 1.140
OTC use -0.038 0.192 0.039 0.844 0.963 0.660 1.404
Constant -3.442 2.142 2.583 -108 0.032 = =

WTAS=Westside Test Anxiety Scale; OTC=Over the Counter; B=Coefficient; SE=Standard error of the coefficient; Exp(B)=Odds ratio;
Cl=Confidence interval; Model justification: Omnibus Tests of Model Coefficients x2(4)=243.69, p<0.0005; Hosmer and Lemeshow Test x?=0.000,

P=1.000; Cox & Snell R?>=0.160; Nagelkerke R?=0.221.

dictor [B (SE)=-0.60 (0.29), Wald(1)=4.27,
OR=0.55;95% CI 0.31 to 0.97, P=0.039], and
living with parents as a positively associated
predictor [B (SE)=0.46 (0.73), Wald(1)=3.99,
OR=4.32; 95% CI 1.03 to 18.11, P=0.046].
Other variables tested (i.e. living in a rented
apartment, living in own apartment, living
in a dormitory, physical activity, last exam
grade, coffee, energy drinks, nicotine, alco-
hol and marijuana consumption, OTC use)
were shown not to predict self-assessed aca-
demic performance (Table 3).

Discussion

Fortunately, no students from our sample
of BH first-year university students used
psycostimulants, either prescription or il-
licit, for neuroenhancement purpose. The
students, however, used prescription ben-
zodiazepines, some OTC drugs and, more
frequently, lifestyle substances.

Although caffeine is also the first choice
for neuroenhancement in other countries,

the prevalence of its use in our country
seems to be higher. The traditional wide-
spread consumption of coffee in our country
may explain this finding.

The average pre-exam anxiety level in our
study was moderately high (WTAS score of
3.17+0.78). However, high (23.5%) to ex-
tremely high (14.7%) levels were found with
"alarming frequency". Similarly, in a study by
Pighi et al. (2018) almost a third of the Ital-
ian medical students found studying stress-
ful (9). The gender implications found in our
study have also been seen in several previous
studies (27-30), and the authors explained
that this was due to the differences in the
social roles assigned to men and women, as
well as due to the increased emotional vul-
nerability of women (23, 29). Furthermore,
in our study, economic students, compared
to medical students, had a lower last exam
grade and a significantly higher WTAS score.

In our study, anxiety was positively cor-
related with the consumption of caffeine and




nicotine. In line with this, Italian medical
students who worried about academic per-
formance where more prone to use cogni-
tive enhancers (9). However, more research
is needed to explore whether anxiety makes
students take more of these substances for
relaxation and sedation, or whether anxi-
ety is a side effect of their consumption.
Increased exam anxiety was also associated
with a lower last exam grade and, in addi-
tion, with lower self-assessed academic per-
formance. On the other hand, living with
parents was shown to be an independent
predictor, significantly positively associated
with self-assessed academic performance.

Although alcohol and marijuana are
rarely used for the purpose of neuroen-
hancement (4) [e.g. 5.1% and 1.8% preva-
lence rates among Swiss students (4), and
3.8% and 1.0% among Australian students
(10), respectively], in our study a high in-
crease in alcohol (24.8%) and marijuana
(19.0%) consumption during the week be-
fore an exam was found. Neither alcohol nor
marijuana consumption was correlated with
exam anxiety, which was also found in a
study of German medical students (25). The
high increase in alcohol and marijuana con-
sumption in our study may be explained by
the fact that we evaluated first-year univer-
sity students, who may still tend to experi-
ment with substance use, or have limited
knowledge of the side effects of alcohol and
marijuana, or have a low level of responsibil-
ity towards education.

In our study, OTC cognitive enhancers,
specifically ginkgo biloba, royal jelly, mag-
nesium, green tea, vitamin tablets, herbal
sedatives, or analgesics, were used in 31.0%
of students, similarly to 28.1% of Swiss uni-
versity students (gingko biloba, zinc, vi-
tamin tablets, herbal sedatives), but more
than 9.5% of Dutch university students,
where the specific OTC drugs used were
not reported (4, 13). Of prescription drugs,
only benzodiazepines were used in 1.3% stu-
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dents, similar to the 1.1% past-year preva-
lence among Australian students, and lower
than the 2.1% prevalence reported among
Swiss students (4, 13).

None of our students reported the use
of prescription or illicit psycostimulants
compared to the prevalence in other coun-
tries mentioned earlier (4, 8, 10-13, 31).
Although these comparisons should be con-
sidered with caution because our study in-
cluded only first-year students, the study of
medical students in the US also showed psy-
chostimulant non-users to be more likely to
be first year students or to grow up outside
of the US (32). Also, the reason for the un-
popularity of prescription psycostimulants
among BH first year university students may
be their unavailability, as those drugs are
not approved in BH. In the US and Canada,
student psychostimulant users reported ob-
taining those drugs from a peer with a pre-
scription (31), while in the UK and Ireland,
two-thirds of student non-users stated that
the lack of access was the only reason why
they had not tried such drugs (8).

Although better academic success is as-
sumed to be the main reason for the use of
neuroenhancing substances, the literature
data have reported no long-term academic
benefits from them (2). This is in line with
our results, where the consumption of nico-
tine, alcohol, marijuana and OTC cognitive
enhancers seemed not to be related to better
self-assessed academic performance.

Limitations of the Study

This study had several limitations: the cross-
sectional study design largely based on an
ad hoc questionnaire; self-reported data and
the lack of objective parameters of cogni-
tive enhancers' benefits for academic results.
Also, the study population included only
first-year students from only two faculties of
one city, and consequently the results can-
not represent the whole population of first-
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year university students in BH. In addition,
the regression analysis performed, dychoto-
mizing the outcome variable, may have re-
duced the information originally contained
in the questionnaire. However, despite the
small sample size, our results indicated a sig-
nificantly high level of exam anxiety among
first-year medicine and economics students,
suggesting the need for larger studies to
confirm those findings and to inform inter-
ventional strategies, both for promotion of
healthy ways of coping with stress, and for
reducing consumption of neuroenhancing
substances with addiction potential, i.e. nic-
otine, alcohol, marijuana, benzodiazepines.

Conclusion

Although the BH first-year university stu-
dents seemed not to use either prescription
or illicit psycostimulants, the consumption of
nicotine, alcohol, and marijuana is worrying.
However, the consumption of these neuroen-
hancing substances seems not to be related to
better self-assessed academic performance.
Finally, exam anxiety seems to be a signifi-
cant problem among BH first-year university
students, with a higher level of exam anxiety
most frequently seen among students with a
greater increase in coftee, energy drink, and
nicotine consumption, as well as among stu-
dents with lower last exam grades and lower
self-assessed academic performance.

What Is Already Known on this Topic:
Neuroenhancing substances are frequently used among stu-
dents in the academic environment. In general, the neuroen-
chancing use of prescription drugs and illicit substances is con-
sidered more problematic than the use of lifestyle substances
and over-the-counter drugs. Evidence of long-term academic
benefits from neuroenhancing substances use is lacking, while
exam anxiety is considered one of the most important factors
that affect academic achievement.

What this Study Adds:

Lifestyle substances are the most common choice for neuroen-
hancement prior to exams among BH first-year university
students. Compared to other countries, we highlight the par-

ticularly frequent increase in nicotine, alcohol and marijuana
consumption, while the use of prescription and illicit psyco-
stimulants was not reported. While a high percentage of stu-
dents struggle with exam anxiety, which was shown to be an
independent predictor of lower academic performance, none of
the substances used was shown to contribute to better academic
performance.
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Abstract

Objectives. This study aimed to evaluate the moth-
ers’ dental health knowledge and its relation to their
children’s oral health behavior and practice in a camp
of refugees. Method. This descriptive cross-sectional
observational study was conducted in Mamyzawa
refugee camp in Erbil City, Iraq, in November 2017.
Seventy-nine preschoolers (43 aged 4 years and 36
aged 5 years) and their mothers (79) were chosen for
this study. The study was accomplished in two days.
The first day the mothers’ oral health knowledge, chil-
dren’s behavior towards oral hygiene, eating behaviors
of their children and their use of dental services were
assessed by a questionnaire. The day after, examina-
tions of the dental health status of the children were
performed. SPSS statistics software was used to ana-
lyze the collected data. Results. Mothers’ knowledge of
oral health was low, and 63% of the children had dental
caries. Five-year old children had more dental caries
(77.8%) than the four-year old (51.20 %). Frequency of
sweet consumption, brushing assistance, and irregular
use of dental services were the main factors that had
relation to the high dental caries in those children.
Conclusion. The mothers living in Mamyzawa refugee
camp do not have enough knowledge of oral health,

which was led to high caries prevalence among their
children, indicating that an intensive education pro-
gram is required for the mothers and oral health care
for their children.

Key Words: Dental Health Survey = Dental Caries
= Oral Health Knowledge = Refugees = Oral Health
Behaviors.

Introduction

Conflicts in Iraq have forced some people to
migrate to the safe parts of the country such
as Kurdistan. Since the June 2014 attack by
ISIS in Mosul and different parts of the center
of Iraq, thousands of people have migrated
to the north of Iraq (Kurdistan region). This
migration changed the lives of those people,
including their home, economics, and health.
The priority for the migrant people was sur-
vival, which led to forgetting other basic
health requirements. From these require-
ments were the oral health of the adults and
their children. Forgetting these requirements
led to a decline in their health over time. Ref-
ugees are a vulnerable population and have
fewer opportunities for access to dental care
because they have no voice to ask for what
they need. This can lead to increased risk for
problems in oral and general health (1).
Health care providers need to understand
the refugees’ perspectives about their prob-

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



lems to be able to find solutions. Commu-
nity-Based Participatory Research (CBPR)
was recommended to recognize the factors
that affect the oral health status of children
(1). Since mothers have a major role in pre-
serving the oral health of their children,
mothers should work in collaboration with
the researchers to take constructive action,
and not only for increasing the researchers’
knowledge about those populations. There-
fore, it is necessary to include the mothers in
all research involving an oral health promo-
tion program for children since they have an
important potential in motivating their chil-
dren for oral health (2, 3).

There is an indication that refugees
and migrant people and their children expe-
rience significantly inferior oral health than
the non-migrant population, and an under-
standing of the reasons for this is needed (4).
It is obvious that low socio-economic status
has a negative impact on oral health. Den-
tal caries prevalence is higher among so-
cially disadvantaged populations, including
those living in rural areas, indigenous and
culturally diverse families, and those living
in poverty (5, 6). Refugees are economically
and socially deprived. In addition to their
poverty, refugees complain about obstacles
which prevent them from obtaining dental
care. A pilot study conducted in Canada
with a group of refugees concluded that the
parents mentioned obstacles to maintaining
early childhood oral health (ECOH) includ-
ing the mood of the child, sugar intake con-
trol, and economic reasons (7). U.S. Surgeon
General’s Report stated that the impact of
poor oral health on Quality of Life can affect
vital functions such as eating and speaking
which may restrict daily activities in school
and family relations (8).

Strategies to meet the requirements of es-
sential general and dental health of children
in the refugees’ culture must include health
education plans for the entire family, and
implementation of healthier mouth care and
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appropriate use of dental services. Behavior-
al and lifestyle factors and oral health care
are important factors in reducing the preva-
lence and severity of dental caries (9). In a
study performed in a refugee camp it was
found that a common daily practice among
all the refugee children was high sweet con-
sumption, with a strong association between
caries and frequent sugary diet consumption
(10). While other research suggested that
parents’ oral health knowledge may alter the
oral health habits of their children (11).
Thus, this study aimed to evaluate the
dental caries experience and dental care
practices among preschool children living
in Mamyzawa camp, Erbil, Iraq and to study
its relationship with mother’s oral health
knowledge and oral health behavior.

Materials and Method

This descriptive cross-sectional observa-
tional study was conducted in the Mamyza-
wa refugee camp in Mamyzawa province,
Erbil City, northern Iraq, in November 2017.

Materials

Disposable mirrors and probes, Professional
PenLite (white halogen light, Welch Allyn,
(USA) were used in this study. World Health
Organization Oral Health Assessment Form
for Children, 2013 (Annex 2) (12) was used
for the recording the severity of dental car-
ies. Questionnaire papers, according to An-
nex 8, WHO (12) was used to collect infor-
mation about children behaviors and mater-
nal knowledge.

Method
Selection and Description of Participants

There were 470 children living in the camp
with their families. From these children all
the preschool children were chosen, since
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these refugees have no kindergarten and live
in the camp since 2014. The children in this
age group are entirely reliant on their homes
for health care and eating habits. There were
eighty-nine children aged 4-5 years, and
after applying the inclusion and exclusion
criteria, the total number who met the in-
clusion criteria was 79 children aged 4 years
(N=43) and 5 years (N=36). The mothers
of these children were included in answer-
ing the questionnaire. Totally cooperative
children who gave good time without any
movement during the examination, free of
any disease systemically and mentally, and
whose parents agreed to participate with
their children in this study were included.
The children who didn’'t meet these criteria
were excluded from the study.

Standardization and Calibration

Four examiners shared the work of conduct-
ing the survey. To ensure uniform interpre-
tation, understanding and training, and
the index used in the survey, an interval of
seven days passed between preparation and
calibration, so the examiners had time to as-
similate their knowledge of the index and
practice conducting the survey (13). Intra-
-examiner reproducibility was assessed to
eliminate variations within each examiner.
The Kappa test was used to evaluate intra-
examiner reproducibility. Each examiner
examined 10 children and after 30 minutes
he re-examined the same children to check
the reproducibility. Almost perfect agree-
ment was obtained for each examiner. The
kappa test scores for dental caries assess-
ment provided nearly perfect intra-examin-
er reliability (0.92, 0.90, 0.90, 0.93).

Oral Health Knowledge Questionnaire

The mothers of the 79 children answered
the questionnaire. To obtain reliable infor-
mation about the health status of their chil-

dren and risks to health, in the first step, the
questionnaire was pretested for clarity with
10 mothers. The questionnaire was con-
ducted by means of an interview between
the researchers and the mothers, the day be-
fore the dental examination. The language of
the interview was according to the mothers’
native languages (Kurdish or Arabic). The
questionnaire was intended to evaluate the
mothers’ oral health knowledge and their
childrens oral health behavior and prac-
tice. The mothers’ oral health knowledge
included reasons for brushing, the exact
amount of toothpaste needed for a child, the
importance of visiting a dentist, the reason
for visiting a dentist (pain or no pain), and
the significance of fluoride. The mothers’
knowledge about tooth brushing included
the age when the childs tooth brushing
should begin, frequency of brushing and if
the child should be assisted during brushing
or not. Frequency of sweet consumption and
the time of sweets intake were included in
the questionnaire. The use of dental facilities
was assessed by previous dental visits and
the type of treatment the child received on
that visit (10, 12).

Dental Examinations

The children were examined for dental car-
ies using disposable mirrors and disposable
probes. Infection control measures were
undertaken by using masks and gloves by
the examiners and disposable trays, and all
of those were changed for each child. The
place of the examination was in the hall of
the school in the camp, in sequence without
crowding. The research assistants taught the
children how to brush and monitored them
during brushing before the examination.
The time was early in the morning, so the
examiners were not fatigued. The duration
of the examinations was 3 hours for each
examiner, in order to gain reliable results,
which included time for rest. The examina-




tions were performed on an ordinary chair
using artificial light. The World Health Or-
ganization Oral Health Assessment Form
for children, 2013, was used (12). The exam-
ination involved registration of the dentition
status, which included decayed, missing due
to caries and filled teeth (dmft). Caries is
documented as extant when a lesion present
on a smooth surface or in pits and fissures
has an obvious cavity, in addition, under-
mined enamel, or obviously detected with
softened floor. A tooth which is restored but
carious and a tooth with temporary filling
were included as decayed. The retained root
of a tooth destroyed by caries was also con-
sidered as decayed (12).

Ethics Statement

The research started after agreement of
the camp authority. Then the researchers
gained the consents of parents. The consent
included the fact that their children would
undergo a dental examination and their
mothers would answer a questionnaire re-
lated to oral health knowledge, attitudes and
practice. This research started after approval
had been granted by the research commit-
tee of Tishk International University, Erbil,
Iraq (Document No.IURC.FR.001E). The
research adhered to the World Medical As-
sociation Declaration of Helsinki.

Statistical Analysis

Data gained from the questionnaires and
dental examinations were evaluated by sta-
tistical analysis software (IBM SPSS Statis-
tics 22). The qualitative and quantitative
variables were summarized using descrip-
tive tables. The dependent variable is the
percentage of caries prevalence (and mean
dmft) of the individual child was used as a
reference for descriptive statistics. The inde-
pendent variables used in this study includ-
ed age, gender, dental health knowledge,
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oral hygiene habits, sweet consumption and
dental visits. They were evaluated for asso-
ciation with dmft using the Chi-square and
ANOVA tests, the level of significance was
set at P<0.05.

Results

Seventy-nine preschool children were living
in the camp (42 males and 37 females). The
children aged 5-years-old were more affect-
ed by dental caries (77.8%, dmft=3.55+3.79)
than the 4-year-olds, but the difference
in dmft was not statistically significant
(P=0.068). Both males and females were
nearly equally affected (64.4%, 62.2% re-
spectively). In total, 63% of the children had
dental caries (Table 1).

Table 2 shows the mothers’ knowl-
edge about oral health care in relation to
the mean dmft. Eighty-six percent of the
mothers answered that tooth brushing
is for preventing dental caries, and their
children’s dmft was 2.72+3.55. The ques-
tionnaire revealed that they believe the
amount of toothpaste used for tooth brush-
ing is mostly filling the toothbrush (51.9%,
dmft=3.01+3.77) followed by half a brush
(30.4%, dmft=1.33+2.24), while only 14
mothers knew that the amount of toothpaste
should be pea size (dmft=2.07+2.23), with a
statistically significant difference. Only two
of the mothers knew the role of fluoride
(dmft=1.5+2.12), and 77 mothers did not
know (dmft=2.94+3.60), with no significant
difference. Only 26.6% of the mothers knew
the importance of the dental visit by asking
the mother when the child should visit the
dentist.

The children’s toothbrushing and dental
caries experience are shown in Table 3. Nine-
ty one percent of children started brushing
after three years of age (dmft=2.75+3.57).
There was significant difference between
the children whose frequency of brushing
was more than 2 times a day compared with
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Table 1. Descriptive Statistics: Caries Prevalence and Severity, by Age and Gender

Variables N Children affected (N) Caries (%) Mean dmft+SD P’
A 4 years 43 22 51.2 2.37+£3.33 0.068
ge
5 years 36 28 77.8 3.55+3.79
Male 42 27 64.3 2.80+3.16 0.336
Gender
Female 37 23 62.2 3.03+4.04

“One-Way ANOVA test: Significant difference at P<0.05.

Table 2. The Relationship between Mother’s Oral Health Care Knowledge and Children’s dmft Index

Variables N (%) Mean dmft+SD P*
Prevent caries 68 (86.1) 2.7243.55

Reason for brushing 0.062
More cleanliness 11(13.9) 4.09+3.67
Full 41 (51.9) 3.01£3.77

Amount of toothpaste Half 24 (30.4) 1.33+2.24 0.001
Pea size 14 (17.7) 2.07+2.23
Check-up 21 (26.6) 1.71+2.23

Importance of dental visit 0.076
For pain 58 (73.4) 3.34+3.87
Prevent caries 2(2.5) 1.50+2.12

Fluoride role 0.992
I don’'t know 77 (97.5) 2.94+3.60

"One-Way ANOVA Test; Significant difference at P<0.05.

Table 3. Children’s Toothbrushing and Dental Caries Experience

Variable (N=79; %)* Mean dmft+SD Bl
2 years 7 (8.9) 4.50+3.41

Age of starting brushing 0.061
>3 72(91.1) 2.75%3.57
0 2(2.56) 1

Frequency of brushing/day 1 49 (62.0) 5.38+5.51 0.030%
=2 28(35.4) 2.44+2.89
No 48 (60.8) 3.41+4.039

Brushing assistance 0.043
Yes 31(39.2) 2.58+3.247

“Distribution of children in the sample; *Chi square was used: Significant difference at P<0.05; *Relates to comparing those who brushed one/

day with those who brushed twice or more a day.

children who brushed their teeth 1 time a
day (P=0.030). Sixty one percent of moth-
ers did not assist their children in brushing
while 39.2% do, and there was significant
difference at P< 0.05 between the dmft in-
dex score for both children (3.41+4.03 and
2.58+3.24 respectively).

Table 4 illustrates the children’s snacking
behavior and dental caries experience. Ac-

cordingto the mothers, who wereasked about
the frequency of sweet intake in a day and
its recommended time, two of the children
never consumed sweets (dmft=1.5+0.77), 48
children consumed sweets 1-2 times daily
(dmft=2.48+3.88) and twenty-nine >3 times
daily (dmft=4.28+2.99), with a statistically
significant difference.




Table 4. Children’s Snacking Behavior and Dental Caries Experience

Bushra Rashid Noaman et al.: Refugees’ Oral Health and Behaviors

Variables N With caries (%) Mean dmft+SD P
Never 2 100 1.50+0.77

Frequency of snacks 1-2 48 54.1 2.48+3.88 0.031*
>3 29 79.0 4.28+2.99
After meal 50 56.0 2.92+3.91

Time of snacks Between meals 27 34.2 2.81+3.05 0.538*
Before bedtime 2 100 4.00£1.41

Chi square was used: Significant difference at P<0.05; tRelates to comparing those who had 1-2 and =3 frequency of snacks; $Refers to the

comparison between the means of dmft for the three types of time of snacks.

Table 5. Children’s Dental Visits and Dental Caries Experience

Variables N % and No of children ~ With caries% Mean dmft P
No 33 42/79 84.7 4.41+3.90

Has the child visited a dentist? 0.006
Yes 46 58/79 333 0.82+1.42
>6 months 32 70/46 87.5 5.214+4.40

When was the last dental visit? 0.003
<6 months 14 30/46 78.5 3.939+3.69
Examination 28 60/46 76.9 5.33+4.13

Type of treatment Extraction 12 27/46 100 4.58+3.058 0.006
Filling 6 13/46 100 3.923+4.26

Chi square test: Significant difference at P<0.05.

Table 5 shows the use of dental services.
The mothers were asked if the child had
already visited a dentist. Forty-six of the
children had visited a dentist before, and
33.3% of those children had caries (dmft=
0.82+1.42), while 33 of the children had
not visited a dentist and 84.7% of them had
caries ( dmft=4.41+3.90) with a statistically
significant difference (p<0.05). The answers
about the last visit to the dentist revealed
that most of the children had visited a den-
tist more than 6 months earlier (32/46), and
only fourteen children had visited a dentist
less than six months earlier (78.5% caries)
with dmft 5.214+4.405 and 3.939+3.690
respectively, with a statistically significant
difference at p<0.05. The questions showed
that 28 of the children had their teeth ex-
amined and 76.9% of them had caries
(dmft=5.33+4.13), 12 had teeth extracted
(dmft= 4.58+3.058) and only six had fillings

(dmft=3.92 +4.26) with a statistically signifi-
cant difference at p<0.05.

Discussion

The aim of this study was to understand
maternal dental health knowledge and its
relation to the prevalence of dental caries
in their children in Mamyzawa camp. There
was no information available about the oral
health, dental care practices and opinions of
parents in the Mamyzawa refugees camp in
Erbil especially those refugees who were liv-
ing in the camp nearly for four years.
Mothers of preschool children were cho-
sen to evaluate their knowledge about oral
health. The dental status of this group of
children would give information about the
mothers™ ability to take care of their oral
health. In addition, this age is of impor-
tance in relation to caries in the primary
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teeth (12). The results show that 63% of the
children living in the camp had dental car-
ies. Five-year-old children were affected by
dental caries more than the 4-year-olds (but
this was not statistically significant), which
agrees with other studies (9, 10). This indi-
cates the continuation of increasing dental
problems with increasing age (14). This also
indicates that, those children will probably
have more oral problems in the future.

The mothers have poor knowledge about
the reasons for tooth brushing and their
children had a high level of dental caries,
even with mothers who know that the rea-
son is for more cleanliness. This result agrees
with Dgheim (10) as the sample was from
refugees’ camp. In this case, it is obvious that
there is a gap between maternal knowledge
and oral hygiene practices in their children.
The mothers need to be motivated to under-
stand the consequence of this neglect which
may result from their difficult life away from
their home.

Most of the children in this camp were
brushing their teeth using dental brush and
toothpaste. The recommended amount of
toothpaste needed was not known by most
of the mothers. This indicates the necessity
for an education program about the effect of
large amounts of toothpaste, since the child
may swallow it increasing the risk for den-
tal fluorosis (15). In general, the mothers do
not know that they should visit the dentist
regularly for a check-up. This also agrees
with other researchers’ findings (9, 10). Only
two of the 79 mothers knew the role of fluo-
ride (2.5%), making the education essential
to increase the caregivers’ knowledge in the
camp.

More than 91% of the children started
brushing after 3 years of age and the fre-
quency of brushing was once daily in more
than half the children. In addition, 60% of
the mothers did not know that they should
assist their children in brushing their teeth,
which agrees with a Saudi Arabia study

which showed the importance of assisting
the child during brushing (16).

Children’s snacking behavior revealed
that they had poor dietary habits, which is
likely to have a negative effect on their dental
health. Most of the children consume snacks
>3 times daily and had dmf= 4.28, which
agrees with other studies (10, 17). Other fac-
tors such as mother’s caries and early cario-
genic feeding habits may be the reason why
some children with low sweet consumption
still have dental caries (11).

In general, most of the families in this
camp only seek dental services when the
child is in pain. Forty-two percent of the
children had not visited a dentist (dmft=
4.41£3.90) and their caries experience was
statistically significantly greater than that of
those children who had visited a dentist. The
other possible reason for the higher caries is
the irregular visits to the dentist. Moreover,
the most frequent service provided was ex-
aminations only, where 76.9% of them had
caries, this agrees with the research con-
ducted in a Palestinian refugee camp in
Lebanon (10).

Refugees are vulnerable populations
who have less chance of access to dental
care because they lack a voice to speak up
about what they need, and this can lead to
increased risk of problems in their general
health as well as oral health (1). Refugees
have low economic status (7). In research
about refugees’ life, it was suggested that
when refugees socialize with the citizens of
the country in which they live, they have
better access to dental services (18). There-
fore, living in a camp can affect the lifestyle
of the refugees (19). Refugee parents require
applicable and valuable oral health educa-
tion that recognizes their particular social
health beliefs (4). In Iraq, dental services
are very cheap in government health cen-
ters and can be accessed by poor people, in
contrast to industrialized countries, such as
Canada (20). Private dental universities also




provide dental services at affordable prices;
however, transportation is expensive which
can be considered as an obstacle against uti-
lizing the dental services by those refugees
who live in the rural area of Erbil City. The
results of this study show that the refugees in
the current study need motivation and edu-
cation in oral health care. In addition, the
researchers suggest that there is a need for
representatives, experts, scholars, and other
sponsors to work to improve the oral well-
being of refugees (21). Primary care physi-
cians can have an important role in improv-
ing new refugee oral health by educating
them about individual oral hygiene prac-
tices, the benefit of fluoride, and necessity of
using preventive oral health services. In ad-
dition, the supervision by those physicians
can often enable recommendations of den-
tal services for the start of oral health care
(22). In a review about maternal and child
oral health in the Middle East, the authors
concluded that implementing theory-driven
oral health promotion programs, authoriz-
ing healthcare staft with oral health pro-
motion tools will permit for timely access
to preventive oral health treatment among
mothers and children (23).

Limitations of the Study

Limitations of the study including lack of
generalizability to other situations, limited
to the age group studied, no inter-examiner
reliability in the collection of data and, due
to the cross-sectional study design, one can-
not infer cause and effect.

Conclusions

This survey revealed that the mothers living
in Mamyzawa camp have little knowledge of
oral health and how to care for the dental
health of their children. The main factors
associated with the high prevalence and se-
verity of caries as measured by the number
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of decayed, missed and filled primary teeth
(dmf) are the frequency of brushing, fre-
quency of sweet consumption, brushing as-
sistance, and irregular dental service usage.
The researchers in this study suggest that
these refugees need intensive oral health
care, which should include scheduled oral
examinations, treatment, oral health edu-
cation and monitoring to influence health
plans and programs in this camp. In addi-
tion, the mothers require an educational
program on oral and dental health.

What Is Already Known on this Topic:

Refugees are a vulnerable population, lacking a voice to express
what they need. The refugees in the Mamyzawa camp have
lived for four years in this camp and they need intensive health
care.

What this Study Adds:

The oral health status of the children in the camp was assessed
by this study, in addition to the oral health knowledge of their
mothers. This study revealed that the dental health of the pre-
schoolers in this camp is poor, and there is a low level of dental
knowledge.
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Abstract

Objective. The aim of our article is to highlight the im-
portance of the immediate treatment of lower extrem-
ity degloving injuries, in order to prevent complica-
tions. Cases Presentation. Here we present two cases
of degloving injury of the lower extremity, both result-
ing from motorway accidents. The first one concerned
a 65-year-old man suffering from multiple limb frac-
tures and a degloving injury of the right thigh, which
was immediately treated with extensive debridement
and primary full-thickness skin graft re-approxima-
tion. The second case involved a 63-year-old woman
who presented with cervical vertebrae fractures and
a degloving injury of the left posterior leg, which,
due to the severity of her condition, was treated with
a delayed approach resulting in skin necrosis, which
required surgical debridement, alginate dressing and
foam cover. Conclusions. The optimal approach to
treatment of degloving injuries is challenging and they
warrant immediate surgical attention. An early diag-
nosis and the evaluation of tissue viability are impor-
tant in order to prevent limb-threatening situations.

Key Words: Degloving Trauma = Tissue Injury = Skin
= Reconstructive Surgery.

Introduction

Degloving injuries are when skin or under-
lying tissues are stripped from the respective
bone structures. They are usually a result of
traumatic road accidents, wringer or indus-
trial roller injuries. The lower and upper ex-
tremities are the most common sites (1, 2).

The skin often remains intact and the
limb assimilates a “fluid-containing bag”, due
to the presence of an extensive hematoma
between the skin and the underling fascia
(compartment syndrome) (3). In the case
of skin damage, a full-thickness skin graft is
observed (4). In both cases the large regional
vessels may be injured, resulting in capillary
bed impairment (5). Edema formation also
plays a very important role, as it increases the
tissues’ oxygen demands in order to diffuse
the functioning capillaries (6, 7). These inci-
dents warrant proper surgical management
in order to prevent massive sloughing.

The objective of our article is to point out
the necessity of a prompt approach to these
injuries in order to secure the viability of the
lower limb and prevent complications.

Cases Presentation

Presentation of both cases was conducted
according to the CARE Guidelines (Con-
sensus-based Clinical Case Reporting
Guideline Development) and the patients’
informed consent was obtained (8).

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Case 1

A 65 year-old male patient was admitted to
our hospital following a high-speed road
accident on his motorbike. He was suffer-
ing from an open (grade I) fracture of his
right distal radius and ulna, a right femoral
diaphyseal fracture, as well as a large deglov-
ing injury of his right thigh (Figure 1). The
injured lower limb presented in external ro-
tation and was shorter than the other one.
The degloving injury covered a triangular
region extending from the perineum (me-
dially) to the greater trochanter (laterally)
and the middle of the anterior surface of the
femur (inferiorly). It was accompanied by
edema and erythema, but there was no ac-
tive bleeding.

The patient was immediately transferred
to the operating theater. Under general anes-
thesia extensive debridement of the injured
lower limb took place, by removing the sub-
cutaneous fat from the damaged skin and
applying it as a free graft. The femoral frac-
ture was stabilized using external fixation.
Furthermore, the right forearm fracture was
also stabilized utilizing an external fixation.
During a 2-month follow-up period, the pa-

Figure 1. Degloving injury of the right thigh.

tient showed no signs of infection, no skin
necrosis at the degloving injury site, and the
patient was able to move using a cane.

Case 2

A 63-year-old female patient was transferred
to our emergency department after a car ac-
cident. She suffered from multiple fractures
of the C6 and C7 vertebral bodies and spi-
nous processes, and an extensive degloving
injury of the left posterior leg extending from
the popliteal fossa to the middle of the gas-
trocnemius muscles (Figure 2a). Addition-
ally, hematomas of the left scapular region
and the left temporal region were recorded.
The patient was initially evaluated and
treated for her cervical and cranial injuries.
Following that (after five hours), the lower
limb wound was approximated using simple
sutures. After three days, full-depth dermal
necrosis at the site of the degloving injury
was noted and thorough surgical debride-
ment followed. The patient was treated after-

Figure 2a. Degloving Injury of the Posterior Left Leg.

Figure 2b. Degloving Injury of the Posterior Left Leg
- 3 months following treatment.




wards using an alginate dressing and foam
cover. After a three-month follow-up period
the degloving injury was almost completely
healed (Figure 2b).

Discussion

Skin is the most extensive organ of the hu-
man organism and plays a multifunctional
role (excretory, protective, sensory and tem-
perature regulation). It can be damaged in
multiple ways, including direct trauma,
stretching, degloving and undermining dur-
ing an operation (9). In the case of a firm
and violent pull, skin may be peeled back
over the underlying tissues, resulting in de-
gloving injuries (9).

Depending on the extent of the dam-
age, a wide variety of reconstructive surgi-
cal techniques are available for tissue repair.
Yan et al. propose three patterns of deglov-
ing injury (a. purely degloving injury, b.
degloving injury with involvement of deep
soft tissues, c. degloving injury with deep
bone fractures) and adjust their treatment
approach accordingly (10). An immediate
full-thickness skin graft after an extensive
debridement is considered a feasible treat-
ment approach even in elderly patients, in
the case of non-extensive injuries (10, 11). If
the skin is intact, it can be de-fatted and re-
applied immediately as a full thickness graft
(12). In the case of skin damage, split skin
grafts can be retrieved and used immediate-
ly if the wound site is suitable. These grafts
can also be stored for a secondary procedure
1 to 2 weeks following the injury. Securing
or even restoring the extremity’s sensibility
is a challenge for the operating team. Sutur-
ing injured nerves can be tricky, and even
when careful primary nerve anastomosis is
achieved, the results are often unsatisfac-
tory, probably as a result of the mechanism
of the nerve injury (13).

Alexandros Kyriakidis et al.: Degloving Injury of the Lower Limb

As far as soft tissue elements are con-
cerned, an initial evaluation of their viability
is crucial. This will guide the debridement
and determine whether primary closure
or immediate reconstruction are feasible.
Direct observation is always a useful tool
in this direction. Skin with rapid capillary
refill, bleeding edges and good colour is
most likely to be viable. It is therefore rec-
ommended that thorough debridement of
all non-perfused, non-viable tissues be per-
formed immediately, in order to avoid the
development of sepsis. Any damaged mus-
cles should be resected to prevent the seque-
lae of severe myonecrosis or acute tubular
necrosis. Denuded areas should be tempo-
rarily covered with either moistened dress-
ings, xenografts or both. Reconstructive
procedures, if needed, should be guided by
the condition of local tissues. The treatment
goal should be wound coverage with a plia-
ble, sensitive, and cosmetically similar tissue
that will allow early mobilization. In the case
of an open injury, all the appropriate protec-
tive measures must be taken in order to pre-
vent serious life-threatening infections, such
as tetanus and gas gangrene (4).

Conclusions

Degloving injuries are very serious and po-
tentially limb-threatening soft tissue lesions.
They are usually the result of high-energy
accidents. They may impair the skin and
underlying soft tissues, rendering the hu-
man organism defenseless and vulnerable to
soft-tissue necrosis. The treatment approach
depends on the time of diagnosis and the ex-
tent of tissue injury. In the early stages and
with good soft-tissue condition, immediate
re-application of a full thickness graft is the
treatment of choice. In later stages, a more
reconstructive approach should be followed
in order to counter contamination and in-
flammation of the surrounding tissue.
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What Is Already Known on this Topic:

Degloving injuries involve skin and underlying tissues being
stripped from their respective bone structures. Various tech-
niques have been described for their treatment extending from
initial debridement and full thickness graft re-appliance to ex-
tensive reconstructive operations.

What this Case Adds:

An immediate surgical approach is vital in order to secure the
optimal functional and aesthetic result to the affected area. A
delayed approach can lead to limb-threatening complications.
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Abstract

Objective. The aim of our paper is to present a rare
variation of the suprascapular vein, its incidence and
clinical significance. Case Report. A rare case of a
double suprascapular vein was observed in a digi-
talized human cadaver on Anatomage Table 5.0. The
vein divided into two branches, one passing over the
transverse scapular ligament, while the other one
coursed underneath the ligament, inside the notch.
Conclusion. This variation has major clinical impor-
tance as it is associated with the appearance of Supra-
scapular nerve entrapment syndrome.

Key Words: Suprascapular Artery ® Scapular Notch =
Suprascapular Nerve = Transverse Scapular Ligament =
3D Anatomy.

Introduction

In most cases, the Suprascapular vein (SV)
passes through the base of the posterior
triangle of the neck, and drains into the

external jugular, which is a branch of the
subclavian vein (1). In the middle half of
the superior border of the scapula, the SV
is usually accompanied by the suprascapular
artery (SA). Most commonly, both the artery
and the vein pass above the superior trans-
verse scapular ligament (STSL), while the
suprascapular nerve (SN) passes through the
foramen formed by the STSL (1, 2). The su-
prascapular nerve derives from the superior
trunk of the brachial plexus, passes through
the suprascapular notch, under the STSL and
ends at the infraspinatus fossa (3). According
to the literature, the location of the SA, SN
and SV seems to be highly variable, present-
ing different patterns (3), with multiple veins
being reported in 21.3% of cases (4).

The aim of our paper is to present an in-
teresting clinically significant variation of
the SV which to our knowledge has only
been presented in one study in the available
literature (3). Additionally, the novelty of the
case is that it was revealed in a digitalized
human cadaver on Anatomage Table 5.0.

Case Report

An electronic anatomical review was per-
formed on digital cadavers included in
Anatomage Table 5.0. Anatomage Table 5.0
is an advanced 3D anatomy visualization

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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Figure 1. Right side: The suprascapular vein (SV) di-
vided into two branches, one (SV1) passing over the
superior transverse scapular ligament (STSL) with
the suprascapular artery (SA), and the other (SV2)
below the ligament, inside the notch (N), together
with the suprascapular nerve (SN). Both of them
drain into the subclavian vein (SCV). Figures are
published with the permission of Anatomage Inc.

system developed for educational purpos-
es, which has been adopted by many of the
world’s leading medical schools and institu-
tions. According to the description of the
product and its creators, Anatomage Table
5.0 is the only fully segmented real human
3D anatomy system. Users are able to visual-
ize anatomy exactly as they would on a fresh
cadaver. Individual structures are recon-
structed in accurate 3D, resulting in an un-
precedented level of real accurate anatomy,
dissectible in 3D. Anatomy is presented as a
fully interactive, life-sized touch screen ex-
perience. The Anatomage Table 5.0 contains
three digitalized cadavers, specifically a Ko-
rean female who died of pneumonia (gas-
tric cancer), a Caucasian male sentenced
to death and diagnosed with a brain tumor,
and a Korean male who died from respira-
tory complications, while being treated for
acute leukemia.

In the present case, we discovered a bi-
lateral case of a double SV in the Korean
female cadaver, who contracted her disease
at the age of 26. The SV was divided in two
branches on both sides, one passing over the

Figure 2. Left side: Cross section - Double suprascapular vein (SV), the one (SV1) passing over the superior
transverse scapular ligament (STSL) and the other one (SV2) inside the notch. Figures are published with the

permission of Anatomage Inc.




STSL, together with the suprascapular ar-
tery, while the other one coursed underneath
the ligament, inside the notch, accompany-
ing the SN (Figure 1, 2). The two branches
drained independently into the subclavian
vein, one at the anterior and the other at the
posterior aspect of the vein (Figure 1). The
SA and nerve followed the typical course on
both sides. We did not observe other artery
or vein variations in the shoulder region.

Discussion

The SV presents major deviations in its
course and number, according to the avail-
able literature. The vein may be duplicated
in some cases (2.4% - 19.8%) and triplicated
in others (1.98%) and it might pass above or
below the STSL (variable incidence) (3, 4).
Two major studies have been conducted on
the SV’s pattern (3, 4). Yang et al. in their
study performed an anatomical examination
of 103 cadaveric shoulders from 55 Korean
cadavers (53 right shoulders, 50 left shoul-
ders including 28 males and 27 females;
mean age, 70.4 years; range, 36-94 years) (3).
In all cases, a single artery and nerve were
mentioned, whereas the number of the SVs

Eleni Panagouli et al: Suprascapular Vein Duplication

varied, 19.4% of them being double and 1.9%
triple (3). Apart from two rare cases in which
the ligament or the ossified bridge was ab-
sent (thus a total of 101 STSLs were studied),
in all the other cases the SN passed under the
STSL (101/103, 95.4% of the shoulders). The
arrangement of the vessels in the suprascap-
ular notch varied (Table 1).

Yang et al. classified the location of the
suprascapular vessel into three types: Type
I (59.4% of the cases) where all suprascap-
ular vessels pass above the STSL, Type II
where the vessels cross over and under the
STSL (29.7%) and Type III (10.9%) where
the suprascapular vessels pass below the
suprascapular ligament or bony bridge (3).
In Type II four subtypes were mentioned.
Our case corresponds to subtype IIa (10/101
shoulders, estimated according to Yang et
al. up to 9.9%) where the SA runs above the
STSL and the SV is divided, with the two
branches crossing simultaneously above and
below the ligament.

Polguj et al. presented a new classifica-
tion of the suprascapular vessels at the su-
prascapular notch region, after examining
106 formalin-fixed cadaveric shoulders (55
right, 51 left) (4). In all the shoulders (100%,

Table 1. Classification of the Course of Suprascapular Vessels

Topography of suprascapular vessels around STSL

“Cadavers=101; fCadavers=106;

(%; N) (%; N)
All vessels above STSL 54.4 (55) n17018)
All vessels below STSL 9.9 (10) (1123 (13)
Artery above and vein below STSL 29(3) () 61.3 (65)
Artery below and vein above STSL 10.9(11) _
Artery above and double vein adversarially STSL 9.9 (10) _
Artery below and double vein adversarially STSL 3.9(4) _
Artery below and double vein below STSL 0.99 (1) _
Artery and double vein above STSL 4.95 (5) (V) 0.94 (1)
Artery and two branches of triple vein above STSL 1.98 (2) _
and one branch below STSL
Other variations* _ (IV) 8.5 (9)

“Yang et al. (3); 'Polguj et al. (4); STSL=Superior transverse scapular ligament; *Other variations refer to accessory veins cases
in which the vessels passed under the anterior coracoscapular ligament.
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106 out of 106 shoulders) the SN passed be-
low the STSL. Polguj et al. classified the to-
pography of the suprascapular vessels with
reference to STSL in four types (Table 1)
(4). Type IV included only two extremities
(2.4%) with double SV. On the first, both
branches of the double SV ran above the
STSL and on the second beneath the ante-
rior coracoscapular ligament. None of these
types corresponded to our case.

The course and location of the supra-
scapular vessels are of major clinical sig-
nificance. Suprascapular nerve entrapment
syndrome (SNES) is a neuropathy caused by
the compression of the SN during its course
through the suprascapular notch. SNES was
first described by André Thomas in 1936
and is responsible for pain and dysfunction
of the shoulder girdle at a rate of 1-2% (5).
This syndrome affects the infraspiratus and
supraspiratus muscles, which are innervated
from the SN, causing their atrophy.

According to Labertowicz et al. the oc-
currence of an accessory vein (double or
triple vein), in cases in which the SA crosses
under the STSL together with the SN, re-
sulted in nerve damage due to blood pres-
sure and high incidence of SNES (6). Other
causes of nerve damage include traumatic
injuries in the areas of the clavicle or scapula
and its joints, iatrogenic injuries in the pro-
cess of a surgical operation, excessive over-
load in athletes or physical laborers, tuber-
ous alterations of this area, or even systemic
diseases.

Conclusion

The presence of a double SV is mentioned
in only two articles (19.8% -20/101 cases in
the article of Yang et al., 2.4%, 2/106 cases in
the article of Polguj et al.) according to the
international available bibliography. Specifi-
cally, a double SV passing adversarial to the
STSL, as presented in our case, was reported
only in the research by Yang et al. (Type Ila

- 10/101, 9.9%). This variation has major
clinical importance as the arrangement and
number of the vessels crossing through the
foramen is associated with the appearance
of SNES. Additionally, knowledge of the Su-
prascapular triad’s analytic topography may
prevent surgical injuries during procedures.

What Is Already Known on this Topic:

The Suprascapular vein (SV), in most cases, passes above the
superior transverse scapular ligament (STSL) accompanied by
the suprascapular artery (SA), while the SN passes through the
foramen, formed by the STSL. Variations of the course of the
SV are not rare and present important clinical significance, es-

pecially for Suprascapular nerveentrapment syndrome (SNES).

What this Case Adds:

We present a bilateral double SV, one passing over the STSL to-
gether with the suprascapular artery, while the other one cours-
es underneath the ligament with the SN. Such an arrangement
is rare, found in about 9.9% of cases. This variation has major
clinical importance as the arrangement and number of vessels
crossing through the foramen is associated with the appearance
of SNES. Moreover, the novelty of our paper is that this varia-
tion was observed in a digitalized cadaver on Anatomage Table

5.0, the only fully segmented real human 3D anatomy system.
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Abstract

Objective. Postoperative eccentric macular hole for-
mation is a rare complication after vitrectomy with in-
ternal limiting membrane peeling for a macular hole.
We report a rare case of late eccentric macular hole
formation following successful macular hole surgery.
Case Report. A 73-year old woman was referred with a
long standing full thickness macular hole in both eyes.
The patient underwent sequential cataract surgery, 23
gauge sutureless pars plana vitrectomy with internal
limiting membrane peeling and inverted flap in both
eyes. Control examination six months after the surgery
revealed best corrected visual acuity of 20/40 in both
eyes, complete closure of the macular hole, with reti-
nal atrophy in both eyes. Control examination eighteen
months after the surgery revealed a stable finding in the
right eye and an eccentric temporal macular hole in the
left eye. The patient was closely observed for one year
with no signs of visual acuity reduction or macular hole
changes. Conclusion. Postoperative eccentric macular
holes may occur after a long follow up period. Most cas-
es remain stable for a long period of time and do not re-
quire further surgical intervention. This case highlights
the need for close monitoring of patients after macular
hole surgery with internal limiting membrane peeling.

Key Words: OCT = Vitrectomy = Complication.

Introduction

Macular holes (MH) are defined as a reti-
nal break in the fovea involving the partial
to complete dehiscence of the neural retinal
layers. Surgical treatment options for MH
include: pars plana vitrectomy and intravit-
real ocriplasmin application (1). Vitrectomy,
with internal limiting membrane (ILM) peel-
ing and gas tamponade has become a routine
technique for MH surgery, with a postop-
erative closure rate of 90% (1, 2). However,
macular ILM peeling has been associated
with complications, including trauma to the
retina, macular phototoxicity, focal retinal
hemorrhages, macular edema, postopera-
tive swelling of the arcuate retinal nerve fiber
layer (SANFL) followed by dissociated optic
nerve fiber layer (DONFL), foveal displace-
ment and, in extremely rare cases, iatrogenic
eccentric full-thickness retinal breaks (2).

We report a rare case of late eccentric
macular hole formation following success-
ful macular hole surgery.

Case Report

A 73-year old woman was referred with low
vision in both eyes, noted 1 year previously.
Clinical examination revealed a best cor-
rected distance visual acuity (BCDVA) of
20/400 in the right eye and 20/200 in the left
one. Anterior segment examination of both

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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eyes showed moderate cataracts. The intra-
ocular pressure measured was 15 mmHg
bilaterally. Fundus examination of both
eyes revealed the presence of full thickness
macular holes (FTMH). Optical coherence
tomography (OCT) confirmed the presence
of FTMH in both eyes, with a basal hole di-
ameter of 278um in the right eye and 334um
in the left (Panel A). OCT images were ac-
quired with the Cirrus HD-OCT (Carl Zeiss

Meditec, Dublin CA) using the Smart HD
Cross Scan Pattern, which captures and av-
erages 100 B-scan images with automatic
centering at the fovea or region of interest.
The patient was scheduled for surgical treat-
ment of both eyes.

Two months after the initial examina-
tion, the patient underwent sequential cata-
ract surgery with 23 gauge sutureless pars
plana vitrectomy of both eyes in general an-

Panel A. Pre-operative OCT showing bilateral FTMH, with a basal hole diameter of 278 um in the right eye and

334 um in the left eye.
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esthesia. The ILM peeling was assisted with
Brilliant Peel® (Fluoron, Geuder AG Heidel-
berg, Germany) and performed with ILM
forceps (Grieshaber, Alcon Laboratories,
Inc., Fort Worth, TX). The ILM was grasped
with ILM forceps and peeled off in a circular
fashion for approximately 2 disc diameters
around the macular hole. The ILM was not
removed completely from the retina but was
left attached to the edges of the MH. Periph-

eral parts of the ILM were trimmed with
the vitrector, and the central part was used
as a multilayer ILM flap to cover the MH.
Having in mind the duration and the size of
the MH, we subsequently enlarged the ILM
peeling area 360° around the macula up to
the vascular arcades. We used a gas tam-
ponade with 18% Sulfur Hexafluoride (SF6),
and advised postoperative face-down posi-
tioning for a minimum of 3 days. Both sur-

Panel B. Postoperative OCT 6 months after the surgery showing the closure of the FTMH in both eyes, with reti-
nal gliosis in the fovea, resulting in an almost completely absent IZ with discontinuous junction of the IS/OS line
and inner retina nerve fiber layer dimpling, more pronounced in the left eye.
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geries were performed by the same surgeon
under the same operative conditions, with
the same postoperative regimen.

Gradual postoperative visual improve-
ment was noted, and a follow-up examina-
tion six months after the surgery revealed
BCDVA of 20/40 in both eyes, and best cor-
rected near visual acuity of Jaeger 4 in both
eyes. Fundus examination showed complete
resolution of FTMH in both eyes, with as-

sociated macular atrophy. Control OCT ex-
amination showed complete closure of the
FTMH in both eyes, with retinal gliosis in
the fovea, resulting in an almost completely
absent interdigitation zone (IZ) and a dis-
continuous junction between the photore-
ceptor inner and outer segment (IS/OS) line,
more pronounced in the left eye. Further-
more, inner retina nerve fiber layer dimpling
was present in both eyes, more pronounced

Panel C. Control OCT 18 months after the surgery showing a stable finding in the macula of the right eye, and

the eccentric MH temporal to the fovea in the left eye.
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in the left eye, indicating possible surgical
trauma (Panel B). A follow-up examination
18 months after the surgery revealed the
same BCDVA in both eyes, a stable finding
in the macula of the right eye, while an ec-
centric temporal MH was found in the left
eye (Panel C). No additional surgery was
suggested at that time. Follow-up examina-
tions, three, six and twelve months following
the occurrence of the eccentric MH, showed
preserved BCDVA and stable OCT findings.

Discussion

The presence of an eccentric MH is a rare
finding in patients after ILM peeling, report-
ed in less than 0.6% of cases (2, 3). Several
theories have been proposed concerning the
pathogenesis implicated, including induced
surgical trauma, the use of intraocular dyes
during the peeling, removal of the ILM
layer itself inducing a weakening of retinal
glial structures, and the contraction of the
residual ILM (3, 4). Tangential ILM edge
contracture may explain the delayed occur-
rence of the eccentric MH and its location
at the edge of the ILM peeling area. How-
ever, we found no signs of any epimacular
membrane proliferation, which could be
the cause of eccentric MH formation (3, 4).
Nevertheless, in our case OCT images pre-
sented significant retinal atrophy with inner
retina nerve fiber layer dimpling, which sug-
gest that mechanical surgical trauma prob-
ably played the most important role in the
pathogenesis of this eccentric MH (4).

A postoperative MH may either be lamel-
lar or full-thickness and located centrally,
paracentrally, or eccentrically (4). Eccentric
MHs close to the fovea are linked to poor vi-
sual prognosis as compared to more distant
eccentric MHs (3, 4). Regarding further inter-
vention, it is necessary to consider the BCD-
VA, the location of the MH, and its evolution
in terms of size (3). In rare cases, an eccentric
MH may enlarge and lead to central MH re-

opening (2, 4). In our case, no further inter-
vention was recommended since the BCDVA
and fundus findings remained stable.

Conclusion

It is important to make a detailed postop-
erative examination in all patients after vit-
rectomy with ILM peeling, regardless of the
BCDVA and stable central macular finding.

What Is Already Known on this Topic:
Internal limiting membrane peeling is the standard of treat-
ment for macular holes. Postoperative eccentric macular hole
formation is a rare complication after vitrectomy with internal
limiting membrane peeling for a macular hole.

What this Case Adds:

Eccentric macular holes may occur long after the internal lim-
iting membrane peeling. Our case demonstrates how bilateral
macular hole surgery in one patient can result in different post-
operative findings in both eyes. Eccentric macular hole cases
can be successfully managed conservatively by observation.
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Abstract

A biographical note on Teodora Krajewska (1854-
1935) reveals the details of her life and professional
activities as an Austro-Hungarian and Yugoslav health
officer (Amtsdrztin) in Tuzla (1893-1899) and in Sa-
rajevo (1899-1923). Teodora Krajewska, née Kos-
mowska was the third of nine official female doctors
employed by the Austro-Hungarian administration in
occupied Bosnia and Herzegovina (BH: 1878-1918)
and charged with the special task of popularising
public health and hygiene, particularly among Mus-
lim women. A Polish intellectual and fervent patriot
from Warsaw, Krajewska had left Congress Poland as
a young widow in 1883 to study medicine in Geneva,
Switzerland. In 1890, she became the first woman in
Europe to be employed as an assistant professor at the
medical faculty of the University of Geneva but was
forced to resign in 1892. In the same year, she was both
awarded her doctorate and appointed to the position
of an Austro-Hungarian female health officer in Tuzla.
After being nationalised in Austria, she reported for
duty in Tuzla in March 1893. In 1899, she accepted her
transfer to a newly created position in Sarajevo where

she was active as an official physician until 1922/23. She
contributed to contemporary medical science through
her research on leprosy and osteomalacia in Bosnia.
She returned to Warsaw in 1928 and devoted herself to
the translation of Serbo-Croatian literature and writing
her memoirs on her life and activities in BH.

Key Words: Teodora Krajewska = Female Health Officer
= Bosnia and Herzegovina 1878-1918 = Tuzla = Sarajevo.

Introduction

After Austro-Hungarian (AH) troops oc-
cupied the Ottoman province of Bosnia and
Herzegovina (BH), the local populations
immediately became the target of an Austro-
Hungarian civilising mission, which primar-
ily involved the implementation of a general
system of public health and hygiene and a
structure of general education. In 1890, an
Austro-Hungarian medical commission
charged with surveying the health of BH’s
population recommended the government
commit female health officers to the occu-
pied territory. Their goal would be to combat
epidemic and endemic diseases, particularly
(endemic) syphilis, among the female Mus-
lim population without antagonising the
Muslim elite of the country. Though female
physicians were not accredited in Austria,
BH’s governor, the Minister of Finance Ben-
jamin de Kallay, approved of this suggestion
and concerned himself personally with the

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.
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creation of positions for female health offi-
cers in the districts of Tuzla (1891) and Mo-
star (1892). The Austro-Hungarian adminis-
tration, however, only hesitantly effectuated
the plan of employing female health officers
in all districts, creating further positions in
Sarajevo and Banjaluka in 1899, in Travnik
in 1902, and in Biha¢ as late as 1908.

The choice of Tuzla as the first residence
of an official female doctor seems to have
been related to the head of the district,
Antun Vukovi¢ von Vucijidol, exhibiting a
thoroughly positive attitude towards female
physicians (1). The first Austro-Hungarian
official female doctor in Tuzla, Anna Bay-
erova, however, had complained upon her
arrival in 1891 that she had been equipped
with neither an office, clinic or residence,
nor with the (free) medication she was ex-
pected to distribute among her patients. She
abandoned her office in Tuzla after three
months of conflict with the local adminis-
tration and resigned her service after an au-
thorised transfer to Sarajevo where she was
not permitted to practice her function.!

In 1892, the position of female doctor in
Tuzla was again advertised by the adminis-
tration and, in 1892/1893, filled by Teodora
Krajewska whose life, professional work in
Tuzla and Sarajevo, and research activities
constitute the primary concern of this paper.

Teodora Krajewska’s Biography

Teodora (Theodora) Kosmowskich Krajew-
ska is among the best-known female physi-
cians of her time. Contemporarily, many
features and portraits in newspapers and
journals that concerned both her person
and professional work were published in
German (2-8), French (9) and Polish (10).
In Poland, she is known as a Polish intellec-
tual and female pioneer of medicine (11-13).

! See Dr. Anna Bayerovéa: The First Official Female
Doctor in Bosnia and Herzegovina. AMA. 2019;48(1):
121-6.

Her authoritative biography, written by her
nephew, Zbigniew Danieldk, is included in
the Polski Stownik Biograficzny (Polish Bio-
graphical Dictionary) (14), and she is also
mentioned as a female pioneer of medicine
in Laura Lynn Windsor’s international Ency-
clopedia (15). She is also included in numer-
ous collective biographies of Polish female
intellectuals and physicians (16-17), and in
Ctibor Necas’ monograph on the Austro-
Hungarian female health officers in BH (18).
She is mentioned frequently in writings on
both the health-care system in BH at the
time of the Austro-Hungarian occupation
(19-26) and on the local Polish communities
(27). She has also been featured by several
writers (28, 29) and chroniclers (30) in BH.
Krajewska left an autobiographical “Dia-
ry” (Pamietnik) which, in fact, she had writ-
ten during her retirement in Warsaw. It pre-
dominantly contains memoirs of her medi-
cal practice in Bosnia and impressions of
her childhood and youth in Warsaw under
Russian rule (1). Pamietnik was first edited
in 1989 by the Polish historian and archivist
Boguslawa Czajecka (1938-2003) who pref-
aced Krajewska’s memoirs with a biography
(12). Krajewska’s memoirs reveal the deep
imprint that the suppression of the Polish
language in Congress Poland had left on her
intellectual formation as a pupil and young
woman. She remained deeply dedicated to
the national cause of Poland throughout her
life and sought to actively support and pro-
mote Polish compatriots and communities
whenever she could and wherever she went.
Teodora Krajewska (Picture 1) was born
as one of eight daughters to Ignacy Kos-
mowski and his wife Seweryna Glowczynski
in Warsaw in 18542 She attended the II. girls’
gymnasium in Warsaw, passing her school-
leaving exam in 1872 ‘with honours™ (14).

?Necdas (1992: 71) gives September 5, 1854 as the exact
date of her birth; this date is quite probably confusing
the dates of birth (unknown) and death (September
5,1935).




Her father, a civil servant of the communal
educational administration in Warsaw, was
a supporter of the idea of women’s education
and of their participation in nation building.
Feminism, however, was debated controver-
sially among the Western-oriented Polish
intellectuals who, as with Krajewska’s family,
largely shared a social background derived
from the Polish Szlachta nobility. In 1874,
Teodora qualified as a mathematics teacher
and began to conduct lessons in her former
school. In 1876, she married Antonin Kra-
jewski, a philology teacher in a Warsaw boys’
gymnasium, who had participated in the an-
ti-Russian January Uprising in 1863/64 (14).
The couple formed the centre of a patriotic
intellectual circle until the premature death
of her husband in 1880. As a young widow,
Krajewska started again to work as a teacher
in a private school operated by her aunts
Leokadia and Bronislawa Kosmowski. Her
personal interests had shifted to the study
of literature and she was able to publish her
first literary efforts in a Warsaw newspaper
in 1882 (14).

At that point, however, she had made up
her plan to take up academic studies in Swit-
zerland, though her family expected her to
remarry (13). She reports that she had first
considered studying philology, but her par-
ents had convinced her to choose medicine
(31). In 1883, she headed for Geneva with-
out obtaining the financial resources which
would have enabled her to survive perma-
nently without gainful activities. At first, she
enrolled at the Natural Sciences Faculty of
Geneva University, becoming also one of the
most active members and later the president
of the Geneva based ‘Société des étudiants
polonais’ (32).

She was awarded a Bachelor of the Natu-
ral Sciences degree in 1885, immediately
thereafter enrolling at the university’s medi-
cal faculty. Troubled by financial circum-
stances, she accepted her Polish friends’
help in procuring her a grant to continue her

Brigitte Fuchs and Husref Tahirovi¢: Teodora Krajewska

Picture 1. Dr. Teodora Krajewska, née Kosmowska
(1893). Source: Mackiewicz, Joanna. Pierwsze ko-
biety z dyplomem lekarza na terenie zaboréw ro-
syjskiego i austriackiego. Medycyna Nowozytna.
Studia nad Kulturq Medyczng. 1999;6(2):82. Original
caption: Fot. 2. Dr Teodora z Kosmovskich Krajewska.

Fot. w pracowni M. Schultheisa w Tulli ok. 1893 r. (ze

zbiordw rodzinnych,).

medical studies. While still studying, Moritz

Schiff 3, professor of physiology at Geneva
University, appointed Krajewska as his assis-
tant in 1890 and, later, as head of his labora-
tory (14). Krajewska was therefore the first
woman to ever be appointed an ‘assistant

professor’ and soon became confronted by
the animosity of male colleagues who were

not ready to accept women in academic po-

sitions. Due to the pressure they exerted, she

reluctantly resigned in 1892. In the same year,
she was awarded her medical doctor’s de-

3 Moritz Schiff (1823-1896) is a physiologist who con-

tributed substantially to the study of the circulatory

system and the action of the vagus nerve. Contem-

porarily, he was notorious rather than famous, as he

relied on vivisection.
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gree; her thesis ‘Recherches physiologiques
sur la reaction de dégénerescence’ being
awarded a first prize by Geneva University
(14). In need of an income, Krajewska could
not consider practising in Warsaw, because
the administration of Congress Poland did
not recognise foreign diplomas (1). As she
reports, a Polish friend informed her of the
Austro-Hungarian call for applications from
fluent ‘Slavic-’ and German-speakers for two
positions for female health officers in occu-
pied BH. Her application proved a success
due to the interventions of Polish friends on
her behalf (1), and she was appointed as a
female health officer of Tuzla on November
28, 1892. Before she could report for duty in
Tuzla, she had to travel to Vienna where she
learned that her nationalisation and the rec-
ognition of her Swiss diploma* would take ‘a
couple of months’ (1). She therefore passed
her time in Vienna taking lessons in Bos-
nian and attending lectures as a guest at the
Medical Faculty of Vienna University.

As a new Austrian and female physician,
she immediately offered her support to the
Austrian ‘Association of Women’s Advanced
Education’ (Verein fiir erweiterte Frauen-
bildung) and advocated Austrian women’s
right to academic studies in the Cracow dai-
ly newspaper Nowa Reforma. In 1894, she
was a member of a delegation of Austrian
women to the Minister for Cultus and Edu-
cation (14). Against this background, Kra-
jewska became the most frequently featured
Bosnian female physician in the Austrian
and German women’s press. In Tuzla, the
governor’s wife, Vilma de Kalldy, née Beth-
1én visited her and published a report on her
work among Muslim women in 1899 (6).

* Danieldk (1970: 102) remarks correctly that she was
the first Austrian female physician because her Swiss
diploma was recognized in Austria, while the Austrian
authorities continued to refuse the ‘nostrification’ of
the Swiss diplomas of both Czech domestic official
physicians in BH, Anna Bayerovd and Bohuslava
Keckova.

Krajewska arrived in Tuzla on March 20,
1893 and was sworn into office nine days
later. In the context of the creation of new
positions for female health officers in 1899,
she was invited to continue her work in Sa-
rajevo. She accepted the transfer due to the
chance to join the local Polish community,
remarking in her memoirs repeatedly how
much she had missed the company of Polish
compatriots in Tuzla. Though her workload
in Sarajevo was substantial, she immediate-
ly began her tireless activity for the Polish
Club’; she gave Polish lessons to the children
of the members of Sarajevo’s Polish commu-
nity, organised events and lectures, and col-
lected donations at the outset of the Polish
Revolution of 1905 (14).

Her social activities, however, were at no
point restricted to Poland; she gave lessons
in reading and writing to a young Muslim
woman in Tuzla until said woman ran off
to marry (1); she organised a collection of
donations for the inhabitants of Travnik af-
ter the city had burnt down in 1903 (1), and
she struggled for equal pay for the Austro-
Hungarian female health officers, who were
discriminated against considerably vis-a-vis
their male colleagues (18).

She always remained in close contact
with her numerous relatives and used her
annual six-week leave to visit her sisters and
friends in Poland. She also took repeated
leaves to participate in medical and femi-
nist conferences such as a gynaecologists’
conference in Geneva in 1896, an interna-
tional women’s conference in Berlin, and an
international medical congress in Budapest
in 1909 in which she presented her research
on endemic osteomalacia in Bosnia. After
World War I, she hoped to return to Poland
but the lack of an adequate employment op-

* For the historical background of Polish exiles who
had left partitioned Poland and founded so-called ‘col-
onies’ elsewhere, e.g. in Bosnia, see Tomasz Jacek Lis,
Polskie osadnictwo i duchowienstwo w Boéni i Herce-
gowinie od 1894 do 1920 roku, Torun 2014.




Picture 2. Dr. Teodora z Kosmovskich Krajewska's
oath of allegiance to King Peter | that she will abide
by the constitution und exercise her duty accord-
ing to the laws and regulation of the Yugoslavian
authorities.

portunity in Warsaw prompted her to stay in
BH. She took the oath of office to the King-
dom of Yugoslavia on March 5, 1919 (Pic-
ture 2).

At that point, however, her sight had
already deteriorated to a point that she de-
cided to have a cataract operation in Prague.
When the operation failed, she was forced
to retire in 1922. Since her pension did not
suffice and she had no savings she contin-
ued working as a physician in a tuberculosis
clinic in Sarajevo until 1925 (12). In 1928,
she finally returned to her beloved home-
town, Warsaw, in the Second Polish Repub-
lic she had longed for. She, however, did not
‘feel at home anymore’ and her family had
left for Southern Poland during the time
she had been active in BH (13). She missed

Brigitte Fuchs and Husref Tahirovi¢: Teodora Krajewska

Picture 3. First page of a letter by Teodora Krajewska
addressed to Mrs. Milica Popovic in Sarajevo dated
March 19, 1930.

Bosnia and the friends she had had to leave
back there greatly and expressed her nostal-
gia for Bosnia in a letter to Milica Popovi¢
in Sarajevo in the spring of 1930, remarking,
‘T have become deeply committed to Bosnia,
country and people’ (Picture 3).° She started
to translate Serbo-Croatian literature and
published Verka Skurla-Iliji¢’s (1891-1971)

novel Hanumica (1928) in the Polish weekly

women's newspaper ‘Bluszcz’ as a special
supplement.”She dedicated her last years to
writing her unfinished memoirs and died on
September 5, 1935 in her home in Warsaw.

¢ Letter by Teodora Krajewska addressed to Mrs. Mili-
ca Popovic in Sarajevo dated 19 March 1930 (Archives
of Husref Tahirovi¢).

7'The novel also became published as a book, see Werka
Szkurla Ilijicz; Hanumica, przet. T. Krajewska, Warsza-
wa: Towarszystwo Wysanwnicze ‘Bluszcz, ca. 1928.
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Krajewska’s Professional Activities
in Tuzla, 1893-1899

In March 1893, Krajewska finally arrived in
Tuzla and introduced herself immediately to
her superiors who informed her about the
country and people. She was sworn into of-
fice on March 29, 1893, her status becoming
permanent on September 11, 1895 (33). As
compared to her Czech predecessor Anna
Bayerova who had pursued the aim of being
a ‘female doctors for all women, Krajewska
adhered to the Austro-Hungarian guidelines
in caring predominantly for Muslim women
and children In 1893, when she started to
practice, she treated 553 patients, 36.5% of
whom were Muslims. However, the share of
Muslim patients in relation to other patients
was to steadily rise from that point. In 1898
she treated 607 patients, the Muslim share
equalling 69% (34). Her statistics account
for the treatment of 4,739 patients from
March 1893 to July 31, 1899, most of whom
were women and children. Nevertheless,
she also treated 193 men (4%), her statistics
comparatively exhibiting the highest share
of adult males who had themselves treated
by a female doctor (34).

From Krajewska’s memoirs, it can be
concluded that there was no urgent need to
persuade (Muslim) women in Tuzla of the
benefits of utilising public health. However,
even the patients who at first were predomi-
nantly Christians consulted her in her sur-
gery or sent for her, revealing that the policy
of being treated free of charge by a female
doctor introduced in 1891 had been widely
accepted by 1893. She was also tasked with
creating a maternity ward in the community
hospital (Gemeindespital) established by the
Austro-Hungarian military administration
in 1879. Rehoused in 1886, the hospital with
30 beds and an external clinic was declared a
civil public hospital in 1894 (34). Neverthe-
less, despite these extra responsibilities, Kra-
jewska still continued to dutifully visit Mus-

lim families in their homes to teach Muslim
women hygiene and to collect data on their
living conditions. She fought against unhy-
gienic habits such as all household members,
guests and passing foreigners sharing the
water pitcher (ibrik), towels or cutlery, and
the widespread avoidance of ventilating liv-
ing rooms or taking baths (35). In order to
explain to people that they and their children
might catch infectious diseases such as ‘fren-
jak’ (endemic syphilis, ‘frenga’), she was also
ordered to other localities of the Tuzla dis-
trict (35). In 1894, the authorities assigned
her to participate in combating a cholera
epidemic that had spread along the railway
line from Hungary via Croatia to BH.

In the annual reports on her profes-
sional activities, she criticised, in unison
with Keckova in Mostar, the common diet
in BH, consisting predominantly of corn-
meal, ‘fat meat’ and ‘fat milk] the excessive
consumption of coffee and tobacco and the
inadequate diet administered to infants and
toddlers (35). However, in contrast to her
Czech colleague, Krajewska did not exhibit
a significant amount of sympathy for her
clientele. As many Austro-Hungarians did,
she disliked the existence of Slavic Muslims,
and depicts poor rural Muslims repeatedly
as ‘beyond description’ in her memoirs (1).
Her dislike is particularly expressed in the
way she was disgusted by the local popula-
tion dressing in ‘oriental’ attire which she
judged to be ‘unhealthy’ and ‘ugly’ (1). More-
over, she complained vehemently about the
inability and/or unwillingness of her mostly
poor, illiterate clients to follow her advice,
considering them a class of people lacking
‘intelligence’ (36). On the other hand, she
remarked that she much preferred to talk to
members of the Muslim elite, because they
were ‘progressive’ and ‘rational.

At an 1896 international feminist con-
gress in Berlin, Krajewska expressed her
conviction that the Austro-Hungarian Em-
pire (AHE) had to ‘import civilisation and




progress’ to BH, and Bosnian women must
be educated regarding hygiene ‘from above’
(37).While her memoirs demonstrate that
she never lost her distinct class conscious-
ness and Orientalist attitudes, they also re-
veal that Krajewska became thoroughly dis-
enchanted with Austria-Hungary’s policy of
‘civilising’ BH by 1908. At that point, she re-
marked that the civil officers coming to BH
were, in fact, being abused by the AH author-
ities by contributing to a politically dubious
project for little money (1). She remembered
her time in Tuzla as a time of never-ending
work, self-doubt, and feelings of loneliness
and depression (1). When she first travelled
to Sarajevo in 1898, she reports having been
enthusiastic about its beauty, its urban char-
acter, its new hospital, and the presence of a
Polish Club (1). Therefore, she accepted the
offer to be transferred to the 1899-created
position of an AH female health officer in
Sarajevo without much hesitation.

Krajewska’s Professional Activities
in Sarajevo, 1899-1923

Krajweska was appointed the female health
officer of Sarajevo on May 23, 1899 (33). Af-
ter her transfer in the summer of the same
year, she started to function as an official
physician in Sarajevo on October 1, 1899
(34).1In 1900, Krajewska — as with Bohuslava
Keckovd in Mostar — was appointed a school
physician at the higher girls’ school in Sa-
rajevo where she gave hygiene lessons to
fifth-grade students. She also taught hygiene
at the Institute for Teacher Education and,
later, at the local private Roman Catholic
and Islamic girls’ schools (18). As in Tuzla,
her field of duties covered conducting clin-
ics at the outpatient ward in the provincial
hospital (Landeskrankenhaus) in Sarajevo
where she was also involved in establishing
a maternity department. She was charged
with ‘approaching’ and visiting Muslim
women in their home in order to advertise
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hygiene and public health utilisation. She
reported on the health and living condi-
tions of the Muslim population in Sarajevo
where she exhibited content illustrating that
not only upper-class, but also middle-class
Muslims had repudiated tradition (1, 36).
Her memoirs contain the observation that
affluent Muslim women, in fact, consulted
male physicians, though in the company of
a male relative who communicated with the
doctor, a man who was not expected to ad-
minister any physical examinations (1). Her
complaints on the ‘dirt’ and lack of hygiene
and fresh air in the houses of poor urban
and particularly rural Muslims resemble her
reports on the living conditions in both Tu-
zla and the Tuzla district (35, 36). Her dis-
inclination to touch poor rural women is
made clear in her memoirs, in which she re-
marks that she had suggested the authorities
assemble rural clients outdoors rather than
in buildings, quite obviously because she
suffered repeatedly from panic attacks when
she was confronted with what she dubbed
rural women’s ‘evaporations’ (1).

In 1899, she treated no more than 128
patients in Sarajevo from October to De-
cember because the AH administration had
ordered her to combat a smallpox epidemic,
the focus of which was considered Der-
venta, immediately upon her starting work.
She was responsible for the vaccination
campaign in the districts of Sarajevo and
Travnik from 1900 to 1902. In the first half
of 1902, she vaccinated 2,912 people in Sa-
rajevo and its rural surroundings (18). From
1902, she was assigned to visit the rural re-
gions of the district in order to examine the
village women for endemic syphilis. When
she visited the mountainous quarters of Sa-
rajevo or rural villages, she rode a Bosnian
horse in the warm seasons but had to travel
by foot or carriage during the winter (1).
From 1900, she treated far more than 1,000
patients every year, more than two thirds of
whom were Muslim women and children
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(34). When she decided to return to Po-
land in 1928, the city council awarded her
a prize for her many years of work as an of-
ficial doctor in Sarajevo (13). Back home in
Warsaw, however, she expressed her deep re-
gret to have left Bosnia in a letter to Zdenka
Markovi¢® in Zagreb: ‘My work bound me
to Bosnia and filled me with the enthusiasm
without which I cannot live’

Krajewska’s Research and Publishing
Activities

Krajewska was the first female physician in
the AHE, and probably in Europe, to pub-
lish in a medical journal and participate in
medical congresses. Her memoirs clearly
demonstrate that she would have much pre-
ferred to keep her research position at Gene-
va University if she had had the choice (1).
One of the research activities she pursued in
BH was volunteering to document the cases
of leprosy in the Tuzla district. Leprosy was
considered of particular interest by the AH
authorities due to fact that the Vienna School
of Medicine had advanced the theory that
syphilis was a transformative form of lep-
rosy and had not been introduced as a new
disease from the Americas in the 1500s, as
a hegemonic French theory suggested (38).
In April 1898, she received a commendation
for her leprosy research (33) which, howev-
er, was not published under her name. The
focus of her own research was the discovery
that osteomalacia was widespread in the dis-
tricts of Tuzla and Sarajevo (35, 36, 39, 40).
Osteomalacia had been identified correctly
as ‘adult rickets’ by Francis Glisson’s (15972
1677) in the 17™ century but became con-
fused with osteoporosis as a form of malacia
in the 19" century, when the disease’s de-
scription as a female disorder probably relat-
ed to the ovaries became intensely debated.

8 Zdenka Markovi¢, Croatian writer and translator
(Pozega, 10 January 1884 - Zagreb, 14 October 1974).

At that point, malacia meant the advanced
demineralisation of the bones that forced
the diseased to crawl on all fours or to stay
in bed and was frequently accompanied by
‘osteomalacic cachexia’ (wasting syndrome),
leading to death within 6 to 10 years. In
Central Europe, around 1860, this advanced
form of osteomalacia was called ‘puerperal’
and defined as a disorder of women of child-
bearing age whose condition did not remain
restricted to severe pains in the costal and
sacral regions as was observed in male cases.
The disorder was depicted as being exacer-
bated by repeated pregnancies, births, and
breastfeeding of infants, and was said to be
accompanied by a progressive softening and
deformation of the pelvis and bones in gen-
eral, forensically visible in the severely de-
formed femurs, and a loss in body length of
up to 20 centimetres or more (41). Advanced
osteomalacia frequently resulted in a pel-
vis fracturing during childbirth and made
delivery a deadly risk. The disease which
was considered to occur ‘rarely’ and locally
endemically became a vehicle to promote
gynaecological surgery, from Caesarian sec-
tions to Porro operations and ovariectomies
(42). However, the total number of regularly
discussed single and endemic cases all over
Europe between 1750 and 1900 did not ex-
ceed approximately 300 (42). Around 1900,
however, the case descriptions multiplied in
Austria, Hungary and particularly in BH,
where Krajewska and her colleagues, Gisela
Januszewska, née Rosenfeld (Banjaluka),
and Bohuslava Keckova (Mostar), were con-
fronted with the most extensive osteomala-
cia ‘endemics’ ever observed.

Krajewska reports that, on her first offi-
cial trip to Zvornik, Srebrenica and Vlasen-
ica as a female health officer, she found no
less than 22 cases of osteomalacia in some
mountainous rural localities and gorges.
She states that male AH doctors would not
have discovered them because they were not
allowed to see Muslim women, who were




captive in their homes (1, 35) In 1900, Kra-
jewska provided in ‘Wiener Medizinische
Wochenschrift’ a case description concern-
ing 50 occurrences of osteomalacia in the
district of Tuzla (39). In 1909, she reported,
at the Medical Congress in Budapest, 150
cases of osteomalacia in Sarajevo and its
surrounding district, 116 of which she con-
sidered ‘puerperal’ (40, 36). She had found
the advanced cases to occur particularly on
the slopes of Mount Trebevi¢, in the ‘hills
of Mahmutovac, Begovac and Berkusa, in
Fojnica and in Rudo (40). She stated both
in 1900 and 1909 that only Muslim women
suffered from osteomalacia, though in 1901
the disease was described as also being en-
demic in neighbouring Croatia (43). Draw-
ing heavily on Orientalist stereotyping,
Krajewska mentioned the causes of osteo-
malacia as being, in addition to the ‘damp
climate; ‘lack of sun, poverty, and malnutri-
tion, ‘Muslim customs’ such as early mar-
riage, veiling, extended lactation periods,
and too much time indoors (35, 36, 39, 40).
In 1909, she examined the hypothesis of a
correlation between osteomalacia and the
involuntary contraction of muscles (tetany)
as another affliction occurring among poor
women, predominantly in the cold season.
Since tetany is, in fact, commonly caused by
a deficiency of calcium, Krajewska was able
to verify the thesis (40).

Following Austrian medical doctrine,
Krajewska rejected the hypothesis that os-
teomalacia was an effect of a ‘malfunction
of the ovaries. However, deviating from
this doctrine, she viewed, ‘gravidity’ and
‘other functions of the sexual sphere (sexual
intercourse, menstruation, lactation)’ as
causes of osteomalacia (39). As suggested by
French and Austrian doctrines, she admin-
istered phosphorus in cod liver oil, stating
that this medication was much requested
even by women she saw for the first time
(40). Her assumption of the exacerbation of
osteomalacic suffering by the excessive sex-
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ual demands of Muslim husbands was new
and quite probably inspired by contempo-
rary feminist discourse. Obviously, Krajew-
ska drew on a pro-birth control discourse
that claimed that ‘hypersexual’ husbands
were morally responsible for the exhaus-
tion and early death of women who had to
bear numerous children (44). Marrying this
to bone disease, her report on osteomala-
cia in Bosnia can be read as a plea for birth
control, contemporaneously advocated by
Neo-Malthusians, feminists, and eugenicists
(45). Regarding the then controversial de-
bate concerning osteomalacia, Krajewska’s
contribution, might be considered substan-
tial, however. Based on the unprecedented
number of 200 cases, she had been able to
demonstrate that the softening of bones was
obviously a metabolic disorder caused pre-
dominantly by malnutrition and a lack of
sunlight.” The latter fact became to be ac-
cepted only 10 years later, when an osteo-
malacia ‘endemic’ occurred in Vienna after
World War I (42). While Krajewska’s work
was much quoted and highly respected in
Bosnia, she felt, as Tomasz Lis states (13),
ignored by the international scientific com-
munity due to her gender.

Concluding Remarks

Teodora Krajewska, née Kosmowska, a
young widowed Polish intellectual from
Warsaw, made the unusual decision in 1882
not to remarry but to take up academic
studies in Switzerland. She studied Natural
Sciences and Medicine at the University of
Geneva successfully, and was appointed an
assistant to Moritz Schiff in 1890. From her
memoirs, it can be concluded that she ap-
preciated her research work and hoped to be
promoted as the head of Schiff’s laboratory.

° However, Gisela Januszewska (official female phy-
sician in Banjaluka) cared for a locally even higher
number of osteomalacia patients and came to the
same conclusion (46).
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However, she became bullied by her male
colleagues, who did not tolerate a woman in
an academic position. Lacking means, Pol-
ish friends succeeded in placing her into the
position of an AH female health officer in
Tuzla (1892-1899) who was transferred to
Sarajevo (1899-1923). While she performed
her numerous duties in an exemplary man-
ner and did not voice her bias against (poor
and rural) Muslims in public, she privately
expressed her antipathy to her clients due to
the Social Darwinist and eugenicist attitude
she had quite probably adopted as a natural
scientist and feminist of her time (47, 48).
Despite her substantial workload, she pur-
sued research on (‘puerperal’) osteomalacia
as a disorder widespread locally in BH. Her
research, however, did not bring her any
laurels internationally, her memoirs reveal-
ing her permanent frustration concerning
discrimination against ‘intelligent’ women
as professionals (1). Krajewska who lived
and worked for 35 years in BH was, howev-
er, highly respected as an official doctor and
medical practitioner in the districts of Tuzla
and Sarajevo. Additionally, at the fin-de-sie-
cle, she was the first female medical scientist
in BH and in the AHE.
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Abstract

We present this interesting note on the petrification
of corpses, published in 1890 in the Italian Journal
of Natural Sciences. After a brief review of the oldest
forms of embalming, the author, Michele Martone,
presents petrification as the only way to obtain the
perfect conservation of the corpse. Conclusion. This
scientific note presents some considerations regarding
the constant search of humanity to arrest, if not the
death of a person, the decomposition of their body.

Key Words: Petrification of the Corpse ® Michele
Martone = Italian Journal of Natural Sciences.

Introduction

“Gentlemen, from today I am available to
those who care about their dead, and I am
sure that with an invitation, even if tele-
graphic, to my address, I will arrive in time

to save the spoiling of your loved ones from
corruption for the total expense of 1000 Lira
for my travel expenses”.

With this invitation, Professor Michele
Martone, Principal of the Technical Institute
of Catanzaro and then Professor of Science
at the Royal Technical Institute of Reggio
Calabria, closed his interesting contribu-
tion with the title On the conservation and
petrification of corpses, published in 1890 in
the Italian Journal of Natural Sciences (1).
Unfortunately, we do not have biographical
information about the author. Looking in
the various issues of the Italian Journal of
Natural Sciences, we find the name of Mi-
chele Martone only in the issue published
in 1892, in which the author requested: “to
exchange beetles and Lepidoptera or miner-
als of any kind, as well as offering birds in
exchange [...], with mammals or reptiles of
any kind” (1).

In his brief but interesting article, Mar-
tone recalls that there were many in the past
who had speculated from ancient times in
the positive sciences about how to stop the
decay of corpses, furthermore reiterating
that the remedies to save the dissolution of
the body in the past did not care about the
“flattering sentence ... let nature complete its
evolution because life is born from death”
However, the constant search, since ancient
civilizations, for practices aimed at preserv-
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ing dead bodies from the inexorable course
of the decomposition process, attests how
man has always been attracted by the bodily
remains of a life now over, and by the con-
stant desire to free himself from every tem-
poral constraint (2).

We present and discuss the article pub-
lished in 1890 by Michele Martone in the
Italian Journal of Natural Sciences.

Presentation and Comment on
Michele Martone’s Article

In particular, we would like to focus the
attention of our readers on this very inter-
esting note in which the author supported
the practice of petrification by intra-arterial
injection. Firstly, Prof. Martone recalls the
oldest forms of embalming from reports on
the mummified remains of the Egyptians,
witnessed by the archaeological excavators
of the Egyptian tombs, and the descriptions
of Herodotus, Diodorus of Sicily and Por-
phyrus, who told of the Egyptian funerals
and their embalming techniques (3, 4).

He recalls that in the 15th century, in
the Canary Islands, the indigenous Ber-
ber Guanche people practiced embalming
corpses through the evisceration of the or-
gans. This treatment was also present among
the Jews, Greeks and Romans without hav-
ing, however, the same meaning that it had
for the Egyptians, whose religion required
of them the duty to embalm the deceased
(5). He then reports that historians recalled
that embalming was also practiced among
the Persians, Arabs and Ethiopians for their
kings, princes and magnates. Publius Pap-
inius Statius, in some of his verses, reports
how the body of the famous Alexander the
Great was rubbed with honey, because this
substance was attributed with the property
of “not corrupting” (1, 6).

The professor also recollects that his col-
league Angelo Comi, at the last medical con-
gress held in Perugia, attributed this prop-
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erty to honey because the animal substances
immersed in it, after putrid fermentation,
mummified naturally when exposed to the
air. However, Martone argues that he him-
self repeated the experiment on anatomical
pieces but did not obtain mummification.
In his narrow historical review, he con-
cludes by saying that the art of embalming
fell into disuse from the Roman era up to
the seventeenth century when the practice
of preserving the corpse was resumed for
anatomical research. In particular, he cites
the research of the famous Dutch anato-
mists Swammerdam and Ruysch. The pro-
fessor recalls that from the seventeenth cen-
tury onwards embalming was practiced with
very different recipes, without logic, and was
often ineffective. Evisceration was practiced
and the tongue was removed. In this way
the corpses of Henry III, the king of France,
Pope Alexander VI, Louis XVIII and other
well-known personalities of that time were
embalmed. This system was progressively
discontinued after Tranchina’s discovery in
1835 in Naples. Also Gannal and Sucquet
in France began to inject a liquid preserver
through a main artery: “With a simple inci-
sion of about ten centimeters it is sufficient
to operate to preserve the dear departed”
The method of dissection of Tranchina,
Gannal and Sucquet was performed by the
author who, after completion, was not satis-
fied with the results because it caused dis-
figurement (1). The author believed that the
only way for conservation to be perfect and
lasting was petrification. Unfortunately, the
author does not mention the technique used
but well distinguishes mummification and
other types of embalming from petrifica-
tion. In this regard, he cites Girolamo Segato
and Paolo Gorini, although he complains
that their techniques were never disclosed
(7, 8). For this reason, we think that Mar-
tone approached this type of preservation of
bodies using a technique based on injections
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of biological liquids with chemical preserva-
tives (9-14).

After all these considerations, Martone
said that he had devoted himself completely
to petrification of cadavers and described
that the corpse, after a few hours of cor-
ruption, in a short time assumed the con-
sistency of stone, indefinitely preserving it-
self without being deformed by dissection.
Finally, the author reports that on February
19", 1889, the corpse of Dr. Giuseppe Picco-
lo was petrified by him, and even though it
was in an advanced state of putrefaction he
managed to preserve the body. It is interest-
ing to report the emotional motivations that
the author describes in the act of preserving
the remains of loved ones.

“Who can deny that we always want to
see a dear deceased person again? Does not
a mother have it on her heart to see the re-
mains of her dead baby or those of her adult
son whose education did not spare her ef-
forts? And would not a son like to look at his
lost parents who in his life were not always
lavish with care and kindness?” (1). “And if
you allow me to express it this way: death
makes us more disgusting, there are more
weaknesses, because we think of the debacle
and putrefaction which the body must un-
dergo, including such pitiful feelings, so for
several years I have studied the great prob-
lem of embalming”.

It is clear that the thoughts expressed by
Martone were born in a time in which peo-
ple lived daily with death. The possibility of
preserving loved ones with all their physical
features could allow the continuity of shar-
ing life with the deceased. Currently, plasti-
nation, developed at the University of Hei-
delberg by the German anatomist Gunther
von Hagens in 1977, replaces water and fats
in anatomical tissues with plastic polymers
(such as resin, silicone and polyester), allow-
ing for the indefinite preservation of bodies
in their entirety, as individual body parts or

as cross-sectional slices of individual body
parts (15).

This revolutionary technique has proven
very helpful for several human and animal
medical disciplines (anatomy, neuroanato-
my, pathology, histology, surgery, etc.) and
the plastinated material is highly valued for
educational purposes, research and educa-
tional display for the public. A plastinated
body can be preserved in perfect condition
for a very long time, challenging the natural
transient condition of the human body. If,
in petrification, we think that the procedure
was carried out without any involvement of
the person and, therefore, without consent,
the strict procedures of plastination ensure
that each body so treated belonged to an
individual who voluntarily left his mortal
remains for scientific purposes. Apart from
the ethical, cultural and legal questions re-
garding respect for the dignity of the de-
ceased and their body (16, 17), plastination
reveals the constant and incessant search of
humanity to arrest, if not the death of the
person, the integrity of the body (18). As
Freud claims, “no one believes in his own
death, or to put the same thing another way,
in the unconscious, every one of us is con-
vinced of his own immortality” (19).

Conclusion

The myth of immortality (to continue to ex-
ist even after the end of our lives) that the
Polish writer Stanistaw Jerzy Lec denounced
in the famous aphorism “The first condition
of immortality is death”, is intensified in the
desire to move to eternity with the solemni-
ty that enhances the dynamism and vitality
of your body, rather than its consumption
under the earth. And yet the vivid immobile
gazes coming from the bodies treated by Dr.
Von Hagens are not very different from what
the mummified or petrified face of a corpse
returns to us.




The images tell us that they were like us
and that we will be like them.

What Is Already Known on this Topic:

Knowledge about petrification of bodies in the second half of
the nineteenth century is very limited. Among the most famous
Italian scientists who worked in this field were Girolamo Segato
and Paolo Gorini.

What this Study Adds:

This study focuses attention on an interesting note on the pet-
rification of corpses, underlining the importance that was still
attributed to the conservation of bodies at the end of the nine-
teenth century.
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Abstract

Carl Ferdinand von Arlt, Ritter von Bergschmidt
(1812-1887) was a pioneer in ophthalmology. The pur-
pose of our paper is to highlight his scientific work. He
did not only introduce new surgical techniques and
invent new instruments in ocular surgery, but also
influenced the development of ophthalmology in the
19 century. He was an excellent and reputable profes-
sor of ophthalmology, and his students became very
respected figures in ophthalmology.

Key Words: Carl Ferdinand von Arlt = Ocular
Surgery ® Innovations * Famous Students.

Introduction

Carl Ferdinand von Arlt, Ritter von Berg-
schmidt (1812-1887) is considered one of
the most important figures in ophthalmolo-

gy from the 19" century (Figure 1). He had a
high reputation among scholars, not only as
an innovative ocular surgeon, but also as an
excellent researcher, whose achievements in-
fluenced the development of ophthalmology.
He was an excellent and renowned professor
of ophthalmology, and his students became
very respected figures in ophthalmology.

The purpose of our paper is to highlight
his scientific work.

Short Biography

Carl Ferdinand von Arlt was born in Horni
Krupka Obergraupen, Bohemia, on April 18"
1812. He was the son of an Austrian black-
smith. He attended elementary and high
school in Leitmeritz, where he met his future
wife, the daughter of his physics teacher. He
initially studied theology, but from 1833 to
1839 he studied medicine at the Karl-Ferdi-
nand-Universitdt, University of Prague. On
30" November 1839 he was appointed Doc-
tor of Medicine and Surgery, and then Mas-
ter of Arts in Ophthalmology. From 1840 to
1842 he was assistant to Johann Nepomuk
Fischer (1777-1847) at the Ophthalmologi-
cal Clinic of Prague. Until 1843 he was an
intern at the Krumauer Kreisphysikate.
After the death of Fischer’s assistant in
the spring of 1844, von Arlt became an ad-
ministrator at Fischer’s clinic. In 1845 he

Copyright © 2019 by the Academy of Sciences and Arts of Bosnia and Herzegovina.



Figure 1. Carl Ferdinand von Arlt, Ritter von Berg-
schmidt (1812-1887). Source: Von Arlt F and Becker
O. Meine Erlebnisse (My Experiences). Wiesbaden;
Bergmann: 1887 p. X).

qualified in ophthalmology, and in 1847 in
pathological anatomy. From 1846 to 1849
he was Associate Professor in the depart-
ment specializing in diseases of the eye at
the University of Prague, and from 1849 to
1856 he was Full Professor in the same de-
partment. In 1856 he moved to the Univer-
sity of Vienna, where he taught as Professor
of Ophthalmology, succeeding Anton von
Rosas (1771-1855), until his retirement in
1883. After he retired he worked as a private
ophthalmologist until his death due to senile
gangrene on 7th March 1887. He had three
children, two daughters, and a son who also
became an ophthalmologist (1).

Publications

Arlt was a prolific writer and his publica-
tions had a significant influence on other
physicians worldwide. Among his works,
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his important treatises on various fields of
ophthalmology stand out. His doctoral the-
sis was presented in 1839 at the University of
Prague under the title: ‘Von Arlt E. Dissertatio
inaug, medica sistens historias Amauroseos
e vitiis organicis cerebri quatuor adnexis si-
milibus, quotquot innotuere autorum varior.
Observationibus. Pragae: Haase’ (Disserta-
tion on Diseases of the Brain, Observations
by the author (2). In 1846 he published his
study: ‘Care for the eyes in healthy and dis-
eased conditions, with a note on eye glasses’
which received an updated edition in 1868
(3). In this study he expressed the idea that
the physician should himself perform the
refraction, not leaving this assignment to
opticians. His main treatise was ‘Eye diseas-
es for practical physicians’ in three volumes,
with the first published in 1850, the second
in 1853 and the third in 1856 (4). In 1876
he published his study, About the causes and
origins of short-sightedness’ (5) and in 1881,
‘Clinical presentation of diseases of the con-
junctiva, cornea and dermis, then the iris
and ciliary body’ (6). In 1875 he published
the study, ‘About eye injuries, with particu-
lar reference to their judicial appraisal’ (6),
which had a French (7) and an English (8)
translation. From 1855 he became joint edi-
tor of Friedrich Wilhelm Ernst Albrecht von
Graefe’s (1828-1870) ‘Archiv fiir Ophthal-
mologie (Ophthalmology Archives)’ In this
series his most celebrated work was his ‘Op-
erationlehre, Graefe-Saemisch, ‘Handbuch
der gesamten Augenheilkunde (Handbook
of collected Ophthalmology), Vol. Ill, Part
2, Leipzig, 1874. He published numerous
articles in various journals such as: ‘Anzei-
ger der k. k. Gesellschaft der Arzte in Wien
(Board of the Society of Physician of Vi-
enna), ‘Mitteilungen des Vereines der Arzte
in Niederdsterreich (Communications of
the Association of Physicians in Lower Aus-
tria), ‘Prager Medizinische Wochenschrift
(Prague Medical Weekly), Prager Viertel-
jahresschrift (Prague quarterly), Wiener
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Medizinische Wochenschrift (Vienna Medi-
cal Weekly), Zeitschrift der k. k. Gesellschaft
der Arzte (Journal of the Society of Physi-
cians)’ (1).

Innovations in Ophthalmology

Arlt presented many innovations in ocular
surgery and ocular clinical practice. It is
important to remember that ophthalmolo-
gists still perform ocular surgeries accord-
ing the surgical techniques Arlt introduced
in order to treat trichiasis and pterygium.
However, surgical techniques have become
less traumatic today. Enucleation to treat se-
rious endophthalmitis or an incurable pain-
ful eye remains an unpleasant surgical pro-
cedure, and Arlts enucleation technique is
still in use. In 1859 he proposed a method
for enucleation of the eye. In this operation
a strabismus hook it is not used, as was ad-
vised at the time after the introduction of
Ferral-Bonnet’s enucleation method, but an
incision on the conjunctiva is made two to
three millimeters behind the limbus, which
is slightly retracted. The surgeon first inter-
sects the lateral and then the medial rectus
but leaving a small stump on the bulb to
serve as a handle. After a cross section of the
superior and the inferior rectus muscles is
made, the bulb is pulled horizontally by the
clamp to either the inner or outer canthus,
and the scissor blades are inserted above the
rear portion of the sclera to the optic nerve,
which is transected with the scissors near
the sclera. The bulb is pulled toward the
rectus muscles, which have not been tran-
sected. The insertion of the oblique is cut, as
the vessels and nerves in the posterior part
of the bulb are also cut. Finally, the insertion
of the last rectus muscle is performed to-
gether with the overlying conjunctiva from
the sclera (9).

Arlt also proposed a method for medial
tarsorrhaphy. According to his method a
narrow strip of skin is resected from around

the inner canthus, with the surgeon paying
attention not to traumatize the underlying
canaliculi, and the edges of this wound are
spliced by fine sutures. After a few days the
sutures are removed (10).

Another form of surgery he developed
was the Jaesche-Arlt operation for trichia-
sis. He further developed a basic operation
which was introduced by Georg Emanuel
Jaesche (1815-1876). As described by Wood,
in this operation: “An intermarginal inci-
sion is made along the whole length of the
lid, following the gray line on the free bor-
der. This incision should be 3 or 4 mm. in
depth, and should be so placed that all the
lashes will be in the anterior layer, which is
separated from the tarsus. A fold of skin is
next removed from the anterior surface of
the lid in the following manner. An incision
is made in the skin parallel to the free bor-
der and about 4 mm from it; above this and
joining it at each end, there is made a curved
incision through the skin, which marks out a
crescentic area of skin that at its widest part
at the middle of the lid is about 8 mm. This
crescentic piece of skin is then dissected off
with blunt pointed scissors or a scalpel, care
being taken not to buttonhole it, and not to
remove the subjacent fibers. The gap pro-
duced by the excision of this piece of skin
is then closed by five or six sutures. The su-
tures are not cut off, but are drawn upwards
to cause the cilia border to take its new posi-
tion higher up on the tarsus, and are secured
to the forehead over the brow by an adhesive
strip..” (11).

Arlts method for excision of pterygium
was considered one of the cleanest methods
for treatment of this ocular pathology. Ac-
cording to his method, a Graefe knife and
broad-toothed forceps are used. The neck of
the pterygium is grasped by the forceps and
cut by the knife. Then the pterygium bed is
cut by small, straight, blunt-pointed scissors.
Two incisions are made with the scissors at
the upper and lower margins of the pterygi-




um. Two others are made, starting from the
end of previous two, also using the scissors,
following the median line near canthus on the
conjunctiva. A quadrilateral piece of the pte-
rygium is thus removed, leaving a similar area
of the sclera to be covered by the conjunctiva
drawn from above and below. A cut is made
under the conjunctiva, in order to avoid ten-
sion, and the wound is stitched (11).

Furthermore, Arlts surgery for treat-
ment of symblepharon was the most com-
mon in use after its introduction. According
to this method, a portion of the adhesion is
grasped with sharp-toothed forceps and dis-
sected using a keen-edged scalpel. Instead of
forceps a double-armed suture may be used.
The adhesion is abscised from the globe by
blunt curved scissors, and the scar tissue is
also removed by two incisions made from
its apex to its base. Then the flap is stitched
with sutures passing out through the entire
thickness of the lids, which are tied over a
small roll of gauze or piece of rubber tub-
ing. The bulbar wound is stitched with silk
sutures (10).

Arlt also modified epicanthus or rhinor-
raphy surgery. He excised the two semilunar
pieces of integument comprising the greater
portion of the epicanthal folds themselves.
Sometimes he also excised a flap, making a
median ellipse from the nose. The sutures
had an X-shaped form. This operation is
also known as lateral rhinorraphy (10).

His innovations in ocular surgery were
not limited to new surgical techniques, but
he also introduced new surgical instruments.
Arlt’s scalpel is a modification of the general
surgeon’s scalpel, having an elongated blade
with a central point. The scalpel is 3.5 cen-
timeters long and at its greatest width 5 to
6 millimeters. This scalpel could be used in
various operations, giving the surgeon great
flexibility, because it could create a pouch at
its point, cut and be inserted to the orbit or
the bulb at many angles.
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Arlt also introduced a new loop for ex-
traction of the lens during a cataract opera-
tion. His loop is elongated and has teeth in
order to facilitate grabbing the lens, whereby
the teeth make it more secure, and to ease the
insertion of the instrument due to its elon-
gated form. However, his best known instru-
ments are the iris scissors. He invented this
instrument for excising a piece of occluding
pupillary membrane and the iris attached to
it. After the initial incision using a keratome,
the instrument is inserted into the anterior
chamber, and when the blades are opened
the iris diaphragm is located between the
two blades. Firm pressure is exerted and the
diaphragm is punched out. Therefore the
instrument has blades like scissors for iri-
dectomy, with a 45 degree inclination, where
the upper blade is blunt and concave on its
inner face, and the lower blade is a slightly
pointed (11).

Arlt also modified the ocular ‘orthoscope
(for revealing the visible fundus oculi a wa-
ter-box was used to neutralize the corneal
curvature) invented by Johann Nepomuk
Czermak (1828-1873). He made it from soft
rubber and he placed glass to one side. The
glass eliminated the corneal curvature and
could be applied close to the eye (12).

Arlt made also his name in the field of
ocular pharmacy by introducing an ointment
as an analgesic and counter-irritant for ocular
inflammations, such as scleritis and iritis, and
for blepharospasm in phlyctenular keratitis.
It was applied three to four times a day and
consisted of 5 grams of unguentum hydrar-
gyri cinerei or ammoniati and 0.5 grams of
belladonnae extract. This ointment was used
more in America than in Germany (13).

Conclusion

Arlt was an ingenious ophthalmologist and
ocular surgeon, and an esteemed profes-
sor of ophthalmology. His name is used for
the linear scar which is present in the sul-
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cus subtarsalis in Chlamydia trachomatis
infection (Arlt’s line), the contagious eye
infection caused by Chlamydia trachomatis
(Arlts syndrome), and the keratic precipi-
tate distributed in the wedge-shaped area
on the inferior corneal endothelium (Arlt’s
triangle). His students were among the most
significant figures in ophthalmology, such
as Friedrich Wilhelm Ernst Albrecht von
Graefe (1828-1870), Otto Heinrich Enoch
Becker (1828-1890), August von Reuss
(1841-1924), Vilmos Schulek (1843-1905),
Hubert Sattler (1844-1928), Otto Bergmeis-
ter (1848-1918), Leopold Konigstein (1850-
1924), Ernst Fuchs (1851-1930), Friedrich
Dimmer (1855-1926) Hans Adler (1843-
1923) and Oskar Heifelder (dates unknown).
Arlt did not live long enough to complete his
autobiography, which was completed and
published after his death by Otto Heinrich
Enoch Becker (1).
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Dear Dr. Tahirovié,

I read the article written by Fuchs and
Tahirovi¢ in the first issue of Acta Medica
Academica in 2019 with great attention (1).
This excellent article about the history of
medicine evaluates the life and enormous,
but brief work of Dr. Anna Bayerova in Tu-
zla, Sarajevo, and Bosnia and Herzegovina.
The interesting fact is that for a quite long
time it was not known precisely who was the
first to start working in Tuzla and Bosnia and
Herzegovina — a Czech or Polish female doc-
tor? A few written documents show that Pol-
ish doctors were the first to start. According to
Azabagi¢ and Prasek-Calczynska, they were
Dr. Teodora Krajewska and Dr. Jadwiga Ol-
szewska (2, 3). According to Karahasanovic,
there was no female doctor in Bosnia and
Herzegovina before Dr. Krajewska arrived in
Tuzla (4). Dr. Anna Bayerova’s time in Bosnia

and Herzegovina was slightly longer than a
year. This is probably the prime reason why
she is not known so well.

In contrast, Fuchs and Tahirovié, as well
as Necas, state that Anna Bayerova was in
fact the first female doctor in Bosnia and
Herzegovina (1, 5). According to Necas, she
was born in Vojtjehovo, near Prague, so per-
haps not in Melnik. She ended her medical
education due to her unfavorable material
situation. Finally, she received her diploma
after submitting her dissertation entitled:
“Uber die Zahlenverhaltnisse der rothen
und weissen Zellen im Blute vom Neuge-
borenen und Sauglingen” (About the ratio of
red and white cells in the blood of newborns
and infants) (5).

After careful analysis of the historical
documents, it is clear that Teodora Krajew-
ska was not the first official female doctor
in Bosnia and Herzegovina. Without any
doubt, Dr. Anna Bayerova was the female
pioneer of medicine in Bosnia and Herze-
govina. Furthermore, Dr. Bayerova had to
promise not to get involved in any sort of
political work in Bosnia and Herzegovina
(6). Her medical work was not solely based
in Tuzla, in fact, it was in Brcko, Gradanica
and Derventa (7). Her success was even a
surprise to the finance minister, Benjamin
Kallay. After Dr. Bayerova heard that her
work had been spoken of positively, she
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wrote: “The news that the administrators in
Vienna are satisfied by my work caught my
attention — I can’t say I was ecstatic. I am so
pleased by the grateful looks of my Muslim
women and by their pleasure at being treat-
ed fairly and honestly, to the point where I
lose interest in everything else” (8).

Key Words: Anna Bayerova = Tuzla = Bosnia and Her-
zegovina.
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