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Abstract

Microplastics (MPs) have emerged as pervasive pollutants in terrestrial ecosystems, with

growing evidence indicating their potential to alter soil structure, nutrient cycling, and micro-
bial activity. This paper synthesizes findings from recent studies to explore the multifaceted
effects of microplastics on soil degradation. Key mechanisms include physical disruption of
soil aggregates, chemical leaching of additives, and alterations in microbial community com-
position. Interactions with environmental stressors such as drought further modulate these
effects. The review highlights polymer-specific and dose-dependent responses, underscoring
the need for integrated risk assessments and mitigation strategies to preserve soil health and
ecosystem functionality.

Keywords: Microplastics; soil degradation; nutrient cycling; microbial activity; soil aggre-

gation; drought; polymer type; ecosystem multifunctionality

1. Introduction

Microplastics — plastic particles less than
5 mm in size — are increasingly recognized
as a significant pollutant in terrestrial envi-
ronments. Introduced through agricultural
practices, sewage sludge application, irri-
gation, and atmospheric deposition, MPs
accumulate in soils and interact with bio-
geochemical processes (Rillig, M.C., 2012).
While extensive research has focused on
marine systems, the impact of MPs on soil
degradation remains less understood (Hor-

ton, A.A., Walton, A., Spurgeon, D.J., La-
hive, E., & Svendsen, C., 2017). Soil deg-
radation encompasses declines in physical
structure, chemical fertility, and biological
activity, all of which can be exacerbated by
MP contamination (de Souza Machado, A. A.,
Kloas, W., Zarfl, C., Hempel, S., & Rillig, M.
C., 2018). This paper reviews current knowl-
edge on how MPs influence soil degradation,
drawing on experimental and observational
studies to elucidate underlying mechanisms
and ecological consequences.
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2. Mechanisms of Microplastic-
Induced Soil Degradation

2.1 Physical Alteration of Soil
Structure

MPs can disrupt soil aggregation — a key
indicator of soil health. Fibrous MPs, such
as polyester fibers, may entangle soil parti-
cles, potentially increasing aggregate stabil-
ity under certain conditions (Lozano, Y. M.,
Aguilar-Trigueros, C. A., Onandia, G., Maass,
S., Zhao, T., & Rillig, M. C., 2021). Howev-
er, non-fibrous MPs (e.g., fragments, beads)
can reduce aggregate stability by interfering

Section 1. Agriculture

with binding agents like microbial mucilages
and organic matter (Lehmann, A., Fitschen,
K., & Rillig, M. C., 2019). Changes in soil
porosity and water-holding capacity further
affect aeration, root penetration, and water
infiltration, leading to physical degradation
over time (Zhang, G. S., & Liu, Y. F., 2018).
The shape and size of MPs play crucial roles
in these physical interactions (Figure 1), with
fibers generally having more pronounced ef-
fects on soil structure than spherical particles
(Rillig, M. C., Lehmann, A., Ryo, M., & Berg-
mann, J., 2019).

Figure 1. Size, color, and shape characteristics of microplastics
used in experimental studies: (a) polyethylene (PE), (b) polyethylene
terephthalate (PET), and (c) polypropylene (PP) (Dindar, E., 2025)

(a) PE

2.2 Chemical Effects on Soil Chem-
istry

MPs can alter soil pH, nutrient availabili-
ty, and organic matter dynamics. For instance,
polyethylene (PE) and polypropylene (PP)
tend to increase soil pH, while polyethylene
terephthalate (PET) may release acidic degra-
dation products (Dindar, E., 2025). Additives
and adsorbed contaminants leached from MPs
(e.g., plasticizers, heavy metals) can introduce
toxins into the soil matrix, affecting nutri-

ent cycling and enzyme activities (Hiiffer, T.,
Hofmann, T., & Praetorius, A., 2020). Studies
show that MPs can either increase or decrease
phosphorus (P) availability depending on poly-
mer type, concentration, and exposure dura-
tion (Dindar, E., 2025). The chemical composi-
tion of MPs, including the presence of additives
such as phthalates and bisphenol A, can have
significant implications for soil chemistry and
plant health (Wang, J., Liu, X., Li, Y., Powell, T.,
Wang, X., Wang, G., & Zhang, P., 2019).
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2.3 Biological Impacts on Soil Mi-
crobiota

Soil microbial communities are highly
sensitive to MP contamination. MPs can serve
as substrates for microbial colonization, al-
tering community composition and function
(Zhu, D., Chen, Q. L., An, X. L., Yang, X.R.,
Christie, P., Ke, X, ... & Zhu, Y. G., 2018). For
example, phosphate-solubilizing bacteria
(PSB) may be enriched in MP-contaminated
soils, temporarily enhancing P mineralization
(Seeley, M. E., Song, B., Passie, R., & Hale,
R.C., 2020). However, high MP concentra-
tions often suppress microbial diversity and
enzyme activities — particularly phosphatases
and dehydrogenases — critical for nutrient
transformation (Fei, Y., Huang, S., Zhang,
H., Tong, Y., Wen, D., Xia, X., ... & Barcelo,
D., 2020, 1). The «phosphorus trap» phe-
nomenon, where P accumulates in unavail-
able forms due to MP adsorption, further
disrupts biogeochemical cycles (Boots, B.,
Russell, C.W., & Green, D.S., 2019). MPs can

Section 1. Agriculture

also affect soil fauna, including earthworms
and nematodes, which play crucial roles in
soil structure formation and nutrient cycling
(Ju, H., Zhu, D., & Qiao, M., 2019).

3. Polymer-Specific and Dose-
Dependent Responses

Different polymers exhibit distinct deg-
radation behaviors and ecological impacts
(Figure 2):

— PET: Highly susceptible to hydrolysis
and photooxidation, releasing carboxyl and
hydroxyl groups that can complex with nu-
trients. Low doses (0.5% w/w) may stimulate
enzyme activity and P availability, while high
doses (5% w/w) often inhibit microbial func-
tions (Dindar, E., 2025);

— PE and PP: More resistant to degra-
dation due to their saturated hydrocarbon
backbones (Figure 3). PE tends to reduce en-
zyme activity and nutrient availability at high
concentrations, while PP shows variable ef-
fects on P dynamics (Dindar, E., 2025);

Figure 2. FTIR spectra showing chemical degradation patterns of PE, PET,
and PP microplastics after 60 days of soil incubation (Dindar, E., 2025)
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— Fibers vs. Fragments: Shape mat-
ters — fibers often enhance aggregation but
may reduce microbial habitat connectivity,

whereas fragments can physically hinder
root growth and water movement (Lozano,

5 THE IMPACT OF MICROPLASTICS ON SOIL DEGRADATION


https://ppublishing.org/edition/european-science-review
https://ppublishing.org/edition/european-science-review

European Science Review 2026,
No 5-6

Y. M., Lehnert, T., Linck, L. T., Lehmann, A.,
& Rillig, M. C., 2021);

— Polystyrene (PS) and Polyvinyl
Chloride (PVC): These polymers often

Section 1. Agriculture

show more pronounced negative effects on
soil biota due to their chemical composition
and potential for additive leaching (Qi, R.,
Jones, D. L., Li, Z., Liu, Q., & Yan, C., 2020).

Figure 3. Chemical backbone structures of selected plastic polymers.
C—C backbone: polyethylene (PE), polypropylene (PP). Heteroatomic
backbone: polyethylene terephthalate (PET) (Dindar, E., 2025)

O

Heteroatomic backbone

Dose-dependent effects are evident across
studies. Low MP concentrations (<0.5% w/w)
may transiently stimulate microbial activity,
whereas higher concentrations (=1% w/w) typ-
ically induce toxicity, reducing enzyme activi-
ties, nutrient cycling, and plant growth (Wan,
L., Cheng, H., Liu, Y., Shen, Y., Liu, G., Su, X,
2023). The threshold concentrations at which
MPs transition from stimulatory to inhibitory

bk

PE PP

C—C backbone

effects vary depending on soil type, polymer
characteristics, and environmental conditions
(Zhou, J., Wen, Y., Marshall, M. R., Zhao, J.,
Gui, H., Yang, Y., ... & Jones, D. L., 2021).

4. Interactions with Abiotic
Stressors: The Case of Drought
Microplastics can interact with drought to
amplify or mitigate soil degradation.

Figure 4. Microplastic fibers and drought effects on 12 ecosystem functions:
(a) shoot mass, (b) p-glucosaminidase, (c) p-glucosidase, (d) phosphatase,
(e) B-D-cellobiosidase, (f) soil respiration, (g) litter decomposition, (h) soil
aggregation, (i) NOs, (j) POa4, (k) SOa4, (1) soil pH (Lozano, Y. M., Aguilar-

Trigueros, C. A., Onandia, G., Maass, S., Zhao, T., & Rillig, M. C., 2021)
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Lozano et al. (Lozano, Y.M., Aguilar-
Trigueros, C. A., Onandia, G., Maass, S.,
Zhao, T., & Rillig, M.C., 2021) found that un-
der well-watered conditions, MPs reduced en-
zyme activities and soil respiration, but under
drought, MPs sometimes alleviated stress by
improving water retention and aggregation
(Figure 4). However, MP fibers combined with
drought reduced litter decomposition — a key
process in carbon cycling (Liu, H., Yang, X,
Liu, G., Liang, C., Xue, S., Chen, H., ... & Geis-
sen, V., 2017). These interactions highlight
the context-dependent nature of MP impacts
and the need to consider co-occurring global
change factors. The combined effects of MPs
and drought on soil microbial communities
can be particularly complex, with outcomes
depending on the specific microbial taxa in-
volved and their tolerance to both stressors
(Sanaullah, M., Blagodatskaya, E., Chabbi, A.,
Rumpel, C., & Kuzyakov, Y., 2011).

Section 1. Agriculture

5. Implications for Ecosystem
Multifunctionality

Soil multifunctionality — the simultaneous
provision of multiple ecosystem services —isin-
creasingly used to assess MP impacts. Studies
indicate that MPs can reduce multifunction-
ality to an extent comparable to drought, par-
ticularly under well-watered conditions (Fig-
ure 5) (Lozano, Y. M., Aguilar-Trigueros, C.
A., Onandia, G., Maass,S., Zhao, T., & Rillig,
M.C., 2021). Functions most affected include
nutrient cycling (e.g., phosphatase activity),
carbon decomposition, and soil respiration
(Manning, P., van der Plas, F., Soliveres, S.,
Allan, E., Maestre, F.T., Mace, G., ... & Fisch-
er, M., 2018). The decline in multifunction-
ality underscores the broad ecological risks
posed by MP pollution. Different ecosystem
functions respond differently to MP contam-
ination, with some showing greater sensitivi-
ty than others (Van der Plas, F., Manning, P.,
Allan, E., Scherer-Lorenzen, M., Verheyen, K.,
Wirth, C.,... & Fischer, M., 2016). This differ-
ential sensitivity has implications for the sta-
bility and resilience of soil ecosystems in the
face of MP pollution.

Figure 5. Microplastic fibers and drought effects on ecosystem multifunctionality
(Lozano, Y. M., Aguilar-Trigueros, C. A., Onandia, G., Maass, S., Zhao, T., & Rillig, M. C., 2021)
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6. Transport and Fate of
Microplastics in Soil Systems
Understanding the movement and per-
sistence of MPs in soil systems is crucial for
assessing their long-term impacts. MPs can
be transported vertically through soil profiles

via leaching and bioturbation, and horizon-
tally through erosion and runoff (O’Connor,
D., Pan, S., Shen, Z., Song, Y., Jin, Y., Wu, W.
M., & Hou, D., 2019). The persistence of dif-
ferent polymer types varies significantly, with
some MPs remaining in soils for decades or
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longer (Chae, Y., & An, Y. J., 2018). The frag-
mentation of larger plastic items into sec-
ondary MPs represents an ongoing source
of contamination in agricultural and natural
soils (Blasing, M., & Amelung, W., 2018). The
interaction between MPs and soil organic
matter affects both the mobility of MPs and
the cycling of organic carbon in soil systems
(Rillig, M. C., Lehmann, A., de Souza Macha-
do, A. A., & Yang, G., 2019).

7. Effects on Plant Health and
Agricultural Productivity

MP contamination has direct and indirect
effects on plant health and agricultural pro-
ductivity. MPs can affect seed germination,
root development, and nutrient uptake in var-
ious crop species (de Souza Machado, A. A,
Lau, C. W,, Kloas, W., Bergmann, J., Bacheli-
er, J. B., Faltin, E., ... & Rillig, M. C., 2019).
The physical presence of MPs in the rhizo-
sphere can alter root architecture and func-
tion, potentially affecting water and nutrient
acquisition (Li, L., Luo, Y., Li, R., Zhou, Q.,
Peijnenburg, W. J., Yin, N., ... & Zhang, S.,
2020). Some studies have reported reduced
crop yields in MP-contaminated soils, par-
ticularly at higher contamination levels (Ji-
ang, X., Chen, H., Liao, Y., Ye, Z., Li, M., &
Klobucar, G., 2019). However, responses
vary significantly among plant species and
cultivars, suggesting that genetic factors may
influence plant tolerance to MP stress (Pig-
nattelli, S., Broccoli, A., & Renzi, M., 2020).

8. Knowledge Gaps and Future
Research Directions

— Long-Term Studies: Most experi-
ments are short-term (<60 days); long-term
field studies are needed to assess chronic ex-
posure effects (Rillig, M. C., & Bonkowski, M.,
2018);

— Mechanistic Insights: The molec-
ular mechanisms linking MP degradation
to microbial gene expression and metabolic
pathways remain unclear (Zhu, F., Zhu, C.,,
Wang, C., & Gu, C., 2019).

Section 1. Agriculture

— Real-World Concentrations: More
data on environmentally relevant MP con-
centrations in different soil types and land-
use systems are essential for risk assessment
(Xu, B,, Liu, F., Cryder, Z., Huang, D., Lu, Z.,
He, Y., ... & Xu, J., 2020);

— Interactive Effects: Research on MP
interactions with other pollutants (e.g., pes-
ticides, heavy metals) and climate variables
(e.g., temperature, precipitation) is limited
(Liu, M., Lu, S., Song, Y., Lei, L., Hu, J., Lv, W.,
... & He, D., 2018);

— Standardized Methods: Develop-
ment of standardized methods for MP ex-
traction, identification, and quantification in
soil matrices is needed to enable comparisons
across studies (Hurley, R. R., & Nizzetto, L.,
2018);

— Remediation Strategies: Research
on effective remediation techniques for
MP-contaminated soils, including biological,
chemical, and physical approaches, is still in
its infancy (Guo, J. J., Huang, X. P., Xiang, L.,
Wang,Y.Z.,Li,Y.W.,Li,H., ... &« Wong, M. H.,
2020).

9. Conclusion

Microplastics represent a novel and per-
sistent threat to soil health, contributing to
physical, chemical, and biological degrada-
tion. Their impacts are mediated by polymer
type, concentration, shape, and environmen-
tal context. While low doses may occasionally
stimulate microbial processes, higher concen-
trations generally impair ecosystem functions.
The interaction of MPs with drought and oth-
er stressors further complicates risk predic-
tion. Addressing MP pollution requires inte-
grated strategies — including improved waste
management, biodegradable alternatives,
and remediation technologies — to safeguard
soil ecosystems and the services they provide.
Future research should prioritize field-based
studies, mechanistic investigations, and the
development of standardized assessment pro-
tocols to better understand and mitigate the
impacts of MPs on soil systems.
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Abstract

The article discusses Sudanese grass as a potential fodder crop for arid areas, where ob-
taining a consistent supply of feed is challenging due to a lack of water, high temperatures,
and the instability of environmental and climatic conditions. It explores the theoretical
foundations for studying the productivity and drought tolerance of this crop, analyzes the
characteristics of the arid environment in which it grows, and summarizes data on how
moisture availability, agricultural practices, and biological traits of the plant influence
crop yield. Special attention is given to assessing Sudanese grass’s productivity based on
its yield of dry matter and hay, number of harvests, and ability to maintain value in diffi-
cult years. Sudanese grass is highlighted as a significant component of forage production
in arid regions because of its drought resistance, versatility, rapid regrowth after harvest,
and multiple uses. The conclusion is made regarding the high practical significance of the
culture in strengthening the forage base of arid areas and enhancing the sustainability of
forage production.
Keywords: Sudanese grass, arid zone, productivity, drought resistance, forage production,
green mass, yield, fodder base, multi-crop area, arid territories

Relevance of the study

The relevance of the research topic stems
from the fact that, for arid and semi-arid re-
gions, one of the main challenges remains
securing a stable supply of feed in the face
of moisture deficiencies and high tempera-
tures. Sudanese grass has been identified
as a promising crop precisely because of its
drought and heat tolerance, as well as its

ability to produce significant biomass under
adverse growing conditions.

Scientific and reference materials indi-
cate that crops in the sorghum family, includ-
ing Sudanese grass and Sudanese-sorghum
hybrids, are better suited to warm regions
and exhibit greater resistance to drought
than corn, which is particularly significant
for farms in arid zones.
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The practical significance of Sudanese
grass increases due to its use as green fodder,
hay, and haylage. It also has the advantage of
rapid regrowth after being cut, which allows
for its multi-faceted use in the feed produc-
tion system. In arid conditions, according to
agronomic and scientific literature, Sudanese
grass can provide 2—3 cuts per season. Its eco-
nomic value is not only related to its yield but
also to the flexibility it provides in forming the
fodder base during the summer months.

The relevance of the topic increases due
to the need to choose varieties and technolo-
gies that are ideally suited to the specific cli-
matic conditions of the region. Scientific re-
search explicitly states that for each region, it
is necessary to select varieties that can maxi-
mize the use of local natural resources. In the
conditions of arid steppes, the productivity
of sorghum forage crops strongly depends
on the water regime and agrotechnical tech-
niques. Therefore, the assessment of the pro-
ductivity and drought resistance of Sudanese
grass in the arid zone has not only theoretical
but also practical significance for increasing
the sustainability of forage production.

The purpose of the study
The aim of this research is to assess the
productivity and drought resistance of Suda-
nese grass in arid regions and to analyze its
potential contribution to sustainable forage
production in these areas.

Materials and research methods

The study used open scientific publica-
tions, agronomic and reference data, as well
as the results of field observations and pro-
duction indicators related to the cultivation
of Sudanese grass in arid conditions.

Various methods were used in the work:
analysis of scientific literature, generaliza-
tion of published information, comparative
analysis of productivity indicators, descrip-
tive method, as well as presentation of data
in the form of tables and diagrams.

The results of the study
Sudanese grass is an annual cereal forage
crop related to sorghum. It is widely used as
green fodder, hay, haylage, and for grazing live-
stock. Sudanese grass is valued in feed produc-
tion due to its ability to adapt to hot and arid

Section 2. Economics and management

conditions. According to scientists and experts,
forage sorghum, including Sudanese grass,
is highly resistant to drought. They can grow
successfully in places where growing corn is
difficult due to high temperatures and lack of
moisture. This makes Sudanese grass especial-
ly attractive for regions with unstable moisture.

The productivity of Sudanese grass is
usually assessed by the yield of green mass,
dry matter, and hay, as well as by the plant’s
ability to grow quickly after mowing. Scien-
tific publications note that this crop forms
a significant amount of feed mass and is
characterized by high yield, which allows it to
be used in a multi-axis system. Studies have
shown that in conditions of drought, the pro-
ductivity of Sudanese grass significantly de-
pends on the availability of moisture and the
level of mineral nutrition. This suggests that
its yield is influenced not only by the biologi-
cal characteristics of the crop but also by the
specific growing conditions (Khalgaeva K. E.,
BalinovaT. A., Eviev V. A. [et al.] 2021, p. 49).

The drought resistance of Sudanese grass
is due to its unique morphological and phys-
iological characteristics. Scientific literature
notes that this plant has a powerful root
system capable of extracting moisture from
deep soil layers. This feature allows Sudanese
grass to easily tolerate prolonged periods of
drought and continue to grow at high air
temperatures. The combination of a well-de-
veloped root system, heat resistance, and the
ability to quickly restore vegetative mass af-
ter mowing makes it an indispensable fodder
crop for arid regions.

The key feature of Sudanese grass is that its
productivity should not be considered in isola-
tion but in the context of external conditions.
Even with the high natural stability of this crop,
the actual yield level depends on many factors:
moisture regime, agrotechnical techniques, soil
conditions, and the period of use of the herb-
age. In scientific research, the evaluation of
Sudanese grass is usually based on comparing
its potential productivity with actual yields in
specific soil and climatic conditions.

Sudanese grass is a crop that has adapted
to growing in environments with high tem-
peratures and low moisture levels. For a bet-
ter understanding of the natural and climatic
conditions in the arid region, it is helpful to
see the main indicators in Table 1.
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Table 1. The main natural and climatic indicators of the arid zone,
significant for assessing the growing conditions of Sudanese grass

Scientific significance

Indicator Meaning for research
Average annual precipitation 250-350 mm Confirms the lack of moisture in the
area
Hydrothermal coefficient About 0.5 Characterizes the pronounced aridi-
ty of the climate
The state of humidification Evaporation exceeds It is the main feature of the arid
precipitation zone

Dynamics of summer precip-
itation in arid zones of the
Volga region

The risk of severe atmospheric Height from 55% to

droughts in the semi-desert  82%
zone
Characteristic soils light brown

Reduction by 23-30%

Increases the risk of water shortage
during the active growing season

It shows an increase in climatic re-
strictions for feed production

Determine the features of soil mois-
ture accumulation and consumption

A source: (Gubarev D. L., Levitskaya N. G., Derevyagin S. S., 2022; Tashninova A. A., 2020;

ShumovaN. A., 2021)

These data suggest that moisture avail-
ability is the main limiting factor for crop
growth in the arid region. Therefore, it is
important to assess the productivity of Su-
danese grass under these conditions, taking
into account not only its total yield but also
its ability to maintain growth and devel-
opment in the face of limited moisture and
high temperatures. This highlights the prac-
tical significance of studying Sudanese grass,
which is one of the most promising forage
crops for arid regions.

The productivity of Sudanese grass in the
arid zone is primarily estimated by the yield
of dry matter, hay yield, number of mowings,
and stability of fodder mass production over
the years. Field data from Kalmykia show
that even in arid conditions, this crop retains
practical value for forage production. How-
ever, the yield level varies significantly de-
pending on the moisture regime and weath-
er conditions. In particular, at the Bashanti
State Variety Site, the average dry matter
productivity of Sudanese grass for 2018—
—2020 ranged from 52.7 ¢/ha (Kamyshinska-
ya 51) to 64.7 c/ha (Grazia). There was also
a sharp variability across years, with the Gra-
zia variety yielding 68.0, 87.2, and 38.0 c/ha,
respectively, in 2018, 2019, and 2020. This
highlights the direct dependence of crop yield

on moisture availability during the growing
season.

In the same materials, it was noted that
in the central zone of Kalmykia, during years
with a dry period in the second half of sum-
mer, the productivity of late crops sharply de-
creases, and in Sudanese grass, the yield can
decrease by 2—3 times. At the same time, pro-
duction data show that even with these restric-
tions, the crop provides an economically sig-
nificant feed yield. In 2020, farms in Kalmykia
produced over 6 tons per hectare of hay in the
Wormwood SEC, over 7 tons per hectare in
the Gagarin SEC, and over 8 tons per hectare
in the Pervomaisky SEC. This confirms that
Sudanese grass is valuable in the arid zone not
only as a potentially productive crop but also
as a relatively reliable fodder crop.

The level of agricultural technology has
a significant impact on productivity. Open re-
search has shown that Sudanese grass responds
well to improved mineral nutrition, particu-
larly nitrogen fertilizers. This is because it re-
moves a significant amount of nutrients from
the soil during the formation of a large vege-
tative mass. Published works emphasize that
high yields of this crop can only be achieved
when the biological characteristics of the plant
are combined with a correct cultivation system
(Magomedov K. G., Magomedov M. K., 2005).
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The resistance of Sudanese grass to arid
conditions is determined not by one indicator,
but by a whole complex of biological and eco-
nomically valuable traits. Scientific and refer-
ence literature notes that this crop is adapted
to growing in conditions of insufficient mois-
ture, is able to tolerate high temperatures,
and has relatively high resistance to drought

Section 2. Economics and management

compared to a number of other forage plants.
In addition, the herbage quickly recovers af-
ter mowing. However, field studies show that
even in drought-resistant crops, the level of
productivity largely depends on the severity
of water scarcity. To clearly demonstrate the
main signs of drought resistance of Sudanese
grass, they can be summarized (Table 2).

Table 2. The main signs of drought resistance of Sudanese grass

Sign

Confirmed information

General characteristics of drought
resistance

Comparative stability

Sudanese grass is a drought-resistant forage crop

Sorghum crops, including Sudanese grass, are more

drought-tolerant than corn

Adaptation to the conditions of
semi-arid and arid territories

Ability to recover after mowing

Reaction to increased drought

The crop is well-suited for cultivation in stressful and
arid regions

After mowing or bleaching, Sudanese grass regrows
quickly

In dry years, productivity can decrease by 2—3 times

A source: author’s development based on open data

To better understand what factors affect
the yield and resistance of Sudanese grass to

drought in the arid zone, they can be present-
ed in the form of a diagram (Figure).

Figure 1. Factors affecting the productivity and drought resistance
of Sudanese grass in the arid zone [author’s development]

1. Natural-climatic factors

« Arid climate

» Moisture deficit

« High air temperatures
« Dry winds (sukhovei)

« Soil conditions

2. Biological features of Sudan grass

« Developed root system
« Heat and drought tolerance
« Rapid regrowth after cutting

« Forms large green mass

3. Agrotechnical factors

« Sowing dates

« Moisture regime

+ Level of mineral nutrition

« Timing and frequency of cutting

« Cultivation conditions

4. Performance indicators

 Green mass yield
= Dry matter yield
« Number of cuttings

« Feed value

« Stability of forage output /‘

|

Productivity and
drought resistance
of Sudan grass

5. Practical result

« Strengthening the forage base of arid areas
« Greater reliability of forage production

» Less reliance on more water-demanding crops
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Sudanese grass plays an important role
in forage production in arid regions, as it
offers economic versatility, high productivi-
ty, and adaptability to growing in conditions
with insufficient moisture. In these areas, the
ability to use this crop for various purposes
is particularly significant: for green feed, hay,
silage, and pasture management. This ver-
satility allows farmers to more flexibly build
their feed base based on weather conditions,
land use, and animal husbandry needs.

In the arid zone of Sudan, grass has prac-
tical value as an agricultural crop that can
provide nutrition during periods when oth-
er plants are experiencing difficulties due
to high temperatures and lack of moisture.
Its inclusion in the feeding system helps to
maintain the stability of green feed intake, as
it germinates quickly after mowing and can
be harvested several times. Thanks to this,
Sudanese grass helps to prolong the produc-
tion period of green fodder during the sea-
son, which is especially valuable for regions
with unpredictable climates.

The forage value of Sudanese grass is sig-
nificant. It forms a nutritious green mass, but
its quality depends on the plant’s stage of de-

Section 2. Economics and management

velopment and timing of harvest. As the plants
age, their nutrient content decreases. There-
fore, it is important to cut the grass at the right
time to ensure proper nutrient content.

Sudanese grass has the ability to produce
multiple cuttings per season, which is espe-
cially useful in arid areas. This increases the
reliability of forage production and allows
for more feed even in conditions of limited
water. The multiple cuttings also contribute
to more efficient use of land and make Suda-
nese grass a valuable component of the field
forage system.

It is equally important to consider Suda-
nese grass as a crop that is more adapted to
water scarcity than a number of traditional
forage plants. This makes it more significant
in regions where moisture availability is the
main limiting factor for crop yield. In these
conditions, Sudanese grass plays not only an
industrial but also an adaptive role, allowing
farmers to maintain the stability of their feed
base during adverse weather conditions.

To better understand the role of Sudanese
grass in forage production in arid areas, it is
helpful to present its major economic bene-
fits in Table 3.

Table 3. The role of Sudanese grass in the forage production of arid territories

Indicator

Characteristic

Importance
for feed production

Directions of use
silage, pasture

Adaptability to arid con-
ditions

Green fodder, hay, haylage,

It is capable of growing and
yielding crops in conditions

Provides multi-purpose use of
culture

Increases the stability of the food
supply in the arid zone

of moisture deficiency

Participation in the green It can be used at any time of

pipeline the year
The ability to regrow

ing
Feed value

mass

Importance in case of
water shortage

Forms a nutritious green

It is less dependent on a high
level of moisture compared to es in dry years

Increases the period of receipt of
fresh herbs

It recovers quickly after mow- Makes it possible to get multiple

IMOowSs

It is an important component of
the animal diet

Reduces the risk of feed shortag-

crops that require more water

A source: author’s development based on open data

Conclusions
The results of the analysis allow us to con-
clude that Sudanic grass is one of the most

promising fodder crops for arid areas. Its val-
ue is due to a combination of characteristics
such as drought resistance, the ability to form

15 SUDAN GRASS IN ARID CONDITIONS: PRODUCTIVITY, DROUGHT TOLERANCE


https://ppublishing.org/edition/european-science-review
https://ppublishing.org/edition/european-science-review

European Science Review 2026,
No 5-6

a significant amount of green mass, rapid re-
covery after mowing, and versatility in use.

It was found that the productivity of this
crop largely depends on the availability of
moisture, weather conditions during the
year, and the level of agricultural technolo-
gy. However, even in arid regions, Sudanese
grass retains its high economic value. Its cul-

Section 2. Economics and management

tivation helps to strengthen the feed base,
prolong the period of green mass intake, and
reduce the dependence of farms on more
moisture-consuming crops.

Thus, the cultivation of Sudanese grass in
the arid zone is of both theoretical and prac-
tical importance for increasing the sustain-
ability of feed production.
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Abstract

This article analyzes the role of Environmental, Social, and Governance (ESG) standards
within Georgia’s financial system. The primary objective of the research is to assess the current
state of the financial sector and the readiness of Georgian financial institutions to integrate

sustainable development principles.

The paper examines the measures implemented by the National Bank of Georgia and their
alignment with international best practices. The analysis reveals that, despite notable progress,
the sector faces significant challenges, such as data quality management and the refinement of

ESG risk assessment methodologies.

The concluding section offers strategic recommendations aimed at enhancing transparency
and attracting sustainable investments into the country’s economy.
Keywords: ESG Standards, Sustainable Finance, Green Taxonomy, National Bank of Geor-

gia, Pillar 3, Greenwashing

Methodology

The present study is based on qualita-
tive research methods, specifically a com-
prehensive analysis of secondary data. The
paper employs descriptive and comparative
analysis techniques to examine the dynamics
of ESG (Environmental, Social, and Gover-
nance) standard implementation within the
Georgian financial sector.

The information base of the research con-
sists of: The legal framework of the National
Bank of Georgia, The “Sustainable Finance

Roadmap” and the “Green Taxonomy,” Pub-
lic disclosures and reports published by com-
mercial banks.

To establish the international context,
the study analyzes EU directives and recom-
mendations from international financial in-
stitutions. The theoretical framework is built
upon scientific literature and sectoral studies
from the last decade, ensuring a multifaceted
understanding of the subject through exist-
ing data without the need for primary empir-
ical research.
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Introduction

In today’s global economy, Environmen-
tal, Social, and Governance (ESG) standards
are no longer viewed merely as an expression
of corporate goodwill; they have become crit-
ical factors determining financial stability
and long-term sustainability.

Climate change and the urgent demand
for sustainable development have compelled
international financial institutions to rethink
traditional risk management models and in-
tegrate sustainability criteria into them. Cur-
rently, on a global scale, it is of paramount
importance to implement ESG standards,
support environmental initiatives, and in-
troduce innovative financial instruments for
sustainable funding.Today, green finance is
an integral part of sustainable development
and the formation of a green economy both
at the global level and at the level of individu-
al countries. (Mzevinar Nozadze, 2025).

For Georgia, as an emerging market and
an EU candidate country, the ESG agenda is
of paramount importance. The financial sec-
tor — the most vital segment of the country’s
economy — has been at the forefront of this
transformation.

In recent years, with the assistance of in-
ternational organizations, the National Bank
of Georgia has taken significant steps to de-
velop the “Sustainable Finance Roadmap,”
which aims to harmonize the local market
with international standarts.

Results and Discussion

The integration of Environmental, Social,
and Governance (ESG) standards into the
global financial landscape has fundamen-
tally reshaped international development
priorities. By prioritizing social equity and
environmental stewardship, this framework
strengthens institutional resilience against
systemic shocks and drives sustainable eco-
nomic growth. While the three pillars of ESG
are intrinsically linked, each possesses dis-
tinct operational characteristics.

ESG factors cover a broad range of top-
ics and issues. Many of them, such as climate
change, can affect specific firms, sectors or
countries but can also impair the stability of
an economy (IFC ESG Guidebook, 2021).

This decision has established the legal
foundation for the development of “green

Section 2. Economics and management

finance,” as member states have committed
to aligning financial flows with the princi-
ples of a green economy and low-emission
development. Traditional financial models,
which were focused solely on the classical
relationship between profit and risk, are to-
day being transformed into the context of
sustainable financing, where ESG (Environ-
mental, Social, and Governance) factors play
a crucial role (Zurabishvili, 2026). ESG stan-
dards help banks measure the sustainability
of a particular business. Green finance, on
the other hand, represents the actual capital
(loans, bonds) provided exclusively for proj-
ects that meet the environmental (E) compo-
nent of ESG.

Therefore, ESG standards and green fi-
nance represent two inseparable parts of
a unified sustainable ecosystem. Green
bonds enable companies to raise capital
on more favorable terms — a phenomenon
known as the ,,Greenium® — as institutional
investors increasingly prioritize assets ded-
icated to financing environmental projects
(Badri Giorgidze, 2026). If ESG is the assess-
ment methodology that determines a compa-
ny’s level of responsibility, then in the Geor-
gian context, integrating ESG standards into
banking risk management systems directly
increases the accessibility of green finance.
Green finance and sustainable business cre-
ate a synergy, where businesses integrate en-
vironmental, social, and governance (ESG)
principles into their long-term perspective
(Mzevinar Nozadze L. V., 2025).

Banks that utilize ESG scoring are more
effective at identifying green assets, which
ultimately reduces the risks of “greenwash-
ing” and increases investor confidence in the
local market. It is the practical mechanism
through which capital realization occurs.
The implementation of ESG practices within
the banking sector, particularly in emerging
economies, is fraught with significant chal-
lenges. Without well-defined benchmarks
and metrics, banks face significant challeng-
es in providing consistent and proactive evi-
dence of their ESG performance.

Based on the analysis conducted, it is ev-
ident that the Georgian financial sector is in
an active phase of ESG transformation. The
reforms initiated by the National Bank of
Georgia since 2019 are fully aligned with in-
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ternational best practices. Specifically, with-
in the framework of the “Sustainable Finance
Roadmap,” commercial banks have begun
integrating climate-related risks into their
credit policies. Integrating climate and ESG
considerations into the operations, internal
policies, and activities of central banks and
financial sectorregulators is crucial (Sustain-
able Finance Roadmap For Georgia, 2025).

In Georgia, ESG criteria aim to foster
the development of green and sustainable fi-
nance, ensuring that banks not only generate
profits but also contribute to environmental
protection and social development.

In the modern global context, the estab-
lishment of ESG standards and support for
environmental projects are closely linked to
the existence of a unified sustainable finance
framework. A fundamental role in this pro-
cess is played by the Green Taxonomy, which
serves as a transparent classification system
for economic activities. It is noteworthy that
Georgia’s Green Taxonomy is largely based
on the EU Taxonomy best practices, ensuring
the harmonization of the local financial sys-
tem with international standards. Further-
more, the definition of sustainable finance
used within the taxonomy encompasses so-
cial finance alongside green finance (includ-
ing climate-related finance) (Sustainable Fi-
nance Taxonomy for Georgia 2022, 2022).

It is a well-established fact that Georgia’s
two leading commercial banks -TBC Bank
and the Bank of Georgia -trade their issued
securities on the London Stock Exchange.

The Bank of Georgia executed a stra-
tegic transition to the Premium Listing seg-
ment in 2012, enabling its shares to be trad-
ed directly on the Main Market of the London
Stock Exchange.

Bank of Georgia has a strong, formal com-
mitment to Environmental, Social, and Gov-
ernance (ESG) criteria. The Bank of Georgia’s
ESG framework includes: — Environmental
(E) — The Bank integrates environmental
measures into its credit risk management
and has supported the Caucasus Nature Fund
(CNF) since 2009, which focuses on preserv-
ing the region’s ecosystem. — Social (S) — Cor-
porate responsibility is driven by initiatives
such as the “Tree of Life” Foundation, which
supports social issues such as education and
inclusion. — Governance (G) — the Bank is

Section 2. Economics and management

listed on the London Stock Exchange and ad-
heres to the UK Corporate Governance Code.
As od 2024, Lion Financial Group PLG re-
cieved on MSCI ESC Rating of AA. (Sustain-
ability Report 2024).

In 2016, following the precedent set by
the Bank of Georgia, TBC Bank achieved
a Premium Listing and was subsequent-
ly admitted to the FTSE 250 Index. TBC
Bank serves as a prime example of the rapid
growth in sustainable finance portfolios. The
bank actively utilizes dedicated ‘green lines’
secured from International Financial Insti-
tutions (IFIs), such as the EBRD, EIB, and
IFC, to fund environmentally sustainable
projects. TBC Bank Group PLC (the “Com-
pany” and, together with its subsidiaries, the
“Group”) is committed to the highest stan-
dards of corporate governance which are in
accordance with UK and international best
practice (TBC Releases Its Sustainability Re-
port 2024, 2025). Moreover, under Georgian
banking legislation, TBC Bank and Bank of
Georgia are required to publish a Pillar 3 Re-
port alongside their annual reports, which
includes dedicated tables for ESG risks.

It is important to note that between
2023 and 2025, the National Bank of Geor-
gia (NBG) implemented the “ESG Reporting
and Disclosure Principles.” This means that
not only the major systemic banks but also
medium-sized banks and other financial-
credit institutions are now obligated to dis-
close their sustainability indicators.These
financial institutions include, for instance,
microfinance organisations, institutional
investors and credit unions, andenterprises
whose securities are admitted to trading on
the stock exchange (ESG Reporting and Dis-
closure Principles, 2020).

An analysis of ESG reporting in the Geor-
gian banking sector reveals that genuine
transparency is primarily observed only in
relation to environmental standards. Other
components (Social and Governance) are not
yet adequately reflected in public data. Mea-
suring social impact and long-term benefits
is an additional challenge as they involve
subjective assessments and difficulties in
quantifying social and governance aspects
(Andreea-Larisa Olteanu, 2023).

ESG standards for Georgian banks are
dictated not only by shareholders but also by
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creditors (such as the EBRD, IFC, and ADB).
Attracting low-interest resources from these
institutions is directly linked to how effec-
tively a bank complies with ESG criteria.

The implementation of ESG is not mere-
ly an expense but an opportunity — it enables
the country to attract more “cheap” and long-
term foreign investment.

Conclusion
Despite the positive dynamics, the im-
plementation of ESG standards is associated
with numerous challenges, encompassing
both regulatory complexities and the read-
iness of the private sector. The examples of
TBC Bank and the Bank of Georgia confirm

Section 2. Economics and management

that international transparency and adher-
ence to sustainable development criteria are
directly linked to attracting low-cost finan-
cial resources and maintaining competitive-
ness in the global market.

The “Green Taxonomy” and ESG report-
ing rules introduced by the National Bank of
Georgia provide a solid foundation for pre-
venting “greenwashing” and ensuring data
objectivity. The future challenge will be the
deeper integration of these standards not
only into large systemic banks but also into
small and medium-sized financial institu-
tions, which will ultimately determine the
long-term sustainability of the country’s
economy.
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Abstract

The digital transformation of tax administration has intensified debates regarding the rela-
tionship between effective tax enforcement, taxpayer rights and institutional legitimacy. Within
this context, Albania has proposed a new fiscal package introducing significant amendments
to taxpayer classification, administrative sanctions, cash-holding restrictions and tax control
mechanisms.

This study evaluates the proposed reforms through the theoretical perspectives of fiscal
justice, tax neutrality, proportionality and risk-based tax administration. Adopting a qualita-
tive research design based on legal analysis, comparative assessment and policy evaluation,
the paper examines four key dimensions of the reform: the treatment of professional activities,
restrictions on business cash holdings, the proportionality of administrative sanctions and the
interaction between fiscalization and traditional enforcement mechanisms.

The findings indicate that while the proposed measures pursue legitimate objectives re-
lated to compliance enhancement and fiscal oversight, several provisions may generate ten-
sions between enforcement objectives and established principles of effective tax governance.
In particular, the proposed classification of professional activities may affect tax neutrality,
while cash-holding restrictions and certain administrative sanctions may increase compli-
ance burdens and raise proportionality concerns. Furthermore, the effectiveness of expanded
tax controls depends largely on their integration with fiscalization and risk-based compliance
management systems.

The study concludes that sustainable tax administration reform requires a balanced approach
that combines effective enforcement with fiscal fairness, legal certainty and taxpayer trust. The Al-
banian case demonstrates that the long-term success of tax reform depends not only on strength-
ening compliance and reducing informality but also on preserving neutrality, proportionality and
administrative legitimacy within an increasingly digitalized fiscal environment.
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1. Introduction

The digital transformation of tax admin-
istration has significantly altered the man-
ner in which governments monitor econom-
ic activity, manage fiscal risk and promote
taxpayer compliance. Advances in electron-
ic reporting systems, fiscalization and data
analytics have expanded the informational
capacity of tax authorities and encouraged
a gradual shift toward risk-based compli-
ance management (OECD, 2020; OECD,
2021).

Within this context, tax administration
reforms are increasingly evaluated not only
through their capacity to enhance revenue
collection but also through their consistency
with broader principles of fiscal justice, tax
neutrality, proportionality and administra-
tive legitimacy (Musgrave, 1959; Stiglitz &
Rosengard, 2015).

Albania has followed this international
trend through the implementation of fiscal-
ization and a broader modernization of tax
administration. More recently, the govern-
ment has proposed a new fiscal package in-
troducing significant amendments to taxpay-
er classification, cash-holding restrictions,
administrative sanctions and tax control
mechanisms. While these measures aim to
strengthen compliance and reduce informal-
ity, they have also generated debate regard-
ing their implications for free professions,
small businesses and taxpayer rights.

Despite growing scholarly interest in fis-
calization and digital tax administration,
limited research has examined how taxpay-
er classification, compliance obligations,
administrative sanctions and enforcement
mechanisms interact within the context of
digitally transforming tax systems, particu-
larly in transition economies.

This study addresses that gap by eval-
uating Albania’s proposed fiscal package
through the perspectives of fiscal justice, tax
neutrality, proportionality and risk-based tax
administration. The central research ques-
tion guiding the analysis is:

To what extent does Albania’s pro-
posed fiscal package align with the
principles of fiscal justice, tax neutral-

ity, proportionality and modern risk-
based tax administration?

The study contributes to the literature
by providing an integrated assessment of
a contemporary tax reform within a transi-
tion economy and by highlighting the impor-
tance of aligning digital tax administration,
taxpayer rights and enforcement strategies
within a coherent framework of effective tax
governance.

2. Literature Review

2.1 Fiscal Justice, Tax Neutrality
and Professional Taxation

Fiscal justice represents one of the funda-
mental principles of public finance and serves
as a key benchmark for evaluating tax policy
reforms. According to Musgrave (1959), a fair
tax system should allocate tax burdens in ac-
cordance with taxpayers’ economic capacity
while maintaining institutional legitimacy.
In developing and transition economies, tax
policy must simultaneously support revenue
mobilization, economic competitiveness and
administrative feasibility (Tanzi & Zee, 2000).

Closely related to fiscal justice is the prin-
ciple of tax neutrality. Tax neutrality requires
that taxpayers engaged in economically com-
parable activities should not be subject to
substantially different fiscal treatment unless
such differentiation is justified by clear policy
objectives (Stiglitz & Rosengard, 2015). This
issue is particularly relevant for free profes-
sions, whose activities combine human capital
investment, entrepreneurial risk and market
competition. As noted by Bird and Zolt (2014),
tax policies affecting highly skilled profession-
als may influence labor mobility, entrepre-
neurial incentives and investment decisions.

The principles of fiscal justice and tax
neutrality therefore provide an important
framework for assessing reforms that intro-
duce differentiated treatment among taxpay-
er categories.

2.2 Digital Tax Administration and
Risk-Based Compliance

The digital transformation of tax adminis-
tration has significantly altered the relation-
ship between taxpayers and tax authorities.
Electronic reporting systems, fiscalization
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and data analytics have improved transparen-
cy, strengthened compliance monitoring and
expanded the informational capacity of tax
administrations (OECD, 2021; OECD, 2022).

A central feature of modern tax admin-
istration is the adoption of risk-based com-
pliance management. Under this approach,
enforcement resources are concentrated on
taxpayers presenting the highest probability
of non-compliance, thereby improving ad-
ministrative efficiency and reducing unnec-
essary interventions for compliant taxpayers
(OECD, 2021).

The OECD Tax Administration 3.0
framework further emphasizes that digital
technologies should support real-time re-
porting, automated compliance processes
and evidence-based enforcement strategies
(OECD, 2020). Consequently, contemporary
tax administration increasingly relies on the
integration of fiscalization, digital monitor-
ing and risk assessment mechanisms.

Recent OECD research further emphasiz-
es that digital technologies should not only
strengthen enforcement capabilities but also
reduce compliance burdens, improve taxpay-
er experience and support more cooperative
relationships between taxpayers and tax ad-
ministrations (OECD, 2024). Consequently,
the effectiveness of modern tax administra-
tion depends not only on the availability of
digital information but also on the capacity
of tax authorities to transform such infor-
mation into risk-based, evidence-driven and
taxpayer-oriented compliance strategies.

2.3 Research Gap and Analytical
Framework

Although extensive literature exists on
fiscal justice, tax neutrality and digital tax ad-
ministration, these dimensions are frequent-
ly examined as separate areas of inquiry.
Comparatively limited attention has been de-
voted to understanding how taxpayer classi-
fication, compliance obligations, administra-
tive sanctions and enforcement mechanisms
interact within the broader framework of tax
governance, particularly in digitally trans-
forming tax systems.

This gap is especially relevant in transi-
tion economies such as Albania, where gov-
ernments simultaneously pursue fiscal mod-
ernization, compliance enhancement and
institutional reform. The interaction between
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fiscal justice, taxpayer rights and enforce-
ment strategies remains an important but in-
sufficiently explored aspect of contemporary
tax policy and tax administration reform.

Accordingly, this study evaluates the
proposed fiscal package through four an-
alytical dimensions: (i) professional activ-
ities and tax neutrality; (ii) cash-holding
restrictions and compliance costs; (iii) ad-
ministrative sanctions and proportionali-
ty; and (iv) fiscalization and risk-based tax
administration. These dimensions establish
the analytical framework through which the
proposed reform is assessed and provide
the basis for examining its consistency with
the principles of fiscal justice, tax neutrality,
proportionality and modern risk-based tax
administration.

3. Methodology

3.1 Research Design

This study adopts a qualitative research
design based on legal analysis, comparative
assessment and policy evaluation. The ap-
proach is appropriate because the proposed
fiscal package consists of legislative mea-
sures whose economic and administrative ef-
fects have not yet been empirically observed.
Consequently, the analysis focuses on assess-
ing the consistency of the proposed reforms
with established principles of fiscal justice,
tax neutrality, proportionality and risk-based
tax administration.

3.2 Research Question and Hy-
potheses

The study is guided by the following re-
search question:

To what extent does Albania’s pro-
posed fiscal package align with the
principles of fiscal justice, tax neutral-
ity, proportionality and modern risk-
based tax administration?

Based on the theoretical framework de-
veloped in the literature review, four hypoth-
eses are formulated:

H1: The distinction between profession-
al and non-professional activities may affect
tax neutrality.

H2: Restrictions on business cash hold-
ings increase compliance costs for small
businesses and self-employed taxpayers.

H3: Increased administrative sanctions
raise proportionality concerns.
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H4: The expansion of field-based tax
controls is not fully aligned with risk-based
tax administration principles.

3.3 Data Sources and Analytical
Framework

The study relies on primary and second-
ary sources. Primary sources include Albanian
legislation governing taxation, tax procedures
and fiscalization. Secondary sources consist of
academic literature and OECD publications
addressing fiscal justice, professional taxation
and digital tax administration.

The proposed fiscal package is evaluat-
ed through four analytical dimensions: (i)
professional activities and tax neutrality; (ii)
cash-holding restrictions and compliance
costs; (iii) administrative sanctions and pro-
portionality; and (iv) fiscalization and risk-
based tax administration. These dimensions
provide the analytical framework for assessing
the consistency of the reform with contempo-
rary principles of effective tax governance.

4. Results and Discussion

4.1 Professional Activities and Tax
Neutrality

One of the most debated elements of the
proposed fiscal package concerns the distinc-
tion between professional and non-profes-
sional activities. From the perspective of tax
neutrality, taxpayers operating under compa-
rable economic conditions should not be sub-
ject to substantially different fiscal treatment
unless such differentiation is justified by ob-
jective and transparent policy considerations.

Independent professionals assume en-
trepreneurial risk, invest in human capital
and compete within market environments
similarly to other business operators. Conse-
quently, broadly defined classification criteria
may create uncertainty regarding the distinc-
tion between genuine self-employment and
dependent economic activity. Such uncer-
tainty may result in differentiated treatment
among taxpayers performing economically
comparable functions and may influence or-
ganizational and professional choices.

Beyond fiscal considerations, the clas-
sification of professional activities may also
influence broader economic behavior. Inde-
pendent professionals frequently organize
their activities through flexible contractual
arrangements that reflect market demand,
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specialization and project-based work. Con-
sequently, classification criteria that are per-
ceived as uncertain may affect business plan-
ning, professional autonomy and long-term
investment decisions. From a tax governance
perspective, legal certainty is essential be-
cause taxpayers are more likely to comply
voluntarily when regulatory obligations are
predictable and transparent.

The analysis provides support for H1, sug-
gesting that the proposed classification frame-
work may affect tax neutrality. To minimize
uncertainty and preserve equal treatment, the
implementation of the reform should be sup-
ported by clear, transparent and objectively
verifiable classification criteria.

4.2 Cash-Holding Restrictions and
Compliance Costs

The proposed restrictions on business
cash holdings seek to improve transparen-
cy and reduce opportunities for undeclared
transactions. While these objectives are con-
sistent with international efforts to strength-
en fiscal governance and combat informality,
their practical implications may vary across
taxpayer categories.

For small businesses and self-employed
taxpayers, mandatory cash-deposit require-
ments may generate additional compliance
costs associated with banking services, liquid-
ity management and administrative proce-
dures. Although such obligations may be rela-
tively manageable for larger enterprises, they
are likely to impose proportionally greater
burdens on smaller taxpayers with more lim-
ited financial and administrative resources.

The economic impact of compliance ob-
ligations should also be considered from an
administrative efficiency perspective. Com-
pliance costs represent an indirect regulatory
burden that may affect business performance
even when no additional tax liability arises.
International experience suggests that tax
reforms are generally more effective when
compliance obligations remain proportionate
to taxpayer size and operational capacity. Ex-
cessive procedural requirements may divert
financial and managerial resources away from
productive activities and reduce the overall ef-
fectiveness of the intended policy objectives.

The analysis supports H2 and indicates
that the proposed measures may increase
compliance burdens, particularly for small
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businesses and self-employed professionals.
Consequently, policymakers should careful-
ly balance transparency objectives with the
need to maintain proportionate compliance
obligations and administrative efficiency.

4.3 Administrative Sanctions and
Proportionality

The reform also proposes stronger admin-
istrative sanctions for tax-related violations.
Although effective enforcement requires
credible deterrence mechanisms, sanctions
should remain proportionate to both the se-
verity of violations and the economic capaci-
ty of taxpayers.

Fixed monetary penalties may produce
unequal effects across taxpayers of different
sizes. While large businesses may absorb such
penalties with relatively limited consequenc-
es, smaller taxpayers may face substantially
greater financial impacts. As a result, iden-
tical sanctions may generate different prac-
tical outcomes depending on the economic
circumstances of the taxpayer.

The relationship between deterrence and
proportionality remains a central challenge
in contemporary tax administration. While
stronger sanctions may improve compliance
in certain circumstances, their effectiveness
depends largely on taxpayer perceptions of
fairness and legitimacy. Excessively punitive
measures may increase disputes and weaken
cooperative relationships between taxpayers
and tax authorities. Consequently, modern
enforcement strategies increasingly seek to
balance deterrence with procedural fairness,
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thereby strengthening both compliance out-
comes and institutional trust.

The analysis provides support for H3 and
suggests that a more differentiated sanction-
ing framework may better align enforcement
objectives with principles of proportionality,
fairness and legal certainty. Such an approach
may contribute to both the effectiveness and
legitimacy of tax administration.

4.4 Fiscalization and Risk-Based
Tax Administration

The final issue concerns the relationship
between fiscalization and traditional tax con-
trols. Fiscalization has significantly expanded
the informational capacity of tax administra-
tion through real-time reporting and digital
monitoring systems.

Modern tax administrations increasingly
allocate enforcement resources according to
risk indicators and data-driven compliance
strategies. Within this framework, field-
based controls remain important but are ex-
pected to complement, rather than substitute
for, digital risk assessment mechanisms.

The increasing availability of digital in-
formation creates new opportunities for
evidence-based compliance management.
Real-time reporting systems allow tax au-
thorities to identify anomalies, prioritize
high-risk cases and allocate enforcement re-
sources more efficiently. In this environment,
the strategic value of fiscalization extends
beyond transaction monitoring and increas-
ingly supports predictive and risk-oriented
approaches to tax administration.

Table 1. Assessment of Research Hypotheses

Hypothesis Assessment

Main Finding

The classification of professional activities may affect tax

Cash-holding restrictions are likely to increase compliance

costs for small businesses and self-employed taxpayers.

H1 Supported
neutrality.
H2 Supported
H3 Supported
concerns.
H4 Partially Sup-
ported

Certain administrative sanctions may raise proportionality

Traditional controls are most effective when integrated with
fiscalization and risk-based administration.

The analysis provides partial support
for H4. Expanded control activities may
contribute to compliance objectives when
integrated with fiscalization and risk-based

compliance systems. However, excessive
reliance on traditional controls may reduce
administrative efficiency, increase compli-
ance burdens for low-risk taxpayers and
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limit the potential benefits of digital tax ad-
ministration.

Consequently, the effectiveness of con-
temporary enforcement strategies depends
on the successful integration of fiscalization,
risk assessment methodologies and evidence-
based compliance management.

5. Conclusions and
Policy Implications

This study evaluated Albania’s proposed
fiscal package through the analytical perspec-
tives of fiscal justice, tax neutrality, propor-
tionality and risk-based tax administration.
The objective was to assess whether the pro-
posed reforms are consistent with contem-
porary principles of effective tax governance
and modern tax administration.

The analysis indicates that the proposed
measures pursue legitimate objectives relat-
ed to strengthening compliance, reducing
informality and improving fiscal oversight.
However, the findings also suggest that sev-
eral provisions may create tensions between
enforcement objectives and broader princi-
ples of fiscal fairness, neutrality and propor-
tionality. In particular, the proposed classi-
fication of professional activities may affect
tax neutrality, while cash-holding restric-
tions and certain administrative sanctions
may increase compliance burdens and raise
concerns regarding proportionality. Fur-
thermore, the effectiveness of expanded tax
controls appears to depend largely on their
integration with fiscalization and risk-based
compliance systems.

From a theoretical perspective, the study
contributes to the growing literature on tax
governance by demonstrating that the ef-
fectiveness of tax administration reform de-
pends not only on enforcement capacity but
also on the alignment between fiscal justice,
tax neutrality, proportionality and admin-

Section 2. Economics and management

istrative legitimacy. The findings suggest
that sustainable compliance is more likely
to emerge when digital tax administration
and enforcement strategies operate within
a framework that preserves legal certainty,
fairness and taxpayer trust.

The Albanian case reflects a broader chal-
lenge faced by many transition economies. As
tax administrations become increasingly dig-
italized, the focus of reform should gradually
shift from information collection toward in-
formation utilization. Fiscalization, real-time
reporting and digital monitoring systems pro-
vide substantial amounts of information; how-
ever, their effectiveness ultimately depends
on the capacity of tax authorities to transform
information into objective, risk-based and
evidence-driven compliance strategies.

The study generates several policy impli-
cations. First, taxpayer classification criteria
should be based on clear, transparent and ob-
jectively verifiable standards in order to pre-
serve neutrality and reduce legal uncertainty.
Second, compliance obligations and adminis-
trative sanctions should be calibrated accord-
ing to taxpayer size and economic capacity to
ensure proportionality and fairness. Third, fu-
ture reforms should prioritize the integration
of fiscalization, digital monitoring and risk-
based compliance management, thereby re-
ducing reliance on broad field-based controls
and improving administrative efficiency.

In conclusion, the long-term success of
tax administration reform depends not only
on strengthening enforcement mechanisms
but also on preserving the institutional prin-
ciples that support voluntary compliance and
taxpayer confidence. Reforms that success-
fully balance enforcement effectiveness with
fiscal justice, neutrality and proportionality
are more likely to achieve sustainable com-
pliance, institutional legitimacy and effective
tax governance.
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Abstract

This article provides a detailed analysis of the extent of irrigation-induced erosion in the ir-
rigated lands of the country, with particular emphasis on the irrigated areas of the Kashkadarya
region. The negative impacts of this erosion on irrigated lands are discussed, and a number of
recommendations are proposed as potential solutions to mitigate its adverse effects.
Keywords: irrigation erosion, irrigation-induced erosion, soil erosion, Kashkadarya Basin

Erosion occurring in irrigated lands under
the influence of natural and anthropogenic fac-
torsisreferred to asirrigation erosion. Irrigation
erosion is widespread in foothill areas, sloping
plains, and hilly terrains, particularly within the
irrigated zones of the gray soil regions.

Irrigation erosion leads to a sharp de-
cline in soil fertility and, eventually, to the
complete degradation of the soil. Soils af-
fected by this type of erosion are charac-
terized by a reduced thickness of the soil
profile, a lighter texture in the upper layer,
lower contents of organic matter and mobile
compounds, and higher pH values. In such
soils, biological activity decreases, and sur-
face crust formation is commonly observed.

In Uzbekistan, the area of croplands af-
fected by irrigation erosion amounted to
798 thousand hectares (National Action

Program to Combat Desertification in the
Republic of Uzbekistan, p. 63—-66). The larg-
est affected areas were observed in the foot-
hill and hilly zones of the Tashkent, Samar-
kand, Kashkadarya, Surkhandarya, Andijan,
and Namangan regions, primarily on light-
colored, typical, and in some cases dark gray
soils (Maksudov, H.M., & Gafurova, L.A.,
2012, p. 216-217).

As can be seen from the data in Table 1,
the regions of Uzbekistan most affected by
irrigation erosion are predominantly moun-
tainous areas. This is explained by the fact
that the leading factors in the development
of water erosion are, undoubtedly, the degree
of slope in the relief combined with the in-
tensity of precipitation. In particular, when
comparing the regions most affected by ero-
sion of irrigated lands, Syrdarya accounts for
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57.1%, Samarkand for 50%, and Tashkent
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for 24.5%, making them the leading regions
in terms of irrigation erosion (Table 1).

Table 1. Area of agricultural lands affected by irrigation erosion,
in thousand hectares (1999) (National Action Program to Combat
Desertification in the Republic of Uzbekistan, p. 63—66)

Total agricul-

Irrigation erosion

Administrative
divisions tural land, Share in
thousandha Not observed Observed percentage
Republic of
Karakalpakstan 504 396 108 21,4
Andijan 276 255 21 7,6
Bukhara 275 269 6 2,1
Jizzakh 289 240 49 16,95
Kashkadarya 500 402 98 19,6
Navoi 115 114 1 0,86
Namangan 276 215 61 22,1
Samarkand 374 187 187 50
Syrdarya 327 140 187 57,1
Tashkent 389 292 97 249
Fergana 349 329 20 5,7
Khorezm 274 274 - -
Across the Republic 4243 3445 798 18,8

In the Kashkadarya region, nearly one-
fifth of irrigated lands — specifically 19.6% or
about 98 thousand hectares — were affected by
irrigation erosion. At the national level, this
indicator stood at 18.8%, meaning that the
Kashkadarya region corresponded to the na-
tional average. However, in several regions of
the country, the figures were significantly low-
er than the average. For example, in Bukhara
it was 2.1%, in Navoi 0.86%, and in Fergana
5.7%, while in Khorezm irrigation erosion was
entirely absent, which is noteworthy.

It is evident that the processes of irriga-
tion erosion in the irrigated lands of Uzbeki-
stan have undergone a number of changes.
In particular, the total area affected by this
erosion across the country amounted to 682
thousand hectares in 2009, which is almost
100 thousand hectares less compared to ten
years earlier. However, among the internal
regions of the republic, the most significant
changes were observed in Kashkadarya
(159.7 thousand ha), Tashkent (138.6 thou-
sand ha), and Samarkand (121.7 thousand

ha). Together, these three regions account
for 61.5% of the total area affected by irri-
gation erosion in the country (Figure 1).

Erosion occurring in irrigated lands un-
der the influence of natural and anthropo-
genic factors is referred to as irrigation ero-
sion. In the Kashkadarya region, irrigation
erosion is mainly distributed across foothill
sloping plains and hilly areas (within the
irrigated lands of the gray soil zone). In
2009, soils affected by irrigation erosion in
the region covered nearly 159.7 thousand
hectares, accounting for about 31% of all ir-
rigated lands. Analysis of the available data
indicates that the expansion of irrigated
areas is accompanied by an increase in the
extent of land affected by irrigation erosion
(Figure 1).

Taking into account that examining this
type of erosion at the district level within the
Kashkadarya region may enhance the practi-
cal significance of the study, the state of this
negative natural-anthropogenic process was
analyzed for the year 2021 (Figure 2).
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Figure 1. Area of lands affected by irrigation erosion, in thousand hectares (2009)
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Figure 2. Areas affected by irrigation erosion in the region, in hectares (2021)
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The data in the table were compiled by In the region, the total area affected by ir-
the author using information provided by  rigation erosion amounted to 159.7 thousand
the Regional Cadastral Chamber. hectares; however, this indicator varies sig-

nificantly across districts. The largest areas
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subject to irrigation erosion were observed
in Mirishkor (36.3 thousand ha), Kasbi (20.9
thousand ha), and Karshi (18.6 thousand
ha) districts. Together, these three districts
accounted for 47.5% of all lands affected by
irrigation erosion in the region.

One of the main reasons for the intensifica-
tion of irrigation erosion in the irrigated lands
of the oasis is the low resistance of gray soils
to washout. According to A.Rasulov (1976),
the total area of gray soils in the Kashkadarya
Basin amounts to 2,068 thousand hectares, or
65.3% of the total territory. Of this, 917 thou-
sand hectares are typical gray soils and 282
thousand hectares are dark gray soils. In ad-
dition, 55 thousand hectares of meadow-gray
and meadow saline soils are distributed with-

Section 3. Geography

in the basin (Rasulov, A. M., 1974). The wide-
spread occurrence of these soil types in Kash-
kadarya undoubtedly plays a significant role
in the development of irrigation erosion.

The distribution and intensity of irriga-
tion erosion depend not only on the slope
gradient, exposure, and morphology of the
terrain but are also largely influenced by ir-
rigation techniques. Indeed, one of the pri-
mary causes of the development of irrigation
erosion is the inherent susceptibility of soils
to washout.

In addition, chemical reclamation, the es-
tablishment of shelterbelts, the cultivation of
protective crops, and the application of crop
rotation are proven measures in combating
soil erosion.
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Abstract

Dental implantology is a surgically precise discipline in which the success of treatment
depends not only on implant design and operative technique, but also on the clinician’s
detailed understanding of the maxillofacial anatomical complex. The maxilla and man-
dible contain compactly arranged neurovascular, lymphatic, osseous, sinus, and fascial
structures. Because these structures communicate through arterial, venous, lymphatic,
and neural pathways, even a limited peri-implant inflammatory focus may progress to ab-
scess formation, diffuse phlegmon, venous thrombophlebitis, neurosensory impairment, or
life-threatening airway and intracranial complications. This article reviews the anatomical
basis of dental implant complications, emphasizing the topographic differences between
the maxilla and mandible, the role of vascular and lymphatic pathways in infection dis-
semination, and the clinical relevance of trigeminal nerve branches. Particular attention is
given to sinus membrane perforation, nasopalatine and infraorbital-region injuries, inferior
alveolar and mental nerve trauma, lingual cortical perforation, sublingual or submental
hematoma, and postoperative infectious spread. The article also highlights the preventive
value of cone-beam computed tomography (CBCT), preservation of safety margins, atrau-
matic surgical technique, irrigation to prevent thermal osteonecrosis, strict asepsis, and
timely management of early infectious signs.
Keywords: dental implantology; maxillofacial anatomy; inferior alveolar nerve; maxillary
sinus; peri-implantitis; phlegmon; venous thrombosis; lymphatic drainage; CBCT
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1. Introduction

Dental implant placement is not merely
a mechanical or prosthetic procedure. It is
an intervention performed within one of the
most anatomically dense regions of the hu-
man body, where millimeters may determine
surgical safety, functional recovery, and pa-
tient quality of life. The head and neck region

Section 4. Medicine

contains the eye, ear, nose, oral cavity, max-
illa, mandible, hard and soft palate, salivary
glands, major cervical vessels, cranial nerves,
lymphatic channels, and deep fascial spaces
in close proximity. This compact arrange-
ment explains why procedures in the maxil-
lofacial region require a high level of anatom-
ical precision.

Figure 1. Risk-oriented anatomical comparison of the
maxilla and mandible in implant planning

Maxilla
Maxillary sinus and Schneiderian mem-

brane

Nasopalatine / incisive canal

Thin buccal cortical plate

Infraorbital and pterygopalatine region

The anatomical and topographic com-
plexity of the upper and lower jaws forms the
background against which local and gener-
alized complications develop. These include
infectious complications, vascular events, and
neurogenic disorders. Contemporary implant
treatment therefore requires a preventive an-
atomical approach: identification of risk zones
before surgery, careful selection of implant
dimensions and angulation, preservation of
neurovascular safety margins, and early rec-
ognition of postoperative complications.

2. Anatomical Basis of Implant-
Related Complications
The pathogenesis of complications after
dental implant placement is best understood
as the interaction of four anatomical systems:
bone architecture, fascial spaces, vascular
communications, and neural pathways. The

Mandible
« Inferior alveolar canal

Mental foramen and anterior loop

 Lingual cortical plate and floor-of-mouth
vessels

» Dense cortical bone and heat generation

maxilla is characterized by relatively porous
cancellous bone, a thin cortical plate, prox-
imity to the maxillary sinus, and extensive
venous and arterial communications. The
mandible contains denser cortical bone and
critical neurovascular structures, particularly
the inferior alveolar canal, mental foramen,
lingual cortical plate, and vascular structures
of the floor of the mouth.

Because oral tissues communicate with
deep fascial spaces and venous plexuses, in-
fection that begins around an implant may
remain localized as an abscess, spread dif-
fusely as phlegmon, or enter the venous sys-
tem and progress to septic thrombophlebitis.
Similarly, traumatic or thermal injury during
osteotomy may damage bone, nerve, or vas-
cular structures and create the conditions for
postoperative pain, paresthesia, hematoma,
or implant failure.

Figure 2. Principal pathways by which a peri-implant infectious focus may progress
to abscess, phlegmon, venous thrombophlebitis, or life-threatening complications

Major anatomical pathways of infection after dental implant placement

Localized abscess (capsu-

7 lated pus)

Peri-implant

bacterial focus mon)

N Venous route (thrombo-
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Deep fascial spread (phleg-

—  Sinus/orbital involvement

— Ludwig angina / airway risk

—  Cavernous sinus thrombosis
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3. Maxillary Anatomical Risk Zones

The maxilla presents a distinct surgical
risk profile because of its cancellous architec-
ture, thin buccal cortical plate, and close re-
lationship to the maxillary sinus, nasal floor,
nasopalatine canal, and infraorbital region.
These characteristics are clinically important
in both anterior and posterior implant sites.

3.1. Maxillary sinus and Schneide-
rian membrane

In the posterior maxilla, the maxillary
sinus may lie close to the alveolar ridge, es-
pecially after tooth loss and vertical bone re-
sorption. Implant preparation or insertion
may perforate the sinus floor or Schneiderian
membrane. Depending on the size of the per-
foration and the presence of contamination
or graft material displacement, consequenc-
es may include sinusitis, oro-antral commu-
nication, implant migration into the sinus,
chronic inflammation, or failure of osseointe-
gration. Prevention requires CBCT-based
evaluation of residual bone height, sinus-
floor morphology, septa, mucosal thickening,
and the need for sinus floor elevation before
implant placement.

3.2. Nasopalatine, incisive, and an-
terior maxillary canals

In the anterior maxilla, implant place-
ment near the central incisors may injure the
nasopalatine canal or incisive neurovascular
bundle. Trauma in this area may cause pain,
altered palatal sensation, localized bleeding,
or infection. Radiographic localization of the
canal and appropriate implant positioning
are necessary to avoid contact with neurovas-
cular structures.

3.3. Thin buccal cortical plate and
esthetic-region exposure

The facial cortical plate of the anterior
maxilla is often extremely thin and may be less
than 1 mm in certain sites. A thin buccal plate
increases the risk of dehiscence, fenestration,
soft-tissue recession, implant thread exposure,
and esthetic failure. Preventive strategies in-
clude selecting an implant of appropriate di-
ameter, positioning the implant slightly pal-
atally when indicated, maintaining adequate
facial bone thickness, and using guided bone
regeneration when the ridge is deficient.

3.4. Infraorbital region

Although uncommon, trauma to the in-
fraorbital neurovascular region may occur

Section 4. Medicine

during procedures near the canine and pre-
molar region or during extensive surgery in
the anterior maxilla. Such injury may pro-
duce infraorbital pain, paresthesia, or hema-
toma. Preoperative imaging and controlled
osteotomy depth are essential where ana-
tomic variation reduces the safety zone.

Figure 3. Maxillary sinus and posterior
maxillary neurovascular anatomy relevant
to sinus-floor elevation and posterior
implant placement

Figure 4. Venous communication between
the facial, angular, ophthalmic, and
cavernous sinus systems
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V. ophthalmica
inferior

V.facialis

4. Mandibular Anatomical Risk Zones
The mandible differs from the maxilla by
its denser cortical structure and by the pres-
ence of major neurovascular structures with-
in or immediately adjacent to the implant
field. Dense bone may increase heat gener-
ation during drilling, and inadequate irriga-
tion can contribute to thermal osteonecrosis.
However, the most clinically important man-
dibular risks are neural and vascular.
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4.1. Inferior alveolar nerve injury

The inferior alveolar nerve is one of the
most serious structures at risk during im-
plant placement in the premolar and molar
regions. Compression, direct penetration,
thermal injury, or postoperative inflamma-
tory edema may cause paresthesia, dyses-
thesia, anesthesia, or chronic neuropathic
pain affecting the lower lip, chin, or teeth.
Prevention requires CBCT-based mapping
of the mandibular canal, appropriate im-
plant length selection, depth control, and
maintenance of a safety distance from the
canal.

4.2. Mental foramen and anterior
loop

The mental nerve emerges through the
mental foramen, commonly near the second
premolar region, and may present an ante-
rior loop. Implant surgery in this region can
cause pain, sensory disturbance, or hemato-
ma if the foramen or loop is not identified.
Three-dimensional imaging is particularly
valuable because panoramic radiographs
may not reliably define the canal trajectory
or anterior loop in all patients.

4.3. Lingual cortical perforation
and floor-of-mouth hematoma

Perforation of the lingual cortical plate,
especially in the anterior mandible or molar
region, may injure sublingual, submental,
or submandibular vessels. Bleeding into the
sublingual and submental spaces can rapid-
ly elevate the floor of the mouth and com-
promise the airway. This rare but potentially
fatal complication requires immediate rec-
ognition, airway assessment, hemostasis,
and urgent surgical management if expan-
sion occurs.

4.4. Thermal osteonecrosis

Mandibular cortical bone is relatively
dense, making it more susceptible to heat
accumulation during osteotomy. Exces-
sive drill speed, worn drills, inadequate
irrigation, or prolonged drilling can cause
thermal injury and osteonecrosis, impair-
ing osseointegration. Prevention includes
sharp sequential drills, copious irrigation,
intermittent drilling, appropriate speed
and torque, and avoidance of excessive
pressure.

Section 4. Medicine

Figure 5. Trigeminal nerve branches and
mandibular/maxillary neural pathways
relevant to implant-related neurosensory

complications

5. Infectious Complications:
Abscess, Phlegmon, and
Venous Thrombophlebitis

General infectious complications associ-
ated with implant surgery include abscess,
phlegmon, and venous thrombophlebitis.
These entities differ in morphology and se-
verity but share an anatomical basis: oral
bacteria may spread through cancellous
bone, periosteal planes, fascial spaces, lym-
phatic channels, and valveless venous com-
munications.

5.1. Abscess formation

An abscess is a localized purulent focus
formed when the host response partially
confines infection. In implantology, abscess
formation may result from peri-implantitis,
intraoperative contamination, inadequate
debridement, foreign-body reaction, or dis-
ruption of anatomical barriers. In the maxil-
la, infection may spread to the buccal space,
infraorbital region, or palatal tissues. In the
mandible, abscesses may involve the buccal,
sublingual, submental, or submandibular
spaces depending on the site of origin and
muscle attachments.

5.2. Phlegmon and deep fascial-
space spread

Phlegmon is a diffuse purulent inflam-
mation not limited by a capsule. Once the
periosteal and fascial barriers are breached,
infection may spread quickly through com-
municating spaces.
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Maxillary infection may extend toward
the infraorbital region, buccal space, ptery-
gopalatine fossa, orbit, or cavernous sinus
through vascular channels. Mandibular mo-
lar infections may spread to the submandib-
ular, sublingual, or parapharyngeal spaces.
When bilateral floor-of-mouth spaces be-
come involved, Ludwig angina may occur,
with swelling, tongue elevation, dysphagia,
and airway compromise.

5.3. Venous thrombophlebitis and
cavernous sinus risk

The venous system of the face is clinically
important because facial, angular, ophthal-
mic, pterygoid, and cavernous sinus com-
munications may allow retrograde spread of
infection. Septic thrombophlebitis may devel-
op when bacteria and inflammatory thrombi
propagate within valveless veins. In severe
cases, this route may lead to orbital cellulitis
or cavernous sinus thrombosis, which may
present with fever, periorbital edema, pain,
cranial nerve signs, diplopia, and systemic
sepsis.

Figure 6. Pterygoid venous plexus and
facial venous communications, highlighting
a potential pathway for odontogenic or
peri-implant infection spread
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6. Arterial and Venous Anatomy
of the Maxillofacial Region

The blood supply of the head and neck
begins from the aortic arch, from which the
brachiocephalic trunk, left common carotid
artery, and left subclavian artery arise. The
asymmetry between the right and left sides
is due to the right common carotid and right
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subclavian arteries arising through the bra-
chiocephalic trunk, whereas the left common
carotid and left subclavian arteries arise in-
dependently from the aortic arch. At the level
of the superior border of the thyroid carti-
lage, the common carotid artery divides into
the internal and external carotid arteries.

Figure 7. Aortic arch, common carotid,
subclavian, and laryngeal neurovascular
relationships in the lower neck
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Figure 8. Arterial supply of the head and
neck, including the external carotid system
and maxillary artery
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The internal carotid artery ascends to-
ward the skull base and gives rise to the oph-

36 THE ROLE OF THE MAXILLOFACIAL ANATOMICAL COMPLEX IN THE PATHOGENESIS


https://ppublishing.org/edition/european-science-review
https://ppublishing.org/edition/european-science-review

European Science Review 2026,
No 5-6

thalmic artery within the orbit. The terminal
dorsal nasal branch of the ophthalmic artery
anastomoses with the angular artery, a ter-
minal branch of the facial artery from the
external carotid system. This connection is
clinically relevant because it links intraorbit-
al, facial, and external carotid circulation.

6.1. Maxillary artery

The maxillary artery is one of the largest
and most topographically complex terminal
branches of the external carotid artery. It
supplies the maxilla, mandible, nasal cavity,
palate, pterygopalatine region, deep facial
spaces, masticatory muscles, and parts of the
temporomandibular region. It is traditional-
ly divided into mandibular, pterygoid, and
pterygopalatine segments.

The mandibular segment passes through
the infratemporal fossa and gives off branch-
es such as the deep auricular, middle men-
ingeal, and inferior alveolar arteries. The in-
ferior alveolar artery enters the mandibular
canal with the inferior alveolar nerve and
supplies the mandibular teeth before con-
tinuing as the mental artery. Injury to this
branch during implant surgery may cause in-
traosseous bleeding, hematoma, or compres-
sive neuropathy.

The pterygoid segment supplies the mas-
seter, temporalis, buccinator, and pterygoid
muscles through branches such as the mas-
seteric, deep temporal, and buccal arteries.
Because these branches are close to the pter-
ygoid venous plexus, injury or infection in
this region may contribute to hematoma or
facilitate deep-space inflammatory spread.

The pterygopalatine segment is especial-
ly important in maxillary implantology. Its
branches include the infraorbital artery, pos-
terior superior alveolar arteries, descending
palatine artery, and sphenopalatine artery.
These vessels form an anastomotic network
that may connect the maxillary sinus, palate,
nasal cavity, orbit, and pharyngeal region.
Knowledge of these branches is essential
when performing posterior maxillary im-
plants, sinus-floor elevation, or procedures
near the pterygopalatine fossa.

7. Lymphatic System as a Defensive
and Diagnostic Pathway
The lymphatic system of the maxillofacial
region is closely associated with the vascular
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system and serves as an early biological bar-
rier against infection. Topographically, lym-
phatic drainage can be grouped into facial
lymph nodes, submandibular and submental
lymph nodes, and superficial and deep cervi-
cal lymph nodes. Lymph from the face ulti-
mately drains toward the jugular lymphatic
trunk through deep cervical nodes.

In the upper lip, lower lip, and cheek,
superficial and submucosal lymphatic chan-
nels converge near the vestibular folds and
then follow the branches of the facial vessels.
The maxillary lymphatic vessels drain ante-
rior, lateral, and posterior regions through
bony channels toward submandibular nodes
and, in deeper infections, toward infraorbit-
al and deep cervical pathways. Mandibular
lymphatic vessels communicate through the
mandibular canal and smaller bony channels
toward the floor of the mouth, submental,
submandibular, and deep cervical nodes.

Figure 9. Lymphatic drainage of the
face and neck, including submental,
submandibular, parotid, and deep cervical

g (1 T
After implant placement, early lymphatic
activation may present as regional lymph-
adenitis, usually with painful enlargement
of submandibular, submental, or cervical
nodes. In abscess formation, this reaction
may be limited to one or several regional
nodes. In phlegmon, lymphatic drainage may
become blocked, resulting in multilocular
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lymphadenopathy or suppurative lymphade-
nitis. In septic thrombophlebitis, deep cervi-
cal lymph nodes may participate in systemic
inflammatory response. Clinically, lymphatic
swelling may therefore be an early sign that
infection is no longer limited to the peri-im-
plant region.

8. Trigeminal Nerve and
Neurogenic Complications

The trigeminal nerve is the principal
sensory nerve of the maxillofacial region.
Its three major divisions — ophthalmic (V1),
maxillary (V2), and mandibular (V3) — form
a dense anatomical network that is close-
ly related to vessels, bone, dental roots, si-
nus structures, and fascial spaces. Implant-
related trauma or infection may therefore
produce nociceptive, neuropathic, or mixed
pain mechanisms.

The maxillary division and its infraorbit-
al, posterior superior alveolar, middle supe-
rior alveolar, and anterior superior alveolar
branches are relevant to maxillary implant
procedures. Injury or inflammatory irrita-
tion may produce neuralgic pain, altered
sensation, or referred symptoms toward the
midface and orbital region. The mandibular
division gives rise to the inferior alveolar,
mental, lingual, buccal, and auriculotempo-
ral nerves. Inferior alveolar and mental nerve
injuries are particularly important because
they may cause sensory changes in the low-
er lip and chin, while lingual nerve irritation
may affect tongue sensation and taste-related
complaints.

Neurogenic complications may arise from
direct drilling trauma, implant contact with
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the canal, compression by hematoma, in-
flammatory edema, thermal injury, or post-
operative infection.

Management depends on the mechanism
and severity but should begin with early di-
agnosis, radiographic assessment of implant
position, neurosensory testing, control of
inflammation and infection, and urgent sur-
gical intervention when the implant violates

the nerve canal or compresses a neurovascu-
lar bundle.

9. Prevention and Clinical Planning

Prevention of complications begins before
surgery. CBCT is central to modern implant
planning because it allows three-dimensional
evaluation of bone height, ridge width, sinus
anatomy, mandibular canal position, mental
foramen, lingual concavity, cortical thick-
ness, and local anatomical variants. Imaging
should be interpreted together with clinical
examination, prosthetic requirements, sys-
temic risk assessment, and the anticipated
need for augmentation.

A preventive surgical protocol includes:
strict asepsis; atraumatic flap elevation; care-
ful osteotomy angulation; preservation of
safety margins around canals, foramina, and
sinus structures; copious irrigation; use of
sharp drills; avoidance of excessive pressure;
selection of implant dimensions appropriate
to the bone envelope; and early postoperative
follow-up. In the presence of pain out of pro-
portion, rapidly expanding swelling, floor-
of-mouth elevation, fever, ocular symptoms,
diplopia, progressive paresthesia, or signs of
systemic toxicity, urgent reassessment is re-
quired.

Table 1. Anatomical mechanisms and prevention of selected dental implant complications

Anatomical Main Pathogenetic .

. . . Preventive focus

area complication mechanism
Posterior Sinus perforation Implant or drill violates CBCT; sinus-floor assess-
maxilla / sinusitis sinus floor or Schneiderian ment; sinus lift when indi-
membrane cated

Anterior Nasopalatine Injury to incisive neurovas- Identify canal; adjust im-
maxilla canal trauma cular bundle plant diameter/position
Anterior es- Buccal dehis- Thin facial cortical plate and Palatal positioning; grafting;

theticzone  cence / exposure

Inferior alveolar
nerve injury

Posterior
mandible

inadequate bone envelope

preserve facial bone

Canal contact, compression, CBCT canal mapping; depth
thermal trauma, edema

control; safety margin
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Anatomical Main Pathogenetic .
. . . Preventive focus
area complication mechanism
Premolar Mental nerve Foramen or anterior loop 3D localization; avoid fo-
mandible injury trauma raminal zone

Lingual man- Sublingual/sub-
dible mental hemato-
ma

Lingual cortical perforation
and vascular injury

Assess lingual concavity;
controlled osteotomy; air-
way vigilance

11. Conclusion

The maxillofacial anatomical complex de-
termines both the safety and the biological
outcome of dental implant treatment. The
maxilla, with its sinus cavity, thin buccal plate,
and rich vascular communications, is particu-
larly vulnerable to sinus, orbital, and venous-
route complications. The mandible, with its
dense cortical bone, inferior alveolar canal,
mental foramen, lingual cortex, and floor-of-
mouth vessels, is particularly vulnerable to
neurovascular injury, thermal osteonecrosis,
and airway-threatening hematoma. Infectious
complications such as abscess, phlegmon,
and venous thrombophlebitis are not random

events; they follow predictable anatomical
pathways through fascial spaces, lymphatic
channels, and valveless venous networks.

A detailed topographic understanding
of arteries, veins, lymphatic drainage, tri-
geminal nerve branches, sinus anatomy, and
jawbone architecture is therefore not an aux-
iliary topic but a core requirement of safe
implantology. Modern implant treatment
must unite anatomical precision, biological
reasoning, three-dimensional imaging, and
disciplined surgical technique. This integra-
tion is the most reliable strategy for reducing
complications and improving postoperative
rehabilitation.
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