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Abstract

Muscle architecture is a determinant for sprinting speed and
jumping power, which may be related to anaerobic sports per-
formance. In the present investigation, the relationships between
peak (PVJP) and mean (MVJP) vertical jump power, 30m max-
imal sprinting speed (30M), and muscle architecture were exam-
ined in 28 college-aged, recreationally-active men (n = 14; 24.3
+2.2y; 89.1 £ 9.3kg; 1.80 £ 0.07 m) and women (n = 14; 21,5 +
1.7y; 65.2 + 12.4kg; 1.63 = 0.08 m). Ultrasound measures of
muscle thickness (MT), pennation angle (PNG), cross-sectional
area (CSA), and echo intensity (ECHO) were collected from the
rectus femoris (RF) and vastus lateralis (VL) of both legs; fasci-
cle length (FL) was estimated from MT and PNG. Men pos-
sessed lower ECHO, greater muscle size (MT & CSA), were
faster, and were more powerful (PVIJP & MVJP) than women.
Stepwise regression indicated that muscle size and quality influ-
enced speed and power in men. In women, vastus lateralis
asymmetry negatively affected PVJP (MT: r =-0.73; FL: r = —
0.60) and MVJP (MT: r = -0.76; FL: r = -0.64), while asym-
metrical ECHO (VL) and FL (RF) positively influenced MVJP
(r =0.55) and 30M (r = 0.57), respectively. Thigh muscle archi-
tecture appears to influence jumping power and sprinting speed,
though the effect may vary by gender in recreationally-active
adults. Appropriate assessment of these ultrasound variables in
men and women prior to training may provide a more specific
exercise prescription.

Key words: Sports testing, ultrasonography, vertical jump, 30m
sprint, muscle symmetry.

Introduction

Vertical jump and short distance sprints (< 50m) are con-
venient field assessment tools used to rate athletic capa-
bility in anaerobic activities (Hoffman, 2006). Briefly,
vertical jump power and sprinting speed appear to be
interrelated predictors of explosive and accelerative capa-
bility (Cronin and Hansen, 2005; Habibi et al., 2010; Kale
et al., 2009; Maulder et al., 2006; Nesser et al., 1996) and
indicative of a variety of game-related performance statis-
tics for several anaerobic sports (Davis et al., 2004;
Hoffman et al., 2010; Mangine et al., 2013; McGill et al.,
2012). While several factors may contribute, muscular
strength and power are essential components in the opti-
mal performance of these tests (Hoffman, 2006). Fur-
thermore, it is largely accepted that muscular strength and
power are significantly determined by the structural char-
acteristics of the activated musculature; where greater
muscle size, muscle quality, fascicle length, and penna-

tion angles lead to greater force and power production
(Cadore et al., 2012; Cormie et al., 2011; Goodpaster et
al., 2000; Hakkinen and Keskinen, 1989, Hakkinen et al.,
1996; Kumagai et al., 2000; Potteiger et al., 1999). As
such, several studies have determined that muscle struc-
ture is related to vertical jump and sprinting performance
(Abe et al., 2000; 2001; Bell et al., 2014; Ikebukuro et al.,
2011; Kubo et al., 2011; Kumagai et al., 2000; Potteiger
etal., 1999).

Jumping and sprint performance is dependent upon
the synchronized contribution of force and power from
each leg. It is known that the combined effort from each
leg is not as great as the sum of each leg measured indi-
vidually (Bobbert et al., 2006; Taniguchi, 1998). Yet, the
magnitude and direction of each leg’s force and power is
combined to produce a single, linear force/power vector
(McGinnis, 2013). Therefore, a vertical jump or linear
sprint may suffer from sub-optimal linear propulsion if
these forces are unequal or misaligned. Recently, Bell and
colleagues (2014) demonstrated relationships between
lower limb lean mass asymmetry and asymmetrical jump-
ing force and power (Bell et al., 2014). However, this
particular investigation only examined the effect these
asymmetries had on maximal jumping height. No study
has looked into the effect of asymmetrical muscle archi-
tecture (e.g. pennation angle and fascicle length), muscle
size, or muscle quality on absolute jumping power or
sprinting speed.

To a certain degree, skeletal muscle architecture
and its activation are both responsible for the resultant
production of force and power (Hoffman, 2006). The
manner in which muscle architecture and activation affect
force and power may be influenced by physical activity,
training status, and gender. During puberty, skeletal struc-
ture and circulating testosterone, which affect muscle
strength and development, differ significantly between
men and women (Komi and Bosco, 1978; Komi and
Karlsson, 1978; Saladin, 2009). As a result, absolute
differences in strength, rate of force development, explo-
sive capability, muscle recruitment, and muscular sym-
metry have been previously documented between genders
(Hewitt et al., 1999; Komi and Bosco, 1978; Komi and
Karlsson, 1978; Lawson et al., 2006; Rodano et al., 1996).
It is possible that the manner in which muscle architecture
affects vertical jumping and sprinting performance may
also vary by gender. Therefore, the purpose of the present
investigation was to determine the influence of gender
and muscle architecture asymmetry on vertical jump
power and short-distance sprinting speed.
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Methods

The relationships between skeletal muscle architecture, as
measured by ultrasound, and athletic field tests (vertical
jump & 30m sprint) were assessed in physically active
men and women. Participants reported to the Human
Performance Laboratory on three separate occasions. On
the first visit (T1), eligible participants were advised of
the purpose, risks and benefits associated with the study.
After providing their informed consent, body composition
was measured in all eligible participants. Within 1 — 2
days of T1, participants returned for the second visit (T2),
during which a standardized warm-up preceded the as-
sessment of vertical jump height and power. The final
visit (T3) occurred within one week from T2. Following
ultrasound measurements of the right and left leg thigh
musculature (rectus femoris and vastus lateralis), the
participants completed three maximal 30-m sprints. The
Institutional Review Board of the University approved
this research protocol.

Subjects

Twenty-eight healthy, physically active men (n = 14) and
women (n = 14) (Table 1), volunteered to participate in
this study. Participants completed a health and physical
activity questionnaire, Physical Activity Readiness Ques-
tionnaire (PAR-Q), and an informed consent prior to
participation. All participants were free of any physical
limitations and had been recreationally active (exercised 2
— 3 times per week).

Table 1. Gender differences in descriptive and performance
variables. Data are means (£SD).

Men Women

Descriptive Measures

Age (y) 243(2.2) 215@1.7)*
Body Mass (kg) 89.1(9.3) 65.2(12.4)*
Height (m) 1.80 (.07) 1.63 (.08)*
Body Fat (%0) 13.7(5.0) 25.2 (6.3)*
Lean Body Mass (kg) 76.9(9.1) 48.2(6.0)*
Performance Measures

Vertical Jump (cm) 66.8 (10.2) 45.2 (6.5)*
Peak Vertical Jump Power (W) 2663 (547) 1513 (310)*
Mean Vertical Jump Power (W) 1421 (231) 868 (167)*
30-m Sprint Rate (m-s}) 6.65 (.37) 5.51 (.49)*

*Significantly (p < 0.05) different from men.

Descriptive measures

During T1, height (£0.1cm) and body mass (+0.1kg) were
measured using a Health-o-meter Professional scale (Pa-
tient Weighing Scale, Model 500 KL, Pelstar, Alsip, IL,
USA). Skinfold measurements were collected by the same
investigator with skinfold calipers (Caliper-Skinfold-
Baseline, Model #MDSP121110, Medline, Mundelein,
IL, USA) using standardized procedures for measurement
of the triceps, suprailiac, abdomen, and thigh (Hoffman,
2006). Previously published formulas were used to calcu-
late body fat percentage (%FAT) (Jackson and Pollock,
1985).

Vertical jJump assessment
Following a 5-min warm-up on a cycle ergometer, verti-
cal jump height was measured using a Vertical Jump

Testing station (Uesaka Sport, Colorado Springs, CO)
during T2. Before testing, standing vertical reach height
was determined by colored squares located along the
vertical neck of the device. Each square corresponded
with similarly colored markings on each horizontal tab,
which indicated the vertical distance (in inches) from the
associated square. Vertical jump (VJ) height was deter-
mined by the indicated distance on the highest tab reached
following 3 maximal countermovement jump attempts
and in accordance with previously described procedures
(Hoffman, 2006). Peak (PVJP) and mean (MVJP) vertical
jump power were determined from a Tendo™ Weightlift-
ing Analyzer (Tendo Sports Machines, Trencin, Slovakia)
that was attached at the participant’s waist during the
vertical jump assessment. The Tendo™ unit consists of a
transducer that measured velocity (m-s™), defined as line-
ar displacement over time. Power (W) was calculated by
multiplying vertical jump velocity and the participant’s
body mass. PVJP and MVJP were recorded for each
jump and used for subsequent analysis. The ICCs for
PVJP and MVJP, as measured by the Tendo™ unit in our
laboratory, are 0.98 (SEM = 106.2 W) and 0.94 (SEM =
100.3 W), respectively.

Measurements of muscle architecture

Prior testing on T3, participants reported to the laboratory
and laid supine for 15 minutes to allow fluid shifts to
occur before the collection of ultrasound images (Berg et
al., 1993). Subsequently, non-invasive skeletal muscle
ultrasound images were collected from the rectus femoris
(RF) and vastus lateralis (VL). A 12 MHz linear probe
scanning head (General Electric LOGIQ P5, Wauwatosa,
WI, USA) was used to optimize spatial resolution and was
coated with water soluble transmission gel and positioned
on the surface of the skin to provide acoustic contact
without depressing the dermal layer to collect the image.
All measures were taken in both the RF and VL of both
legs and performed by the same technician. The anatomi-
cal location for all ultrasound measures was standardized
for each muscle in all participants. For measures of RF,
the participant was placed supine on an examination table,
according to the American Institute of Ultrasound in Med-
icine, with the legs extended but relaxed and with a rolled
towel beneath the popliteal fossa allowing for a 10° bend
in the knee as measured by a goniometer (Scanlon et al.,
2014). For measures of the VL, the participant was placed
on their side with the legs together and relaxed allowing
for a 10° bend in the knee as measured by a goniometer.
Following scanning, all images were analyzed offline
using ImageJ (National Institutes of Health, Bethesda,
MD, USA, version 1.45s), an image analysis software
available through the National Institute of Health. For
these analyses, a known distance of 1cm shown in the
image was used to calibrate the software program
(Scanlon et al., 2014).

Measures of muscle cross-sectional area (CSA)
and echo intensity (ECHO) were obtained using a sweep
of the muscle in the extended field of view mode with
gain set to 50 dB and image depth to 5cm. For both mus-
cles, landmark measurements were taken in the sagittal
plane parallel to the long axis of the femur, while scan-
ning occurred in the axial plane, perpendicular to the
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tissue interface. For the RF, scanning occurred at 50% of
the distance between the anterior, inferior suprailiac crest
to the proximal border of the patella. For the VL, scan-
ning occurred at 50% of the distance from the most prom-
inent point of the greater trochanter to the lateral condyle.
Three consecutive images were analyzed and averaged
using the polygon tracking tool in the ImageJ software to
obtain as much lean muscle as possible without any sur-
rounding bone or fascia for CSA (Cadore et al., 2012).
The ICCs for rectus femoris CSA and vastus lateralis
CSA were 0.97 (SEM = 0.55 cm?) and 0.99 (SEM = 0.49
cm?), respectively. Concurrently, ECHO was determined
by grayscale analysis using the standard histogram func-
tion in ImageJ (Cadore et al., 2012). ECHO in the meas-
ured area was expressed as an arbitrary unit (au) value
between 0 — 255 (0: black; 255: white) with an increase in
ECHO reflecting an increase in intramuscular connective
and adipose tissue relative to lean skeletal muscle
(Scanlon et al., 2013, Cadore et al., 2012). ICCs were
0.93 (SEM = 3.80 au) for rectus femoris ECHO and 0.96
(SEM = 2.26 au) for vastus lateralis ECHO.

For both muscles, measures of muscle thickness
(MT) and pennation angle (PNG) were obtained from
images, taken at the same site described for CSA, but with
the probe oriented longitudinal to the muscle tissue inter-
face using Brightness Mode (B-mode) ultrasound (Cadore
et al., 2012). Within each muscle, MT was measured
perpendicularly from the superficial aponeurosis to the
deep aponeurosis. Three consecutive images were ana-
lyzed and averaged offline (Thomaes et al., 2012). 1CCs
for rectus femoris MT and vastus lateralis MT were 0.93
(SEM = 0.08 cm) and 0.98 (SEM = 0.03 cm), respective-
ly. PNG was determined as the intersection of the fasci-
cles with the deep aponeurosis. ICCs for rectus femoris
PNG and vastus lateralis PNG were 0.88 (SEM = 1.3°)
and 0.87 (SEM = 0.8°), respectively. For both the RF and
VL, fascicle length (FL) across the deep and superficial
aponeuroses was estimated using MT and PNG. Previ-
ously, this methodology for determination of FL has a
reported estimated coefficient of variation of 4.7%
(Kumagai et al., 2000) and can be found using Equation
(1) (Kumagai et al., 2000).

FL = MT - sin (PNG)™ Equation 1

For statistical analyses, CSA in the vastus lateralis
was used as the determinant of limb dominance, where
the limb with the larger CSA was referred to as the domi-
nant (DOM) limb and the opposite limb being non-
dominant (ND). The absolute percent difference between
limbs (%DIFF: | (DOM - ND) |/ (DOM + ND) / 2) x
100) was also calculated.

Sprint testing

An electronically-timed 30-m sprint was used to deter-
mine maximal sprinting speed on T3. Prior to the sprint,
all participants performed a dynamic warm-up that in-
cluded light jogging for 5 minutes followed by several
exercises that included body weight squats, walking lung-
es, walking knee hugs, and walking quadriceps stretch
(one set of 10 repetitions were performed for each exer-

cise). Sprint times were measured using an infrared test-
ing device (Speed Trap Il; Brower Timing Systems,
Draper, UT, USA) and performed on a hardwood indoor
basketball court. Participants were instructed how to
begin the sprint from a 3-point stance. Timing began on
the participant’s first movement and concluded when
he/she sprinted past the infrared sensor located 30-m from
the starting point. The best of 3 attempts, separated by 2
— 3 minutes, was recorded as the participant’s fastest time
and converted to sprinting rate (30M: 30-m sprint time /
30 meters, m-s™).

Statistical analysis

A statistical software package JMP Pro (v10, SAS Insti-
tute Inc., Cary, NC) was used for all analyses. Prior to
relationship analyses, the Shapiro-Wilk test was used to
satisfy the assumption of normality for all dependent
variables (PVJP, MVJP, & 30M), while a t-test was used
to determine whether significant differences existed be-
tween men and women for all descriptive and architectur-
al measures (DOM, ND, & %DIFF); within genders,
significant differences between DOM and ND were also
examined; these data are expressed as mean + SD. Subse-
quently, Pearson correlation coefficients were calculated
to quantify the relationships between each dependent
variable and each measure of muscle architecture (DOM,
ND & %DIFF) by gender. Additionally, stepwise regres-
sion was used to determine the influence of architectural
asymmetry on performance (PVJP, MVJP, & 30M) for
each gender. For this procedure, the minimum Bayesian
Information Criterion (BIC) technique was used to choose
the best model; for each model, the root mean square
error (RMSE) is reported. For all analyses, a criterion
alpha level of p < 0.05 was used to determine statistical
significance.

Results

Significant differences (p < 0.001) between men and
women were observed in all performance and descriptive
measures (Table 1). Significant differences between men
and women were also observed in rectus femoris [MTpom
(p < 0.001), MTyp (p < 0.001), FLyp (p = 0.004),
CSApom (p < 0.001), CSANb (p < 0.001), ECHOp (p =
0.002)] and vastus lateralis architecture [PNGyp (p =
0.044), CSApom (p < 0.001), CSAwp (p < 0.001), ECHO-
pom (p = 0.033), ECHOyp (p = 0.009)]. Additionally, a
significant difference in vastus lateralis CSA (p = 0.028)
was observed between limbs in women. No other differ-
ences were observed (Table 2).

Vertical jump performance

The relationships between muscle architecture and verti-
cal jump power were different between men and women
(Table 3). In men, PVJP and MVJP were similarly related
to rectus femoris architecture (MTyp, PNGpowm, FLpom, &
FLnp). However, in relation to vastus lateralis architec-
ture, the only significant relationship observed was seen
between the dominant limb  (MTpom, CSApom, &
ECHOpom) and PVJP; no relationships were observed
with MVJP and VL architecture. In women, PVJP was
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Table 2. Gender and bilateral differences in dominant and non-dominant limb architecture. Data are means (+SD).

Rectus Femoris Vastus Lateralis
DOM ND %DIFF DOM ND %DIFF
. Men 2.9(.3 29+0.3) 1.8(L5) 1.9 (.4) 1.9 (.4) 1.9 (1.5)
Muscle Thickness (cm) Women 24(2)*  24(3)* 11(15) 18(3) 18(4)  42(a1)

Men 16.4 (3.4) 155(3.0) 3.9(2.7) 13.6 (3.0) 143(2.3) 4.8(4.8)
Women 154 (2.3) 164 (24) 4.3(2.8) 12.6 (3.4) 12.2(28)* 3.8(3.5)

Men 10.8 (3.2) 11.4(25) 4.1(3.5) 8.4 (1.9) 79 (1.7) 6.0 (4.6)
Women 9.2(1.4) 87(19)* 4734 8.9 (3.0) 8.8(3.1) 7.6 (5.9)

Men  19.9 (5.0) 200(3.3) 29(25) 398(73T 37.0(8.1) 20(23)
Women 14.0(2.7)* 137(3.00* 27(1) 271@.7)* 238(3.8)* 33(3.0)

Men  58.0 (8.7) 55.9(8.3) 2.4(15) 60.4(12.6) 62.4(10.9) 2.2(1.6)
Women 65.8(11.9) 66.0(7.3)* 18(24) 712(128)* 729(85* 25(1.9)
*Significantly (p < 0.05) different from men. tSignificantly (p < 0.05) different from the non-dominant leg. + DOM = Dominant Limb;
ND = Non-Dominant Limb; %DIFF = Absolute percent difference between limbs

Pennation Angle (°)

Fascicle Length (cm)

Cross-Sectional Area (cm?)

Echo Intensity (au)

significantly related to rectus femoris PNGpoyw and vastus  Discussion
lateralis (MTnp, MTopirr, FLnp, & FLypirr), while MVJIP
was related to rectus femoris (CSAxp & ECHOypirr) and  The present investigation provides evidence that the rela-
vastus lateralis (MTnp, MTupirr, Flno, Fluoirr, &  tionships between skeletal muscle structure and anaerobic
ECHOypie). performance measures (jumping power and sprinting
Stepwise regression revealed that PVJP was most  speed) may vary by gender in a recreationally active pop-
influenced by rectus femoris ECHOupirr (R* = 0.23, BIC  ulation. Following puberty, substantial differences in
= 219.6, RMSE = 501W, p = 0.087) in men (Figure 1A)  absolute muscular mass, strength, and quality have been
and vastus lateralis MTopre (R® = 0.53, BIC = 196.7,  reported to favor men over women (Arts et al., 2010;
RMSE = 222W, p = 0.003) in women (Figure 1B). For Komi and Bosco, 1978; Komi and Karlsson, 1978;
MVJP in men, rectus femoris FLypier (R* = 0.23, BIC = Saladin, 2009), while relative measures of muscle func-
195.3, RMSE = 211W, p = 0.082) was the most influen-  tion (e.g. quality) remain equal. Our data supports these
tial variable (Figure 2A). In women, MVJP was most ideas as men in our study possessed greater muscle mass
influenced by vastus lateralis MTypiee (R® = 0.58, BIC = (as reflected by greater MT & CSA than women) and

177.8, RMSE = 113W, p = 0.002) (Figure 2B). lower ECHO (RFyp, VLpom, & VLyp), Which are known
to influence force-generating capability (Cadore et al.,
30m sprint speed 2012; Cormie et al., 2011; Goodpaster et al., 2001;

The data revealed 30M to be significantly (p < 0.05) re-  Hakkinen et al., 1996; Hékkinen and Keskinen, 1989;
lated to rectus femoris architecture in men (PNGpowm, Potteiger et al., 1999). Although strength was not meas-
PNGnp, FLoom, & FLnp) and women (FLnp & FLypire),  ured in our study, greater muscle mass has also been
but not to vastus lateralis architecture (Table 4). linked to jumping power (Potteiger et al., 1999) and

Stepwise regression also indicated, 30M is most  sprinting performance (Ikebukuro et al., 2011, Kubo et
influenced by rectus femoris CSAypirr (R* = 0.23, BIC = al., 2011). Our results appear to support these studies as
15.09, RMSE = 0.34s, p = 0.081) in men (Figure 3A) and  men produced greater jumping power and completed the
rectus femoris FLop e (R2 =0.32, BIC = 21.3, RMSE =  30M in less time than women.

0.42s, p = 0.034) in women (Figure 3B). As for fascicle arrangement (PNG & FL), no

Table 3. Relationships between vertical jump performance and muscle architecture in the dominant and non-dominant limbs
for men (n=14) and women (n=14) [r (p-value)].

Peak Vertical Jump Power Mean Vertical Jump Power
Men Women Men Women
RF VL RF VL RF VL RF VL
Muscle Dominant 44 (16) .35(.20) .30(.38) .15(57) .31(.32) .11(.72) .47 (14) .24 (.38)
Thickness Non-Dominant .66 (01) .55(.04) .36(.27) .81(.00) .48(.04) .37(17) .51(.10) .78(.00)
(cm) %DIFF 04(92) .14(65) .14(65) -73(00) .11(73) .31(.29) .40(.16) -.76(.00)
Pennation Dominant -74(.00) .29(.32) .54(05) .09(.77) -71(01) .03(.95) .42(.13) -.02(.95)
Angle (°) Non-Dominant  -.24 (.40) -.05(.85) .16(.60) -.33(.26) -.34(.24) -08(.80) -.01(.95) -.44(0.12)
%DIFF  -26(.37) -.08(80) -42(13) -25(39) -41(15) -23(42) -.10(0.74) -.27(.35)

Fascicle Dominant .83(00) .05(.86) -37(19) -1(73) .67(01) .06(.85) -.15(.62) .08 (.79)

Non-Dominant  .62(02) .53(05) .12(68) .65(01) .54(05) .36(21) .34(25) .72(.00)

Length (cm) %DIFF  -37(19) -13(.65) -33(25) -6(02) -48(.08) -23(43) -.07(0.81) -64 (.01)

Cross- Dominant 39 (.16) .64 (.01) .34(.23) .39(.16) .40(.16) .53(0.05) .37(.20) .25(.39)
Sectional Non-Dominant 52 (05) .5(07) .51(.06) .35(22) .40(.15) .47(0.09) .59 (0.03) .25(.38)
Area (cm?) %DIFF  -.26(.36) .11(73) .1(74) -03(91) -23(42) -08(79) .07(81) -.08(.79)
Echo Dominant  -.36(21) -.56(04) -.42(14) -29(32) -07(82) -30(30) -44(11) -32(27)

Non-Dominant  -.07 (81) -53(05) -32(26) -13(65) .24(40) -29(31) -35(22) -.14(.64)

Intensity (au) %DIFF  -48(09) .38(18) .36(21) .30(31) -48(.09) .38(19) .54(05) .55(04)

%DIFF = Absolute percent difference between dominant and non-dominant limbs.
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differences were observed between genders. However,
the manner in which these measures influenced perfor-
mance between the genders was different. For men, per-
formance (PVJP, MVJP, & 30M) was inversely related to
PNG and positively related to FL. In contrast, only posi-
tive relationships between fascicle arrangement (PNG &
FL) and performance (PVJP & 30M) were observed in
women. It appears that the contribution of force produc-
tion outweighs contraction speed in women, while men
possess a more balanced contribution (Cormie et al.,
2011). Regardless, the observed gender similarities and
differences appear to corroborate previous reports on
gender-specific muscle characteristics in relation to
sprinting and jumping (Abe et al., 2001; Hewitt et al.,
1999; Kumagai et al., 2000; Lawson et al., 2006; Rodano
et al., 1996).
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Figure 1. Relationships between peak vertical jump power
and influential bilateral asymmetry by gender (A. Percent
Difference in Rectus Femoris Echo Intensity; B. Percent
Difference in Vastus Lateralis Muscle Thickness). Note: Solid
Black Circles = Men; Open Circles = Women; Solid Black Line = Line
of Best Fit for Men; Dashed Line = Line of Best Fit for Women

Jumping and sprinting performance are both asso-
ciated with power, which is the product of force and ve-
locity (Cronin and Hansen, 2005; Habibi et al., 2010;
Kale et al., 2009; Maulder et al., 2006; McGinnis, 2013
Nesser et al., 1996). The magnitude of the force and ve-
locity, produced by the activated musculature, are de-
pendent upon the sum and direction of the force-
generating vectors of each leg (McGinnis, 2013). Conse-
quently, asymmetrical force production will result in a
force magnitude or direction that is biomechanically sub-

optimal, which may affect jumping power and sprinting
speed. Recently, Bell and colleagues (2014) demonstrated
how lean mass asymmetry was in part related to jumping
force and power asymmetry (Bell et al., 2014). Our data
expands upon those findings by providing evidence that
architectural asymmetry affects vertical jumping power
and sprinting speed in women, while men were influenced
by the magnitude, and not the asymmetry, of muscle ar-
chitecture.
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Figure 2. Bivariate relationships between mean vertical
jump power and influential bilateral asymmetry by gender
(A. Percent Difference in Rectus Femoris Fascicle Length; B.
Percent Difference in Vastus Lateralis Muscle Thickness).
Note: Solid Black Circles = Men; Open Circles = Women; Solid Black
Line = Line of Best Fit for Men; Dashed Line = Line of Best Fit for
Women

In women, jumping power was negatively affected
by asymmetrical architecture (MT & FL) in the vastus
lateralis, while asymmetrical ECHO (VL) and FL (RF)
positively influenced MVJP and 30M, respectively. While
the former observed relationships are consistent with the
literature (Cormie et al., 2011; Hakkinen and Keskinen,
1989; Hakkinen et al., 1996), the latter observations ap-
pear to be contradictory. However, they may also be the
result of physical activity and/or limb preference (Sipila
and Suominen, 1991; Kearns et al., 2001). Both contrac-
tile (i.e. actin and myosin) and non-contractile compo-
nents (e.g. glycogen, water, enzymes, etc.) contribute to
muscle size (Tesch, 1988, Saladin, 2009). When muscle
size is measured by ultrasound (MT & CSA), these com-
ponents are not distinguished, leaving force capability
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Table 4. Relationships between 30m sprint speed and muscle architecture in the dominant and non-dominant

limbs in men (n=14) and women (n=14) [r (p-value)].

Rectus Femoris

Vastus Lateralis

Men Women Men Women

Muscle Dominant .16 (.63) 14 (.65) 01(98) -34(24)
Thickness Non-Dominant 29 (.27) 32.(.27) 22(37)  -24(34)
(cm) %DIFF -.20 (.49) .34 (.22) .21 (.47) .03 (.93)
Sermati Dominant  -69 (:01) 07 (82) -04(89)  50(07)
Anoe(y Non-Dominant  -56(04)  -50(07)  -16(58) 32(28)

%DIFF .10 (.74) 49 (.08) -05(87)  .35(.22)
s Dominant .54 (.05) .02 (.94) 06 (.85)  -.50(.07)
in‘;'fhe(cm) Non-Dominant .65 (.01) 59 (.03) 29(31)  -32(26)

%DIFE  -10 (.74) 57 (.03) -11(.72) .17 (.56)
Cross- Dominant  --01(.98) .07 (.80) 44(12)  .16(.58)
Sectional Non-Dominant ~ --20 (.51) -.07 (.82) 44(12)  .40(.16)
Area (cm?) %DIFE  -48(.08) 42 (.13) -17(55)  -.38(.18)
o Dominant  --02 (:94) 39 (.17) -38(19) .20 (.50)
,ncte‘;sity (auy Non-Dominant  -02(5) 44(12) -48(.08)  .09(75)

%DIFF .02 (.92) -29 (.32) -25(.38)  -.01(.99)

T %DIFF = Absolute percent difference between dominant and non-dominant limbs.

only partially explained by muscle size (Cormie et al.,
2011; Goodpaster et al., 2001; Hakkinen and Keskinen,
1989; Hakkinen et al., 1996; Potteiger et al., 1999). In
contrast, ECHO is reflective of both contractile and non-
contractile components, which respond specifically to
training programs (Scanlon et al., 2014; Tesch, 1988).
Therefore, differences in fascicle length may develop in
response to the manner in which each leg is regularly
utilized. The results of this study appear to indicate that
recreationally-active women tend to rely on a single limb
for jumping and sprinting, which may result in potential
asymmetries in muscle quality and fascicle length. Never-
theless, the influence of architecture only appears to par-
tially (23 — 58%) explain performance, which supports
previous work (Bell et al., 2014). Consequently, future
investigations should consider the influence of bilateral
activation, in addition to architecture, in order to explain
the individual influence of each limb on jumping and
sprinting in both men and women.

Conclusion

Muscle architecture of the thigh appears to be related to
jumping power and sprinting speed. However, the man-
ner in which it affects performance appears to vary be-
tween men and women. In men, jump and sprint perfor-
mance is influenced by the magnitude of muscle architec-
ture. While this is true for women, asymmetry of these
measures between limbs also influences performance. In
women, asymmetrical muscle size negatively influences
performance, while asymmetrical muscle quality and
fascicle length positively influences jumping power and
sprinting speed, respectively. Muscle architecture as-
sessment prior to the onset of a training program in indi-
viduals looking to improve jumping power or sprinting
speed may enable coaches and trainers to provide a more
effective and precise exercise prescription.
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Key points

e The manner in which thigh muscle architecture
affects jumping power and sprinting speed varies
by gender.

e In men, performance is influenced by the magni-
tude of muscle size and architecture.

e In women, asymmetrical muscle size and architec-
tural asymmetry significantly influence perfor-
mance.

e To develop effective and precise exercise prescrip-
tion for the improvement of jumping power and/or
sprinting speed, muscle architecture assessment
prior to the onset of a training program is advised.
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