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pain 
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SUMMARY. Objectives: To evaluate the analgesic effectiveness of subcutaneous
carbon-dioxide insufflations in addition to standard physical treatment in patients with
non-specific neck or low back pain. Design:A pragmatic, randomized controlled trial.
Setting: Rehabilitation hospital inpatients. Interventions: Patients received either
subcutaneous carbon-dioxide insufflations (10 treatments) and standard physical
treatment or standard physical treatment only. Outcome measures:Affective pain
perception (42-point scale), sensory pain perception (30-point scale), pain intensity
(100 mm visual analogue scale). Results: Between-groups differences were –2.2 [95% 
CI –5.2; +0.9] (affective pain perception), –1.2 [–3, 0; + 0.7] (sensory pain perception),
and –6.5 [–14; +1.0] (pain intensity) respectively in favour of subcutaneous carbon-
dioxide insufflations. Conclusions: Subcutaneous carbon-dioxide insufflations do not
seem to be a worthwile adjunct in the given setting of inpatient rehabilitation.Trials in
a monotherapeutic setting, which aim more at the efficacy of subcutaneous 
carbon-dioxide insufflations, might help to solve this issue. © 2001 Harcourt Publishers
Ltd 

Complementary Therapies in Medicine (
doi: 10.1054/ ctim.2001.0434, availab
INTRODUCTION 

Subcutaneous carbon-dioxide insufflations (S
are used almost exclusively in Central Europe 
serial treatment modality in naturopathy.1 Sources
are gas from natural springs or medical (purifi
CO2. Unlike medical CO2 gas, spring gas contai
small amounts of other compounds (normally 
than 5 vol %) like N2, Ar, He, O2, H2, H2S or CH4.

2,3

The first insufflations are presumed to have b
682001), 9, 68–76 © 2001 Harcourt Publishers Ltd
le online at http://www.idealibrary.com on
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carried out in Royat (France) at the beginning of
20th century.4

‘Headache’ (including migraine), various ‘mu
culoskeletal affections’ (mainly neck and back pa
osteoarthritis, and enthesopathy), and ‘periph
arterial occlusive disease’ are considered condit
for which SCI may be indicated.5

SCIs are ascribed mainly analgesic effec6

The mode of action is unknown. Some autho5,7

propose that the observed analgesia is the r
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of a local increase of subcutaneous bl
flow.8,9

In 1960, Diji and Greenfield10 found mean rela
tive skin temperature rises of 1.5˚C compare
injections with laughing gas, air-or cyclopropane
50% (CO2/N2O gas mixture) or 100% CO2 gas had
been insufflated subcutaneously. The authors i
preted their findings as evidence of a spec
vasodilator action of CO2. Today, CO2 is widely
accepted as natural vasodilator with local prope
like oxygen or the hydrogen ion.11,12The vasodilata
tion induced by the freely diffusible CO2-gas is
based most probably on a direct effect on the va
lar tone13 (e.g. via an alteration of the membra
calcium flux14). 

On the basis of a recent systematic revie15

considering English, Czech and German langu
papers, five randomized6,16–19 and two non
randomized controlled trials20,21 on the clinica
effectiveness of SCI were identified. The conditi
included in the studies were peripheral arte
occlusive disease, Fontaine stage II,6,16,19,20

headache,18,20 and stable angina pectoris.17 Three
studies evaluating SCI in addition to standard p
ical therapy (SPT),6,17,19 as well as one study com
paring SCI with, ‘dry needling’18 (a kind of sham
needling, where needle injection is performed w
out substance administration) provided effects
favour of SCI. All studies comparing SCI with C2
gas baths16 or combined interventions, includin
SCI,20,21 showed no differences between grou
However, the methodological quality of all these
als was too low to draw valid conclusions.15 No
study achieved a score of ≥50 points on the
Maastricht-List22 (maximum: 100 points). 

Referring to musculoskeletal conditions, e
dence on the clinical effectiveness of SCI is o
available from uncontrolled clinical trials.7,23

The following trial aims to evaluate the an
gesic effectiveness of SCI in addition to SPT
patients with non-specific neck or low back pain

METHOD 

Pragmatic approach 

The study was designed as pragmatic trial.24,25 The
rationale for choosing this approach was to ev
ate, whether SCI are a worthwhile adjunct in a c
ical context, in which they are often applied. We
not include a placebo control, because respons
clinical practice are based on both the specific
non-specific effects of a treatment modality.25 In
other words, we focused on the effectiveness ra
than the efficacy of the intervention. 

Subjects 

All consecutive patients of an inpatient, orthopae
rehabilitation hospital, referred from gene
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practitioners or specialists, were considered po
ble candidates for study inclusion. Subjects ha
report neck and/or low back pain to be enrolled 
the study. Further inclusion criteria were pain int
sity ≥40 mm on a 100 mm long visual analog
scale, duration of current pain episode ≥1 month,
and written informed consent. Persons with ma
nant disease, radicular syndrome, inflammatory 
ease or surgery in the treatment area were exclu

Registration and randomization 

Every patient met the investigator (AD), w
checked the eligibility criteria. After informed co
sent was given, the investigator called an indep
dent, external study coordinator (TB) via 
telephone hotline, who registered date of st
entry, initials and date of birth of every participa
The investigator was told the running trial numb
treatment assignment and name of the physi
(n = 2), who performed the injections. The allo
tion of patients to treatment and the assignm
of care providers to patients were based on 
established lists of random permuted blocks of 
20 and 10 respectively. The randomization l
were prepared by the study coordinator. 

Intervention 

Persons referred to the investigational treatm
group (SCI-group) received 10 SCI in addition
SPT (see below). The injections were given onc
day, except for Saturday and Sunday. SCI w
bilaterally administered at the site of maximum t
derness. If no tender points could be elicited, in
tions were given at defined locations (about 1
paracervical at the C6/C7 level and/or 2 cm p
lumbar at the L5/S1 level). In neck pain 2 × 50 ml,
in low back pain 2 × 100 ml, and in neck and lo
back pain 4 × 50 ml of CO2 gas was insufflated
Each injection was documented on a list and sig
by the therapist. 

The treatment device (MedServ GmbH, Leipz
Germany) consisted of a high-pressure gas cyli
with liquified CO2 (50 bars), a standard pressu
reducing valve reducing the pressure to 1.5 ba
tube junction, and a volume adapter for deliverin
fixed gas volume of 25 ml CO2 gas per injection. A
the outlet of the volume adapter a bacterial filter 
a tube attachment were installed. 

Persons referred to the control group recei
only SPT. SPT consisted of a defined combina
of physical interventions (4 × exercise therapy at th
discretion of the physical therapist, 30 min per s
sion; 4 × hot peat packs, 15 min per session; ×
therapeutic continuous ultrasound, 800 kHz, 
W/cm2, 10 min per session; 4 × TENS, 100 Hz,
intensity adjusted to suit the patient, 15 min per 
sion; 2 × health education on pain control, 60 m
per session). 
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The intervention period for both study arms w
12 days. 

Persons were advised not to change type or 
of their existing pain medication during the trial. 

In order to increase participation rate and m
mize drop-outs as well as for ethical reasons, 
trols were offered to be treated with SCI after 
end of the study period. 

Outcome criteria 

Affective pain perception, sensory pain percept
and pain intensity were selected as primary outc
criteria. Secondary outcome measures were
defined. Affective and sensory pain perception w
measured by the so-called ‘Schmerzempf
ungsskala’ (SES) according to Geissner,26,27 a vali-
dated German Language pain questionnaire. 
intensity was assessed by a 100 mm long visual
logue scale.28,29

The SES is a self-report dimension-spec
instrument based on the McGill Pain Questi
naire.30 The reason for its development w
psychometric shortcomings of the McGill Pa
Questionnaire.31,32 The questionnaire measur
affective pain perception (SES-affective) by 
items, and sensory pain perception (SES-sen
by 10 items. Methodological and contents-rela
considerations suggest a combination of the 
dimensions to a total pain score not to be rea
able.26,27,31,32For each item, a 4-point Likert scale
used. The response options are coded by num
values from 1 to 4 (1 = ‘does not apply at all’, 2
‘applies somewhat’, 3 = ‘applies to a large exte
4 = ‘applies precisely’). The scores for SE
affective and SES-sensory are calculated by s
ming up the (marked) numerical values for e
dimension. Accordingly, the range for SES-aff
tive varies between 14 und 56, for SES-sen
between 10 und 40. Missing values are replace
the mean of all valid answers. For SES-affectiv
maximum of 2 missing values may be replaced
SES-sensory only one. High scores correspon
high pain perception. SES-affective/SES-sen
was found to have high internal consiste
(0.92/0.96) and test-retest reliability (0.81/0.9527

Convergent validity could be demonstrated w
pain measures, pain-related disability, depres
and anxiety (correlation coefficient = 0.3–0.6). P
perception did not correlate (divergent validi
with sociodemographic and pain history d
(0.0–0.2).26

Based on Lisrel models, SES-sensory forms
important part of SES affective, while SES-aff
tive has an additional quantity independent fr
SES-sensory.26,32 It is assumed that this addition
quantity refers to emotional strain and disposi
factors, while SES-sensory covers mainly orga
factors of illness.26 The outcome criteria wer
assessed prior to treatment, after five, and 
10 injections. 
s

se

i-
n-
e

n,
e

ot
re
-

ain
na-

c
-

s 

4
ry)
d
o
n-

ical

’, 
-
m-
h
-
ry
by
 a
or
to
ry
y

h
on
n
)
a 

n
-

l
n
ic

er 

Evaluation of adverse events 

Study participants could contact a doctor 24 hou
day. Additionally, adverse events were regula
assessed by open questions after the 5th and
insufflation. Patients graded severity of adve
events on a 4-point rank scale (‘mild’, ‘moderat
‘severe’, ‘very severe’). 

The investigator assessed the strength of
relationship between adverse events and 
intervention given in four categories (‘not relate
‘possibly related’, ‘probably related’, ‘definitel
related’). 

Description of the study population 

The study population was described by sociode
graphic characteristics (sex, age, body mass in
marital status, living together with a partn
employment status), and clinical variables (dura
of the current pain episode, location of pain, a
gesic consumption, concomitant diseases, ov
health status). 

Data Analysis 

Statistical analysis was based on a one-s
hypothesis. A one-sided formulation of the stu
hypothesis seemed to be justified, because all 
trolled trials, identified in a previously performe
systematic review,15 evaluating SCI in addition t
SPT (n = 3) showed effects in favour of SCI.6,17,19

There was no evidence for SCI to be associated
any kind of relevant adverse reactions, neither c
cally nor physiologically.15 SCIs have, therefore
been considered a risk-free treatment modality w
little side effects.2,3

The target sample size was set to at least 50
sons per group. This number yields a power of 8
to detect a moderate effect size difference (stand
ized response mean = 0.5) between the treat
groups when limiting one-sided α to 0.05.33

Primary analysis was done by two-way repea
measures ANCOVA. For each of the three outco
measures one test was performed. An adjustmen
multiple testing was not defined in the study pro
col, because we expected at least moderate co
tions between the three pain-assessment meas
In a large pain population (description below), int
correlations of 0.61 (SES-affective/SES-senso
0.54 (SES-affective/pain intensity), and 0.40 (S
sensory/pain intensity) could be found.26 ‘Treatment’
(SCI yes/no) was defined as a between-groups fa
and ‘change in outcome-score after the 5th and 
insufflation’ as a 2-level within-groups factor. T
increase power, baseline-values of the outcome
terion tested were included as a covariate into
analysis.34 Other covariates were not defined in 
planning stage. Analysis was done on an intent
to-treat basis.35 SPSS 8.0 for WINDOWS (SPSS In
Chicago) was used for statistical analysis. 
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For formal, unit-free description of treatme
effect, standardized response means (SRM)36 were
calculated between and within groups. 

Raw values of SES-affective and SES-sens
were standardized in relation to a large (n = 1048),
non-specific pain population by means of a 
transformation (mean = 50, SD = 10). This w
done to give an impression of the clinical releva
of the findings. The reference population forme
sample of persons with different pain locatio
and/or diagnoses, where both sexes as well as
ferent age and socio-economic groups were dis
uted in approximately the same proportion26

Accordingly, it was supposed, that T-values l
than 40 indicate ‘below average’ pain perception
values between 40 and 60 an ‘average’ pain per
tion and T-values greater than 60 an ‘above aver
pain perception. 

T-values were subdivided into three categor
according to the above-mentioned grading and
frequency of each category before and after tr
ment was presented in a 3 × 3 cross tabulation
(Table 4). On this basis, a simple description of 
individual course of treatment was possib
Furthermore, the ‘number needed to treat’ (NNT37

effect measure could be calculated. NNT deno
the number of patients who need to be treate
achieve an additional favourable change.37
Patients with 
neck and/or lo
referred by p

physician

Ineligb

Reasons(multiple con
-Operation in the trea
-Radicular syndrome 
-Rheumatoid arthritis 
-Pain intensity < 40 m
-Ankylosing spondylit

Randomisa

Received index-treatment* as
allocated (69)

Drop-out (1)

Completed trial (69)

Person refused study participation
immediately after randomisation

*Carbon dioxide insufflation and standard physical treatment
**Standard physical treatment

Fig. 1 Trial stages
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Protection of subjects 

The study was run according to the ethical gu
lines of the Declaration of Helsinki. The tri
protocol was approved by the local ethics co
mittee (Sächsische Landesärztekammer, Dres
Germany). Participants could leave the study, at
time, for whatever reason. The patients w
informed verbally and in written form about co
tents, purpose and conduct of the study, 
provided signed consent. 

RESULTS 

Progress through various trial 
stages 

One hundred and forty-nine subjects were recru
within a time span of 4 months (17 March 1999 t
July 1999); 140 met the eligibility criteria and cou
be randomized (Fig. 1). One person referred to
SCI-group refused both study participation and 
low-up assessment immediately after random
tion. Six controls were contaminated by SCI dur
the 2nd half of the study period. Apart from the o
withdrawal, all subjects in the SCI-group receiv
10 treatments. 
non-specific
w back pain
rimary care
s (149)

le (9)

ditions possible):
tment area (2)
(2)
(2)
m (2)
is (1)

tion (140)

Completed trial (70)

Received control-treatment**
as allocated (64)

Contamination (6)
1 CO2-insufflation (3)
2 CO2-insufflation (2)
3 CO2-insufflation (1)
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Description of the study population,
baseline comparability 

The study covered an older, mainly female, mo
retired population with an ‘average’ pain percept
and a high portion of musculoskeletal comorbid
(Table 1). 

Slight imbalances between groups were fo
for ‘analgesic consumption’, ‘overall health’ a
‘employment status’. 

Primary analysis 

Between-groups differences for SES-affect
SES-sensory, and pain intensity were –2.2 [9
Index gro

Female/male ratio (no.) 53/
Age (years) 65.6 
Body mass index (kg/m2) 28.2 
Duration of current pain episode (no.) 1–3 months 2

3–6 months 6
> 6 months 2

Location of pain (no.) 
neck pain 3
low back pain 2
neck and low back pain 1

Analgesic consumption (no.) 
1. non-opioid analgesic# 3

a. NSAID** 2
b. other nonopioid analgesic§ 5
c. combination of a and b

2. opioid analgesic# 3
3. combination of 1 and 2

Comorbidity (no.)† 
Osteoarthritis‡ 4
Osteoporosis 1
Cardiovascular diseases## 3

Overall health status (no.) 
‘good’ 3
‘moderate’ 3
‘poor’ 6

Marital status (no.) 
single 5
married 4
divorced 6
widowed 1

Live context (no.) 
living together with a partner yes/no 19/

Employment status (no.) 
employed 2
unemployed 2
disability pension 6
old age pension 6
housewife

Pain intensity (mm) 62.2 ±
Affective pain perception (range: 14–56) 28.6 

(46.0 
Sensory pain perception (range: 10–40) 18.2 

(49.6 ±

*Plus-minus values are means ± SD 
§§Values in paranthesis denote standardized values in relation
**Diclofenac, indomethacin, ibuprofen or meloxicam 
§Paracetamol, propyhenazone, acetysalicylic acid, flupirtine or
#Tilidine or tramadol 
†according to the referring primary care physician 
‡Osteoarthritis of the hip, knee, shoulder or hand 
##Coronary heart disease, arrhythmia, heart failure or hypert
NSAID: non-steroidal antiinflammatory drug 

Table 1 Baseline Characteristics*§§
ly
n
y

d

Cl –5.2; +0.9], –1.2 [–3,0; +0.7], and –6
[–14; +1.0]), respectively, in favour of SCI (neg
tive values indicate a decrease in pain perceptio

In ANCOVA, between-groups compariso
showed a tendency (P < 0.1) towards superiority o
the SCI-group for all outcome criteria (Table 2), 
no statistical significance was obtained (one-sideP
between 0.05 and 0.07). Within-groups effects w
highly statistically significant (P < 0.001). Missing
follow-up values of the only drop-out were replac
by summing up the mean pre/post changes in
SCI-group to the baseline values of the outco
measures. 
up n = 70 Control group n = 70 Total n = 140 

17 55/15 108/32 
± 5.5 64.2 ± 8.7 64.9 ± 7.3 
± 3.6 28.3 ± 4.7 28.3 ± 4.2 

1 3 
6 67 133 

2 4 

1 35 66 
1 13 34 
8 22 40 

1 23 54 
6 17 43 
 4 9 

2 2 
3 

3 3 

3 39 82 
2 17 29 
6 29 65 

3 38 71 
1 21 52 

11 17 

8 13 
9 43 92 

6 12 
0 13 23 

51 25/45 44/96 

6 8 
3 5 
7 13 

0 53 113 
1 1 

13.2 63.9 ± 15.2 63.1 ± 14.2 
± 9.9 29.8 ± 11.1 29.2 ± 10.5 
± 9.0) (47.1 ± 10.1) (46.6 ± 9.6) 
± 6.5 18.7 ± 6.7 18.5 ± 6.6 

10.1) (50.3 ± 10.2) (50.0 ± 10.1) 

 to a non-specific pain reference sample26

 ergotamine 

ension 
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Baseline-Score Mean change in Mean change  P**,+

score after in score after
five injections 10 injections

Affective pain perception 
SCI-group (n = 70) 28.6 ± 9.9 –5.3 ± 9.0 –8.5 ± 8.0 0.067 
control-group (n = 70) 29.8 ± 11.1 –4.1 ± 9.2 –6.4 ± 10.2 

Sensory pain perception 
SCI-group (n = 70) 18.2 ± 6.6 –2.4 ± 5.8 –3.9 ± 5.4 0.049 
control-group (n = 70) 18.7 ± 6.7 –1.1 ± 5.1 –2.8 ± 5.7 

Pain intensity 
SCI-group (n = 70) 62.2 ± 13.2 –15.0 ± 17.5 –26.1 ± 23.3 0.058 
control-group (n = 70) 63.9 ± 15.2 –11.6 ± 18.5 –19.7 ± 21.7 

*Plus-minus values are means ± SD 
**Main effect of the between-groups factor ‘treatment’ in the Repeated Measures ANCOVA, covariate: baseline-values
of the outcome measure tested 
+P-value for a one-sided test 

Table 2 Effects of Subcutaneous Carbon Dioxide Insufflations on Pain Perception* 
Secondary analysis 

Effect size differences 
Standardized response means between group
ied between 0.1 and 0.2 after five insufflations 
increased between 0.2 and 0.3 after 10 injec
(Table 3). Standardized response means in the
group were about one-third higher than SRM in
control-group. The most pronounced longitud
effects were found for pain intensity, the smal
for sensory pain perception. 

Incidence of favourable findings 
Thirty-two persons in the SCI-group (46%) co
pared to 27 controls (39%) reported favoura
changes in SES-affective (Table 4). Compar
effects could be detected for SES-sensory. For 
outcome criteria, the benefit increase was 7 perc
age points, which yields a NNT of 14. 

Incidence of pain aggravation 
Three controls reported an aggravation of affec
pain symptoms, while sensory symptoms exa
bated in four subjects in the SCI-group and 
controls (Table 4). 
After 

Between-groups* 
affective pain perception
sensory pain perception
pain intensity

Within-groups (SCI-group) 
affective pain perception
sensory pain perception
pain intensity

Within-groups (control) 
affective pain perception
sensory pain perception
pain intensity

+Values between > 0.2 and 0.5 indicate small, b
good effects.33

*all effects in favour of subcutaneous carbon d

Table 3 Description of the treatment e
mean+
var-
d
ns
CI-
e
l

st

-
le
le
th

nt-

e
r-
e

Incidence of adverse events 
Possible SCI-related adverse events occurred in
female controls. The first case was a low back p
sufferer, who was erroneously contaminated by 
during the study-period. Ten minutes after insuf
tion, the affected person reported malaise, hyper
vation, metallic taste and dizziness. This reac
lasted for 15 min. The second case was a neck
sufferer, who received SCI after the completion
the study. Six hours after the third insufflation, 
affected woman complained of headache, na
and vomiting. The symptoms lasted for about 2 h
both cases adverse events led to discontinuatio
the treatment at the request of the subject. 

Severity of adverse events were graded in le
from ‘moderate’ to ‘very severe’ in both cases. 

The investigator stated a ‘probable’ relations
with SCI in the first, and a ‘possible’ association
the second case. Persons receiving only 
reported no adverse events. 

Influence of pain location on treatment effect 
In an exploratory three-way repeated meas
ANCOVA with ‘treatment’ and ‘pain location’ a
five injections After 10 injections 

0.13 0.23 
0.24 0.20 
0.19 0.29 

0.54 1.0 
0.37 0.68 
0.94 1.47 

0.35 0.60 
0.18 0.44 
0.61 1.01 

etween > 0.5 and 0.8 moderate and > 0.8

ioxide insufflations 

ffects by standardized response
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At the completion of the study 

Below average Average Above average 

SES-affective, SCI-group 
At baseline 

below average 19 0 0 
average 26 19 0 improved: 32 
above average 1 5 0 impaired: 0 

SES-affective, control-group 
At baseline 

below average 20 1 1 
average 19 19 1 improved: 27 
above average 1 7 1 impaired: 3 

ABI = SRI - SRC = 32/70 – 27/70 = 0.07; 
NNT = 1/ABI = 1/0.07 = 14 

SES-sensory, SCI-group 
At baseline 

below average 8 3 0 
average 17 29 1 improved: 28 
above average 2 9 1 impaired: 4 

SES-sensory, control-group 
At baseline 

below average 4 3 0 
average 14 34 2 improved: 23 
above average 1 8 4 impaired: 5 

ABI = SRI–SRC = 28/70 – 23/70 = 0.07; NNT = 1/ABI = 1/0.07 = 14 

SRI: success rate in the investigational-group 
SRC: success rate in the control-group 
ABI: absolute benefit increase 
NNT: number needed to treat 

Table 4 Description of individual course 
between-groups factors, ‘change in outcome-s
after the 5th and 10th insufflation’ as within-grou
factor, and many potential prognostic factors as co
ates (e.g. age, sex, analgesic consumption, mus
skeletal comorbidity, overall health status, etc.),
evidence was found for the assumption that pain 
tion would influence treatment effects. The P-value for
SES-affective was 0.7, for SES-sensory 0.4 (m
effect of the between-groups factor ‘pain location’)

DISCUSSION 

This study indicates a statistical tendency tow
superiority of SCI as an adjunct treatment to SP
patients with non-specific neck or low back pa
but no statistically significant was observed. Ba
on a formal grading proposed by Cohen,33 the
observed differences between the two treatm
groups (between-groups SRM) are small and s
to be of little clinical relevance. From the results
this trial one can conclude that SCI may play on
minor role, if any at all, in addition to SPT in elde
persons with non-specific neck or low back pain
an inpatient rehabilitative setting. 

In pragmatic trials there are various fact
(‘imperfections’) that can mask a true ben
between treatment and control. In this trial, five f
tors might have been responsible for effect m
ing: control treatment, study condition, inclusion
patients, characteristics of the study sample 
treatment regimen. 
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The extensive control treatment seems to be
most likely factor, that no marked independent a
gesic effect of SCI could be observed. 

For pragmatic reasons (e.g. to mirror the clin
situation) we included patients with neck or lo
back pain and did not stratify by pain locati
before randomization. Although secondary anal
showed no influence of pain location on outcom
pain location might have affected outcome in
stratified randomization. 

The presentation of any local, physical findin
was not defined as inclusion criterion. Possibly
we had focused on patients with tender points,
might have observed a more pronounced effect.

The study sample covered an older and ma
female population. Therefore, we do not know h
a younger population or males would respond
SCI. 

The treatment regimen used in this study w
based on statements given in an uncontrolled c
cal trial.7 Perhaps less than optimal dosage, app
tion frequency, or length of treatment period h
been chosen. It is a typical feature for many exis
(traditional) treatments that there is a wealth
empirical evidence, and that studies in the sens
Phase II trials aiming at the determination of app
priate dose ranges/regimens in order to provid
optimal background for clinical trials38 are lacking. 

Furthermore, non-specific components of 
treatment modality (e.g. needle insertion or the t
apists themselves) could have led to an effect m
ing, although this point does not seem very likely
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seems more probable that the non-specific tr
ment components of SCI did benefit rather th
harm. 

To give an impression of the minor extent of p
alleviation achieved in this study in favour of t
investigational therapy, we calculated the betwe
groups SRM in two balneotherapeutic, place
controlled add-on studies with a compara
rehabilitative setting (inpatients of a rehabilitati
hospital).39,40 In these studies the between-grou
SRM were about two to three times higher (SR
for pain intensity were 0.639 and 0.840 respectively).
However, the SPT in these trials was less exten
(exercise therapy and massage only) and the p
lation was about 15 years younger on average. 

A slight underestimation of the treatment eff
can be assumed as a result of the six controls c
minated with SCI. 

It takes for about 1 min to treat a person w
SCI. The costs for the gas can be neglected. On
background, even a NNT of 14 still may be wo
the effort. 

Blinding is considered an important predictor
internal validity.41 It is essential to separate spec
from non-specific effects (‘efficacy’), but may b
inappropriate in studies that aim at quantifying 
overall effect. In pragmatic trials physician a
patient biases are not considered as detrimenta
accepted as part of physicians’ and patients’ ove
responses to treatment.25 In this study, blinding was
explicitely not intended on the basis of the stu
rationale. 

The study was designed as simple and pragm
as possible. Therefore, we did not define a follo
up assessment after the end of the treatment o
outcome measure other than pain. 

In the planning phase we decided to perfo
one-sided tests. The decision was based on
results of a systematic review on SCI.15 Readers
objecting to this rationale can double the P-values
and make their own conclusions. 

Administration of SCI causes minimal costs a
SCI represent a nearly risk-free treatment moda
low on side effects.2,3 In this context the evaluatio
of specific effects, i.e. pharmacological effects
the CO2 gas, seemed to be of minor relevance
patients, caregivers or insurance carriers. 
explanatory trial on specific effects of SCI would
of academic interest in the first place. 

Furthermore, specific efficacy of SCI cannot 
tested against an undistinguishable sham treat
in a convincing manner. Nitrous oxide (N2O) admit-
tedly has comparable diffusibility and solubility 
CO2,

42 but it also has known analgesic effects43,44

even in doses of 50 ml.44

CONCLUSION 

This study indicates a statistical tendency towa
superiority of SCI as an adjunctive treatment
at-
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patients with non-specific neck or low back pain 
a rehabilitative setting, but no statistical signif
cance was obtained and the effects were only
marginal clinical relevance. Most probably, th
extensive control treatment could have masked
greater benefit of SCI. Other potential factors mig
be study condition, age, or treatment regimen. 

Analgesic effectiveness of SCI in musculoskel
tal conditions would be best re-evaluated as a s
therapy, within a sample of a younger populatio
and in a better defined pain condition. It seem
worthwhile to run small-scale dose finding studie
first in order to find the optimal dose range, corre
frequency of dosing, and treatment period. 

Since SCI are considered risk-free and low 
side-effects, and represent a very low-cost treatm
option, explanatory trials on specific effects seem
be mainly of academic interest and have little re
vance for patients, care providers, or insurance c
riers. They should be run only after overa
effectiveness has been convincingly shown. 
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