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ABSTRACT

Dancesport is one of the younger and less-researched
sports and involves an emphasis on the energy and
the informational component of motorics and on
aesthetics. A co-ordinated long-term body movement
pattern is essential for learning and adapting the
body’s efficiency to master dancesport. Therefore, the
goal of our research was to analyse intra-muscular
contractile parameters in inter-dance couples. Using
the tensiomyographic method, we measured the
intrinsic mechanic contractile properties of 12 skeletal
muscles in 16 participants (eight dance couples, men
19.1 + 3.6 years; women 18.3 + 3.2 years). We found that
inter-couple asymmetries are present where males have
faster gastrocnemius and hand extensor muscles and
in females’ quadriceps and upper back muscles. Inter-
couple symmetry was presented as the quotient between
the contraction time of the male and female dancer in
each couple. In some muscles we could observe a more
than 50% deviation, especially for biceps femoris, rectus
femoris, tibialis anterior and latissimus dorsi muscles.
In the conclusion we confirm lateral and gender-based
differencesin dance couples. The average differences are
logical consequences of male/female roles in dancing,
while individual differences are sometimes quite large
and should be treated with care by special coaches and
choreographers.

Keywords: skeletal muscle, contraction time, lateral
symmetry, tensiomyography, inter-couple symmetry
'University of Ljubljana, Faculty of Sport, Slovenia
2University of Primorska, Scientific and Research Centre
Koper, Institute for Kinesiology Research, Slovenia
3University of Zagreb, Faculty of Kinesiology, Croatia
*Corresponding author:

Meta Zagorc, PhD

University of Ljubljana,

Faculty of Sport,

Gortanova 22, 1000 Ljubljana, Slovenia

Phone: 00-386 (0)1 520 7763

Email: meta.zagorc@guest.arnes.si

MUSCLES OF INTER-DANCE COUPLES

ANALIZA MED-MISICNIH
KONTRAKTILNIH LASTNOSTI PRI
PLESNIH PARIH

POVZETEK

Sportni ples je med mlaj$imi in manj raziskanimi
$porti, s poudarkom na energijsko intenzivnih procesih,
informacijsko bogate komponente motorike in estetike.
Dolgoro¢no koordinirano gibanje in usklajeno telo sta
klju¢na za uspe$no ucenje in u¢inkovitost pri usvajanju
plesnih ve$¢in. Zato je bil cilj nage naloge analiza med-
misi¢nih kontraktilnih lastnosti pri plesnih parih. Z
uporabo tenziomiografije smo izmerili kontraktilne
lastnosti 12 misi¢nih parov na 16 plesalcih - 8 plesnih
parov slovenske drzavne reprezentance (moski 19.1
* 3.6 let; Zenske 18.3 + 3.2 let). Ugotovili smo, da
imajo moski hitrej$o misico gastrocnemius in misice
iztegovalke komolca, medtem, ko imajo Zenske hitrejse
misice iztegovalke kolena in misice zgornjega dela hrbta.
Individualno simetrijo plesnega para smo izra¢unali
kot razmerje med ¢asoma krc¢enja misice za moskega
in Zensko (v odstotkih). Ugotovili smo, da je asimetrija
lahko celo vec¢ja od 50 %, predvsem za naslednje
miSice: biceps femoris, rectus femoris, tibialis anterior
in latissimus dorsi. Povzamemo lahko, da obstajajo
lateralne razlike in razlike med spoloma plesnih parov.
Povprec¢ne razlike so logi¢no razloZene z razli¢nimi
vlogami obeh spolov znotraj plesnega para, medtem,
ko individualne razlike lahko znacilno odstopajo od
tega. Tovrstna testiranja lahko predstavljajo pomemben
pripomocektrenerjem pridimenzioniranjuobremenitev
plesnih parov oziroma kreiranju koreografij.

Kljucne besede: skeletna misica, ¢as krcenja, lateralna

simetrija, tenziomiografija, simetrija med soplesalce-
ma
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INTRODUCTION

Dancesport is one of the youngest and less-researched sports. Competition is held in five standard
and five Latin-American dances which differ in their style, rhythm, tempo and basic character.
On one hand, dancesport emphasises aerobic and anaerobic components and, on the other,
aesthetics — with relaxed and easy movements being important (Zagorc & Jarc-Sifrar, 2003). The
results of an investigation of heart rate values (Zagorc et al., 1999) showed that sports dancers
(male and female) carry out most dances at the level of a high-intensity load (average 154 and
187.3 beats/min, respectively), and half of the competition time was spent on the level of a 70-80%
load.

Dance disciplines incorporate various types of movements in a single event, like fast, sudden
and periodic elements with elements of endurance to ensure that the quickness of the dancing
elements does not fade and remains appropriate for all the time in a dance show. Professional
dancers have a 90% risk of injury during their career, where the lower extremities are involved
in approximately 75% of the injuries dancers sustain (Schoene, 2007).s Inter-couple symmetries
are very important and mostly dictate the team forming and necessary coaching techniques to
ensure couples’ adequacy. Knowing that man-leadership in dancing disciplines demands very
active performances with fast and load-resistant moves does not mean that women are passive or
pushed around. They should also have the elements of speed and strength in their performances.
Usually agonistic (men) to antagonistic (women) moves are present or vice versa in the dancing
elements when both of them face each other. Obviously, some asymmetries should be present but
the question remains: Should they be diminished or are they necessary for a better performance?

The effect of specific training adapts the human body and the muscular system in many ways,
not always just in skeletal muscle strength/endurance directions but also in terms of muscle belly
stiffness (Pisot et al. 2008) and contraction time (Simuni¢ et al., 2011), that can be assessed with
tensiomyography (TMG). Further, skeletal muscle belly stiffness, measured with TMG, is a well
recognised measure of skeletal muscle tone that reflects skeletal muscle architecture changes
after physical conditioning (Pisot et al., 2008; De Boer et al., 2008). In addition, contraction
time, measured with TMG, correlates to type I muscle fibres and represents a valid measure for
estimating muscle composition (Dahmane et al., 2000, 2005; Simunié¢ et al., 2011). This makes
TMG a suitable skeletal muscle assessment method for studying intra-muscular symmetries in
contractile properties between males and females of dance couples. As far as we are aware, there is
no easy, objective and selective method available for measuring whole body muscle symmetry in
athletes/dancers. Further, in dancesport symmetry or asymmetry are clearly very important.

Therefore, the aim of our study was to assess symmetries in dance couples between 12 skeletal
muscles that are regularly involved in sport. We compared lateral sites in 12 of the most important
skeletal muscles, and analysed individual inter-couple symmetries in the same muscles.

METHOD

Participants

Sixteen participants — eight dance couples (average age: men 19.1 £ 3.6 years; women 18.3 + 3.2
years) with no history of neuromuscular disorders volunteered for the investigation (Table 1).
All the dance couples were members of the Slovenian national team that regularly competes
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in high-level competitions. Each participant was fully informed about the possible risks and
nature of the experiments and signed an informed consent form. Participants were seated or
lay down in a relaxed position on a straight back chair or table depending on the muscle being
measured. Isometric conditions were assured using additional elastic straps. All measurements
were conducted according to the 1964 Declaration of Helsinki.

Table 1: Basic morphological data for the dance couples

Male Female
Dance couple
Age /years Height /cm Weight /kg | Age /years Height/cm Weight /kg

JB_JS 24 176 70 23 158 50
JB_DP 19 176 70 19 164 49
DK_MN 24 184 74 21 175 58
BP_IB 21 183 73 21 165 56
VN_SB 16 177 61 16 168 59
MV_AD 16 181 65 15 168 44
MK_SK 15 185 75 14 172 63
MN_MP 18 178 63 17 168 53
Average 19.1 180.0 68.9 18.3 167.3 54.0
SD 3.6 3.7 5.3 3.2 5.1 6.2

Tensiomyographic measurements

The principles of the tensiomyographic (TMG) method were previously introduced frequently
and in detail (Valen¢i¢ 1990; Valen¢i¢ & Knez, 1997; Simuni¢ et al., 2010) and evaluated with
histological results (Dahmane et al. 2000 and 2005; Simuni¢ et al., 2011), electromyography
(Kersevan etal., 2002) and force/torque measurements (Knez et al., 1999; Simuni¢, 2003; Simuni¢
et al., 2010). The variability of the methods was tested and reported as low (Simuni¢, 2001;
Krizaj etal., 2008; Tous-Fajardo et al., 2010), allowing longitudinal studies of muscles’ contractile
properties.

Our previous observations showed there is no effect of adipose tissue on the results (Simuni¢ etal.,
2010). The TMG measuring point was chosen at the thickest part of the muscle belly. The thickest
part of the muscle belly was identified visually and through a few measured TMG responses at
different surrounding locations fixed at a position where the largest response was obtained. A
displacement sensor was set perpendicularly on a measuring point for detecting skeletal muscle
belly thickening. The maximal twitch stimulation amplitude was used for eliciting muscle
contraction and the result of the measurement was an amplitude-time curve describing muscle
contractile properties.

Electrical stimulation

Two circular (5 or 3 cm in diameter depending on the muscle belly size), self-adhesive electrodes
(Axelgaard, Pulse) were placed bipolarly on the skin above the muscle belly. The diameter of the
electrodes was chosen on the basis of the muscle size to avoid activation of the synergistic muscles
or co-activation. Electrodes were placed 5 cm medially and laterally from the measuring point.
A single rectangular monophasic pulse of 1 ms duration from the electro-stimulator (TMG-S1,
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Furlan & Co. Ltd.) was delivered to the electrodes, transcutaneously eliciting a twitch muscle
contraction.

Signal recordings

The TMG signals were stored on a portable PC. The digital TMG signal was directly sampled
with the Matlab Compiler Toolbox using a sampling frequency of 1 kHz. Two maximal responses
were stored and averaged for further analyses. The maximal stimulation amplitude was identified
as the minimal stimulation amplitude needed for the response with the highest displacement-
amplitude (Dm).

Four time parameters as a measure for contractile dynamics were calculated from the re-
sponse:

« Delay time (Td) as the time between the electrical impulse and 10% of the contraction;

« Contraction time (Tc) as the time between 10% and 90% of the contraction;

« Sustain time (Ts) as the time between 50% of the contraction and 50% of the relaxation;
and

« Relaxation time (Tr) as the time between 90% and 50% of the relaxation.

Measured muscles

Twelve muscles were chosen on both lateral sides regarding the dancesport the participants are
involved in:

Two hand muscles:

o biceps brachii (BB)
o triceps brachii (TB)

Eight leg muscles:

o vastus lateralis (VL)

o vastus medialis (VM)

rectus femoris (RF)

o biceps femoris (BF)

o gastrocnemius medialis (GM)
o gastrocnemius lateralis (GL)
o tibialis anterior (TA)

Three back/trunk muscles:
o latissimus dorsi (LD)

o erector spinae (ES)
« obliques externus (OE)

Statistics

All of the data are presented as means with a standard deviation. The statistical analysis included
one-way ANOVA for comparing the averages of two groups of data. An alpha of p < 0.05 was
considered statistically significant for all the comparisons.
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RESULTS

Table 2 presents the average (+ SD) values of Td, Tc, Ts and Tr for both genders. The results are
grouped for different muscles on both lateral sides. The comparison between both sexes for the
12 measured muscles was tested using the ANOVA variance test and significant differences were
marked with “*” at p < 0.05.

Body segmental analysis yields a cross-sectional analysis of both genders in high performance
dance couples:

UPPER LIMB: The males have a 10% shorter Tc in the right TB, but the females have 26%
and 22%, respectively, shorter Ts and Tr in the right and left TB.

TORSO: The females have a 10% shorter Tc in the right LD and a 12% shorter Tc in the
left LD. Further, the females have an 11% shorter Td in the right ES and a 7% shorter Td
in the left ES. Ts and Tr are both 40% to 47% shorter in the females” ES.

UPPER LEG: The females have a 9% shorter Tc in the right VM and an 18% shorter Tc in
the left RF. Moreover, both vastii muscles on both lateral sides have a shorter Td in the
females. Only the left RF has a shorter Ts and Tr.

LOWER LEG: The males have a shorter Tc in the GM but significantly just on the right
side by 15%, while they have a 16% longer Tc in the left TA.

Table 2: Average values + SD of four contractile parameters (Td, Tc, Ts and Tr)

Td / ms + SD Tc/ms £ SD Ts/ ms £ SD Tr/ms £ SD
Muscle |Side
F M F M F M F

m.BB R 270+1.3 26.5¢1.8 32.6+4.2 33.2+44 171£37.3 1561315 1059+41.2  100+31.4
m.BB L 269+17 275+2.2 33.5+£2.5 337439 1704356 151+30.8 109.5+42.7 93.4+26.8
m.TB R 22315 22.6+1.8 21.04+2.6* 23.243.2* 200+26.1* 149+36.4* 109.6+£25.0* 70.5+26.9*%
m.TB L 220417 224+£1.8 22.1£3.5 223121 202+28.6* 157+35.6* 119.6+31.4* 71.6+27.1*
m.LD R 23.74#2.0 22.243.6 34.2+4.5* 30.843.5* 111+34.2 101+44.7 66.1£26.2  50.7+34.6
m.LD L 239+42.6 24.2+43 33.246.8* 29.2+5.4* 136+20.8 141+41.2  90.5422.2  74.2425.7
m.VL R 23.3#13* 21.6t1.7* 22.6+2.4 20.6£2.6 1601439 118+68.6  91.8446.0 = 75.4+57.7
mVL L 23.7+1.7% 22.2+41.4% 23.3+2.7 222418 135+43.3 119451.6  87.9+40.6  71.7+42.0
m.VM R 22.8+0.9* 21.8+1.2* 25.7+1.4* 23.4+1.5*% 226+31.0 221+15.0  48.9+11.7 65.7£51.1
m.VM L 23.3:0.8* 22.5+1.1* 26.5+1.8 25.3+1.8 222+33.0 209+13.7 64.6+419  43.9+12.9
m.RF R 24.6+24 232416 329458 28.0£6.0 169+21.4 175+19.0  114.3+27.1  129+21.2
m.RF L 253%1.9 242419 35.5%6.5* 29.0+4.5* 171+20.0%* 97.2+58.0% 124.1+23.7* 53.5+46.5%
m.BF R 255%3.2 25.8+1.8 34.247.7 324475 209+27.0 2041276 50.5+8.7* 61.9+12.8*
m.BF L 244424 253117 34.3%9.1 34.1+£9.2 211£17.7  205+31.7 56.0+8.0 57.9+6.3
m.GM R 20.7x1.6  20.5t1.6  23.5%2.5 254124 209+31.5 184+20.0% 48.0£19.9*% 79.0+43.9*
m.GM L 20.6x1.6 21.1+2.0 23.2+1.6* 27.3+4.4* 213+33.4 173+53.5% 4754234  75.4+49.6
m.GL R 20.6%+2.3 20.7£1.7 22.6+5.5 24.0+3.6 188+38.7 190+15.8 69.6+31.2* 49.0+8.5*
m.GL L 209414 214+2.0 239454 24.1+34 183+25.8 183+22.0  43.3#9.7* 55.1t11.6*
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Td / ms + SD Tc/ms = SD Ts / ms £ SD Tr/ ms = SD

Muscle | Side
F M F M F M F

m.TA R 264+2.0 253+2.3 334469 31.9+6.7 139+13.7 151£1.0 43.7£8.9 48.417.1
m.TA L 26.9+2.1% 25.1+1.9* 34.2+5.3* 28.7+3.5* 157+25.5 170+9.5 55.5¢15.1 58.5t4.5
m.ES R 20.9+1.0% 18.7+1.3* 18.3%2.2 174422 214+54.1* 122+97.7* 178.1+63.8* 98.6+92.1*
m.ES L 20.7+0.9* 19.2+1.1* 17.5+2.2 17.0+14 194+69.7* 116+91.3* 158.9+71.4 94.3188.6
m.OE R 249+1.5 24.6+1.5 25.8+3.6 26.1+2.7 1411721 126+36.7 96.3+58.7  87.8+34.3
m.OE L 252423 245426 254443 264429 114446.2 1134546  72.6+33.6  89.3%52.0

* Indicates a statistically significant difference (p<0.05)

Inter-couple synchronisation was presented by comparing male and female dancers from the

same dancing couple. The results presented in Figure 1 demonstrate the relative difference in Tc.

The relative difference was calculated as a quotient between the females’ Tc and the males’ Tc.

Therefore, negative values represent a shorter Tc for a female partner and positive values a shorter

Tc in a male partner. Further, a shorter Tc means faster muscle contraction and correlates to less
Type 1 muscle fibres within the muscle (Dahmane et al., 2000 and 2005; Simuni¢ et al., 2011).

Relative dilference / %

VN $B -
S0 1 | 1 1 1 | | | 1 1 | | | | 1 | | | | 1 | | [
s T T T T T T T T T T T T T T T T T T T T T T (|
0
20 | ]
40-MV AD -
S0 1 | 1 1 1 | | | 1 1 | | | | 1 | | | | 1 | | I
b T T T T T T T T T T T T T T T T T T T T T T (—
0
20 3 -
0= MK SK =
S0 1 | 1 1 | | | 1 1 | | | | 1 | | | | 1 | | I
N T T T T T T T T T T T T T T T T T T T T T T T
2 v vP B
20 -
. _
S0 1 | 1 1 1 | | | 1 1 | | 1 | 1 | | | | 1 | | i
BBr BBl TBr TB! LDr LDt VLr VLI VMr VM RFr RFt BFr BFl GMr GMl GLr GLl TAr TAl ESr ESt OEr OE!

Muscle

Figure 1: Inter-couple relative differences (symmetry) of Tc in all 12 measured muscles. Results

for muscles on both lateral sides are presented (indexed r...right and L...left). Positive percentages

represent a lower Tc for the males and negative values a lower Tc for the females.
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DISCUSSION

This study investigates skeletal muscle contractile properties of eight top-level Slovenian dance
couples. The results of all eight couples (16 participants) were included in the analysis. The sample
size was relatively small as we wanted to keep the level of homogeneity high. We compared
TMG-measured contractile parameters between both lateral sides and between both dancers
(genders) in a couple. As far as we are aware, this study is the only study to analyse the symmetry
of contractile parameters of skeletal muscles in dance couples.

In the first analysis of four contractile parameters (Td, Tc, Ts and Tr) of 12 muscle pairs we found
some interesting data. The males have a shorter Tc in the TB, while the females have a shorter
Tc in the LD. This reflects the leading function of the males. A male partner initiates the dance
move while the female partner follows, with some delay, and both finish it simultaneously. For
the rest of the trunk muscles we did not find any significant discrepancies.

It is well known that females wear high heels when dancing, which hinders them from using
the reactive elasticity of their tendons upon feet impacts. Therefore, the Achilles tendon is less
functional in female dancing. In this sense, it is quite understandable that the females have
developed faster quadriceps muscles (a shorter Tc) VM and RF, while the males have a faster
gastrocnemius medialis (GM). The non-gravitational muscle BF is not affected by gender.

The ergonomics of shoe wear, the leading role in a dance couple, the quickness and aesthetics
of the moves and the face-to-face stance of dancers interact with their body characteristics and
functionality. Within the body, asymmetry is developed as well as inter-couple asymmetry. If
the first one can be explained by dance biomechanics the latter one needs further investigation.
It is always a simple question of whether asymmetry should be developed and present or not.
Our study presents preliminary results (Figure 1) on inter-couple asymmetry calculated from
the quickness of muscle contraction (Tc). We found some interesting data that show for each
observed couple an asymmetry spectrum for all measured muscles. Cross-sectioning this data
with Table 2 averages coaches can understand the asymmetry developed with the asymmetry
needed for dancing. Genetic predisposition is omitted from our data interpretation but we know
from our previous work on non-athletes that the BF is the only skeletal muscle where females
have a longer Tc (Simuni¢ et al., 2005).

Research in dancesport is very limited and it is therefore very hard to link the results with others.
Kulas et al. (2006) performed a bioimpedance and biomechanics study on highly trained female
dancers. During impact and stabilisation phases it was found that the ankle and knee joints
absorbed 75% while the knee and hip joints also absorbed 75% of the energy, respectively. While
Decker etal. (2003) found that female athletes have a greater joint range of motions and maximum
joint angular velocities compared to males. Females also exhibited greater energy absorption
and peak powers from the knee extensors and ankle plantar-flexors compared to males. This
would increase the risk of an anterior cruciate ligament injury, especially if the landing phase is
not completed with an erect posture. We may correlate our data with those of Decker where we
found significantly shorter contraction times in the knee extensors and also in the lower back
muscles. The risk of injury is substantial in dance. Schoene (2007) reported that every dancer
has a 90% probability of an injury in their career where 75% are injuries to the lower extremities.
Kadel (2006) further investigated and confirmed that developed overuse injuries in dancers are
very common and are very hard to treat.
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CONCLUSIONS

Results accompanied by a quality interpretation are very welcomed by coaches as they allow
them to see the true potential of dancers when designing the choreography or even composing
the couples. Coaches should monitor such muscle adaptation more often at different training
or competition periods during the year. Dance-related muscle changes are facilitated by dance
specifics — but are they also good for one’s posture? Yes and no - dance training may cause a
stressful alignment like a lifted rib cage. Such warnings should be identified from the results
and compensating elements of the exercise should be incorporated into the training process to
diminish this. All of these facts suggest that organised and strict work should be undertaken
to maintain health, reduce the risk of injuries and ensure proper body development in dancers
and this should form part of a detailed annual health screening programme for all professional
dancers.

REFERENCES

Dahmane, R., Djordjevic, S., Simuni¢, B., & Valen¢i¢, V. (2005). Spatial fiber type distribution in normal
human muscle histochemical and tensiomyographical evaluation. Journal of Biomechanics, 38, 2451-
2459.

Dahmane, R., Valenci¢, V., Knez, N., & Erzen, I. (2000). Evaluation of the ability to make non-invasive
estimation of muscle contractile properties on the basis of the muscle belly response. Medical and Biologi-
cal Engineering and Computing, 39, 51-55.

De Boer, M.D,, Seynnes, O.R., di Prampero, P.E., Pisot, R., Mekjavi¢, I.B., Biolo, G., & Narici, M.V. (2008).
Effect of 5 weeks horizontal bed rest on human muscle thickness and architecture of weight bearing and
non-weight bearing muscles. European Journal of Applied Physiology, 104(2), 401-407.

Decker, M.J., Torry, M.R., Wyland, D.J., Sterett, W.L., & Steadman, R.J. (2003). Gender differences in lower
extremity kinematics, kinetics and energy absorption during landing. Clinical Biomechanics, 18(7), 662-
669.

Kadel, N.J. (2006). Foot and ankle injuries in dance. Physical medicine and rehabilitation clinics of North
America, 17(4), 813-826.

Kersevan, K., Valenti¢, V., Djordjevi¢, S., & Simunid, B. (2002). The muscle adaptation process as a result of
pathological changes or specific training process. Cellular and Biological Biology Letters, 7(2), 367-369.

Ker$evan, K. (2002). Primerjava biomehanskega in mioelektricnega odziva misice biceps brachii pri cloveku.
[Comparison of the biomechanical and electrical activity of the skeletal muscle biceps brachii in humans. In
Slovenian] (Unpublished Master’s thesis, University of Ljubljana) Ljubljana: Fakulteta za elektrotehniko.

Knez, N., Valen¢i¢, V., Godina, N., & Djordjevic, S. (1999). Non-invasive measurement of muscle tension
and its relevance in sport. In V. Strojnik, & A. Usaj (Eds.), Sport Kinetics Book of Abstracts (p. 92). Ljubljana:
University of Ljubljana, Faculty of Sport.

Krizaj, D, Simuni¢, B, & Zagar, T. (2008). Short-term repeatability of parameters extracted from radial
displacement of muscle belly. Journal of Electromyography and Kinesiology, 18(4), 645-651.

Kulas, A.S., Schmitz, R.J., Schultz, S.J., Watson, M. A., & Perrin, D.H. (2006). Energy absorption as a
predictor of leg impedance in highly trained females. Journal of Applied Biomechanics, 22(3), 177-185.
Pisot, R., Narici, M.V,, Simuni¢, B., De Boer, M., Seynnes, O., Jurdana, M., Biolo, G., & Mekjavi¢, I.B.
(2008). Whole muscle contractile parameters and thickness loss during 35-day bed-rest. European Journal
of Applied Physiology, 104(2), 409-14.



Kinesiologia Slovenica, 16, 3, 57-65 (2010) Contractile parameters comparison in dance 65

Schoene, L.M. (2007). Biomechanical evaluation of dancers and assessment of their risk of injury. Journal
of American Podiatric Medical Association, 97(1), 75-80.

Simuni¢, B., Degens, H., Rittweger, J., Narici, M., Mekjavi¢, IB., & Pisot, R. (2011). Non-invasive estimation
of myosin heavy chain composition in human skeletal muscle. Medicine & Science in Sports & Exercise,
Manuscript submitted for publication.

Simuni¢, B., Krizaj, D., Narici, M., & Pi$ot, R. (2010). Twitch parameters in transversal and longitudinal
biceps brachii response. Annales Kinesiologiae, 1,61-80.

Simuni¢, B. (2001). Analiza variabilnosti odzivov skeletne misice na elektricno stimulacijo. [Analysis of the
variability of the skeletal muscle responses elicited by electrical stimulation. In Slovenian] (Unpublished
Master’s thesis, University of Ljubljana) Ljubljana: Fakulteta za elektrotehniko.

Simunic¢, B. (2003). Modeliranje vzdolznih skrékov in precnih deformacij skeletnih misic. [Modelling of the
longitudinal and transversal deformations of the skeletal muscle. In Slovenian] (Unpublished doctoral
dissertation, University of Ljubljana) Ljubljana: Fakulteta za elektrotehniko.

Simuni¢, B., Pigot, R., Djordjevi¢, S., & Kugovnik, O. (2005). Age related changes of the skeletal muscle
contractile properties. In: D. Milanovi¢, & F. Prot (Eds.), 4" International Scientific Conference on Kinesio-
logy “Science and Profession - Challenge for the Future” (pp. 570-573). Opatija: University of Zagreb, Faculty
of Kinesiology.

Tous-Fajardo, J., Moras, G., Rodriguez-Jiménez, S., Usach, R., Doutres, D.M., & Maffiuletti, N.A. (2010).
Inter-rater reliability of muscle contractile property measurements using non-invasive tensiomyography.
Journal of Electromyography and Kinesiology, 20(4), 761-767.

Valenci¢, V. (1990). Direct measurement of the skeletal muscle tonus. In. D. Popovic (Ed.), Advances in
External Control of Human Extremities Proceedings (pp. 575-584). Belgrade: Yugoslav committee for
ETRAN.

Valenci¢, V., & Knez, N. (1997). Measuring of skeletal muscles dynamic properties. Artificial Organs, 21,
240-242.

Zagorc, M., Karpljuk, D., & Friedl, M. (1999). Analysis of functional loads of top sport dancers. In: D.
Milanovi¢ (Ed), Kinesiology of 21st century - Proceedings (pp. 240-243). Dubrovnik: University of Zagreb,
Faculty of Kinesiology,

Zagorc, M., & Jarc Sifrar, T. (2003). Model $portnikove priprave v plesu [Model of sports preparation in
dance]. Ljubljana: Fakulteta za $port, Institut za Sport.



