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Abstract

Transcutaneous electrical nerve stimulation (TENS) is an easy to use non-invasive analgesic intervention applied for diverse pain
states. However, effects in man are still inconclusive, especially for chronic pain. Therefore, to explore the factors predicting result of
TENS treatment in chronic pain we conducted a prospective, randomized, placebo-controlled trial (n = 163), comparing high fre-
quency TENS (1= 81) with sham TENS (1 = 82). Patients’ satisfaction (willingness to continue treatment; yes or no) and pain
intensity (VAS) were used as outcome measures. The origin of pain and cognitive coping strategies were evaluated as possible pre-
dictors for result of TENS treatment. Results: Fifty-eight percent of the patients in the TENS group and 42.7% of the sham-TENS
group were satisfied with treatment result (chi square = 3.8, p = 0.05). No differences were found for pain intensity. Patients diag-
nosed with osteoarthritis and related disorders {especially of the vertebral column) or peripheral neuropathic pain were less satisfied
with high frequency TENS (OR = 0.12 (95% CI 0.04-0.43) and 0.06 (95% CI 0.006-0.67), respectively). Injury of bone and soft tis-
sue (especially postsurgical pain disorder) provided the best results. Treatment modality or interactions with treatment modality did
not predict intensity of pain as a result of treatment. We conclude, that predicting the effect of high frequency TENS in chronic pain
depends on the choice of outcome measure. Predicting patients’ satisfaction with treatment result is related to the origin of pain.
Predicting pain intensity reflects mechanisms of pain behavior and perceived control of pain, independent of treatment modality.
Pain catastrophizing did not predict TENS treatment outcome.
© 2007 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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applied for diverse pain states and introduced in the
early 1970s. However, its effects are still inconclusive
for chronic pain (Carroll et al., 2004), although a sys-
tematic review indicates benefit for pain in osteoarthritis
of the knee (Osiri et al., 2004).

A number of causes are considered responsible for
inducing or maintaining chronic pain, e.g. inflammation
and nerve or spinal cord injury (Woolf, 2004). There are
however significant differences in the underlying periph-
eral mechanisms of nociceptive and neuropathic pain.
Damage of deep (muscle, joint and viscera) tissue is typ-
ically associated with peripheral inflammation, while
injury of nerves often leads to neural degeneration, neu-
roma formation and generation of spontaneous neural
inputs (Coderre et al., 1993). However, both are signifi-
cantly influenced by changes in the central nervous
system (i.e. central sensitization/disinhibition). Interest-
ingly, long-lasting or intense nociceptive barrage from
the periphery has been reported to give rise to persistent
and self-sustaining central hyperexcitability long after
all possible tissue healing has occurred (Coderre et al.,
1993). In osteoarthritis however, evidence is found that
central hyperexcitability is maintained by nociceptive
barrage (Kosek and Ordeberg, 2000), probably by
peripheral sensitization, as a result of neurogenic inflam-
mation (Marshall et al.,, 1990). There is growing evi-
dence that the pain in osteoarthritis is at least partly
due to inflammation (Smith et al., 1997).

In animal models, effects of high and low frequency
TENS have been extensively studied in inflammation
and to a lesser extent in nerve ligation, for review see
Sluka and Walsh (2003). High frequency TENS reverses
primary and secondary hyperalgesia induced by carra-
geenan inflammation (Gopalkrishnan and Stuka, 2000;
King and Sluka, 2001; Radhakrishnan and Sluka,
2003; Sluka, 2000; Sluka et al, 1998; Sluka et al.,
1999), but does not diminish mechanical allodynia fol-
lowing chronic constriction injury of the rat sciatic nerve
(Somers and Clemente, 1998). However whether these
results are true for high frequency TENS in chronic pain
in human research still needs to be explored. In predict-
ing effect of TENS Lampl et al. (1998) found that
patients with intractable, stabbing, pulsating, electrify-
ing, paroxysmal and unmodulated pain — suggesting
neuropathic pain (Bouhassira et al., 2004) — have less
chance to achieve successful treatment outcome.

Besides mechanisms of peripheral and central hyper-
excitability, psychological factors also influence chronic
pain processing and treatment outcome. Cognitive cop-
ing strategies appeared to be correlated with pain inten-
sity (Turner and Clancy, 1986) and especially self-
efficacy (Kores et al., 1990) and catastrophizing (Samwel
et al., 2000; Thorn et al., 2003) are found to predict out-
come of treatment in chronic pain. However, effects of
cognitive copings strategies on results of TENS treat-
ment are unknown. Lampl et al. (1998) found that,

marked depression, highly stressful conflict situations
and ongoing litigation diminished success rate of TENS
treatment.

Therefore, the purpose of this study is to explore the
effects of the origin of pain and cognitive coping strate-
gies and mood on predicting short-term results of high
frequency TENS in the treatment of chronic pain. We
expect pain in osteoarthritis and related disorders, but
not peripheral neuropathic pain to be a positive
predictor for results of high frequency TENS.

2. Methods

2.1. Design

To predict outcome of TENS treatment, we performed a
prospective, randomized and controlled trial comparing TENS
and sham TENS. A concealed block-wise randomization pro-
cedure was used, and patients, therapists and research assis-
tants were blinded for treatment allocation.

2.2. Randomization procedure and concealment of allocation

The researcher assigned consecutive numbers to eligible
patients, when they agreed to participate in this study. The
research assistant, only delivering the TENS or sham TENS
devices to the patients, used these numbers to determine treat-
ment assignment, as provided by the randomization list. This
list of sequential numbers, which block-wise refer to treatment
allocation, was generated with the help of a computer by the
Department of Epidemiology and Biostatistics. To further
guarantee concealment, patients were asked to leave their
treatment device with the receptionist before visiting the
researcher for evaluating treatment after the treatment period.

2.3. Subjects

Patients with chronic pain participating in this study were
referred to the Pain Centre of the Radboud University Medical
Centre Nijmegen by their family doctor or by a medical spe-
cialist. Results of medical investigations were retrieved from
the specialists before the patient was invited for the first visit
to the Pain Centre. Both anesthesiologists and physiotherapists
of the Pain Centre screened patients for TENS treatment.

Patients were eligible for this study if they met the inclusion
criteria. Inclusion criteria were: (1) patients with chronic non-
cancer pain referred to the Pain Centre, (2) duration of pain >6
months, (3) age above 18 years. Exclusion criteria were: (1)
previous TENS treatment (because this could affect sham
TENS credibility (Deyo et al., 1990)), (2) pain in face or head
(because visible electrode placement might affect compliance,
and hair could impair optimal electrode placement), (3) several
different pain sites (because of the limited area TENS elec-
trodes can serve), (4) history of a cerebral vascular accident
(because possible spinothalamocortical pathway damage could
affect the outcome of TENS — and possibly sham TENS treat-
ment, too), (5) no assistance at home — e.g. relatives or friends
— to help replace or connect the electrodes, thus jeopardizing
optimal TENS use, (6) involvement in ongoing litigation
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Patients proposed for TENS treatment and assessed for eligibility (n=406)

Exclusions (n=203):

Formerly treated with TENS (n=77)
Pain in head or face (n=19)
Several unrelated sites of pain (n=37)

Y

Cerebral vascular accident (n=11)
No help to replace electrodes (n=2)
Ongoing litigation {n=5)
Psychological intervention (n=50)
Did not speak Dutch language (n=2)

No informed consent (n=38):

Extra visits (n=20)

Y

Y

Being at risk for placebo (n=9)
Possible delay of treatment (n=8)
Felt uncertain (n=1)

Patients randomized (n=165)

Withdrawal (n=2):

" | Being at risk for placebo

\ 4

TENS treatment
(n=81)

Chart 1.

because of their pain (Lampl et al., 1998) and (7) psychological
intervention proposed by the Pain Centre psychologists (this
would interact with TENS treatment outcome in an unpredict-
able way, and withholding it would be unethical). Eligible
patients were included in this study after signing informed con-
sent (Chart 1). The Central Committee on Research Involving
Human Subjects approved this study.

2.4. Apparatus

For TENS and sham TENS treatment, identical devices
(ELPHA 1II 1000, Danmeter A/S, Denmark) were used, which
were specially prepared for this study. For high frequency
TENS, stimulation pulse frequency was set to 80 Hz and pulse
width to 50 ps. Disposable 5cm X 6.4 cm self-adhering elec-
trodes were used with an active area of 6.5 cm® Sham TENS
devices showed a maximum of 10 or 20 mA on the display

Y

Sham-TENS
(n=82)

(current intensity below the level of perception of the patient;
assessed during the visit by the physiotherapist), but no current
was actually delivered to the electrodes.

2.5. General procedure

Patients eligible for the TENS treatment received written
information in which they were asked to participate in the
study. In the letter, it was explained that TENS seems to be
effective at high and low intensities, and that treatment would
be by one of these two options. There would also be a chance
of receiving a sham TENS device in which the settings of
pulses were neither effective nor harmful.

After inclusion, baseline measures were carried out and one
week later patients visited the physiotherapist for TENS appli-
cation and for instruction on both TENS treatment modalities.
Electrodes were applied over the superficial cutaneous nerves



14 J. Qosterhof et al. | Pain 136 (2008} 11-20

in the painful segment(s) (Oosterhof et al., 2003). Once
acquainted with the method of treatment, the patient left the
physiotherapist and visited the research assistant whose only
task was to deliver the high frequency or sham TENS device
to the patient, as determined by the randomization list. “With
the assignment to apply TENS treatment continuously during
the day, and the written instruction how to use the device and
not to change pain medication”, the patient left the outpatient
clinic. Ten days later, the patient returned for evaluation of the
treatment effect. More details of the methods are described
elsewhere (Oosterhof et al., 2006).

2.6. Outcome measures

Two outcome measures were used to predict result of
TENS treatment.

The primary outcome measure was the proportion of
patients satisfied with the initial treatment result and willing
to continue treatment (yes or no). This outcome measure can
be regarded as an index of patients’ assessment of the benefits
(efficay) of the treatment versus its side effects (e.g. problems in
handling the device), providing a patient-based evaluation of
treatment (Farrar, 2000). The secondary outcome measure
was pain intensity. Pain intensity was measured using a 10-
cm VAS, ranging from no pain at all to the most intense pain
imaginable (Revill et al., 1976). Patients were instructed to rate
their pain from that particular moment on the same time every
day, for a period of 14 consecutive days, starting one week
before treatment. For this purpose a pain diary was used.

2.7. Predictors

Based on medical causes of pain, patients were classified in
three pain diagnoses groups: “Osteoarthritis and related disor-
ders” (ORD) — assuming peripheral sensitization by neurogenic
inflammation (Marshall et al., 1990; Smith et al., 1997) -
“Peripheral neuropathic pain (PNP)” as a result of lesions of
the peripheral nervous system and finally, the remainder of
patients was classified as “Injury of bone and soft tissue and vis-
ceral pain disorders” (IBST) — assuming self-sustaining central
hyperexcitability (Coderre et al., 1993), as there were no signs of
inflammation or peripheral nerve lesions, for visceral pain dis-
orders it is suggested that central sensitization may contribute
to the pain hypersensitivity (Sarkar et al., 2000). “ORD” was
specified as pain related to osteoarthritis, osteoporosis, bursitis
and tendonitis — both osteoarthritis and bursitis and tendonitis
share mechanisms of peripheral sensitization; the number of
nerve fibers immunoreactive to substance P is increased around
the vessels of the tissue related to the site of pain (Gotoh et al.,
1998; Saito and Koshino, 2000), which also applies for the num-
ber of vessels in that area (Ohberg et al., 2001; Saito and Kosh-
ino, 2000). The diagnosis of PNP was established when
symptoms for neuropathic pain (e.g. allodynia, hyperalgesia,
hyperpathia, dysesthesia, paroxysms) were accompanied by a
pain related neurological dysfunction, caused by nerve or root
injury or compression and because of diabetic neuropathy.

According to Lampl et al. (1998) factors describing severity
of pain adversely affect the outcome of TENS treatment. We
therefore added the following pain characteristics as possible
predictors: intensity of pain, duration of pain, variation in
pain, and disability because of pain.

For pain intensity, the average pain level (VAS) of the base-
line week was calculated. The standard deviation (SD) was
used as a measure of variation of pain. Disability because of
pain was measured with the Dutch version of the Pain Disabil-
ity Index (PDI) (Jerome and Gross, 1991; Pollard, 1984; Tait
et al., 1990) questionnaire, which is scored on a scale of 0
(no disability) to 10 (total disability). The items ask for the
level of limitations in the total range of role functioning: fam-
ily/home responsibilities, recreation, social activities, occupa-~
tion, sexual behavior, self-care and life-supporting activities.
Reliability and validity were judged as satisfactory (Gronblad
et al., 1993; Tait et al., 1990). The sum of levels of the items
scored was used to calculate the disability index.

For psychological factors we selected cognitive coping
strategies and perceived control over pain and finally depres-
sion as possible predictors for result of TENS treatment.

Pain coping was measured with the Pain Coping Inventory
(PCI) (Kraaimaat et al., 1997, Kraaimaat and Evers, 2003),
which measures 3 passive cognitive and behavioral coping
strategies when dealing with pain. The PCI is rated on a 4-
point Likert scale (1): rarely or never to 4: very frequently).
Cognitive passive coping is assessed by means of worrying (9
items). Behavioral passive coping is assessed with two scales,
retreating and resting (7 and 5 items, respectively). A priori,
based on face validity we expected questions 10-13 of retreat-
ing (avoid upsetting events, seeking restful environment, avoid
annoying sound and avoid light; when in pain) - referring to
coping with arousal due to pain- would reflect a separate factor
within retreating. We therefore performed a principal compo-
nent analysis with retreating, which revealed two factors, with
only question 14 (Take care of food/drink} loading on a differ-
ent factor. Accordingly we added the modified construct of
retreating containing questions 10-13 and 32-33 (separate
myself and return home soon; when in pain) as a possible sep-
arate predictor. Arousal due to pain might reflect ongoing or
recurrent nociceptive pain caused by peripheral nociceptive
stimulation presumably acting in addition to peripheral and
central (dorsal horn) sensitization; a condition in which TENS
is found to be effective, for review see (Sluka and Walsh, 2003).

Pain cognition was measured with the Pain Cognition List
(PCL) (Vlaeyen et al., 1990). This instrument represents a mea-
sure for the verbal-cognitive response system of chronic pain
and consists of fifty items, each of which is assigned to one
of five factors (pain impact, catastrophizing, outcome efficacy,
acquiescence and reliance on health care). Items are scored on
a 5-point scale (1: highly disagree to 5: totally agree). In our
study the scales for catastrophizing and negative self-efficacy
were used to predict outcome.

Perceived control over pain was measured by answering the
following question: “Can you decrease the severity of your
pain by performing activities; distracting from pain; relaxation
exercises; reducing activities or resting; or none of these possi-
bilities?’ Patients were assigned to one of three groups. Group
number one comprised of patients perceiving no control;
group number two consisted of patients only perceiving con-
trol by decreasing activities or resting and group number three
were patients perceiving control by activities, distraction or
relaxation exercises.

Depression was measured with the Dutch version of the
Beck Depression Inventory (BDI) (Bouman and Kok, 1987).
Validity was judged as satisfactory (Beck et al., 1988).
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2.8. Statistical methods

All analyses were done on the intention-to-treat population,
defined as all randomized patients that started with treatment
(also called modified intention-to-treat population). Level of
significance used was 0.05. Apart from the primary parame-
ters, all analyses were exploratory in nature. The primary out-
come parameter was the proportion of patients satisfied with
treatment result and willing to continue (sham) TENS treat-
ment (yes or no). The difference between the two treatment
groups was tested with the chi square test. The second outcome
parameter was the difference in the time course of the VAS-
score during the first treatment week and the mean of the
VAS-score in the baseline week. These were analyzed using a
mixed repeated measures model.

To investigate the possible predictive role of given parame-
ters on the result outcome (patients’ satisfaction), the following
procedure was used. Using as criterion the highest likelihood
score statistic within a logistic model, the best subset of 1, 2,
3, ... parameters at a time was determined. For each of these
best subsets, Akaike’s Information Criterion (AIC) was com-
puted, a measure of the goodness of fit, corrected for the num-
ber of predictors. As final predictor set, that subset was chosen
for which AIC was smallest (starting with the best subset with
1 predictor), before increasing again.

Table 1
Baseline prognostic variables; pain and psychological characteristics

To investigate the possible predictive role of given parame-
ters on the VAS score on day 14 the following procedure was
used. Using as criterion the highest R? within a multiple linear
regression model, the best subset of one, 2, 3, ... parameters at
a time was determined. As final predictor set, that subset was
chosen for which R?, compared with the subset with one pre-
dictor less, still increased with at least 0.01 (starting with the
best subset with 1 predictor).

3. Results
3.1. Subjects

Two hundred and three patients were included in this
study. One hundred and sixty-five patients signed
informed consent and 38 patients refused. Two of the
included patients withdrew before the actual treatment
took place; they were both assigned to the TENS group.
Pain diagnoses, pain characteristics and psychological
assessment revealed no differences between TENS and
sham TENS groups (see Table 1), neither did demo-
graphic data nor other pain characteristics, as reported
previously (Oosterhof et al., 2006). The results of the

TENS (n =81)

Sham-TENS (n == 82) TOTAL (1= 163)

Pain diagnoses®, n (%)

Peripheral neuropathic pain 16 (20)

Osteoarthritis and related disorders 31(38)

Injury of bone and soft tissue and visceral pain 34 (42)
Intensity of pain, mean + SE mm

Average pain in baseline week (VAS)® 62.2+2.1
Variation of pain, mean & SE mm

SD of pain intensity in baseline week 11.4+0.8
Perceived control of pain, n (%)

By decreasing activities or resting 43 (53)

By performing activities or distraction 16 (20)

None 22 (27)
Pain disability (PDI)°

Sum score, mean £ SE mm 28.0+ 1.8

PCIY, mean + SE mm

25 (30) 41 (25)
26 (32) 57 (35)

31 (38) 65 (40)
615420 619414
11.140.7 112406
42 (51) 85 (52)

20 (24) 36 (22)

20 (24) 42 (26)
28.84+2.0 284+ 1.34

Resting (5-20)
Retreating (7-28)
Worrying (9-36)

PCL®, mean =+ SE mm
Negative self efficacy (17-85)
Catastrophizing (17-85)

BDY, mean + SE mm
Depression-score (0-63)

12.8 0.4 (n=177)
112+£0.5(n=177)
17.6 +0.7 (n=1TT7)

434412 (n="T8)
43.6+1.7 (n="T8)

102408 (n=177)

124404 (n=177)
119+ 0.5 (n="177)
17306 (n=177)

445+ 14 (n="TT)
442417 (n="T7)

105+ 08 (n="177)

12.6 +0.3 (n = 154)
11.6 £ 0.3 (n = 154)
174405 (n=154)

4394 0.9 (n = 155)
439 4+ 1.2 (n = 155)

10.3 4+ 0.6 (n=154)

* See Table 2 for more details.
® Visual analogue scale (0-100).
¢ Pain Disability Index (0-70).
4 Pain Coping Inventory.

¢ Pain Cognition List.

{ Beck Depression Inventory.
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Table 2
Type of pain diagnoses and rate of patients satisfied with treatment
result for TENS and sham TENS

Treatment  Rate of patients
(n) satisfied with
treatment result

Peripheral neuropathic pain (1 = 41)

Nerve injury TENS (0) -
Sham (2) 0
Dorsal root injury TENS (0) -
Sham (1) 0

TENS (5) 3/5
Sham (8) 5/8
TENS (10)  6/10
Sham (14)  7/14
TENS (1) 1/1
Sham (0) -

Osteoarthritis and related disorders (n = 57)
Osteoarthritis (vertebral column)  TENS (21)  6/21
Sham (21)  7/21
TENS (3)  2/3
Sham (1) 0
TENS (2) 2/2
Sham (2) 1/2
TENS (5) 2/5
Sham (2) 0

Nerve compression
Dorsal root compression

Diabetic neuropathy

Osteoporosis of the spine
Osteoarthritis (hip, knee, ankle)

Bursitis and tendonitis

Injury of bone and soft tissue and visceral pain (1 = 65)
Soft tissue lesions TENS (5) 4/5
Sham (5) 2/5
TENS (7) 417
Sham (2) 1/2
TENS (4) 3/4
Sham (4) 3/4
TENS (13) 10/13
Sham (12)  4/12
TENS (5) 4/5
Sham (8) 5/8

® Indicates significant difference between TENS and sham TENS;
p =0.047, Fisher’s exact test.

Bone fractures
Whiplash injury
Postsurgical pain®

Visceral pain

classification of pain diagnoses groups are shown in
Table 2. Because some booklets were not returned or
lost, data of the PCL from three patients, and data of
the PCI and BDI from four patients in the TENS group

Table 3

and five patients of the sham TENS group (PCL, PCI
and BDI) were missing.

3.2. Outcome

The proportions of patients satisfied with treatment
result differed significantly for high frequency TENS
compared to sham TENS (58.0% and 42.7%, respec-
tively, chi square = 3.8, p = 0.05). However, no signifi-
cant differences in pain intensity were found for
patients treated with TENS or sham TENS (p = 0.53).

3.3. Predicting patients’ satisfaction with treatment result
(willingness to continue treatment)

Descriptive data of the predictors are presented in
Table 3, arranged by type of pain diagnoses and includ-
ing success rate (patients satisfied with treatment result)
of TENS and sham TENS.

As can be seen by the odds ratios in Table 4, both for
the ORD-group as for the PNP-group, the chance that
patients were satisfied and willing to continue treatment
was less for high frequency TENS. However, for patients
with higher sum scores of the modified retreating scale of
the PCI the chance for continuing treatment was greater
for high frequency TENS. As regards patients of the
PNP-group, longer duration of pain increased the (dimin-
ished) chance for willingness to continue high frequency
TENS. Independent of treatment modality, greater
variation of pain intensity during the baseline week
resulted in a greater chance in continuing treatment.

3.4. Predicting pain (VAS)

Results of predicting pain intensity are shown in
Table 5. Treatment modality or interactions with treat-
ment modality did not predict intensity of pain as a
result of treatment. Pain intensity (adjusted for baseline
values) was predicted by resting (PCI subscale) scores
(negative), and pain disability (PDI) scores (positive).

Proportions of patients satisfied with treatment result for TENS and sham TENS® and mean scores (SD) of predictors arranged by type of pain

diagnoses

Peripheral neuropathic pain
(n=41)

Osteoarthritis and related
disorders (n = 57)

Injury of bone and soft tissue
and visceral pain (n = 65)

TENS Sham TENS Sham TENS Sham
Satisfied patients, % (rate) 62.5 (10/16) 48.0 (12/25) 38.7 (12/31) 30.8 (8/26) 73.5 (25/34) 48.4 (15/31)"
PCI®, retreating® (6-24) 104 (4.5) 9.1 (2.9) 10.0 (3.2) 11.9 (4.8) 8.9 (3.7) 9.4 (2.9)
Duration of pain (years) 6.7(5.2) 6.7 (6.0) 5.6 (7.8) 9.1 (11.7) 6.4 (6.6) 44 (3.7)
Variation of pain intensity® 9.7 (6.3) 11.3 (6.6) 11.9 (7.7) 10.7 (6.9) 11.7 (8.0) 11.1 (6.4)

# Not corrected for the effects of retreating, duration of pain or variation of pain intensity.

b Pain Coping Inventory.
¢ Modified retreating subscale (see text).
4 SD of VAS scores in baseline week.

* Indicates significant difference (X* = 4.33, p = 0.037) between TENS and sham TENS.
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Table 4

Logistic regression report predicting willingness to continue treatment
Variable ORs (95% CI) p-value
Treatment * ORD* 0.12 (0.04-0.43) 0.001
Treatment * PCI” retreating® 1.18 (1.07-1.31) 0.001
Treatment * PNP¢ 0.06 (0.006-0.67) 0.022
Treatment * duration * PNPY 1.40 (0.94-2.08) 0.099
Variation of pain intensity® 1.05 (1.0-1.10) 0.066

Treatment: TENS =1, sham TENS=0. Percentage concordant:
69.5%.

® QOsteoarthritis and related disorders.

b Pain Coping Inventory.

¢ Modified retreating subscale (see text).

4 Peripheral neuropathic pain.

¢ SD of VAS scores in baseline week. ORs: odds ratios; 95% CI: 95%
confidence intervals.

Perceiving reduction of pain by decreasing activities and
resting, or with performing activities, relaxation exer-
cises and distraction from pain, were positive predictors
of pain intensity.

4. Discussion

The results of our study show that predicting the
effect of high frequency TENS depends on the choice
of outcome measure. The chance that patients were sat-
isfied with high frequency TENS treatment was reduced,
both for pain related to osteoarthritis and related disor-
ders as for peripheral neuropathic pain, whereas for
patients, who retreat more because of arousal when in
pain (modified retreating scale of the PCI), the chance
was increased. Only for chronic pain because of bone
or soft tissue injury the proportion of patients satisfied
with treatment result was significantly higher for high
frequency TENS compared to sham TENS (Table 3).

However, contrary to patient’s satisfaction with treat-
ment result, pain intensity as result of treatment was not
explained by treatment modality. Furthermore, pain
catastrophizing and depressive mood did not predict
treatment outcome.

As hypothesized ~ based on results of animal research
{Somers and Clemente, 1998) — we found that peripheral
neuropathic pain was a negative predictor for results of

Table 5

high frequency TENS. A possible explanation is that
high frequency TENS as applied in the present study
decreases nociceptive input in the dorsal horn by means
of selectively stimulating large diameter afferent neuron
fibers (Melzack and Wall, 1965), resulting in activating
inhibitory interneurons in lamina II. This A-fiber medi-
ated inhibition is diminished in rats with sectioned
nerves (Woolf and Wall, 1982), probably by apoptosis
of inhibitory interneurons as a result of peripheral nerve
injury (Scholz et al., 2005). Only for this group we found
that with increasing duration of the existing pain, the
chance of patients to be satisfied with treatment result
augmented; whether this results from adaptive changes
in the nervous system in the course of time, or that these
patients are satisfied with less gain, needs further
investigation.

We expected pain in osteoarthritis and related disor-
ders to be a positive predictor for high frequency TENS
treatment, but instead, it appeared a negative predictor.
In a review Osiri et al. (2004) conclude that high fre-
quency TENS is shown to be effective in pain control
over sham TENS in the treatment of osteoarthritis of
the knee. However in our study, — as can be deduced
by the data from Table 2 — a proportion of 73% of the
patients in this group suffered from severe osteoarthritis
of the vertebral column, with only 6/21 (29%) and 7/21
(33%) of the patients satisfied with high frequency
TENS and sham TENS treatment, respectively. Accord-
ingly, in a comparable group of patients with chronic
low back pain Moore and Shurman (1997) found poor
results from high frequency TENS treatment, as well.
A possible explanation is that inflammation near to
the dorsal root and even a minor lesion of articular
structures of the vertebral column is found to induce
changes in neurotrophic factors in the dorsal root neu-
rons {Hou et al., 2003; Kayama et al., 1996; Obata
et al., 2002). These neuropathic changes might impair
the working mechanisms of high frequency TENS, how-
ever this needs verification.

Patients, who retreat because of arousal when in pain,
benefit from TENS treatment (modified retreating scale,
PCI). As mentioned before, we assume higher scores
reflect higher levels of nociceptive pain, in which TENS

Multiple linear regression report predicting VAS score on day 14 (after one week of treatment)

Variable Regression coefficient Standard error t-value Probability level
Mean baseline pain intensity, VAS® 0.80 0.09 8.62 <0.001
PCI, resting® -2.24 0.56 -3.99 <0.001
PDI°, total sum score 0.50 0.15 3.22 <0.002
Perceiving pain reduction by resting 11.31 3.83 2.95 <0.004
Perceiving pain reduction by activities 10.31 4.67 2.21 0.028

Model: /(5.146) = 26.19. p <0.001. R* = 0.47.
# Visual analogue scale.
b Subscale “resting” of Pain Coping Inventory.
¢ Pain Disability Index.
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is found to be effective, for review see (Sluka and Walsh,
2003). However, this modified scale needs further
validation.

Independent of treatment modality, baseline varia-
tion in pain intensity influences patients’ satisfaction in
treatment result, with increased pain variation resulting
in greater chance of success of treatment. This is in
accordance with the results of Lampl et al. (199%),
who found that TENS in unmodulated pain is less effec-
tive. We assume that higher rates in fluctuation of pain
intensity reflect a greater availability of inhibitory con-
trols. Furthermore, participating in a study will heighten
the sensitivity and vigilance of the patients, thereby
increasing the detection of beneficial improvements
(Kaptchuk, 2001), especially when pain intensity fluctu-
ates, improvements are more likely to be noticed by the
patients and attributed to treatment effect.

Only for chronic pain because of injury of bone and
soft tissue (including a minor group of visceral pain dis-
orders), the proportion of patients satisfied with treat-
ment result was significantly higher for high frequency
TENS compared to sham TENS (Table 3). This cannot
easily be explained by the influence of the other predic-
tors of patients’ satisfaction, as can be seen by the data
in Table 3.

4.1. Predicting pain (VAS)

For predicting pain intensity (VAS), as a result of
high frequency TENS or sham TENS application, treat-
ment modality does not show any interference. So, in
the present study intensity of pain seems not to be influ-
enced differently by either TENS or sham TENS treat-
ment. After treatment, patients who were more
disabled because of pain and those perceiving control
of pain (by resting, performing activities and distraction
from pain) have higher pain intensity scores than less
disabled patients and those not perceiving control. Pre-
sumably, those patients already experiencing control of
their pain seem to tolerate more pain during either
TENS or Sham TENS treatment or benefit less from
either treatment modality. Furthermore, patients who
seek more rest because of their pain manifest less pain,
as a result of either Sham TENS or TENS treatment.

4.2. Predictors found in other studies

Other factors predicting less effect of TENS treat-
ment, described in the study of Lampl et al., were
marked depression, and pain qualities as stabbing, pul-
sating, paroxysmal and electrifying pain. Marked
depression, as predictor, was not found in the present
study, which could be due to the low depression score,
explained by the exclusion of patients indicated for psy-
chological treatment. Whereas for the various pain qual-
ities, this agrees with our findings as these symptoms are

more common in patients with neuropathic pain than
those with non-neuropathic pain (Bouhassira et al.,
2005).

In a previous study in our centre, catastrophizing
proved to be a factor explaining pain reduction by
radiofrequency lesioning of the cervical spinal dorsal
ganglion (Samwel et al., 2000). Catastrophizing did
not explain pain or patients’ satisfaction with treatment
result in the present study, although the study was per-
formed with the same measure (PCL) and only slightly
different scores in both studies (mean and (SD): 45.5
(13.9) and 43.9 (14.9)). A possible explanation could
be that both TENS and sham TENS stimulated a per-
ception of pain control because patients handled their
(sham) TENS devices themselves, thus diminishing the
feeling of helplessness about pain, which is a major char-
acteristic of catastrophizing (Sullivan et al., 2001).

4.3. Predicting pain versus predicting patients’
satisfaction

Most striking is the fact that predictors for pain
intensity differ from those who predict patients’ satisfac-
tion with treatment result, both in nature as in interac-
tion with treatment modality. Although closely related,
these two outcome measures differ because patients’ sat-
isfaction comprises the considerations of the relevancy
of the experienced improvements for the patient (e.g.
for the pain that was most annoying, threatening, dis-
turbing or disabling), whereas the VAS score reflects a
measure of pain intensity perceived at a fixed time of
the day. As described before (Oosterhof et al., 2006)
the satisfied patients exhibited on average a 28.5% pain
reduction, which signifies a clinical important relief of
pain (Farrar et al.,, 2001). Patients’ satisfaction might,
therefore, predict clinical important relief of pain.

4.4. Strong and weak points of the study

High frequency TENS was applied in a standardized
way and a main outcome measure was patients’ satisfac-
tion with result of treatment, which would have war-
ranted the relevance for daily practice. Furthermore
compliance (registered operation time of the device)
was not different for the TENS or sham TENS group,
and there was only a weak correlation between the
actual and perceived treatment application (i.e. TENS
or sham TENS), as reported previously (Oosterhof
et al., 2006).

The main purpose of this study was to explore the
effects of the origin of pain on the result of high fre-
quency TENS in chronic pain. However the classifica-
tion of the origin of pain may have flaws. Especially,
the difference between the PNP group and the injury
group (IBST) may be arguable, as a large proportion
of the patients in the latter group developed chronic
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pain after surgery (see Table 2), and it is assumed that
neuropathic pain is the most common type of post sur-
gical pain (Kehlet et al., 2006). Although there were no
signs of sensory loss, we cannot fully exclude the exis-
tence of neuropathic pain in this group, as there is no
gold standard for defining neuropathic pain (Rasmussen
et al., 2004). However it would mean that the effect of
high frequency TENS on PNP is not definite, because
contrary to the PNP group, in the postsurgical pain
group high frequency TENS performed significantly bet-
ter than sham TENS (see, Tables 3 and 2, respectively).
Interestingly, TENS is found to reduce postoperative
analgesic consumption (Bjordal et al., 2003). However,
there is a need for the development of a mechanism-
based classification of pain, as proclaimed by (Woolf
et al., 1998; Woolf and Decosterd, 1999).

We conclude that predicting the effect of high fre-
quency TENS in chronic pain depends on the choice
of outcome measure. Predicting patients’ satisfaction
with treatment result is related to the origin of pain:
both, peripheral neuropathic pain and osteoarthritis,
especially of the vertebral column, negatively predict
treatment outcome; whereas injury of bone and soft tis-
sue (especially postsurgical pain disorder) is a positive
predictor. Predicting changes in pain intensity following
treatment reflects mechanisms of pain behavior and per-
ceived control of pain, independent of treatment modal-
ity. Pain catastrophizing did not predict TENS
treatment outcome.
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