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of the human anconeus muscle at several elbow joint
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Abstract

Ultrasound imaging has facilitated the reliable measure of the architectural variables fascicle length (Lg) and
pennation angle (PA), at rest and during static and dynamic contractions in many human skeletal muscles in
vivo. Despite its small size and very modest contribution to elbow extension torque, the anconeus muscle has
proven a useful model for the study of neuromuscular function in health and disease. Recent single motor unit
(MU) studies in the anconeus have reported discrete and identifiable individual trains of MU potentials from
intramuscular electromyography (EMG) recordings during dynamic elbow extensions. It is unknown whether
the anconeus has unique architectural features related to alterations in Lg and PA throughout the elbow joint
range of motion that may help explain these high-quality recordings. Previous anatomical studies have
investigated this muscle in cadavers and at mainly one elbow joint angle. The purpose of this study was to
measure in vivo PA and L of the anconeus muscle in a relaxed state at different degrees of elbow flexion using
ultrasonography. Ultrasound images were collected from 10 healthy males (25 + 3 years) at 135°, 120°, 90°, 45°,
and 0° of elbow flexion. Average values of Lg decreased by 6 mm (10%), 6 mm (12%), and 4 mm (9%) from
135-120°, 120-90°, and 90-45° of elbow flexion, respectively, whereas average PA values increased by 1° (9%),
1° (8%), and 2° (14%) from 135-120°, 120-90°, and 45-0°, respectively. The results indicate that anconeus
muscle architecture is dynamic, undergoing moderate changes with elbow joint excursion that are similar to
other limb muscles reported elsewhere. The data obtained here are more comprehensive and representative of
architectural changes at various elbow joint positions than those data reported in cadaveric studies.
Furthermore, the results of this study indicate that despite experiencing similar relative changes in muscle
architecture to other skeletal muscles about the elbow joint, the minimal absolute changes in L of the
anconeus likely contribute to the clarity of intramuscular EMG previously reported in this muscle.
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2013). Muscle architecture has been classically studied using
cadaveric specimens. However, the applicability of gross

Introduction

Muscle architecture, together with fiber type composition
and distribution, is an important determinant of muscle
contractile properties (Edgerton et al. 1975; Lieber &
Bodine-Fowler, 1993; Kellis et al. 2012; Gerling & Brown,
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anatomic measurements obtained from cadavers is often
limited to older aged specimens, influenced by structural
changes that occur during embalming procedures, and lim-
ited to the angle at which the joint is fixed (Narici et al.
1996; Fukunaga et al. 1997). Alternatively, ultrasonography
has facilitated the reliable measure of architectural variables
at rest, during static and dynamic contractions, and in many
human skeletal muscles in vivo (Narici et al. 1996; Fukunaga
et al. 1997, Kawakami et al. 1998; Chleboun et al. 2001,
2007; Kwah et al. 2013; Power et al. 2013).

One small and seemingly insignificant muscle of the
elbow joint, the anconeus, has been used frequently as a
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model in neuromuscular and anatomical investigations. The
anconeus has been shown to provide high-quality record-
ings of motor unit (MU) properties during isometric and
dynamic elbow extensions (Harwood et al. 2011, 2012;
Harwood & Rice, 2012; Stevens et al. 2013), has been used
to record surface and intramuscular electromyography
(EMG) to study synergistic elbow extensor activity (Le Bozec
& Maton, 1982; Davidson & Rice, 2010; Harwood et al.
2013) and is often used clinically in the assessment of neuro-
muscular transmission disorders (Maselli et al. 1991; Kennett
& Fawcett, 1993). One explanation for the high signal clarity
of anconeus intramuscular EMG recordings over the full
range of dynamic elbow extensions (Harwood et al. 2011,
2012) is that MU number estimates of the anconeus are
relatively low compared with other skeletal muscles, which
manifests as less electrical interference from adjacent MUs
and a less dense signal (Stevens et al. 2013). An alternative
or complementary explanation for the high intramuscular
EMG clarity of the anconeus may be that minimal physical
displacement of the recording electrode during contractile
shortening occurs due to smaller changes in architectural
features compared with other skeletal muscles. However,
this hypothesis has not been substantiated in vivo.

Two architectural features are measured predominantly
using ultrasonography: fascicle length (Lf) and pennation
angle (PA). Fascicle length, which is an estimate of muscle
fiber length, is defined as the length of a line coincident
with the fascicle between the deep and superficial apo-
neuroses. Fascicle length indicates the range of lengths
over which the muscle is capable of actively producing
force, known as the excursion potential (Lieber & Friden,
2000). Pennation angle represents the angle of the muscle
fibers that constitute a muscle fascicle relative to the force-
generating axis, and directly affects both the force produc-
tion and the excursion (Gans & de Vree, 1987); larger
angles of pennation limiting the excursion potential. It is
apparent from ultrasound imaging that these architectural
variables are dynamic, changing in response to muscle
length changes or to a transition from rest to contraction
(including isometric) (Narici et al. 1996; Fukunaga et al.
1997). For example, Chleboun et al. (2001) demonstrated a
disordinal interaction between Lr and PA of the human
biceps femoris muscle in a relaxed state as a function of
hip and knee angle. Similarly, in the tibialis anterior it has
been shown that Lg decreases and PA increases at higher
isometric dorsiflexion contractile intensities (Maganaris &
Baltzopoulos, 1999; Simoneau et al. 2012). Therefore, alter-
ations in L and PA are dependent on the shortening or
lengthening of sarcomeres, and respond to variations in
tendon slack and whole muscle length. As a result, these
changes have important functional relevance with respect
to force production that is modified by sarcomeric and
whole muscle length changes (Duchateau & Enoka, 2008).

Except for one pilot study reported in abstract form
(Harwood et al. 2010), the anconeus has not been studied
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in vivo using ultrasonography. Several cadaveric (Coriolano
et al. 2009; Molinier et al. 2011; Ng et al. 2012; Pereira,
2013) and EMG (Basmajian & Griffin, 1972; Le Bozec &
Maton, 1982; Bergin et al. 2013) studies have described the
gross anatomy of the anconeus and have largely defined its
function. From these various independent anatomical and
functional studies, the primary functions of the anconeus
appear to be active stabilization of the elbow joint (Pereira,
2013; Molinier et al. 2011) and an approximate 15% contri-
bution to maximum elbow extension torque (Basmajian &
Griffin, 1972; Le Bozec & Maton, 1982; Zhang & Nuber,
2000). However, the functional anatomy of the anconeus,
specifically the changes in F_ and PA across the full elbow
joint range of motion (ROM) have not been described.
Because muscle architectural properties are reported to
affect patterns of MU recruitment and discharge character-
istics (Pasquet et al. 2006, 2005), and the anconeus has been
used recently as a model for the study of MU properties
during dynamic contractions, it is important to determine
the degree to which the anconeus responds architecturally
throughout the ROM to substantiate the value of this mus-
cle for study during actively changing elbow joint angles.
Furthermore, a description of F. and PA changes across the
full elbow joint ROM will provide insight to whether the
absolute changes in muscle architecture of the anconeus
contribute to its reported high EMG signal clarity, and
whether the anconeus is comparable to other upper limb
muscles on a relative basis. Thus, the purpose of this study
was to evaluate, using ultrasonography, changes in archi-
tectural features (L and PA) of the anconeus at rest across
the full ROM for the elbow joint.

Methods

Participants

Ten young adult male participants (25 + 3 years, 178 &+ 7 cm,
77 + 10 kg) volunteered for the study. Participants were asked to
refrain from unaccustomed and strenuous upper limb exercise for
1 day prior to testing. The participants were recruited from the uni-
versity population and were considered to be recreationally active
but not systematically trained. All participants were free from
known neuromuscular or cardiovascular diseases. The study proto-
col was approved by the local university ethics board and con-
formed to the Declaration of Helsinki. Informed written consent
was obtained prior to testing.

Experimental arrangement

Elbow angle was recorded and ultrasound imaging conducted
with the participant seated on a HUMAC NORM dynamometer
(CSMi Medical Solutions, Stoughton, MA, USA) (Fig. 1A). The non-
dominant arm (left arm for all participants) was secured tightly to a
custom forearm dynamometer attachment at the wrist and mid-
point of the forearm (~12 cm proximal to the head of the ulna)
using two 5-cm-wide inelastic Velcro restraints, which aligned the
medial epicondyle of the humerus with the rotational axis of the
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Fig. 1 Schematic diagrams of the
experimental set up. (A) Participant situated
in testing position in a HUMAC NORM
dynamometer with shoulder flexed at 90°
and forearm in semi-prone position
(participant shown at 0° elbow flexion).

dynamometer. Extraneous movements were minimized using
inelastic shoulder and waist restraints. Participants sat in an upright
position, such that the inertial weight of the left arm was supported
in testing position, with the shoulder flexed at 90° and the forearm
in a prone position. Ultrasound recordings were obtained at 135°,
120°, 90°, 45°, and 0° of elbow flexion (elbow joint angle of 0° was
considered full extension) (Fig. 1B).

Ultrasonography

To investigate the effect of changing elbow joint angle on L and
PA, ultrasound imaging was performed using a linear array probe
(GE model M12L, 4.9 mm, 5-13 MHz), attached to a Vivid 7
ultrasound unit (GE Healthcare, Mississauga, ON, Canada). Because
of the size and location of the muscle in relation to bony contours
and fascial sheaths it was not possible to follow L and PA in the

d

(B) Ultrasound imaging positions.

anconeus during continuous low intensity contractile movements
or at static angles during various contractile intensities. Therefore,
images were collected at rest for the five angles of elbow flexion.
For all measures of Lg and PA, the probe was placed directly on the
skin overlying the anconeus muscle approximately 3 cm distal to
the lateral epicondyle of the humerus, and olecranon process of the
ulna. The probe was positioned parallel to the direction of the apo-
neurosis to allow the fascicles to be displayed as a banded pattern.
Once a suitable recording position was obtained (minimum of one
distinct muscle fascicles per image; Fig. 2A), the location was
marked with indelible ink on the skin surface. Due to the limitations
of the anconeus outlined above, images which yielded a better
quality and number of fascicles generally were obtained from the
more distal aspects of the anconeus. Anconeus muscle thickness
was determined at 135° and 0° of elbow flexion with the probe
positioned perpendicular to the aponeurosis. The probe was moved

Fig. 2 Ultrasound images of the anconeus
from a representative participant.

(A) Longitudinal section visualizing two
distinct fascicles (F1 and F2) for 120° of
elbow flexion at rest. SA, superficial
aponeurosis; IPU, location of fascicle insertion
on the posterior face of the ulna. (B) Cross-
section showing muscle thickness
measurement (d) for 0° of elbow flexion at
rest.
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distally from the lateral epicondyle of the humerus toward the ulna,
identifying the deepest border of the anconeus muscle, from which
the measurement was made (Fig. 2B). Imaging was repeated for a
given elbow angle if the operator deemed the previous image
unsatisfactory, and was repeated until a useful image was obtained.
The probe was held firmly in place by the same operator for all tests
and standard ultrasound gel was used as the coupling agent.

Ultrasound data reduction and analysis

All ultrasound images captured during testing were transferred to a
desktop computer for offline analysis using ecHorac software
(v.7.0.1, GE Vingmed Ultrasound, Horton, Norway), which allowed
the Lg and PA calculation to be calculated. Pennation angle was
defined as the angle created by the fascicle at its insertion point
along the force-generating axis on the posterior face of the ulna
(An et al. 1981). Fascicle length was defined as the length of a line
coincident with the fascicle, between the insertion point of the
fascicle onto the ulna and the superficial aponeurosis. Images were
selected so that fascicles were visible near the point of insertion
onto the ulna. However, the fascicle was often not visible in its
entirety, in which case its intercept with the aponeurosis was
extrapolated (Reeves & Narici, 2003) (see Fig. 3).

Repeatability of ultrasound measurements

The repeatability of the measurements for L and PA was tested by
performing eight separate ultrasound scans of the anconeus in one
participant. Repeatability scans were performed over the course of
a day, with two distinct muscle fascicles imaged per session.

Validation of ultrasound measurements

The accuracy of the ultrasound technique used in this study was
assessed in a human cadaver by comparing ultrasound-determined
muscle architecture with direct anatomical measurements. The
anconeus muscle of a 74-year-old embalmed cadaver was imaged
with an angle of 120° of elbow flexion using ultrasonography as
described above. Following imaging, the skin, subcutaneous fat,
and fascia were removed and the corresponding ultrasound plane
was delineated by careful dissection along the insertion of the
anconeus on the posterior face of the ulna. A large flap mainly of
the posterior portion of the anconeus was exposed, corresponding
to the image axis through the muscle, so that the pennation angles
and fiber lengths of the fascicles could be measured manually in
situ. On the exposed muscle, measurements of Lr and PA were
made using a millimeter ruler and protractor. These measures were
compared with the images taken with ultrasound before dissection.

Statistical analysis

Data were analyzed with SPSS statistical software (version 16, SPSS
Inc.,, Chicago, IL, USA). Separate one-factor (elbow joint angle)
repeated measures univariate analyses of variance (anovas) were
performed with an a priori repeated contrast, to compare the
dependent variables, average Lr and average PA, for each angle of
elbow flexion to the subsequent elbow joint angle (135° elbow
flexion representing baseline). A paired t-test was used to compare
anconeus muscle thickness at 0° and 135° of elbow flexion.
Repeated measures anovas were also performed to assess the
repeatability of Lr and PA measures for the eight ultrasound scans.
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Fig. 3 Ultrasound images of the anconeus from a representative par-
ticipant showing fascicle length (Lf) and pennation angle (PA) mea-
surement at rest. The solid lines represent the aponeurosis and
posterior face of the ulna. Pennation angle (denoted as B) is the angle
at which the fascicle leaves the posterior face of the ulna and inter-
sects with the theoretical aponeurosis indicated with an extrapolated
broken line. Fascicle length was calculated as the sum of the mea-
sured fascicle length (Lg1) and the estimated (Lg2) fascicle length [h/
sine(y)].

When a main effect was observed, a post hoc analysis using paired
t-tests was performed with a modified Bonferroni correction factor
to determine where significant differences existed among visits.
Average values of Lg and PA obtained using ultrasonography were
compared with those obtained directly from the exposed muscle
using unpaired t-tests. Lastly, Cohen'’s d effect sizes were determined
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for each pairwise comparison. The level of significance was set at
P < 0.05. Data are presented as mean + standard deviation (SD).

Results

Despite the challenges of applying ultrasound to a small
muscle that is enveloped by a relatively thick layer of fascia
and surrounded by bony contours at various elbow angles,
useful images were obtained for all participants and at all
joint angles. On average, 3.9 + 0.5 images were obtained
per elbow joint angle, and each image yielded 1.7 + 0.2
fascicles per participant per elbow joint angle.

In all 10 participants, L decreased and PA increased from
135° to 0° of elbow flexion. The overall or maximum
change throughout the entire ROM in Lg and PA was
18 mm (32%) and 5° (45%), respectively. Average values of
Ly decreased by ~12% from 135-120° and 120-90°, and
~11% from 90-45° (P < 0.05; d = 0.74, 0.67, 0.47, respec-
tively; Table 1, Fig. 4A). Average values of PA were
increased from 135-120°, 120-90°, and 45-0° (P < 0.05;
d = 0.63, 0.39, 0.78, respectively; Table 1, Fig. 4B). Percent
increase for PA between each elbow joint angle (135-120°,
120-90°, and 45-0°) was determined to be ~12%. The thick-
ness of the muscle ranged from 8 to 12 mm at 135°, and
increased by 9% between 135° and 0° of elbow flexion
(P < 0.05; d = 0.50; Table 1).

No main effect was found for the analysis of L and PA
for the eight repeated ultrasound scans obtained in one
participant and the coefficient of variation was 0.10 for Lg
(3.7 mm) and 0.13 for PA (1.69°). Although the images
obtained from the cadaver were not as clear as those
obtained in vivo, we were able to establish good agree-
ment between ultrasound-determined muscle architecture
and direct anatomical measurement for both Lg
[37 £ 6 mm vs. 32 +£ 3 mm (P > 0.05), respectively] and PA
[17 £ 2°and 15 + 2° (P > 0.05), respectively].

Table 1 Muscle architecture measurements.

Angle of
elbow
flexion (°) 135 120 90 45 0

Fascicle 56 +7* 50 +9* 44 +9* 40+ 8 38 +7
length
(mm)

Pennation
angle (°)

Thickness

(mm)

ME1* 12+£2* 13+£3 14 +£2* 16+3

10 + 2F - - - 1M +2

Measurements were obtained from 10 healthy young males at
rest. Values are mean =+ SD.

*Difference compared with the subsequent degree of elbow
flexion.

Difference between 135° and 0° of elbow flexion.

Discussion

This study examined the architectural features, L and PA,
of the human anconeus muscle in vivo during rest at five
elbow joint angles. A few studies have described anconeus
muscle architecture from cadavers at a single, often unspec-
ified, fixed joint angle (Coriolano et al. 2009; Ng et al.
2012; Pereira, 2013), and one study estimated Lr and PA
over a 120° ROM using computer software (Pereira, 2013);
here, however, we investigated these key architectural fea-
tures using ultrasonography in vivo over the full range of
elbow joint excursion. The results indicated that anconeus
Lg and PA substantially decreased and increased, respec-
tively, as the elbow joint angle approached full extension
from a flexed position. The ultrasound technique used for
the measurement of these architectural parameters was
determined to be reliable over several scans and valid based
on good agreement with cadaveric measurements.
Cadaveric studies have described the anatomy of the
human anconeus muscle, including muscle architectural
measures Lg and PA, yet most have not reported a specific
elbow joint angle. For muscle thickness, ultrasound-
determined values in this study (10-11 mm) agree with
those reported by Coriolano et al. (2009) (12 &+ 2 mm)
obtained by measuring the width of the anconeus at the
proximal end of its insertion onto the posterior face of the
ulna. A moderate discrepancy between previous reports
(Coriolano et al. 2009; Pereira, 2013) of L¢ in cadavers
(30 mm) and that reported in the current study (Lg,
46 + 10 mm), is likely the result of comparing: (i) an aver-
age Lg derived from multiple joint angles to a single L¢
recorded at one often unspecified, angle; and (ii) in vivo
measurements obtained from a healthy, young population
to in situ preparations from elderly cadavers. Skeletal mus-
cle architecture of human cadaver muscle has been found
to differ greatly from age-matched in vivo ultrasonographic
measurements, where PA and F_ differed ~13-180% and
~4-21%, respectively, depending on the muscle under
investigation (Martin et al. 2001). Martin et al. (2001) attrib-
uted these differences to shortened cadaveric fiber bundle
length, suggesting that cadaveric muscle exists architectur-
ally in a state of partial contraction. It is likely that this pre-
sumed state of partial muscle contraction also attributed to
the large disparity between the cadaveric value (71 + 12°)
reported by Ng et al. (2012) and the in vivo PA values
reported here at 90° of elbow flexion (13 + 3°), as penna-
tion has been shown to increase relative to muscle length
during shortening contractions (Narici et al. 1996; Fukunaga
et al. 1997; Kawakami et al. 1993; Maganaris & Baltzopou-
los, 1999; Simoneau et al. 2012). However, the difference in
measurement procedure is likely to be a more prominent
contributor to the significant differences found in one
cadaveric study (Ng et al. 2012) and in the present findings.
In cadavers, the average PA (71 + 12°) was determined
as the angle at which the fascicle intersects 90° quarterly
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intervals along the long axis of the muscle (see Ng et al.
2012; Fig. 3). In the present study, PA was measured as the
angle at which the fascicle emerges from its insertion on
the force-generating axis along the posterior face of the
ulna. This is significant, as it has been shown that PAs are
systematically smaller at the insertion of the muscle onto
the tendon compared with those imaged from more central
locations of the muscle (Blazevich et al. 2006), as was done
by Ng et al. (2012). Furthermore, anconeus compartmentali-
zation may explain variations in PA (Bergin et al. 2013), as
measures made at a more distal location would yield a less
oblique angle. Finally, a PA of 70° does not seem function-
ally useful and such extreme angles are not reported for
other limb muscles (Kwah et al. 2013). Therefore, it is likely
not valid to compare PA values directly from the current
study with the Ng et al. (2012) study in cadavers.

More important for the purpose of the present study is
that the anconeus studies cited above only described the
muscle architecture at a single elbow joint angle (position
of fixation). One study (Pereira, 2013) attempted to mea-
sure changes in anconeus muscle fiber length over multiple
elbow joint angles (ranging from 0° to 120° of elbow flex-
ion) using a 2-D kinematic model. That study reported that
muscle fiber lengths differed over the ROM tested, with the
greatest change recorded at 90° elbow flexion. However,
the investigation was limited by a small sample of human
cadavers (comprised of 8 elderly men) and a simple 2-D
kinematic model, which the authors admitted did not fully
represent physiological in vivo conditions. Thus, the use of
ultrasonography here was necessary to obtain a more accu-
rate representation of changes in Lg and PA in vivo in rela-
tion to elbow joint angle.

The relative change in Lg and PA reported for the ancon-
eus in the current study closely resembles that derived using
ultrasonography for other muscles in vivo, under passive
conditions, relative to the ROM tested at their respective
joints. For example, Lg and PA measured in the biceps fem-
oris at three knee angles, covering a 90° ROM (0°, 45°, 90°
flexion), were reported to decrease 27% and increase 27%,
respectively (Chleboun et al. 2001). Similarly, in the vastus
lateralis, L¢ decreased 27% and PA increased 29% when
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knee angle changed from 110° to 0° of flexion (Fukunaga
et al. 1997). Moreover, Kawakami et al. (1998) measured
percent change in Lg and PA in the relaxed medial gastroc-
nemius (MG), lateral gastrocnemius (LG), and soleus (SOL)
across an ankle joint ROM of 45° (—15° to 30° extension)
and observed a 21, 23, and 30% decrease in Lg for the MG,
LG, and SOL, respectively, whereas PA increased 32, 42, and
47% in these same muscles. In another study of the MG,
Narici et al. (1996) measured Lg and PA changes over a
slightly larger ROM (60°) and observed a 40% decrease in Lg
and a 75% increase in PA. With the exception of one study
of the MG (Narici et al. (1996), the percent changes in these
muscle groups across a full or nearly full ROM and those
reported here for the anconeus (Lg, decreased 32%; PA,
increased 45%) are comparable. Thus, although the ancon-
eus is a short stabilizing muscle it undergoes architectural
changes during extension as the elbow joint moves
throughout a large ROM.

Absolute values of PA reported previously for the three
heads of the triceps brachii (TB) are also similar to those
determined for the anconeus in the present study.
Although resting L and PA values for the three heads of
the TB across the full ROM have not been assessed, differ-
ent studies have examined the muscle architecture (PA) of
the TB at different elbow joint angles. Using ultrasound,
Blazevich & Giorgi (2001) found PA for the relaxed lateral
head of the TB, in men similar in age to those in the present
study, to be 12 + 2° when the elbow was flexed 90°. At 0°
of elbow flexion, PAs of 15 + 6° (Kawakami et al. 1993)
and 20 + 3° (Kubo et al. 2003) were reported for the TB
long head, and 11 + 5° for the medial head (Kawakami
et al. 1993). As mentioned above, these values do not differ
with those reported in the present study (13 + 3° and
16 + 3° at 90° and 0° of elbow flexion, respectively). These
results indicate that the anconeus experiences similar abso-
lute and relative changes in PA as the TB during elbow
extension movements (Basmajian & Griffin, 1972), and
therefore PA cannot explain the differences in EMG signal
clarity between the anconeus and TB.

Alternatively, it is plausible that low absolute changes in
L relative to elbow joint ROM contribute partially to high
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EMG signal clarity. Although the average Lg of the ancon-
eus relative to total muscle length in this study were similar
to those reported in the TB, the average absolute change in
Lg is ~55% less than that of the TB (Murray et al. 1995;
Pereira, 2013). One important factor contributing to poor
intramuscular EMG signal clarity is electrode displacement
(Merletti & Farina, 2009); less absolute change in L facili-
tates better quality recordings. Therefore, it is likely that less
interference from neighboring MUs due to the low number
of estimated MUs in the anconeus (Stevens et al. 2013) and
small absolute changes in L relative to elbow joint range of
motion collectively produce a scenario in which high quality
recordings are more probable. It is these unique features of
the anconeus together with its similarity on a relative basis
to other upper limb muscles that make it an attractive
model to investigate MU properties in situations where
larger muscles are not appropriate.

Concluding remarks

In summary, Lg and PA of the anconeus muscle at rest were
observed to change as a function of elbow joint angle. The
values obtained here, using ultrasonography, differed
slightly from those reported previously in cadaveric studies
(Coriolano et al. 2009; Pereira, 2013; Molinier et al. 2011;
Ng et al. 2012) with respect to Lg, but were significantly dif-
ferent for PA (Ng et al. 2012), which was predominately
attributed to a difference in measurement procedure and
the limitation of comparing in vivo measures to cadaveric.
The relative change in L and PA for the anconeus was con-
sistent with that of other muscles measured using the same
technique (Chleboun et al. 2001; Kawakami et al. 1998;
Fukunaga et al. 1997), and absolute values of PA observed
for the anconeus were very similar to those reported in the
TB (Kubo et al. 2003; Blazevich & Giorgi, 2001; Kawakami
et al. 1993), which shares the same innervation and func-
tion as the anconeus. These similarities in muscle architec-
tural changes indicate that the anconeus behaves like other
upper limb muscles. However, the absolute changes in F
over a full joint ROM are small compared with other mus-
cles about the elbow joint. Therefore, the high intramuscu-
lar EMG signal clarity reported for this muscle during
functional contractions does not appear to be related to
changes in PA but may rely partially on the small absolute
changes in F_ experienced by the anconeus. Collectively,
these findings indicate that the anconeus is a valuable mus-
cle model for study in neuromuscular physiology and func-
tional anatomy.
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