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Summary

Many publications have indicated the positive impact of step acrobics on health. Although step acrobics aims to improve endur-
ance and other health parameters, injuries incurred from overload happen to both instructors and participants. Values of vertical
ground reaction force (vGRF) while stepping on and off the bench do not lead to overload on the motor system — they are simi-
lar to the values obtained for walking or stair climbing. One reason for injuries may be the step workout technique. Overloads
may be caused by incorrect technique of foot positioning on the bench, small knee angle during stepping off, and small angle of

trunk flexion. This study presents an overview of current research on the load of the motor system in step aerobics.
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Introduction

In recent years, the problem of motor system overload
in different sports activities has been tackled by many
studies resulting from the increasing number of people
engaging in sports activity which requires physical fit-
ness at a professional level. Overload is a condition which
occurs in the process of shifting loads wherein the physi-
cal strength of tissues, adaptability, functional capacity
of muscles, ligaments, joints and bones is exceeded [35].
Overload and damage to the motor system can be observed
when it is subject to large external forces acting in a short
time or small external forces over a long period of time.
Both may result in injuries. Although step aerobics aims to
improve endurance and other health parameters, injuries
incurred from overload happen to both instructors and par-
ticipants. Studies have shown motor organ injuries in 77%
of instructors, of whom 52.9% suffer from injuries of the
lower extremities, such as ankle joint damage (33%) and
knee joint damage (approximately 20%) [7]. Malliou [23]
reported that injuries involving the lower extremities are
most frequently observed in 33.7% of subjects, 27.5% of
which are knee joint injuries and 22.9% lower back pain.
Moreover, instructors suffer from Achilles tendonitis, ex-
ertional compartment syndrome and ankle sprain. In the
3-year study of aerobics instructors, the researchers ob-
served that approximately 51.7% of the subjects suffered
from injuries, of which 69.2% were for the second time
and 11% the third the time.

However, many publications have indicated the posi-
tive impact of step aerobics on health. Step aerobics has
a beneficial influence on the circulatory and respiratory
systems [17, 19, 49]. It is considered to improve muscle
strength in the lower extremities [18, 22] and increase the
resistance of tendons and ligaments to over-extension [51].
Step workout improves postural stability [5, 44]. Cai et al.
[4] confirmed that a 10-week, moderate-to-high intensity
training program can improve sleep quality and increase
melatonin level in sleep-impaired, postmenstrual women.
Another significant benefit of step exercise is improve-
ment in bone density, which decreases the risk of osteo-
porosis [46, 39, 22]. Bone remodeling is observed due to
the cyclical loading of bones along the vertical body axis
while stepping on and off the bench. The increased ampli-
tude of changes in bone stress likewise increases the flow
of fluid in vessels, which stimulates the transport of pep-
tide growth factors between blood and osteocytes, causing
an increase in bone mass. This phenomenon is observed in
athletes [3] and people participating in recreational sports
[10]. Step aerobics is characterized by the number of steps
performed during a workout, which ranges from 3500 to
approximately 6000 when done 4 to 5 times a week. It
has been determined that instructors often conduct up to
20 hours of step aerobics classes a week [21]. The said
researchers confirmed that one of the main reasons for
their injuries is the number of classes a day. The highest
incidence of injuries was reported among male instruc-
tors who have 5 or more hours of classes a day. Statis-
tically more injuries were observed in female instructors
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conducting 7 hours of classes a day in comparison to those
working up to 6 hours. The same study showed more in-
juries in step aerobics instructors (32%) in comparison to
other fitness instructors (dance 3.2%, body pump 3.8%,
and kick boxing 3.8%).

Causes of motor system overload in step aerobics

Body loading may have a positive as well as negative
influence on our bodies and result in injuries [29]. Both
step aerobics and extreme sports are subject to motor sys-
tem loading induced by internal and external factors [6,
35]. Internal factors include abnormalities in anatomical
structure, friction forces in the motor system, and exces-
sive stretching of tendon anatomy, while external factors
include wrong footwear and a bad exercise surface [42].
Other reasons for injuries include excessive volume and
intensity of workload, which cause 60% to 80% of injuries
in sport. Bruggemann [3], in his study of athletes, showed
that extreme loading caused pathological changes in the
spine. Such changes can also result from incorrect move-
ment technique — hence the need to find movement tech-
niques which reduce the risk of injury to a minimum but
are still effective for winning competitions.

Biomechanical research may facilitate the develop-
ment of step aerobics technique. Correct technique would
only have a positive impact on the motor system by de-
creasing the risk of overload and the resulting injuries. If
movement is technically correct, loading is absorbed by
the muscles. In activities such as walking, running, land-
ing from a drop-jump and standard jumps, loading should
be absorbed smoothly through the ankle, knee and hip
joints to the spine. Thus, research methods measuring ki-
nematic and kinetic movement parameters would be ben-
eficial in the search for elements of technique which have
an impact on the distribution of loading. Such research,
supplemented by an assessment of muscle electrical ac-
tivity, may show the advantages of the motor system cor-
rectly absorbing loading. Sports research leads to numer-
ous conclusions which may be applied to minimize motor
system loading during physical activity [13]. The research
shows higher loading in a drop-jump that lands on flat feet
compared to a mid-foot landing [8, 9], while the preven-
tion of knee joint injuries is emphasized by the importance
of knee flexion angle [50]. A study of landing in handball
and volleyball jumps shows that ground reaction forces
for individual joints increase along with a decrease in knee
flexion angle [47]. Hip and spinal joint angle are also sig-
nificant in load prevention. Both the small and large angle
of trunk flexion in the sagittal plane, represented by a trunk
leaning forward from the vertical axis, may result in back
pain. Muscle activity in the spine is highest if trunk flexion

equals 60°, meaning spinal joints are subject to lower ex-
ternal forces [52].

Characteristics of motor system loading in step
aerobics

An analysis of studies on motor system loading in step
aerobics has shown that many researchers examine cor-
relations between ground reaction forces (GRF) and pa-
rameters such as types of steps [21, 22, 31, 39, 40], phases
of the step movement cycle [24, 34, 40, 45], movement
range in joints of the lower extremities [36] or experience
level of the people exercising, in particular their mastery
of bench stepping [41]. Many publications [1, 11, 38] have
described correlations between GRF and the frequency
of stepping on and off the bench in time with music. Dif-
ferent studies focus on evaluating motor system loading,
conditions and equipment. They concern different types of
benches, particularly the height, type of plastic, and type
of surface it is placed on. A detailed analysis of the above
is presented in the following subchapters. Comparison of
the results obtained by different authors, regardless of the
body weight of the research subjects, is possible owing
to the fact that all values of components of GRF are pre-
sented as relative values (BW) [1, 11, 23].

Common methods used in sports biomechanics to
evaluate movement have been applied in the assessment
of the magnitude of the motor system loading and the risk
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of injury in step aerobics. Based on this, the following pa-
rameters have been computed: GRF components [16, 25],
moment force values at the joints of the lower extremities
[1, 2, 14], and electrical activity in the muscles of the low-
er extremities [38, 48]. This also serves to search for cor-
relations between the kinematic parameters of movement
[36]. Many of these methods have also been used to assess
the risk of injuries in professional sports [12, 15, 33].

Step patterns

Step aerobics is characterized by a set of choreo-
graphed steps. The complexity of the steps performed in
different directions depends on the level of the group and
the instructor’s creativity. The differing steps were given
their own names in order to facilitate teaching, which also
makes it easier for researchers to describe them [2, 20].
Moreover, such steps can be performed at low or high im-
pact, which is significant in the evaluation of their influ-
ence on motor system loading. Low-impact steps keep one
foot on the floor at all times (like walking), while high-im-
pact steps cause both feet to leave the floor (like running).
Research confirms statistically significant differences be-
tween low- and high-impact stepping based on loading
evaluated in vertical ground reaction forces (VGRF) [21].
Components of GRF for low-impact steps are from 1.12
to 1.25 BW, while those for high-impact steps range from
1.50 to 1.54 BW. Ricard & Veatch [31], in their study of
aerobic dance, obtained similarly diverse results for low-
and high-impact (1.3-2.62 BW) vGRF.

Btlazkiewicz et al. [2] presented a different approach to
the assessment of motor system loading in step aerobics.
The authors analyzed values of muscle torque and the
length of the 54 muscles engaged in the “knee up” move-
ment. Their study indicated that the knee joint is the most
prone to injuries. Furthermore, their analysis shows that in
the “knee up” step the greatest work is performed by the
mm. sartorius and mm. tensor fascia lata

Phases of stepping on and off the bench

There are two phases distinguished in step aerobics;
the first phase is performed stepping up and forward while
the second is stepping down and backwards. Many re-
searchers have observed higher values when stepping off
the bench in comparison to those obtained while stepping
on it. Machado et al. [21] reported that the ground reaction
forces generated in low-impact steps are from 1.12 to 1.25
(BW) while those from high-impact steps range from 1.50
to 1.54 BW. The values of ground reaction forces were
shown to be much higher when stepping off the bench,
reaching 2.7 BW. Santos-Rocha et al. [40] did not find
any statistically significant differences between these two
phases. The vGRF values obtained by their research varies
from 1.3 to 2 BW for stepping on and from 1.5 to 1.8 BW
for stepping off. Ground reaction forces generated while

stepping off are similar to those observed in high-impact
aerobics [21, 38].

Bench height

A step bench can be adjusted to three different heights.
The minimum height is used in workouts performed by
people displaying limited motor skills and a low level of
physical fitness. It can be presumed that relative values
of ground reaction forces can be dramatically changed by
bench height, likewise influencing the amount of loading
on the motor system. This mainly applies to vVGRF while
stepping off. This problem has been described by Maybury
and Waterfield [24]. They found significant differences for
VvGRF between the 15 cm and 20 cm bench heights, but
not between the 20 and 25 c¢cm heights. Bezner et al. [1]
evaluated values of the ground reaction force while step-
ping off the minimum (1.6 BW) and maximum (1.76 BW)
bench height. Fujarczuk et al. [11] analyzed basic steps at
bench heights of 15, 20 and 25 cm. No statistically signifi-
cant differences were observed in the vGRF values; those
recorded for minimum height were 0.97 BW and 0.87 BW
at maximum height.

Step cadence

Step aerobics is a form of physical activity in which
music forms an inseparable part. Music and its tempo
(BPM) are selected based on the fitness level of the par-
ticipants, and thus tempo constitutes a significant factor
in the intensity of a workout. Music sets the rhythm for
a step workout and has a direct influence on the frequency
of the steps performed. It also makes step aerobics classes
more interesting and engages the participants. An increase
in tempo increases step cadence. Given that an increase in
running speed increases ground reaction forces two-fold,
it has been hypothesized that a higher stepping frequency
would increase ground reaction forces [31]. Research has
confirmed that the values of ground reaction forces while
stepping on and off the bench are not significantly altered
by cadence [1, 11], while the gradient of vGRF does in-
crease with an increase in step frequency [11]. Despite the
fact that increased step frequency does not change vGRF
values, an analysis of EMG in the lower extremities during
workout performed with music of differing BPM shows an
increase in muscle activity [38]. Experienced trainers and
instructors report that the rhythm of movement and fre-
quency determined by music and its tempo have a positive
influence on motor coordination, which is another positive
result of step aerobics.

Different types of steps, surfaces and footwear

The landing surface and type of material used to make
a bench are two important factors having an influence on
loading of the motor system for people performing step
aerobics. Skelly et al. [42] compared the properties of three
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benches made by different manufacturers from different
materials. They presented evidence that benches manufac-
tured by different companies have individual suppressing
properties which impact loading on the motor system. Re-
cent studies show a correlation between the type of floor
and injury rate among instructors. The results indicate that
type of floor contributes to the highest number of injuries
among instructors. Classes conducted on such a surface
lead to statistically more injuries than those performed on
a wooden floor [23].

Footwear is another factor, as it cushions loading when
the foot strikes a surface. Cushioning elements arranged
in the front (mid-foot) and back (heel) of the sole absorb
ground reaction forces. Malliou et al. [23] observed that
75.2% of instructors did not experience any injuries per-
forming step exercises while wearing suitable step aerobic
footwear. Studies on injuries in extreme sports and their
causes show that worn out footwear, especially the front
cushion, may lead to plantar fasciitis or Achilles tendon-
itis. However, a lack of a back cushion does not contribute
to the risk of injuries [28].

Participant level of experience

Research has shown that loading on the motor system
is also influenced by the level of experience in step aero-
bic participants. Motor system injuries may result from
the incorrect absorption of ground reaction forces by par-
ticipants who have recently started aerobics. As supported
by research, ground reaction forces generated by novices
are much higher in comparison to instructors [41].

Techniques of movement

Placing the foot

The anatomy of the ankle joint exposes it to injury dur-
ing step aerobics. The technique of placing a foot on the
bench can be described by the anteroposterior (a-pGRF)
and mediolateral (m-IGRF) ground reaction force, along
with range of movement in the sagittal and transverse
planes. The technique of placing the foot on the bench
has been confirmed to be different than climbing up stairs
[36]. Walking up stairs begins with the forefoot striking
the ground, followed by heel contact. In step aerobics, it
is the heel which strikes the surface first, meaning the a-
pGREF is twice as high as climbing up stairs [32].

Analysis of m-IGRF shows that loading while stepping
on the bench is put on the midfoot, then transferred to-
wards the lateral part of the foot [36]. Values of m-IGRF
range from 0.04 BW to 0.06 BW, while values when
climbing up stairs and walking on a flat surface do not
usually exceed 0.045 BW [32].

The vGRF is absorbed by ankle joint muscles when
the midfoot makes contact with the ground first [8].
Hence, the lower the angle of plantar flexion in ground
contact, the smaller is the muscles’ ability to absorb the
GREF. This is especially significant in stepping off. When
VvGRF reaches its maximum values in stepping off, both
instructors and nonprofessionals place their foot in dorsi-
flexion (19.7-18.5°), not in plantar flexion [32]. This fact
may contribute to the causes of ankle joint injuries.

Analysis of abduction and adduction angles while
stepping on and off the bench may be another indicator of
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reasons for said injuries. Greater loading on the midfoot
joints and medial head of the gastrocnemius muscle may
result from placing the foot with greater adduction [27].
The adduction angle while stepping on the bench may val-
ue from 10.4 to 1.9 degrees, depending on the level of the
participants [32]. The functional maximum range of foot
adduction is established at 20 degrees [30]. This fact may
also indicate causes of frequent ankle joint injuries. Gait
analysis of walking up stairs has shown that when the foot
first touches the ground, it is abducted by approximately
17 degrees (maximum range of abduction 35° and adduc-
tion 20°) and returns to its neutral position corresponding
to gait on a flat surface [26].

Knee-joint angle

Knee-joint mechanics show that the joint angle of
knee flexion and extension is related to the muscle mo-
ment arm of the knee joint flexor and extensors [50].
This is why knee joint muscles performing a certain
range of motion develop a higher or lower moment of
muscle force. This means that when the angle of knee
joint flexion is either large or small, the muscle moment
arm is very short and the moment of force of knee flexors
and extensors is also smal l. Stepping down with straight
knees decreases muscles’ ability to absorb ground reac-
tion forces. This function is then performed by the ankle
and hip joint muscles. The findings indicate that small
knee joint angles while stepping off may be a reason for
knee joint injuries [36].

Angle of trunk flexion

The last body segment participating in suppressing
vGREF is the spine. Research shows that the peak moment
of force for the spine extensor is reached when the angle
of trunk flexion in the sagittal plane equals 60° [52]. This
indicates that the smaller is the angle of trunk flexion in
the sagittal plane, the greater are the forces acting on the
surface of the spinal joints and the greater the load on the
paraspinal muscles. The angle of trunk flexion equals ap-
proximately 5° for stepping on and 10° for stepping off the
bench [36]. Back pain in step aerobics may result from
a trunk position that is practically straight. The angle of
trunk flexion depends on specific traits of aerobics classes.
When conducting the class, instructors watch the partici-
pants in the mirror and maintain verbal and eye contact
with them, and the participants follow their movements.

Conclusion

The movement structure of a basic step in step aerobics
resembles that of the natural gait of climbing up stairs [43].
Many studies broadly describe human gait using kinetic, ki-
nematic and electromyographic parameters. The evidence
shows that values of vGRF while stepping on the bench do
not lead to overload on the motor system. Correspondingly,
VGREF values obtained for stepping off the bench do not re-
sult in overload since they are similar to the values obtained
for walking. However, comparison of maximum joint forces
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and joint movements shows 2-10 times higher loading in
step aerobics than in stair climbing [14]. Overload of the mo-
tor system with instructors, similar to professional athletes,
should be seen in the number of hours spent exercising. Re-
garding participants, overloads are caused by incorrect tech-
nique of foot positioning on the bench and the unadjusted
intensity of step workouts to suit strength and endurance
abilities of their motor systems. This problem mainly con-
cerns elderly people and fast step aerobics classes.

Conflict of interest: Authors state no conflict of interest.

References

1. Bezner S.A., Chinworth S.A., Drewlinger D.M., Kern J.C.,
Rast P.D., Robinson R.E., Wilkeerson J.D. (1993) Step
aerobics: a kinematic and kinetic analysis. In: J. Hamil,
T.R. Derek, E.H. Eliiott (eds.) Proceeding of the 11 Inter-
national Symposium on Biomechanics in Sport, Amherst,
Massachusetts, USA, pp. 252-254.

2. Btazkiewicz M., Wiszomirska I., Kaczmarczyk K., Brzusz-
kiewicz-Kuzmicka G., Wit A. (2016) Lower limb loading
during knee up in step aerobics: a pilot study. Biomed. Hum.
Kinet., 8: 124-130. DOI: 10.1515/bhk-2016-0018.

3. Bruggemann G.P. (2001) Mechanical load, neuromuscu-
lar performance and tissue adaptation in young elite gym-
nasts, Proc. XVIIIth Congress of the ISB, 813 July, Zurich,
pp- 12.

4. Cai Z.-Y., Wen-Chyuan K., Wen H.-J. (2014) Effects of
group-based step aerobics training on sleep quality and me-
latonin levels in sleep-impaired postmenopausal women.
J. Strength Cond. Res., 28(9): 2597-2603. DOI: 10.1519/
JSC.0000000000000428.

5. Clary S., Barnes C., Bemben D., Knehans A., Bemben M.
(2006) Effects of ballates, step aerobics and walking on
balance in women aged 5075 years. J. Sport Sci. Med., 5:
390-399.

6. Cochrane J.L., Lloyd D.G., Besie T.F., Elliott B.C., Doyle
T., Ackland T. (2010) Training Affects Knee Kinemat-
ics and Kinetics in Cutting Maneuvers in Sport. Med.
Sci. Sports Exerc., 42(8): 1535-15044. DOI: 10.1249/
MSS.0b013e3181d03ba0.

7. duToit V., Smith R. (2001) Survey of aerobic dance injuries
to the lower extremity in aerobics instructors. J. Am. Podia-
tr. Med. Assoc., 91(10): 528-532.

8. Dworak L.B., Maczynski J., Wojtkowiak T. (1996) Depen-
dency of dynamic overloads on the type of surface, on the ba-
sis of the acrobatic element ,,standing backward somersault.
Phys. Edu. Sport, (3): 33-40. [In Polish, English abstract].

9. Dworak L.B., Maczynski J., Kmiecik K. (2000) Dynamic
overloads during marching past gait. Acta Bioeng. Biomech.,
2(1): 71-75.

10.

12.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Dutto D., Liang M., Braun B., Bassin S., Daugherty A.,
Markofski M. (2004) The effect of 6 months step aerobics
impact training on bone mineral density. Med. Sci. Sports
Exerc., 36(5): S59.

. Fujarczuk K., Winiarski S., Rutkowska-Kucharska A. (2006)

Ground reaction forces in step aerobics. Acta Bioeng. Bio-
mech., 8(2): 111-118.

Gorwa J., Dworak L.B., Michnik R., Jurkoj¢ J. (2014) Ki-
nematic analysis of modern dance movement “stag jump”
within the context of impact loads, injury to the locomotor
system and its prevention. Med. Sci. Monit., 20: 1082—1089.
DOI: 10.12659/MSM.890126.

. Hay J.G., Nigg B.M. (2001) Sports Biomechanics: from de-

scription to prediction, Proc. XVIIIth Congress of the ISB,
8-13 July, Zurich, pp. 22-23.

Hsu H.C., Wu H.W.,, Chang Y.W. (2007) Kinetic analy-
sis of lower limbs in step aerobic dance. Gait Posture, 26:
S83-84.

. Iwanska D., Urbanik C. (2013) The sense of position and

movement in the knee joint during voluntary movements.
Acta Bioeng. Biomech., 15(3): 11-17. DOI: 10.5277/
abb130302.

Karczewska M., Madej A., Sadowska A., Mastalerz A.,
Urbanik C. (2016) Comparison of the ground reaction forces
during the basic step on the core board platform at various
levels of the stability. Acta Bioeng. Biomech., 18(4): 63-70.
DOI: 10.5277/ABB-00458-2015-03.

Kin-Isler A., Kosar S.N., Korkusuz F. (2001) Effects on step
aerobics on aerobic dancing on serum lipids and lipopro-
teins, J. Sports Med. Phys. Fitness, 41: 380-385.

Koenig J.M., Jahn D.M., Dohmeier T.E., Cleland J.W. (1995)
The effect of bench step aerobics on muscular strength,
power, and endurance. J. Strength Cond. Res, 2(9): 43-46.
Kraemer W.J., Keuning M., Ratamess N.A., Volek J.S., Mc-
Cormic M., Bush J.A. (2001) Resistance training combined
with bench-step aerobics enhances women’s health profile.
Med. Sci. Sports Exerc., 33(2): 259-269.

Lythe J., Hunter J., Pfitzinger P. (2000) Vertical ground reac-
tion force during bench step aerobics. Comparison of step
frequency and step style. UniSports Centre for Sport Perfor-
mance.

Machado M., Abarantes J. (1998) Basic step vs. power step:
peak values of vertical GRF analysis. In: Proceedings of the
XVI International Symposium on Biomechanical on Sports,
In: Riehle H.J., Vieten M.M., (eds.) Konstanz, Universitat-
verlag, pp. 514-517.

Machado M., Santos H., Baptista F., Veloso A. (2002) Biome-
chanical effects of step exercise program on elderly women:
support load effects analysis. Proceedings of 7th Congress of
the European College of Sport Science, Athens, 188.

Malliou P., Rokka S., Tsigganos G., Mavromoustakos S.,
Godolias G. (2013) Dance aerobic instructors’ injuries in
relation to external risk factor, part I1. J. Hum. Sport Exerc.,
8(3): 813-819. DOI: 10.4100/jhse.2013.83.06.



164

A. Rutkowska-Kucharska

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Maybury M.C., Waterfield J. (1997) An investigation into
relation between step high and ground reaction forces step
aerobics: a pilot study. Br. J. Sports Med., 2: 109-113.
Milewska J., Jaroszczuk S., Rutkowska-Kucharska A.
(2013) Step aerobics and rhythm of movement of the upper
and lower limbs. Hum. Mov., 14(1): 70-75. DOI: 10.2478/
humo-2013-0006.

Nadeau S., McFadyen B., Malouin F. (2003) Frontal and
sagittal plane analyses of the stair climbing task in healthy
adults aged over 40 years: what are the challenges com-
pared to level walking? Clin. Biomech., 18: 950-959. DOI:
10.1016/S0268-0033(03)00179-7.

Neumann D.A. (2010) Kinesiology of the musculoskeletal
system. Mosby — Elsevier.

Nigg B.M., Khan B.M.A., Fisher V., Stefanyshyn D. (1998)
Effect of shoe insert construction on foot and leg movement.
Med. Sci. Sports Exerc., 30(4): 550-555.

Nigg B.M. (1981) Loads in selected sport activities — an
overview, Biomechanics VII, ed. Morecki et. al., pp. 88-99.
Paulsen F., Waschke J. (2015) Sobotta. Atlas anatomii czto-
wieka. Narzady ruchu. Edra Urban & Partner, Wroctaw.
Ricard M.D., Veatch S. (1994) Effect of running speed and
aerobic dance jump height on vertical ground reaction forc-
es. J. Appl. Biom., 10(1): 14-27. DOI: 10.1123/jab.10.1.14.
Riener R., Rabuffetti M., Frigo C. (2002) Stair ascent and
descent at different inclinations. Gait Posture, 15: 32-44.
DOI: 10.1016/S0966-6362(01)00162-X.
Rutkowska-Kucharska A. (1998) Take-off structure and
touch down loads during landing in selected rhythmic sport
gymnastics jumps. In: Proceedings of XIV International
Symposium on Biomechanics in Sport, part II. Konstanz,
Universitatsverlag, pp. 238-241.

Rutkowska-Kucharska A., Szpala A. (2004) Relation be-
tween motor system loads and ground reaction force in step
aerobic. Acta Bioeng. Biomech., 6: 293-297.
Rutkowska-Kucharska A., Bober T., Serafin R. (2004) Ob-
cigzenia uktadu ruchu w sporcie (Loads acting on the loco-
motor system in sports). In: Natgcz M. (ed.) Biocybernet-
ics and Biomedical Engineering. Part III Biomechanics of
Sports. Biomechanical Analysis of Loads in Sports, EXIT
Warszawa, pp. 631-647.

Rutkowska-Kucharska A., Wysocka K., Winiarski S.,
Szpala A., Sobera M. (2017) An investigation into relation
between technique of movement and overload in step aero-
bics. Applied Bionics and Biomechanics, 1D 3954907, DOI:
10.1155/2017/3954907.

Santos-Rocha R., Franco S., Correia P., Veloso A. (2000)
Influence of music tempo on muscle participation level in
step exercise. Proceedings of the 5th Annual Congress of the
European College of Sport Science, Jyvaskyla, pp. 644.
Santos-Rocha R., Veloso A., Santos H., Franco S., Pezarat-
Correia P. (2002) Ground reaction forces of step exercise
depending on step frequency and bench height. Proceed-
ings of the XX International Symposium on Biomechanical

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

on Sports, In: K.E Gianikellis, (ed.), Caceres-Extremadura,
pp-156-159.

Santos-Rocha R.A., Oliveira C.S., Veloso A.P. (2006) Os-
teogenic index of step exercise depending on choreographic
movements, session duration, and stepping rate. Br. J. Sports
Med., 40(10): 860-866. DOI: 10.1136/bjsm.2006.029413.
Santos-Rocha R., Veloso A., Machado M., Valamatos M.,
Ferreira C. (2009) Peak ground and joint forces in step-exer-
cise depending on step-pattern and stepping-rate. The Open
Sports Sciences Journal, 2:10-21.

Scharff-Olson, Williford H.N., Blessing D.L. (1997) Vertical
Impact Forces during Bench-Step Aerobics: Exercise Rate
and Experience .Perceptual and motor skils, 84(1): 267-274.
DOI: 10.2466/pms.1997.84.1.267.

Skelly W.A., Darby L.A., Phillips K. (2003) Physiological
and biomechanical responses to three different landing sur-
faces during step aerobics. J. Exerc. Physiol., 6: 70-79.
Stacoff A., I.A. Kramers-de Quervain, G. Luder, R. List, E.
Stussi (2007) Ground reaction forces on stairs. Part II: knee
implant patients versus normal. Gait Posture, 26(1): 48-58.
DOI: 10.1016/j.gaitpost2006.07.015.

Truszczynska A., Jarmuziewicz A., Drzat-Grabiec J. (2015)
Effect of participating in fitness classes on postural stability
of young women. Biomed. Hum. Kinet., 7(1): 29-33. DOL:
10.1515/bhk-2015-0005.

Tsiokanos A., Kellis E. (2001) Vertical ground reaction forc-
es in step aerobic dance. In: Proceedings of the 6th Annual
Congress of the ECSS, Cologne, Proceedings: 110.

Turner C.H., Robling A.G. (2003) Designing exercise regiments
to increase bone strength, Exerc. Sport Sci. Rev., 31: 45-50.

van Husen, M., Peikenkamp K., Nicol K. (2001) Compari-
son of landings in handball and volleyball, 6th Annual Con-
gress of Sport Science of the European College of Sport Sci-
ence, Koln, pp.1225.

Willett G.M., Karst G.M., Canney E.M. (1998) Lower limb
EMG activity during selected stepping exercises. J. Sport
Rehabil., 7: 102-111.

Williford H.N., Richards L.A., Scharff-Olson M., Brown M.,
Blessing D.L., Duey W.J. (1998) Bench stepping and run-
ning in woman. Changes in fitness and injury status. J.
Sports Med. Phys. Fitness, 38: 221-226.

Winter D.A. (1976) Bimechanics of human movement. John
Wiley and Sons.

Woo S.L.-Y., Debski R.E., Withrow J.D., Janaushek M.A.
(1999) Biomechanics of Knee Ligaments. Am. J. Sports Med..
27(4): 533-543. DOI:10.1177/03635465990270042301.
Zatsiorsky V.M. (2002) Kinetics of human motion, Human
Kinetics.

Received 03.11.2017
Accepted 14.11.2017

© University of Physical Education, Warsaw, Poland



