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a b s t r a c t

Decomposition-based quantitative electromyography (DQEMG) comprises a group of methods used to
obtain information related to the health of the neuromuscular system. Although primarily objective,
aspects of the data analysis protocol include operator decisions that may impact its reliability and reduce
the applicability of the technique among multiple users. Thus, the objective of this study was to estab-
lish the inter-rater reliability of the protocol used for DQEMG analysis among five raters. Seventy data
files previously obtained using DQEMG from healthy control subjects and patients with disorders of the
neuromuscular system were analyzed by four novice and one experienced rater. Values obtained from
this analysis were then evaluated for reliability within the novice raters and in contrast to the results of
the experienced rater to examine the influence of the level of rater experience on the results obtained.
The majority of the parameters associated with the number of motor unit potentials and their physiolog-
ical characteristics were found to be reliable among all raters, with moderate-high ICC values observed
for both the biceps brachii and first dorsal interosseous muscles. The data suggest that the level of rater
experience does not greatly influence the results obtained and that the analysis can be reliably performed
by a rater who is given suitable instruction. These findings are important particularly given the potential
use of DQEMG as an outcome measure in multi-center studies.

© 2010 Elsevier B.V. All rights reserved.
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relation coefficient; IDI, interdischarge interval; MU, motor unit; MUP, motor unit
potential; NpAmp, negative-peak amplitude; S-MUP, surface-detected motor unit
potential.
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1. Introduction

Decomposition-based quantitative electromyography
(DQEMG) has been designed to provide information pertain-
ing to the physiological characteristics and numbers of motor
units (MUs) within a given muscle or muscle group (Doherty and
Stashuk, 2003). Clinically this information is valuable in that it
provides insight into the changes occurring at the level of the MU
in response to disorders of the neuromuscular system. Evidence
to support this has come from several studies, including the
observation of decreased MU number estimates and increased MU
size and complexity in patients with amyotrophic lateral sclerosis
(ALS) (Boe et al., 2007) and Charcot-Marie Tooth (CMT) disease
(Shy et al., 2007), in addition to demonstrating age-related MU
remodeling and an associated decrease in the estimated numbers
of MUs in old and very old men (McNeil et al., 2005).

To provide value as a clinical tool, it is important to ensure the
data obtained using DQEMG are reliable from one test to the next
both within and across raters. When studies are performed by expe-
rienced raters, DQEMG has been found to be reliable, with high
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Fig. 1. Decomposition summary. Sample of four MUP trains (vertical, labeled A–D) that represent the decomposition of a typical needle-detected EMG signal and subsequent
analysis of the needle- and surface-detected signal. Columns from left to right represent (1) prototypical needle-detected MUP; (2) individual MUPs of each MUP train
superimposed in a shimmer plot; (3) surface-detected MUP and number of contributing discharges; (4) IDI histogram; and (5) firing rate vs. time plot representing MUP
train discharge times and instantaneous firing rate plots. Raters are required to review each MUP train based on objective and subjective criteria to determine whether to
include or exclude a particular MUP train. Briefly, this process includes: (i) does the MUP train include a minimum of 51 contributing MUPs (column 1), (ii) is the COV value
associated with the IDI < 0.30 (column 4), (iii) does the firing rate vs. time plot display a consistent firing rate pattern (column 5), and (iv) does the IDI histogram have a
normally distributed main peak (column 4).

intra- and inter-rater reliability observed for data collection and
analysis (Boe et al., 2006, 2009; Calder et al., 2008).

Although DQEMG has been designed to utilize objective criteria
during data collection and analysis, some aspects of the analy-
sis are not amenable to quantification or classification and thus
are at the discretion of the operator. These include the decisions
to include or exclude needle-detected MU potential (MUP) trains
and surface-detected MUPs (S-MUPs) that do not meet the objec-
tive inclusion criteria of the DQEMG software. Additionally, raters
may be required to re-position inaccurately placed markers used to
calculate MUP duration and amplitude measures. Although these
subjective components do not impact reliability in studies per-
formed by experienced raters (Boe et al., 2006, 2009; Calder et al.,
2008), this may not be the case when analysis is performed by less
experienced raters, which may occur in larger, multi-center studies.
Thus, the purpose of this study was to examine the potential impact
of rater experience on the intra-rater reliability of the procedures
used for the analysis of DQEMG data obtained from subjects with
and without neuromuscular disorder.

2. Methods

2.1. Subjects

DQEMG data from 28 healthy control subjects (27 ± 5 years),
nine patients with ALS (52 ± 12 years) and three patients with CMT,
Type X (CMT-X, 46 ± 9 years) who had previously undergone exam-
ination using DQEMG were analyzed in the current study. Biceps
brachii (BB) data were obtained from 28 healthy control subjects
and seven patients with ALS. First dorsal interosseous (FDI) data
were obtained from 24 healthy control subjects, eight patients with
ALS and three patients with CMT-X. All subjects had previously

provided informed consent and the University of Western Ontario
ethics review board approved the study.

2.2. DQEMG data collection

The DQEMG method, associated algorithms and data collec-
tion protocols for the FDI and BB muscles have been described in
detail elsewhere (Boe et al., 2004, 2007; Doherty and Stashuk, 2003;
Stashuk, 1999). Utilizing a series of pattern recognition algorithms
in addition to spike-triggered averaging, DQEMG is able to break-
down both a needle and surface-detected EMG signal, acquired
simultaneously during a voluntary muscle contraction, into their
individual needle and surface-detected MUPs (Stashuk, 1999,
2001). Briefly, DQEMG decomposes the composite needle-detected
EMG signal into its constituent MUP trains using shape and tempo-
ral information related to the individual MUP discharges in addition
to MU firing time statistics. Using these needle-detected MUPs as
triggers for spike-triggered averaging, a sample of MUPs, detected
via surface electrodes (S-MUPs), are obtained. These S-MUPs are
representative of the sizes of the MUs in the underlying muscle
of interest (Stalberg, 1980; Stalberg and Fawcett, 1982). Parame-
ters associated with the needle and surface-detected MUPs provide
information regarding MU size, complexity and discharge rate.
Although not presented here, if a representative sample of these S-
MUPs is attained (≥20), a mean S-MUP size can be determined and
divided into a corresponding size-related parameter of a maximal
M wave to produce a MU number estimate (Boe et al., 2004).

2.3. Raters

The novice raters were four second-year students enrolled in a
Masters level clinical program at the University of Western Ontario.
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