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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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
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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
[71.

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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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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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 Newecastle-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



Table 1. Specific Keywords used in the Systematic Review.

Population (P) Intervention (I) Control (C) Outcome (O)
"amount of injection"
"Candidate patients for local anesthesia injection " "Type of injection"

" patients for local anesthesia injection " "injection technique"
" patients with local anesthesia injection" "Patal injection" "Pain"
"Dental" "local anaesthesia" "Standard treatment for LA" "VAS scale"
"injection” "Interior alveolar nerve block" " Wong-Baker Scale"
"sex" "Needle berel"
"age" "Needle gage "

HpainH

Table 2. Characteristics and Factors Affecting the Degree of Pain Caused by Local Anesthetic Injection in the 16 Reviewed Articles.

Patient

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

Patient Age Ref.

Mean pain: 31.6 and Maxillary posterior
32.4 during needle (posterior teeth 4% articaine with Syringe with 30G 59.2% female, Mean: 39.3 +

! penetration; 18.9 and  except wisdom 1:100,000 adrenaline needle, 21 mm length 40.8% male 14.85 yrs 23]
28.9 for cheek retraction teeth)
VAS and SEM: Ice
group 11. &3.5, Palate (near greater |Ice (group A), 20% 27G needle with 2% |39 female, 21 20.5+3.9
2 benzocaine group 10 palatine foramen)  benzocaine gel (group B) |lidocaine male yrs [26]
& 4 (no significant
difference)
Mean Wong-Baker:
articaine group 1.43,
lidocaine group 2.36 Maxillary primary 4.% articai.ne 27G short needle (23 53% female,  7.45 % 0.83
3 (P=0.037); Mean molars (buccal, (intervention), 2% mm length) 46% male - [27]
FLACC: articaine group palatal if necessary) |lidocaine (control)
1.39, lidocaine group
1.18 (P>0.05)
Mean VAS: buccal
injection 37.63+23.01 303+ 14.9
4 vs traditional Maxillary posterior 2% lidocaine with Syringe with 27G 34 female, 23 yrs. (18-7 0 [28]
55.754£27.39 (P<0.001); |teeth 1:200,000 epinephrine needle male
significant difference yrs)
during injection
Mean VAS:
Transcodent needle 18.3) . 2% lidocaine with 27G Transcodent 45 pa10 13 27.3+6.8
5 + 10.7 vs conventional Maxillary canines 1:100,000 epinephrine painless needle vs 27G male yrs [29]
needle 43.1 £ 13.1 T standard needle
(P<0.001)
?r/lljeeirtlin;::Sfégo.rZS L . . . . 27G needle (injection
14310558 + 13.44 jn  -avial mucosaof 5% lidocaine, mix of - depth Smm, I.8mL ¢} 10 59 3803+
6 different groups; higher maxillary anterior 2.§ % ll@ocame/Z.S % 44) articaine female 12.06 yrs [30]
S teeth prilocaine with 1:100,000
scores with increasing . .
. epinephrine)
anxiety
Mean pain during
needle penetration: 1.78 Maxillary and Manual type 1
7 + 1.48 in 2nd session, mandibular 4% articaine with (Ultraject®), Manual 74 female, 36 225 yrs [31]
less than 1st session 1:200,000 adrenaline type 2 (Paroject®), male '
(P<0.01); less pain with PremeIars CCLAD (Dentapen®)
CCLAD
High pain: Needle
entry 38.2%, anesthetic Aspirating syringe
injection 41.8%, cavity . 2% lidocaine with . . 120 female, 45 34.63 +
8 prep 28.5%. OR: Mandibular molars 1:80,000 epinephrine with 27G Septoject male 12.42 yrs [32]

depression 1.12-1.13, needle

neuroticism 1.09-1.11
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10

11

13

14

15

16

Pain Level

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

Mean pain: 26G needle
2.80, 30G needle 2.37
(significant, P=0.001)
Mean pain lower for
laser and placebo vs
control (P<0.05)
VAS: conventional
22.2, DentalVibe

19.6 (not significant,
P=0.196)

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

Mean pain:
conventional 3 (range
0-8), DentalVibe 1
(range 0-5) (P<0.001)
Mean pain PBM: 2.27
+1.28, traditional

injection: 1.73 +0.7 (not

significant, P=0.168)
Ist sec: least pain at

55 sec (P<0.001); no
significant difference

between central, lateral,

canine (P>0.05)

Injection Site

Buccal and palatal
mucosa

Maxilla and
mandible

Maxillary vestibule
(canine & incisor)

Buccal mucosa of
maxillary incisors

Maxillary buccal
mucosa, posterior
palatal, IAN block

Posterior region of
maxilla or mandible

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

Maxillary anterior
teeth: central,
lateral, canine

Type of Anesthetic

5% lidocaine (topical gel) patch (625 needles,

2% lidocaine with
1:100,000 epinephrine

2% lidocaine with
1:80,000 epinephrine

2% mepivacaine with
1:100,000 epinephrine

2% lidocaine with
1:100,000 epinephrine

2% lidocaine with
1:100,000 epinephrine

3% mepivacaine
hydrochloride with
1:100,000 epinephrine

2% lidocaine with
1:80,000 epinephrine

Patient

Injection Device Used Gender Patient Age
2x2 c¢cm microneedle 10 male, 6

female 31.4 yrs
400um height)
26G and 30G needles 16 male, 14 6-12 vrs
(syringe, controlled) female Y
Standard syringe with
short 27G needle ifmn;?;e’ 28 18-60 yrs
(Tecnophar, Italy)
DentalVibe with 27G |11 male, 20 18-26 yrs
needle female (mean: 22.2)
Vibralect with 27G 38 female, 37

6-9 yrs

needle male
DentalVibe with short |15 male, 21 10217 vrs
30G needle female Y
980nm diode PBMT |9 female
or 30/27G needle (60%), 6 male 612 yrs
injection (mandible)  (40%)

17 male
27G needle (C-K (56.7%), 13 25-40 yrs

JECT, Korea) female (43.3%)

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

Row
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Conclusions

The closed mouth technique reduces pain for patients and improves

clinician visibility.

Ice is recommended as an effective and side-effect-free alternative to

topical anesthetics.

Infiltration anesthesia with 4% articaine is a suitable alternative for

reducing fear and improving child cooperation, but assessment of
palatal anesthesia remains necessary.

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

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

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

minutes.

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

Factors Influencing Injection Pain

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

Use of ice or benzocaine gel, duration of

anesthetic application, type of anesthetic, patients’
psychological sensitivity.

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

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

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

Type and duration of topical anesthetic, patients’
anxiety level (MDAS >12 or <12).

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

Ref.

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

Ref

[25]

[26]



Row Conclusions Factors Influencing Injection Pain Ref
Depression and neuroticism are associated with higher pain during Depression score (>11), neuroticism (above median),
8 needle insertion and anesthetic injection; awareness of these can sociodemographic factors (gender & marital status), [32]
improve dental services. ineffective anesthesia after defined time.
Using a microneedle patch with 5% lidocaine significantly reduces Pgtch.type (microneedie or non-n_uc.ronee(.lle),
9 L2 . . . injection area (buccal/palatal), pain intensity after [33]
injection pain and helps better manage patient anxiety. . Do
needle penetration and drug injection.
Thinner needles (30G) result in less injection pain than thicker needles Needle thickness (30G vs. 26G), injection speed,
10 (26G), and using thinner needles reduces children’s anxiety during number of sessions, impact of the first visit on child |[34]
dental injections. anxiety.
. T L . . |Laser irradiation (with or without exposure), previous
980 nm diode laser irradiation significantly reduced injection pain in . . .
11 . . pain experience in dental treatment, sex and age had |[35]
the vestibular maxilla (no advantage over placebo).
no effect.
The DentalVibe vibrator had no effect on pain reduction for anterior Injection method (c?onven.tlonal or with Vlbrator)',
12 . . management technique without bone contact, prior  [36]
maxillary local anesthesia. . .
pain experiences.
. . C . - . Injection techni ti 1 i t
The use of VibraJect significantly reduced injection pain in children _jection technique (conventional or Vibralect),
13 . L injection site (buccal, palatal, or nerve block), use of [37]
compared to conventional injections. 0 . . e
20% benzocaine gel prior to injection.
The DentalVibe system significantly reduced local anesthesia nj CCE)IOH methoq (conventlona.l or DentalVlbe), use
14 S . of 20% benzocaine gel before injection, order of [38]
injection pain in adolescents. N .
injection in separate sessions.
Photobiomodulation (PBM)-based anesthesia can be used as an Anesthetic method (PBM or traditional injection),
15 elective alternative for children with dental anxiety, needle phobia, or treatment site (maxilla or mandible), treatment type [39]
special needs; however, it does not always produce similar outcomes  (routine cavity preparation), caries type (ICDAS class
to injection anesthesia and requires further research. 3-5).
Lo . o e . Injecti tion (5, 30 55 1
Injection pain severity is not related to the injection site in the anterior njection dura ron (. U and 55 seconds), needle
16 . angle and depth, injection volume (1.8 mL over 1 [40]
maxilla. )
minute).

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
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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



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 Vibralect 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 VibralJect (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].
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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 (Dental Vibe, 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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