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Concurrent validity of the pressure biofeedback
unit and surface electromyography in measuring
transversus abdominis muscle activity in patients
with chronic nonspecific low back pain

Validade concorrente da unidade de biofeedback pressorico e eletromiografia
de superficie na mensuragao da atividade muscular do transverso abdominal em
pacientes com dor lombar crénica inespecifica

Pedro O. P Lima', Rodrigo R. Oliveira', Alberto G. Moura Filho?, Maria C. . Raposo®, Leonardo O. P Costa®, Gléria E. C. Laurentino?

Abstract

Background: The Pressure biofeedback unit (PBU) is an assessment tool used in clinical practice and research aimed to indirectly analyze
the transversus abdominis (TrA) muscle activity. The concurrent validity of the PBU in a clinically relevant sample is still unclear. Objective:
The purpose of this study was to evaluate the concurrent validity and diagnostic accuracy of the PBU in measuring TrA muscle activity
in patients with chronic nonspecific low back pain. Method: This study was performed using a validation, cross-sectional design. Fifty
patients with chronic nonspecific low back pain were recruited for this study. To test the concurrent validity both PBU measures (index test)
and superficial electromyographic measures (reference-standard test) were compared and collected by a physical therapist in a series
of voluntary contraction maneuvers of TrA muscle. Results: Participants were on average 22 years old, weighed 63.7 kilos, 1.70 meters
height and mean low back pain duration was 1.9 years. It was observed a weak and non-significant Phi coefficient (r=0.2, p<0.20). With
regards to diagnostic accuracy tests, our results suggest a low sensitivity (60%) and specificity (60%) of the PBU. The positive predictive
value was high (0.8) and negative predictive value was low (0.2). Conclusions: Concurrent validity of the PBU in measuring TrA muscle
activity in patients with chronic nonspecific low back pain is poor given the low correlation and diagnostic accuracy with superficial EMG.

Keywords: pressure biofeedback unit; low back pain; physical therapy.

Resumo

Contextualizacédo: A Unidade de Biofeedback Pressérico (UBP) é uma ferramenta de avaliacdo usada na pratica clinica e pesquisa
cientifica para analisar indiretamente a atividade muscular do transverso abdominal (TrA). A validade concorrente da UBP em uma
amostra clinicamente relevante ainda nao esté esclarecida. Objetivo: Avaliar a validade concorrente e acuracia diagnéstica da UBP
em mensurar a atividade muscular do TrA em pacientes com dor lombar cronica inespecifica. Método: Este estudo foi realizado
usando um delineamento de validagdo. Cinquenta pacientes com dor lombar crénica inespecifica foram recrutados. Para testar a
validade concorrente, ambas as medidas pressoéricas (teste indice) e eletromiogréficas superficiais (teste padrao de referéncia) foram
comparadas e coletadas por um fisioterapeuta a partir de uma manobra de contragéo voluntaria do musculo TrA. Resultados: Os
participantes tinham em média 22 anos, 63,7 kg, 1,70 m de altura, e a duragdo média de dor lombar era de 1,9 ano. Observou-se
um coeficiente Phi fraco e n&o significativo (r=0,2; p<0,20). Com relagéo aos testes de acuracia diagnostica, os resultados sugerem
uma baixa sensibilidade (60%) e especificidade (60%) da UBP. O valor preditivo positivo foi elevado (0,8), e o valor preditivo negativo
foi baixo (0,2). Conclusdes: A validade concorrente da UBP em mensurar a atividade muscular do TrA em pacientes com dor lombar
cronica inespecifica é pobre, considerando a baixa correlagao e acuracia diagnéstica com a EMG de superficie.

Palavras-chave: biofeedback pressorico; dor lombar; fisioterapia.
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Introduction

Low back pain is considered as a major public health prob-
lem and is associated with high socioeconomic costs, work ab-
senteeism and disability'? Usually, acute low back pain presents
a favorable prognosis with most patients returning to their usual
activities between 4 to 8 weeks, but recurrence is common?®. Ap-
proximately 10-40% of acute low back pain patients become
chronic and most of them (85%) are classified as nonspecific.
Patients who develop chronic nonspecific low back pain (ie.,
persistent pain and disability for more than three months) are
responsible for more than 80% of health care that are spent for
spinal problems". The European Guidelines for the Manage-
ment of Low Back Pain recommends motor control exercises
and spinal manipulative therapy as possible choices for the clini-
cal management of chronic nonspecific low back pain®®.

A delay in the onset of activation of the transversus ab-
dominis (TrA) muscle has been observed in patients with re-
current low back pain compared to asymptomatic controls™*.
In addition, longitudinal studies have shown that specific
exercise for TrA muscle is effective in reducing low back pain
recurrences'' In general, the gold-standard method used for
measuring the activity of the deep abdominal wall muscles
is fine-wire electromyography. However, some factors such
as high cost, pain, discomfort and risk of infection make the
use of this method less likely to be used in clinical practice.
Ultrasound imaging and palpation tests are also used for
measuring activity these muscles, however recent evidence
have suggested that reproducibility studies are not accept-
able for these evaluation tools™'. Several studies have used
surface electromyography in measuring of TrA muscle activ-
ity'>*. Surface EMG has reasonable measurement properties
such as validity (cross-correlation of 0.69) and reproducibility
(Intraclass Correlation Coefficient of 0.90) during the drawing-
in maneuver, but high cost hinders the widespread its use in
clinical practice'.

Other valid and reliable instruments that are noninvasive
and low cost could be useful to measure the TrA muscle activ-
ity favoring the clinical management of patients with chronic
nonspecific low back pain®?*'. Accordingly, the pressure bio-
feedback unit (PBU) could be considered as an alternate ap-
proach to indirectly measure TrA muscle activity”**. The PBU
is a simple pressure transducer consisting of a three-chamber
air-filled pressure bag, a catheter and a sphygmomanometer
gauge®”. The pressure bag has 16.7x24 cm in size and made
from non-elastic material. The sphygmomanometer scale
ranges from 0 mmHg to 200 mmHg, with 2 mmHg intervals
on the scale. Movement or change in position causes volume
changes in the pressure bag, which is registered by this device.

It is necessary that pressure measures of the abdominal
muscle activity have a minimum level of validity to be use-
ful. Validity is the degree to which the measure represents
the phenomenon of interest, and refers to how much an in-
strument measures what it would be supposed to measure®.
Thus, when an instrument undergoes a validation process, in
fact is not the instrument itself that is being validated, but
the purpose for which the instrument is being used”. There
are five types of validity described in the literature: face, con-
tent, criterion, construct and concurrent validity. Concurrent
validity refers to the extent to which scores on a particular
instrument relate to a reference standard (i.e., not a gold stan-
dard) and is consistent with theoretically derived hypotheses
concerning the concepts that are being measured* .

Clinimetric properties of the PBU in measuring TrA
muscle activity have been discussed in many studies®?*3',
but most of them sampled solely healthy individuals?#>23,
and two®* recruited subjects with history of low back pain.
Of the six studies, only one® investigated the validity of this
instrument and, despite the authors have concluded that the
PBU provides valid measures, their findings are not conclu-
sive due to the suboptimal methodological quality, such as
small sample size (n=15) and use of different motor tasks
to assess TrA muscle activity®. A recent systematic review
from our research group has summarized main methodologi-
cal limitations of studies on measurement properties of the
PBU®. Furthermore, a recently low risk of bias study on the
reproducibility of the PBU was conducted and observed ICCs
of 0.74 and 0.76 for intra and inter-examiner reproducibility,
respectively®. Scientific findings are more accepted when
different studies investigate the effects of an intervention or
test, obtain similar conclusions”. Thus, clinimetric properties
of the measures should be studied and presented for that the
quality of the results can be evaluated.

Therefore, considering the importance of the use of vali-
dated measures that can support clinical practice and consid-
ering the scarcity of studies concerning the validation of the
PBU in a clinically relevant sample, the purpose of this study
was to evaluate the concurrent validity and diagnostic accu-
racy of the PBU in measuring TrA muscle activity in patients
with chronic nonspecific low back pain.

Method

This study used a validation, cross-sectional design®, and
was carried out at the Laboratory of Kinesiology and Func-
tional Assessment of the Department of Physical Therapy
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of the Universidade Federal do Pernambuco (UFPE), Recife,
PE, Brazil in 20009.

The sample was selected from students of the UFPE
with chronic nonspecific low back pain. This study was
approved by the Institutional Research Ethics Commit-
tee (Agamenon Magalhdes Hospital, Recife, PE, Brazil)
(#00490236000-09). All participants signed an informed
consent form. The required sample size was estimated
based upon the recommendations of specific guidelines on
clinimetric properties that suggest a sample of at least 50
individuals for validation studies®.

We included participants with chronic nonspecific low
back pain (i.e., low back pain of at least three months duration
and without a specific cause)®. We excluded participants who
had acute low back pain (i.e, an episode of low back pain of
less than 6 weeks), those who were pregnant, who had previ-
ous abdominal wall or spinal surgery, with a body mass index
(BMI) of 25 or over, were menstruating during the tests and
those with suspected or confirmed serious pathologies (i.e,
nerve root compromise; fractures; cancer; infectious diseases
of the spine; cauda equina syndrome and widespread neuro-
logical disorders).

All participants received basic information about the
anatomy, biomechanics and functions of the TrA muscle, as
well as they received training of the TrA muscle contraction,
which has been described in detail in the literature?>*>33340_ All
subjects were previously instructed to fast for 2 hours prior to
testing (including water), empty the bladder immediately be-
fore the tests and to not perform abdominal exercises two days
prior to the tests?. For both tests, participants and examiners
have adopted the same positioning, environmental and tem-
poral conditions to avoid external influences or internal errors
during data collection. Participants were positioned in a prone
position on a hard surface, with the lower limbs positioned
with the feet off the plinth and with the arms beside the trunk.

To test the concurrent validity of PBU, surface electromy-
ography (EMG) was considered as the reference-standard test,
based on the findings of previous studies on the topic'****and
considering the questions of the ethics committees in Brazil
(our ethics committee did not allowed us to use fine-wire
EMG). For all patients, we firstly tested the TrA muscles using
the surface EMG (Miotec®Miotool 400) under the conditions
described below. Before placing the electrodes, detection sur-
faces were properly cleaned, exfoliated and, when necessary
shaving was performed following the recommendations of
ISEK (International Society of Electrophysiology and Kinesiol-
ogy) and SENIAM (Surface Electromyography for Non Invasive
Assessment of Muscles)® to allow a low impedance between
the skin and the electrodes. The bipolar surface electrodes

(Ag/AgCl - Meditrace®) were placed with a distance of 20 mm
between their centers, and placed at right side in the area cor-
responding to the TrA/OI (transversus abdominis/internal
oblique) muscles, located 2 cm from the anterior superior
iliac spine, following the instructions established by Hodges,
Gandevia and Richardson® and adapted by Chanthapetch
et al.”. The reference electrode was placed in the right lateral
epicondyle. Participants were positioned on supine position
with knees flexed at 90°.

We firstly recorded 30 seconds at rest to detect the param-
eters of electromyographic silence (basal tonus). Then, it was
performed the protocol of maximal voluntary isometric con-
traction (MVIC) in agreement with the standards of SENIAM*
three contractions of 5 seconds with intervals of 3 seconds
between each contraction, with three repetitions. Each par-
ticipant had one minute of rest between repetitions. To finish
the electromyographic collection was requested a TrA muscle
contraction maintained for 10 seconds. Overall, there were five
electromyographic records from each subject. The signs of elec-
trical activity of TrA muscle were collected and transmitted to a
monitor that was connected to the EMG equipment. EMG data
were sampled at 1000 Hz over a bandwidth of 20-450 Hz (band-
pass filter). The raw EMG signals generated were analyzed using
the root mean square (RMS). EMG data were normalized by the
percentage of MVIC and significant electromyographic activity
(positive result - success) was defined as an activity at least 10%
of the MVIC**,

After obtaining EMG recordings and respecting an in-
terval of 15 minutes, we measured the TrA muscle activity
from the PBU. Participants were positioned on prone posi-
tion and the inflatable bag was placed between the anterior
superior iliac spine and navel. Before starting the contrac-
tion, the bag was inflated to a pressure of 70 mmHg with
the valve closed and participants were instructed to breathe
deeply using mainly abdominal wall, then the inflatable bag
was adjusted to 70 mmHg again. Patients were requested to
perform three TrA muscle contractions with following verbal
commands standardized by examiner: “Draw in your abdo-
men without moving the spine or pelvis” and maintain these
contractions for ten seconds™The examiner have checked by
palpation if the participants were moving (in contrast to the
instructions) the spine or pelvis. According to the manufac-
turer of PBU (Stabilizer® Chattanooga Group Inc., Hixson,
TN, USA), the ability to contract the TrA muscle results in a
pressure reduction from 4 to 10 mmHg, which is recorded by
pressure gauge of PBU*. Thus, based on this information and
previous studies on the topic*****, a pressure reduction of at
least 4 mmHg during 10 seconds from an average of three trials
was defined as a positive result (success) (Figure 1). To ensure
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that changes in pressure were not due to a leak in the pressure
biofeedback unit cushion, the PBU was calibrated according to
the recommendations established by von Garnier®.

A trained and experienced examiner performed both
measurements of surface EMG and PBU. All information was
recorded using a digital evaluation form provided by specific
software (Miograph®). Pain intensity was measured by the Nu-
merical Pain Rating Scale and disability was measured by the
Roland Morris Disability Questionnaire, both cross-culturally
adapted and clinimetrically tested for Brazilian-Portuguese
speakers’®,

The sample characteristics are presented using descrip-
tive statistics®. To describe the validity, we used the Phi (f)
Coeflicient, whose values range from -1 to 1 and if it lower
than 0.5 can be classified as weak, values between 0.5 and 0.7
are classified as moderate and over 0.7 are classified as strong
correlation®®'. The relationship between the TrA muscle con-
traction maintained for 10 seconds measured by the surface
EMG (%MVIC) and the scores of pressure reduction measured
by the PBU (mmHg) was the specific hypothesis formulated
to analyze the concurrent validity. We hypothesized that the
PBU (index test) would have a moderate and positive cor-
relation with the surface EMG (reference-standard test)**%
Furthermore, we calculated the values of diagnostic accu-
racy tests, such as sensitivity, specificity, positive predictive
value (PPV) and negative predictive value (NPV). Data were
analyzed with SPSS (Statistical Package for Social Sciences)
version 15.0, considering the significance level of p<0.05 in all
calculations.

Results :::.

The sample characteristics are presented in Table 1. Of the
50 participants, 38 (76%) were women and were on average 22
years old, weighed 63.7 kilos and had an average height of 1.70
meters. The mean low back pain duration was 1.9 years. The
mean low back pain intensity measured by the Pain Intensity
Numerical Rating Scale was 5.1 points and the mean disabil-
ity measured by the Roland Morris Disability Questionnaire
was 9.1 points.

The measures performed from the surface EMG obtained
mean MVIC of 127.1 (95.5) pV, representing 100% MVIC. The
records at rest had a mean of 2.3 (1.9) pV, representing 2.9%
MVIC. The contraction maintained for 10 seconds was 29.6
(21.8) uV on average, representing 24.4%MVIC. The measures
performed from the PBU obtained mean pressure values of
-4.1 (2.4) mmHg (Table 2).

According to predetermined criteria to characterize the
results as positive (success), 31 (62%) patients received similar
ratings by the two assessment instruments, but 19 (38%) were
classified as false-positive (8%) and false-negative (30%), which
shows a weak and non-significant correlation of Phi=0.2 (p<0.20)
between the ratings of the PBU and the surface EMG (Table 3).

7

ol

Figure 1. Pressure Biofeedback Unit (Stabilizer®).

Table 1. Sample characteristics.

Variables Mean (SD)
5 Female 38 (76%)
Gender (n, %) Male 12 (24%)
Age (years) 22.0(2.3)
Low back pain duration (years) 1.9(3.4)
Weight (kg) 62.7 (12)
Height (m) 1.7(0.1)
Pain Intensity Numerical Rating Scale (0—10) 51(1.8)
Roland Morris Disability Questionnaire (0-24) 9.1(5.9)

Table 2. Description of the pressure measures and electromyographic
measures during the TrA muscle activity.

Variables Mean (SD)
Pressure Measures
PBU* (mmHg) -41(24)
Electromyographic Measures
MVIC* (uV) 1271 (95.5)
MVIC (%) 100
Rest (UV) 2.3(1.9)
Rest (%) 29
Contraction maintained for 10 seconds (pV) 29.6 (21.8)
Contraction maintained for 10 seconds (%) 24.4

*PBU: pressure biofeedback unit; **MVIC: maximal voluntary isometric contraction.

Table 3. 2x2 Table between the PBU ratings and the surface EMG ratings.
SEMG"™ (reference-standard test)

Positive Negative Total
PBU* Positive 25 (50%) 4 (8%) 29 (58%)
(index test) ~ Negative 15 (30%) 6 (12%) 21 (42%)
Total 40 (80%) 10 (20%) 50 (100%)™**

*PBU: pressure biofeedback unit; ** SEMG: surface electromyography; ***Phi (f) Coefficient (Phi=0.2, p<0.20).
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Regarding to the diagnostic tests, the results showed low
sensitivity (60%), low specificity (60%), a high PPV (0.8) and a
low NPV (0.2) of the PBU.

Discussion

Our study showed a poor concurrent validity of the PBU in
measuring TrA muscle activity during voluntary contraction
maneuver in patients with nonspecific chronic low back pain.
The usefulness of a measure in research or in clinical practice
depends on how much we can rely on the accuracy of the data
as indicators of the behavior or the phenomenon assessed.
Ideally, any measurement should be practical, easy to obtain
and able to produce reliable and valid data, since no consis-
tent measures produce unreliable results, leading to erroneous
conclusions®.

With regards to the correlation between the ratings of
the PBU and the surface EMG, the high disagreement of 38%
showed that the pressure data are not statistically correlated
to the EMG data (Phi=0.2, p<0.20). Similar results were found
by Hodges, Richardson and Jull®, who preliminarily found a
non-significant correlation between the absolute estimates of
the PBU and fine-wire EMG (r=0.48, p<0.07), but subsequently
showed that the same data, when converted into an ordinal
scale to classify the two measures had high probability of being
correlated (Fisher’s exact test, p<0.006). Methodological differ-
ences can be used as a possible explanation for these conflict-
ing results, since in the study of Hodges, Richardson and Jull*,
the PBU was used to evaluate the presence of TrA muscle activ-
ity and the EMG was used to evaluate the latency period be-
tween the onset of contraction of the TrA and anterior deltoid
muscles (i.e., the instruments evaluated distinct phenomena).
In this study, the two instruments (PBU and surface EMG)
were used to evaluate the same phenomenon (i.e., presence of
TrA muscle activity).

The scarcity of studies investigating the validity of the PBU
makes it harder to perform a detailed analysis of our results.
Besides the study of Hodges, Richardson and Jull* other
study conducted by Costa et al.** tried to estimate the validity
of the PBU with a palpation test, and showed a positive and
significant correlation between the two tests (r=0.99, p<0.01).
However, it is observed that their study compared two clinical
tests and did not take into account any laboratory finding, and
its methodological approach are questioned by Richardson et
al.”® and Falla et al.*® who found a correlation of 0.56 (p<0.001)
between PBU and EMG data (contact electrodes attached to a
suction catheter), but this study was conducted in individuals

with chronic nonspecific neck pain, unlike our sample of
chronic low back pain participants.

The possibility of existence of the phenomenon of cross-talk
would be alikely explanation for the weak correlation observed
between the instruments, however the SENIAM*® assumes
that the placement of the surface electrodes could collect
the electromyographic signals from the TrA and OI muscles.
Furthermore, the validity of an assessment instrument is re-
stricted by the reliability of test”. This point was not clear in
the literature®, but a recently published study™ about the PBU
shows strong evidences of the excellent reproducibility of test.
This study was conducted with an adequate sample size, clini-
cally relevant participants and procedures for data collection
rigorously executed. Results indicated an ICC, | 0f 0.74 and 0.76
for the intra and inter-examiner reproducibility, respectively.
The intra and inter-examiner agreement were within the limits
of agreement (LOA) on 95% of occasions. Therefore, the repro-
ducibility of PBU in measuring TrA muscle activity in patients
with chronic nonspecific low back pain can be considered as
excellent.

Among many factors that can affect the accuracy of an
outcome measure, the lack of standardization is often referred
to as an important source of error. In this sense, the definition
of certain criteria is essential for a critical assessment as the
best evidence available when different studies investigating
the effects of a test”*"*, One finding during the development
of this study was the benchmark for defining what would be
considered “positive result” and “negative result” of the PBU.
The criterion of pressure reduction cannot be not considered
as biased, because the criterion adopted (at least 4 mmHg) is

22:82.35.353657.58 and recommended

the most cited in the literature
by the equipment manufacturer®. The point is that there are
no available studies with a ROC (Receiver Operating Char-
acteristics) curve analysis to determine the score-by-score
results of the PBU compared to the gold-standard tool. The
study conducted by Hodges, Richardson and Jull** is the one
that could have clarified this issue, but this statistical method
was not performed. Therefore, despite to be a consolidated
criterion and repeated by most researchers on the topic and by
the manufacturer, this can only be confirmed with a ROC curve
analysis? %%, We suggest a future study with primary aim to
calculate the ROC curve, unlike the objective of this study.

A limitation during the data collection was the order of the
tests was not random. This brings into question whether the
results on the PBU test were influenced by the fact the par-
ticipants were warmed-up, or participants being habituated
to the task. Moreover, a fact that may explain the findings of
this study is the possibility of the two instruments assess dif-
ferent aspects and the relationship between muscle activity
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and movement is not direct. Although these tests have evalu-
ated the same task (voluntary contraction of TrA muscle), the
surface EMG is able to assess amount of muscle activation
(and not amount of force or movement) and the PBU is able to
evaluate the depression of abdominal wall (which is the ability
to generate movement by TrA muscle) indirectly by measur-
ing the pressure reduction recorded by the device. Therefore, a
muscle that is more active in the electromyography signal will
not necessarily generate more movement. This may happened
due to muscle weakness® .

Regarding to the diagnostic tests, the results showed
a low sensitivity (60%) with small ability of the PBU detect
TrA muscle activity when it is present, also showed a low
specificity (60%) with small ability of the PBU to rule outTrA
muscle activity when it is absent. Based on these results we
can infer that the pressure measures were not sensitive to
discriminate the presence of TrA muscle activity and were
not specific to identify the absence of the same muscle activ-
ity, making questionable the usefulness of the PBU to assess
TrA muscle activity in patients with chronic nonspecific low

References :::.

back pain®®’. With regards to diagnostic tests, the high PPV
(0.8) found, ensures that if result of the PBU is positive, the
chance to be a real TrA muscle activity is 80%. While the low
NPV (0.2) does not assume that the negative tests of the PBU
represent absence of TrA muscle activity, since if results of
the PBU are negative, the chance that there is no TrA muscle
activity is only 20%.

Therefore, based on the results observed and the literature,
it is emphasized that there was no evidence sufficient to sup-
port the concurrent validity of the PBU in measuring TrA mus-
cle activity in patients with chronic nonspecific low back pain.
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