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Effect of vacuum-compression therapy for carpal
tunnel syndrome as a part of physiotherapy —

pilot study

Vyuziti vakuove-kompresni terapie v lécbé
syndromu karpalniho tunelu jako soucast
fyzioterapie — pilotni studie

Abstract

Aim: The aim of this pilot study was to assess the effect of combined kinesiotherapy and vacuum-
compression therapy (VCT) in patients with carpal tunnel syndrome (CTS). A secondary aim was to
evaluate the correlation between subjective symptoms and the results of objective measurements.
Methods: Ten patients (six women; average age 55.0 + 12.7 years) with a total of 18 hands, indicated
for the surgical treatment of CTS underwent six individual kinesiotherapy sessions and ten
applications of VCT. The effect of the intervention was evaluated by EMG and a visual analogue
scale (VAS) of pain. Results: After the therapy, EMG did not show a statistically significant difference
in distal motor latency, sensory nerve action potential and sensory conduction velocity of the
median nerve. However, the VAS decreased significantly (P = 0.001). We found immense inter-
individual differences in measurable parameters of the manifestations of CTS. Additionally, nine of
the patients opted for surgical treatment even one year after finishing the therapy. Conclusion: After
therapy consisting of kinesiotherapy and VCT, the typical symptoms of CTS decreased.

Souhrn

Cil: Cilem této pilotni studie bylo vyhodnotit efekt kombinace kinezioterapie a vakuové-kompresni
terapie u pacientl se syndromem karpalniho tunelu (carpal tunnel syndrome; CTS). Sekundarnim
cilem bylo sledovat korelaci mezi subjektivnimi piiznaky a vysledky objektivniho méreni. Metodika:
Deset pacientl (Sest zen; vékovy prlmér 55,0 £ 12,7 roku) s osmnacti hodnocenymi hornimi
koncetinami, indikovanych k chirurgické lécbé CTS, absolvovalo Sest individudlnich kinezioterapif
a deset aplikaci vakuové-kompresni terapie. Efekt intervence byl hodnocen pomoci EMG a vizuaIni
analogové skaly bolesti. Vysledky: Vysledky EMG neprokdazaly po terapii statisticky vyznamné
rozdily v meéfenf distalni motorické latence, velikosti senzitivni amplitudy a senzitivni rychlosti
veden( vzruchu. Velikosti hodnot na vizudlni analogové Skale bolesti se viak signifikantné sniZila
(p=0,001).V méfenych parametrech CTS jsme nalezli velké inter-individudini rozdily. Devét pacient(
nepodstoupilo chirurgickou Ié¢bu jesté rok po ukonceni intervence. Zdvér: Po terapii sestavajicl
z kinezioterapie a vakuové-kompresni terapie doslo ke snizenf vyskytu typickych pfiznakd CTS.
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Introduction

Carpal tunnel syndrome (CTS) is a set of
symptoms caused by compression of the
median nerve as it travels through the wrist
in a space-limited osteofibrous canal (car-
pal tunnel) [1]. CTS is the most common
entrapment syndrome in the general pop-
ulation [2-4]. The prevalence has been es-
timated at 6 to 12% [5] and the incidence
is stated to be from 180 to 346 diagnosed
cases per 100,000 people. It is one of the
most frequent occupational diseases [6].

The aetiology of CTS is multifactorial;
structural as well as functional factors oper-
ate in its occurrence, combining in different
stages [7]. The direct cause of the occurrence
of the typical symptoms of CTS is a patho-
logical increase of intracarpal pressure. The
compression of the well-developed micro-
vascular system of blood vessels results in
dysfunction of the affected nerve. If the dis-
order of the epineural blood flow lasts long
enough, an oedema occurs in the epineu-
rium and endoneurium, with a subsequent
axonal transport blockade. Gradually, struc-
tural changes of the nerve also occur, espe-
cially segmental demyelination and remyeli-
nation of the compressed fibre [3,8].

To confirm the CTS, electrodiagnostic
(electrophysiological) testing together with
clinical evaluation is used most commonly.
An EMG represents an available sensitive
standardized method for examining median
nerve dysfunction.

In an EMG for CTS, the values of distal
motor latency, sensory nerve action poten-
tial and sensory conduction velocity are con-
sidered to be the most important indicators
of the function of the median nerve [9-11].
Moderate CTS is diagnosed in cases of veloc-
ity of conduction via the sensitive fibres of
the median nerve from the wrist to the 2"
or the 3" finger as measured with an EMG
reduced at least to 38 m/s, or the response
not being present. In addition, it is necessary
to have a normal finding of distal motor la-
tency and the conduction via sensitive fibres
to the 5" finger by the ulnar nerve. Another
necessary finding in this type of affection
is either distal motor latency of the me-
dian nerve prolonged to 5.3 ms and more
or the response not being present, and/or
the finding of permanent abnormal sponta-
neous activity in a needle EMG in the mus-
culus abductor pollicis brevis, in at least two
locations [9].

There are several therapeutic options for
patients with CTS depending on various fac-

tors, including the stage of the disease, the
severity of the symptoms and patients’ pref-
erences. Non-surgical intervention is recom-
mended as the first-line treatment in cases of
mild to moderate CTS. Conservative therapy
includes medical and physical therapy [8,12].
Surgery is reserved for patients with severe
CTS and those who have experienced a fail-
ure of conservative treatment. [12,13]. Surgi-
cal treatment consists of releasing the carpal
tunnel content by transection of the trans-
verse carpal ligament [4].

Vacuum-compression therapy (VCT) rep-
resents one of the methods used for phys-
ical therapy. The procedure, with cycles of
vacuum and subsequent compression leads
to increased capillary filling [14]. Therefore,
the effects of VCT might target the primary
cause of the occurrence of several types of
CTS. However, no study has been conducted
thus far which has documented the effect of
this therapy on the improvement of CTS. The
aim of this pilot study was therefore to as-
sess the effect of a combination of kinesio-
therapy and VCT in the treatment of CTS.
The finding that the combination of kinesio-
therapy and VCT has a positive effect might
help to include this method in the CTS treat-
ment algorithm.

Methods

Participants

Ten patients (six women; age 55.0 + 12.7 years)
with a diagnosis of idiopathic CTS in
18 hands, who had undergone conservative
treatment, were included in the study. There
were eight patients with bilateral symp-
toms and two patients with unilateral symp-
toms. All the patients presented with
symptoms of median nerve compression.
The symptoms included volar wrist pain,
numbness, dysaesthaesia and paraesthaesia
in the median nerve distribution. When the
neurologist according to the EMG confirmed
the diagnosis of moderate CTS and ruled out
another neurological disease, all the patients
were indicated for surgical treatment.

This study was conducted according to
the principles for human experimentation of
the Declaration of Helsinki. All the subjects
provided written informed consent.

Procedure

The EMG was performed by an experienced
neurophysiologist at a clinical site using
a Keypoint machine (Medtronic Inc., Min-
neapolis, MN, USA) according to the meth-
odology recommended by the Czech Neu-

rological Society [9,10]. The median nerve
was stimulated by a surface electrode in the
area of the wrist and the motor response was
read from the abductor pollicis brevis mus-
cle. The technique of antidromic conduction
with stimulation of the median nerve in the
area of the wrist was used to examine sensi-
tive conduction and the response was read
by ring surface electrodes from the index
finger. The measured EMG parameters were
distal motor latency, sensory nerve action
potential and sensory conduction velocity
of the median nerve. This examination was
carried out no later than one month prior to
starting the therapy and from one to three
months after the therapy.

The therapy included 6 sessions of indi-
vidual kinesiotherapy lasting 30 min each and
10 sessions of VCT. Individual kinesiotherapy
was based on Dynamic Neuromuscular Stabi-
lization, which is a manual and rehabilitative
approach to optimize the movement system
based upon the scientific principles of de-
velopmental kinesiology [7,15]. The machine
used for VCT - Vasotrain-447 (Enraf-Nonius,
Rotterdam, The Netherlands) can produce
both positive and negative pressure, which
have been used intermittently in vascular
reeducations [14]. The involved upper limb
was placed into the Vasotrain-447, the proxi-
mal part of the cylinder was fixed around the
midpart of the upper arm with a rubber bal-
loon and the machine was set for vascular
disease. Treatment was started with 0.10 bar
of negative pressure for 60 s, followed by
0.01 bar of overpressure for 60 s. These pa-
rameters were then increased by 0.01 bar
in each session. However, the pressure was
not further increased when it was no longer
within the patient’s tolerance and comfort or
the colour of the skin on the forearm in the
machine changed.

The overall length of the therapy did not
exceed one month.

After one year had elapsed after the sec-
ond EMG examination, a further course of
treatment was inquired about by an outpa-
tient neurological department.

The pain intensity was assessed by a Visual
Analogue Scale (VAS) before starting the
therapy and 1-3 months after the therapy as
a part of EMG examination.

Statistical analysis

Statistical analyses were performed using
the Statistica version 12.0 (StatSoft, Inc,, Tulsa,
OK, USA) software. The normality of the data
distribution was assessed using the Lilliefors
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test. Because the data were not normally dis-
tributed, the Mann-Whitney U test was used
to compare the outcomes at baseline and
after the therapy. The value of the r score
(rsc = Z/sqrt[N], where N is the total num-
ber of observations) was used to evaluate
the effect size; the effect size was considered
large for values > 0.5 and moderate for val-
ues > 0.3 and < 0.5 [16]. A correlation analysis
(Spearman correlation coefficient) was used
to assess the relationship between the VAS
and the distal motor latency, sensory nerve
action potential and sensory conduction ve-
locity of the median nerve. The significance
level was set at 0.05 for all statistical tests.

Results

Effect of the intervention

The basic statistical characteristics of the

monitored parameters are given in Tab. 1.
Table 1 shows that after the therapy there

were no statistically significant changes in

the EMG parameters. However, the subjec-

tive difficulties decreased significantly after

1-3 months when compared to the baseline

(P =0.003, rsc = 0.706).

Relationship between EMG
parameters and VAS

In the follow-up measurement after
1-3 months, we found a significant relation-
ship between the intensity of the subjective
difficulties and the sensory conduction ve-
locity (r = - 0.659, P = 0.004) and between
the intensity of the subjective difficulties and
the distal motor latency (r=0.704, P = 0.002).

Discussion

Carpal tunnel syndrome is a multifactorial
disease which includes functional and struc-
tural aetiology in different proportions. This
proportion should be determined in order
to determine the options for treatment, ei-
ther conservative or surgical. The posi-
tive effect of conservative therapy of CTS
has been demonstrated repeatedly [17-20],
in improved function as well as nerve
conduction [21].

The decrease of typical symptoms of CTS,
which occurs after conservative therapy is,
in many cases, only temporary [22]. There-
fore, in our study we tried to add conserv-
ative therapy with another method - VCT,
which could support the results of conserva-
tive therapy and lead to a longer-term effect.
All the patients were indicated for the surgi-
cal treatment of CTS based on their symp-
toms and the results of the EMG.

of the measured parameters.

Tab. 1. Descriptive statistics (mean + standard deviation) and comparison

Patient group

Patient group

Parameter at baseline after 1-3 month P

distal motor latency (ms) 474078 49+097 0.989
sensory nerve action potential (mV) 82+435 91 +40 0.813
sensory conduction velocity (m/s) 396+ 757 40.0£792 0.469
Visual Analogue Scale 619 +25.8 283+258 0.003

The results of our study did not show any
significant change in the EMG parameters,
but there was a statistically significant im-
provement of the subjective CTS symptom:s.
The improvement of the subjective clini-
cal symptoms may have been induced by
the improved movement stereotype in the
area of the upper limb, i.e. the influence of
the functional aetiology of CTS, whereas the
actual regeneration of the peripheral nerve,
which would be measurable objectively, re-
quires a longer time [23]. Functional disor-
ders of the musculoskeletal system may also
contribute to the clinical manifestation of
CST[7].

A statistically significant relationship was
found between changes in subjective symp-
toms and in distal motor latency. Such a find-
ing is interesting, because in clinical practice,
we meet patients with moderate CTS and
minimal typical symptoms and conversely,
also patients with mild CTS and very strong
clinical problems. Therefore, we do not find
it common that these two indicators must
necessarily correlate.

The use of VCT for the treatment of CTS
has not been described in available literature.
Nevertheless, this treatment with a physi-
cal appliance using the energy of computer-
controlled switching of the local hyperbaric
and hypobaric environments is demonstra-
bly effective in peripheral disorders of blood
perfusion [14]. This is also confirmed by the
results of a randomized study by Khadir
et al [24] with the examination of peripheral
vascular functions before and after the ther-
apy. VCT may reduce the increased pressure
in the carpal tunnel in CTS through its an-
tioedematous effect, and during conserva-
tive therapy, it may support the regenera-
tion of a nerve damaged by compression.
However, it should not be indicated as
monotherapy, as it does not aim at the cause
of the occurrence of CTS. The study by Pitr
et al [25] represents a comprehensive study

including the results of biophysical experi-
ments as well as a number of case studies.
By marking the erythrocytes with techne-
tium radionuclide and subsequently scan-
ning the limb with a gamma camera, the au-
thors demonstrated an improvement in the
blood perfusion of the treated limb. This was
also confirmed by experiments showing the
improvement of microcirculation in the skin
using skin remission spectrophotometry in
vivo. Both mechanisms are important from
the point of view of supplying oxygenated
blood to the limb. A study quantifying the
impact of VCT on the increased amount of
oxygen being supplied to the treated limb
was published by Tichacek et al [26]. This
study used the results of earlier biomedical
experiments and evaluated them afresh,
using the findings from physiology and sim-
ulating methods of medical biophysics. The
resulting findings confirm the significant im-
pact of VCT on the support of peripheral
perfusion, also suggesting a positive im-
pact on the support of perfusion in the area
of the vasa nervorum, therefore support-
ing the regeneration of the ischemized peri-
pheral nerve.

Treatment of CTS by VCT and physio-
therapy represents only one of the options
of evidence-based conservative treatment,
which also includes splinting and local in-
jections of corticosteroids. VCT should be re-
served for patients with mild to moderate
CTS who are not indicated for surgery. In the
pilot study, VCT therapy did not lead to the
improvement of objective electro-physio-
logical parameters in 1-3 months after the
initiation of treatment.

Limitations of the study

and therapy

When VCT is applied with the Vasostrain,
the pressure in the rubber balloon does not
change with the change of pressure in the
cylinder. The patients perceive this pres-
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sure as very unpleasant. Optionally, it is pos-
sible to use the Extremiter (Madisson s.r.o.,
Prague, Czech Republic) appliance, which
changes the pressure in the sleeve during
the changes of the individual stages of over-
pressure and under pressure, and therefore
the vascular connection with the proximal
part of the upper limb outside the cylinder
is not altered as much.

We are aware that the study lacked a con-
trol group of patients. Due to the high pain
intensity, the majority of the patients from
the control group (kinesiotherapy only)
opted for surgical treatment before the end
of the experiment and therefore a compar-
ison with the experimental group was not
possible.

A 2-week course of physiotherapy or,
more precisely, six therapeutic sessions, was
determined experimentally on the basis of
the therapist's empirical experience, with
respect to the possibilities the site offered.
However, the number of therapeutic ses-
sions is highly individual and does not allow
for fixed setting. It is possible that some pa-
tients may need a higher number of thera-
peutic sessions to achieve a positive effect
on the functions of the deep stabilization
system.

The limit may also be a combination of
therapeutic procedures, specifically physio-
therapy and VCT. Nevertheless, the effect
of both methods is mutually potentiated
and they should therefore be applied in
combination.

Conclusion

The application of the combination of kine-
siotherapy and VCT decreased the intensity
of pain but did not change the EMG parame-
ters in patients with moderate forms of CTS.
This application had a positive influence on
the course of further therapy, so that the pa-
tients were no longer indicated for surgical

treatment at the time of the neurological ex-
amination from 1 to 3 months after therapy.
In addition, none of the patients underwent
surgical treatment for 1 year after the discon-
tinuation of treatment.

Further research using a larger sample size
is necessary to confirm the therapeutic ef-
fect of VCT for CTS treatment; until then, VCT
should always be indicated with physiother-
apy only as a complement to conservative
treatment.
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