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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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Abstract.
Pain caused by injection is influenced by various factors 

including the type of anesthetic used, injection technique, 
needle gauge and size, injection speed, and individual patient 
characteristics. Technical and pharmacological advances, 
such as the use of modern equipment, buffering and warming 
solutions, or reducing pain with gels and numbing agents, aim to 
minimize the pain associated with injections. Investigating the 
factors influencing injection pain can lead to improvements in 
the quality of dental treatments and increase patient satisfaction. 
Hence, a systematic review was conducted to methodically 
examine the determinants affecting pain related to local 
anesthetic injections in the oral cavity. All stages of the study 
design were conducted based on the PRISMA guidelines. A 
comprehensive and extensive review of scientific and research 
article databases including PubMed, Web of Knowledge, 
Google Scholar, and Scopus was performed for the period 
from January, 2013, to January, 2024. Extracted information 
included authors, country, year, pain level, injection site, type 
of anesthetic, type of equipment used for injection, gender 
of patients, age of patients, factors affecting the level of pain 
during injection, and conclusions. The findings indicate that 
patients' individual characteristics, the type of substance and 
needle, and modern techniques and equipment like laser and 
microneedle patches are effective in reducing injection pain. 
Attention to psychological factors and the use of appropriate 
tools based on the injection site play a crucial role in pain 
management; however, some methods require further research 
for standardization.

Key words. Injection technique, pain, oral cavity, human 
health, systematic review.
Introduction.

The provision of dental treatments almost always requires 
the use of local anesthesia (LA) to temporarily block the 
transmission of nerve impulses and eliminate the sensation 
of pain. However, dental procedures and the administration 
of local anesthesia injections are among the most frightening 
experiences for patients [1]. Local anesthesia is widely used to 
deliver dental care. While anesthesia is essential for performing 
painless dental procedures, patients sometimes find the insertion 
of the needle into the mucosa or the injection of local anesthetic 
solutions to be painful or uncomfortable. Since the first use of 

local anesthesia in 1884, achieving painless treatment or pain 
reduction in dentistry has been attainable [2].

To minimize pain during injection, the use of topical 
anesthetics, low-pressure injections, fine sharp needles, slowing 
the injection rate, and using solutions that are warmed or buffered 
have been suggested. Nevertheless, it is impossible to perform 
a completely pain-free injection under any circumstances [3].

In the United States, approximately 300 million LA cartridges 
are used annually; it is estimated that 70 million cartridges 
are used each year in Germany, and in Australia, the figure is 
about 11 million. Dentists often administer more than 1,500 
LA cartridges to their patients annually [4]. This demonstrates 
the significant relevance of LA in dentistry and oral and 
maxillofacial surgery [5]. The administration of LA in dental 
practice requires injections, which are a primary cause of fear 
and anxiety in patients [6]. Fear and anxiety related to local 
anesthesia injections can be a significant barrier to dental care, 
as they often lead patients to delay or even avoid treatment 
altogether [1].

Pain is a sensory response to an unpleasant experience 
associated with actual or potential tissue damage by internal or 
external stimuli. Pain can result from mechanical trauma such 
as needle insertion, diffusion of anesthetic, or needle withdrawal 
from tissues [1]. Associated side effects like injection pain, 
delayed onset of anesthesia, and risks related to accidental 
intravascular injection warrant further research for improvement 
[7].

Insufficient pain management can be a significant concern 
for dentists [8]. Therefore, pain control is one of the main factors 
affecting the success of dental treatment and patient satisfaction [1].

Ongoing advances at the pharmacological level (for example, 
active substances) and technical level (such as application 
forms) should enable optimal use of LA [7]. Other strategies 
for reducing injection pain include altering the gauge and size 
of needle tips, changing the type of anesthetic, and varying 
the speed of anesthetic delivery in dental tissues [9]. On the 
other hand, new techniques such as warming and buffering the 
anesthetic [10,11] and the use of advanced computer-controlled 
injection systems [11] have been recommended to minimize 
pain. In some cases, topical anesthetic gel is used to reduce pain 
during needle insertion [12]. In this context, the beveled needle 
tip design has had a significant impact on tissue penetration and 
on reducing pain and stress [9,11,13]. Therefore, successful 
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The search strategy for this study was carried out in three 
stages: first, screening of titles, followed by review of article 
abstracts, and finally, selection and full-text analysis of the 
articles. Search and screening results were filtered according to 
the inclusion and exclusion criteria as well as the designated 
keywords in this study. The relevant information extracted 
included: authors, country, year, pain intensity, injection site, 
type of local anesthetic, injection device used, patient gender, 
patient age, factors affecting pain perception during injection, 
and conclusions.
Data Analysis Method.

Information related to the authors, country, year, pain 
intensity, injection site, type of local anesthetic used, injection 
device, patient gender, patient age, factors influencing the level 
of injection pain, and the conclusions of the reviewed articles 
were extracted, interpreted, and analyzed.
Quality Assessment and Risk of Bias Evaluation.

Two independent reviewers, unaware of each other’s 
assessment process, evaluated the eligible articles separately. 
The Cochrane Risk of Bias 2 tool was applied for randomized 
controlled trials, and the Newcastle–Ottawa Scale for 
observational studies. Data extracted by both reviewers were 
reconciled, and any disagreements were resolved through 
arbitration by a third reviewer, and the results were used to 
interpret the overall reliability of the evidence.
Results.

In this systematic review, according to the designated 
keywords (Table 1), 17 articles were identified in the PubMed 
database, 4 articles in Scopus, 5 articles in ISI, and 23 articles 
through a search in Google Scholar. After the search strategy 
was implemented and articles were screened based on the topic, 
abstract, and full text, a total of 16 studies met the inclusion and 
exclusion criteria for the review. Of these 16 studies, 13 were 
conducted in Asia, 2 in Europe, and 1 in the United States, all 
within the time frame of 2014 to 2023.

As shown in Table 2, the studies reviewed covered a wide 
range of patient age groups and genders. The results indicate 
that various factors including the type and injection technique, 
anesthetic agent used, needle and injection equipment, injection 
site, and individual patient characteristics affect the level of 
pain experienced during injection. The use of modern devices 
(such as DentalVibe, VibraJect, lasers, microneedle patches, 
and specialty needles) and advanced techniques often led to 
pain reduction, although these differences were not always 
statistically significant. Appropriate selection of equipment and 
attention to the patient’s psychological state play a significant 
role in reducing pain during injections.

As shown in Table 3, various studies have demonstrated that 
the pain associated with local anesthetic injections in dentistry 
depends on multiple factors, including the type of anesthetic 
agent used (such as articaine, lidocaine, benzocaine, or ice), 
the type and gauge of the needle (30 gauge, 26 gauge, or 
Transcodent), the injection technique (buccal, palatal, or both), 
and the use of modern devices (such as DentalVibe, VibraJect, 
laser, or microneedle patches). In addition, psychological 
factors such as anxiety, depression, and certain personality 

dental treatment requires consideration of several factors 
that can reduce injection pain [11]. As future dentists, dental 
students must be well-trained to administer efficient and safe 
dental LA. Moreover, dental anesthesia training should include 
all modern local anesthesia equipment to ensure up-to-date 
dental education and enhance LA skills in dental students 
[14,15]. This includes the pre-anesthesia approach using topical 
anesthetics at the needle insertion site, which has been proven 
to reduce needle-insertion pain in inferior alveolar nerve block 
procedures [16].

The perception of pain may vary between men and women 
[17,18], smokers and non-smokers [19,20], and between 
healthy and medically compromised patients [21]. Several 
studies have reported an association between dental anxiety 
and pain perception during various dental procedures [22-24]. 
Evaluating pain perception in response to LA using different 
injection devices can help develop patient-specific LA delivery 
techniques. Therefore, this systematic review aimed to examine 
the determinants affecting pain related to local anesthetic 
injections in the oral cavity.
Materials and Methods.

This study was conducted as a systematic review. All published 
studies involving patients scheduled for local anesthetic 
injections in various regions of the oral cavity were included for 
assessment. The inclusion criteria for this review were defined 
according to the PICO framework. Specifically, studies were 
selected for inclusion if their Population consisted of patients 
requiring local anesthetic injections in different regions of 
the oral cavity; the main Intervention was the administration 
of local anesthetic in various oral regions; the Comparison 
group involved studies where injections were performed using 
different materials (such as topical anesthetics including ice, 
lidocaine spray, etc.), tools, or techniques (Table 1). Studies 
meeting these criteria which included all publications featuring 
keywords relevant to the topic of this research were conducted 
and published between 2013 and 2024. Additionally, all types 
of studies, including randomized controlled trials (RCTs), 
cohort studies, case-control studies, and others, were reviewed 
and evaluated.

Exclusion criteria comprised review articles, meta-analyses, 
and letters to the editor; studies that included fewer than six 
patients; studies whose subject matter or main content was 
inconsistent with the focus of this research; studies whose type 
was incompatible with or not sufficiently related to this review; 
duplicate studies; and studies that provided unclear or insufficient 
data, making their inclusion in the analysis impossible.

All stages of this study were conducted in accordance with the 
PRISMA guidelines, which set standards for the implementation 
and reporting of systematic review articles. Initially, the main 
research question was formulated as follows: What is the extent 
of injection pain in different regions of the oral cavity?

In the next step, a comprehensive literature search was 
performed across scientific and research databases, including 
PubMed, Web of Science, Google Scholar, and Scopus, 
covering the period from January 1, 2013, to January 21, 2024. 
The keywords used for the evaluation of articles are listed in 
Table 1. 
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Population (P) Intervention (I) Control (C) Outcome (O)

"Candidate patients for local anesthesia injection "
" patients for local anesthesia injection "
" patients with local anesthesia injection"
"Dental"
"injection"
"sex"
"age"

"amount of injection"
"Type of injection"
"injection  technique"
"Patal injection"
"local anaesthesia"
"Interior alveolar nerve block"
"Needle berel"
"Needle gage "
"pain"

"Standard treatment for LA"
"Pain"
"VAS scale"
" Wong-Baker  Scale"

Table 1. Specific Keywords used in the Systematic Review.

No. Pain Level Injection Site Type of Anesthetic Injection Device Used Patient 
Gender Patient Age Ref.

1

Mean pain: 31.6 and 
32.4 during needle 
penetration; 18.9 and 
28.9 for cheek retraction

Maxillary posterior 
(posterior teeth 
except wisdom 
teeth)

4% articaine with 
1:100,000 adrenaline

Syringe with 30G 
needle, 21 mm length

59.2% female, 
40.8% male

Mean: 39.3 ± 
14.85 yrs [25]

2

VAS and SEM: Ice 
group 11 & 3.5, 
benzocaine group 10 
& 4 (no significant 
difference)

Palate (near greater 
palatine foramen)

Ice (group A), 20% 
benzocaine gel (group B)

27G needle with 2% 
lidocaine

39 female, 21 
male

20.5 ± 3.9 
yrs [26]

3

Mean Wong-Baker: 
articaine group 1.43, 
lidocaine group 2.36 
(P=0.037); Mean 
FLACC: articaine group 
1.39, lidocaine group 
1.18 (P>0.05)

Maxillary primary 
molars (buccal, 
palatal if necessary)

4% articaine 
(intervention), 2% 
lidocaine (control)

27G short needle (2-3 
mm length)

53% female, 
46% male

7.45 ± 0.83 
yrs [27]

4

Mean VAS: buccal 
injection 37.63±23.01 
vs traditional 
55.75±27.39 (P<0.001); 
significant difference 
during injection

Maxillary posterior 
teeth

2% lidocaine with 
1:200,000 epinephrine

Syringe with 27G 
needle

34 female, 23 
male

30.3 ± 14.9 
yrs (18-70 
yrs)

[28]

5

Mean VAS: 
Transcodent needle 18.3 
± 10.7 vs conventional 
needle 43.1 ± 13.1 
(P<0.001)

Maxillary canines 2% lidocaine with 
1:100,000 epinephrine

27G Transcodent 
painless needle vs 27G 
standard needle

17 female, 13 
male

27.3 ± 6.8 
yrs [29]

6

Mean VAS for 
injections: 35.23 ± 
14.3 to 55.8 ± 13.44 in 
different groups; higher 
scores with increasing 
anxiety

Labial mucosa of 
maxillary anterior 
teeth

5% lidocaine, mix of 
2.5% lidocaine/2.5% 
prilocaine

27G needle (injection 
depth 5mm, 1.8mL 
4% articaine 
with 1:100,000 
epinephrine)

61 male, 59 
female

38.03 ± 
12.06 yrs [30]

7

Mean pain during 
needle penetration: 1.78 
± 1.48 in 2nd session, 
less than 1st session 
(P<0.01); less pain with 
CCLAD

Maxillary and 
mandibular 
premolars

4% articaine with 
1:200,000 adrenaline

Manual type 1 
(Ultraject®), Manual 
type 2 (Paroject®), 
CCLAD (Dentapen®)

74 female, 36 
male 22.5 yrs [31]

8

High pain: Needle 
entry 38.2%, anesthetic 
injection 41.8%, cavity 
prep 28.5%. OR: 
depression 1.12–1.13, 
neuroticism 1.09–1.11

Mandibular molars 2% lidocaine with 
1:80,000 epinephrine

Aspirating syringe 
with 27G Septoject 
needle

120 female, 45 
male

34.63 ± 
12.42 yrs [32]

Table 2. Characteristics and Factors Affecting the Degree of Pain Caused by Local Anesthetic Injection in the 16 Reviewed Articles.
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No. Pain Level Injection Site Type of Anesthetic Injection Device Used Patient 
Gender Patient Age Ref.

9

Mean VAS: Palatal 
26.8 (microneedle) vs 
39.5 (no microneedle); 
buccal 18.3 vs 30.6 
(P<0.001)

Buccal and palatal 
mucosa 5% lidocaine (topical gel)

2x2 cm microneedle 
patch (625 needles, 
400μm height)

10 male, 6 
female 31.4 yrs [33]

10
Mean pain: 26G needle 
2.80, 30G needle 2.37 
(significant, P=0.001)

Maxilla and 
mandible

2% lidocaine with 
1:100,000 epinephrine

26G and 30G needles 
(syringe, controlled)

16 male, 14 
female 6–12 yrs [34]

11
Mean pain lower for 
laser and placebo vs 
control (P<0.05)

Maxillary vestibule 
(canine & incisor)

2% lidocaine with 
1:80,000 epinephrine

Standard syringe with 
short 27G needle 
(Tecnophar, Italy)

28 male, 28 
female 18–60 yrs [35]

12

VAS: conventional 
22.2, DentalVibe 
19.6 (not significant, 
P=0.196)

Buccal mucosa of 
maxillary incisors

2% mepivacaine with 
1:100,000 epinephrine

DentalVibe with 27G 
needle

11 male, 20 
female

18–26 yrs 
(mean: 22.2) [36]

13

Mean VAS, UBI: 
conventional 5.12, 
VibraJect 3.64; PPI: 
conventional 5.84, 
VibraJect 5.04; 
IANB: conventional 
4.72, VibraJect 3.72 
(significant)

Maxillary buccal 
mucosa, posterior 
palatal, IAN block

2% lidocaine with 
1:100,000 epinephrine

VibraJect with 27G 
needle

38 female, 37 
male 6–9 yrs [37]

14

Mean pain: 
conventional 3 (range 
0–8), DentalVibe 1 
(range 0–5) (P<0.001)

Posterior region of 
maxilla or mandible

2% lidocaine with 
1:100,000 epinephrine

DentalVibe with short 
30G needle

15 male, 21 
female 10–17 yrs [38]

15

Mean pain PBM: 2.27 
±1.28, traditional 
injection: 1.73 ±0.7 (not 
significant, P=0.168)

Similar cavities in 
maxillary (33.3%) 
and mandibular 
(66.7%) molars

3% mepivacaine 
hydrochloride with 
1:100,000 epinephrine

980nm diode PBMT 
or 30/27G needle 
injection (mandible)

9 female 
(60%), 6 male 
(40%)

6–12 yrs [39]

16

1st sec: least pain at 
55 sec (P<0.001); no 
significant difference 
between central, lateral, 
canine (P>0.05)

Maxillary anterior 
teeth: central, 
lateral, canine

2% lidocaine with 
1:80,000 epinephrine

27G needle (C-K 
JECT, Korea)

17 male 
(56.7%), 13 
female (43.3%)

25–40 yrs [40]

Row Conclusions Factors Influencing Injection Pain Ref

1 The closed mouth technique reduces pain for patients and improves 
clinician visibility.

Mouth status (open or closed), cheek retraction, 
psychological factors (anxiety), topical anesthetic 
(benzocaine).

[25]

2 Ice is recommended as an effective and side-effect-free alternative to 
topical anesthetics.

Use of ice or benzocaine gel, duration of 
anesthetic application, type of anesthetic, patients’ 
psychological sensitivity.

[26]

3
Infiltration anesthesia with 4% articaine is a suitable alternative for 
reducing fear and improving child cooperation, but assessment of 
palatal anesthesia remains necessary.

Anesthetic type, injection technique (buccal injection 
with articaine or traditional buccal and palatal 
injection with lidocaine), child’s psychological 
sensitivity.

[27]

4 Extraction of upper posterior teeth is feasible in most cases using 
buccal infiltration without palatal injection.

Injection type (buccal only or traditional buccal and 
palatal), waiting time after injection. [28]

5 The Transcodent painless needle significantly reduces injection pain 
in the anterior maxilla.

Needle type, use of 20% benzocaine as topical 
anesthetic. [29]

6
Topical anesthesia reduces injection pain and also diminishes the 
impact of anxiety on pain; 5% lidocaine is more effective within 3 
minutes.

Type and duration of topical anesthetic, patients’ 
anxiety level (MDAS ≥12 or <12). [30]

7 Multiple sessions and using different injection systems improve 
students’ learning regarding local anesthesia.

Type of injection system (CCLAD or manual), 
number of practice sessions, participant feedback. [31]

Table 3. Conclusions and Factors Affecting the Degree of Pain from Local Anesthetic Injection in the 16 Reviewed Articles.
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Row Conclusions Factors Influencing Injection Pain Ref

8
Depression and neuroticism are associated with higher pain during 
needle insertion and anesthetic injection; awareness of these can 
improve dental services.

Depression score (≥11), neuroticism (above median), 
sociodemographic factors (gender & marital status), 
ineffective anesthesia after defined time.

[32]

9 Using a microneedle patch with 5% lidocaine significantly reduces 
injection pain and helps better manage patient anxiety.

Patch type (microneedle or non-microneedle), 
injection area (buccal/palatal), pain intensity after 
needle penetration and drug injection.

[33]

10
Thinner needles (30G) result in less injection pain than thicker needles 
(26G), and using thinner needles reduces children’s anxiety during 
dental injections.

Needle thickness (30G vs. 26G), injection speed, 
number of sessions, impact of the first visit on child 
anxiety.

[34]

11 980 nm diode laser irradiation significantly reduced injection pain in 
the vestibular maxilla (no advantage over placebo).

Laser irradiation (with or without exposure), previous 
pain experience in dental treatment, sex and age had 
no effect.

[35]

12 The DentalVibe vibrator had no effect on pain reduction for anterior 
maxillary local anesthesia.

Injection method (conventional or with vibrator), 
management technique without bone contact, prior 
pain experiences.

[36]

13 The use of VibraJect significantly reduced injection pain in children 
compared to conventional injections.

Injection technique (conventional or VibraJect), 
injection site (buccal, palatal, or nerve block), use of 
20% benzocaine gel prior to injection.

[37]

14 The DentalVibe system significantly reduced local anesthesia 
injection pain in adolescents.

Injection method (conventional or DentalVibe), use 
of 20% benzocaine gel before injection, order of 
injection in separate sessions.

[38]

15

Photobiomodulation (PBM)-based anesthesia can be used as an 
elective alternative for children with dental anxiety, needle phobia, or 
special needs; however, it does not always produce similar outcomes 
to injection anesthesia and requires further research.

Anesthetic method (PBM or traditional injection), 
treatment site (maxilla or mandible), treatment type 
(routine cavity preparation), caries type (ICDAS class 
3–5).

[39]

16 Injection pain severity is not related to the injection site in the anterior 
maxilla.

Injection duration (5, 30, and 55 seconds), needle 
angle and depth, injection volume (1.8 mL over 1 
minute).

[40]

traits (such as neuroticism) play a significant role in pain 
perception. The employment of new methods and devices 
has often been effective in reducing patient pain and anxiety; 
however, in some cases, no statistically significant difference 
was found compared to traditional methods. The effectiveness 
of each technique or device may vary depending on the site and 
specific conditions of the injection. It is recommended that in 
selecting the most appropriate method, consideration should be 
given to the patient’s physical and psychological characteristics, 
the injection site, and available clinical resources. Overall, 
advancements in injection techniques and equipment can lead 
to a better patient experience, but further studies are still needed 
to determine the optimal approach.
Discussion.

Local anesthetic injection is one of the most widely used 
methods for pain control in dental procedures. However, the 
pain and discomfort caused by injections can lead to anxiety, 
reduced patient cooperation, and even refusal of treatment. 
The aim of this article is to provide a comprehensive review of 
reputable studies investigating the factors influencing the degree 
of injection pain in the oral cavity. In addition to comparing and 
analysing findings, this article also highlights research gaps and 
emerging needs in clinical practice.

According to data from the 16 reviewed studies, study 
populations included a wide range of ages and gender 
distributions. This allowed for analysis of age- and gender-
related differences in pain response between groups. Wahl et 
al. reported that women expressed more pain than men during 
dental injections, although this difference was not statistically 

significant [41]. The study by Meechan et al. (2005) also 
showed that used needles caused more discomfort in women, 
while this difference was not observed in men. When a used 
needle was inserted into a new site, women reported increased 
discomfort [42]. However, with new needles, there was no 
difference between the sexes [13]. Another important finding 
was the variability in discomfort across different regions of the 
mouth; specifically, needle insertion into the anterior palatal 
mucosa was reported as more uncomfortable than into the 
posterior palatal mucosa [42].

Several studies have examined the relationship between needle 
gauge and injection pain. Evidence has shown that even lower-
gauge needles do not necessarily cause less pain, and that the 
sharpness of the needle tip is more important than gauge size 
[43-47]. Interestingly, the effect of using a fresh needle versus 
a used one is also significant; a fresh needle generally causes 
less pain, and it is recommended that needles be replaced for 
repeated injections [42].

The injection site plays a critical role in the pain experienced 
by patients. Injections in the palate, particularly the anterior 
region, are typically reported as being more painful than in 
other areas, which is attributed to the high density of free nerve 
endings in this region [42,48]. In contrast, the buccal tissues or 
posterior regions tend to register lower pain levels [49].

Various studies have shown that periodontal ligament (PDL) 
injections, although they require higher pressure, are often 
perceived by patients as less uncomfortable than inferior 
alveolar nerve blocks [50].

The sequence of injections also appears to have an impact; the 
first injection in a pair of similar injections generally causes less 
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pain than the second. This phenomenon may be influenced by 
psychological factors such as the patient’s mental adaptation to 
pain [51].

Studies have evaluated the effectiveness of different anesthetic 
agents (such as lidocaine, articaine, and benzocaine) both in 
comparison to one another and to non-pharmacological methods. 
Although all three agents are generally effective in reducing 
pain, it has been reported that combining local anesthetics with 
non-pharmacological methods (such as laser or ice gel) may be 
more effective for some patients [52].

Computer-controlled local anesthetic delivery systems 
(CCLAD), such as the Wand, have also been developed in 
recent years. Evidence suggests that these systems can reduce 
pain levels during injections [53], although not all studies have 
reported statistically significant decreases in pain [54,55]. 
Some patients have not perceived a notable difference between 
computerized and conventional syringes, and acceptance rates 
among dentists have also been similar. Nevertheless, injection 
speed is considered a key factor in perceived pain, and improved 
control of injection speed with these devices contributes to a 
better patient experience [56,57].

Electronic anesthesia and PBMT (low-level laser 
photobiomodulation therapy) have shown success in reducing 
pain in some studies, especially when combined with other 
methods such as topical anesthetic gels or lasers. However, 
some reports indicate that laser therapy is not more effective 
than placebo, and further research in this area is recommended.

Current studies emphasize that individual psychological 
factors including anxiety, depression, and neuroticism as well 
as previous dental experiences and personality characteristics, 
exert a significant effect on pain perception (48). Dental anxiety 
affects not only adults but also children, amplifying the pain 
experience. Various psychometric tools have been used to 
assess these variables in research.

Transparency and effective communication with patients 
especially children and adolescents and reducing pre-treatment 
fear play crucial roles in diminishing the subjective perception 
of pain.

Vibration devices such as DentalVibe and VibraJect have 
gained considerable attention in recent years. Multiple studies 
have assessed the effectiveness of these devices in reducing pain 
during injections. The evidence on VibraJect’s efficacy remains 
mixed, with some smaller-sample studies showing no significant 
difference (58,59). However, other mechanical devices, like 
DentalVibe, have demonstrated a significant reduction in pain 
in various groups, particularly among children, compared to 
conventional injection or VibraJect (60-62).

In the study by Ching et al. (2014), more than 83% of 
patients reported less pain with DentalVibe compared to 
controls. Nevertheless, about 8% of patients found DentalVibe 
more painful, highlighting the importance of tailoring 
instrument selection and implementation to individual patient 
characteristics.

In another study, Nasahi et al. observed a significant reduction 
in pain with DentalVibe compared to routine methods, while 
Albay et al. found no significant difference between the two 
techniques in pediatric patients [63].

Additional adjunct methods such as cooling gels, non-
injectable topical anesthesia, and transcutaneous electrical 
nerve stimulation (TENS) have also shown positive results in 
some studies [64], with TENS being particularly effective for 
pain reduction in children.

Kaufman and colleagues have analyzed technical and 
physiological factors associated with injection pain, including 
tissue expansion, injection rate, volume and pressure of the 
solution, and the temperature of the anesthetic solution [48].

The findings revealed that:
- Large volumes and high injection pressures increase pain and 

discomfort;
- Raising the anesthetic solution temperature to body 

temperature, contrary to expectations, did not result in a 
significant reduction in pain;

- Lowering the pH or adding vasoconstrictors can increase 
post-injection pain, especially in sensitive patients.

Based on the reviewed data, the inferior alveolar nerve block 
and infiltration in the anterior maxillary teeth produce the 
highest levels of pain and discomfort. This suggests that for 
single-tooth treatment in the lower jaw, alternatives such as 
PDL injections may be less painful. For multiple injections, 
frequent needle changes are recommended. Additionally, to 
minimize the pressure associated with PDL injections, the use 
of specialized or computerized syringes is suggested. Local 
infiltration is generally the least painful injection technique, 
but for anterior maxillary teeth, an alternative or combined 
approach may be required.
Conclusion.

The reviewed studies indicate that a variety of factors including 
patient-specific characteristics (such as age, gender, anxiety, and 
psychological readiness), the type of anesthetic agent (articaine, 
lidocaine, benzocaine), needle type, injection technique, and 
the equipment used (CCLAD, DentalVibe, VibraJect, or 
microneedle patches) influence the level of pain experienced 
during injection. This results consistently indicated that 30G 
fine needles cause less injection pain compared to thicker ones, 
and that topical cryoanesthesia and microneedle patches can 
effectively reduce discomfort. However, the efficacy of vibration 
devices (DentalVibe, VibraJect) was inconsistent across studies. 
Psychological factors such as anxiety significantly modulate 
pain perception, underscoring the need for patient-specific 
approaches. Overall, advanced techniques combined with 
attention to patients’ psychosocial factors (such as depression, 
anxiety, or previous pain experiences) play a significant role in 
minimizing injection pain. However, the effectiveness of certain 
methods has not been consistent across all situations and further 
research is needed to standardize optimal practices. Selecting 
the appropriate instrument and technique based on the injection 
site and patient condition can be key to better pain management.
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