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Abstract: Chronic low back pain (CLBP) is a highly prevalent and disabling musculoskeletal pain con-

dition among older adults. Transcutaneous electrical nerve stimulation (TENS) is commonly used to

treat CLBP, however response to TENS in older adults compared with younger adults is untested.

In a dose-response study stratified by age, 60 participants with axial CLBP (20 young, 20 middle-

aged, 20 older) received four 20-minute sessions of high-frequency high-intensity TENS over a

2- to 3-week period in a laboratory-controlled setting. Experimental measures of pain sensitivity

(mechanical pressure pain detection threshold) and central pain excitability (phasic heat temporal

summation and heat aftersensations) were assessed before and after TENS. Episodic or immediate

axial CLBP relief was assessed after TENS via measures of resting pain, movement-evoked-pain,

and self-reported disability. Cumulative or prolonged axial CLBP relief was assessed by comparing

daily pain reports across sessions. Independent of age, individuals experienced episodic increase in

the pressure pain detection threshold and reduction in aftersensation after TENS application. Simi-

larly, all groups, on average, experienced episodic axial CLBP relief via improved resting pain,

movement-evoked pain, and disability report. Under this design, no cumulative effect was observed

as daily pain did not improve for any age group across the 4 sessions. However, older adults received

higher TENS amplitude across all sessions to achieve TENS responses similar to those in younger

adults. These findings suggest that older adults experience similar episodic axial CLBP relief to that

of younger individuals after high-frequency, high-intensity TENS when higher dose parameters are

used.

Perspective: This study examined age group differences in experimental and axial CLBP response

to TENS, delivered under the current recommended parameters of strong, but tolerable amplitude.

Older adults had comparable TENS response although at higher TENS amplitude than younger adults,

which may have important mechanistic and clinical implications.

ª 2015 by the American Pain Society
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C
hronic low back pain (CLBP) is a prevalent condition
among older adults and a major contributor to the
exponential increase in the use of pain manage-

ment.10,36,37,66 Pharmacologic treatment is commonly
prescribed for CLBP, however, such methods are
controversial among older adults due to the potential
for higher health risks.3 Alternatively, transcutaneous
February 17, 2015; Revised August 5, 2015; Accepted August 19,

y was supported by funding from the National Institutes of
rants R01AG039659 and R01AR055899), a National Center for
Resources CTSA grant (UL1 TR000064 and TL1TR000066), and

ersity of Florida Department of Physical Therapy.
icts of interest exist for any of the authors. No role was played by
in the design, methods, subject recruitment, data collection,
or preparation of this paper.
electrical nerve stimulation (TENS) may be more suitable
for older adults because it is a conservative, nonpharma-
cologic treatment for CLBP. TENS has been studied exten-
sively and quantification of past studies has given mixed
results.27,30,40,64 However, recent clinical research has
advanced our understanding of TENS efficacy in
important ways. Specifically, TENS appears to be more
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effective for movement-evoked versus resting pain and
requires a high-intensity stimulus (ie, strong, yet toler-
able).39,47,52,62 However, the efficacy of such parameters
based on age remains uninvestigated.
Mechanistic research has elucidated age-related

changes in laboratory correlates of central pain excit-
ability. Specifically, older adults are reported to have
enhanced pain facilitation, whereby application of a
repetitively delivered painful stimulus is perceived to
be progressively more painful despite unchanging inten-
sity of the stimulus.12,33 Older adults have also
demonstrated attenuated pain inhibition such that pain
reduction after a painful stimulus is either less than or
slower than that in younger adults.13,31,49,65 Collectively,
these findings suggest that age-related neuroplastic
changes may reduce the capability of older adults to
respond to pain-relieving treatments such as TENS
because the mechanism of action includes activation of
the central descending inhibitory pain system.52,54,61

Therefore, our purpose was to test whether response
to high-frequency, high-intensity TENS differed by age
group among individuals with axial CLBP. This study
had 2 principal aims. The first aim was to assess age dif-
ferences in experimental pain response to TENS during
rest. We hypothesized that older adults with axial CLBP
would have decreased response to TENS due to
enhanced pain facilitation and reduced pain inhibi-
tion.32 The second aim was to assess age group differ-
ences in CLBP measures of TENS response, including
resting pain, movement-evoked pain, and disability.
Although studies have yet to compare response to
TENS for CLBP across age groups, we anticipated that
older adults would have a reduced response based on
Figure 1. Flow diagram o
age-related changes in the descending inhibitory pain
system.32 In addition, this study had 2 exploratory aims.
The first was to assess daily pain across multiple TENS
treatment sessions to ascertain whether the effects of
TENS were cumulative under the current design. The
second was to assess age group differences in TENS
amplitude to provide a preliminary indication of dose
and response by age group using a standard stimulus in-
tensity instruction set. The overarching goal of this study
was to determine age-specific effects of TENS using both
experimental pain and axial CLBP self-report measures to
provide novel information regarding the pain reduction
capacity of TENS among older adults.
Methods

Study Population
Simple purposive sampling stratified to a priori age

group quotas was used to enroll screened participants
with axial CLBP (Fig 1). Once adequate group sampling
had occurred, enrollment to that particular age group
ceased. All participants were not currently seeking care
and were recruited from the community via printed ad-
vertisements. In addition, a community health program
that linked research opportunities with prospective par-
ticipants via social and media services was used. Partici-
pants were categorized based on the following age
groups: young (18–39 years old), middle-aged (40–
56 years old), and older (57–79 years old). Age group
ranges were determined a priori based on previous
research.31,48 This study was approved by the University
f patient enrollment.



1270 The Journal of Pain Age, TENS Response, and Low Back Pain
of Florida Institutional Review Board and all participants
provided written informed consent before enrollment.

Inclusion and Exclusion Criteria
Individuals were considered for inclusion in the study if

they had experienced axial CLBP for at least 3 months;
CLBP also had to be their primary complaint. In addition,
average daily pain intensity was required to be equal to
or greater than 40 at worst on a scale of 0 to 100 (0 = no
pain, 100 = worst pain imaginable) to ensure that indi-
viduals were experiencing a moderate level of axial
CLBP. Individuals were excluded if they had 1) symptoms
of lower extremity nerve root involvement such asmotor
weakness and sensory disturbance; 2) axial CLBP result-
ing from trauma (eg, car accident, work accident, fall);
3) treatment for CLBP by any health care professional
(eg, doctor, chiropractor, physical therapist) within the
past month; 4) previous surgery for low back musculo-
skeletal pain; 5) used opioids; 6) comorbidities including
uncontrolled hypertension, diabetic neuropathy, circula-
tory disorders interfering with activities of daily living,
cardiac event history (eg, myocardial infarction), or epi-
lepsy; 7) an implanted cardiac pacemaker; 8) been
admitted to a psychiatric-related hospital within the
past year; or 8) positive pregnancy test. In addition, pro-
spective participants were screened for cognitive impair-
ment before the informed consent procedure, whichwas
determined by a score lower than 23 on the Mini Mental
State Examination.15 Participants aged 70 years or older
also underwent a brief neurological test to ensure intact
sensory function.11

Procedures
A dose-response design stratified by the aforemen-

tioned age groups of young,middle-aged, and older par-
ticipants was used. The intent was to examine age group
differences in the effects of TENS provided clinically
using the current dosing recommendations.52,61

Therefore, a placebo arm was not included in this
analysis. Participants completed 5 experimental sessions
over a 3- to 4-week period (TENS provided in visits 1–4),
with up to 2 sessions completed per week. The weekly
intervention frequency is similar to a seminal TENS effi-
cacy trial performed among individuals with CLBP.38

Testingwas conducted by the same experimenter in a sin-
gle climate-controlled laboratory at the same time of day
across all sessions. Participants completed intake ques-
tionnaires (demographic and pain) and were assessed
Figure 2. Study procedures. Âssessed over
for movement-evoked pain intensity and self-reported
disability at the beginning of session 1. The study proce-
dures are outlined in Fig 2. In each of the first 4 sessions,
participants were assessed for resting and experimental
pain response after a 20-minute application of TENS to
the lumbar spine in a resting position. In addition,
movement-evoked pain and self-reported disability
were assessed with and without TENS application at
the end of the first session only. Daily pain was assessed
at the beginning of all 5 sessions.
Experimental Pain Response
Pressure pain detection threshold (PPT) assessed local

pain sensitivity and was performed by applying 1-kg
force/cm2/second using a Wagner Force Ten FDX 25
Digital Force Gauge with a 1-cm2 flat rubber tip (Wagner
Instruments, Greenwich, CT). Experimenters were profi-
cient with PPT testing through application in patient
care and in previous clinical trials. The PPT site was the
posterior superior iliac spine (PSIS) bilaterally. Before
testing, the participants were educated on PPT; this
included visualization of the testing unit and its applica-
tion. On testing, the participants were instructed to indi-
cate when pressure first became painful (first onset of
pain) by verbalizing the word ‘‘pain.’’ To improve testing
precision, 3 trials were performed at each PSIS, with the
last 2 ratings at each site averaged to calculate a PPT
score. PPT has been shown to have excellent test-retest
reliability in axial regions.28 Furthermore, previous
research has shown higher PPTs for older adults,18,32 as
well as increased local PPTs after TENS.8,45,62

Phasic heat temporal summation (TS) provided an indi-
cation of changes in central pain excitability67 and was
measured using a 3-cm2 thermode connected to a
PATHWAY Model contact heat-evoked potential stimu-
lator (Medoc Advanced Medical Systems, Ramat Yishai,
Israel). Five consecutive 50�C heat pulses at .33 Hz inter-
stimulus interval were delivered to the plantar aspect
of the right foot, posterior to the first metatarsophalan-
geal joint. Participants rated the second pain they felt
after each heat pulse using the numeric pain rating scale
(NPRS), with 0 equal to ‘‘no pain’’ and 100 equal to ‘‘worst
pain imaginable.’’ TS was determined using the estab-
lished calculation of the absolute difference between
the fifth and first pain ratings.1,23,50 Individuals
reporting 100/100 NPRS during TS were removed from
the analysis because 1) the extent of summation cannot
be observed, and 2) the ratings are more likely an
5 sessions; *Assessed at session 1 only.
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indication of A-delta pain transmission (first pain).
Previously, healthy older adults have shown enhanced
TS compared with younger adults.12,33 Specific to the
TENS response, TS has not previously changed after
TENS,62 although Liebano et al35 found changes in tem-
poral summation of pain from mechanical stimuli.
Collectively, a paucity of studies have assessed TS effects
(either heat ormechanical) from TENS and, to our knowl-
edge, none have assessed age differences or involved an
axial CLBP cohort.
Aftersensations (AS) are an additional measure of

central pain excitability change that can be assessed
using experimental pain models.22,67 Prolonged
aftersensations have been observed among older
adults49 and individualswith chronicpain conditions.56-58

Contact heat was delivered by a 3-cm2 thermode con-
nected to a PATHWAY Model advanced thermal stimu-
lator (Medoc Advanced Medical Systems, Ramat Yishai,
Israel). Response to a 15-second stimulus at the first
session determined the tonic heat stimulus temperature
(46�C, 47�C, or 48�C) corresponding to a pain rating of
50/100 NPRS, which was then used for all sessions. For
AS, a 30-second tonic heat stimulus was applied to the
plantar aspect of the right foot, posterior to where TS
was assessed. Next, the temperature was decreased at a
rate of 10�C/second to a neutral temperature (33�C), dur-
ingwhich time individuals providedpain intensity ratings
(0–100NPRS) every2 seconds for a total of 10 seconds. The
5 corresponding pain ratings were then entered into a
trapezoidal area-under-the-curve (AUC) formula43 to
calculate AS.
Axial CLBP Measures
Episodic dependent measures included resting pain,

movement-evoked pain, and self-reported disability; the
cumulative effects dependent measure was daily pain.
Resting pain was CLBP pain intensity rated on an NPRS
of 0 to 100, which is a responsive measure in pain assess-
ment.9 Movement-evoked pain was assessed using the
Back Performance Scale (BPS).59 During the BPS, partici-
pants performed 5 functional tasks specific to the spine,
including 1) grasping the toes with the fingertips in a
sitting position; 2) forward bending from standing; 3)
picking up paper from standing; 4) long sitting from su-
pine; and 5) lifting a 5-kg box from the floor to a table
repeatedly. Participants provided a pain intensity rating
after each task (0–100 NPRS) and the 5 pain ratings were
averaged to calculate movement-evoked pain. Disability
was the cumulative score of the BPS ranging from 0 (no
disability) to 15 (maximum disability).59 Scores for each
task ranged from 0 to 3, with 0 indicating the ability to
perform the task without difficulty and 3 indicating the
inability or unwillingness to perform the task, or
maximum difficulty with the task. Daily pain was assessed
using the Brief Pain Inventory Short Form, which is a 10-
point numeric scale to measure the best and worst pain
intensity over the previous 24 hours, the average pain in-
tensity, and the present pain intensity.60 A mean of the 4
ratings served as the daily pain score for each session.
TENS Intervention
TENS was delivered using dual-channel, portable, elec-

trical stimulation units with 2 leads and 4 carbon-cloth
electrodes (EMPI Select TENS Pain Management System,
DJO Inc, St. Paul, MN). Units were calibrated by the
manufacturer before delivery. The TENS waveform was
balanced asymmetrical at a frequency of 125 Hz. Pulse
duration was variable based on intensity, ranging be-
tween 16 and 360microseconds. To control for positional
intolerance during the intervention, the participants
were given the option of reclining, lying prone, or lying
on their side with appropriate pillow support. The body
position selected for TENS was maintained across all ses-
sions. Electrode placement paralleled clinical application
in that the electrodes were placed immediately above
and below the spinal level corresponding to the pain
complaint. However, we opted to use a crossed pattern
of electrode placement whereby channel electrodes
were on opposite sides (left/right) and level (high/low)
of the spine (Fig 3). This was intended to alignwith a pre-
vious study by Vance et al,62 in which similar electrode
positions were used to intersect the knee joint in an oste-
oarthritic cohort.
TENS application was not blinded based on age

because this was not feasible in the current research
design. However, all TENS applicationwas done in a stan-
dard manner and participants were blinded to the chan-
nel intensity, which was set by a licensed physical
therapist by increasing both channels simultaneously at
a rate of 1 mA/second. Participants were instructed to
verbalize when a ‘‘strong, but tolerable and not painful’’
stimulus was experienced, which should correspondwith
a 70/100 stimulus intensity (0 equal to ‘‘no sensation’’ and
100 equal to ‘‘intolerable sensation’’). Although 70/100 is
an arbitrary intensity level, we aimed to ensure the stim-
ulus was stronger than moderate but not intolerable.
Furthermore, a numeric anchor may improve the homo-
geneity of stimulus perception above and beyond a
strength descriptor. At the same time, an additional
stop rule was in place to ensure TENS did not evoke a
motor stimulus. Once the channel intensity surpassed
15 mA, the physical therapist palpated the lumbar para-
spinals in the region of the electrodes. If motor activa-
tion was detected, the channel intensity was decreased
by 10% as has been previously used in studies on the
effects of TENS.46,62 Once the stimulus intensity was set,
TENS remained on for 20 minutes.62

At the first session, TENS was also applied during the
BPS to assess movement-evoked pain and self-reported
disability response. TENS electrodes were reapplied as
described above with participants in a standing position.
Channel intensity was increased to the level correspond-
ing to TENS during rest. Participants then performed the
5 tasks of the BPS and verbalizedmovement-evoked pain
(0–100 NPRS) after each task, while a rater scored
disability using the 0–15 BPS scale.
Statistical Analysis
Analyses were completed using IBM SPSS Statistics

software, version 21 (IBM, Armonk, NY). The alpha level



Figure 3. TENS unit and setup. Four carbon electrode pads are affixed to the patient’s low back region (right) in a crossed-electrode
pattern, and connected via 2 leads to the EMPI TENS Select unit (left).
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was set at P = .05 for all analyses.We could not power this
study based on previous studies examining TENS effects
based on age groups, since to our knowledge none
have been performed. However, Larivi�ere et al31

observed change in attenuated experimental pain for
older adults compared with younger and middle-aged
adults in sample sizes of 20. Furthermore, Marchand
et al38 observed greater reduction in TENS for individuals
with CLBP (n = 14) versus placebo TENS (n = 12), albeit in
controlled samples. Therefore, 3 age group samples of 20
individuals (n = 60) were deemed adequate to observe
changes in experimental and clinical pain after TENS,
and by age group. Separate multivariate mixed-model
ANOVAs were created to assess age-related change in
experimental pain response across sessions for each test
(PPT, TS, AS), with age group as the between-subject fac-
tor and time (pre-TENS, post-TENS) and session (n = 4) as
the within-subject factors. The Box M and Levene tests
examined homogeneity of variances and covariances
across dependent variables. TheMauchley test examined
model sphericity, andGreenhouse-Geisser correctionwas
used in the presence of sphericity violation. The Bonfer-
roni test was used to assess pairwise comparisons as this is
an established, conservative method of controlling for
familywise error.
Similar multivariate mixed-model ANOVAs tested age

response in resting pain, movement-evoked pain, and
disability across sessions. For resting pain, age group
was the between-subject factor, and time (pre-TENS,
post-TENS, 20 minutes post-TENS) was the within-
subject factor. In addition, change in resting pain was
examined across all sessions with session (n = 4) the
within-subject factor. Disability and movement-evoked
pain were assessed using similar methods, albeit within
a single session.Movement-evoked painwas the average
pain intensity (NPRS) during performance of the 5 BPS
tasks, and disability was the BPS composite score. For
both models, age group was the between-subject factor,
and condition (BPS tasks with andwithout TENS) was the
within-subject score.
For exploratory analyses, change in cumulative daily

pain across sessions was assessed using the Brief Pain In-
ventory Short Form score. Group served as the between-
subject factor, and session (n = 5) served as the within-
subject factor. Daily pain was collected on a fifth occa-
sion after the final TENS session to determine cumulative
effects beyond the immediate effects from the fourth
session. Assumption testing and pairwise comparisons
for all models were similar to those used in experimental
pain response models. For age group differences in TENS
amplitude, univariate ANOVA was performed for each
session. Change in TENS amplitude across sessions was
then examined using mixed-model ANOVA, with age
group as the between-group factor and session (n = 4)
as the within-group factor.
Results
Sixty individuals were enrolled from September 2013

to October 2014 (Fig 1). Groups were similar in the pro-
portion of females, income, and axial CLBP characteris-
tics, but different in age (planned) and education
(Table 1). In total, 92% (n = 55) of participants completed
all testing sessions, and 95% (n = 57) completed 4 of the 5
sessions. Attrition was due to either not completing all
sessions within the allotted 4-week time frame (n = 2)
or being withdrawn due to noncompliance with the
attendance policy (n = 3).



Table 1. Intake Characteristics by Age Group

FACTOR YOUNG (N = 20) MIDDLE-AGED (N = 20) OLDER (N = 20) P

Age, y 30.65 (6.41) 48.85 (4.45) 63.50 (5.34) <.001*

Female, % 75 65 65 .735

Education, %

Less than high school diploma 10 20 20 .020y
High school diploma 10 45 20

College attendance 80 35 70

Income, %

<$20,000 55 70 42 .509

$20,001–$50,000 25 20 32

>$50,000 20 10 26

Pain-relieving medication, % 20 25 25 .911

Tobacco use, % 25 45 25 .292

Caffeine use, % 75 85 75 .675

Axial CLBP measures

Pain duration, wk 208.15 (180.19) 280.32 (344.32) 255.60 (343.13) .745

Daily pain intensity, 0–10 4.96 (1.60) 4.89 (1.94) 4.51 (2.05) .720

Movement-evoked pain intensity, 0–100 39.52 (22.68) 39.90 (25.24) 33.15 (27.57) .639

Disability, 0–15 4.80 (2.35) 6.25 (3.25) 6.05 (3.35) .266

Values in parentheses are the standard deviation.

*Different across all groups, significant at P < .001.

yDifferent between the younger and middle-aged groups, significant at P < .05.
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Experimental Pain Response
Experimental pain response after TENS is outlined in

Table 2. Independent of age group, PPT increased at
the first (F1,57 = 12.51, P < .01), second (F1,54 = 9.49,
P < .01), third (F1,54 = 4.24, P < .05), and fourth
(F1,54 = 14.47, P < .001) sessions after TENS. The lone inter-
action for PPT was age group by time (pre-TENS, post-
TENS) at the fourth session (F2,54 = 3.83, P < .05). Pairwise
comparisons revealed that at this session, the larger rate
of change occurred for older adults versus younger and
middle-aged adults.
Independent of age group, AS decreased at the first

(F1,55 = 17.33, P < .001), second (F1,54 = 19.16, P < .001),
third (F1,53 = 4.04, P < .05), and fourth (F1,52 = 5.10,
P < .05) sessions. The lone interaction for AS was time
by session (F3,47 = 5.10, P < .05). Pairwise comparisons
revealed that the AS response was higher in the first ses-
sion compared to the third session. TS was not found to
change within or across sessions, or across age groups af-
ter TENS (P > .05).
Axial CLBP Response
Age group interactions did not exist for resting pain,

movement-evoked pain, or disability (P > .05). Resting
pain changed for all groups during the first
(F2,56 = 22.24, P < .001), second (F2,52 = 18.96, P < .001),
third (F2,53 = 18.60, P < .001), and fourth (F2,53 = 18.20,
P < .001) sessions. Pairwise comparisons revealed
post-TENS resting pain and 20 min post-TENS resting
pain tobe lower thanpre-TENS resting pain at all sessions,
although not significantly different from each other
(Fig 4). Movement-evoked pain (F1,54 = 35.81, P < .001;
Fig 5) and disability (F1,54 = 18.90, P < .001) also improved
with TENS during BPS tasks comparedwith no TENS. Daily
pain was not observed to change across sessions either by
age or for the entire axial CLBP cohort (P > .05).
TENS Amplitude
Older adults were observed to have higher TENS ampli-

tude compared with younger and middle-aged adults at
the first (F2,59 = 11.89, P < .001), second (F2,56 = 12.71,
P < .001), third (F2,56 = 13.67, P < .001), and fourth
(F2,56 = 13.76, P < .001) sessions. TENS amplitude did
not change across sessions, either by group or for the
entire CLBP sample (P > .05; Fig 6). Collapsed across ses-
sions, older adults had a mean of 25.3 mA (standard
deviation [SD] = 14.1) compared with 7.9 mA (SD = 8.4)
and 9.6 mA (SD = 6.8) for younger and middle-aged
adults, respectively.
Discussion
In the current study, we found that TENS evoked

similar changes in experimental pain responses across
all age groups, suggesting improved pain sensitivity
and reduced central pain excitability. Similarly, older
adults showed similar episodic improvements in resting
pain, movement-evoked pain, and disability compared
with younger cohorts. Therefore, age-related neuroplas-
tic changes to the pain systemmay not be severe enough
to render nonpharmacologic pain modulation obsolete.
However, older adults demonstrated higher TENS ampli-
tude in conjunction with these effects, which may be an
indication of the dose required to reach pain inhibition
potential. Furthermore, because a higher dose may be
needed for older adults to achieve a similar response to
TENS as younger adults, the former may be routinely
underdosed when perception-based instructions of
strong but tolerable are not used to set TENS amplitude.



Table 2. Experimental Pain Response After TENS by Session

MEASURE

SESSION 1 SESSION 2 SESSION 3 SESSION 4

MEAN CHANGE (95% CI) P MEAN CHANGE (95% CI) P MEAN CHANGE (95% CI) P MEAN CHANGE (95% CI) P

PPT

Young .46 (.08, .84) .436 .34 (�.05, .74) .362 .21 (�.14, .56) .588 .19 (�.19, .57) .028*

Middle-aged .19 (�.19, .57) .14 (�.22, .50) .08 (�.27, .42) .20 (�.16, .56)

Older .52 (.14, .90) .51 (.15, .87) .32 (�.01, .66) .82 (.45, 1.20)

Total .39 (.17, .61) .001 .33 (.12, .55) .003 .20 (.01, .40) .044 .41 (.19, .62) <.001

TS

Young 4.76 (�3.99, 13.52) .571 �2.77 (�11.30, 5.77) .870 .17 (�6.80, 7.14) .463 .13 (�5.57, 5.82) .556

Middle-aged 6.44 (�2.10, 14.95) .32 (�7.75, 8.38) �3.35 (�3.82, 10.52) �3.74 (�8.97, 1.49)

Older .45 (�7.62, 8.52) �.94 (�9.23, 7.34) �2.79 (�3.99, 9.57) .83 (�4.54, 6.21)

Total 3.89 (�.99, 8.76) .116 �1.13 (�5.92, 3.66) .638 �.13 (�4.16, 3.90) .948 �.93 (�4.07, 2.21) .427

AS

Young �27.14 (�.96, �53.32) .925 �33.12 (�6.58, �59.66) .600 �14.97 (.26, �30.20) .562 �8.81 (7.94, �25.56) .112

Middle-aged �29.70 (�4.86, �54.54) �39.73 (�15.26, �64.19) �7.08 (8.15, �22.31) .58 (16.88, �15.72)

Older �34.20 (�9.31, �58.99) �22.35 (�4.86, �54.54) �3.93 (18.37, �10.52) �24.14 (�7.39, �40.88)

Total �30.33 (�15.73, �44.93) <.001 �31.73 (�17.20, �46.27) <.001 �8.66 (�.02, �17.31) .049 �10.78 (�1.21, �20.37) .028

Mean change refers to the mean change after TENS (95% confidence interval of change reported in parentheses). The P value for the age groups is the significance value of the age by time interaction. The P values for the total is the

significance of the time main effect (before and after TENS).

*PPT change in older group only.
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Figure 6. TENS amplitude across all sessions by age group. Er-
ror bars indicate the 95% confidence interval. *Significant dif-
ference in the older group compared with the middle-aged
and younger groups.

Figure 4. Resting pain rating change with TENS by age group,
sessions collapsed. *Significant difference from pre-TENS. Error
bars indicate the 95% confidence interval.
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Independent of age, reduction in pain sensitivity (PPT)
with TENS corroborates a wealth of previous
research.6,8,35,39,42,45,46 By comparison, the observed
changes in central pain excitability with TENS are less
understood. Dailey et al8 reported that TENS restored
conditioned painmodulation in individualswith fibromy-
algia, which suggests normalization of pain inhibitory
function. To our knowledge, the present study is the first
to examine the effects of TENS on AS, and our findings
align with the Dailey et al study. However, we observed
minimal effects on TS (another measure of central pain
excitability), which was also reported in a previous study
of individuals with knee osteoarthritis.62 The authors of
that study proposed that heat pain stimulus response
may reflect cutaneous hyperalgesia, which could have
limited effects from TENS. In contrast, mechanical TS has
reduced with TENS, implying either potential differential
effects from deep-tissue hyperalgesia (as previously sug-
gested46,62) or a larger activation of A-delta fibers versus
c-fibers. Nevertheless, current and previous findings
imply some capacity for TENS to influence laboratory
correlates of central excitability, which align with
previous mechanistic work examining descending (top
down) TENS mechanisms in animals. Sluka et al and
others29,53 have found blocking activation of opioid
Figure 5. Movement-evoked pain ratings and concurrent TENS
application by age group. *Significant difference from no TENS.
Error bars indicate the 95% confidence interval.
receptors in the rostroventral medulla inhibits the
response to TENS. Similarly, the response to TENS has
been linked to synaptic transmission in the midbrain
periaqueductal gray area, as well as opioid, muscarinic,
and g-aminobutyric acid receptor activation in the
spinal cord.61

Age-related differences in TENS amplitude likely
occurred because older adults have a higher TENS
perception threshold. TENS mechanisms are purported
to induce a bottom-up response by activating large
diameter afferent fibers,34,44 and work in both animals
and humans has determined multiple physiologic
changes with age, including loss of these large fibers.18

Furthermore, higher TENS perception among older
adults is in line with experimental pain testing showing
increases in the overall age-related pain threshold.18,32

However, current findings are preliminary and do not
indicate a direct relationship between TENS amplitude
and either experimental or axial CLBP.
A second although less likely explanation for age-

related differences in TENS amplitude was altered per-
ceptions of the instruction set ‘‘strong, yet tolerable’’
and ‘‘not painful.’’ Older adults have shown difficulty
with certain rating scales, particularly related to sensory
interpretation.16,17 However, older adults reportedly do
well with descriptive scales (ie, the McGill Pain
Questionnaire).16,17 Furthermore, scale comprehension
was likely enhanced by including a numeric anchor (70/
100 stimulus intensity). This scale is similar to the NPRS
for pain intensity, which is a valid tool for use among
older adults.26 In addition, TENS instruction was pro-
vided over multiple sessions rather than in a single ses-
sion. If age group differences in TENS perception were
the product of a learning effect, amplitude would have
regressed toward the mean over time. However, differ-
ences in TENS amplitude remained constant over time
for all age groups. Nevertheless, future psychometric in-
vestigations will confirm the appropriateness of this in-
struction set in older adults. Until such time, TENS
dosing should remain perception based because lower-
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intensity or set-dosing parameters may run the risk of
underdosing older adults.
The TENS parameters used in this study demonstrated

immediate (episodic) effects on pain, which may have
important clinical implications for older adults. First,
pharmacologic pain treatments are also episodic, but
are less ideal for older adults due to increased health risks
or potential mismanagement of care.5,41,55 If future
research determines that TENS episodic efficacy is
similar to pharmacologic treatment, it may prove a
viable, lower-risk alternative for axial CLBP. Second,
episodic effects of TENS would have limited usefulness
in clinical care, whereas wider access to TENS (home,
community use) would potentially be more effective
for axial CLBP because individuals could use as needed.
A study by Chesterton et al7 found limited added effects
of home TENS in conjunctionwith primary care for tennis
elbow. However, to our knowledge, research has not
examined such an age-based model for CLBP. Compli-
ance, safety, and outcomes among older adults require
future trial assessment, although the usefulness and
feasibility of TENS outside clinical care has already been
proposed.52 Furthermore, future research should
consider the efficacy and effectiveness of TENS for out-
comes other than pain that are specific to older adults
or important to individuals. For example, a recent quali-
tative study by Gladwell et al20 found factors such as
distraction and relief of tension and spasm to be impor-
tant factors for TENS use among individuals with chronic
musculoskeletal pain.
In contrast to previous studies, we did not observe

cumulative effects using the current design of sessions
up to twice a week for 4 visits. A paucity of studies exists
showing cumulative effects of TENS among participants
with CLBP, although an elegant study by Marchand
et al38 observed a cumulative reduction in pain among
participants with CLBP receiving TENS twice a week.
However, the duration of TENS treatment was much
longer than in the current study (10weeks or 20 sessions).
A more recent study by Facci et al14 found cumulative
pain reduction for CLBP after 10 TENS sessions within a
2-week period. Based on these findings, the potential
for cumulative pain reduction using either increased
frequency or a longer duration cannot be discounted.
However, such treatment periods are outside the
feasibility of most current supervised caremodels. There-
fore, the potential for cumulative effects of TENS with
greater frequency and/or duration is further argument
for translation of access to TENS in home and community
settings.
Strengths and Limitations
There are strengths to our study, most notably a design

specific to examining age-related differences in the
response to TENS. Age is often included as a covariate
without considering comorbidities, cognition, or the
age appropriateness of measures. Moreover, studies
often include only a small age range, whereas we
included an even distribution across the lifespan (ie,
age 20–74 years). Multiple axial CLBP measures were
used, and we were able to examine episodic versus cu-
mulative effects of TENS. Finally, this study included an
element of stimulus response allowing for age group
comparisons of TENS amplitude.
There are also limitations to this study. We used TENS

intervention methods similar to those used in previous
studies,46,62 however, we did not include a placebo
arm. Therefore, we cannot discern active effects of
TENS from nonspecific effects of treatment (eg,
expectation, natural history) and this will be a high
priority for future investigations using this age-based
design. Second, pulse duration was variable rather than
fixed, so intensity cannot be considered solely a product
of increasing amplitude. However, previous animal work
has downplayed pulse duration in the analgesic effects
of TENS,21 and variable pulse duration has been used pre-
viously to examine pain sensitivity response to TENS in
humans.39 Third, movement-evoked pain and disability
were assessed at only 1 session to limit the number of
TENS applications per session and over time. However,
this precludes our assessment of change in movement-
evoked pain and disability over time, which should be
examined in future studies. Finally, despite adequate
sample size to observe large effects of TENS, the study
may have been underpowered to identify smaller effects.
This should be considered when powering future
studies.
Future Directions
Although not uniform,8 themajority of research shows

that active TENS reduces pain above and beyond placebo
TENS.4,35,46,62 However, both expectation analgesia and
TENS analgesia have overlapping mechanisms because
opioid receptors are activated in multiple cortical and
subcortical regions.63,68 Because age-related pain neuro-
plasticity affects the same regions,18,19 age-related
change in expectation versus TENS analgesia should be
determined by implementing a placebo arm in the cur-
rent design.
Future studies should also examine age group differ-

ences in a more comprehensive examination of TENS
dosing and response, either by within-group randomiza-
tion of TENS amplitude or a standard amplitude across
age groups. In addition, although lumbar patho-
anatomic changes increase with age, pathology has not
been strongly associated with pain severity or found to
predict pain recovery.2,24,25,51 However, use of imaging
in future studies will elucidate whether interactions
exist between pathology and TENS response among
older adults.
Clinically, prospective studies will determine the effec-

tiveness of TENS on axial CLBP among older adults in clin-
ical settings, including as a preventative measure to
chronicity or maintenance of function and quality of
life. Finally, we indicate how a specific intervention fared
across age groups, which is a novel design for assessing
the efficacy of clinical treatment. This model may help
to determine age-specific efficacy for other conservative
treatments such as spinal-manipulative therapy,
strength-training exercises, and acupuncture. Moreover,
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comparison of age-specific efficacy across treatments
will help to identify those that provide the greatest treat-
ment response for older adults.

Conclusions
With TENS, older adults with axial CLBP experienced

episodic reduction of resting pain, movement-evoked
pain, and improved function during spine-specific tasks.
Pain reduction for all measures was similar to younger
and middle-aged adults when dosing was based on
perceived stimulation tolerance. These findings may be
related to pain sensitivity or central pain excitability,
because both measures improved with TENS, and older
adults demonstrated higher amplitude in conjunction
with experiencing effects similar to younger individuals.
Future studies will expand on these findings to deter-
mine age group differences in expectation versus active
TENS response, associations between experimental pain
and axial CLBP changes from TENS, and age group differ-
ences in (and effects from) TENS dosing.
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