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The members of the Organizing Committee of 7th Socratic Lectures: Saba Battelino,
Vladimira Erjavec, Darja Feizpour, Tjasa Griessler Bulc, Veronika Kralj-Igli¢, Anita
Prelovsek, Anna Romolo, Gitta Schlosser, Dusko Spasovski, Polonca Trebse.

Program of the Socratic Symposium May 7, 2022, 10:00 — 16:00 (Ljubljana time)

10:05 —10:35 Plenary lecture: Dusko Spasovski: Periacetabular osteotomy of hip

10.40 - 12.40 Scientific sections

Section 1: Medicine organized and moderated by Dusko Spasovski and Saba Battelino

10:40 - 10:55

10:55 - 11:10

11:10 - 11:25

11:25 - 11:40

11:40 - 11:55

11:55 - 12:10

12:10 - 12:25

12:25 - 12:40

Borut Kovaci¢, Klemen Strazar, Lenart Zore: Pelvic osteotomies: experience of University Medical
Centre Ljubljana

Honza Pluhar: Biomechanical analysis of periacetabular osteotomy. Preliminary results
Blaz Mav¢ic: The role of hip arthroplasty registries and cohort studies in orthopaedic surgery
Gregor Omejec: New insights into treatment of patients with carpal tunnel syndrome

Nejc Steiner: Surface-based total blood volume calculation for platelet and extracellular
vesicle-rich gel preparation

Domen Vozel: Use of platelet and small cellular particles rich plasma for closure of skull base

Sara Bitenc Zore: Facial nerve reconstructive surgery in otorhinolaryngology and its enhancement by
platelet-rich plasma therapy

Student's examination questions

Section 2: Veterinary Medicine organized and moderated by Vladimira Erjavec

10:40 - 11:00

11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

Naida Kapo: Anthelmintic resistance in gastrointestinal nematodes of ruminants
Tina Gazibari¢: Canine spaying - potential health benefits and risks

Betka Perc: Overview of wound healing differences between dogs and cats
Vladimira Erjavec: Treating burns in cats and in dogs using medical honey

Alenka Nemec Svete: Brachycephalic dogs with brachycephalic obstructive airway syndrome have
increased variability in red blood cell size

Psenica Kovacic: The interweaving neoteny of brachycephalic cats in art, evolution and breeding

Section 3: Ecology organized and moderated by Polonca Trebse and Tjasa Griessler Bulc

10:40 - 11:10
11:10 - 11:40

11:40 - 12: 10

12:10 - 12:40

Franja Prosenc: Automated quantification of microplastics - challenges and opportunities

Ipek Geving, Polonca Trebse, Franja Prosenc: Toxicity assessment of therapeutical peloid mud from
Serbian and Slovenian spas

Lovro Tomazin, Lara Cizmek, Dmitrii Mazur, Polonca Trebse: Determination of N-(3-aminopropyl)-N
dodecylpropane-1,3-diamine with liquid chromatography and UV-Vis detection

Katjusa Mezek, Nicola Rhyner, Theo H.M. Smits, Tjasa Griessler Bulc, Ranka Junge, Nadine

Antenen: Characterization of bacterial communities in green wall systems used for greywater treatment
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Section 4 : Materials organized and moderated by Darja Feizpour

10:40 - 11:10
11:10 - 11:40
11:40 - 12:10
12:10 - 12:40

Zala Jan: Impact of Corundum Ceramic, TiO2 and hydroxy apatite nanoparticles on cell line in  vitro
Niharika Rawat: Fabrication of TiO2 microflowers and their antibacterial effect against E.coli
Tamara Crnko: Additive manufacturing in orthotics and prosthetics

Darja Feizpour: Transmission electron microscopy of biomaterials used in total hip arthroplasty

Section 5 : Small Cellular Particles organized and moderated by Gitta Schlosser

10:40 - 11:00

11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

Darja Bozic: Effect of temperature and systemic force in centrifuge on small celular particle count in
preparations from blood

Samo Penic: Development of sensor for erythrocyte boundary movement during centrifugation

Barbara Setina Batié: Scanning electron microscopy (SEM) and focused ion beam (FIB) for studies of
biological specimens

Marko Jeran: Measurement of size of erythrocyte extracellular vesicles by using scanning electron
microscope images

Gitta Schlosser, Gabriella Gellen, Gabriella Pocsfalvi: Proteome of small cellular particles from
Phaeodactylum tricornutum

Matic Kisovec, Apolonija Bedina Zavec, Marjetka Podobnik, Matej Hocevar, Darja Bozi¢, David
Skufca, Marko Jeran, Ksenija Kogej, Gabriella Pocsfalvi, Ales Igli¢, Veronika Kralj-Igli¢: Electron
microscope images of small cellular particles from blood preparationsTransmission electron microscopy
of small cellular particles from blood preparations

Section 6 : Musicology organized and moderated by Anita PrelovSek

10:40 - 11:00

11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

Nelfi Paliska: Liszt — The funeral tetralogy for Richard Wagner

Anastasia Kolomiets: The titanium 3D Printed Flute: new prospects of additive manufacturing for
musical wind instruments design

Eva Dolinsek: Claudio Monteverdi in Seconda prattica
Tatiana Batyr: J. W. Goethe and music

Nadia Cannata: Had we but world enough and time: Representing linguistic memories (or the matter of
language).

Julija Vladimirovna Petrova: Music in the novel The House of the Dead

Honorary Lectures and Cultural program

13:00-13:20 Andreas Leithner: Medical University of Graz: New technologies in orthopaedics and
trauma. What do we need?

13:20-13:35 Marija Ipavec: Government of the Republic Slovenia: Fulfilling the needs of an above knee
amputee by prosthesis

13:35 Christoph Willibald Gluck: Melodie. Flute: Anita Prelovsek

13:40 Closing of the symposium

16:00 Live: Gettogether at Caffeteria Museum of Architecture and Design, Fuzine castle, Rusjanov
trg 7, Ljubljana
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Editorial

7t International Symposium Socratic Lectures was held online, 7" May 2022. It was attended by about
150 participants whereas Veterinary medicine and Medicine sections had the biggest number of
participants. Symposium was composed of a plenary lecture donated by prof. Dusko Spasovski from
Belgrade, Serbia, six Scientific sections featuring 33 lectures, a poster section with 5 posters and two
honorary lectures donated by prof. Andreas Leithner, Medical University of Graz and dr. Marija Ipavec,
Governament of Republic Slovenia. As always, it was a pleasure to feel concentrated energy bringing

together excellent science and dedicated youth.

Students of the 1% year of Orthotics and prosthetics have entered research by assessing biomechanical
parameters of hips that were operated by periacetabular osteotomy. For that, the students learned the
method HIPSTRESS during the spring semester. They analysed X-ray images of the patients, led by their
colleague Honza Pluhar from Technical University in Prague, who was in Ljubljana 4 months within the
ERASMUS initiative. Mr Pluhar developed tools and tutored the students to be able to become partners

in scientific work. Their effort was topped by meeting with surgeons at the Socratic lectures symposium.

The proceedings features 24 contributions and 5 posters. In the Proceedings Gallery we are thankful to
present illustrations of cats donated by a painter PSenica Kovaci¢ while the frontpage and the image

before the posters were donated by a painter Judit Nyirkos from Budapest, Hungary.

We are happy to see the growth of contents and extent of Socratic Lectures. Our wish has always been
to offer a possibility for active participation to those who wish to contribute and are welcoming ideas for

the future Symposia.

Veronika Kralj-Igli¢ and Anna Romolo
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Pelvic Osteotomies in Children and Adults - Experience of Uni-
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Nowadays, hip dysplasia is recognized and treated mainly conservatively due to good screening
program and early detection. There are still some cases found after first year of life, in later childhood
and in adults. These cases are treated with pelvic osteotomies to improve femoral head coverage and
joint stability and to decrease the hip stress with the final goal to preserve the joint in longer term.
There are three subtypes of pelvic osteotomies. The ones pertaining to first type are redirectional
osteotomies, which are incomplete osteotomies with the aim to reduce overall volume and redirect
the acetabulum by a hinge located between triradiate cartilage and pubic symphysis. This type in-
cludes Salter, Pemberton, Dega and San Diego osteotomies. The osteotomies pertaining to the second
type are reorientational osteotomies, which are complete osteotomies with the aim to reorient the
whole acetabulum. This type includes periacetabular and triple osteotomies. The osteotomies per-
taining to the third type are salvage osteotomies which enlarge the acetabulum and medialise the
hip center in arhritic and/or incongruent joint and are performed in hips in which the reorientational
osteotomy is contraindicated. This type includes shelf and Chiari osteotomies. In University Medical
Centre Ljubljana, most of the above-mentioned osteotomies are being performed, however, yearly
numbers are small. Redirectional osteotomies have been performed for many years in the Pediatric
orthopaedic department and yearly number is under 10 cases. Reorientational osteotomies on young
adults are made through minimally invasive approach for periacetabular osteotomy described by
Soebbale at al. (2015). In selected cases, electromagnetic surgical navigation system is used for more
precise positioning of the acetabular fragment.

Keywords: Hip dysplasia, pelvic osteotomy, periacetabular osteotomy, hip preservation, hip pain
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1. Definition of Hip Dysplasia

Osteoarthritis is the most common idiopathic disease, with many factors identified which
significantly increase the risk of its early onset. Osteoarthritis is defined by thinning and destruction
of the articular cartilage and the deformation of anatomical structures around the joint (Harris, 1986).
Poorly developed hip joint with deviation in size, shape, mutual proportions or orientation of the
acetabulum and femoral head is described as dysplastic hip (Klaue et al., 1991). Hip dysplasia is most
commonly found in a pediatric population, however development of the hip joint continues till the
young adulthood and dysplastic hips can be found also at later age. It is important to know that
untreated or unsuccessfully treated hip dysplasia can eventually lead to cartilage degeneration, pre-
sumably due to the pathologically increased stress on smaller articular surface area within the joint.
The joint is overloaded on the chondrolabral junction which causes labral injury, chondral
delamination and thinning, and rupture of the lig. capitis femoris (lig. teres)(Mavcic et al., 2002).
Therefore, symptomatic hip dysplasia represents an important indication for surgical procedures to
reduce hip joint stress, before ireversible joint changes may happen. This should at least slow down
the pathological processes of the hip cartilage and thereby contribute to functional normalization of
the joint biomechanics (Brand et al., 2002, Hadley et al., 1990, Vengust et al., 2001).

Hip dysplasia can be treated conservatively with splica cast in the first year of age. Later hip
dysplasia treatment depends on the age of the patient and the level of secondary arthritic changes of
the involved hip. In case of well preserved intraarticular cartilage, preservation procedure is
indicated. Different pelvic osteotomies are considered from, depending on the type of hip
deformation and the patient's age. On the other hand, if the osteoarthritic changes are already present
together with intraarticular cartilage damage, pelvic osteotomies may lead to unsatissfactory results
and in such cases preservation procedures are indicated. Hip arthroplasty is the procedure of choice
and is one of the most common surgeries with excellent outcome. However, solution with artificial
hip is still considered inferior to the one with native joint and is indicated in elderly but less optimal
for younger active adults.

Pelvic osteotomies are most commonly indicated in children and in young adults with prearthritic
hip changes. Dysplasia often results due to some underlying dieseases such as developmental
dysplasia of hip (DDH), neuromuscular disorders and Legg-Calve-Perhes disease. All mentioned
disorders produce pathologic forces on the hip joint and pathological development of the hip joint.
Depending of type of deformation and age the choice of the prefered pelvic osteotomy type is made.

2. Types of pelvic osteotomies

There are three subgroups of pelvic osteotomies descibed in the literature. In the first subgroup, there
are redirectional osteotomies with a goal to reduce overall volume and to redirect the acetabulum by
a hinge located at the triradiate cartilage and/or pubic symphysis. In the second subgroup, there are
reorientational osteotomies which tend to reorient the acetabulum. In the third subroup, there are
salvage osteotomies with the aim to enlarge the acetabulum, medialize the center of rotation and
improve the femoral head coverage. The surgical approach for all osteotomies is similar, with the
aim to avoid major vessels, nerves and muscles and to decrease soft tissue trauma to minimum. A
standard anterior bikini incision is used to approach the pelvis and the hip joint. Proximally, the
external oblique muscles are elevated from the iliac crest, and the iliac apophysis is split sharply to
expose both the inner and outer tables of the iliac wing to a necessary extent. Distally, the direct head
of the rectus femoris tendon is detached from the anterior inferior iliac spine, and tagged for later
repair, to expose the hip capsule.

2.1. Salter (innominate) osteotomy

Salter innominate osteotomy was described in 1974 by Salter and Dubos who operated innominate
osteotomy in congenital hip dislocations (Salter and Dubos, 1974). This type of surgery is indicated
for children with congenital hip dislocation which are older that 18 months. Before that age the
preferred treatment is conservative with closed reduction of hip dislocation and casting or bracing
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to promote satisfactory remodeling (Gillingham et al., 1999). Also the bones are not mature enough
for operation (Salter and Dubos, 1974). The upper age limit is estimated to 6 years since in older
children, the joint

inconguency, poor remodeling potential of acetabulum and muscle contractures limit the reduction
of the free fragment. However as long as the hip can be concentrically reduced and with good range
of motion while reduced, children are the candidates. Salter osteotomy is a type of redirectional
osteotomy with the aim to reorientate the acetabulum without changing the joint surface or shape.
After the surgery the patient is immobilized in a hip splica cast for 6 weeks.

The main goal of the Pemberton osteotomy (Pemberton, 1965) is to reorientate the acetabulum
forward and lateral and therefore provide extra coverage of dysplastic anterolateral acetabulum
(Pemberton, 1965; Pemberton,1974) by pericapsular osteotomy around the acetabulum. The surgery
is indicated for children 1 to 14 years old, with congenital subluxation of the hip. Before the age of
one year, the bone is still to immature and the oldest age is defined by triradiate cartilage plasticity
and remodeling potential needed for acetabular displacement (Baki et al., 2016). Postoperatively, hip
spica cast is needed for 6 weeks.

2.2, Dega osteotomy

Dega osteotomy is another redirectional incomplete osteotomy similar to Pemberton osteotomy. It is
most often used in hip dysplasa due to developmental disorders such as spastic cerebral palsy
(Mubarak et al., 1992). It was described by Dega et al to treat developmental dislocations of the hip
with deficient anterolateral coverage. Dega osteotomy is indicated for children between 4 and 16
years of age. This procedure is not recommended for skeletally mature patients. Postoperatively,
patients are mantained in a hip spica cast for 6 weeks.

2.3. San Diego osteotomy

San Diego osteotomy was developed by dr. McNerney (McNerney et al.,, 2000) for treatment of
subluxated hips in children with an open triradiate cartilage in a similar way as Dega osteotomy. It
was developed specifically for hip subluxations which resulted from neuromuscular abnormalities
and is special in a way it combines osteotomy with muscle-tendon lenghtening, open reduction of
the hip with capsulorrhaphy and capsular acetabuloplasy. The aim of the osteotomy is to create
greater posterior acetabular coverage (McNerney et al., 2000). It is indicated in children betweeen 4
and 15 years of age and can also be performed in cases with femoral head inconguity. It is used
mainly for posterolateral acetabular deficiency (Kim et al, 2012). Standard postoperative casting is
necessary.

2.4. Bernese periacetabular osteotomy

Bernese periacetabular osteotomy is indicated in skeletally mature adult patients with symtomatic
acetabular dysplasia. The procedure is also known as periacetabular osteotomy (PAO)(Ganz et al.,
1988). It is a reorientation type of osteotomy which combines ischial, pubic and iliac cuts and
therefore releases the acetabular fragment free which permits considerable correction of version,
lateral coverage and anterior coverage. The ischial osteotomy is incomplete and posterior column is
spared which allows postoperative partial weight bearnig and enables good healing potential. Free
fragment is fixed with 2 or 3 cortical screws. Postoperatively, the patients don't need casting (Millis
et al, 2009; Trousdale et al., 1995).

2.5. Triple (Tonis) osteotomy

Triple (Tonnis) osteotomy is a complete reorientational osteotomy based on Salter inominate
osteotomy to improve restricted movement of the fragment and limited lateralization of the
acetabulum. It is a successful procedure for treatment of complex congenital, neuromuscular and
teratologic hip conditions (Steel, 1973; Rebello et al., 2009). Unlike Salter and Pemberton osteotomies,
three cuts in triple osteotomy allow complete freedom of the acetabular fragment and is used
frequently.

2.6. Shelf osteotomy

Shelf osteotomy is a salvage procedure where bone graft is used to increase the femoral head
coverage instead of cartilage. It is used in hips with acetabular abnormality or aspherical congruity.
Shelf osteotomy was popular in treatment of acetabular dysplasia before reorientation osteotomies
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became more popular and proved more effective (Wainwright D, 1976). After the surgery the spica
cast is indicated. In contrast to reorientation osteotomies, the shelf osteotomy can be performed in a
hip with osteoarhritic changes.

2.7. Chiari osteotomy

Chiari osteotomy is another type of salvage osteotomy descirbed by Chiari (Chiari, 1974) who used
medially displaced cancellus bone of the ilium to improve load distribution pattern in the hip joint.
It is indicated in young adults when reorientation osteotomy is not possible (Morrisy, 2001). Both
shelf and Chiary osteotomies are used in young adults to improve femoral head coverage in slightly
osteoarhritic hips when reorientation osteotomies are contraindicated.

3. Experience of University Medical Centre Ljubljana
In Ljubljana Medical Centre at the Department of Orthopaedic Surgery the osteotomies are made for
many years, however yearly numbers are small and are decreasing.

Redirectional osteotomies are performed at the Pediatric orthopedic department, yearly under 10
cases and mainly for treatment of hips in children with neuromuscular disorders.

Due to good ultrasound screening program of all newborn hips in the 6™ week after birth, the need
for later operative treatment of DDH has considerably decreased. Also the x-ray screening protocol
for hip migration in children with neuromuscular deseases has decreased the number of hip
reconstruction suregeries with pelvic osteotomies.

Some cases which are missed, refractory to conservative treatment or diagnosed to late, still need
operative treatement. Since 2015, reorientational periacetabular osteotomies in young adults have
been done through a minimally invasive transartorial approach described earlier by Soebbale
(Soebbale, 2013). From 2018 on, electromagnetic surgical navigation system for percise positioning
of the free acetabular fragment is applied which shows promising early results (Strazar, 2021).
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Abstract:

Carpal tunnel syndrome (CTS) is caused by median neuropathy at wrist. Clinically is present with
paraesthesia in the first three or four fingers which are more pronounced during the night and at the
morning and are improved by shaking or changing the position of the hand. Diagnosis is made by
clinical examination and confirmed with nerve conduction studies (NCS). Conservative treatment
with wrist splints, physiotherapy and corticosteroid injections are often ineffective or have only
short-term effect. Furthermore, corticosteroids injections known to have potential side effects.
Surgical treatment with open surgery or endoscopic release are only known to have long-term effect.
However, iatrogenic injuries, scar formation, immobilisation and long rehabilitation is frequently
present. Perineural injection therapy with 5% dextrose is highly effective for treatment of patients
with CTS. Nevertheless, studies showed only short-term effect. For long-term effect, surgical treat-
ment is advised. US guided minimally invasive carpal tunnel release is promising approach into
treatment of patients with CTS with many advantages. It is true US guided procedure, it offers iden-
tification of key anatomical structures, only local anaesthesia is required, no tourniquet, immobilisa-
tion, wound or sutures or scar formation is present. Therefore, perineural injection therapy with 5%
dextrose for short-term effect and US guided minimally invasive carpal tunnel release for long-term
effect is recommended.

Keywords: Carpal tunnel syndrome; Treatment; Perineural injection; 5% dextrose; US guided mini-
mally invasive carpal tunnel release
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1. Introduction

Carpal tunnel syndrome (CTS) is caused by compression of the median nerve at wrist (Olney, 2001).
The reported prevalence and incidence of CTS vary widely according to the diagnostic criteria used
in different studies. According to some estimations one in ten people develop clinical signs and
symptoms of CTS (Quality Standards Subcommittee of the American Academy of Neurology, 1993).
CTS mostly affect women with mean age at diagnosis 50 years. However, these data are based on
patients who self-referred to a neurophysiological laboratory or clinic and are therefore intrinsically
biased (Stevens, 1997; Jablecki et al., 1993). Results of a postal survey of 3000 individuals randomly
selected from the general population register of southern Sweden showed that the prevalence of CTS
was similar in men and women with male to female ratio 1:1.4) (Atroshi et al., 1999). However, prev-
alence was highest in women aged 65-74 years and the prevalence in women was almost four times
higher than in men (5.1% vs 1.3%, respectively). Suspected risk factors include diabetes mellitus,
menopause, hypothyroidism, obesity, arthritis, and pregnancy (Shiri, 2014; Padua et al., 2010; Pour-
memari and Shiri, 2016; Shiri et al., 2015).

The importance of clinical presentation is demonstrated by the fact that the long-accepted gold stand-
ard for diagnosis is a comprehensive and accurate clinical history along with the exclusion of other
possible causes. The CTS is characterized by intermittent, nocturnal paraesthesias and dysaesthesias
that increase in frequency during waking hours (Padua et al., 1999). Subsequently, loss of sensation
develops along with weakness and thenar muscle atrophy later in the disease course, which result
from extensive axonal degeneration (Padua et al., 1999). This sequence of symptoms is quite typical,
rarely occurring in disorders other than CTS. Tinel’s sign and Phalen’s maneuver are popular diag-
nostic tests. Results are deemed positive when symptoms are evoked by percussion of the median
nerve at the wrist or by forced compressive wrist posture for 1 min, respectively (Briiske et al., 2002).
Although these tests are widely used because of ease of performance, their sensitivity and specificity
are widely debated. Sensitivity ranges from 42% to 85% for Phalen’s maneuver and from 38% to
100% for Tinel’s test; specificity ranges from 54% to 98% and from 55% to 100%, respectively (Briiske
et al., 2002).

Diagnosis is usually made by clinical examination with presence of typical CTS symptoms. Abnor-
mal findings have lower sensitivity (Mackinnon et al, 2000) but higher specificity (Mackinnon et al,
2000; Gomes et al., 2006) in comparison to symptoms. Clinical diagnosis is confirmed with electrodi-
agnostic testing (i.e., nerve conduction studies). Extensive work by three US scientific societies (the
American Academy of Neurology, the American Association of Electrodiagnostic Medicine and the
American Academy of Physical Medicine and Rehabilitation) have provided physicians with recom-
mendations for electrophysiological testing. These recommendations suggest performing median
sensory and motor nerve conduction studies across the wrist and in case of normal tests performing
comparative, segmental, or comparative and segmental tests, which have been shown to have high
sensitivity and specificity (80-90% and >95%, respectively) (Jablecki et al., 2002). When clinical signs
are present without electrodiagnostic abnormalities CTS is functionally mild, although there might
be severe symptoms.

Various non-surgical treatments are available for management of CTS. The first choice should in-
clude patient’s education (Huisstede et al., 2014). Changes in habits (eg, limitation of wrist movement
and reduction of heavy work activities) should be considered and the use of ergonomically friendly
work tools can be useful in reducing median nerve stress. However, there is little adequate evidence
about the success of this approach. For example, the effectiveness of ergonomic keyboards in the
treatment of CTS is unknown (Buchan and Amirfeyz, 2013; O’Connor et al., 2012). Apart from these
interventions, patients should be informed about the standard surgical and non-surgical strategies
for treating CTS. Surgical treatment consists of releasing transverse carpal ligament with open sur-
gery or minimally invasive procedures (i.e. endoscopic technique).

2. Non-surgical treatment

Different methods of laser therapy exist. This term encompasses several approaches. Laser therapy
is able to improve function, symptoms, and electrodiagnostic measures in short-term. Results of a
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randomized controlled study showed that laser treatment is more effective than placebo, especially
if it is used in patients with mild to moderate CTS (Lazovic et al., 2014). In another study use of the
galliumaluminium-arsenide laser with wrist splint showed higher efficacy than placebo laser ther-
apy with wrist splint, especially in improvement of hand grip strength up to 3 months after treatment
(Fusakul et al., 2014). However, results of another randomized trial (Tascioglu et al., 2012) showed
that laser therapy was not more effective than placebo. Several studies have compared laser therapy
with other non-surgical treatments. In a randomised controlled trial comparing laser therapy with
fascial manipulation, laser therapy provided transient, short-term pain relief, whereas fascial manip-
ulation showed pain improvement and function (BCTQ) over a longer time period (>3 months)
(Pratelli et al., 2015). In another study, high-intensity laser therapy was compared with TENS. Find-
ings showed that laser therapy was more effective than TENS (Casale et al., 2013). In a study com-
paring low-level laser therapy with magnetic field therapies, the effectiveness of the techniques in
reducing pain was shown to be similar (Dakowicz et al., 2011).

Local corticosteroid injections are commonly used to treat CTS. The rationale for the use of this treat-
ment is the ability of corticosteroids to reduce edema and improving the spatial relation between the
carpal tunnel, median nerve and tendons. In a randomized trial of 111 patients (Atroshi et al., 2013)
methylprednisolone (80 mg or 40 mg) injection into the carpal tunnel was more effective than pla-
cebo, reducing symptoms severity and rate of surgery at 1 year. However, the effectiveness of corti-
costeroid injections for halting disease progression was limited, because in this study three-quarters
of patients had surgery within 1 year. The preferred site for local corticosteroid injection has been
assessed. In a comparison of distal (palmar) with proximal (wrist) needle insertion, the palmar ap-
proach proved less painful. However, no differences were observed in nerve conduction studies
(Kamanli et al., 2011). Furthermore, corticosteroid injection with the use of US guidance is better than
blind administration and reduces the time to symptom resolution, even if it is more expensive (Lee
at al., 2014; Makhlouf et al., 2014; Ustiin et al., 2013; Kim et al., 2013).

Regarding non-invasive methods of local corticosteroid administration, a comparison of phonopho-
resis and iontophoresis of dexamethasone sodium phosphate showed that phonophoresis was more
effective in improving symptoms and hand function (Bakhtiary et al., 2013). Phonophoresis with
dexamethasone combined with splint use has been shown to provide better symptom relief than
iontophoresis with dexamethasone combined with splint use or splint use alone (Gurcay et al., 2012).
Corticosteroid therapy has been compared with other drugs. By use of phonophoresis for local ad-
ministration, corticosteroids led to greater reductions in nerve dimensions than did non-steroidal
anti-inflammatory drugs and splint use alone in patients with CTS (Soyupek et al., 2012). Triamcin-
olone acetonide injection and procaine hydrochloride injection were more effective than placebo,
and the effectiveness of procaine hydrochloride was similar to that of triamcinolone acetonide (Kar-
adas et al., 2011; Karadas et al., 2012). A comparison between 17-a-hydroxyprogesterone caproate
and corticosteroid showed that both treatments were efficacious, but only patients treated with 17-
a-hydroxyprogesterone caproate continued to have symptom relief after 3 months (Ginanneschi et
al., 2012). Corticosteroid injection has also been compared with extracorporeal shock wave therapy,
which uses acoustic waves to produce transient pressure increases in tissues with no damaging ef-
fects. No difference in symptoms or electrophysiological outcomes was seen between the two treat-
ments (Seok et al., 2013).

Non-steroidal drugs have been assessed as an alternative treatment for CTS. Palmitoylethanolamide
improved median nerve motor latency, reduced the proportion of patients with positive Tinel’s sign
and reduced symptoms of discomfort compared with placebo. However, further studies are needed
to substantiate these results (Conigliaro et al., 2011). Gabapentin was no more effective than placebo
in reducing pain, numbness, paraesthesia, weakness or clumsiness or nocturnal awakening in a ran-
domized controlled trial (Hui et al., 2011). Repetitive local injection of lidocaine resulted in symptom
reduction and electrophysiological improvement compared with single injection (Akarsu et al.,
2015).

Therapeutic US is a treatment approach based on the hypothesis that mechanical waves interacting
with the tissues of the carpal tunnel (including the median nerve) will reduce inflammation. No clear
evidence about the effectiveness of therapeutic US exists, but the reported results are similar to those
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obtained with placebo and other non-surgical therapies (splint, exercises, oral pharmacotherapy)
(Bakilan et al., 2014; Page et al., 2013; Page et al., 2012; Yildiz et al., 2011). However, findings from a
randomized trial (Chang et al., 2014) suggest that US therapy is more effective than paraffin therapy.

Musculoskeletal manipulation is widely used. This approach includes massage, exercise and mobi-
lization of the wrist joint. Another important non-surgical approach is the use of splints. These meth-
ods are designed to reduce the mechanical stress due to the contact between the median nerve and
the surrounding tissues of the carpal tunnel. The possible mechanism of splinting and gliding exer-
cises is edema reduction (Schmid et al., 2012). The use of a splint for 8 weeks combined with a formal
education program improved hand function and reduced symptom severity compared with no in-
tervention (Hall et al., 2013). However, a meta-analysis has shown that sufficient evidence does not
yet exist to confirm the clinical usefulness of splints, its efficacy in comparison with other treatments
or the efficacy of nocturnal splints (Page et al., 2012). A combination of splints and lumbrical stretches
was shown to be more effective than splints and general stretches in terms of symptom severity and
functional score, but further studies of this combination are needed (Baker et al., 2012). Although the
use of stretches and splints might temporarily improve muscle deficits, residual strength impair-
ments can remain 4 weeks later (Baker et al., 2013). The Madenci massage technique (30-60 s cycles
of effleurage, friction, petrissage, shaking, and repeated effleurage) has been shown to be more ef-
fective than use of splints alone in a single study (Madenci et al., 2012). However, little evidence
exists about the effectiveness of exercise and mobilization of carpal tunnel structures (Page et al.,
2012). A combination of tendon gliding exercises and splint and paraffin therapy might be better
than conventional treatments alone or in combination with median nerve gliding exercises (Horng
etal., 2011).

Other non-surgical treatments have been assessed in patients with CTS. Linseed oil might provide
mild or moderate improvement in symptoms severity and functional scores and median nerve con-
duction velocity, as assessed in a randomised trial (Hashempur et al., 2014). Acupuncture was not
better than placebo for treatment of CTS, but it has been shown to improve electrophysiological
measures and reduce symptom severity compared with prednisolone (Yao et al., 2012; Yang et al.,
2011). The effect of acupuncture was assessed in a systematic review that showed encouraging, but
not convincing results (Sim et al., 2011). Eremostachys laciniata ointment, an extract of a plant in the
Lamiaceae family used in Persian traditional medicine as an anti-inflammatory and analgesic was
compared with placebo ointment. However, splints were used in both groups. Treatment with E
laciniata ointment resulted in improvements in pain perception and palmar prehension. Further
studies are needed to confirm these findings and to understand long-term effects of this treatment
(Eftekharsadat et al., 2011). Interferential current therapy (i.e., a low frequency electrical nerve stim-
ulation) resulted in function improvement, symptom severity and electrophysiological measures
compared with TENS and splint use (Koca et al., 2014). Local microwave hyperthermia was more
effective than sham therapy at providing short-term improvements in pain and function in patients
with carpal tunnel syndrome (Frasca et al., 2011).

2.2.  Perineural injection therapy with 5% dextrose

Wu et al. (2017) used a single ultrasound-guided perineural injection therapy (PIT) with 5 mL dex-
trose water (D5W) for treating mild-to-moderate CTS in a randomized, double-blind study. They
located the injection site at the proximal inlet of the carpal tunnel via short-axis ulnar approach to
simultaneously hydro dissect the subsynovial connective tissue (SSCT) and flexor retinaculum from
the median nerve. The results showed significant improvement in symptoms, results of the electro-
physiological study and CSA of the nerve persisting for at least 6 months compared to normal saline
injection. Moreover, they also ratified PIT with 5 mL D5W being superior to corticosteroid injection
(3 mL triamcinolone (10 mg/mL) mixed with 2 mL normal saline) at four to six months post injection
to reduce symptoms and disability (Wu et al., 2018). Likewise, they retrospectively found that body
height and sensory nerve conduction velocity of the median nerve were risk factors for poor out-
comes after PIT with D5W in patients with mild-to-moderate CTS. Moreover, the sensory nerve con-
duction velocity of the median nerve was found to be an independent prognostic factor of poor out-
come (Ho et al., 2021). Nevertheless, the electrophysiological study presented a limited diagnosis of
CTS with varied sensitivity (56% to 85%) and specificity (94% to 96%) (Witt et al., 2004; Jablecki et
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al.,, 2002). For example, Martin-Gruber anastomoses may lead to misinterpretation or erroneous re-
sults during routine nerve conduction studies in patients with CTS (Di Stefano et al., 2021). Hence,
underestimation of CTS severity may be attributed to the failure in proficient diagnosis. This would
also be reflected as conflicting results in clinical trials on CTS. Recently, Lin et al. (2020) designed a
randomized, double-blinded, three-arm trial and ultrasound-guided PIT with DSW via short-axis
radial approach to simultaneously dissect the median nerve from the SSCT and flexor retinaculum.
The results showed that the 4 mL D5W group had superior efficacy to 1 and 2 mL D5W in symptom
relief and functional improvement at the 1, 4 and 12 weeks post injection. Moreover, their extended
study revealed that PIT with a higher volume of D5W also enhanced nerve mobility and reduced the
CSA of the median nerve (Lin et al., 2021). The long-term effect of PIT with D5W on CTS was also
satisfactory and safe, based on the latest study. Li et al. (2021) retrospectively traced 185 patients
with all grades of CTS who underwent ultrasound-guided PIT with 10 mL D5W using an initial
short-axis injection with subsequent long-axis injection with a follow-up period of at least 1 year
after the last injection (mean 1-3 years follow-up). The results revealed that 89% of the patients
showed an effective outcome (symptom relief > 50% compared to baseline), while 63% of patients
showed an excellent outcome (symptom relief > 70% compared to baseline) after a mean of 2.2 injec-
tions, and there were no complications in any of the patients. Moreover, only two patients ultimately
underwent surgery after the failure of injection therapy to cure the condition. In addition, 80% of the
patients (12 of 15 patients) had a surgical failure or post-surgery recurrence and had an effective
outcome. Additionally, the outcome is considerably related to severity grade because the severe
grade is associated with poor outcome compared to mild-to-moderate grade. A mean of 1.7, 2.4, and
2.6 injections was required to achieve an effective outcome in mild, moderate, and severe CTS, re-
spectively (Li et al., 2021).

3. Surgical treatment

Surgical decompression can be done by a traditional open technique (long longitudinal wrist incision
and direct visualization of transverse carpal ligament), a minimally invasive approach (short wrist
incision) or endoscopic technique. Studies have shown no significant difference between open and
endoscopic release (Atroshi et al., 2015; Sayegh and Strauch, 2015; Michelotti et al., 2014; Vasiliadis
et al., 2014; Chen et al., 2014; Larsen et al., 2013; Aslani et al., 2012). However, endoscopic technique
shows a shorter postoperative recovery period, reduced scar tenderness and allows earlier return to
work than the open technique (Atroshi et al., 2015; Sayegh and Strauch, 2015; Michelotti et al., 2014;
Vasiliadis et al., 2014; Chen et al., 2014; Larsen et al., 2013; Aslani et al., 2012). However, endoscopic
release is more expensive (Sabesan et al., 2012) and is associated with higher rates of transient and
nerve damage (Sayegh and Strauch, 2015). Findings from a metaanalysis (Vasiliadis et al., 2014) sug-
gest that endoscopic release is associated with fewer minor complications (such as scar pain and
infection) compared with open carpal tunnel release, with similar rates of major complications
(mainly complex regional pain syndrome) (Vasiliadis et al., 2014). Differences in outcome might be
dependent on the expertise of the performing surgeon (Sabesan et al., 2012). In one study (Michelotti
et al., 2014) the two techniques were compared in patients with bilateral CTS; each patient received
both techniques, one in each hand. Although there were no differences between techniques in terms
of functional outcomes, patients preferred the endoscopic approach, as shown by significantly higher
overall satisfaction scores. Different open carpal tunnel release techniques are available and have
shown similar effectiveness (Crnkovic et al., 2014). Z-type lengthening of the transverse carpal liga-
ment results in significant improvement in function and satisfaction score compared with a standard
open technique (Xu et al., 2011). Minimally invasive techniques, compared with the standard open
approach seem to provide better outcomes (fewer complications, higher patient satisfaction, im-
provement in symptoms, results of Tinel’s, Phalen’s, and compression tests, electrodiagnostic assess-
ment, grasp strength assessment, and time to recover ability to perform personal tasks) (Aslani et al,
2012; Elsharif et al.,, 2014; Taralo et al., 2014). A meta-analysis (Sanati et al., 2011) showed that the
minimally invasive approach versus open carpal tunnel release allowed an early return to work.
Further investigations are needed to recommend the best approach. Surgical complications of carpal
tunnel release are reported to occur in 1-25% of patients (Soltani et al., 2014). The incidence of serious
complications consisting of structural damage to nerves, arteries, or tendons is no more than 0.5%
(0.5% for open carpal tunnel release and 0.19% for endoscopic methods) (Benson et al., 2006). One
potential severe complication of carpal tunnel operations is complex regional pain syndrome, which
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presents as hand pain, increased sweating and vasomotor instability. Complex regional pain syn-
drome complicates recovery, delays return to work, causes deterioration of health-related quality of
life and increases the probability of poor outcomes and litigation. Its incidence after carpal tunnel
release varies from 2.1% to 5%. Early diagnosis and treatment of complex regional pain syndrome is
essential for optimizing patient outcomes. Other complications of carpal tunnel release are scar ten-
derness, pillar pain (tenderness close to the ligament release), transient neuropraxia, and reoperation
(with little difference between open and endoscopic carpal tunnel release) (Sayegh et al., 2015). Re-
garding the postsurgical phase, there is limited low quality evidence for the benefit of postoperative
rehabilitation interventions (Peters et al., 2016).

As previously described, the literature shows that both non-surgical therapies and surgical interven-
tion have clinical benefit in CTS. In a randomised trial comparing local corticosteroid injection with
surgical decompression, both treatments were similarly effective at alleviating symptoms, with cor-
ticosteroids being more effective in short-term follow up (3 months), and surgical release having
additional benefit for symptom resolution in the long term (2-year follow-up) (Ly-Pen et al., 2012).
There is evidence that clinical outcomes significantly improve after decompressive surgery and sev-
eral non-surgical treatments (e.g., splints and low-level laser therapy), but decompressive surgery
shows a higher long-term effectiveness (Shi Q et al., 2011). Surgery is also more effective than non-
surgical treatment at improving electrophysiological measures (Andreu et al., 2014). Furthermore, a
systematic review reported in 2011 that surgical carpal tunnel release is two times more likely to
result in normal nerve conduction findings and resolution of symptoms after 6 and 12 months than
non-surgical treatment (Shi Q et al., 2011).

3.1 US guided minimally invasive carpal tunnel release

Technological advances have led to the use of US guidance to improve CTS therapy. US determina-
tion of the relative position of the flexor retinaculum (FR) with the neural and vascular structures in
relation to the bony landmarks correlates well with the actual anatomy (Chern et al., 2009). The lo-
cation of a “safe-zone” between the median nerve and the ulnar artery for the transection has been
clearly demonstrated (Chern et al., 2009). Echographic localization of the target structures facilities
safe and efficacious resection of the FR. Recent anatomical and clinical studies suggest that complete
release of the nerve is possible by transection of only the deep fibers of the FR without cutting the
superficial fibers (Stecco et al., 2010). The latter only amounts to a reinforcement that is well differ-
entiatable histologically. This superficial layer is more richly innervated, and sparing it by not tran-
secting it -as a result of the use of US surgery should allow local postoperative pain to be avoided.
Nakamichi (1997) proposed making use of US guidance during the conventional surgical interven-
tion (Nakamichi and Tachibana, 1997). Over time, several teams were able to show that it is possible
to perform the whole procedure with ultrasound guidance only (Osterman et al., 2012; jain et al.,
2014; Sayegh and Strauch, 2015; Nakamichi and Tachibana, 1997; Capa-Grasa et al, 2014; Rojo-Ma-
naute et al.,, 2016). The foremost justification for the development of this new technique is its mini-
mally invasive nature. An open surgery or limited approach requires an opening of more than 4-5
cm, mini-open surgery involves an incision of 2 cm, and endoscopic treatment employs an opening
of 1 to 2 cm. US surgery allows for an incision that is up to ten times smaller, ranging from 0.1 to 0.5
cm. Comparison of surgical procedures in terms of the size of the approach route indicates that the
smaller the incision the shorter the return to work time. Not surprisingly, the esthetic and functional
consequences of the surgical scar are also more limited with a smaller incision. Indeed, Jugovac et
al. (2002) observed that compared to a conventional open approach, a mini-open incision decreased
the return to work time by half (i.e. 15 days versus 30 days). US surgery therefore appears to combine
a decrease in size of the incision with an excellent surgical field of view by continuous image-based
guidance.
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Abstract:

Postural control is a complex process involving sensory inputs from visual, vestibular,
proprioceptive and tactile receptors, processed by the central nervous system (CNS). Sensory
information provided by muscle and cutaneous afferents in the foot optimize the ability to stand
upright and control the postural sway. The foot, as a direct and often only interface between the
body and the ground, constitutes an essential functional whole participating in mechanisms of
postural control and regulation, allowing the body to sense and interact with the surrounding
environment. Among many somatosensory stimulations designed to improve balance, wearing shoe
insoles presents one of the easiest and most cost-effective ways. This method can be used both
amongst elderly population for fall prevention and amongst athletes to reach better performance
and furthermore prevent injuries. With the growing interest in insole use, several prototypes have
been developed to monitor movement during day to day use. For therapeutic purposes, the type of
insoles used in the studies was often not clarified, and the term insole was used as a general term.The
proposed theme of the discussion is to review already existing data on insole use for treatment of
postural balance.

Keywords: Postural control; Postural sway balance; Insoles; Foot stimulation
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1. Postural control

Postural control is a complex process involving sensory inputs from visual, vestibular,
proprioceptive and tactile receptors, processed by the central nervous system (CNS). Afferent
information received from these sources allows for an internal representation of the body’s position
and location in space. Postural control may be defined as the act of achieving, maintaining or
restoring a state of balance during posture or activity (Pollock et al., 2000). It comprises of a
combination of active mechanical control,characterized by a neural regulation of skeletal muscles
responsible for sway detection and postural correction; and passive mechanical control, which refers
to the stiffness and kinematic properties of the joints, as well as the effect exerted on them by gravity
(Bauby and Kuo, 2000). When balance is threatened by either an external or internal perturbation,
CNS initiates appropriate muscular response (Samuel et al, 2015). This is accomplished by
comparing the collated afferent information to the internal model (expected state), thus eliciting a
motor response, which maintains the center of mass within the limits of stability (Mancini and
Horak, 2010). Due to a high center of mass over a relatively small base of support, maintaining an
upright balance can be difficult for humans. Even while standing statically (often termed quiet
standing), the body produces small amounts of sway (Peterka, 2002). These postural movements are
an indicator of displacement and motor corrections to maintain the body segments in equilibrium.
Consequently postural control requires constant conscious and subconscious regulation of postural
sway to manage balance and achieve postural stability (Pruszynski and Johansson, 2014). These
movements of regulation can be performed particularly by cutaneous plantar informations arising
from the feet. (Inglis et al.,2002).

2. Cutaneous plantar feedback

The foot constitutes a functional whole that participates in the mechanisms of postural control and
regulation. As a direct and often only interface between the body and the ground it allows the body
to sense and interact with the surrounding environment (Kavounoudias et al.,1999). Sensory infor-
mation provided by muscle and cutaneous afferents in the foot contribute to optimize the ability to
stand upright and control the postural sway to detect both position and motion of the body in space.
This ability results from coordination between the somatosensory afferent system and the motor
system, which controls muscular activity and pressure exerted by the feet. Somatosensory feedback
arises from a variety of sources, most notably the cutaneous mechanoreceptors in the skin and mus-
cle spindle endings found within most of the skeletal muscles,together providing tactile and propri-
oceptive feedback. Plantar cutaneous afferents transmit spatial and temporal feedback concerning
the pressure variations and skin stretch exerted on the soles of the feet (Vallbo and Johansson, 1984).
This cutaneous feedback is provided by four classes of low threshold mechanoreceptors (Abraira
and Ginty, 2013). They are highly sensitive toforces applied to the sole of the foot and demonstrate
adaptive and receptive ground properties (Priplata et al., 2003). They are activated by moderate me-
chanical stimuli and encode reversible deformations of the skin induced by pressure, vibration or
stretch (Zehr et al.,, 2001). Fast adapting type I (Meissner) and type II (Pacinian) afferent fibers are
sensitive to dynamic stimuli; their activation evokes perception of fluttering and vibration. In con-
trast, slowly-adapting type I (Merkel discs) and type II (Ruffini endings) afferents respond to stretch-
ing of the skin. Their activation allows perception of pressure and movement of the skin (Macefield
et al.,, 2009). The distribution, density and variety of cutaneous receptors indicates that the role of the
feet is not only important for supporting the body, distributing plantar pressure and absorbing im-
pacts from the ground but it also plays a vital role in controlling postural adjustments for maintain-
ing an erect standing posture (Kavounoudias et al.,1999). It has in fact been shown that reducing
information from receptors located in the skin through cooling foot sole, anesthesia, ischemia condi-
tions and/or eliminating sensory information is associated with an increase in postural sway under
perturbed postural responses (Palazzo et al., 2021). Controversially, stimulation of the foot sole,
through the modulation of load of lower limbs and the positioning of feet, could lead to an improve-
ment of balance (Zehr et al., 2014).

3. Somatosensory stimulations to improve postural control
Among various available interventions, one of the easiest and most cost-effective ways to solve prob-

lems foot disorders is wearing insoles (Iglesias et al., 2012). Insoles are commonly used to treat foot
disorders. The use offoot orthotics is very old and insoles have (historically) been usedeither for
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comfort or correction of deformities due to the feet characteristics of each individual, or to relieve
pain caused by daily or sports activities (Laperiere et al.,2006; Sobel et al., 2001). Presently, pre-
scription of these orthotics is no longer limited to correction of flat feet as it has been in the beginning.
available literature describes the use of insoles in the elderly for fall prevention, the use of functional
and proprioceptive insoles in patients with neurological disorders, and postural insoles for postural
correction. In addition, insoles are often prescribed for patients with diabetic neuropathies or to ath-
letes to either achive better performances or prevent injuries (Elraiyah et al.,2016). With the grow-
ing interest in daily activity monitoring, several insole designs have been developed to identify pos-
tures, detect activities and count steps. However, the validity of these devices is not clearly estab-
lished (Ngueleu et al., 2019). In recent years, studies have demonstrated that by using various stim-
ulation methods, additional somatosensory input has positive effects on postural control. These find-
ings confirm that mechanical stimulation of the plantar sole has an impact on the mechanoreceptors
of the feet, which helps in upright standing. Nevertheless, the effect of mechanical stimulation on
postural control by using insoles still remains unclear (Viseux et al.,2019). with a rapidly growing
body of evidence in research literature defining the most effective insole type intervention is becom-
ing more and more challenging. Insole types can be categorized as electrical and non electrical de-
vices or also as (a) orthopedic, (b) vibrating, and (c) textured (Viseux et al.,2019).

3.1 Non electrical stimulation

Sensory feedback from the foot can be facilitated by non-electrical stimulation of plantar mechano-
receptors by using orthopedic devices, skin indentation, textured or different thickness material sur-
faces and by focal activation with additional thickness. Orthopedic insoles with arch supports, lateral
wedge, metatarsal pads, and heel cups are conventionally prescribed to correct/compensate foot de-
formity and relieve pain (Watanabe and Okubo, 1981). They change the contact area between the
foot and support surfaces and redistribute plantar loading. Such designs may provide supplemental
information to users about the relative position of the foot on the ground during walking (Perry et
al., 2008). In population with significant foot deformation, it may be difficult to wear a conventional
shoe and customized insoles may be required. The skin stimulation by indentation produces delicate
pressure changes under the feet, inducing a sensation of changing pressure under the feet with no
sensation of body position change. an observed barely present postural response represents a pro-
tection responsereducing pressure to the foot when the skin indentation increases. consequently,
information deriving from cutaneous receptors of the foot could provide information about proper-
ties of the support surface and its contact with the foot (Takata et al., 2016). Textured insoles are
another type of insole that often vary in shape and structure. they can be small and flexible or semi-
rigid with different density shaped pyramids or spheric knots. The stiffness and textures of insoles
influence mechanical stimulation of the plantar foot and affect postural stability. thus, adding vari-
ous textures to insoles has been demonstrated to increase sensory afferent feedback via enhanced
tactile stimulation of plantar cutaneous mechanoreceptors (Hatton et al., 2012). Specific focal sole
stimulation, for example, showed that adding additional thickness (3 mm) coin-shaped piece of alu-
minum placed under the sole induced an increase in activation of the plantar flexor musculature and
consequentely confirmed predictable postural reactions (Kavonoundias et al., 2009; Hijamans et al.,
2007).

3.2 Electrical stimulation

Stimulation of the plantar surface of the foot can be achieved by incorporating vibration devices.
Stimulation of cutaneous receptors increases afferent feedback and may, therefore, decreas reaction
time. Ideally, the CoP moves trough plantar surface stimulating high sensitivity cutaneous receptors
without excessive pressure, causing postural corrections to occur faster when balance is lost. (Wei et
al.,, 2012). Application of vibration insoles is commonly used to activate low-threshold cutaneous
afferents receptors. The subsensory noise signal amplifies tactile input, such as change in pressure
distribution under the sole of the foot, resulting in earlier detection of pressure changes (Wang and
Yang, 2001). In this field researchers have used different types of vibration inputs, at0%, 85% and
90% of plantar sensory threshold values and have tested both static and dynamic balance (Wang and
Yang, 2001). Collins et al., (1996) postulate that delivering subsensory noise (white noise) through
vibratory tactors (piezo-electric actuators) placed underneath the forefoot and heel regions, lead to
earlier detection of changes in foot pressure and, therefore, earlier corrective postural responses. It
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is not known yet, whether less precise noise levels between 70 and 90% of the sensory threshold
would yield similar results, or whether the threshold changes throughout the day require repeated
modifications of different noise setting amplitudes to remain effective during prolonged use (Wang
and Yang, 2001).The phenomenon of Stochastic Resonance (SR) has been observed in a variety of
physiological systems. It is also present in our body's somatosensory system where the presence of
a sub-sensory threshold noise could enhance the system's response to weaker signals
(Santhiranayagam et al., 2015). Imperceptible (subsensory) vibratory noise applied to the feet can
improve balance especially in elderly subjects and patients with neuropathic diseases rather then in
healthy young people. Mostly it depends of different foot sensory perception conditions. Another
technological advancement is the ongoing development of digital gait analysis, which focuses on
using body mounted inertial measurement units (IMU). These sensors mounted in the insole are able
to measure angular velocity, linear acceleration, foot pressure etc. using Bluetooth, this data can be
transmitted to any Android device, creating the potential for online data management, including
mass data storage and automatic recording of personal gait data. Due to complex noise filtering, one
of the most prominent difficulties in utilizing IMUs for gait monitoring remains deriving position-
time data (Santhiranayagam et al., 2015).

4. Conclusions

The relationship between improvements of balance and facilitation of sensory feedback related to
the activation of plantar cutaneous mechanoreceptors using insoles, due to a variety of therapeutic
benefits, provides an interesting perspective for clinical application. In the studies reviewed, the type
of insoles used as a therapeutic resource is often not clarified and a general term “insole” is used to
describe insoles that can vary in type of material, form of evaluation or the form of customization
used. The most commonly cited terms include “customized insoles”, “prefabricated insoles” or
“sham insoles.”, resulting in magnetic insoles, vibrating insoles and all other forms of insoles all
receiving the same interpretation, causing great confusion and doubts amongst clinicians and re-
searchers (Mendes et al., 2020). Nevertheless, the future research goals are to investigate the effects
of insole use step by step. The goal is to find and standardize the approach to propper evaluation of
the insoles effects on specific tested populations. The importance of this lies in foot orthoses having
both positive and negative effects on the detection of tactile input from the bottom of the foot. Soft
soles can distribute pressure over the soles of the foot, which has a positive effect on pain, but it may
also result in a deterioration of the detection of pressure changes, which can negatively affect bal-
ance. In contrast, firm inlays and inlays with tubing at the plantar surface boundaries may improve
balance. Therefore an optimal insole design, texture geometry, material composition, new generation
sensors and proper stimulation implemented can lead to the optimal effects of mechanoreceptors in
isolated foot regions. All previous mentioned factors have to be considered for future footwear in-
tervention designs.
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Abstract:

Squamous cutaneous skin cancer is common cancer with increasing incidence. Commonly is treated
with surgery or radiotherapy, but a new technique has been emerging in recent years. Electrochemo-
therapy (ECT) is innovative and still developing treatment of malignant tumors, especially effective
in treating cutaneous malignancy. Its feasibility and efficacy have been proven in elderly patients
with comorbidities who cannot undergo standard treatments. Some recent studies have focused on
reducing bleomycin dose in elderly patients to minimalize side effects and concurrently obtain the
same treatment outcome. This article presents a case study of an elder patient with advanced skin
cancer, treated with electrochemotherapy with a reduced bleomycin dose, where a complete re-
sponse was observed in a long-term follow-up period.

Keywords: Electrochemotherapy; Bleomycin; Reduced dose; Squamous cell carcinoma; Elderly pa-
tient
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1. Introduction

Besides basal cell carcinoma, cutaneous squamous cell carcinoma is the second most common non-
melanoma skin cancer with increasing worldwide incidence rates (Muzic et al., 2017). The risk factors
are UV exposure, skin type and immunosuppression (Schmitt et al., 2011). Most common cutaneous
squamous cell carcinoma arise in the face region and are clinically presented as a form of a red scaly
plaque with different degrees of infiltration (Waldman & Schmults, 2019).

Cutaneous squamous cell carcinoma rarely form metastases in the regional lymph nodes, but the
metastases are associated with a poor prognosis. There is a higher risk for metastasis and local re-
currence in tumors greater than 20mm and depth of invasion (DOI) more than 2 mm. Poor prognostic

factors also include extensive perineural involvement and poor tumor differentiation (Burton et al.,
2016).

Standard treatment for most patients is complete excision of the carcinoma, especially when a tumor
is small and in a favorable location. Radiotherapy is an alternative treatment in circumstances where
surgery could result in significant esthetic or functional deficit (nose, eyelids, lips, ear), in elderly
patients with comorbidities and in patients reluctant to surgery (Burton et al., 2016). In recent years
ECT is emerging as a novel, local ablative treatment with comparable results to other modalities
(Clover et al., 2020). In the presented case study, we address the role of ECT in the treatment of
elderly patients with advanced skin cancers.

2. Patients and Methods
2.1.  Patient characteristics

The ninety-year-old patient with advanced dementia and severe comorbidities (severe heart failure,
diabetes and chronic renal failure) was admitted to the Department of Otorhinolaryngology and
Cervicofacial Surgery, University Medical Centre Ljubljana due to protruding mass from his left
nostril. Two years before, an excision of cutaneous squamous cell carcinoma from the scalp region
was performed. An ENT clinical exam revealed a solitary suspicious mass of size around 30 mm,
arising from the left side of the nasal columella (Figure 1). Biopsy was taken from the mass and
histopathological findings confirmed squamous cell carcinoma metastasis.

A detailed diagnostic workup, including CT scans, did not detect any other regional or distant me-
tastases. The patient was presented on the multidisciplinary head and neck tumor board and the
indication for ECT treatment was agreed upon by all members.

Figure 1.

Two views on the patient with metastasis of squamous cell carcinoma to the nasal columella.
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2.2, Electrochemotherapy procedure

The electrochemotherapy procedure was performed according to the recommendations of Update
Standard Operating Procedure for electrochemotherapy under sedation anesthesia (Gehl et al., 2018).
The reduced dose 18000 IU of bleomycin (BLM) (10 000 IU/m2, Heinrich Mack Nachf. GmbH & CO.
KG, Illertissen, Germany) was intravenously administered in bolus. After 8 minutes, metastasis was
treated with linear electrodes. 5 electric pulses, each in duration of 100 ps, were delivered by electric
pulse generator Cliniporator Vitae® (IGEA, Carpi, Italy) (Figure 2). The procedure was finished 13
minutes after BLM administration.

Figure 2. Electric pulse generator (a) and linear electrode (b) used in the treatment
3. Results

During the procedure and recovery time, we did not record any complications that would need ad-
ditional medical interventions. Metamizole was used for the prevention of pain immediately after
the treatment. The patient was discharged from the hospital the next day.

In the first follow-up visit two weeks after ECT, mild inflammation and ulceration were observed
(grade I to II according to CTCAE ver. 4.0) (Chen et al., 2012). In the following weeks the wound
healed spontaneously without any surgical intervention. After two months, the complete response
was obtained and persisted more than one year after ECT (Figure 3).

Figure 3. Patient one year after treatment with electrochemotherapy.
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4. Discussion

ECT is a local ablative tumor treatment with proven antitumor efficacy in preclinical and clinical
studies (Bertino et al., 2016; Sersa et al., 1997). It has already been spread across more than 170 centers
in Europe (Clover et al., 2020). In ECT, the electric field is used to increase membrane permeability
and thus enhance the uptake of cytotoxic drugs into the tumor cells. Besides the direct antitumor
effect, ECT also impacts tumor vascularization and provokes a local immune response, which both
potentiate the effectiveness of treatment (Yarmush et al., 2014). Currently, two cytostatics are used
in ECT -BLM and cisplatin (Gehl et al., 2018). Preclinical studies demonstrated that electroporation
increases the effectiveness of BLM several 1000 times and of cisplatin up to 70 times (Miklav¢ic et al.,
2014; Sersa et al., 2008).

The patient in our study had an advanced stage of cancer disease and several comorbidities. Conse-
quently, surgery in general anesthesia could significantly hamper a patient’s underlying diseases.
Excision in local anesthesia was not possible due to the size and location of the tumor. Radiotherapy
as an alternative treatment was not suitable because of the patient’s lack of ability to keep still for the
required time during irradiation. ECT was chosen as the only curative treatment option for the par-
ticular patient. According to our case study, we believe that ECT is not suitable only as a primary
treatment for skin tumors (Clover et al., 2020), but it exceeds in use to other cases in which the stand-
ard modalities cannot be used due to different causes.

Another important conclusion of our study is that ECT can be safely performed in sedation. Since
the whole procedure is done in a few minutes, the sedation is light and short; thus, the recovery time
is faster. Our patient did not have any side effects during and after sedation, and he was discharged
the following day.

ECT has a response rate between 60-80 %, comparable to other skin ablative techniques (Clover et
al.,, 2020). Tumors with the highest responses are basal cell carcinoma. In addition to histological
types, tumors differ in responses regarding tumor size (larger tumors are less responsive), and pre-
vious treatments, which decrease the rate of complete responses (Bertino et al., 2016; Clover et al.,
2020; Marty et al., 2006). Despite the advanced stage of the cancer disease, a reduced dose (10.000
IU/m2) of BLM was used in our study. The decision to use the reduced BLM dose was based on the
study of the pharmacokinetics of bleomycin in elderly cancer patients. This study demonstrated that
a decline in lean body mass, total water content, and impaired renal function lead to decreased BLM
elimination. Consequently, a prolonged higher serum concentration of BLM might be obtained when
using a standard (15.000 IU/m2) BLM dose (Groselj et al., 2016). To the best of our knowledge, only
a few clinical studies till now have shown that ECT with a reduced dose of BLM is equally efficient
as ECT with a standard dose (Groselj et al., 2016; Jamsek et al., 2020; Rotunno et al., 2018).

In our case, two months after ECT, the complete response was recorded and persisted in the last
follow-up visit more than a year after the treatment. Recently, Jamsek et al. (2020) published long-
term results comparing reduced and standard BLM doses in ECT treatment, and they did not observe
any statistically significant difference in long-term tumor control between both groups. It should be
noted that tumors in their study were primary skin cancers; most of them were basal cell carcinomas
with a median tumor diameter of 21mm. Our patients had unfavorable prognostic factors (regional
metastasis and size more than 30 mm) that might worsen the probability of a complete response.

It is also important to emphasize that the healing process was favorable, with minor side effects that
did not need additional wound dressing. The wound was healed in less than two months without
any functional deficits and an excellent final cosmetic outcome. This is in concordance with the re-
sults of Groselj et al, who recorded a shorter healing time and better cosmetic results with a reduced
dose of BLM in elderly patients (Strojan & Groselj et al., 2021).

5. Conclusions

ECT proved an efficient skin cancer treatment modality and was safely performed in sedation in old
and comorbid patient. Specifically, in the elderl patient a reduced dose of BLM was efficient. More
data is needed on optimal BLM dose. Our results warrant further investigations in the form of
properly designed and well-conducted prospective clinical trials.
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Abstract: The facial nerve and its reconstructive surgical procedures are complex and challenging.
The main function of facial nerve is namely motor innervation of facial muscles and its dysfunction
presents as facial paralysis. Depending on the extent of facial nerve injury (neurapraxia, axonotmesis,
neurotmesis) and consequently a physiological phenomenon of Wallerian degeneration, mechanism,
location of the injury, time course of the paralysis and medical condition we decide about the type
of the reconstructive surgery. Generally, possible surgical interventions to improve facial nerve
functioning are mainly nerve decompression, neurorrhaphy/end-to-end anastomosis, interposition
(cable) grafts and nerve rerouting. Moreover, most commonly nerves undergoing facial
reconstruction are great auricular and sural nerves. In addition, nerve rehabilitation can be improved
by using platelet-rich plasma (PRP/PVRP), applied directly to nerve. There are many roles of PVRP,
described in the literature such as neuroprotective, neurogenic, neuroinflammatory, angiogenic role
and improving hemostasis. Also, its neoplastic and proliferative effects were not reported.
Considering all these features implementing PVRP in the facial nerve regenerative treatment has
strong potential in the future.

Keywords: Facial nerve; Reeconstructive surgery; Platelet and extracellular vesicle rich plasma;

Nerve regeneration
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1. Introduction

The facial nerve or seventh cranial nerve is special among twelve cranial nerves due to its
predominant motor innervation, multiple functions, varied composition and long and variable
pathway (Battelino, 2013; Seneviratne et al, 2022). The article aims to focus on facial nerve
reconstructive procedures and options to reestablish nerve integrity. The outcome of surgical
procedures can be improved by using platelet rich plasma in surgical field (Vozel et al., 2020).
Therefore, the article also covers the therapeutic effect of PRP/PVRP on facial nerve through the
clinical case.

2. Facial nerve segments, its fiber components and nerve injury types

The facial nerve emerges from the facial nerve nuclei in the brainstem. where the intracranial/
cisternal pathwav begins. After emerging the pons. nerve continues the intrameatal/ canalicular
pathwav along the internal auditorv canal (IAC) with the vestibulocochlear nerve to the fundus
and leaves it through the meatal foramen. The bonv canal of facial nerve from IAC to the
stvlomastoid foramen is called the Fallovian canal where the facial nerve is often compressed due
to inflammations. There are three seements of the Fallovian canal. a labvrinthine, a horizontal
tvmpanic and a vertical mastoid seement. At the stvlomastoid foramen the facial nerve leaves the
temporal bone and branches at the pes anserinus into temporal, zveomatic, buccal, marginal and
cervical branch. All muscles of facial expression are innervated bv general somatic efferent fibers
of facial nerve as one of five fiber tvpes (Seneviratne et al., 2022: Touleoat et al.. 2013: Cummines,
2005: Probst et al., 2006 ). Facial nerve also receives taste sensations from anterior two-thirds of the
ipsilateral side of the tongue and the palatal mucosa from afferent gustatorv fibers. Furthermore,
it carries parasvmpathetic secretomotor fibers to the submandibular, sublingual salivarv glands. to
the lacrimal g¢lands and to the glands in the oral cavitv. Postauricular skin, auricular concha and
wall of the external auditorv canal are supplied bv somatosensorv afferent fibers and nasal and
pharvnegeal mucosa bv visceral afferent fibers of the facial nerve (Battelino. 2013: Takezawa et al..
2018: Phillios et al.. 2018).

In general, to understand the mechanisms of facial nerve injuries, it should e acknowledged rgat
every nerve fiber consists of endoneurium, surrounding each nerve fiber and attaches to the
Schwann cell layer. It is important for endoneural tube regeneration and has poorer prognosis for
regeneration when the layer is disrupted. Perineurium protects from spreading the infection and
epineurium (nerve sheat) contains the vasa nervorum for nutrition (Pasha et al., 2014).

Depending on nerve injury cause (head trauma; parotid tumor compression; head and neck cancers;
infectious diseases; peripheral nerve demyelinating lesions, etc.) we differentiate following types
of nerve injury: Nneuropraxia —presents compression of the nerve, causing loss of axoplasmic flow
without axonal rupture, due to focal segmental demyelination. The conduction block is most often
resolved with complete recovery. Axonotmesis represents damaged axon with intact endoneurium
where Wallerian degeneration occurs distal to site of injury, but complete recovery is anticipated.
In neurotmesis, neural tube is transected; myelin sheath, axon, endoneurium, perineurium and
epineurium are disrupted. Without surgical treatment there is no possibility to restore nerve
function (Seddon, 1943; Bhandari, 2019).

3. Facial nerve reconstructive surgery — general

Almost every disruption of the continuity of the facial nerve should be fixed regardless of the cause
being traumatic, iatrogenic injury or tumor invasion (Cummings, 2005). Interventions are limited
to restoring the function of the motor fibers of the facial nerve and not of the remaining four types
of facial nerve fibers (Chu et al., 2008). We roughly distinguish three types of reconstructive
procedures in case of facial paralysis: facial nerve procedures, procedures involving other tissues
at the affected facial side and procedures at the opposite, healthy facial side (Battelino, 2013). A
general rehabilitation for facial nerve repair covers: spontaneous facial nerve repairment after
observation; facial nerve neurorrhaphy (represents surgical suturing of divided nerve); facial nerve
cable graft; nerve transposition; muscle transposition; microneurovascular transfer; static
procedures (Cummings, 2005).

According to different facial nerve damage mechanisms and distinct involved pathways we
distinguish between different reconstructive methods.
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3.1.  Facial nerve injury in temporal bone

In case of sudden facial paralysis, after imaging, we can make decompression of facial nerve which
means relaxation of the facial nerve along the internal auditory canal and is possible in the first
three extracranial segments (labyrinthine, tympanic and mastoid). The authors differentiate
transmastoid (translabyrinthine) approach and middle fossa approach to decompress the nerve
(Battelino, 2013; Cummings, 2005; Mehta, 2009). Retrolabyrinthine and retrosigmoid approaches
can be used for intracranial segment of the facial nerve while preserving hearing (Cummings, 2005).
The most demanding intervention of the facial nerve decompression is the area of the meatal
foramen bony canal. Also transversely passing solid connective fibers compress the nerve (House
et al., 1985; Fisch, 1974, Pulec, 1974; Darrouzet et al., 2001).

If facial nerve is transected, non-functioning facial nerve part should be removed and reconstructed
by end-to-end anastomosis or by re-routing the nerve (Battelino, 2010) as described below.

3.2. Reconstruction of facial nerve in cerebellopontine angle (CPA)

Procedures in CPA with tumor that affects facial nerve functioning present a challenge. It is the
goal of the surgery to ensure the stability of nerve stumps with sutures, thus using muscular fascia
around them to achieve stability of necessary dendrites regrowth (Battelino et al., 2010).
Approximation of the nerve ends using an acrylic glue has been described, and subsequent
investigators have revealed that neural anastomosis with tissue adhesive yields results similar to
nerve suture (Cummings, 2005; Ramos et al., 2015). Nevertheless, the literature reports about 21%
to 35% failure rate of facial repair after reconstruction (Barfs et al., 1984; Pluchino et al., 1986). Using
translabyrinthine approach accessed to the distal end of the facial nerve in the petrous bone, King
et al. (1990) performed tha nerve repair by end-to-end anastomosis. Also, nerve was repaired by a
graft, using the sutured great auricular nerve or by making faciohypoglossal nerve anastomosis
(King et al., 1990). Arriaga et al. (1992) described direct facial nerve neurorrhaphy or anastomosis
with a greater auricular nerve interposition graft as a successful repair option in cases after nerve
transection in the CPA.

At the Department of Otorhinolaryngology and Cervicofacial Surgery professor Battelino and her
team made end-to-end anastomosis of the facial nerve after middle fossa approach very close to
pons where the lesion entered the IAC and destructed few millimeters of facial nerve. After
removing the lesion, rerouting of the facial nerve and making facial nerve end-to-end anastomosis
in IAC reconstructive procedures resulted in almost total facial expression symmetry at the rest.

3.3. Reconstruction in temporal segments

Reconstruction of transected facial nerve in facial bony canal presents three options: neurorrhaphy,
interposition grafts and rerouting of facial nerve. Neurorrhaphy/ end-to-end anastomosis provides
a tension-free anastomosis but is rarely used in practice (Mehta, 2009). End-to-side neurorrhaphy
is used as an alternative technique when the proximal stump of an injured nerve is unavailable or
the nerve gap is too long to be bridged by a nerve graft (Lykissas, 2011). Interposition (cable) grafts
are used when a tension-free primary nerve repair is not possible (Mehta, 2009). Option for graft
source are: the great auricular, sural nerve, the medial lateral antebrachial cutaneous nerves or ansa
cervicalis. Overall, motor nerve grafts were indcated to be better than sensory nerve grafts (Chu et
al., 2008). Grafts allow reparation of the facial nerve with minimal nerve end handling, thus leading
to lesser impact on nerve vascularization and preserving the anatomy of the middle ear. The
disadvantages of grafting include the interposition of another nerve between the stumps of the
facial nerve resulting in two junctions between the ends of the affected nerve and the graft, and
loss or reduction at the donor site (Chu et al., 2008; Humprey et al., 2008). Thirdly, rerouting facial
nerve approximates the stumps of the sectioned nerve. This is exclusively important for gaining
nerve length. However, it is much more difficult to perform free of suturing (Battelino, 2013; Filho
et al., 2013).
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3.4.Reconstruction of injured facial nerve in extratemporal region

The main reconstructive procedure of facial nerve after leaving the temporal bone in stylomastoid
foramen is primary neurorrhaphy. It presents the best (but rare) possibility to regain the facial
nerve function in case of tension-free closure with intact motor end plates. After the exit from the
stylomastoid foramen, anastomosis with distally disrupted hypoglossal nerve can be made
considering different modifications (Hadlock et al., 2005). Also, free nerve grafts can be connected
to healthy facial nerve of the opposite side. In this case, nerve transplant is called “cross over” or
“transposition nerve crossover”. Later on, it can be sutured with subsequent transplants of smaller
muscle groups in place of atrophied facial muscles (House et al., 1985; Fisch, 1974; Stark, 1987;
Bailey et al, 2001; Glasscock et al., 1979). In nerve transfer procedures a variety of donor nerves
such as hypoglossal, spinal accessory, masseteric branch of the trigeminal nerve and motor
branches of the cervical plexus can be used (Mehta, 2009).

4. Platelet- and extracellular vesicle-rich plasma (PVRP) therapy and its contribution to nerve
repair

4.1. General

Blood plasma obtained in a specific procedure that yields a preparation rich with platelets is an
autologous blood-derived product with immune, hemostatic and regenerative effects (Vozel et al.,
2020; Wang et al., 2022; Brisson et al., 2017; Tao et al., 2017; Ursic et al., 2014). As it contains also
extracellular vesicles, it is conveniently called platelet- and extracellular vesicle-rich plasma (PVRP)
(Vozel et al., 2020; , Alves et al,, 2018). PVRP is prepared according to a simple and low cost
procedure and can be applied in different fields of medicine (Vozel et al., 2020). After fixing nerve
injury, regeneration by itself is slow and unpredictable (Fowler et al., 2015). It depends on the state
of the destructed surrounding soft tissue and its blood supply (Wang et al., 2022). The number of
studies on PVRP application for treatment of peripheral nerve injury has increased in the past
decade and most of the studies have revealed that patients with peripheral nerve injury receiving
PVRP treatment have an accelerated recovery (Wang et al., 2022). According to animal studies
many molecules, released from platelet derived extracellular vesicles (PDEV) in PRP and after
platelet stimulation, are responsible for nerve and other tissue regeneration and responses (Wang
et al., 2022; Guo et al., 2017; Koupenova et al., 2018).

4.2. PVRP preparation and composition

PVRP with or without buffy coat can be prepared from blood by centrifugation (Bozic et al., 2021).
After sedimentation of erythrocytes that form about 45% of the blood volume (hematocrit), the
remaining 54% yellowish supernatant presents plasma. A thin whitish layer between the two (of
about 1 % of the blood volume) is called “buffy coat” and consists mostly of leukocytes and
platelets (Vozel et al., 2020).

PVRP preparation can be delivered to target tissue as a liquid or a gel. It was indicated that PVRP
gel is favorable for Schwann cells (SCs) and can effectively promote nerve regeneration (Ye et al.,
2012). SCs are responsible for nerve cell proliferation and formation of migration bridges to the
nerve stump (Wang et al.,, 2022). PVRP contains various growth factors (for example platelet-
derived growth factor - PDGF, transforming growth factor g -TGF f3, vascular endothelial growth
factor - VEGF, epidermal growth factor - EGF and insulin-like growth factor - IGF-1, special
peptides, immune system messengers, enzyme inhibitors and other bioactive compounds (Arslan
et al., 2022).

4.3. PVRP’s potential of nerve repair and its enhancement

Nerve regeneration depends on lifetime, gender, patient’s health condition, and associated
diseases (Kuffler et al., 2020). Listed factors can be bypassed and the treatment improved with
PVRP since it has neuroprotective, neurogenic and neuroinflammatory modulatory effects
(Sanchez et al., 2018). Sanchez et al. (2018) described six levels of PVRP’s potentials to promote
nerve regeneration with biomolecules and different growth factors that act neuroprotectively:
prevention of neuronal apoptosis; stimulation of vascular regeneration; promotion of axonal
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regeneration; regulation of inflammatory response in the microenvironment; alleviation of nerve
collateral muscle atrophy; improvement of human nervous system parameters (Sanchez et al.,
2018). Moreover, Arslan et al. (2022) pointed to angiogenic role of PVRP and observed no neoplastic
or proliferative effects of PVRP (Arslan et al., 2022).

Nerve injury closer to the cell body causes neuron death, therefore nerve fibers distally from the
cell body start regenerating. The debris of nerve tissue is destroyed by macrophages recruited from
peripheral blood or nerve tissue, which can provide a suitable environment for nerve regeneration.
We know that released growth factors are mostly responsible for SCs proliferation, its migration
and promotion of axon regeneration. Li et al. (2017) described PVRP’s positive effects on facial
nerve trauma by improving Schwann cell and axon recovery (Li et al., 2017). Moreover, platelet-
derived growth factor-BB (PDGF-BB) and IGF-1 may be the main cytokines affecting SC
proliferation and migration. Vascular endothelium growth factor (VEGF) as a powerful angiogenic
factor, released by macrophages, that is specific to the vascular endothelium, was shown to have
chemotaxis effects, to promote axonal growth and neuronal survival (Wang et al., 2022). Also, its
neuroprotective role was indicated due to positive effects on motor neuron survival and reduction
of ischemic conditions (Hillenbrand et al., 2015). Pelletier et al. (2015), found that application of
VEGF gene therapy to nerve regeneration resulted in positive correlation between increased
vascularization and enhanced nerve regeneration. Therefore, VEGF application may play a role in
promoting the growth of degenerated nerve fibers through the combined effects of angiogenesis,
neurotrophy and neuroprotection (Pereira Lopes et al., 2011).

Protein 1 from Schwann cells promotes migration and recruitment of macrophages that manage
regeneration. Injured axons release neuropeptides - substance P and calcitonin-gene-related
peptide to cause neurovascular dilatation (Wang et al., 2022; Arslan et al., 2022).

Peripheral nerve injury repair involves various inflammatory cells, including macrophages which
destroy debris of nerve tissue. Macrophages fall into two phenotypes-the classical activated
macrophage M1 and selectively activated macrophage M2 (Delavary et al.,, 2011). In hypoxic
condition, macrophages adapt to the microenvironment by secreting VEGF-A, which stimulates
blood vessel formation in the direction of nerve regeneration. Schwann cells do not secrete high
levels of macrophages M2, but act as inducers for promoting axonal outgrowth (Stratton et al.,
2018).

In otorhinolaryngology, Ricci et al. (2019) have analyzed the efficiency of PVRP gel in superficial
parotidectomy for benign tumors, applying it on the remaining parotid gland and the branches of
the facial nerve. Their study revealed a positive effect of PVRP gel on clinical outcomes,
postoperative observed facial palsies were reduced (Ricci et al., 2019). Scala et al. (2014) after using
PVRP gel on patients who underwent superficial parotidectomy found a positive trend in the
PVRP-group regarding facial nerve impairment (Scala et al., 2014).

4.4. Use of PVRP plasma in clinical practice regarding facial nerve

A 83-years old male patient with recidivant and advanced invasive squamous carcinoma of ear,
external auditory canal and neck and parotid metastasis was planned for extensive surgical
procedure to remove carcinoma (Figure 1). Because of endangered facial nerve it was controlled
by neuromonitoring. After tumor excision and subtotal petrosectomy, facial nerve was preserved
and PVRP gel was applied directly to the facial nerve. In our case and in general, PVRP gel
application is important after relaxation of facial nerve from stylomastoid foramen as well as in
case of compromised arterial supply, since PVRP induces neoangiogenesis. Immediately after the
procedure, facial nerve was slightly affected due to tension of tissue removal manipulation, but at
the later check-ups its facial motor skills were normalized.
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Figure 1. Applying PVRP gel directly to facial nerve.

5. Conclusion

Facial nerve injury has strong negative impact on patient ‘s health and quality of life. Surgical
interventions and management of facial nerve reconstructions are complex. Reconstructive and
nerve repairing outcomes can be improved by using PVRP which has proved safe due to local
applications and no observed side effects. We anticipate that wide using PVRP in nerve repair
procedures will bring revolution in patients’ nerve rehabilitation due to already indicated
hemostatic, neuroprotective, neurogenic, neuroinflammatory and angiogenic effects and no record
of neoplastic or proliferative effects.
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Abstract: Platelet- and extracellular vesicle-rich plasma (PVRP) and platelet- and extracellular
vesicle-rich gel (PVRG) are blood-derived products gaining attraction in regenerative medicine.
However, despite their reported good efficacy, their preparation protocols are too time-consum-
ing. Moreover, patient-tailored preparation protocols are desired to optimise platelet and extra-
cellular vesicle (EV) count in PVRP and PVRG. This scientific contribution presents a clinical
implementation of mathematical model for calculation of the desired total blood volume for
PVRG preparation. PVRG was prepared according to previously derived mathematical model of
blood cell and EV sedimentation during centrifugation based on the patient's erythrocyte sedi-
mentation rate (ESR) (Bozic et al., 2021). We estimated the volume of blood required for the treat-
ment of the surface area of the individual patient, prepared the PVRG accordingly and applied
it to the patient’s wound. After six applications of 13 mL to 65 mL of PVRG, the osteoradi-
onecrotic surface area decreased from 46 cm? to 18 cm? and infection was eradicated. The math-
ematical modelling of total blood volume needed to prepare PVRG proved useful to prepare the
therapeutic amount of PVRG and also optimized time for the PVRG preparation protocol.

Keywords: Extracellular vesicles; Platelet-rich plasma; Regenerative medicine; Osteitis; Osteora-
dionecrosis; Osteomyelitis; Temporal bone
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1. Introduction

Significant concentrations of extracellular vesicles (EVs) have been measured and inspected in the
autologous blood-derived platelet-rich liquid product, which was named platelet- and extracellular
vesicle-rich plasma (PVRP) (Bozi¢ et al., 2021; Vozel et al., 2021). PVRP is defined a blood-derived
product with concentrations of platelets and EVs higher than blood concentrations. Therefore, it pre-
sents an upgrade in autologous regenerative therapeutics (Vozel et al., 2020). PVRP, prepared by a
two-step-plasma-based protocol, proved effective in treating chronic postoperative temporal bone
cavity inflammation (Vozel et al., 2021). However, this time-consuming preparation protocol, which
took on average 80 minutes, resulted in an approximately 10 % yield of PVRP from withdrawn blood
(Vozel et al., 2021).

To overcome these obstacles, patient-tailored PVRP treatment has been proposed based on the math-
ematical model describing the movement of the cell constituents in the tubes during sedimentation
in the centrifuge. Subjected to systemic centrifugal force, larger particles (i.e. erythrocytes) sediment
faster and in such way to push smaller and less dense particles (platetets and EVs) in the opposite
direction. As the latter accumulate above the erythrocyte boundary, they are enriched in plasma.
However, after the erythrocyte boundary reaches the hematocrite level, platelets and EVs are sedi-
mented from the plasma towards the bottom of the tube. It was indicated that the choice of optimal
time for given centripetal acceleration of the centrifuge rotor is therefore key for preparation PVRP
(Bozic et al., 2021). Also, it should be taken into account that the concentration of platelets and EVs
in PVRP strongly depend on the patient's erythrocyte sedimentation rate (ESR) (Bozi¢ D et al., 2021).
Here, we used the model (Bozic et al., 2021) to prepare PVRP according to two different protocols 1.)
the "high platelet and EV" protocol aimed at creating a plasma with the highest possible platelet and
EV concentration that can be obtained by a single spin preparation and EVs and 2.) a "half volume"
protocol where we calculated the time needed for the upper border of erythrocytes to arrive down
to one half of the length of the blood sample. We derived equations for exact calculations of blood
volumes needed to treat the wound of the individual patient and provided a calculator to alleviate
calculations (Steiner et al., 2022).

Then, PVRP has been successfully transformed to the semi-solid (i.e., gelatinous) state to create plate-
let- and extracellular vesicle-rich gel (PVRG) by the procedure previously described in a preclinical
in-vitro pilot study (Vozel et al., 2020).

With the clinical implementation of described clinical protocols, we discovered that knowing the
exact volume of blood needed to prepare PVRG proved beneficial. This scientific contribution shows
the derivation of the novel equations for calculating the total volume of blood needed to prepare the
desired volume of PVRG and reports on the effect of the applied preparation in a patient treated at
the Department of Otorhinolaryngology and Cervicofacial Surgery, University Medical Centre
Ljubljana, Ljubljana, Slovenia for osteoradionecrosis of the temporal bone.

2. Materials and Methods

2.1. The patient

A patient with osteoradionecrosis of the temporal bone was recruited in July 2021 at the Department
of Otorhinolaryngology and Cervicofacial Surgery, University Medical Centre, Ljubljana, Slovenia,
for the treatment with PVRG prepared by the novel patient-tailored ESR based preparation protocol.
Patient signed written informed consent.

2.2. Autologous PVRG preparation protocol

2.2.1. Blood withdrawal prerequisites

Before blood withdrawal, a patient was ensured to meet the following criteria: the patient should not
perform strenuous physical activity within 24 hours of treatment, the patient should be in a fasting
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state at blood sampling (i.e., no food or beverages intake except water within 8 hours before treat-
ment), the patient should not had high-fat dietary intake or alcohol consumption one day before the
treatment.

2.2.2. Blood withdrawal procedure

The blood was withdrawn from a peripheral artery. Citrated 4.5 ml evacuated blood tubes (9 NC
sodium citrate 0.105 M, BD Vacutainer, Becton Dickinson, San Jose, CA, United States) that were
kept at room temperature were filled as indicated by the producer, to provide appropriate blood to
anticoagulant ratio. Tubes were turned upside down 3-4 times immediately after sampling to achieve
an adequate blood and sodium citrate mixture. The blood withdrawal volume was estimated as de-
scribed by using mathematical model as described below. According to previous findings, blood
yield from a citrated blood specimen yields is approximately 30-50 % of PVRP (e.g., from 10 ml of
blood, about 3-5 ml of PVRP is produced in patients with normal ESR) (Bozic et al., 2021). After
withdrawal, blood was stored and transported to the centrifuge at room temperature (i.e., 22 °C)
immediately taking into account the platelet concentrate storage guidelines (Bozic et al., 2021).

2.2.3. Blood centrifugation

Before centrifugation, the blood tubes were again inverted 3-4 times to resuspend the samples. The
blood was then centrifuged at the relative centrifugation force (i.e., RCF) of 300xg at 18 °C. The cen-
trifugation time (f) was calculated individually from the patient's erythrocyte sedimentation rate (i.e.,
ESR) according to the mathematical model (Bozic et al., 2021). The model estimates the volume of
plasma and concentration of platelets and EVs as plasma forms during centrifugation. Following the
possibilities considered in (Bozic et al., 2021), we considered two options: The first option was the
"high platelet and EV" protocol aimed at yielding plasma with the highest possible platelet and EV
concentration that can be obtained by a single spin preparation without pelleting platelets and EVs
for which the time Thigh platelet and Ev is given by (Bozic et al., 2021),

Thigh platelet and EV = Xmax ln(Xmax/Xmin)/(2£ ESR RCF) r (l)

where xmaxand xmin are the distances from the centrifuge rotor axis to the bottom and the level of the
blood sample, respectively, ¢ is the adjustable constant, which was set to 0.13 (Bozic et al., 2021) and
RCEF is the multiplicity of the gravitational constant that expresses the centrifugal force (in our case
300). The second option was the "half volume" protocol where we calculated the time needed for the
upper border of erythrocytes to arrive down to one half of the length of the blood sample (Bozic et
al,, 2021),

Thalf volume = Xmax ln((Xmax + Xmin)/ZXmin)/(s ESR RCF) . (2)

By inserting the respective times of centrifugation into the expression for the concentration of plate-
lets and EVs, the calculated platelet- and EV - enrichment factor in PVRP is higher than 2 (in the case
of high platelet and EV protocol) or equal to 2 (in the case of "half volume" protocol).

2.2.4. PVRP harvesting

After the centrifugation, blood was divided into two distinctive fractions: red, which contains mainly
erythrocytes, and yellow, which is PVRP. Sometimes an opaque whitish layer (i.e., buffy coat) is
present between layers. PVRP is gently and slowly aspirated with a pipette (ref.: 225-1S, Termofisher
scientific, ZDA) above the red and white layer without disturbing them. PVRP extracts from all tubes
were merged in another sterile plastic tube or container, and the total volume was measured. PVRP
was then activated to form a PVRG immediately or as soon as possible after PVRP harvesting.

2.2.5. PVRP activation (i.e., PVRG formation)

PVRP, autologous serum (in the ratio of 1:5 to PVRP) and 1M CaCl: (in the ratio of 1:100 to PVRP)
were mixed to transform PVRP to PVRG. Additional blood was withdrawn in a 4 ml plastic blood



Univerza v Liubljani '@3
- Zdravstvena fakulteta w

Proceedings of 7" Socratic Lectures 2022
41 0of 172

tube without anticoagulant (e.g., Z Serum, Vacutube, LT Burnik, d.o.o., Slovenia) and stored at room
temperature. This blood was used to prepare serum, i.e., activator, which transforms PVRP (i.e., lig-
uid) into a gel (i.e, PVRG). After about 5-10 minutes, blood clot was formed within the tubes, and
then the tubes were centrifuged for 10 min at 1260xg and 18°C. The supernatant above the red blood
clot is serum, which was gently aspirated without mixing layers and transferred by a sterile pipette
into a sterile polypropylene tube. The volume of autologous serum needed to prepare PVRG de-
pends on the desired volume of PVRP that will be transformed to PVRG. A mixture in the ratio 1:5
with PVRP is needed (for activation of 5 ml of PVRP, 1 ml of serum is needed). The blood yield for
serum harvesting was calculated from the haematocrit. For instance, in 35 % haematocrit, the serum
presents 65 % of blood volume.

To start the PVRP activation process (i.e., transformation of PVRP to PVRG) 1M CaCl: (14.7%, Phar-
macy of University Medical Centre Ljubljana, stored at room temperature) in the ratio 1: 100 with
PVRP (i.e., 1%; e.g., 170 pL to activate 17 ml of PVRP) was applied to the petri dish with the sterile
pipette. Then, an autologous serum in the ratio 1: 5 with PVRP (i.e., 20 %; e.g., 4 ml to activate 20 ml
of PVRP) was applied over the CaCl.. Finally, Autologous PVRP was administered with the sterile
pipette over the mixture of CaCl2 and autologous serum. At least 5 minutes elapsed for the activation
process to occur and PVRG was formed. It was expected that some of the mixture would not turn
into a gel.

3. Results
3.1. Total blood volume calculations for PVRG preparation

In our case, a higher PVRG volume was required due to higher wound surface area. For that reason,
a "half volume" centrifugation protocol was used (Eq. (2)).

The required PVRG volume was calculated from the wound surface area,
Vevec=S*h , 3)

where Vpvrs is PVRG volume, S is wound surface area, and / is the thickness of the layer of PVRG.
In external wounds, as in our case, 1 = 1 cm was used for the calculation to cover the wound thor-
oughly. However, some of the mixture (PVRP, calcium chloride and serum) remains untransformed
(i.e., liquid), and PVRG height is expected to be less than 1 cm.

PVRG application can be repeated several times, depending on the healing process. The time be-
tween applications can vary 1 to 14 days according to previous blood-derived products therapy reg-
imens (Hu et al., 2019). After applying PVRG, a glassy, water-resistant layer is formed over the
wound. Wound healing (e.g., granulation tissue formation) can be observed through this layer. For
that reason, we suggested at least 14 days interval between each application.

The total blood volume (Vrpiood) needed for the PVRG preparation was calculated as follows. The
total volume of blood needed consisted of contributions used for obtaining plasma and serum,

VT,blood = Vblood for PVRP + Vblood for serum (4)
where
Vpvre =1 * Vblood for PVRP (%)

and 1) is the proportion of PVRP in blood. For the “half volume” protocol, n=0.5 (Steiner et al., 2022).
Volume of serum can be expressed by haematocrit Ht,

Vserum= (1-Ht) * Vblood for serum , (6)

whereas it is estimated that
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Vserum: 1/5 * VPVRF . (7)
Volume of PVRG is composed of contribuitions from PVRP and from serum,
Vevre = Vpvre + Vserum . 8)

Volume of CaClzis taken to be negligible and was excluded from the volume calculations. Blood for
PVRP and for serum should be withdrawn into different tubes (citrated 4.5 ml blood tubes for PVRP
and 4 ml plastic tubes without anticoagulant for serum), therefore patient-customized blood volume
needed for PVRP (Vblood for pver) and for serum (Vbiood for serum) should be calculated. It follows from Eqgs.
(7) and (8) that

Vevee =5/6 * Vevrc ©)
from Egs. (5) and (9) that

Vhblood for PVRP = (5/6 1)) * VPvrRG (10)
and from Egs. (6), (7) and (9) that

Vblood for serum = VpvrG/(6 * (1-HE)) . (11)

However, the volume of blood taken from the patient according to Eq.(3) and Eqgs.(4), (10) and (11)
would be

Viplood = (5/6) * S* I * (1/ q+1/(5* (1 - HY)) . (12)

3.2. Calculation of the PVRG volume for patient with osteoradionecrosis of lateral skull-base
3.2.1. Patient profile and summary

84-year-old male with arterial hypertension, hyperlipidaemia, aortic stenosis and chronic atrial fi-
brillation on therapy with apixaban presented with a squamous cell cancer of the left auricle. The
patient was primarily treated with tumour resection, suprafacial parotidectomy and left sided selec-
tive neck dissection. He received postoperative radiotherapy. One year postoperatively, he pre-
sented with a cancer recurrence in a left external ear canal and was treated surgically with complete
microscopical cancer resection, including auricle amputation and subtotal petrosectomy. The tissue
defect, which reached the superior part of the squama of the left temporal bone, could not be covered
with a free flap due to the patient's age and vessel disease. Thus, the defect was entirely reconstructed
with left extended musculocutaneous pectoralis major muscle flap. A few days postoperatively, the
patient tested positive for COVID-19, which compromised the patient's general condition. The flap
started to necrotise, and osteitis of the lateral-skull base developed. Moreover, the epithelialisation
of exposed cortical bone was hampered due to osteoradionecrosis, and it was exposed on two areas
of 0.4 cm? and 1 cm?. The patient's general condition remained poor but stable.

3.2.2. Treatment regimen

Due to the patient's general healthcare status, which posed a high risk of general anaesthesia, surgi-
cal revision with flap reconstruction could not be performed. The patient was initially treated with
intravenous antimicrobials and regular flap necrosis removal to prevent intracranial and systemic
complications. Despite this treatment, the osteitis persisted, and epithelialisation did not occur.
Therefore, outpatient salvage treatment, including multiple PVRG administration and necrosis re-
moval, was offered to the patient. The wound was treated with six applications of PVRG and deb-
ridement on day 0 (baseline), 8, 17, 35, 56 and 108. The number of PVRG applications are strictly
patient-specific and depend on the wound healing rate. It can be repeated as many times as needed
until the wound reaches the desired degree of healing. Blood was withdrawn from the radial artery
in citrated tubes due to the requirement of large PVRG volume and unsuccessful peripheral vein
cannulation. Blood withdrawal volume was prepared with a "half-volume" centrifugation protocol.
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Over the PVRG, a nonadhesive absorbent dressing, Mepilex® (Mélnlycke, Gothenborg, Sweden),
was applied. Directed intravenous antimicrobial treatment for osteitis of six weeks duration was
discontinued at the first PVRG application.

3.2.3. Determination of the PVRG volume

Table 1 shows the results on Vrvrc obtained during the treatment of the patient. Here the time of
centrifugation was 5 minutes which yielded about the maximal possible volume of PVRG compatible
with haematocrit (about half of the volume of the blood taken) (Table 1). It can be seen that the time
of centrifugation should have been shorter than the one proposed by a general protocol. As the ESR
of the patient changed decreased along the treatment, the centrifugation time should have been ac-
cordingly adjusted (Table 1). The best improvement in wound surface was achieved between day 35
and 56 (the wound surface decreased from 40 to 21 cm?).

Table 1. Regimen of the treatment of the osteoradionecrosis of the lateral skull base with PVRG (Steiner et al., 2022).

Day Wound size (cm?) ESR (mm/h) V1 plood (ML) Vpvre (mL) T half volume (min)
0 46 56 125 65 1.54
8 46 55 30 13 1.57
17 43 40 96 50 2.16
35 40 40 80 45 2.95
56 21 42 65 33 2.05
108 18 38 57 30 2.27

Centrifugation was performed at 300 * g and 18 °C. PVRG - platelet and extracellular vesicle-rich gel; ESR — erythrocyte sedimentation rate.

3.2.4. Treatment outcome

PVRG formed a protective biofilm over the wound after each application (Figure 1, Panel C). The
infection healed, i.e., the antimicrobial swab was negative, and there was no discharge —fibrin and
granulation tissue formed under the PVRG biofilm. Later epithelialisation began from the wound
edges and its central parts. However, the epithelialisation did not cover the exposed cortical bone,
not even after the cortical bone was drilled out and PVRG applied over the cancellous bone. One of
the exposed areas of the bone surfaces was reduced from 1 cm? to 0.4 cm?. The second one remained
non-epithelialised (0.4 cm?).

Figure 1. Photographs of a patient with an osteoradionecrosis and osteitis of left lateral skull-base treated with six applications of platelet- and extra-
cellular vesicle-rich gel (PVRG). (A) pre-treatment wound in the area of necrosed (N) extended pectoral muscle flap (PM). Two areas of exposed bone
(EW) are shown around the exposed mastoid cavity (MC) area. (B) PVRG is administered over the debrided wound. (C) on the 56th day after the first
PVRG administration, NE is growing centripetal in the wound, which bleached due to inflammation regression. Dark areas are crusts formed after
exposed cortical bone drilling. Fibrosis (F) is seen in centre.
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4. Discussion

This clinical research presents for calculations of blood volume needed for PVRG preparation to
cover a surface with targeted area. Using the equations helps to estimate the amount of blood needed
to prepare 3-D model of PVRG that would cover the total wound surface. In our practice before the
development of the model, it has happened that too much or too little blood was withdrawn. Re-
peated harvesting of too much blood from the patient can be harmful, and withdrawing too little
results in an insufficient wound covering.

4.1. Patient-tailored, ESR-based PVRP and PVRG preparation protocols

The preparation protocol that is based on the mathematical model can be chosen according to the
size and location of the target tissue and the patient's ESR (Bozic et al., 2021). The model yields the
time of centrifugation at chosen centripetal acceleration of the centrifuge rotor. In subjects with nor-
mal Ht, the “high platelet and EV protocol” (Eq. (1)) yields higher platelet and EVs concentrations in
PVRP at the expense of lower PVRP volume (Bozi¢ et al., 2021). Thus, this protocol is appropriate in
cases where the target tissue surface is small. The “half volume protocol” (Eq. (2)) yields higher PVRP
volume (50% blood yield) at the expense of lower platelet and EVs concentrations in PVRP. How-
ever, these concentrations are in patients with normal Ht and ESR still above the baseline blood levels
(Bozi¢ et al.,, 2021). The latter protocol was used to treat osteoradionecrosis of lateral skull-base,
which was a sequela of radiotherapy of external ear canal cancer and the patient's overall health
status post-COVID-19 was poor. It is known that severe and fatal complications of osteonecrosis in
this area can develop due to drastic changes in bone tissue from post-radiation DNA damage and
cell death (Lyons et al., 2008). This causes disorganisation of the extracellular matrix and prevents
new vessel formation resulting in hypocellularity and tissue hypoxemia( Haubner et al., 2015). Ir-
radiated bone becomes necrotic, exposes through the skin and may become infected (i.e., osteitic)
(Beacher et al., 2018).

Since in the case presented the wound surface area decreased noticeably after multiple PVRG appli-
cations (from 46 cm? to 18 cm?) and bacterial osteitis was treated successfully, PVRG could be con-
sidered a treatment modality for scalp osteoradionecrosis in further research. Furthermore, we ob-
served that the calculated volume of PVRG with novel equations adequately covered the wound.

In a previous study of the effect of PVRP on chronic wounds in the middle ear (Vozel et al., 2020)
the same two-spin protocol for PVRP preparation was used for all patients. The first spin was per-
formed at 300g for 5 minutes. According to the model (Bozic et al., 2021). The patient considered in
this work had an increased ESR and the centrifugation time 5 minutes would be sufficient for the
erythrocytes to reach haematocrit even before the spin were completed. As the platelets and extra-
cellular vesicles in the plasma above the haematocrit are no longer subjected to counterflow, they
would be sedimenting and therefore become depleted in plasma. Besides yielding higher quality
plasma, estimating the time of preparation also shortened the preparation procedure, which was
favourable.

5. Conclusions

Calculations of blood volume needed to prepare PVRG in order to cover the desired wound sur-
face are expected to improve the quality of PVRG and optimize the time of the PVRG preparation
protocol.
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Abstract:

Until 30 years ago it was believed that psychological stress increases cortisol secretion, but later stud-
ies gave contradictory results. Decrease in cortisol levels in post-traumatic stress disorder (PTSD)
reflects a nonnormative and inadequate response to severe stressors, with its pathophysiology in-
volving maladaptation or dysfunction in stress-regulatory systems. To have more insights in re-
sponse of human body to physiological stress, inflammatory signals, oxidative stress parameters and
other health parameters were measured. As for the cortisol level results, also inflammatory signals,
including proinflammatory and anti-inflammatory cytokines and C-reactive protein (CRP), have
been reported to increase and decrease in PTSD. Levels of interleukin (IL)-1f, IL-2, IL-4, IL-6, IL-8,
IL-10, tumour necrosis factor (TNF)-a, interferon gamma (IFN-y) and CRP were reported higher and
lower in blood samples of individuals with PTSD. Some studies report that dysregulation of the
stress axis could have direct effects on brain regions responsible for the regulation of fear and anxiety
(such as the prefrontal cortex, insula, amygdala, and hippocampus). Early-life stress, such as child-
hood adversity (abuse, neglect, or family disfunction), is a potent risk factor for developing PTSD in
response to later trauma, and elevated peripheral markers of inflammation are one of the best-repli-
cated findings in children and adults with early-life stress. Those who develop PTSD may have an
inability or failure to activate an innate immune response. PTSD can also result in other adverse
outcomes, such as heightened oxidative stress (OXS), eating disorders, metabolic disorder, and car-
diovascular disease (CVD). Since the results are very contradictory for PTSD and inflammation re-
sponse of the human body, further research is important. Small cellular particles that can be isolated
from body fluids present potential biomarkers of the clinical status and will be considered in plan-
ning the future research. This contribution presents perspectives in assessment of psychological
stress by objective parameters.

Keywords: Cortisol; Post-traumatic stress disorder; Inflammatory response; Oxidative stress; Cyto-
kines; Eating disorders; Metabolic disorder; Cardiovascular disease; Small cellular particles as stress
markers, Extracellular vesicles as stress markers
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1. How can Psychological Trauma affect human body

Post-traumatic stress disorder (PTSD) is a chronic disorder with dysregulated stress axis function
(Michopoulos et al.,2015). It is associated with psychological, genomic and biological risk factors
(Michopoulos et al., 2015) as well as other morbidities including major depression, substance and
alcohol abuse, panic disorder, suicide, reduced life expectancy. It can also result in increased health
care utilization and disability in daily activities (Coughlin, 2011). Studies also confirmed connection
between PTSD and obesity, diabetes as well as cardio-vascular disease (Boscarino, 2004; Heppner et
al., 2009). PTSD has also been linked to accelerated aging, reduced cortical thickness, and neuro-
degeneration (Miller and Sadeh, 2014; Yang et al., 2021). Developing PTSD is associated with psy-
chological trauma in childhood (Edwards et al., 2003). Maltreated children with significant emotional
problems showed higher average daily cortisol levels across 1 week (Cicchetti and Rogosch, 2001).
Similarly, maltreated children with PTSD showed higher 24-h urinary free cortisol and daily salivary
cortisol levels compared to a healthy comparison group with no maltreatment history (Carrion et al.,
2002; De Bellis et al., 1999). Focus in the scientific literature has been on disturbance in the hypotha-
lamic-pituitary—adrenal (HPA) axis in connection with PTSD. HPA axis is activated in acute stress
conditions and the hypothalamus starts to secrete corticotropin-releasing hormone (CRH) under the
influence of serotonin from the amygdala. Afterwards, the pituitary is stimulated by the CRH to
release adrenocorticotropic hormone (ACTH). This activation results in the production of glucocor-
ticoids (cortisol) in the adrenal cortex. Cortisol serves to stop many metabolic, neuronal defensive
and immune reactions (Meewisse et al., 2007). Described process with inflammation and oxidative
stress (OXS) pathway can be seen in Figure 1. Over time and with continuous exposure to stressors,
both HPA and immune function become dysregulated. Studies using psychological stress to stimu-
late the HPA axis have shown an exaggerated cortisol response in PTSD (de Kloet et al., 2006). How-
ever, studies from more than 30 years ago suggested that PTSD has been associated with lower levels
of cortisol (Yehuda et al., 1990). This paradigm involved the acknowledgment that stress is not nec-
essarily equal to high cortisol secretion, but indeed reflects a nonnormative and inadequate response
to severe stressors, with its pathophysiology involving maladaptation or dysfunction in stress-regu-
latory systems (Yehuda and McFarlane, 1995). Contradictory results forced the researchers to rethink
prevailing models of stress and disease and expand research.

One biological process that has been increasingly interrogated over the last decade is the inflamma-
tory system, as it has a clear role in the pathophysiology of chronic mental and physical illness. Also,
oxidative stress in human body as well as other health parameters such as eating disorder, metabolic
disorder, and cardiovascular disease (CVD) are of interest.

Increased inflammation in PTSD is probably caused by the activation of the stress response in central
and peripheral immune cells that than release cytokines (Michopoulos et al., 2020). Peripheral mon-
ocytes can infiltrate the brain and produce macrophages that secrete cytokines and promote neu-
roinflammation under stressful conditions. Peripherally produced inflammatory mediators as well
as glucocorticoids can stimulate microglia which after activation produce cytokines and other sub-
stances that are important for adaptive regulation (Dantzer et al., 2008; Nair and Bonneau, 2006).
Many blood-based immune mediators, including proinflammatory and anti-inflammatory cytokines
as well as chemokines were measured within 3 hours after a traumatic exposure and after up to 12
months after a traumatic exposure (Michopoulos et al., 2020). Monitored individuals were classified
in three groups: 1) those who were resilient and did not develop PTSD, 2) those who developed
symptoms but recovered, and 3) those who developed chronic PTSD symptoms. The authors found
that blood-based levels of all proinflammatory cytokines, in particular tumour necrosis factor (TNF)-
a and interferon (IFN)-y, immediately after the traumatic exposure are not the same for those indi-
viduals who went on to develop chronic PTSD symptoms from those who were resilient or had re-
covered from their symptoms at the time of follow-up.
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Figure 1. Inflammation process in post-traumatic stress disorder (PTSD). Dysregulation of the hypothalamic-pituitary-adrenal (HPA)
axis is present in PTSD. Gonadal steroid hormones and the HPA axis modulate neurotransmitter and neuropeptide systems, influence
amygdala activity, influencing inflammatory and oxidative stress responses. Also, eating disorders (ED), metabolic disorder and cardio-
vascular diseases (CVD) increase. Some studies report that cortisol levels decrease in case of PTSD, on contrary, other studies report
increasing of cortisol levels. Although results are also contradictory for PTSD association with inflammatory response, cross-sectional
data linking PTSD to a pro-inflammatory state and associates PTSD with chronic inflammation. Increase in immune activity in both the
periphery and the central nervous system via stress and trauma effects neuroendocrine systems and the sympathetic nervous system
(SNS). The overactivity of the SNS and decreased activity of the parasympathetic nervous system increases the release of pro-inflamma-
tory cytokines (Interleukin (IL)-1f3, IL-2, IL-6, tumour necrosis factor (TNF)- a and interferon (INF)- v) and decrease anti-inflammatory
cytokines (IL-4 and IL-8) that can influence neurotransmitter systems, neurocircuitry, and finally, affective behaviour. Cytokines may
contribute to the maintenance of fear- and anxiety-based symptoms by affecting the activity and connections of regions of the brain
implicated in the etiology of these disorders, including the amygdala, hippocampus, insula, medial prefrontal cortex, and the anterior
cingulate (adapted from (Michopoulos, Norrholm, and Jovanovic 2015), (Meewisse et al. 2007) and (Michopoulos et al. 2017)).

2. Psychological Trauma and inflammation

Exposure to psychological trauma is associated with inflammatory activity. Inflammation is present
during high PTSD symptom state, but it is not yet clear if inflammation plays a role in PTSD risk. A
prospective study (Marine Resiliency Study) of PTSD development in service members deployed to
combat zones reported that high levels of plasma CRP collected before deployment were associated
with increased risk for developing PTSD after combat (Eraly et al., 2014). Similarly, those that devel-
oped PTSD after combat exhibited altered gene expression patterns in peripheral immune cells col-
lected before combat compared to those that did not go on to develop PTSD after combat (Breen et
al., 2015) and also, higher glucocorticoid-dependent cytokine production and T-cell proliferation be-
fore deployment is associated with increased PTSD symptoms after combat . These findings suggest
that immune factors might not only be markers for symptom state, but also contribute to pre-existing
risk for PTSD upon trauma exposure. It can be suggested that immune factors might be markers for
symptom state of PTSD and can also contribute to pre-existing risk for PTSD upon trauma exposure
(Deslauriers et al., 2017).
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Some studies report increase in circulating concentrations of pro-inflammatory signals - interleukin
(IL)-1B (Hoge et al., 2009), IL-2 (Guo et al., 2012), IL-6 (Bersani et al., 2016), TNF- (Bersani et al.,
2016), INF- vy (Hoge et al., 2009) and the acute phase reactant C-reactive protein (CRP) (Tursich et al.,
2014). IL-1 was suggested as biomarker of illness duration, and IL-6 as a biomarker of PTSD severity
(Passos et al., 2015). It is also reported that childhood maltreatment can result in increased inflam-
mation in adulthood. Anti-inflammatory signals were reported to decrease - IL-4 (Smith et al., 2011)
and IL-8 (Song et al., 2007). Authors reported increased levels of CRP in adulthood (Bertone-Johnson
et al., 2012; Lin et al., 2016; Matthews et al., 2014; Tietjen et al., 2012), also concentrations of IL-6, IL-
1B, and TNF-a are increased (Tietjen et al., 2012; Gouin et al., 2012; Kiecolt-Glaser et al., 2011; Smith
etal., 2011). Increase in TNF-a concentration in PTSD also positively correlate with total PTSD symp-
tomology, as well as all three Diagnostic and Statistical Manual of Mental Disorders, 4th Edition —
text revision symptom sub-clusters (avoidance, re-experiencing, and hyperarousal) (von Kénel et al.,
2007). Elevated CRP is associated with impaired inhibition of fear-potentiated startle in the presence
of a safety signal, a well-characterized biomarker of PTSD (Jovanovic et al., 2012). Perhaps it might
be speculated that a certain degree of inflammation is necessary for adaptive plasticity.

Contradictory to results of increase pro-inflammatory signals, other authors report decreases or no
relation between PTSD and circulating concentrations of IL-13 (Tucker et al., 2004; Song et al., 2007),
IL-2 (Smith et al. 2011; Hoge et al. 2009), IL-6 (von Kénel et al., 2007) and CRP (McCanlies et al., 2011).
In relation to that, also pro-inflammatory signals were reported to increase: IL-4 and IL-10 (Guo et
al., 2012; Hoge et al., 2009; von Kénel et al., 2007) as well as IL-8 (Guo et al., 2012; Hoge et al., 2009).
IL-4 concentrations have been correlated negatively with total hyperarousal symptoms (von Kénel
et al.,, 2007) and in a small clinical trial in soldiers with PTSD, symptom improvement during psy-
chotherapy was accompanied by increases in peripheral TNF-a (Himmerich et al., 2016).

3. Psychological Trauma and Oxidative stress

OXS is a biological process which triggers pro-inflammatory signalling pathways and can be acti-
vated by inflammation(Miller and Sadeh, 2014). It can cause cellular damage due to an imbalance
between levels of antioxidants and free radicals. Variety of biomarkers can be measured for detecting
OXS with the aim to quantify either antioxidant capacity or the degree of oxidative damage present
in a bio-sample. It is connected with neurodegeneration, aging, accelerate cellular aging and patho-
genesis of several chronic conditions (including diabetes, cardiovascular illnesses and neurodegen-
erative conditions) (Miller et al., 2018). OXS markers were suggested to be associated with PTSD. In
most studies on patients with PTSD levels of specific OXS markers increased and activity of antiox-
idant enzymes reduced (Borovac Stefanovié, et al. 2015; Zieker et al., 2007; Tylee et al., 2015; Atli et
al., 2016). Possibly, the traumatic experience itself responds by increasing OXS. Potentially relevant
process that links between PTSD and OXS is sleep disturbance —a common symptom of PTSD that
manifests as recurrent nightmares, restless sleep and difficulty falling and staying asleep - sleep dis-
turbance promotes OXS in the brain by interrupting elimination of free radicals, which, in turn, con-
tributes to cognitive decline and neurodegeneration (Calhoun et al.,, 2007). In earthquake-exposed
individuals with PTSD authors report significantly decreased paraoxonase-1 activity and elevated
malondialdehyde concentration in comparison with healthy controls; in the same study, such differ-
ences were not significant between healthy controls and earthquake survivors who did not develop
PTSD (Atli et al., 2016). Also, other authors reported that OXS parameters were associated with risk
for PTSD development (Glatt et al., 2013; Tylee et al., 2015). Similarly, Stefanovic et al. (Borovac
Stefanovi¢ et al., 2015) found decrease in blood levels of superoxide dismutase and glutathione trans-
ferase in Croatian war veterans with PTSD compared to controls. Studies have shown that clinically
depressed patients show elevated levels of oxidative DNA damage and suppressed antioxidant ac-
tivity (Forlenza and Miller, 2006). Patients with generalized anxiety disorders have shown evidence
of elevated lipid peroxidation (Bulut et al., 2013) and suppressed antioxidant activity was found in
bio-samples from patients with panic disorder (Ozdemir et al., 2012). There are reports for altered
reactive oxygen species (ROS) and glutathione S-transferase (GST) in chronic PTSD (Neylan et al.,
2011). Future studies with larger samples are needed to investigate the levels of OXS markers and
the role of this biological process in PTSD (Peruzzolo et al., 2022).
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4. Small cellular particles and extracellular vesicles as stress biomarkers

Already more than 20 years ago it was revealed that small cellular particles (SCPs) detected in iso-
lates of human blood are connected with inflammation processes in human body (Beyer and Pi-
setsky, 2010). Research in this field has been developing since and various mechanisms have been
considered. Chiaradia et al. (2021) considered SCPs’ involvement in the pathophysiology of oxida-
tive stress-related diseases, as mediators of cell-to-cell communication. Direct effects and indirect
effects on the regulation of oxidative stress through SCPs were distinguished; SCPs can deliver anti-
oxidant substances or oxides to recipient cells, directly relieving or aggravating oxidative stress, or -
they can deliver regulate factors of oxidative stress-related signaling pathways to recipient cells (Qi
et al. 2021). In a recent study, it was reported that the quantity of oxidative stress markers correlated
with concentration of SCPs isolated from blood (Jan et al., 2021). With all the different roles SCP can
play in human body and with all the connection to oxidative stress and inflammation related pro-
cesses, investigating SCP role in psychological stress is of interest.

5. Eating disorders, metabolic disorder and cardiovascular disease in psychological trauma

PTSD, especially the one caused by childhood maltreatment, especially sexual abuse, is commonly
connected to eating disorders (EDs). Yet, EDs can also be triggered by many other forms of victimi-
zation, trauma, and neglect, including but not limited to sexual assault (rape and molestation) during
adulthood, sexual harassment, physical abuse and assault, emotional abuse, emotional and physical
neglect (including food deprivation), teasing, and bullying (Johnson et al., 2002). PTSD is more com-
mon in bulimia nervosa and binge-eating disorder and less common in anorexia nervosa (Mitchell
etal., 2012).

Connection between PTSD and adverse health disorders and diseases, e.g., CVD (Boscarino 2004)
metabolic disorder (including type 2 diabetes mellitus (T2DM)) and obesity (Michopoulos et al.,
2016) has been reported. Obesity and metabolic disorder result in reduced sensitivity to the anorexic
peptide leptin (secreted from adipose tissue) that results in hyperleptinemia and leptin resistance
(Santoro et al., 2015). Effects of the HPA axis and stress on metabolism can provoke hyperglycaemia
and insulin resistance already present in metabolic disorders (Rosmond, 2005). When inflammation
alters HPA activity, it has adverse effects on cardiovascular function (Nijm and Jonasson, 2009). A
longitudinal study of traumatic stress resulting from prolonged war in Beirut found that individuals
with more war-related traumatic experiences were at greater risk for CVD-related mortality. Mortal-
ity was more evident in women who suffered personal traumas, such as injuries or family deaths,
while it was more prominent in men who had suffered property loss, work-related problems, or
displacement from home (Sibai et al., 2001). In a study of cardiovascular morbidity in World War II
prisoners of war, increased risk of CVD was present in those who developed PTSD (Kang et al.,
2006). 30 year follow-up study with Vietnam-era veterans noted that those veterans at PTSD were at
increased risk of CVD-related mortality (Boscarino, 2006). In a study of Australian veterans, PTSD
associated with increased risk of hypertension (O'Toole and Catts, 2008). Studies report that PTSD is
connected with elevated baseline systolic and diastolic blood pressure (Kellner et al., 2003). PTSD
was also associated with elevated high density lipoprotein (HDL) cholesterol, low density lipopro-
teins (LDL), and triglycerides, as well as decreased high density lipoproteins (Solter et al., 2002).
Alleviating inflammation might be beneficial to individuals suffering from PTSD and metabolic dis-
orders and could even help prevent the occurrence of metabolic syndrome in individuals with PTSD
(Michopoulos et al., 2015).

6. Conclusions

Overall, the cross-sectional data linking PTSD to a pro-inflammatory state and associates PTSD with
chronic inflammation, suggesting the inflammation may serve as a possible therapeutic target for
alleviating PTSD symptoms et al., 2015). The inconsistencies between published reports on PTSD
associated with cortisol level and with inflammation may be related to small sample sizes, distinct
study and ethnic populations, the presence of uncontrolled confounders (medication usage, presence
of infection, co-morbidity with depression, and other chronic illnesses), and the use of different con-
trol groups for comparison. Although this meta-analysis and coincident subgroup analysis move the
field forward, future studies and analyses are necessary to determine how other factors (ie, smoking
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status, alcohol use, obesity, infection, and pulmonary and CVD) influence the association between
PTSD and inflammation (Michopoulos et al., 2017).

Several behaviours may contribute to the increased risk for poorer health in individuals with PTSD.
Individuals with PTSD have tendency to engage in increased alcohol use, have higher BMI, and
greater rates of smoking. Studies of both men and women report poorer health habits including less
physical exercise, less self-care, and greater caloric intake (Dedert et al., 2010).

It would be interesting to investigate impact of Marital and Family Therapy on the health parameters
that were listed and presented in this review paper.
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Abstract:

Brachycephalic obstructive airway syndrome (BOAS) is a conformation-related respiratory disorder
of dog breeds with congenitally flattened facial and skull anatomy. BOAS is characterized by chronic
shortness of breath and subsequent difficulty in exercising, a tendency to overheat, increased and
abnormal respiratory noise, and low oxygen levels. The aim of our retrospective study was to inves-
tigate the level of red blood cell distribution width (RDW), a biomarker of chronic hypoxemia, in
groups of BOAS patients with different degrees of BOAS and a group of healthy non-brachycephalic
dogs. Red blood cell distribution width provides information on the variability in the red blood cell
volume. Itis a simple and inexpensive variable included in the complete blood count report. Seventy-
two BOAS patients and 24 non-brachycephalic dogs were included in this retrospective study. Pa-
tients with BOAS were classified into grade 1 (13 dogs), grade 2 (27 dogs), and grade 3 (32 dogs)
according to the severity of the disease. In our study, a significantly (p <0.05) higher RDW was found
in all groups of BOAS patients compared to the non-brachycephalic dog group. However, we found
no significant difference in RDW between the groups of BOAS patients. Thus, we may conclude that
BOAS patients have increased variability in the size of red blood cells compared with healthy non-
brachycephalic dogs. Our results warrant further studies to determine the potential utility of RDW
in BOAS and to clarify the role of RDW in BOAS patients in relation to the severity of BOAS and
cardiovascular risk.

Keywords: Brachycephaly; Brachycephalic obstructive airway syndrome; Dogs; Haematology;
Erythrocytes; Red blood cell distribution width
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1. Introduction

In recent years, brachycephalic dogs, which exhibit various characteristics of young animals have
become increasingly popular internationally. Their large, round, wide-set eyes and flat, rounded
faces resemble those of human infants, making these dogs a pleasure to care for. Common breeds of
brachycephalic dogs include English and French bulldogs, Boston terriers and pugs; these breeds are
characterised by a severe shortening and widening of the skull that results in narrowing of the
airway, making them susceptible to conformational respiratory condition known as brachycephalic
obstructive airway syndrome (BOAS) (Fasanella et al., 2010; Meola, 2013; O’Neill et al., 2015; Packer
et al., 2015; Dupre and Heidenreich, 2016; Liu et al., 2017). Artificial selective breeding for extreme
brachycephaly has resulted in bony changes and upper airway deformation, leading to increased
airway resistance caused by excessive soft tissues that has not decreased proportionally with bony
changes. Affected dogs present with clinical signs of respiratory dysfunction that may include
inspiratory dyspnea, snoring, stertor, stridor, and panting, gastrointestinal signs such as vomiting
and regurgitation, and intolerance to stress, exercise, and heat, sleep disturbances, and in severe
cases, cyanosis and even syncopal episodes (Fasanella et al., 2010; Roedler et al., 2013; Packer et al.,
2015; Dupre and Heidenreich, 2016; Liu et al., 2017). Brachycephalic dog breeds may have additional
systemic complications (Meola, 2013). Even when these dogs are systemically healthy, they have
been shown to have hypertension, and significantly higher packed cell volume and arterial pCO:2
and significantly lower arterial pOz compared to non-brachycephalic dog breeds (Hoareau et al.,
2012). Furthermore, hypomagnesemia (Mellema and Hoareau, 2014) and hypercoagulability
(Hoareau and Mellema, 2015) have also been demonstrated in clinically healthy Bulldogs. In addition,
the presence of a hypercoagulable state (Crane et al., 2017), elevated levels of inflammatory markers
(Rancan et al., 2013), and higher levels of cardiac troponin I have been reported in canine patients
with BOAS (Planellas et al., 2012).

Brachycephalic obstructive airway syndrome shares features of obstructive sleep apnea syndrome
(OSAS) (Hendricks et al., 1987; Hendricks, 1992), which is a highly prevalent breathing disorder in
humans, caused by the repetitive collapse of the narrow upper airway during sleep (Eisele, 2015;
Lavie, 2015). Obstructive sleep apnea syndrome is characterized by intermittent hypoxia, leading to
blood hypoxaemia, hypercapnia, sleep fragmentation, augmented respiratory efforts and increased
symphatetic activity. In patients with OSAS, repeated episodes of cessation of breathing, lead to
hypoxia and reoxygenation, which results in increased production of reactive oxygen
species/reactive nitrogen species (ROS/RNS) and thus oxidative stress. The latter adversely affect the
associated cardio-/cerebro-vascular disease in OSAS patients (Eisele, 2015; Lavie, 2015).

Increased values of red blood cell distribution width (RDW) (Ozsu et al., 2012; Leon Subias et al.,
2017) and an association between RDW and OSAS severity have been reported not only in adult
OSAS patients with and without cardiovascular disease (Sokucu et al., 2014; Leon Subias et al., 2017),
but also in children with OSAS (Morell-Garcia et al., 2020). For many years, RDW was used for the
differential diagnosis of anemias. Nowadays, RDW is a parameter with numerous clinical
applications (Salvagno et al., 2015). It is also considered a biomarker of chronic hypoxemia (Ycas,
2017). Red blood cell distribution width, an index of circulating red blood cell volume heterogeneity
(conventionally known as anisocytosis), is included in routine complete blood count reports, making
it a simple and inexpensive parameter. The RDW is a coefficient of variation of red cell volume
calculated by dividing the standard deviation of red cell volumes by the mean corpuscular volume
(MCV) and multiplying by 100 to express the result as a percentage. The RDW thus provides
information on the variability of the volume of circulating erythrocytes. In addition, RDW is
associated with several serious diseases, including most of those that cause hypoxemia. It has been
reported that RDW responded to applied hypoxia (Salvagno et al., 2015; Y¢as, 2017). Intermittent
hypoxia, which also occurs in OSAS and BOAS patients, stimulates the synthesis and secretion of
erythropoietin, which is one of the factors with great impact on the increase of RDW (Salvagno et al.,
2015; Ycas, 2017; Li et al., 2018). The RDW has not been reported in BOAS patients. Therefore, our
retrospective study aimed to evaluate the RDW in canine patients with different grades of BOAS
admitted to the Small Animal Clinic for surgical treatment of BOAS.
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2. Methods
2.1. Dogs

The present study is based on a retrospective evaluation of complete blood count reports of 72 client-
owned dogs diagnosed with BOAS and 24 healthy dogs of non-brachycephalic breeds that
underwent elective surgery. The 24 healthy non-brachycephalic dogs served as controls. These dogs
were considered healthy based on normal history, normal clinical examination, and results of
hematological and biochemical analyzes. At inclusion to the study, the history of the BOAS patients
was obtained using a questionnaire about behavior, health, and lifestyle. Additionally, the owners
of BOAS patients completed a preoperative owner questionnaire in order to investigate a wide range
of clinical signs (respiratory and gastrointestinal signs, exercise tolerance, and sleep disorders). All
dogs that showed signs of concurrent disease or had received any type of therapy or vaccination
within the last month were excluded from the evaluation. The diagnosis of BOAS was based on
clinical signs of upper airway obstruction and anatomical anomalities, as described elsewhere
(Dupre and Heidenreich, 2016; MacPhail and Fossum, 2019). The severity of the disease was
classified based on the anatomical anomalities of the airway. Patients were classified as grade 1,
grade 2, and grade 3 based on the decrease in the radius of the airway at the level of the nasopharynx,
oropharynx, laryngopharynx, and larynx after soft palate surgery (Erjavec et al., 2021). The patients
with BOAS were scheduled for surgical treatment under general anesthesia. The overall patients'
health status was assessed by history, physical examination, and the results of haematological
(complete blood count with white blood cell differential count; only results on RDW are reported in
this manuscript), biochemical (data not shown), and venous blood gas analyzes (data not shown).

Written informed consent was obtained from the owners. All procedures complied with the relevant
Slovenian governmental regulations (Animal Protection Act, the Official Gazette of the Republic of
Slovenia, 43/2007). The study was evaluated and approved by the Ethical Committee on Animal
Research of the Veterinary Faculty, University of Ljubljana.

Haematological analyzes were performed within one hour after collection of blood samples using
an automated laser-based haematology analyzer (ADVIA 120, Siemens, Munich, Germany) and
multispecies software. Data were analyzed using commercial software (IBM SPSS 25.0, Chicago,
Illinois, USA). We used the Shapiro-Wilk test to check whether the data were normally distributed.
Based on the results of normality tests, the Kruskal-Wallis test followed by multiple comparisons
and Mann-Whitney test (non-parametric tests) were used to compare the parameters (RDW, weight,
age) between the groups of dogs. A value of p < 0.05 was used to determine significance.

3. Results

Baseline data for patients with BOAS and healthy non-brachycephalic dogs are shown in Table 1. No

significant difference in weight was found between the control dogs and the groups of BOAS patients.
However, control dogs and grade 1 BOAS patients were significantly younger than grade 3 BOAS

patients. Regardless of the severity of BOAS, French bulldogs were the most common breed (37/72).

Statistical analysis revealed a significantly higher RDW in all groups of BOAS patients (Table 2)

compared with the group of non-brachycephalic dogs. However, there was no significant difference

in the level of RDW among the three groups of BOAS patients.
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Table 1: Baseline data of patients with different grades of brachycephalic obstructive airway syndrome (BOAS) and healthy non-brachycephalic
dogs (Control)

Control Grade 1 Grade 2 Grade 3 All BOAS
patients
Number 24 13 27 32 72
Sex (F/M) 11/13 716 16/11 21/11 44/28
Age (months) 15.0 13 31.0 35.0* 30.5
Median (IQR) 11.0-405 8.5-285 16.0-55.0 19.3-67.5 16.4 - 55.8
Weight (kg) 10.8 8.5 10.1 10.0 9.84
Median (IQR) 7.8-227 6.5-12.1 8.8-12.6 84-11.6 8.4-11.8
Breeds Non-brachy 7FB,4ST, 1 13 FB, 6 17FB,8P, 6 37 FB, 14 P,
EB, 1 BST BST,6P, 1 BST, 1ST 13 BST, 6 ST,
EB,1ST 2 EB

*grade 3 patients significantly were older than grade 1 patients (p = 0.010) and control dogs (p = 0.016). BST: Boston Terrier; EB: English Bulldog; F:
female; FB: French Bulldog; IQR: interquartile (25th to 75th percentile) range; M: male; P: Pug; ST: Shih Tzu

Table 2: Red blood cell distribution width (RDW) of patients with different grades of brachycephalic obstructive airway syndrome (BOAS) and
healthy non-brachycephalic dogs (Control)

Group RDW (%) Median; IQR p values’
Reference range? 119-145

Control (n =24) 12.5;12.1-13.1

Grade 1 (n=13) 13.0;12.9 - 14.0 p=0.037
Grade 2 (n=27) 13.4;13.1-13.9 p <0.001
Grade 3 (n=32) 13.1,12.7-13.6 p=0.027
All BOAS patients 13.2,129-13.8 p <0.001

*p values indicating the significant difference in comparison to control dogs
2Hematology analyzer Advia 120 (Siemens, Munich, Germany)
IQR: interquartile (25t to 75t percentile) range; n: number of dogs

4. Discussion

In this study, RDW was investigated in brachycephalic dogs with different severity grades of BOAS.
We could not compare our results with those of similar studies performed in BOAS patients because
to our best knowledge no papers have been published on the subject. Because of the similarity of the
two syndromes (Hendricks et al., 1987; Hendricks, 1992), we discussed our results with those
obtained in OSAS patients. The results of our study showed that RDW was significantly higher in all
groups of BOAS patients than in healthy non-brachycephalic dogs, although the median values were
within the reference range. These results suggest that BOAS patients have greater variability in the
size of red blood cells compared to controls. Similar results were obtained in OSAS patients (Ozsu et
al., 2012; Leon Subias et al., 2017). The higher RDW values in BOAS patients may be due to increased
erythropoietin synthesis, as a consequence of the hypoxemia present in these patients (Hendricks et
al.,, 1987; Hendricks, 1992; Hoareau et al., 2012). In addition, a high RDW values in BOAS may be
due to other factors, such as inflammation (Lippi et al., 2009; Leon Subias et al., 2017). Intermittent
hypoxia is one of the important factors that cause systemic inflammation (Dewan et al., 2015). In
BOAS patients, plasma concentrations of pro-inflammatory and anti-inflammatory cytokines and
nitric oxide were significantly higher than in control dogs and appeared to be related to disease
severity (Rancan et al., 2013).

Some limitations must be considered when interpreting our results. The first and the most important
limitation of our study is the lack of erythropoietin measurements, which could help us in the
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conclusion of our study. The second limitation is the fact that the the control dogs and patients in
BOAS grade 1 were significantly younger than the patients in BOAS grade 3. The third limitation is
the gender distribution of BOAS patients. We included more females than males, 44 and 28,
respectively.

5. Conclusions

Based on our results, we may conclude that BOAS patients have increased variability in red blood
cell size compared with healthy, non-brachycephalic dogs. Our results warrant further studies to
determine the potential utility of RDW in BOAS and to clarify the role of RDW in BOAS patients in
relation to the severity of BOAS and cardiovascular risk.

Funding: This research was supported by Slovenian Research Agency (research program No. P4-
0053).

Institutional Review Board Statement: All procedures complied with the relevant Slovenian gov-
ernmental regulations (Animal Protection Act, the Official Gazette of the Republic of Slovenia,
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Abstract:

Gastrointestinal nematode (GIN) infections remain one of the most prevalent and important issue
affecting ruminants worldwide. Until date, the majority of GIN control has relied on the administra-
tion of chemical anthelmintic medications on a regular basis, in recent years, the problem of anthel-
mintic resistance has reached new heights where it can no longer be ignored as a major issue in the
control of parasites of livestock. Anthelmintics are generally used at farmers' discretion, with no
restrictions to access to commercially available drugs and without any assistance from veterinarians.
Thus, inadequate use of anthelmintics is not rare, animals are often treated excessively, interfering
with production, accelerating selection of resistant parasites, and posing significant problems for the
ruminant industry. The unusually high frequency of multi-drug resistance (MDR) in sheep and goat
nematodes threatens the sustainability of small-ruminant enterprises in several parts of the world.
Although resistance in horses and cattle nematodes has not yet reached the levels reported in small
ruminants, data shows that resistance issues, particularly MDR worms, are rising in these hosts. Both
innovative non-chemical parasite control methods and molecular tests capable of detecting resistant
worms are urgently needed.

Keywords: Anthelmintics; Multidrug resistance; Gastrointestinal nematodes; Ruminants; Preva-
lence
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1. Nematodes in ruminants and anthelmintic resistance

Infections with parasites, particularly gastrointestinal nematodes (GINs), continue to pose a severe
threat to the health, welfare, productivity, and reproduction of grazing ruminants across the world
(Morgan et al., 2005). At pasture, all grazing animals are susceptible to helminth infections, and any
future intensification of livestock production will raise the risk of helminth infection.

GINs are important parasites that infect cattle and small ruminants in a variety of ways (Kaplan RM.,
2004) and can cause anemia and other symptoms in due to the blood-sucking actions of specific
nematode species, decrease reproductive performance, causing a low growth rate, weight loss, and
poor food conversion (Mello et al., 2006). Haemonchus placei, Cooperia spp., and Oesophagostomum ra-
diatum are the most common species in cattle (Neves et al. 2014), while Haemonchus contortus, Tricho-
strongylus colubriformis, and Oesophagostomum columbianum are the most commercially important
GINs in small ruminants (Amarante, 2014). Strongyloides spp. and Trichuris spp. are the most frequent
nematodes found in ruminants, but Strongyloides spp. having a global range. Other species found in
cattle and small ruminants include Ostertagia ostertagi and Teladorsagia cicumcincta, respectively (Bis-
set et al., 2014). The huge number of prevalence surveys and field epidemiology studies conducted
in various locations give a qualitative picture of the distribution and relative relevance of various
species throughout Europe. In warmer, southern latitudes, H. contortus is more frequent and poses a
greater danger to sheep health and productivity, while T. circumcincta is the dominating nematode
of sheep in temperate and northern areas (Kao et al., 2000). Trichostrongylus and Nematodirus spp. are
widespread, with varying degrees of significance on a local basis. Only in northern Europe is N.
battus a major source of illness in lambs (Morgan and van Dijk, 2012).

Factors influencing the occurrence of GINs include the link between crop adaptability and climatic
circumstances such as pasture quantity and quality, temperature, humidity, and the host's grazing
behavior (Pal and Qayyum 1993). Environmental circumstances are favorable for the growth of gas-
trointestinal parasites during the hot, rainy months of the year, and they proliferate quickly with a
high intensity as a result. In the microclimate of the pasture, the best temperature range for larval
development of many nematode species is 22 to 26°C, with an appropriate humidity level of close to
100%. The majority of larvae perish in unfavorable climates (Ramos et al., 2016).

Since the 1960s, when very effective broad spectrum anthelmintics with wide safety margins became
available, producers have relied on these treatments to manage GIN (Rose et al., 2020). Antihelmintic
products such as benzimidazoles (BZ; e.g. albendazole, triclabendazole), levamisoles (LEV), and
macrocyclic lactones (ML; e.g. ivermectin, eprinomectin, moxidectin) are used heavily in ruminant
helminth control to keep infections below levels that can cause clinical and sub-clinical disease (Rose
et al., 2020).

The yearly cost of treating parasite infections in ruminants is estimated to be in the billions of dollars,
from the sales of anthelmintic drugs by pharmaceutical companies, excluding production losses, also
the economic impacts of anthelmintic resistance around the world are massive with global losses
projected in the billions of dollars per year. In contrast to veterinary health, resistance in human
parasites is not widely reported with only a few confirmed cases. The selective pressures put on
human parasites by mass drug administration, will lead to an increase in resistance (Means et al.,
2017).

1.1. Anthelmintic resistance

The term "resistance" is defined differently in different publications. Anthelmintic resistance is a her-
itable trait that occurs "when a higher frequency of individuals in a parasite population, who were
previously affected by a dose or concentration of compound, are no longer affected, or a higher con-
centration of drug is required to achieve a certain level of efficacy." The World Association for the
Advancement of Veterinary Parasitology (WAAVP) produced a guideline on anthelmintic combina-
tion products targeting nematode infections in ruminants and horses (Geary et al., 2012) that states:
"parasites’ ability to withstand medication dosages that would typically kill parasites of the same
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species and stage." Resistant helminths avoid the effects of therapy and convey resistance to the fol-
lowing generation. Resistance genes that arise as a result of mutation are initially uncommon in the
population, but as selection continues, their relative percentage in the population grows, and the
number of resistant parasites grows as well. Chemical resistance is referred to as cross resistance.

Understanding the evolution and inheritance of anthelmintic resistance has been a global research
focus for many years. Many veterinary parasitic nematodes have genetic characteristics that facilitate
the development of anthelmintic resistance. Rapid nucleotide sequence evolution and extremely
large effective population sizes are two of the most important, giving these worms an incredibly high
degree of genetic diversity (Anderson et al., 1998, Blouin et al. 1995). Furthermore, the majority of
nematode species analyzed have a population structure that is compatible with significant levels of
gene flow, suggesting that host migration is a key factor of worm population genetic structure
(Blouin et al., 1995). As a result, these worms not only have the genetic capability to successfully
respond to chemical attack, but also the ability to ensure the spread of their resistant genes through
host mobility.

A rise in resistance within a worm population to clinically detectable levels is usually a lengthy and
gradual process that takes several generations of drug selection and many years. In practice, this
means that the genetic phase of resistance grows slowly over time, making it hard to detect, but then
rapidly rises in its later phase. When a large enough fraction of the worm population is resistant, the
phenotype of diminished effectiveness will become clinically noticeable. Treatment failures due to
medication resistance can develop almost quickly or over a relatively short period of time, depend-
ing on how many animals are acquired that house resistant worms and their worm loads, as well as
other management and pasture characteristics.

In the early stages of resistance, certain medications within a class are more effective than others
(e.g., moxidectin vs. ivermectin), but if resistance reaches high levels, no therapy in that class is likely
to remain effective. There is also strong evidence that once resistance is diagnosed as a clinical prob-
lem for the benzimidasoles (BZ) and avermectin/ milbemycins (AM) classes, reversion to suscepti-
bility is unlikely. With levamisole, there is some indication of reversion back to susceptibility, alt-
hough any such return is likely to be short and of little long-term benefit.

2. Prevalence of anthelmintic resistance in ruminants

Over the past 20-25 years, we have witnessed a rapid increase in both the prevalence and magnitude
of anthelmintic resistance, and this increase appears to be a worldwide phenomenon. H. confortus,
T. circumcincta, T. colubriformis, Ostertagia spp., and Cooperia spp. have acquired resistance, which is
confirmed in Australia, New Zealand, South Africa, several European nations, numerous Asian
countries, and both American continents. The problem of anthelmintic resistance is clearly worse
than current data suggests, as every nation that took part in an occurrence study revealed resistant
gastrointestinal worm populations. Several scientific findings suggest that helminth resistance to
earlier types of anthelmintics (benzimidazoles, tetrahydropyrimidines, imidazothiazoles, and mac-
rocyclic lactones) is increasing in the Europe to varying degrees (Borgsteede et al., 2007, Sargison et
al., 2007). After their introduction to the market, resistance to other anthelmintic classes, notably
those employed in sheep and horses, has evolved quickly. Resistance to the imidazothiazole, tetra-
hydropyrimidine and avermectin-milbemycin classes, for example, evolved in sheep within 3-9
years of their debut to the market (Kaplan, 2004). Anthelmintic resistance is a serious limitation in
the sheep sector in Australia today, but it is also present in Europe. Multidrug-resistant (benzimid-
azoles, imidazothiazoles, and macrocyclic lactones) populations of Haemonchus contortus, Teladorsa-
gia spp., and Trichostrongylus spp. have been found in sheep across Europe.

3. Conclusion

Anthelmintic resistance is a natural evolutionary process that cannot be avoided when anthelmintics
are employed on a farm. The frequency of MDR in small ruminant gastrointestinal nematodes is
quite high, and many goat and sheep farms currently have resistance to all available anthelmintics.
This circumstance poses major issues for parasite management, necessitating the incorporation of
innovative nonchemical techniques into parasite control programs. Drug resistance issues in cattle
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are less serious, but they are getting worse. Because cattle's gastrointestinal nematodes have lower
degrees of resistance, it's possible to apply what we've learned from sheep to change how anthel-
mintics are administered to increase the long-term viability of chemical-based management.

Conflicts of Interest: The authors declare no conflict of interest.
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Ovariectomy is the most popular and reliable method of reproductive control in dogs. There are
many health benefits to spaying. If spayed early enough, the risk of mammary gland neoplasia de-
creases significantly, and ovariectomy also eliminates the possibility of pyometra. On the other hand,
spaying and the absence of gonadal hormones is also associated with an increased prevalence of
many health problems. Urinary incontinence, various orthopaedic disorders, endocrinologic disor-
ders such as hypothyroidism, many neoplastic disorders (including hemangiosarcoma, osteosar-
coma, lymphoma) and immune-mediated disorders are among the most common health problems
associated with early spaying and spaying in general.

Keywords: Spaying; Health benefits; Health risks; Neoplasia; Gonadal hormones exposure; Urinary
incontinence
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1. Introduction

Ovariectomy (i.e., removal of the ovaries in female dogs) remains the most reliable method of per-
manent spaying for reproductive control in dogs (Rooster and Porters, 2017). This method allows us
to control pet overpopulation and thus reduce the number of animals in shelters (Kustritz, 2007).
Dog owners are often advised to have their dogs spayed for health reasons. Removal of both gonads
eliminates pregnancy and parturition related diseases as well as diseases of the ovaries such as cysts
and, although rare, ovarian tumours (carcinoma, adenocarcinoma, and teratoma). Although spaying
has many positive health effects, research shows not only the benefits associated with spaying, but
also many long-term health risks. Some of the long-term risks could include urinary incontinence, a
predisposition to various neoplasms, and orthopaedic disorders.

Whether spaying improves or decreases the chances of overall good health depends on the age of
the dog at the time of spaying and the relative risk for various health conditions in different breeds.
The purpose of this article is to summarise many of the potential health benefits and risks associated
with spaying at different ages by reviewing epidemiologic research studies on dogs.

2. Positive effects of spaying
2.1. Mammary gland neoplasia

Ovariectomy is an important preventive measure against mammary gland neoplasia because it re-
duces the risk of their development, especially when it is performed before the first oestrus cycle. In
a study of 599 patients with 160 bitches, that developed mammary gland neoplasia, only 2 tumours
were detected in bitches that were spayed early. 13 cases of mammary gland tumours were noted in
bitches spayed late and 145 in intact bitches. Spaying after the third oestrus cycle, or when the bitch
is older than 4 years, does not significantly reduce the risk of developing a mammary tumour
(Borrego, 2017; Beaudu-Lange et al., 2021). Ovariectomy before the first heat could be counterpro-
ductive because of other health effects. When deciding to spay early despite other risks, it is im-
portant to consider breeds that are predisposed to develop mammary gland neoplasia such as Brit-
tany Spaniel, Dachshund, English Setter, English Springer Spaniel, German Shepherd, Maltese, Min-
iature Poodle, Pointer, Boxer, Cocker Spaniel and Yorkshire Terrier (Kustritz, 2012). In contrast,
Beauvais et al., (2012) reported that there is no clear evidence that spaying reduces the incidence of
mammary gland neoplasia.

2.2. Pyometra

Pyometra is bacterial infection of the uterus that frequently occurs in dioestrus in intact females.
Pyometra is more commonly diagnosed in certain breeds, such as Bernese Mountain Dogs, Rottwei-
lers, Golden Retrievers, Bernese Mountain Dogs, Cavalier King Charles Spaniels, Rough Collies and
Beagles. Approximately 25% of all intact female dogs develop pyometra by the age of 10 under the
influence of progesterone endometrial growth and glandular secretion increase. In addition, proges-
terone stimulates cervical closure and prevents drainage, decreases myometrial activity, and inhibits
leukocyte activity in the endometrium. This creates an ideal environment for bacterial growth (Berg-
strom, 2017). The origin of contamination in most cases is the normal vaginal flora. The most com-
monly isolated bacteria in pyometra are E. coli, followed by Staphylococcus, Streptococcus, Pseudo-
monas and Proteus spp. (Memon, 2013). Over the years, cystic endometrial hyperplasia develops
with an increased number of cystic glands, resulting in thickening of the endometrium in all intact
bitches. This is due to the repeated luteal phases. Cystic hyperplasia is often followed by pyometra,
which is why older bitches are more commonly affected. After spaying progesterone secretion de-
creases and prevents the development of an ideal environment for bacterial growth (Bergstrom,
2017).

2.3. Diabetes mellitus

Diabetes mellitus is a metabolic disease, more commonly diagnosed in older animals with predispo-
sition of females. Type II diabetes may be caused by increased progesterone levels. The mechanism
of action is indirect by stimulating mammary glands to secrete growth hormone, which causes insu-
lin resistance. Prevention of progesterone-induced diabetes mellitus in bitches can be achieved by
ovariectomy (Bigliardi et al., 2014).
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3.  Adverse effects of spaying
3.1. Urinary incontinence

Urinary incontinence is defined as involuntary leakage of urine. It can be acquired or congenital
(Pegram et al., 2019). The most common cause of acquired urinary incontinence is incompetence of
the urethral sphincter mechanism. This spayed related side effect occurs in up to 20% of females due
to decreased urethral muscle activity and periurethral tissue and urethral changes. This is probably
caused by the decrease in oestrogen levels and increase in Follicle-Stimulating Hormone (FSH) and
Luteinizing Hormone (LH) levels after removal of the ovaries. In comparison, urinary incontinence
occurs in less than 1% of intact bitches (Rooster and Porters, 2017). Predisposed breeds include Old
English Sheepdog, Giant Schnauzer, Weimaraner, Doberman Pinscher, Rottweiler, and Boxer (By-
ron, 2017). Research on whether age of spaying affects the prevalence of urinary incontinence in
female dogs found no relevant association (Bleser et al., 2011).

3.2. Orthopaedic disorders

Spaying increases the risk of orthopaedic diseases, especially in larger breeds, with the exception of
Great Dane and Irish Wolfhound (Hart et al., 2020). Bitches spayed early (before 6 months of age)
were found to have a 20% incidence of at least one of the orthopaedic disorders (hip dysplasia, elbow
dysplasia, and cranial cruciate ligament rupture) was seen in a sample of 472 Golden Retriever fe-
males. In contrast, only a 5% prevalence was found in intact Golden Retriever females (Hart et al.,
2014). Bitches spayed early (before 6 months of age) were found to have a 20% incidence of at least
one of the orthopaedic disorders (hip dysplasia, elbow dysplasia, and cranial cruciate ligament rup-
ture) which was seen in a sample of 472 Golden Retriever females.

In 2008, Witsberger reported higher prevalence of cranial cruciate ligament insufficiency in spayed
female dogs. An increased prevalence for cranial cruciate ligament injuries was also mentioned by
Kutzler in 2020. The incidence in spayed dogs doubled compared to unaltered dogs. The possible
mechanism for the higher incidence of cranial cruciate ligament insufficiency in spayed females is
an altered angle of the tibial plateau, which affects the act of forces on ligament. Forces on the cranial
part of the tibia are increased, which may result in injury to the cranial cruciate ligament. Altered
steepness of the tibial plateau is thought to be associated with the expanded growth of the cranial
portion of the tibia and early closure of the distal tibial growth plate. Overgrowth of the proximal
tibia can be caused by early spaying. A study of 58 dogs with tibial plateau angle higher than 35
degrees plateau and 58 control dogs, found out that dogs from case group were more likely to have
been spayed prior to six months of age (Duerr et al., 2007; Griffon et al., 2010). In addition, a study
on Golden Retrievers found that spayed females were at substantially higher risk of cranial cruciate
ligament rupture (Hart et al., 2014).

Susceptibility to canine hip dysplasia in castrated dogs was evidenced by Witsberger (2008), but not
for female dogs. Furthermore, in a study that included 339 female Golden Retrievers with hip dys-
plasia no association was found between female sterilisation and hip dysplasia (Torres de la Riva et
al.,, 2013). A report by Hart et al. in 2014 showed that the association between the incidence of hip
dysplasia and spaying wasn’t compelling.

Another orthopaedic disorder affected by spaying is intervertebral disc herniation. A study of the
effects spaying on this condition was conducted on Dachshunds and concluded that the risk of in-
tervertebral disc herniation was significantly higher in spayed bitches (Dorn and Seath, 2018).

The side effects of spaying on joint disorders were described primarily for larger breeds, whereas
smaller breeds such as Cavalier King Charles Spaniel, Yorkshire Terrier, Pomeranian, Boston Terrier,
Chihuahua, Corgi, and Maltese showed no negative effects of gonadectomy on joint disorders (Hart,
etal., 2014).

3.3. Endocrinologic disorders

In spayed dogs, the LH blood level is thirty times normal due to the absence of gonadal hormones
and decreased compensatory feedback to the hypothalamus and anterior pituitary gland. LH recep-
tors are also present in tissues other than the reproductive system. In the thyroid gland LH receptors
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are located near Thyroid-Stimulating Hormone (TSH) receptors. Constant stimulation of LH recep-
tors could affect the normal function of TSH receptors, which would explain the decreased serum
levels of thyroid hormones in spayed animals. Spaying could contribute to the development of hy-
pothyroidism (Albright, 2020). In a study of the epidemiologic feature of canine hypothyroidism it
was found that spayed females were much more likely to develop hypothyroidism compared to
intact females (Milne, et al. 1981).

Although it was mentioned above that spaying eliminates progesterone-induced diabetes-mellitus,
neuter can also trigger the development of diabetes mellitus. This was confirmed for castrated males,
which were twice as likely to develop diabetes mellitus compared with the overall male population.
The same results weren't observed in female dogs, where there was no higher incidence of diabetes
mellitus in spayed bitches (Mattin, et al. 2014).

3.4. Obesity

Obesity is a major health concern in dogs, and the success rate of treatment with food restriction and
increased physical activity is often limited. In a study of 229 dogs, more than half were found to be
overweight or obese (Sapowicz, et al. 2016). Prevention of obesity is a key to success. For this reason,
itis important to know the impact of spaying on a dog's weight (Bjernvad, et al. 2019). Gonadectomy
is thought to increase appetite and stimulate food intake. One possible mechanism would be an in-
crease in cholecystokinin and glucagon trough stimulation of the LH receptors, as satiety results
from food intake suppressing secretion of gastrointestinal hormones (Kutzler, 2020). This would ex-
plain the results of a study conducted in the United States that concluded that gonadectomy in-
creased the risk of developing obesity in dogs (males and females) of all ages (Simpson, et al. 2019).
In addition, research on 27627 dogs confirmed that spayed dogs have an increased risk of obesity,
that is not influenced by the timing of gonadectomy (Lefebvre, et al. 2013). However, not all studies
reach the same conclusion. For example, a study in Denmark did not identify sterilisation as an im-
portant risk factor for obesity in bitches (Bjernvad et al., 2019).

3.5. Neoplastic disorders
3.5.1. Hemangiosarcoma

Hemangiosarcoma (HSA) is a highly malignant neoplasm with poor prognosis and is relatively com-
monly diagnosed in dogs, accounting for 2% of all neoplasms in dogs. Large breeds of dogs, such as
German Shepherd and Golden Retriever, appear to be predisposed to HSA. Although the definitive
aetiology of HSA in dogs remains unknown, many studies suggest that gonadectomy, among many
other factors, is a risk factor for the development of HSA (Clifford, 2000). One study concluded that
spayed females were four times more likely to be diagnosed with cardiac HSA than intact females
(Ware and Hopper, 1999). Another study evaluated splenic HSA and found that spayed females
were more than twice as likely to be diagnosed with splenic HSA when compared to sexually intact
bitches (Prymak, et al. 1988). Finally, a study based on The Veterinary Medical Database was per-
formed with a large population of both sexually intact and gonadectomized dogs diagnosed with
HSA in all anatomical areas (spleen, heart, general, skin, etc.). Mentioned study concluded that
spayed female dogs were significantly more likely to develop HSA in any anatomical site. Another
piece of information to consider when deciding whether or not to spay is the breed factor; German
Shepherd, Golden Retriever, and Boxer had the strongest association with a diagnosis of HSA re-
gardless of the neuter status (Robinson, et al. 2020).

3.5.2. Osteosarcoma

Osteosarcoma is the most common type of bone cancer and is relatively common in dogs (Makielski,
et al. 2019). In the United States approximately 10,000 dogs are diagnosed with bone sarcoma each
year. There are many risk factors for osteosarcoma in dogs, with body size being the most important
(Cooley, et al. 2002). A case related study done in 1998 supports this theory by finding that Irish
Wolthound, Saint Bernard, Great Dane, Rottweiler, and Irish Setter, all large dog breeds, are the most
common dog breeds diagnosed with osteosarcoma. In the same study spayed female, and spayed
male dogs were found to have a significantly higher risk of bone sarcoma. In the aforementioned
study, it could not be determined whether the duration of exposure to gonadal hormones had an
effect on the risk of developing osteosarcoma, because the information on the age at which the dog
was spayed was not known (Ru, 1998).
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In another cohort study of Rottweilers, a breed predisposed to osteosarcoma, information on age at
spaying was considered. The aforementioned study found, that dogs spayed within the first year
had approximately a one-in-four risk of developing osteosarcoma and were significantly more likely
to develop osteosarcoma than sexually intact dogs. For each additional month of sexual intactness,
the probability of developing bone sarcoma decreased by 1.4% (Cooley, et al. 2002). Although these
findings suggest that gonadal hormones have a protective effect against neoplastic proliferation in
bone tissue, the possible mechanism is still largely unknown.

3.5.3.  Lymphoma

Lymphoma is the most common hematopoietic neoplastic disorder in dogs (Vail, 2017). In humans,
females have been found to have non-Hodgkin’s lymphoma (NHL) less frequently than males. The
incidence of NHL in females increases after the age of fifty, when menopause is regularly reached,
suggesting that female gonadal hormones may have a protective effect against NHL. It has been
hypothesized that the development of canine lymphoma in intact females is suppressed by endoge-
nous gonadal hormones. The Veterinary Medical Database examined records of 14,000 cases of ca-
nine lymphoma registered over a thirty-eight year period and investigated whether sex was a risk
factor for lymphoma. This cohort study found that intact female dogs were least likely to develop
lymphoma and that spayed dogs of both sexes had a significantly higher risk. The same study also
found that Bullmastiff, Boxer, Golden Setter, Scottish Terrier and Bernese Mountain dog had the
highest risk of developing lymphoma, but did not investigate whether spaying affected these breeds
differently than the general dog population. In the aforementioned study dogs were not differenti-
ated by the age of gonadectomy (Villamil, et al. 2009).

3.6. Other disorders

Oestrogen has a trophic effect on the vaginal mucosa and muscular layers that decreases after steri-
lisation. In addition, anatomical changes of the lower genital tract have been noted in spayed bitches
compared to intact females. Vulvar atrophy may also develop as a result of sterilisation, leading to
perivulvar dermatitis. In addition, this change in local conditions could affect the composition of
resident flora. In a study on the effect of hormone reduction on the vaginal mucosa, it was found that
the vaginal mucosal layer in spayed bitches was fragile, as erythrocytes were found in 50% of the
smears of intact bitches. In comparison, no erythrocytes were found in the smear samples of intact
bitches. However, there were no significant differences between microbiota on the vaginal mucosa
of spayed and intact bitches (Rota, et al. 2020).

Spaying is closely related to adverse effects of vaccines. Moore et al. 2005 described that spayed dogs
are more likely to develop vaccine adverse reactions within three days of vaccination compared to
intact dogs. Furthermore, gonadectomized dogs are more prone to develop immune-mediated
thrombocytopenia, atopic dermatitis, inflammatory bowel disease and autoimmune haemolytic
anaemia. Spayed females were also more likely to develop lupus erythematosus. Atopic dermatitis
occurred in 83 of 9133 (0.91%) intact females and in 745 of 36574 (2.03%) spayed females. Autoim-
mune haemolytic anaemia was reported in 38 of 9133 (0,42%) intact females and 256 of 36574 (0,7%)
spayed females (Sundburg, et al. 2016).

Spaying can result in coat changes. A study of 15 spayed female dogs in 2008 linked spaying with
changes in hair follicles. n spayed dogs, more hair follicles were in the anagen phase and fewer in
the telogen phase. However, coat changes were found in only 20% of the dogs in the form of in-

creased woolly hair (Reichler, et al. 2008).

4. Conclusions

To conclude, although spaying is one of the most commonly performed surgical procedures in the
veterinary field, the decision should not be straightforward. Spaying brings both positive and nega-
tive effects. The decision should take into account the breed, size and age of the dog on which the
procedure will be performed, as the effects of spaying can vary for different breeds and age groups.
Therefore, is why it is important that veterinarians are familiar with the latest research on this topic
and can provide sound advice to dog owners on whether and when to spay their dog.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract:

Common causes of burns in small animals are household accidents or iatrogenic burns in veterinary
clinics (electric heating pads...). Burns are usually treated as open wounds, where honey can be used
as a dressing, that creates a moist healing environment, promotes tissue debridement, eliminates
infections, has a deodorizing effect, and reduces inflammation, edema, and exudation. Honey also
stimulates angiogenesis, promotes granulation tissue and epithelialization, and reduces scarring. It
is important to minimise the potential contamination of burns. The high viscosity of honey acts as a
physical barrier against external contaminants and the effectiveness of the barrier is enhanced by the
antibacterial properties of honey. In general, antibiotics are not necessary but they are indicated in
septic animals. In early stages of burn healing excessive exudate occurs, requiring dressings to be
changed up to twice daily. In later stages, they are usually changed every 2-3 days. For uneventful
healing, the primary layer should not adhere to the wound, which is not achieved by the application
of honey. Therefore, after the application of honey we covered wounds with low-adherent absorbent
dressing. We describe the treatment of a chemical burn from an iodine dressing in a cat, a thermal
burn from spilled boiling soup in a cat, and a thermal burn from a heating pad in a dog with medical
honey. All wounds were treated as open wounds and healed completely by second intention healing.

Keywords: Burns; Cats; Dogs; Medical honey dressing
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1. Introduction

Burns are painful injuries with partial or complete damage to the skin, and the degree of injury
depends on the depth and size of the affected body surface (Tello LH, 2011 ). Burns are caused by
heat (i.e., thermal and steam burns), mechanical friction (rope running across the skin), chemicals
(acids, lye), radiation, and/or electricity. Common causes of burns in small animals are either
domestic accidents (scalding water, caustic chemicals, stoves, fires) or iatrogenic burns in
veterinary clinics (electric heating pads, dryers, microwaveable devices, hot-water bottles) (Tello
LH, 2011; Lagutchik MS and Ford A, 2012).

The classification of burn depth in veterinary medicine differs from the classical classification in
human medicine and is based on the layers involved. Superficial burns which correspond to first-
degree human burns involve only the outer layer of the epidermis. Sunburns are examples of
superficial burns and are common in animals with white coats and in animals with large
nonpigmented scars. The skin is red, painful, and hyperaesthetic (Tello LH, 2011). Partial thickness
burns correspond to second degree burns in humans and involve the epidermis and superficial layer
of the dermis. Blisters, epidermal sloughing, and edema may be seen, and hair is well attached and
mixed with yellow exudate. The animals show extreme pain. Full thickness burns, corresponding
to third degree burns involve the epidermis, dermis, and subcutaneous tissue. The skin is black, dry,
and bloodless, the hair coat is easily epilated, and there is no sensation of pain. Animals with
extensive full thickness burns are presented in shock (Tello LH, 2011; Lagutchik MS and Ford A,
2012).

Depending on the body surface area affected, burns are classified as local when less than 20% of the
total body surface area is affected and severe when more than 20% of the total body surface area is
affected (Johnson RM and Richard R, 2003; Vaughn L and Beckel N, 2012; Vigani A and Culler CA,
2017).

Partial and full thickness burns are more severe due to their extent and their potential life-
threatening nature from the development of shock and systemic imbalances (Tello LH, 2011,
Lagutchik MS and Ford A, 2012, Gomes P, 2019).

Because of systemic imbalance in patients with severe burn injuries, immediate intervention with
treatment of severe metabolic problems (i.e., hypovolemic shock, hyperkalemia, albumin losses,
acidosis, anemia, renal failure, etc) and hospitalization is required (Doyle R, 2012). Initial emergency
first aid is aimed at applying cold to the burn area with towels soaked in cold tap water or
submersion in cold but not iced water. Ice is not appropriate because it causes vasoconstriction and
impedes wound healing. Cooling helps limit pain and possibly progression of the burn (Lagutchik
MS and Ford A, 2012). Superficial and partial thickness burns are treated either by open wound
treatment or, in rare cases where closure is possible, by definitive closure (Tello LH, 2011, Lagutchik
MS and Ford A, 2012).

It is important to treat patients with care and administer adequate analgesia to relieve pain, stress,
and anxiety. Patients should be heavily sedated or anesthetized before wound treatment (Tello LH,
2011, Lagutchik MS and Ford A, 2012). Pain should be treated with strong opioids such as morphine,
fentanyl and buprenorphine (Tello LH, 2011).

Hair must be clipped and lavaged with cold water or saline. Clearly devitalized areas in full
thickness burns should be excised. The aim is to maintain a moist wound surface, remove necrotic
tissue, and keep the wound clean to promote re-epithelialization from surviving adnexal structures
(Doyle R, 2012; Lagutchik MS and Ford A, 2012). Honey has wound healing properties, anti-
inflammatory and antioxidant properties, and the ability to scavenge free radical. Honey as a wound
dressing provides a moist healing environment, promotes rapid tissue debridement, rapidly
eliminates infection, deodorizes, and reduces inflammation, edema, and exudation. It increases the
rate of healing by stimulating angiogenesis, promoting granulation tissue and epithelialization, and
reducing excessive scarring (Molan PC, 2001; Pavletic MM, 2010), therefore honey is effective in
healing burns in dogs and cats (Tashkandi H, 2021).
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2. Methods

On the day of presentation of the animal to the clinic, the wound was protected with a sterile swab
and the hair was clipped. The wound was irrigated with 500-1000 ml of cold isotonic 0.9% sterile
saline. The wound was dried with sterile swabs. The dressing was applied once a day for 7 days,
then every other day until the wound healed. The wound was rinsed again before each dressing. For
the treatment of the wounds, we used L-Mesitran Soft, wound gel medical honey (Theo Manufac-
turing BV, Maastricht, The Netherlands), which was applied to the entire wound area and covered
with a low-adherent absorbent dressing Melolin (Smith & Nephew Medical Limited, Hull, UK).
Melolin was covered with sterile swabs, rolled cotton pad Soffban Natural (BSN Medical, Inc., Char-
lotte, USA), and a self-adherent elastic wrap Coban™ (3M, St. Paul, USA).

Case 1: A 4-year-old, neutered domestic shorthaired cat weighing 4 kg was presented to the Small
Animal Clinic of the Veterinary Faculty, University of Ljubljana, with a wound on the right hind leg
of unknown origin. The wound was infected and was treated with iodine dressing.

Case 2: A 3-year-old, neutered domestic shorthaired cat weighing 5.5 kg was presented with an
infected and dirty burn in the dorsal thoracic region caused by spilling a boiling soup 3 days earlier.

Case 3: A 1-year-old whippet weighing 11.5 kg was presented for castration. During the procedure,
the dog was in a dorsal position on a heating pad. A few days later, the dog was presented with a
burn along the entire back.

The areas of wounds in cases 1 and 2 were determined using the Image ] programme. All three cases
were treated with dressings as described above.

3. Results

Case 1: Iodine dressings caused a severe burn on the entire lower part of the hind leg, most of the
skin was sloughed off the following week (Figure 1A) and the cat became septic, which was the
reason for not anaesthetizing it and amputating the leg. The wound was classified as a full thickness
burn and was 53.4 cm? in size. Using medical honey, the wound healed completely within 108 days

with minimal scarring (Figure 1B).

Figure 1: A: full thickness chemical burn in a cat 5 days after iodine dressing; B: leg after complete healing 108 days later.

Case 2: The wound was classified as a superficial burn, was 60.4 cm? in size and healed completely
after 37 days without complication (Figure 2)

Figure 2: A: Superficial burn in a cat; B: the same area 27 days after presentation to the clinic.
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Case 3: The wound was covered with black necrotic skin and was classified as a full thickness burn.
The necrotic tissue sloughed off the wound in 13 days, and the wound healed in 31 days (Figure 3)

Figure 3. Full thickness burn in a dog, A: when the animal was presented to the clinic, B: 4 days later, C: 31 days later.

4. Discussion

Burns can cause in metabolic disturbances and secondary infections of the burn site and systemic
infections can occur due to decreased neutrophil and immune system function (Tello LH, 2011,
Lagutchik MS and Ford A, 2012, Gomes P, 2019). Honey is effective for the prevention burn site
infections. Its antibacterial activity is attributed to the synergy of several factors, such as high sugar
concentration, low pH, low water content, and the presence of methylglyoxal, hydrogen peroxide,
flavonoids, phenolic acids and defensin 1 (Pereira RF and Bartolo PJ, 2013). Systemic antibiotics in
burns are generally not recommended except in septic animals, which was the case in our cat with
chemical burn.

In the early stages, burns produce a high amount of exudate. Honey applied to the wound does not
cause maceration due to its ability to absorb excess exudate. However, the antibacterial efficacy of
honey decreases significantly when diluted with wound exudate (Pereira RF and Bartolo PJ, 2013),
which is why the dressing must be changed at least once a day in early stages of healing and every
2-3 days in older wounds (Zbuchea A, 2014). According to our previous experience with wound
healing using honey and gauze, we found that the gauze adheres to the viable tissue and causes
pain and irritation when removed (Lukanc B, et al., 2018; Lukanc B, et al., 2020). In the current study
medical honey was applied to the wounds and covered with low-adherent absorbent dressing
Melolin. When Melolin was used we observed no pain and no adherence of the dressing to the
wound. This is due to the fact that the plastic film prevents the dressing from adhering and the
perforations in the plastic film allow the exudate to pass from the wound to the body of the pad.
The dressing must be applied correctly and not rub or slip mechanically which would cause
additional injury to the burn (Lagutchik MS and Ford A, 2012).

5. Conclusion

Honey for the treatment of burns was successful in cleaning wounds, it inhibited bacterial growth
and improved the rate of healing.
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Abstract:

Plastics are an important material with widespread applications. However, their widespread use
and poor end-of-life management have led to their extensive environmental pollution. They can be
found in oceans, terrestrial ecosystems, and even remote corners of the Earth. Current methods for
microplastic quantification and identification require big investments and highly trained personnel
to operate the analytical equipment. In this paper, we propose an algorithm-based method for the
quantification of microplastics in soil and organic fertilisers. The method is based on image analysis
of a thinly spread sample that was heated until microplastics has visually melted. The algorithm-
based method was validated with Focal plane array detector-based micro-Fourier-transform infrared
imaging (FPA-UFTIR), frequently used in microplastic characterisation. Herein, we present the pre-
liminary results of an ongoing study. In a compost sample, five particles were detected with FPA-
UFTIR, whereas the algorithm detected eight. The algorithm has difficulties recognising elongated
or oddly shaped particles. These were identified as several particles which led to overestimating the
number of microplastic particles in the investigated sample. We will continue with further develop-
ment of the computer algorithm by using a training set of images which will be quantified using
different methods (visual detection by a human operator, FPA-uFTIR). This growing training set will
enable us to incorporate machine learning algorithms (neural networks) in the development of a
more reliable particle detection algorithm. We expect that environmental monitoring of microplas-
tics will be required under future legislation, therefore the development of cheap, user-friendly so-
lutions is crucial.

Keywords: Machine learning; Algorithm; Infrared spectroscopy; Soil contamination; Organic ferti-
lisers; Compost
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1. Introduction
1.1. The need for automation

Plastics are a widespread material with critical applications across different sectors. However, their
increasing production rates and poor end-of-life management are causing widespread pollution
(PlasticsEurope, 2021; Geyer et al., 2017). Plastic contamination has now been found in every ecosys-
tem, from oceans to land (Chae and An, 2017; Zhou et al., 2020), and even in the most remote corners
of the world (Bergmann et al., 2019; Materi¢ et al., 2022).

Currently, microplastics are isolated from environmental samples and quantified predominantly
manually. Despite the numerous reports on the unsuitability of manual identification and sorting of
microplastic particles due to human error and bias tendency, this is still the most widely used
method, due to its simplicity and wide availability (Silva et al., 2018).

Due to the scale of plastic pollution and the public attention, this has received, we expect that micro-
plastic monitoring will be mandatory under future legislation. For this, user-friendly automated
quantification solutions will be of paramount importance.

1.2. The current state-of-the-art of automated quantification

In recent years, the development of commercial solutions for automated microplastic analysis, espe-
cially in the field of infrared spectroscopy has progressed. Instruments, such as Bruker Lumos II
Fourier-transform infrared (FTIR) microscope and Agilent laser-direct infrared (LDIR) Chemical im-
aging system, are capable of scanning samples directly on a filter or a microscope slide and recording
infrared spectra of (microplastic) particles. Spectra are then matched to reference libraries for identi-
fication. These instruments offer sophisticated analysis; however, they require a big investment and
highly trained personnel to operate them.

Another solution for automated quantification includes custom-built hardware, e.g., fluorescent mi-
croscope attachment with blue LEDs for smartphones. Microplastic particles are stained on a filter
with Nile Red, which is then excited by the blue LEDs which causes stained microplastics to fluo-
resce. Quantification is done using MATLAB algorithms (Leonard et al., 2022).

Other research focuses on quantification with near-infrared hyperspectral imaging (NIR-HIS). Hy-
perspectral cameras scan the sample and obtain a near-infrared spectrum of each pixel on the picture.
This enables the recognition of microplastic particles directly on a filter or microscope slide. Quanti-
fication is then done manually or with computer algorithms. So far, this method has been demon-
strated on artificially prepared (spiked) samples of water and soil (Piarulli et al., 2020; Shan et al.,
2018).

1.3. Our aim

Timely quantification of microplastic numbers is critical for predicting the ecosystems” health. How-
ever, current methods for microplastic quantification are inadequate to handle high-frequency sam-
ple quantification. We, therefore, aim to develop an automated widely accessible analytical tool us-
ing image processing with a machine learning algorithm for the quantification of microplastic parti-
cles. In this method, there is no need for specialised hardware. A regular camera or smartphone
camera can be used to record sample photos. The work is still in progress, and we, herein present
preliminary results, challenges to overcome and opportunities for achieving our aim.

2. Methods
2.1.Experimental design

The objective of the study was to compare two methods for microplastic quantification: (1) Focal
plane array detector-based micro-Fourier-transform infrared imaging (FPA-uFTIR), frequently used
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in microplastic characterisation, and (2) algorithm-based image processing, which showed the po-
tential to be more time-efficient and user friendly.

Samples were extracted from soil and compost by density separation with saturated ZnCl2 solution
as reported by Prosenc et al., 2021. In short, 10 g of sample was placed in a 50 mL centrifuge tube,
and ZnCl: (density 1.6 g cm?) was added to the 50 mL label. The tube was then shaken vigorously
for 30 sec. Samples were centrifuged for 15 min at 6000 rpm. The supernatant was filtered with a 45
um glass fibre filter. The filters were dried at 60 °C and microplastics and the remaining debris were
collected in a glass vial. A portion of the extract (1/10* of mass) was spread out to a 1 cm?area on a
silicon wafer.

2.2, Infrared spectroscopy for detection of microplastics

First, the samples were analysed with a Hyperion 3000 FTIR microscope (Bruker Optics GmbH, Ger-
many) equipped with a focal plane array (FPA) detector with 128 x 128 detector elements. Measure-
ments were performed in reflection mode using a 15x IR objective with a 350 x 350 um field of view.
The signal coming from the 128 x 128 elements was averaged into 8 x 8 pixels, resulting in a final
spatial resolution of 43.75 um per pixel. All spectra were recorded using 16 accumulations at a reso-
lution of 8 cm™ between 3850 and 900 cm™. Spectra processing was done in the OPUS 8.5 software
(Bruker Optics).

2.3.  Algorithm-based recognition of microplastics

After the FTIR analysis, photos of samples were recorded with a camera (Cyber-shot DSC-RX100 II,
Sony, Japan). Samples were heated on a hotplate (Schott Ceran Top Line 2000, Rommelsbacher, Ger-
many) while recording the temperature until microplastic particles were visibly melted. During the
heating of the samples, a series of high-resolution snapshots were taken in continuous mode (1 per
second).

The photos were then processed with a computer algorithm developed to streamline the detection
of microplastic particles during the sample heating process. This algorithm uses snapshots of the
melting process and calculates differences between subsequent snapshots. Small differences must be
neglected due to the slight movement of particles during heating, but large differences indicate the
presence of microplastic particles, since these particles melt during the heating process, changing
both, shape and colour.

2.  Results

Figure 1. Processing of samples and creating a probability mask for potential microplastic particles. A —a photograph of a soil sample, con-
taining microplastic particles; B — sample after heating; C — a probability mask with unchanged particles filtered out.
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2.1.  The principle

The computer algorithm developed for automated microplastic quantification first calculates differ-
ences between sample pictures before and after heating. When heated, thermoplastic microplastics
melt and change shape and colour, while other particles remain unchanged. This creates a mask of
the probability of microplastic particle presence. The probability mask is further processed to deter-
mine possible microplastic particle locations on the image and filters out particles that did not change
shape and colour during the heating process (Figure 1). During the filtering step, certain assump-
tions on expected microplastic particle shape and size are made to minimise the number of false-
positive identifications.

2.2.  Quantification of microplastics in a compost sample

The computer algorithm was trialled for automated microplastic quantification in a compost sample
that underwent microplastic extraction. It detected eight potential microplastic particles. The algo-
rithm correctly located three microplastic particles (Figure 2C), however, the detection at two of these
was multiple, e.g., three particles recognised in place of one. The algorithm also has difficulties with
elongated or oddly shaped microplastic particles. These are usually identified as several particles
which could lead to overestimating the number of microplastic particles in the investigated sample.
Another detection was a non-plastic particle (Figure 2, red arrow). This particle moved during the
heating process due to convection and was therefore recognised as a particle that changed shape by
the algorithm. This could potentially be avoided by using a slower heating process and further de-
velopment of the computer algorithm. One larger particle (bottom left) and several smaller ones

(centre) in this sample were not recognised by the algorithm, as can be seen from the validation step
(Figure 3).

Figure 2. Subsequent images of a compost sample, spread across a 1 cm? area. A — before heating, B — after heating, C — algorithm processed.

The same sample that was processed with the algorithm, was validated with FPA-uFTIR, a fre-
quently used analytical technique in microplastic identification and characterisation (Primpke et al.,
2017). With this method, we mapped four larger particles (Figure 3A, B, and D) and possibly several
smaller ones (Figure 3C).

Integration at different infrared (IR) regions (at different wavenumbers) reveals particles absorbing
in those IR regions. In this sample, integrations in the following regions 1405-1490 cm-!, 1455-1490
cml, 2820-2970 cm, gave a good signal for four larger particles that were identified as polyethylene
(PE) (Figure 4A, B, and D). The several smaller particles (integrated between 1715 and 1760 cm-!)
were identified as polyester (PES) (Figure 4C). These could be several smaller particles or a cluster
of fibres spanning across several focal planes, where only parts of fibres were in focus and gave a
good enough IR signal. We found that the optimal IR signal is usually acquired at or just below the
visual focus. This can be problematic with bigger particles because all particles in the sample might
not be focused at the optimal focal plane and a compromise has to be made to acquire a signal for as
many particles as possible.
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Figure 3. Infrared signal at different wavenumber integrations. Different plastic polymers give signals at different wavenumber integrations.
A —integration at 1405-1490 cm™!, B - integration at 1455-1490 cm™, C — integration at 1715 and 1760 cm™, and D - integration at 2820-2970

cml

The detection was matched in three out of five microplastic particles between the two methods (ne-
glecting multiple detections of the same particle by the algorithm and assuming that the cluster of
smaller PES particles detected by FPA-uFTIR was one particle). Our future work will focus on the
further development of the computer algorithm. Currently implemented detection based on calcu-
lating colour and shape differences does not give optimal results for elongated or oddly shaped par-
ticles and particles that are stained and subsequently do not change colour during the heating pro-
cess. We are constantly building a base of samples, which are quantified using different methods
(visual detection by a human operator, FPA-pFTIR). This growing training set will enable us to in-
corporate machine learning algorithms (neural networks) in the development of a more reliable par-
ticle detection algorithm.

3. Discussion

This paper presents preliminary results of ongoing research, and the principles used in the develop-
ment of a method for automated quantification of microplastics. This method has similar challenges
to methods reported in the introduction. When working with solid matrices, especially r