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Objectives:  Pain modulation through the combined effect of vibratory stimulation of A f
mechanoreceptors and cold thermal stimuli has been demonstrated to reduce the pain associated
with injections and IV cannulation. Although past reports have focused on its use on the upper
extremity, there are no current studies to evaluate the efficacy of these combined modalities for
The authors propose the combined use of vibratory stimulation with
cold thermal stimulation will yield lower reported pain values associated with injection compared to

lower extremity injections.

cold thermal stimulation alone.

Methods: In this multicenter, randomized, prospective clinical trial, 108 patients necessitated a
lower extremity injection for the treatment of their presenting condition and was randomized into a
treatment (vibration and cold spray) or control (cold spray only) groups. The primary outcome was
pain, subjectively measured on a 10-point numerical pain rating scale (NPRS) by the patient. Pain
was also ranked by an observing physician via the Wong-Baker Pain Faces Ranking Scale
(WBPERS).

Results: Forty treatment subjects and 68 control subjects were included in this study. Pain scores
were significantly lower in the treatment group receiving the vibratory device and the cold spray
compared to the cold spray alone (NPRS mean values: Treatment: 3.39, Control: 4.46; p=0.022.
WBPFRS mean values: Treatment: 2.29, Control: 4.05; p=0.030).

Discussion: Utilizing a combination of cold spray with vibratory stimulation produced a statistically
significant decrease in pain associated with lower extremity injections. Due to the relatively small

size of our study, further investigation is needed to assess effect on specific injection site.
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njection therapy has been a mainstay intervention

for addressing musculoskeletal pain for over 50

years [1].
perform office procedures which are made tolerable by
first injecting local anesthetics. Unfortunately, injections
to the foot and ankle often elicit exquisite pain due to a
greater density of sensory nerve endings in that area of
the body [2] and the depth of some of the injections.

Foot and ankle physicians commonly

The pain and anxiety from needle injections can have
deeper impaired patient
compliance[3], deferral due to needle phobia [4] or lack
of follow-up due to fear of future injections [5]. There

consequences such as

can be value in utilizing interventions to reduce the pain
associated with injections.
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Therapeutic outcomes could possibly improve by

increasing patient compliance and reducing fear
avoidance if injections are perceived as less painful.
Increased patient satisfaction and the overall patient

experience could be maximized.

Although there are distinct benefits from decreasing the
pain associated with needle injections, there remains a
dogma that injection pain reduction modalities are
deficient [6]. There are options available that deserve
consideration utilizing various mechanisms.
Pharmacological intervention via topical or injectable
anesthetics, are While this
intervention has been shown to alleviate pain associated
with injections [3,7,8], it is not without drawbacks. The
use of topical anesthetics can cost $20 or more [9].
Additionally, these can prolong time in the office and
procedure times, since it takes time for the induction of
The drug cost can present

concerns regarding the stewardship of already strained

commonly used.

effective analgesia [7].

healthcare resources.
interventions, there exist other modalities which utilize
the gate theory of pain control. Cold therapy [10] and
activation of Af sensory fibers through vibratory
stimulation [11] of mechanoreceptors are believed to
cause presynaptic inhibition of the dorsal horn. This
therefore “closes the gate” and reduces the transmission
of nociceptor signals. Cold therapy has demonstrated
efficacy in reducing injection pain in both adult [12] and
pediatric [7, 13] groups. Cold therapy sprays are
commonly used in an office setting for immediate but

In addition to pharmacological

temporary analgesia for the time of injection. In
addition, vibratory stimulation to manage pain from
injections has yielded positive results in adult [9,14] and
pediatric [15-17] populations.

Reusable devices that produce a combination of cold
and vibratory stimulation to manage injection pain have
been developed; one such device is called “Buzzy®”
(MM] Labs Atlanta, GA). There have been a number
of studies which have demonstrated its efficacy in
reducing injection pain, but these studies have focused
particularly on pediatric IV access [9,16,18,19]. This
device has the advantage of being reusable, easy to use
and does not require much additional time.

The clinician uses a built-in Velcro strap to apply the
device proximal to the injection site. While there is
evidence this device can reduce injection pain related to
venipuncture access, no studies have investigated the
efficacy of this device for pain management of
injections to the foot and ankle. It was the goal of this
study to determine whether pain associated with
injections to the foot and ankle is decreased when using
the Buzzy® (or vibratory) device.

Materials and Methods

Our study was a multicenter, prospective clinical trial
using 108 patients needing an injection to the foot or
The study was explained to every patient and
consent to participate was obtained. This study was
performed at the Temple University School of Podiatric
Medicine’s Foot and Ankle Institute (FAI) clinic (n=42)
and in a separate private practice podiatry clinic (n=60).
Participants excluded if they had: skin
compromise over the vibratory device application site,
history of peripheral neuropathy, fibromyalgia, complex
regional pain syndrome, cognitive or verbal impairment,
patients who were blind or not fluent in English, and
those impaired via narcotics/analgesics within 4 hours

ankle.

were

prior to the office visit.
Data Collection and Outcomes

The primary outcome variable was pain, which was
measured utilizing an 11-point Numerical Pain Rating
Scale (NPRS). The patient reported their pain on a
scale of 0-10 where 0 is no pain and 10 is the worst pain
imaginable. As a secondary variable outcome, pain was
assessed via the Wong-Baker Pain Faces Rating Scale
(WBPFRS). It should be noted WBPFRS was only
collected on the FAI patients by an observing physician.
The patients were not made aware of the WBPFRS
measurement to minimize chances of altering their
facial expressions in front of the physicians.
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Randomization

After informed consent was obtained, patients were
randomly assigned into the treatment or control group.
The treatment population was treated with external
vibratory stimulation delivered through the vibratory
device and cold spray prior to injection. The control
population was treated solely with cold spray prior to
injection. Determination of randomization was
performed immediately before injection. At the FAI,
randomization was performed via drawing an opaque
envelope whereby the instructions inside would assign
the group. At the private practice clinic, randomization
was achieved by randomly assigning subject numbers
As  patients
presented for an injection, the patients were assigned

with control or treatment groups.

the next consecutive subject number.
Procedure

Demographic information consisting of age, gender,
and whether they have had an injection to the foot or
ankle previously was recorded on the questionnaire.
The attending physician instructed the patient on using
the NPRS. In order to maintain consistency of the pain
data, the patient was instructed to rank the pain
associated with the initial needle stick, but to not watch
the injection being performed. The injection site was
first prepped with alcohol or betadine. If the patient
was assigned to the treatment group, then the vibratory
device unit was applied 5-10cm proximal to the
injection site over the anatomical location of the
appropriate sensory nerve(s). The vibratory device was
turned on for approximately 1 minute prior to and
maintained during the injection.

In both groups, Gebauer’s Ethyl Chloride® (Cleveland,
OH) was applied to the injection site, and then a 25
gauge needle was inserted.  The injection was
performed under the supervision of an attending
physician (TV or RH). At the private practice clinic, all
injections were performed by 1 attending physician
(CK). During the injection, the attending physician at
the FAI assessed pain utilizing the WBPFRS. In the
private practice setting, the attending was visually
focused on the injection and not the face; therefore
WBPEFRS was not recorded. After the injection, the
patient was asked to rank their pain on the NPRS, and

if the injection was better or worse than anticipated.

It should be noted, the vibratory device does come with
reusable provide the
stimulation; however, cold spray was utilized in its place
in order to minimize deviation from the clinic's

ice-packs  to cryothermal

standard of care.
Statistical Evaluation

The outcome variable was pain. This was ranked
primarily via the NPRS between the treatment and
control groups. Pain ranked by WBPFRS was utilized
as a secondary outcome variable. The unpaired t-test
was used to evaluate the statistical significance of the
NPRS and WBPFRS values between the treatment and
intervention groups.  The criteria for significance
between the values was a p value <0.05.  Statistical
calculation was performed utilizing GraphPad®
statistical software.

Results

One hundred and eight consenting patients were
recruited to participate in this study. Based on our
parameters, no patients required exclusion from the
study. The treatment group (n=40) was composed of
18 (45.0%) males and 22 (55.0%) females with a mean
age of 39.2 £ 20.9 years (range 12-79 years). The
control group (n=68) was composed of 32 (47.0%)
males and 36 (53.0%) females with a mean age of 43.5
T 23.2 years (11-92 years). There was no statistically
significant difference in age or gender between the
groups (Table 1).
for the intervention group 14 received a steroid cocktail
(acetate and phosphate-based steroid, diluted in local
anesthetic) and 54 were injected with only local
anesthetic (1% lidocaine or 0.5% marcaine plain).

The material injected was as follows:

Control  Intervention Total p value
Characteristic N=68 N=40 N=108
Age
M
ean 47 40 45 0.26
Range 11-92 12-73 11-92
Gender
Male 32 18 50 0.11
Female 36 22 58
Volume Injected
Mean 3 15 31 0.01
Range 0.1-6 1.5-9 0.1-59

Table 1 Demographic and Injection Data.

Copyright © 2016 The Foot and Ankle Online Journal
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Minimum Mean Median Maximum P Value Mean % Difference
NPRS Control 0 4.64 4 10 0.022 313
NPRS Treatment 0 3.39 3 10
*
WBPFRS* Control . 0 4 4 10 0.03 544
WBPFRS* Intervention 0 2.29 2 6

*Note WBPFRS was only recored on the FAl subjects n=42

Table 2 Pain Measurements using both scales. (NPRS=numeric pain rating scale; WBPFRS= Wong Baker Pain Faces

Rating Scale; FAI=Foot and Ankle Institute).

Hallux Heel Ankle Interspace Lesser MTPJ or Digit Tarsal Tunnel CPN block
Treatement Group i3 2t 2 2 2 2 : t g
40 NPRS 4.48 2.12 103 1.92 1.25 3.6 0.1
WBFRS 5 1.6 1.67 2.67 15 4 0
: n= 49 4 2 3 6 3 1 68
Invervention Group
=68 NPRS 4.88 5.4 2.65 8.27 2.63 i3 N/A
WBFRS 26 4 1 8.67 2.67 333 N/A
% Difference NPRS Value 8.55 64.84 61.13 76.78 52.48 108.7 N/A

Table 3 Pain Rating Mean Values. (NPRS= Numeric Pain Rating Scale; WBPFRS= Wong Baker Pain Faces Rating Scale;
MTPJ= Metatarsal Phalangeal Joint; CPN= common peroneal nerve).

For the treatment group, the mean NPRS value was
3.39 £ 2.67 (0-10) and the mean WBPFRS was 2.29
11.59 (0-6). Seventeen patients reported the injection
was “better” than expected while 6 reported it was
“same” and 1 “worse” than expected.

With regards to the control group, the mean NPRS
value was 4.64 + 2.72 (0-10) and the mean WBPRFS
was 4.05 * 3.13 (0-10) (Table 2). Twenty six reported
“better” than expected while 8
reported it was “same or worse” than expected.

the injection was

In terms of anatomical location of the injection, an
injection into an intermetatarsal space the addition of
vibratory stimulation to cold spray provided the largest
percent difference in NPRS scores, whereas hallux
block showed the least reduction in pain (Table 3).

Discussion

It is recognized that control of pain contributes to
improved clinical outcomes and patient satisfaction.
This right unfortunately comes with added costs
monetarily (i.e. cost of of topical lidocaine) and in time
(delay for topical anesthesia induction)[20, 21].

These can provide added cost and personnel burdens to
an already resource-strained healthcare system. These
barriers, combined with attitudes that injections will
cause pain, hamper the use of interventions to reduce
injection pain. It has been reported that only 6% of
pediatricians utilize available interventions to reduce the
pain associated with injection therapy [21].

In our study, we investigated the use of eliciting the
pain gating theory to activate descending noxious
stimuli inhibition to manage pain associated with
injections to the foot and ankle. The pain gating
phenomenon was first described in 1965 where A O
pain fibers shared a final common pathway with
thermal and A B, and stimulation of thermal and A 8
would effectively “close the gate” to noxious stimuli
from A G nociceptors [10]. By combining the use of
vibratory stimulation and cold spray it may be possible
to maximize pain reduction. The hope of our study is
to demonstrate if this is possible in our clinics (Table 3).

Through the combined use of the vibratory device with
cold spray, we demonstrated an appreciable decrease in
pain associated with injections to the foot and ankle.

Copyright © 2016 The Foot and Ankle Online Journal
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Our primary outcome was pain reported by the patient
utilizing the NPRS. We report a mean drop in NPRS
scores from 4.64 to 3.39; this represents a 31.3%
decrease in pain associated with injections between the
treatment and control group. Our secondary outcome
was an observer physician-recorded pain utilizing the
WBPEFRS; mean scores dropped from 4.0 to 2.29
representing a 54.4% decrease in mean pain recorded
through this scale.
statistically significant with p values of 0.022 and 0.03
respectively.

Both of these outcomes were

While a statistically significant decrease in pain through
this or any intervention might seem like a definitive
success, it is still imperative to consider whether this
significance translates into a clinically relevant context
versus a purely numerical context. There exists a
number of studies that address this matter. Todd et al
[22] determined a decrease of 13mm on the 100mm
VAS vyielded a clinically relevant decrease in pain.
There are other arguments that relative decrease in pain
is more clinically relevant than the decrease in the
Campbell et al [23] within
the setting of a dental surgery practice, determined a
decrease in VAS score by “between 31% and 48%,
depending on its initial intensity” is requisite to be

absolute value of the pain.

considered clinically relevant. In a study by Farrar et al
[24] 10 trials for chronic pain
interventions were reviewed, and it was concluded a
30% decrease in pain scores indicated a significant
furthermore, this 30%
determined to correspond to a 2-point decrease on the
NPRS. Comparing our data to that of the studies
mentioned here, utilizing the vibratory stimulation in

clinical control

decrease; decrease was

addition to cold spray did produce a clinically significant
reduction in pain.

Comparing patients’ expectations (better or worse than
expected) between treatment and control groups was
performed by Fisher's Exact Test which yielded a p
value of 0.706, thus no statistical significant outcome can
be drawn from this. In terms of patient’s tolerance of
the vibratory stimulation, it was tolerated well as only
one commented that, “It felt annoying.” With regards
to ease of use, no one in either clinic reported any
difficulty in using the vibratory device.

This study is not without limitations.  The first of
which is pain scores were only from one patient
encounter.
subjective sensation in terms of perception and
tolerance with wide between people.
Additionally, it is known that pain has
multidimensional contributing factors, such as anxiety
or recent pain sensations [25].
pain of a heel injection between various people can

Pain is well noted to be an extremely

variation
well

As such, measuring the

elicit widely different values, even if no intervention is
used. Another limitation of this study was for the
injections performed at the FAL
differences in injection technique, ability, and apparent
confidence between attending physicians. Finally, this
study included injections to any anatomical location to
the foot and ankle. It is likely an injection to certain
parts of the foot or ankle will naturally just elicit more

There may be

pain than other areas would. This is expected due to
the possible sources of sensory nerve distribution and
the vibratory device’s ability to effectively target more
than one sensory nerve simultaneously. In the future,
the device may be better contoured for the ankle so as
to prevent slippage and simultaneously affect numerous
nerves. Injection techniques were not standardized as
well. For instance, one of the clinicians prefers a medial
glabrous skin junction approach for painful heel
injections while the other prefers a plantar approach.
Also, there may be inherent differences based on the
composition of local anesthetic and injectable
corticosteroid, which varied greatly in makeup
proportion and delivered amount. Temperature of
injectable, pH of injectable, needle gauge and quantity
injected are possible covariables which were not
studied.

The investigators did find that it was harder to apply the
vibratory device to some parts of the foot versus others
due to anatomical contouring of the unit. This may
have affected the ability of the device to work optimally
and target the desired areas. As seen in Table 3, there is
marked variation between pain scores and location of
the injection. Lastly, although it was attempted to not
influence a known effect of the vibratory unit, it is
possible that natural bias was placed on the patient to
downplay perceived pain.  This could have been
avoided with a double-blind study protocol.

Copyright © 2016 The Foot and Ankle Online Journal
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The authors believe further studies are needed to better
understand and quantify potential benefit of such
devices.
optimize use and benefit also. This pilot study suggests
that the combination of vibratory stimulation and cold
sensation does
injections to the foot and ankle.
cofactors is necessary to conclude how effective and

Future modifications of such units may

reduce the pain associated with
Further control of

specifically which injections (injectable and location)
and patient demographics are most affected.

Conclusion

The combination of external vibratory stimulation in
addition to cold spray produced an appreciable
reduction in the pain in comparison to cold spray alone
for our patients undergoing foot and ankle injections.
Further investigation is warranted for injections of the
lower extremity.

References

1. Cole BJ, Schumacher HR,Jr. Injectable corticosteroids in
modern  practice. J Am Acad Orthop Surg.
2005;13(1):37-46.
https://www.ncbi.nlm.nih.gov/pubmed/?term=15712981

2. Rein S, Manthey S, Zwipp H, Witt A. Distribution of
sensory nerve endings around the human sinus tarsi: A
cadaver study. J Anat. 2014;224(4):499-508. doi:
10.1111/joa.12157 [doi].
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4098683/

3. Frankish JD. Rheumatic fever prophylaxis: Gisborne
experience. N Z Med J. 1984;97(765):674-675.
https://www.ncbi.nlm.nih.gov/pubmed/?term=6592479

4. Allsup SJ, Gosney MA. Difficulties of recruitment for a
randomized controlled trial involving influenza vaccination
in healthy older people. Gerontology. 2002;48(3):170-173.
doi: 52837 [pii].
https://www.ncbi.nlm.nih.gov/pubmed/?term=11961371

5. Noel M, Taddio A, McMurtry CM, et al
HELPinKids&Adults knowledge synthesis of the
management of vaccination pain and high levels of needle
fear: Limitations of the evidence and recommendations for
future research. Clin J Pain. 2015;31(10 Suppl):S124-31.
doi: 10.1097/AJP.0000000000000266 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=26352918

6. Uman LS, Birnie KA, Noel M, et al. Psychological
interventions for needle-related procedural pain and
distress in children and adolescents. Cochrane Database
Syst Rev. 2013;10:CD005179. doi:
10.1002/14651858.CD005179.pub3 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=24108531

7. Page DE, Taylor DM. Vapocoolant spray vs subcutaneous
lidocaine injection for reducing the pain of intravenous
cannulation: A randomized, controlled, clinical trial. Br J
Anaesth. 2010;105(4):519-525. doi: 10.1093/bja/aeq198
[doi].

10.

1.

12.

13.

14.

15.

16.

17.

18.

Hogan ME, Kikuta A, Taddio A. A systematic review of
measures for reducing injection pain during adult
immunization. Vaccine. 2010;28(6):1514-1521. doi:
10.1016/j.vaccine.2009.11.065 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=20003927
Baxter AL, Leong T, Mathew B. External
thermomechanical stimulation versus vapocoolant for adult
venipuncture pain: Pilot data on a novel device. Clin J
Pain. 2009;25(8):705-710. doi:
10.1097/AJP.0b013e3181af1236 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=19920721
Melzack R WP. Pain mechanisms: A new theory. Science.
1965(15):971-979.
https://www.ncbi.nlm.nih.gov/pubmed/?term=5320816
Hollins M, McDermott K, Harper D. How does vibration
reduce pain? Perception. 2014;43(1):70-84.
https://www.ncbi.nlm.nih.gov/pubmed/?term=24689133
Mawhorter S, Daugherty L, Ford A, Hughes R, Metzger D,
Easley K. Topical vapocoolant quickly and effectively
reduces vaccine-associated pain: Results of a randomized,
single-blinded, placebo-controlled study. J Travel Med.
2004;11(5):267-272.
https://www.ncbi.nlm.nih.gov/pubmed/?term=15544709
Ramsook C, Kozinetz CA, Moro-Sutherland D. Efficacy of
ethyl chloride as a local anesthetic for venipuncture and
intravenous cannula insertion in a pediatric emergency
department. Pediatr Emerg Care. 2001;17(5):341-343.
(https://www.ncbi.nlm.nih.gov/pubmed/?term=11673710
Smith KC, Comite SL, Balasubramanian S, Carver A, Liu
JF. Vibration anesthesia: A noninvasive method of
reducing discomfort prior to dermatologic procedures.
Dermatol Online J. 2004;10(2):1.
https://www.ncbi.nlm.nih.gov/pubmed/?term=15530291
Canbulat Sahiner N, Inal S, Sevim Akbay A. The effect of
combined stimulation of external cold and vibration during
immunization on pain and anxiety levels in children. J
Perianesth Nurs. 2015;30(3):228-235. doi:
10.1016/j.jopan.2014.05.011 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=26003770
Canbulat N, Ayhan F, Inal S. Effectiveness of external cold
and vibration for procedural pain relief during peripheral
intravenous cannulation in pediatric patients. Pain Manag
Nurs. 2015;16(1):33-39. doi: 10.1016/j.pmn.2014.03.003
[doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=24912740
Whelan HM, Kunselman AR, Thomas NJ, Moore J,
Tamburro RF. The impact of a locally applied vibrating
device on outpatient venipuncture in children. Clin Pediatr
(Phila). 2014;53(12):1189-1195. doi:
10.1177/0009922814538494 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=24924565
Kearl YL, Yanger S, Montero S, Morelos-Howard E,
Claudius I. Does combined use of the J-tip(R) and
Buzzy(R) device decrease the pain of venipuncture in a
pediatric population? J Pediatr Nurs. 2015;30(6):829-833.
doi: 10.1016/j.pedn.2015.06.007 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=26228308

Copyright © 2016 The Foot and Ankle Online Journal



The Foot and Ankle Online Journal 9 (4): 6

19.

20.

21.

22.

Moadad N, Kozman K, Shahine R, Ohanian S, Badr LK.
Distraction using the Buzzy for children during an IV
insertion. J Pediatr Nurs. 2016;31(1):64-72. doi:
10.1016/j.pedn.2015.07.010 [doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=26410385
Cousins MJ, Lynch ME. The declaration montreal: Access
to pain management is a fundamental human right. Pain.
2011;152(12):2673-2674. doi: 10.1016/j.pain.2011.09.012
[doi].
https://www.ncbi.nlm.nih.gov/pubmed/?term=21995880
Taddio A, Manley J, Potash L, Ipp M, Sgro M, Shah V.
Routine immunization practices: Use of topical anesthetics
and oral analgesics. Pediatrics. 2007;120(3):¢637-43. doi:
120/3/e637 [pii].
https://www.ncbi.nlm.nih.gov/pubmed/?term=17766503
Todd KH, Funk KG, Funk JP, Bonacci R. Clinical
significance of reported changes in pain severity. Ann
Emerg Med. 1996;27(4):485-489. doi:
S0196-0644(96)70238-X [pii].
https://www.ncbi.nlm.nih.gov/pubmed/?term=8604867

23.

24.

25.

Campbell WI, Patterson CC. Quantifying meaningful
changes in pain. Anaesthesia. 1998;53(2):121-125.
https://www.ncbi.nlm.nih.gov/pubmed/?term=9534632

Farrar JT, Young JP,Jr, LaMoreaux L, Werth JL, Poole
RM. Clinical importance of changes in chronic pain
intensity measured on an 11-point numerical pain rating
scale. Pain. 2001;94(2):149-158. doi:
S0304-3959(01)00349-9 [pii].
https://www.ncbi.nlm.nih.gov/pubmed/?term=11690728

Todd KH. Clinical versus statistical significance in the
assessment of pain relief. Ann Emerg Med.
1996;27(4):439-441. doi: S0196-0644(96)70226-3 [pii].
https://www.ncbi.nlm.nih.gov/pubmed/?term=8604855

Copyright © 2016 The Foot and Ankle Online Journal



