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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Geriatrics is the branch of medicine concerned with clini-
cal, preventive, remedial and social aspects of illness in the 
elderly [1]. As life expectancy increases, the rate of chronic 
diseases also increases, thus warranting the need for multiple 
medications [2]. Although the over 60 years age population 
constitutes approximately 8% of the total population, 30% 
of the total medication is prescribed for this age group [3]. 

This practice of polypharmacy leads to inappropriate 
prescriptions, which further predispose the elderly to ad-
verse events, increased morbidity and hospitalization [4]. 

Although the risk of polypharmacy is clear, multiple 
medications may be necessary to treat diseases and im-
prove the quality of life in the elderly. Therefore, balanc-
ing the risks and benefits of multiple medications, avoid-
ing inappropriate medications in geriatrics is a major 
challenge for the healthcare providers [5]. 

Many criteria like Beer’s criteria [6] and START/
STOPP criteria have been developed as a screening tool 
to detect potentially inappropriate prescriptions (PIPs) 
and potentially inappropriate omissions (PIOs) among 
the elderly to improve clinical outcomes in the presence 
of multi-morbid conditions [7]. However, very little re-
search has been conducted in India on this aspect. It is a 
high time that such screening tools to be incorporated into 
primary care practice so that the PIPs and PIOs could be 
avoided at an early stage [8]. 

 Hence, this study was undertaken with an effort to 
determine the frequency of inappropriate prescriptions 
(PIPs) in the elderly using START/STOP criteria to detect 
the errors in prescriptions at a primary stage and plan for 
some effective intervention.

Objectives:
1. To estimate the prevalence of inappropriate prescrip-
tions amongst the elderly residing in an urban slum under 
the field practice area of Urban Health and Training Cen-
ter (UHTC) of a tertiary medical college.
2. To assess polypharmacy and morbidity pattern in 
these elderly.

Material and methods. Study setting and population. 
This cross-sectional observational study was conducted 
in an urban slum under the field practice area of Urban 
Health and Training Center (UHTC) of a tertiary medi-
cal college. The study commenced after obtaining Ethi-
cal Committee approval. The study area was divided into 
4 equal sectors and included elderly aged 65 years and 
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above, selected on a random basis, who were on chronic 
drug treatment (more than 3 months) and who consented par-
ticipation in the study. The study population was interviewed 
one on one by administering a pre-tested and pre-validated 
semi-structured questionnaire. The vitamins and minerals 
that are taken on a regular basis, herbal and other alternative 
medications were excluded, as it is difficult to analyze the 
appropriateness of these supplements using the standard cri-
teria. After excluding all these medications, remaining medi-
cations for each patient were counted separately. Medication 
appropriateness was assessed using START/STOPP criteria. 
Care was undertaken to ensure inclusion of one elderly from 
each household. The study included a total of 215 elderly.

Study tools: Data was collected using the following 
study tools:
• Pre-tested and semi-structured questionnaire to collect 
data on socio-demographic characteristics, medical his-
tory, morbidity profile, detailed information about pre-
scribed drugs, etc…
• Polypharmacy: In our study, having 6 or more medications 
per prescription was considered as polypharmacy [9]. 
• START/STOPP criteria to determine the appropriate-
ness of the prescribed medication. Drug prescribing was 
deemed inappropriate if the prescribed drug(s) were in-
cluded in the listed criteria [8].
• Potential prescribing omissions (Under-prescribing). These 
are detected using START criteria. Drugs which are benefi-
cial to the patients, but are not being used are identified and 
listed by reviewing the medical history and medication list.
• Drugs to be avoided based on STOPP criteria. These 
criteria help to identify drugs to be avoided and doses of 
drugs that should not exceed in elderly. These criteria also 
provide information regarding drug-disease and drug in-
teractions that should be avoided in elderly.
• STOPP consist of 65 criteria that systematically helps to 
identify potentially inappropriate prescriptions (PIPs) and 
START consists of 22 criteria that helps to identify po-
tential prescribing omissions (PPOs). The STOPP/START 
criteria have several advantages over Beers Criteria and 
other screening tools. The criteria have been framed ac-
cording to physiological systems to which each relates, 
thereby enhancing its usability.

The data was analyzed using SPSS statistical soft-
ware, version 20. Data was interpreted using appropri-
ate statistical tests.
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Results and discussion. Socio-demographic char-
acterization of population. We studied 215 elderly peo-
ple, of which 57 (26.5%) were males and 158 (73.5%) 
were females. Mean age of the study participants was 
70.25±4.28 years. 

Frequency of inappropriate prescriptions. Poten-
tially Inappropriate Prescriptions (PIPs) were seen in 
93 (43.3%) of study population, who were taking drugs 
prescribed inappropriately as per STOPP criteria. Most 
commonly inappropriately prescribed drug was aspirin 

Table 1. Detecting inappropriate prescriptions using START/STOPP criteria
Variable Frequency=n (%)

I. Potentially inappropriate prescriptions according to STOPP

Cardiovascular system
CCB in chronic constipation 4

Aspirin with no history of coronary/cerebral /peripheral arterial symptoms/occlusive event 6
Aspirin, clopidogrel with concurrent bleeding disorders 2
Loop diuretic for dependent ankle edema 2
Clopidogrel with concurrent bleeding disorder 2
Aspirin at dose > 150 mg/day 18
Gastrointestinal system
Loperamide for unknown cause of diarrhea 10

Respiratory system
Systemic corticosteroids instead of inhaled corticosteroids in COPD 4

Theophylline as monotherapy for COPD 12
Musculoskeletal system
Nonsteroidal anti-inflammatory drugs with moderate hypertension 6

Urogenital system
Antimuscarinic with urinary retention 1

Endocrine system
Beta-blockers with diabetes mellitus and episode of hypoglycemia 4

Prone to accidental falls 1
Vasodilators 2
Opioids 1
First generation antihistamines 3
Benzodiazepines 2
Analgesic drugs 2
Opioids with constipation 1
Duplication of drug classes 10
Total 93 (43.3%)
II. Potentially inappropriate omission according to START
Cardiovascular system
Statin therapy with a documented history of coronary, cerebral risk factors 12

Aspirin or clopidogrel with a documented history of atherosclerotic coronary, cerebral, or 
peripheral vascular disease in patients with sinus rhythm 8

Warfarin in the presence of chronic atrial fibrillation 2
Angiotensin-converting enzyme inhibitor with congestive heart failure 8
Endocrine system
Metformin with type-2 diabetes =metabolic syndrome 5

Statins therapy in DM if one or more co-existing major cardiovascular risk factor present 10
Total 45 (20.9%)

Data are presented as n (%)
CCB - calcium channel blockers; COPD - chronic obstructive pulmonary disease; 

START - screening tool to alert to right treatment; STOPP - screening tools of older persons’ prescriptions
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Table 2. Prevalence of Potentially Inappropriate Prescriptions (PIPs) in study population
SL NO VARIABLE FREQUENCY (n=215) PERCENTAGE

1 Inappropriate prescription 145 67.4
2 Appropriate prescription 35 16.3
3 No drug intake 35 16.3

Total 215 100

Table 3. Testing significance using chi square and association using odd’s ratio 
between gender and polypharmacy

Variable Poly Pharmacy
Odds Ratio

P value

χ 2 P 
value

Present Absent
4.95 0.026

Gender
Male(n=57) 14(24.6%) 43(75.4%) 1

Female(n=158) 65(41%) 93(58.9%) 2.147 0.028

Table 4. Testing association using odd’s ratio between PIP and gender and between PIP and age group

Variables
PIP OR;

95%CIOR
χ 2;

P valuePresent Absent
Gender

Male (57) 31 (54%) 26 (45.6%) 1.83;
1.002-3.402

3.92;
0.04

Female (158) 62 (39%) 96 (60.8%)
Age

65-75(181) 73 (40.3%) 108 (59.7%) 1.72;
0.598-4.526

3.99;
0.043

>75(34) 20 (58.8%) 14 (41.2%)

at a dose considered dangerous for the elderly, i.e. in 18 
(8.3%), followed by theophylline monotherapy in COPD 
case seen in 12 (5.5%). Duplication of drug classes was 
found to be present in 10 (4.6%) of population, which can 
lead to many untoward complications in the elderly.

As per START criteria, potentially inappropriate 
omissions (PIOs) or under-prescription was seen in 45 
(20.9%). The most common omission was Statin therapy 
with a documented history of coronary, cerebral risk fac-
tors, seen in 12 (5.5%), followed by omission in Statins 
therapy in DM if one or more co-existing major cardio-
vascular risk factors were present, seen in 4.6% (10) of 
study population. The list of drugs is displayed in Table 1. 

Table 2 shows the distribution of study population ac-
cording to the prevalence of potentially inappropriate pre-
scriptions (PIPs).

Polypharmacy and morbidity pattern. Polypharmacy 
was seen in 79 (36.7%) elderly. The mean number of 
medications used by the study population was 6.19±2.43 
(range was 1-10). The most common morbidity present in 
the study population was Arthritis in 34.9% (75) followed 
by hypertension in 13% (28) of elderly. 19.5% of elderly 
were residing alone.

There was a statistically significant difference between 
gender and polypharmacy, with more females using 6 or 
more drugs when compared to males (chi square=4.95, 
df=1, P=0.026, OR=2.147) (Table 3).

Statistically significant differences were also noted be-
tween PIPs and gender as well as PIPs and age groups, with 
PIPs being more commonly associated with male gender 
(male 31/57, chi square=3.92, df=1, P=0.04, OR=1.83, 
95%CIOR=1.002–3.402) and among elderly aged more 
than 75 years (>75 years 20/34,chi square=3.99, df=1, 
P=0.04, OR=1, 95%CIOR=0.598-4.526), Table 4.

Majority of our study population comprised of females 
– 158(73.5%), and 57(26.5%) were males. Mean age 
of the study participants was 70.25±4.28 years. Similar 
findings were reported by Buda et al with 65.1% females 
and 34.98% males, and the mean age of participants was 
75.38±7.59 years [10]. Study by Yayla et al also reported 
mean age of elderly participants as 73.23±6.44 years [2]. 
All these studies indicate increased life expectancy among 
the elderly, with females living longer than males. This 
finding necessitates incorporating a screening tool for 
polypharmacy and inappropriate prescriptions at primary 
stage itself to avoid multiple morbidities at later stage.

PIPs were seen in 43.3% (93) of study population, who 
were taking drugs prescribed inappropriately to them as 
per STOPP criteria. As per START criteria, PIOs or un-
der-prescription was seen in 20.9% (45).

Very similar PIPs prevalence of 43.5% was reported 
by Chandrsekhar et al. [11]. Study by Volman et al. re-
ported PIPs in 55.5% and PIOs in 58.1% of study popu-
lation comprising of elderly more than 70 years of age 
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[12]. Their findings were much higher than ours. Chowta et 
al reported prevalence of PIOs to be 20%, quite similar to 
our study [13]. These prescription commission and omission 
errors result in multi-morbidity state amongst the elderly.

Most commonly identified PIP was overuse of aspirin 
and most commonly identified PIO was omission or un-
deruse of statins. The same has been reported by study 
done by Fahrni et al in Australia and by Harugeri et al in 
Mysore, India [14,15]. Second most frequently identified 
PIP in our study was theophylline monotherapy in COPD 
cases, seen in 5.5% [12] of study population, which was 
concordant with the finding of study by Buda et al, re-
ported as 5.72% [10]. 

Polypharmacy was seen in 79 (36.7%) elderly. Cadenas et 
al reported a higher prevalence of polypharmacy, as 54.9% 
among elderly residents of a nursing home in Spain [16]. 

In our study, polypharmacy was seen in higher number 
of females (41%) compared to males (24.6%). However, 
study done by Shalini et al found polypharmacy higher 
among males (26.1%) compared to females (24.2%).(17) 
Study by Rambhade et al in Bhopal reported a much low-
er prevalence of polypharmacy as 8.73% [18]. 

 The mean number of medications used by the study 
population was 6.19±2.43 (range was 1-10). John et al 
in their study in Raichur found the senior population us-
ing an average of 9 medications [19]. Romana et al also 
reported mean number of medications among the elderly 
population in Bangalore as 8.42±2.4 [20]. 

There was a statistically significant difference between 
gender and polypharmacy, with more females using 6 or 
more drugs when compared to males (chi square=4.95, 
df=1, P=0.026, OR=2.147). Ahmed et al also reported 
similar findings among the geriatric population in Kara-
chi, Pakistan [21]. 

Statistically significant differences were also noted be-
tween PIPs and gender as well as PIPs and age groups, with 
PIPs being more commonly associated with male gender 
(male 31/57,chi square=3.92, df=1, P=0.04, OR=1.83, 
95%CIOR=1.002–3.402) and among elderly aged more 
than 75 years (>75 years 20/34,chi square=3.99, df=1, 
P=0.04, OR=1, 95%CIOR=0.598-4.526). These findings 
were concordant with the study results of Barry et al, Sha-
lini et al and Ryan et al. [7,15,20]. 

The most common morbidity present in the study popu-
lation was Arthritis in 34.9% (75) followed by hyperten-
sion in 13% (28) of elderly. Similar findings were report-
ed by Shalini et al in their study done in Bareily, UP [15].

Conclusion. Results of our study revealed that poten-
tially inappropriate prescriptions and omissions are high-
ly prevalent among the elderly population in our commu-
nity. The faulty prescription commissions and omissions 
have created a significant issue of polypharmacy as well. 
This study only provides a baseline data about inappro-
priate prescriptions and polypharmacy. A multi-pronged 
approach, involving healthcare workers and policy mak-
ers is required to address this issue to optimize the elderly 
pharmacotherapy and thus health care.
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Although the over 60 years age population constitutes 
approximately 8% of the total population, 30% of total 

medication is prescribed for this age group. Chronic dis-
eases and polypharmacy in the elderly population increase 
the risk of inappropriate drug use. Some physicians prescribe 
medications without reviewing other supplements and medi-
cations used by the elder patient. This polypharmacy results 
in many adverse drug interactions and reactions. 

The purpose of this study was to identify older patients 
who were prescribed inappropriate drugs, according to 
START/STOPP criteria.

To estimate the prevalence of inappropriate prescrip-
tions amongst the elderly residing in an urban slum un-
der the field practice area of Urban Health and Training 
Center (UHTC) of a tertiary medical college; to assess 
polypharmacy and morbidity pattern in these elderly. 

A cross-sectional study was conducted among the el-
derly, aged 65 years and above, residing in an urban slum 
under the field practice area of a tertiary medical col-
lege. A total of 215 elderly were chosen from the study 
area by simple random sampling. Data regarding socio-
demographic profile and medication usage was collected 
using a pre-tested semistructured questionnaire through 
individual interview. START/STOPP criteria were used to 
identify potentially inappropriate prescriptions.

The prevalence of PIPs was 43.3% and of PIOs was 
20.9%. Polypharmacy was found in 36.7% of elderly popu-
lation. Mean number of medications used by the study popu-
lation was 6.19±2.43 (range was 1-10). The most common 
morbidity present in the study population was Arthritis in 
34.9% followed by hypertension in 13% (28) of elderly.

The faulty prescription commissions and omissions 
have created a significant issue of polypharmacy. This 
study only provides a baseline data about inappropriate 
prescriptions and polypharmacy. A multi-pronged ap-
proach, involving healthcare workers and policy makers 
is required to address this issue to optimize the elderly 
pharmacotherapy and thus health care.

Keywords: START, STOPP, elderly, inappropriate pre-
scriptions, polypharmacy.
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ОЦЕНКА ПРАКТИКИ НЕАДЕКВАТНЫХ НАЗНА-
ЧЕНИЙ ЛЕКАРСТВ ГЕРИАТРИЧЕСКОМУ НА-
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Несмотря на то, что население старше 60 лет в иссле-
дованном регионе составляет примерно 8% от общей 
численности населения, для этой возрастной группы 
назначается 30% от общего количества лекарств. Хро-
нические заболевания и полипрагмазия среди пожи-
лого населения повышают риск неправильного упо-
требления лекарственных средств. Некоторые врачи 
назначают лекарства, не изучая их взаимодействия с 
другими медикаментами, используемыми пожилыми 
пациентами. Эта полипрагмазия приводит ко многим 
неблагоприятным лекарственным взаимодействиям, 
побочным действиям и реакциям.

Целью представленного исследования было выяв-
ление пожилых пациентов, которым назначены не-
подходящие препараты, в соответствии с критериями 
START/STOPP; оценить распространенность ненад-
лежащих рецептов среди пожилых лиц, проживаю-
щих в городских трущобах в зоне полевой практики 
Городского Центра Здравоохранения и Обучения 
(UHTC) высшего медицинского колледжа; опреде-
лить полипрагмазию (полифармацию) и структуру за-
болеваемости среди исследуемых лиц.

Проведено перекрестное исследование среди 
пожилых людей в возрасте 65 лет и старше, про-
живающих в городских трущобах в районе поле-
вой практики высшего медицинского колледжа. В 
общей сложности 215 пожилых лиц отобраны из 
исследуемой области путем простой случайной 
выборки. Данные о социально-демографическом 
профиле и использовании лекарств собраны путем 
индивидуального собеседования с применением 
предварительно протестированного полуструкту-
рированного вопросника. Критерии START/STOPP 
использовались для выявления потенциально не-
подходящих рецептов. Полифармация выявлена 
у 36,7% пожилых людей. Среднее количество ле-
карств, используемых исследуемой популяцией, 
составило 6,19±2,43 на пациента. Наиболее распро-
страненной заболеваемостью среди исследуемой 
популяции был артрит (34,9%), за которым следова-
ла гипертония (13%).

Неправильные назначения и упущения создают 
серьезную проблему полипрагмазии. Проведенное 
исследование предоставляет только исходные дан-
ные о несоответствующих назначениях и полипраг-
мазии. Для радикального решения этой проблемы 
необходим многосторонний подход с участием ра-
ботников здравоохранения, законодателей и поли-
тических деятелей, чтобы оптимизировать фарма-
котерапию пожилых лиц и, следовательно, здраво-
охранение.
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prasanahalis mTavari gza, kempegovdas saer�
TaSoriso aeroportis maxloblad, devan�
hali, bengalori; 3sazogadoebrivi medicinis 
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ji da kvleviTi instituti, forti, k.r. routi, 
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miuxedavad imisa, rom kvlevis regionSi 60 
welze meti asakis mosaxleoba daaxloebiT 
8%-s Seadgens, am asakobrivi jgufis warmo�
madgenlebisaTvis iniSneba wamlebis saerTo 
raodenobis 30%. xandazmul mosaxleobaSi 
qronikuli daavadebebi da polipragmazia 
zrdis samkurnalwamlo saSualebebis ara-
sworad gamoyenebis risks. zogierTi eqimi 
wamlebs niSnavs xandazmuli pacientebis 
mier gamoyenebul sxva medikamentebTan maTi 
urTierTqmedebis gaTvaliswinebis gareSe. 
amgvari polipragmazia ganapirobebs bevr 
arakeTilsaimedo wamlismier urTierTqmede�
bas, gverdiT moqmedebas da reaqciebs.
kvlevis mizans warmoadgenda xandazmuli 

pacientebis gamovlena, romelTac daniS�
nuli aqvT START/STOPP-is kriteriumebTan 
Seusabamo preparatebi, aseve, arasaTanado 
receptebis gavrcelebis, polipragmaziis 
(polifarmaciis) da avadobis struqturis 
Sefaseba jandacvis saqalaqo centris da 
umaRlesi samedicino kolejis savele praq�
tikis zonis qalaqis miyruebul raionebSi 
mcxovreb xandazmuli adamianebSi.
aRniSnul raionebSi Catarebulia 65 wlis 

da meti asakis xandazmuli adamianebis jva�
redini kvleva. SemTxveviTi amorCevis prin�
cipiT SeirCa 215 xandazmuli adamiani. mona�
cemebi socialur-demografiuli profilis 
da samkurnalwamlo saSualebebis gamoy�
enebis Sesaxeb miRebulia interviuirebis 
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gziT winaswar aprobirebuli naxevrad�
struqturirebuli kiTxvaris gamoyenebiT. 
potenciurad Seusabamo receptebis gamov�
lenisaTvis gamoyenebuli iyo START/STOPP-
is kriteriumebi. polifarmacia gamovlinda 
xandazmuli adamianebis 36,7%-Si. gamokv�
leuli populaciis mier gamoyenebuli wam�
lebis saSualo raodenobam Seadgina 6,19±2,43. 
yvelaze gavrcelebuli daavadeba gamokv�
leul populaciis xandazmul mosaxleoba�
Si iyo arTriti (34,9%), Semdgom - hipertonia 

(13%). araswori daniSnuleba da Secdomebi 
polipragmaziis seriozul problemas qmnis. 
winamdebare kvlevaSi warmodgenilia mxolod 
sawyisi monacemebi Seusabamo daniSnulebebis 
da polipragmaziis Sesaxeb. am problemis ra�
dikaluri gadawyvetisaTvis, xandazmuli ada�
mianebis farmakoTerapiis optimizebisa da, 
Sesabamisad, janmrTelobis dacvis gaumjobe�
sebisaTvis aucilebelia mravalmxrivi midgo�
ma sazogadoebivi jandacvis, kanonmdeblebis 
da politikosebis monawileobiT.

X-RAY SPECTRAL ANALYSIS OF DENTAL HARD TISSUE TRACE ELEMENTS 
(ELECTRON-MICROSCOPIC EXAMINATION)
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Tbilisi State Medical University, Dental Clinic, Training and Research Center “UniDent”, 
Strategic Development Center of Georgian Technical University, Tbilisi, Georgia

Of the 92 chemical elements occurred naturally, 81 are 
found in the human body. 12 of them are called structural 
elements, since 99% of them are the human body compo-
sition elements. These elements are: Carbon (C), Oxygen 
(O), Hydrogen (H), Nitrogen (N), Calcium (Ca), Potas-
sium (K), Sodium (Na), Magnesium (Mg), Sulfur (S), 
Phosphorus (P), Fluorine (F) and Chlorine (Cl).  Trace 
elements are present in very small amounts in a human 
body – approximately 1 mg/kg of body weight, compared 
to structural elements. Trace elements can be divided into 
four main groups: vital (essential), conditionally essen-
tial, conditionally toxic and toxic [7,20,29]. 

Such a division of trace elements is conditional. Study-
ing their structure and “nature” strengthened the veracity 
of the dictum by Paracelsus, a founder of Iatrochemistry - 
“There are no toxic substances, but there are toxic doses” 
[11].

The role, trace elements play in maintaining oral health 
has not been fully investigated and still remains the sub-
ject of research and discussions. Some trace elements 
promote caries development, while others, conversely, 
prevent the formation of this process and accelerate the 
restoration of tooth hard tissues [7,13,18,24].

Whether one or another trace element plays a specific 
role in maintaining oral health, they are indispensable and 
serve an important function in vital physiological process-
es in a human body [10,17]. 

Mineralization of the dental hard tissues takes place 
during tooth formation. Enamel has a stable and unchang-
ing composition, while dentin, maturation degree of 

which is determined by the ratio between mineral/organic 
components and water, undergoes a change. This change, 
occurring within adjacent to the pulpal area - predentin, is 
the result of exposure to pulp microbial infection, trauma, 
or iatrogenic factors. Final result is a mineralized transfor-
mation of the dentin tissue in this region. That is probably 
the reason why dentin (at different stages of development 
and transformation), unlike enamel, has several names: 
primary, secondary, substitutive, reparative, and so on [1].

Mineralization degree and structural changes in dental 
tissues are determined precisely by trace element ions. 
They contribute to the formation of hypo- or hyper-miner-
alized dentine layers. For example, Lead (Pb), when “em-
bedding” into hydroxyapatite, disrupts the mineralization 
process, giving a rise to enamel demineralization [6,23].

Enamel demineralization, as well as remineralization, is 
considered as a phenomenal feature, since enamel is the 
most highly mineralized of the four tissues of inorganic 
structures in the human body (bone, enamel, dentin, and 
cementum), and its lattice is represented by apatite crys-
tals: Ca (PO)(OH) Hydroxyapatite, Ca (PO)CO Carbon 
Apatite, Ca (PO) Cl Chlorapatite and Ca Sr (PO) Stron-
tium-Apatite. The most common among them is hydroxy-
apatite [1,14,29].

Dissolution (demineralization) of pH-induced apatite 
crystals in saliva is often substituted by the reverse pro-
cess – remineralization. This process is based on sufficient 
concentrations of Ca and P and pH neutralization in sa-
liva. Remineralization process is accelerated by the pres-
ence of fluoride ions. 


