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Abstract

BACKGROUND—Inadequate pain reduction during anesthetic injection is a significant medical
and surgical problem. Vibratory distraction reduces this pain; however, there are minimal data
identifying those who respond best.

OBJECTIVE—To quantify analgesia from vibration before anesthetic injection.

MATERIALS AND METHODS—In this partially blinded, single-institution trial, adult
participants were randomized to intervention (vibratory anesthetic device, VAD ON) or placebo
(VAD OFF). Pain was assessed using the 11-point numeric rating scale (NRS). Relative reduction
in NRS between VAD OFF and ON was used to identify minimum clinically important and
substantially clinically important difference in pain.

RESULTS—One hundred one tested sites from 87 subjects were assessed. Sixty-three percent
were men with a median age of 66 years. From univariate analysis, males, subjects aged <60, and
head and neck (HN) treated subjects had a significant reduction in NRS (p < .05). Multivariate
analysis identified NRS reductions in females <60 (p =.012), males =70 (o = .002), females and
males treated on HN (p=.048 and p = .035, respectively), and males =70 treated on HN (p =
.012). Substantially clinically important difference (=57% NRS reduction) included subjects <60,
females <70, HN treatment aged 60 to 69, males =70, and females treated on HN.

CONCLUSION—Vibratory anesthetic device reduces pain during anesthetic injection, primarily
for HN treatments and older male subjects.

Pain is a significant surgical problem; 75% of surgical patients experience pain before,
during, or after procedures.> Approximately 12 million dermatologic procedures are
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performed annually, including Mohs micrographic surgery (MMS), excisions, laser therapy,
body sculpting, and injectable cosmetics.2 One-third of MMS patients experience significant
pain intraoperatively, and over 50% experience pain postoperatively.3->

Local anesthetics control pain in the dermatologic setting.5 However, the injection and
infiltration of anesthetics causes significant patient discomfort. Pain of anesthetic injection
can be reduced by tactile distraction with vibration.”11 Vibration has been successfully used
in several clinical settings, including dermatologic surgery, pediatrics, phlebotomy, dentistry,
and injectable cosmetics.”12-27 This has led to significant reduction in patient pain and
anxiety.28

Pain perception and response to analgesia has significant variability among age, sex, and
treatment site. Little is known about the effects of vibration analgesia with regards to
these 3 variables.2%-33 Thus, there is a knowledge gap in identifying the patient subgroups
undergoing dermatological procedures which benefit most from vibration. Furthermore,
clinical applicability has not been explicitly reported in the dermatologic literature,
reflecting another knowledge gap for dermatologic surgeons.

In this study, we performed a large, randomized clinical trial of vibration analgesia in
dermatologic surgery patients. To build upon previous studies, we developed a rigorous
training and pain assessment algorithm, which minimized the influenceof potential
confounders, such as previous vibration analgesia or local anesthetic (Figure 1). By
studying a larger subject pool than has been previously tested, we present a well-powered,
multivariate analysis of 3 subject variables: age, sex, and treatment site. Novel to this study,
we guantify the clinical impact of change in the pain score, in addition to statistical changes
in the pain score (see Methods).34:35 By reporting both clinical impact and statistical
change in the pain score, we provide greater confidence in clinical applicability of vibratory
analgesia.

Methods
Study Design

A randomized, partially blinded, parallel-group clinical trial of perception and interpretation
of a vibration stimulus compared with placebo (vibratory device in “off” mode) during
syringe-mediated cutaneous infiltration of anesthetic was performed. The protocol was
approved by the University of Pittsburgh Institutional Review Board (PRO17110134) and
conforms to the ethical guidelines of the Declaration of Helsinki.

Participants

All adults (18+) presenting for MMS, surgical excision, and/or other cutaneous cancer
removal surgery at Falk Dermatologic Surgery Clinic affiliated with the University of
Pittsburgh Medical Center were eligible for inclusion. Subject enrollment occurred during a
90-day period from April to June 2018. Eligible subjects were informed of the study 24 to
72 hours before treatment via phone call.
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Patients with expressed interest in the study were given more information on the day

of the study, including the risks and benefits of participating. Any subsequent questions
were answered at this time. All participants were given a preprocedural questionnaire
and provided written informed consent. A follow-up phone call was conducted after the
procedure.

Participant Training

Intervention

Participants underwent a training session to answer trial questions (“What is your pain
level?”) using the 11-point numeric rating scale (NRS) as well as descriptive adjectives of
sensation (“Can you describe the sensation you felt on your skin?”). The vibratory anesthetic
device (VAD) was placed on a “training site” approximately 5 cm away from their treatment
site in the OFF mode for 15 seconds (Figure 1). Participants were then asked to describe the
sensation they felt on their skin as well as their NRS pain level. This process was repeated
with the VAD in the ON mode.

During this time, patients who were unable to discern between the VAD ON and OFF
modes, expressed NRS >0, could not communicate effectively, had a language barrier, or
were unable to follow instructions were excluded (Figure 2).

The VAD is a 10-cm, handheld, battery-operated device by Finever. When ON, the device
oscillates at a continuous frequency of 100 Hz. It is nonexperimental and available for
purchase over-the-counter. To reduce the pressure from the device, a cotton ball was placed
at the tip with subsequent placement into a nitrile glove.18

The VAD, anesthetic injection and infiltration, and surgical procedure were all performed by
a single, board-certified dermatologic surgeon (BTC). The anesthetic used in all cases was
lidocaine hydrochloride 1% with epinephrine 1:100,000 and buffered with 8.4% bicarbonate
1:10 (Hospira Inc., Lake Forest, IL). The anesthetic was prepared on the day of the
procedure and administered in a 3-mL syringe with a 30-gauge needle.

Outcome Measures

Subjects’ pain was assessed using the validated 11-point NRS (0 = no pain, 10 = worst pain
imaginable) and recorded by P. Govas or R.M. Slaugenhaupt.36 The pain level was evaluated
at 4 timepoints: preanesthetic injection with a stimulus (VAD ON or OFF) at 0 second and

5 seconds; the timepoint of anesthetic injection at 15 seconds (NRS) with a stimulus (VAD
ON or OFF); and 5-second postinfiltration with no stimulus present. Patients communicated
their NRS at the above timepoints.

Relative change in NRS was calculated with the below:

NRS1nitial — NRSFinal

Relative Change = 100 X
g NRSpitial
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A comprehensive meta-analysis performed by Olsen and colleagues identified how objective
changes in the pain score correlate with subjective, patient-reported assessments of pain.
From this study, the team defined minimally clinically important difference (MCID) and
substantially clinically important difference (SCID) in the pain score as a relative reduction
of 22% to 56% and =57% in NRS, respectively.3* We use these parameters when discussing
MCID and SCID.

As per Ferreira-Valente and colleagues and Fix and colleagues, parameters of power =
0.80, alpha = 0.05, a mean control NRS of 2.6, and SD of 1 were defined, and a

single cohort sample size of 5 was calculated to detect differences in NRS.17:37 Sample
size was calculated using ClinCalc (ClinCalc LLC, Arlington Heights, IL).38 Categorical
age subgroups (<60, 60-70, and >70 years) were defined to evaluate the cohorts below
and above the average age of our subject group. This distribution well approximates the
distribution of patients undergoing Mohs surgery.2:39 Our subgroups also maximize the
statistical power of each subgroup. Any group that was underpowered from this standard
was excluded.

Randomization

Blinding

All subjects were randomly assigned to the treatment group (VAD ON) or control/placebo
group (VAD OFF) using a Gaussian random number generator (https://www.google.com/
search?g=random-+number). The randomization sequence and assignment of participants
was performed by 1 researcher (P.G.).

Participants and the surgeon (B.T.C.) were blinded to which arm of the study participants
were enrolled until after the “training” portion and immediately before the anesthetic
injection.

Statistical Methods

The unpaired 2-tailed Student #test was used for univariate analysis of all variables for
comparison of NRS means. A threshold for significance was set at p < .05. All values
collected were analyzed to report mean values + SE from the mean.

Multivariate linear regression analysis was used to compare categorical variables (age, sex,
and treatment site). Multivariate analysis of the overall cohort identified p < .2 for age, sex,
and treatment site. All further subgroup analysis was performed using multivariate analysis
with a threshold for significance set at p < .05. All statistical analyses were calculated by R.
Kazi with Igor Pro (Wavemetrics, version 8) and STATA (StataCorp, version 13) software
and confirmed with a consulting statistician (K.M.R.).

Dermatol Surg. Author manuscript; available in PMC 2021 October 01.


https://www.google.com/search?q=random+number
https://www.google.com/search?q=random+number

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kazi et al.

Results

Page 5

Study Population

Outcomes

One hundred fifty surgical sites across 136 subjects were initially eligible to participate.
Ultimately, 101 sites across 87 consented subjects were studied (Figure 2). Participants
were excluded because of a concomitant medical issue making them ineligible for surgery,
inability to follow the treatment algorithm, missed appointment, declined participation, and
language barriers. Fifty-two tested sites were randomized into the VAD OFF group and 49
into the VAD ON group (Figure 1). All randomized subjects completed the trial without
complication. The majority of participants was men (7= 64, 63%). The average age of
subjects was 66 + 1.1 years (range: 32—-89). Baseline demographics were not statistically
different between the VAD OFF and VAD ON groups (Table 1).

All randomized subjects described the sensation of vibration as “vibration” or “buzzing.”
Across all tested sites, there was a 40% reduction in reported NRS between the VAD

ON group (2.0 £ 0.3) and the VAD OFF group (1.2 + 0.2), which achieved statistical
significance (p = .016). Because statistical significance does not always correlate with
clinical significance, that is, what the patient truly perceives, we performed analyses to
determine the clinical relevance of change in the pain score. As determined by Olsen

and colleagues,3* a 22% to 56% reduction in NRS represents MCID, whereas a reduction
>57% represents SCID. Across all tested sites, the reduction in NRS achieved MCID (see
Supplemental Digital Content 1, Table S1, http://links.lww.com/DSS/A211). Analysis by
age found that those younger than 60 years achieved a statistically significant reduction
in NRS (p=.045) and SCID. Those aged 60 to 69 years and 70 years and older

achieved MCID without statistically significant reductions in NRS (see Supplemental
Digital Content 1, Table S1, http://links.lww.com/DSS/A211). By sex, male and female
(n=37) subgroups both achieved MCID; however, only male subjects had a statistically
significant reduction in NRS (p = .048) (see Supplemental Digital Content 1, Table S1,
http://links.Iww.com/DSS/A211). Anatomically, the head and neck (HN) cohort achieved
MCID as well as statistically significant reduction in NRS (p = .007), whereas no change
was noted in the trunk and extremity (TE) group (see Supplemental Digital Content 1, Table
S1, http://links.lww.com/DSS/A211).

Clinical efficacy and multivariate subgroup analysis were performed for age, sex, and
treatment site. Subgroups that achieved SCID included women younger than 60 years,
women aged 60 to 69, men 70 years and older, HN treated subjects aged 60 to 69

years, and female HN subjects(see Supplemental Digital Content 2, Table S2, http://
links.lww.com/DSS/A212). Multivariate analysis, when subdivided by age, identified
statistical significance for female subjects younger than 60 years (p=.012), men 70 years
and older (p=.002), and HN treatment in subjects 70 years and older (p=.021). When
subdivided by the treatment site, both female (p = .049) and male (o = .035) HN subjects
were statistically significant. Finally, when assessing all 3 parameters, only men older than
70 years treated on HN showed statistical significance (p = .012) (see Supplemental Digital
Content 2, Table S2, http:/links.lww.com/DSS/A212).
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Discussion

Pain during dermatological procedures, including the injection of anesthetic, is a major
contributor to patient discomfort and has resulted in avoidance of medical care.? Recently,
physicians have used vibration during injection to successfully reduce pain.’-13.16.17.41

In this study, VAD reduced NRS across all subjects by 40% during needle injection,
paralleling results of the previous literature (see Supplemental Digital Content 1, Table S1,
http://links.lww.com/DSS/A211).7:1213.15-19 However, there remains a fundamental lack of
detail regarding 3 factors: (1) which subgroups most benefit from vibration; (2); how the
statistical change in the pain score translates to clinical efficacy, and (3) which subgroups
show minimal response to vibration. By using a large subject cohort and a standardized
approach to testing all subjects, as well as connecting quantitative changes to clinical impact
through the use of minimal and substantial clinically important differences, we have begun
addressing these gaps.

The role of age in pain and analgesia is poorly understood. In general, adolescent patients
report higher pain scores with injections, but among adults, age is not a factor in pain
perception.#243 Furthermore, many small cohort studies found that age was not a factor in
patient response to vibration analgesia.1’-2444 In the intraoperative MMS setting, younger
patients are more likely to report pain.3 However, postoperatively, there are conflicting
findings; Limthongkul and colleagues showed no correlation between age and pain, whereas
Firoz and colleagues reported increased pain in younger patients.> In our study, age

was found to influence vibration efficacy. Subjects younger than 60 years were the only
cohort to achieve both SCID and statistically significant efficacy in response to VAD (see
Supplemental Digital Content 1, Table S1, http://links.lww.com/DSS/A211). However, our
subgroup analysis revealed that SCID could beachieved in other age groups depending

on parameters such as treatment site and sex (see Supplemental Digital Content 2, Table
S2, http://links.lww.com/DSS/A212). Therefore, although VAD may be most efficacious
in younger patients, all age groups under specific circumstances may benefit from the
application of VAD during anesthetic injection.

Sex also influences pain and analgesia in patients. There are conflicting reports of pain
perception during injections between males and females as some studies show no sex-based
differences, whereas others show reports of higher pain scores in female subjects.43:45-47
The impact of VAD analgesia during injections has not shown differences between sexes

in the dermatological and nondermatological literature.1”-48 Among MMS patients, there
are no reported differences in pain as a function of sex, although male subjects were

more likely to require post-MMS opioid analgesia.3~>49 Although both male and female
subjects achieved MCID in our study, only male subjects had the additional statistically
significant reduction in NRS due to VAD (see Supplemental Digital Content 1, Table

S1, http://links.lww.com/DSS/A211). As with age, different male and female subgroups
achieved SCID and statistical significance. Thus, there is heterogeneity in vibratory efficacy
between sex and age cohorts that would benefit from future study.

Finally, pain from injections varies depending on the anatomical site. Previous studies
have shown that greater pain is perceived from HN injections compared with TE.32:33
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Intraoperative and post-MMS pain were more commonly reported on HN treated sites,3:4:0
Fix andcolleagues!’ found no difference when VAD was applied to any anatomic site;
however, only the back, nasofacial sulcus, and forehead were assessed. Our analyses showed
MCID and statistically significant reduction in NRS for HN sites, whereas TE sites revealed
neither clinical nor statistical differences (see Supplemental Digital Content 1, Table S1,
http://links.lww.com/DSS/A211).

Furthermore, HN-treated subgroups separated by age and sex showed SCID and statistical
differences (see Supplemental Digital Content 2, Table S2, http://links.lww.com/DSS/A212).
In the dermatological and nondermatological setting, some studies have demonstrated
efficacy of vibration at sites on TE.1751-53 For example, use of vibration has eased pain

of venipuncture and nail procedures in children.16:41 Several reasons may account for

the differences in the results of our study and those in the literature. Although all used
vibration, there are likely differences in the configuration and geometry of the vibration
device, differences in the operator technique, as well as the application of other simultaneous
distractors (i.e., cold temperature).5253 Anecdotally, we have found that treatment of
peripheral sites requires longer durations of VAD to achieve analgesia. Therefore, VAD

is likely efficacious at TE, but further studies regarding how best to used VAD remain.

This study lacks complete blinding for both the subject and operator. Given the nature

of vibration, it is practically difficult to implement complete blinding. To overcome this,

all subjects were blinded until the exact moment in which vibration or placebo was
implemented. Furthermore, the sole operator (B.T.C.) was blinded until the time of injection.

Several studies have used split-site algorithms to test vibratory analgesia.1l”>4:55 We initially
tested our hypothesis using such an approach; however, we encountered several confounders.
In a subset of 40 treated sites using a split-site approach, 24 had improved analgesia;
however, several subjects reported higher NRS in the VAD OFF mode than in VAD ON.
Ultimately, it was not possible to confidently interpret a reduced NRS as being the result

of VAD or due to the activity of local anesthetic. Therefore, to minimize this potential
confounding, a split-site study was not performed.

This study used a significance criterion of p < .05. If a criterion of p< .01, then significance
is seen in HN subjects (p=.007) and M =70 (p = .005). Although these groups achieve
statistical significance, our conclusions regarding MCID and SCID remain applicable for
practitioners.

Finally, this study used a single operator at a single center, which may limit generalizability.
This was done to prevent operator bias in these analyses. Further assessment of this
approach using a multicenter, multioperator approach is needed for generalizability.

Conclusions

This study draws 3 main conclusions:
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1 Vibration analgesia is a clinically and statistically effective modality in reducing
the discomfort of anesthetic injection during dermatologic procedures across the
majority of patients.

2. By testing multiple variables, several patient subgroups who received the most
benefit from vibratory anesthesia have been identified.

3. Trunk and extremity—treated sites showed minimal efficacy because of VAD,
and further study is necessary to determine parameters to achieve noninvasive
analgesia at these sites.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Training Site
VAD Off

Training Site
VAD On

Test Site Test Site
VAD On VAD Off

>
R

NRS 11 point scale pain score assessment
at 0s, 5s, 15s, and post infiltration

Algorithm for pain assessment with and without VAD. All subjects were trained to the VAD
OFF and VAD ON states at a site approximately 5 cm from the test site (indicated by red
star). Subjects were then blindly randomized to minimize premediated biases. The treatment
was then applied to the injection site, and pain scores were assessed at 0, 5, 15 seconds, and
after injection. All injections were conducted at the 15-second time point. VAD, vibratory
anesthetic device.
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Assessed for Eligibility (n = 150)

Randomized (n = 101)

Excluded (n = 49)

Concomitant Medical Issue (n = 16)

Inability to Follow Algorithm (n = 13)
Did Not Attend Appointment (n = 10)

Declined to Participate (n = 8)
Language Barrier (n = 2)

Allocated to VAD ON (n = 49)

Received Allocated Intervention (n = 49)

Allocated to VAD OFF (n = 52)
Received Allocated Intervention (n = 52)

Figure2.

CONSORT 2010 flow diagram. Flow diagram of patient recruitment and exclusion through
the study. Note that /7 represents the number of sites tested (n7= 101, of 87 total subjects).
Inclusion criteria: Adults (18+) scheduled for cutaneous cancer removal surgery. Exclusion
criteria: Procedure cancellation due to a concomitant medical issue (/7= 16), inability to
complete the training phase (7= 13), did not attend their appointment (»7= 10), declined

to participate (n7 = 8), or were non-English speakers (1= 2). One hundred one tested sites
were randomly allocated into 2 separate cohorts: VAD ON (7= 49) and VAD OFF (n=

52). All participants who were allocated were included in the final analysis. VAD, vibratory

anesthetic device.
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