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Abstract

Objectives: To evaluate the effect of pressure on the skin of upper lip in decreasing

oNOYTULT D WN =

pain perception during a local maxillary anesthetic injection.

10 Material and Methods: A split-mouth crossover randomized clinical trial was
designed. Seventy-one volunteer students (23.6+1.9 years old, 53.5% women) were
15 selected. A group chosen at random had their left or right side of upper lip

17 compressed by a wooden clothes peg as the compression instrument and 0.6 ml of
lidocaine 2% with epinephrine 1:100,000 was administered at the buccal apex level
2 of the lateral incisors tooth. Two weeks later anesthesia was administered on the

24 opposite side of the lip according to the randomization recorded. The intensity of

26 perceived pain level between the two injections using a 100 mm visual analog scale
(VAS) and co-variable effect were compared (Wilcoxon test p < 0.05, RStudio).

31 Results: The average of the perceived pain with and without upper lip compression
33 was 27.6+£14.5 mm (range 0-80 mm) and 36.33+17.9 mm (range 10-90 mm)
respectively (p= 0.002). No significant differences were recorded according the

38 covariance analysis with the sex (p = 0.55) and age (p = 0.89).

40 Conclusion: The upper lip compression significantly reduces the perception of pain
during a local maxillary anesthetic technique.

45 Keywords: pain, trigeminal nerve, local anesthesia, compression, clinical trial

49 Clinical trial registration number: n° ISRCTN10930940
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Clinical Relevance

Scientific rationale for the study: One of the most uncomfortable aspects of the
dental clinic is the fear and anxiety caused by the pain associated with the dental
injection. There have been no reports that quantify the effectiveness of using skin or
tissue compression near the puncture site for to comprove a less pain perception
during local anesthesia administration. Our hypothesis is that upper lip compression
decreases pain perception during a maxillary anesthetic injection

Main result: The average of the perceived pain with skin upper lip compression
during local dental anesthesia administration was significantly lower than without lip
compression.

Practical implications: The skin of upper lip compression significantly reduces the

pain perception during local dental anesthesia administration.
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Introduction

One of the most uncomfortable aspects of the dental attendance is the pain
associated with the dental injection, which can cause anxiety and fear." Pain as a
conscious perception can be viewed from its properties, i.e., the transformation of
mechanical, thermal and chemical sensory inputs into a subjective awareness of
being in pain.2

Pain induced by the injection of local anesthetics can be reduced by complementary
methods, as lip or skin pressure and vibration.® The theoretical base for the
analgesic effect of pressure at the injection site can be explained by the gate control
theory of pain proposed by Melzack & Wall* which describes how the A- nerve
fibers transmit the information from the tactile receptors on the skin, stimulating the
inhibitory interneurons that close the gate on integrating centers of the central
nervous system. These neurons act by reducing the number of pain signals
transmitted by C and A-0 fibers from the skin to second-order neurons that
decussate and ascend to the brain.#5

Previous studies using this theoretical basis have shown that the vibration on the
skin of the lip or different parts of the face can reduce the intensity of the pain
coming from teeth or soft tissues,®-° designing electromechanical equipment that can
cause tactile stimulus, thus reducing the perception of pain in dental anesthesia.%-12
However, there have been no reports that quantify the effectiveness of using tissue
compression near the puncture site and the measurement of pain perception during
local dental anesthesia administration, controlling variables as standardization of the
compression instrument, masking participants and the dentist’s abilities in the

anesthetic technique.®
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Considering the inherent variability in the experience of dental surgeons and the
morphological and sociocultural characteristics of patients that may influence the
perception of pain during the injection of dental anesthesia’, the purpose of this
study was to assess the effectiveness of controlled compression of the upper lip on
reducing the perception of pain during a local maxillary anesthetic injection. The null
hypothesis tested was that upper lip compression does not alter the perception of

pain during a maxillary anesthetic injection.

Materials and Methods
Study Design

A randomized clinical crossover clinical trial was designed. The study was approved
by The local Ethics Committee on Involving Human Subjects of Faculty of Medicine
of Universidad Austral de Chile (Ord no 13/01/2016) and written informed consent
was obtained from all subjects. The trial was registered prior to patient enroliment at
ISRCTN registry (n° ISRCTN10930940. Date of Registration: 02/01/2020) and the
experimental design followed the Consolidated Standards of Reporting Trials
(CONSORT)"3 statement guidelines. The study was carried out in the School of
Dentistry of Universidad Austral de Chile (Valdivia, Southern of Chile) from April to
June 2020.

Subject and sample size

Subjects were students in the dental anesthesia course at the university's dental
school of the local university, who have not previously received dental anesthesia as
part of their undergraduate training. Subjects were recruited in the order in which

they reported for the screening session. The sample was calculated based on the
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1
2

i results obtained by Nanitsos et al.® The mean Visual Analog Scale pain scale value
Z of 22.1 mm (without intervention) and 12.9 mm (with intervention) with a standard

7

8 deviation of 12.02 mm and effect size d-Cohen value of 0.7 was considered. Using
9

10 the two-tailed calculation, an alpha value of 0.05 and a power of 0.8, the size per

11

:g study group calculated was 30 subjects. In total, sixty participants to be assessed
14

15 was estimated (G*Power. V.3.1.9.6. The G*Power Team).

16

" Eligibility criteria

19

;‘1) A total of 83 participants were examined by two calibrated dentists to check if the
22 i . . . . :

23 participants met the inclusion/exclusion criteria. Both researchers were calibrated
24

25 using a checklist of the presence of the selection criteria measured in 20 student

26

;2 volunteers prior to the study, who performed the local anesthetic technique used in
;g this study according to the recommendations of Malamed'4, asking the level of pain
31

32 perceived during the injection of the anesthetic obtaining an intraobserver reliability
33

34 of Pearson's rho = 0.85. The recruited students read and signed an informed

35

g? consent form after a detailed explanation of the experimental protocol and the

38

39 possible risks involved, with undamaged tissue, without lesions or surgical

40

41 interventions on the upper lip that accepting the terms of the research. Students with
42

ji a history of allergies or adverse reactions to local anesthesia, presence of dental

45 . . :

46 pain because of dental or orthodontic treatment one month prior to the study or

47

48 periodontal origin, infection in the puncture area, students with pharmacological

49

g? treatment with non-steroidal anti-inflammatory drugs (NSAIDs), benzodiazepines or
gg antidepressants were excluded.

54

gg Pilot study with the wooden clothes peg

57

58

59

60
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The compression instrument used was a sterile wooden clothes peg (Art and Craft™,
Chile) (Figure 1a). The pressure exerted was standardized in the Solid Laboratory of
the Mechanics Institute at the Universidad Austral de Chile. To do this, the pressure
was measured in N/cm? of 20 wooden clothes pegs chosen at random using the
INSTRON4469 and its respective software INSTRON BLUEHILL-2. In this analysis,
an average pressure of 1.05£0.2 N/cm? (range 0.95—-1.12 N/cm?) was demonstrated.
In order to control the measurement bias of the compression with the wooden
clothes peg in the perception of pain or discomfort when using it on the participants’
lips, a pilot study was conducted with 10 volunteers (5 men), who had the peg placed
on their upper lip; they were asked to assess if the pain were it as innocuous or
noxious perception. On the other hand, they were asked on a visual analog scale
(VAS) from 0 mm (no pain) to 100 mm (unbearable pain). In this test, all subjects
answered that stimulus was an innocuous and comfortable perception. The average
pain on the VAS was 0.93+1.7mm (median = 0 mm), with no differences being
observed according to the side of the lip (p= 0.74) or the gender of the volunteers (p

= 0.28) (Wilcoxon test; p < 0.05).
Randomization sequence generation and intervention

To determine the chronological order of the injection for to control the measurement
bias and placebo effect of lip compression, a randomization process within subject
was performed using software available at http://www.sealedenvelope.com by a staff
member not involved in the research protocol, who recorded the details of the
allocated group on cards contained in sequentially opaque, numbered and sealed
envelopes. The allocation assignment was revealed by opening the envelope
immediately before the procedure, where cards containing one of two colors were

used, indicating the primary intervention: red card meant anesthetic using

https://mc04.manuscriptcentral.com/revistapiro
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1
2

2 compression with a sterile wooden clothes peg and white card meant anesthetic

Z without compression. Thus, the concealment of the random sequence was

573 guaranteed, in order to prevent selection bias. On other hand, in order to control

?(1) different time may have an influence on the pain perception, all measurement was
:g applied between 10:00 to 12:00 hours of the day. In preparation for the anesthetic,
12 the volunteers rinsed with a mouthwash of 0.12% chlorhexidine (Oralgene™,

iz MaverPharma, Chile) and were positioned in the dental chair as described by

;g Malamed for local maxillary anesthetic techniques.' One investigator (JL) prepared
;; the carpule syringe using a 30G short needle (Septoject XL, Septodont™. Saint-

3431 Maur-des-Fossés, France) and a cartridge of 2% Lidocaine hydrochloride and

gg epinephrine 1:100,000 (Xylonor 2%® Septodont, Saint-Maur-des-Fossés, France) at
;g room temperature. For the volunteer selected for anesthesia with lip compression,
2(1) the investigator responsible for the anesthetic technique is a dentist with 10 years of
g% experience in the dental emergency service, placed the wooden clothes peg on the
22 upper lip at the level of the left upper canine, separating the lip with the use of a

;73 dental mirror, next to the puncture site and immediately performed the anesthetic

3(19) technique according to the recommendations made by Malamed,'* placing the

g needle parallel to the lateral incisor and going down to one centimeter from the

jg bottom of the vestibule, with the needle tip and their bevel oriented toward the apex
j? of the tooth, depositing a third (0.6 ml) of the contents of the anesthesia cartridge

gg within 15 seconds (Figure 1b). Immediately after fifteen seconds withdrawing the

g; needle, the second investigator (JL) presented the volunteer with a card with the

?i VAS, asking “How much pain did you perceive during the puncture and

gg administration of the anesthesia?” and registering the value indicated. The principal
gg investigator did not participate in the collecting or recording of the data. After two

60
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weeks (the washout period), the second injection was done on the contralateral side
of the maxilla with the same technique and the complementary intervention

according to the randomization sequence described.
Data analysis

To verify the effectiveness of the pressure during the anesthetic technique, the level
of pain perceived by the volunteer on the VAS during the anesthetic injection with or
without skin compression was considered a dependent variable. A third investigator
with no previous participation and blinded in data previously recorded performed the
statistical analysis of the data. The homogeneity of the results was verified by the
Shapiro-Wilk test (p < 0.05). Then the average values and confidence interval were
compared between the groups. The effectiveness of the skin pressure was
determined by the 10-point difference on the Verbal Analog Scale as clinically
relevant and considering a statistically significant decrease in average and standard
deviation of the level of perceived pain of participants (Student's t test , p < 0.05).
Finally, a covariance analysis was calculated for to determine effect of result in
association with sex and age of the participants (ANOVA; p < 0.05). The data were
tabulated and analyzed using R (R Core Team) with the packages tidyverse and

nmle.1®
Results

The anesthetic procedures were implemented exactly as planned between april to
june 2020, and no modification was performed. Eleven out of 83 subjects were not
enrolled in the study because they did not fulfill the inclusion criteria and one study
subject did not attend the second session of this crossover clinical trial. (Figure 2).

Thus, 71 subjects with a mean age of 23.6+1.9 years old (range 20-29 years; 53,5%

https://mc04.manuscriptcentral.com/revistapiro
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women) were selected. Thirty-nine subjects (54.9%) received the first local
anesthesia with compression. The values of the pain perception had a parametric

distribution (p = 0.22).

The average of the perceived pain during the administration of anesthesia with skin
pressure according of VAS was 27.6£14.5 mm (median = 30 mm; range = 0-80 mm)
and without pressure an average pain of 36.33£17.9 mm (median = 30 mm; range =
10-90 mm), and there was a statistically significant difference between the two
groups (Student's t test; p = 0.002) (Table 1). No significant differences were
recorded according the covariance analysis with the sex (p = 0.55) and age (p =

0.89) of the participants.
Discussion

The main results of this crossover clinical trial prove that the use of pressure during
intraoral local maxillary anesthetic significantly reduces the perception of pain
compared to the pain perceived during administration of a local anesthetic without

compression.

Previous reports have demonstrated the inherent painful effect that occurs in the
parenteral injection of drugs, considering important the basic understanding of
physiology for pain control'® as well as the use of complementary techniques of local
anesthetic administration and its relationship with the patient's anxiety.'” According
to our results, probably the main mechanism underlying the application of wooden
clothes peg prior to the anesthetic injection is the diffuse noxious inhibitory controls
(DNIC)."81° This theory suggests that a spino-reticulo-spinal loop is the mechanism
behind hypoalgesia. In this context, the mechanical pressure in the upper lips

probably activates small diameter nociceptive afferents (fiber Ad or fibers Aé and C),

https://mc04.manuscriptcentral.com/revistapiro
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which inhibit the wide dynamic range neurons (WDR) in upper or lower spinal
segments (lateral inhibition) and facilitate the activation of serotonergic neurons from
the subnucleus reticularis dorsalis (SRD) in the caudal medula.'®2° These results are
based on previous reports that indicated that DNIC can be induced by a non-painful
condition stimulus and suggests that Endogenous Analgesia (EA) does not have a
direct proportional relationship with the magnitude of the perception of the
conditioning pain.2'-22 The practical use of this theory acts as an analgesic
mechanism to the inherent chemical and mechanical stimuli generated during the
injection of the anesthetic fluid. The chemical stimuli are produced by the release of
pro-inflammatory agents (such as bradykinin, serotonin, prostaglandins, ATP, among
others), a product of the tissue damage caused during the penetration of the needle
and the loss of continuity of the mucosa and the conjunctive tissue close to the
puncture site.’” Other mechanism that could explain de pain reduction in the present
study is the Gate Control Theory.* Our results suggest that by placing a wooden
clothes peg prior to the anesthetic injection, the activity in large-diameter (non-
nociceptive) myelinated (A-B) primary afferents “turned on” an inhibitory interneuron,
which in turn inhibited the trigeminal spinal projection neurons that transmit the injury
message to the brain (Figure 3). Despite this, we hypothesized that the Gate Control
Theory acts in a minor proportion that DNIC, because in the present study the
application of mechanical stimulus (wooden clothes peg) is applied before the noxa
and therefore it would not have the reactive capacity to block the pain transmission
of the painful afferent fibers stimulated by the subsequent injection. Conversely,
DNIC is an endogenous mechanism of analgesia that generates hypoalgesic effects

in the medium term (minutes) due to its supraspinal action. This mechanism allows

https://mc04.manuscriptcentral.com/revistapiro
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its use prior to the injurious event (anesthetic injection) and is therefore useful in

dental and medical clinical procedures.

On the other hand, mechanical nociception is dependent on the channels activated
by stretching. When mechanical forces stretch or compress the tissue, the channels
activated by stretching are opened and a neural discharge is initiated. 17 The
hypertonic or hypotonic fluids can take the water to or from the cell and activate the
channels sensitive to compression or stretching, producing pain. It has been shown
that the transient receptor potential (TRP) A1 channels can be activated by
mechanosensation,?® which in this case is produced by the injection of the volume of
local anesthetic in the submucosal region of the bottom of the vestibule of the lower

central incisor.

Vibration on the skin at the puncture site can significantly reduce pain perception,® as
can the use of distraction devices with manual stimulation” and with co-stimulation.®
Nowadays the market offers skin vibration devices such as DentalVibe™ and the
Vibraject™, which they report as being effective in the reduced perception of pain
compared to a conventional anesthetic technique or in children,’" in adolescents® or
during the blockade of the inferior and infraorbital alveolar nerves.'? However, other
reports do not refer to increased benefits, rather comparing the use of topical
anesthetic and topical anesthetic accompanied by vibration,?* or the use of vibration
compared to an electrical injection device.?® This disparity in the results may be
explained by pain being perceived as a result of a neurophysiological process, which
is influenced by several sociodemographic, cultural and psychological factors in an
individual'? as well as the technique and manner of using the anesthetic, because
the sensitivity of the nociceptors depends not only on the chemical nature of the

injected anesthetic, but also on the mechanical effect that occurs according to the

https://mc04.manuscriptcentral.com/revistapiro
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site, the speed and the volume of the injection.23 In addition, the frequency and type
of vibration of the device applied to each subject, the operator’s ability and,
fundamentally, the acquisition of the vibration instruments by the dentist and the

patient’s tolerance to its use must also be considered.

The main limitations of our study are related to the anesthetic technique. The fast
speed of the selected injection has been previously described *14-16 it was used
because it is the method habitually used in public dental services where there is
heavy demand. Although there are reports that recommend a slower injection
speed,’* the injection speed was chosen to determine whether the decreased pain
was due to the lip compression or not. Another point to consider is the anatomical
site to anesthetize, which can influence the perception of pain. The puncture site
used in this study is justified by the participation of volunteer students making access
to the puncture site easier, the location of the wooden clothes peg and the
heightened sensitivity in the oral region, because it is one of the zones with the
greatest density of receptors for feeling and pain?® compensate by the lack of visual
perception of the subject at the site of the needle puncture?” which makes it possible
to discriminate with greater accuracy two points of stimulus and the activation of the

gate control theory of pain during skin and nociceptive stimulus in this oral region.

Despite these limitations, our study describes the perception of significantly less pain
with the use of an instrument to compress the upper lip during local maxillary
anesthetic administration. The reason for the use of the wooden clothes peg is to
verify the effect of upper lip compression with a domestic instrument, with a constant
compression, easily acquired and which allows its common use for the replication of

the design presented.
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In conclusion, the use of skin compression on the upper lip during local maxillary
anesthetic administration significantly reduced the perception of pain during the
needle puncture and injection of the anesthetic compared to the use of conventional
local maxillary anesthetic. Future studies will need to verify the effect of skin
compression with this instrument on other anesthetic techniques and using other
complementary methods for pain control such a warming anesthesic cartridges?? in

patients with acute dental pain.
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Legend of Table and figures
Table 1: Level of pain perceived by study group according to the visual analog scale
of pain (n=71).

Visual Analog Scale of Pain Level (in

millimeters)
Group Mean SD? Me;]dla Min  Max CIl295% p3
Pressure 276 1458 30 0 80 24.15-31.03
0.0024
Without pressure 36.33 17.9 30 10 90 32.09 -40.57

1. SD: Standard deviation
2. Cl: confidence interval
3.  Wilcoxon test (p<0.05)
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Figure 1: Participant flow diagram (CONSORT) in the different phases of the study
design. The subjects participated in both study groups (crossover) with a two weeks
wash-out period.

Figure 2: (a) type of wooden clothes peg used as an instrument for skin
compression on the upper lip on the subject’s left side and (b) method of anesthetic
injection. Note the separation of the lip with mirror observing the puncture point.
Figure 3: Pain gating in the trigeminal spinal nucleus based on that proposed by
Melzack and Wall* in the context of the trigeminal pain pathway. During needle
punction and infiltration of local dental anesthesia administration, tissue damage
causes release of inflammatory mediators that stimulate nociceptors that initiate the
pain pathway. Our results suggest that stimulation of cutaneous mechanoreceptor
such as placing a wooden clothes peg (green) prior to the anesthetic injection
stimulate in large-diameter (non-nociceptive) myelinated (A-f) primary afferents
(blue axon) “turned on” an inhibitory interneuron (black neuron), which in turn
inhibited the trigeminal spinal projection neurons (green axon) that transmit the injury

message to the brain.
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Figure 1: (a) type of wooden clothes peg used as an instrument for skin compression on the upper lip on the
subject’s left side and (b) method of anesthetic injection. Note the separation of the lip with mirror
observing the puncture point.
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I Assessed for eligibility (n= 83) |

Excluded (n= 11)
Not meeting inclusion criteria (n= 10)
Declined to participate (n= 1)

Compression H Randomized (n=72) H Without compression
Allocated to intervention (n=72) Allocated to intervention (n= 72)
Received allocated intervention (n=72) Received allocated intervention (n= 72)

| |
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Figure 2: Participant flow diagram (CONSORT) in the different phases of the study design. The subjects
participated in both study groups (crossover) with a two weeks wash-out period.
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Spinal nucleus

31 Figure 3: Pain gating in the trigeminal spinal nucleus based on that proposed by Melzack and Wall4 in the
32 context of the trigeminal pain pathway. During needle punction and infiltration of local dental anesthesia
33 administration, tissue damage causes release of inflammatory mediators that stimulate nociceptors that
34 initiate the pain pathway. The results suggest that stimulation of cutaneous mechanoreceptor such as
35 placing a wooden clothes peg (green) prior to the anesthetic injection stimulate in large-diameter (non-
nociceptive) myelinated (A-B) primary afferents (blue axon) “turned on” an inhibitory interneuron (black
neuron), which in turn inhibited the trigeminal spinal projection neurons (green axon) that transmit the
injury message to the brain.
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CONSORT 2010 checklist of information to include when reporting a randomised trial

Effect of upper lip compression on pain reduction during local maxillary anesthesia. A

Split-mouth randomized clinical trial

Section/Topic Item Checklist item Reported on
No page No
Title and abstract
1a Identification as a randomised trial in the title. 1
1b Structured summary of trial design, methods, results, and conclusions (for specific 1
guidance see CONSORT for abstracts).
Introduction
Background and 2a Scientific background and explanation of rationale. 4
objectives 2b Specific objectives or hypotheses. 5
Methods
Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio. 5
3b Important changes to methods after trial commencement (such as eligibility criteria), with -
reasons.
Participants 4a Eligibility criteria for participants. 6
4b Settings and locations where the data were collected. 6
Interventions 5 The interventions for each group with sufficient details to allow replication, including how 7,8
and when they were actually administered.
Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including 8,9
how and when they were assessed.
6b Any changes to trial outcomes after the trial commenced, with reasons. -
Sample size 7a How sample size was determined. 5
7b When applicable, explanation of any interim analyses and stopping guidelines. -
Randomisation:
Sequence generation 8a Method used to generate the random allocation sequence. 7
8b Type of randomisation; details of any restriction (such as blocking and block size). 7
Allocation concealment 9 Mechanism used to implement the random allocation sequence (such as sequentially 7
mechanism numbered containers), describing any steps taken to conceal the sequence until
interventions were assigned.
Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who 7
assigned participants to interventions.
Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care 7
providers, those assessing outcomes) and how.
11b If relevant, description of the similarity of interventions. -
Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes. 6
12b Methods for additional analyses, such as subgroup analyses and adjusted analyses. 8
Results
Participant flow (a 13a For each group, the numbers of participants who were randomly assigned, received 9
diagram is strongly intended treatment, and were analysed for the primary outcome.
recommended) 13b For each group, losses and exclusions after randomisation, together with reasons. 9
Recruitment 14a Dates defining the periods of recruitment and follow-up. 9
14b Why the trial ended or was stopped. -
Baseline data 15 A table showing baseline demographic and clinical characteristics for each group -
Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and Figure 1
whether the analysis was by original assigned groups.
Outcomes and estimation 17a For each primary and secondary outcome, results for each group, and the estimated effect | Table 1
size and its precision (such as 95% confidence interval).
17b For binary outcomes, presentation of both absolute and relative effect sizes is -
recommended.
Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted 9
analyses, distinguishing pre-specified from exploratory.
Harms 19 All important harms or unintended effects in each group (for specific guidance see -
CONSORT for harms).
Discussion
Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, 9-12
multiplicity of analyses.
Generalisability 21 Generalisability (external validity, applicability) of the trial findings. 9-12
Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other | 9-12
relevant evidence.
Other information
Registration 23 Registration number and name of trial registry. ISRCTN109309
40
Protocol 24 Where the full trial protocol can be accessed, if available. -
CONSORT 2010 checklist
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