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ABSTRACT 

The purpose of our study was to examine the 

practical application of the progressive resistance 

exercise protocol among older adult women using a 

custom-made low-row flywheel (FW) device. The 

objective was to compare the effects of the FW 

device exercise protocol to the traditional gravity-

based (GB) one, with regards to older adult women's 

physical abilities, i.e. shoulder mobility, upper body 

low-row strength, velocity, power and, lastly, trunk 

extensor endurance. Fourty healthy older adult 

women (old: 66 ± 5 years; height: 1,62 m; weight: 

73,7 kg; body mass index: 28 ± 6 kg/m2) were 

randomly assigned to the FW low-row or Pulley low-

row group. They underwent eight weeks of 

resistance exercise. We used a two-way ANOVA for 

repeated measures and standardized effect sizes (ES) 

comparison to assess exercise-related differences 

within and between groups. The results showed 

significant improvement of resistance exercise 

parameters during the eight-week resistance exercise 

protocol, regardless of the group. Moreover, we 

found no statistically important inter-group 

differences in improvement of shoulder mobility, 

upper body strength, velocity, power and trunk 

extensor endurance. Nevertheless, the highest ES in 

favour of FW low-row group was found when 

comparing the eccentric peak power changes. We 

have demonstrated that FW load could be as 

effective and useful as GB pulley row-row resistance 

exercise modality. Further research is required, 

where the concept of the eccentric overload and 

muscle power enhancement with the use of FW 

devices for older adult population should be utilized. 
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IZVLEČEK 

Namen raziskave je bil preveriti praktično 

uporabnost namensko izdelane inercijske naprave za 

izvedbo horizontalnega potega pri starostnicah. 

Glavni cilj je bil preveriti razlike v učinkih med 

dvema osemtedenskima protokoloma vadbe za moč 

- na inercijski napravi in škripcu - in sicer v 

gibljivosti ramenskega obroča, največji sposobnosti 

proizvajanja mehanske sile, moči in hitrosti pri 

vertikalnemu potegu ter vzdržljivosti v moči mišic 

iztegovalk trupa. V raziskavo je bilo vključenih 

šestdeset starostnic (starost: 66 ± 5 let; višina: 1,62 

m; masa: 73,7 kg; indeks telesne mase: 28 ± 6 

kg/m2), ki so bile naključno razporejene v dve 

vadbeni skupini (vadba z inercijsko napravo in 

vadba na škripcu). Za ugotavljanje razlik v napredku 

med vadbenima skupinama smo uporabili 

dvostransko analizo variace za ponovljene meritve in 

primerjavo indeksa velikosti učinka. Po osmih 

tednih smo v obeh skupinah ugotovili statistično 

značilno izboljšanje gibljivosti ramenskega obroča, 

največje sposobnosti proizvajanja mehanske sile, 

moči in hitrosti pri horizontalnem potegu ter 

vzdržljivosti v moči mišic iztegovalk trupa, vendar 

med skupinama razlik v izboljšanju ni bilo. Največjo 

moč učinka v prid inercijski skupini smo ugotovili v 

sposobnostih proizvajanja največje mehanske moči 

v ekscentričnem delu horizontalnega potega na 

inercijski napravi. Inercijsko breme se je izkazalo za 

učinkovito in varno za uporabo pri starostnicah. V 

prihodnje bi bilo smiselno preveriti učinke vadbenih 

protokolov na inercijski napravi, ki bi upoštevali 

koncept ekscentrične preobremenitve in bi bili 

usmerjeni v izboljšanje mehanske moči mišic pri 

starostnikih. 
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INTRODUCTION 

The aging process involves numerous physiological and morphological changes in skeletal 

muscles, which are related to declines in physical, functional abilities and increases in 

susceptibility to age-related diseases and acute injuries (Ebner, Sliziuk, Scherbakov, & Sandek, 

2015). Due to the reduced relative strength, the body gets tired more quickly. Moreover, 

balance, speed, agility and cardiovascular endurance deteriorate as well. Strength training has 

been proven to improve cardiovascular health, to combat sarcopenia, to reverse the loss of 

muscle mass and muscle strength, to combat frailty and falling incidences and overall extends 

personal independence (Hakkinen, Alen, Kallinen, Newton, & Kraemer, 2000; Hazell, Kenno, 

& Jakobi, 2007). Benefits regarding strength and power training for older population have also 

been documented in literature concerning flywheel (FW) devices (Kowalchuk & Butcher, 

2019). 

FW load presents a new trend in resistance exercise (RE) modalities. The main difference 

between the FW and the gravity-based (GB) load is that FW load does not have a constant 

gravitational component. While using FW devices, the resistance is proportionate only to the 

angular acceleration of the rotating FW. Power and force can vary depending on the tempo of 

the execution, even with the same FW load used. By controlling the execution technique 

(delaying the braking action in the first part of the eccentric phase), these devices enable one to 

reach an eccentric overload, i.e. the difference between eccentric peak force and concentric 

peak force (Martinez-Aranda & Fernandez-Gonzalo, 2017). Numerous studies have established 

that eccentric contractions a) maximize the force exerted and the work performed by muscles, 

b) are associated with greater mechanical efficiency, c) attenuate the mechanical effects of 

impact forces, and d) enhance tissue damage associated with exercise (Enoka, 1996). Moreover, 

the neural commands controlling eccentric contractions are unique. Eccentric contractions 

require lower levels of voluntary activation by the nervous system to achieve a given muscle 

force in comparison to concentric contractions due to differences involving recruitment order, 

discharge rate and recruitment threshold of motor units (Duchateau & Baudry, 2013; Enoka, 

1996). Consequently, the concept of “eccentric overload”, which can be easily achieved using 

FW devices, may increase the efficiency of exercising, taking advantage of all the positive 

effects of the eccentric contraction (Maroto-Izquierdo et al., 2017). 

FW resistance exercise was shown to be effective in developing muscular hypertrophy, 

maximal strength, power and improving functional performance in the vertical and horizontal 



Kinesiologia Slovenica, 26, 3, 60-77 (2020), ISSN 1318-2269   Flywheel Low-Row Resistance Exercise    62 

plain movements (Maroto-Izquierdo et al., 2017; Nuñez Sanchez & Villarreal, 2017; Petré, 

Wernstål, & Mattsson, 2018). In addition, the eccentric overload training resulted in several 

significant benefits in elderly population – it improved balance (Onambélé et al., 2008; Sañudo 

et al., 2019), muscle strength and power (Bruseghini et al., 2015; Tesch, Fernandez-Gonzalo, 

& Lundberg, 2017), muscle cross-sectional area (Bruseghini et al., 2015) and some functional 

abilities, measured using sit-to-stand (Sañudo et al., 2019), 6-minute walk test, functional reach 

test and up-and-go test (Sañudo et al., 2019; Spudić, Hadžić, Vodičar, Carruthers, & Pori, 

2019). Further studies are required to examine the optimal method to introduce FW training to  

older adult population as well as its protocols in order to confirm and optimize the benefits 

(Kowalchuk & Butcher, 2019; Spudić, Hadžić, et al., 2019). 

Despite the increasing popularity of resistance training FW devices, only two studies 

(Onambélé et al., 2008; Spudić, Hadžić, et al., 2019) compared FW resistance exercise training 

to GB training methods among older adults. Also, early research of the FW as a resistance 

training modality was mostly limited to either leg pressing or knee extension exercises. While 

the quality of life among older adults is determined by their independence while doing chores, 

upper-extremities functionality seems important as well (Candow & Chilibeck, 2005; Metter, 

Conwit, Tobin, & Fozard, 1997). 

Firstly, the purpose of our study was to examine a practical application of a custom-made low-

row FW device and, also, to compare the effects of the FW device exercise protocol to the 

traditional weight-stack one, with regards to older adult women's physical abilities: shoulder 

mobility, upper body strength, velocity, power and, lastly, trunk extensor endurance. Protocol 

was, as opposed to some other studies, based upon a relative exercise FW load determination. 

Our hypothesis was that the FW group would achieve greater improvements in muscle strength, 

velocity, power and endurance related parameters due to the utilization of eccentric overload 

and all the positive effects of muscle loading during eccentric contraction. The results are 

expected to lead to the optimization of the FW resistance exercise protocols among the older 

adult population. 
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METHODS 

Study design 

The study was designed as a parallel-group randomized controlled trial with testing sessions 

that were separated by ten weeks’ time (Fig. 1). The study was approved by the Sports Ethic 

Committee at the Faculty of Sport, University of Ljubljana, Slovenia, in accordance with the 

Declaration of Helsinki (no: 2019-1267). 

 

Figure 1. Sequence of the study protocol 

 

 

Participants 

The research was conducted among healthy older adult women. They were all the occupants of 

the Črnomelj health care centre (Southeastern Slovenia). The participants were regularly 

physically active, performing housework and various chores. They were also familiar with 

resistance exercises – they attended group exercise sessions, twice a week in the past year before 

the study has begun. The exclusion criteria were: shoulder injuries, chronic diseases, 

neuromuscular disorders, the history of lower back pain or acute injuries in the past 6 months 

that could in anyway negatively influence the maximal low-row exercise execution or study 

attendance due to a decline in the health status. Before the exercise program, the participants 

were asked to fill in the PAR-Q Questionnaire (Bredin, Gledhill, Jamnik, & Warburton, 2013). 
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Moreover, the health status was ad-hoc approved by a general practitioner. They were also 

warned about the possible complications during the study and informed that they were free to 

withdraw the research at any time. To estimate the sample size we used a G*Power Sample size 

calculator (Faul, Erdfelder, Lang, & Buchner, 2007). We calculated the required number of 

participants when β = 0,20; α = 0,05; number of groups = 2 and effect size (ES) = 0,8. The ES 

was based on the differences in the primary outcome measure, i.e. power output improvement 

between the FW-based and GB load resistance exercise groups, found in the meta-analysis of 

Maroto-Izquierdo et al. (2017). This calculation required six participants to be tested in each 

group. The flow of the participants through the study is presented in Fig. 2. Due to a large 

response to study participation and the consideration of participants dropping out, we recruited 

70 participants in total (Fig. 2). The main characteristics of the participants who completed both 

testing sessions are shown in Table I. 

 

Table 1. Characteristics of the participants. 

Group n Age (years) Body height (m) Body mass (kg) BMI (kg/m2) 

FW 30 69,8 ± 18,0 1,61 ± 0,16 73,0 ± 14,5 27,3 ± 5,8 

Pulley 30 65,7 ± 4,8 1,63 ± 0,57 74,3 ± 14,6 27,9 ± 5,8 

N – number of the participants; FW – flywheel low-row group; Pulley – pulley low-row group; data are presented as means ± 

standard deviations 
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Figure 2. Flow diagram of participants through the trial 

 

Study outcomes 

The primary outcome measure was concentric peak power (Con. Peak P; W) produced during 

FW low-row repetition maximum test. The FW device and acquisition system used in this 

research has shown adequate criterion validity and good-to-excellent test-retest reliability (ICC 

= 0,773– 0,948) of the mechanical parameters (Spudić, Kambič, Cvitkovič, & Pori, 2020). 

Additionally, eccentric peak power (Ecc. Peak P, W), concentric peak force (Con. Peak F; N), 

eccentric peak force (Ecc. Peak F; N), average velocity (m/s), shoulder mobility (cm), plate 

tapping test result (s), Sorrensen's test time (s), over head sitting throw length (cm), biceps curl 

1RM (kg) and low-row 1RM were measured (kg). 

Randomization process 

The participants were divided into two groups by a simple randomization process, i.e. the FW 

low-row (n = 32) and the Pulley low-row (n = 32), respectively (Table 1). Randomization was 
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performed by a member of the research team, who was not directly involved in the recruitment 

or assessment of the participants, using a computer-generated random allocation data 

processing program and a 1:1 ratio (FW vs. Pulley). 

Procedures and equipment 

Two weeks before the initial testing, two familiarization sessions were performed (Sabido, 

Hernández-Davó, & Pereyra-Gerber, 2018). The sessions included familiarization with both 

tests and low-row exercise execution, respectively. Before and after the exercise program, a 

modified testing battery was used. It was selected based on the assessment of trunk and upper 

extremities physical abilities. The tests were executed in a single testing unit in the following 

sequence: shoulder mobility test, over head medicine ball throw, fifty stroke plate tapping test, 

FW low-row repetition maximum test (Spudić, Hadžić, et al., 2019), indirect pulley low-row 

one repetition maximum test (1RM), Sørensen‘s test, indirect biceps curl 1RM test and hand 

grip strength test. 

The shoulder mobility test was performed following instructions of Cook et al. (2014), to assess  

bilateral and reciprocal shoulder range of motion, combining internal rotation with adduction 

of one shoulder and external rotation with abduction of the other. The test also requires normal 

scapular mobility and thoracic spine extension (Mitchell, Johnson, Vehrs, Feland, & Hilton, 

2016). Two repetitions were performed with each arm. Bilateral overhead medicine ball throw 

was selected to test upper body power. The participants sat on a chair, holding a 3 kg medicine 

ball between their hands. They were instructed to throw the ball from the resting position, which 

was on the thighs, backwards over the head – as fast and far as possible. A countermovement 

was not allowed. The distance from the position of the chair to the ball drop mark was measured 

in cm. Three repetitions were performed, with 30 s rest in-between. The stroke-plate tapping 

test was selected to assess the speed and coordination of upper limb movement. Three discs (20 

cm diameter) were drawn on the table. The two discs were placed with their centres 60 cm 

apart. The third disc was placed equidistantly between both discs. The non-dominanr hand was 

placed on the middle disc. The subject moved the dominant hand left and right between the 

discs over the hand in the middle as quickly as possible. This action was repeated for 25 full 

cycles (50 taps), starting with hands crossed. The test was performed two times. The time taken 

to complete 25 cycles was recorded. FW low-row repetition maximum test was selected to 

assess the maximum ability of the horizontal low-row pull of the FW. The test was performed 

in the sitting position with legs stabilized. FW device with high FW load (mass moment of 
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inertia; 0.2 kg∙m2) was mounted on the wall bars. The participants were instructed to accelerate 

the FW and stabilize the pulling amplitude within first two repetitions - the following three 

repetitions were executed with maximal effort and post-hoc analysed. The strength-related 

parameters were measured with a custom-written software, Slot-Type Optocoupler Speed 

Measuring Sensor and a 35-tooth plastic ring that was attached to the FW shaft. The software 

and device were validated beforehand (Spudić et al., 2020). We indirectly carried out the 

measurements of low-row 1RM with weight-stack, lifted from the floor with shifting the rope 

orientation from vertical to horizontal using a custom-made pulley device with linear bearings 

system. We adhered to the principle that the weight assigned to the participants allowed a 

performance of maximum ten repetitions (Brzycki, 1993). The exercise amplitude was 

relatively adjusted in both cases with a marker on the pulling rope. The timed-measured 

Sørensen‘s test (Moreau, Green, Johnson, & Susan, 2001) was used to assess the endurance of 

the trunk extensor muscles. The participants were lying prone on the table with the upper edge 

of the iliac crest in alignment with the edge of the table. Lower body was fixed to the table by 

two straps (around the pelvis and ankles); the arms were folded across the chest. The participant 

had to isometrically maintain the upper body in a horizontal position while the time was 

recorded. The horizontal position was determined using an elastic band stretched horizontally 

in contralateral orientation, one cm under the anterior part of the participant’s shoulders. 

Afterwards, we performed indirect measurements of the biceps curl 1RM. The test was done in 

a sitting position and using dumbells. The biceps curl exercise amplitude was carefully 

monitored. Using a manual hydraulic hand-held dynamometer (Jamar 5030J1, Patterson 

Medical, Brookfield) maximum isometric strength of the hand and forearm muscles were 

assessed (Amaral, Amaral, Monteiro, Vasconcellos, & Portela, 2019). The test was performed 

in a sitting position, with an arm at the right angle and an elbow by the side of the body. The 

handle of the dynamometer was adjusted, so the base of the handle rested on the first metacarpal 

(heel of the palm), while the pulling handle rested on the middle of the four fingers. The 

maximal isometric contraction was maintained for 5 seconds under loud verbal encouragement. 

Two repetitions with 30 second rest period were performed with each hand. 

Exercise protocol 

Throughout the eight-week resistance protocol the participants performed a low-row exercise 

as part of the standardized exercise unit. In the group executing the FW exercise, a custom-

made FW device was used. In the group that carried out the GB weight-stack exercise, a custom-

made pulley device with linear bearings system was used. The resistance exercise load was 
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relatively adjusted using the mass moment of inertia of the FW and the mass of the load, 

respectively. The exercise variables (intensity, volume, rest periods, frequency) followed 

current recommendations (Ratamess et al., 2009) for healthy older adults and were equalized 

between groups (Table 2). 

Table 2. Characteristics of the resistance exercise protocol for older adult women 

Week Load (%) Sets*Repetitions Rest period RPE (6-20) 

1 IN 40 3*15 

90'' 

12-14 

2 IN 50 2*15 12-14 

3 60 2*12 14-16 

4 60 3*12 14-16 

5 60 4*12 14-16 

6 70 2*10 14-16 

7 70 3*10 14-16 

8 70 4*10 14-16 

IN - induction week; Load (%) – percent of the maximum angular momentum (FW group) or 1RM (weight-stack group); RPE 

- rate of perceived exertion; exercise was performed twice a week 

Table 2 presents the progressive loading of resistance exercise for older adults. Compared to 

the studies that have been carried out in this field so far and with the intention of comparing 

exercise effects of FW and weight-stack load, the velocity (Carroll et al., 2018) of the exercise 

execution and consequently the time under tension were equalized between groups. 

Data processing 

Depending on the number of test repetitions, the average of several consecutive trials was 

calculated to get trustworthy results. Signals from the FW acquisition system were recorded at 

200 Hz, interpolated (1000 Hz) and smoothed using a low-pass filter. Parameters followed the 

fundamental Newton’s laws and were calculated as follows: v=(2πα)∙r=ω∙r; F=(J∙α)/r and P=F∙v 

for each elementary time segment (1 ms) (Spudić et al., 2020). Peak parameters were obtained 

as maximum value within a 10 ms moving window average. The FW mass moment of inertia 

(Jweight) – together with the FW shaft mass moment of inertia (Jshaft) was used to calculate 

the maximum angular momentum (Γmax) which was produced for each participant performing 

maximal low-row pull with FW device. We took into consideration the Γmax and then 

calculated data about the constant velocity of lifting the load with fluent concentric repetitions. 

Concentric and eccentric phases of the low-row pull were determined to last 1 second each.  

When the velocity was determined, that gave us a basis to relatively adjust angular momentum 
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when performing low-row repetitions for each individual. Moreover, by adjusting all the FW 

to an equal diameter, mass of the FW was relatively adjusted using the equation 

m=p*((2*Γmax-2ω1*Jshaft)/(r2*ω1). In equation, the percentage of the maximum pull ability, 

also the percentage of the maximum provided angular momentum in presented by 'p'; maximum 

angular momentum measured at initial state is marked by 'Γmax'; the mass moment of inertia 

for the FW shaft is defined by 'Jshaft'; 'r' stands for the radius of a FW and the calculated angular 

velocity per second during slow concentric-eccentric repetitions is denoted by 'ω1'. In addition, 

the predicted 1RM weight was calculated following the equation 1RM=load mass/(1,0278-

0,0278* number of reps to exhaustion) (Brzycki, 1993). 

Statistical Analysis 

The descriptive analysis was performed using measures of central tendency (mean ± standard 

deviation). The variables were tested for normality with the Shapiro-Wilk test (p > 0,05; 

normality assumed). We used a two-way repeated measures ANOVA (time x groups; time: pre 

vs. post; group: FW vs. Pulley) to assess exercise-related differences in results based on the 

tests performed by the groups. Sphericity was analysed with the Mauchly's test (p > 0,05; 

sphericity assumed). Within- and between-group differences in testing parameters were 

additionally assessed using standardized effect sizes (ES). The magnitudes of the changes were 

interpreted using values denoted as trivial (< 0,20), small (0,20-0,59), moderate (0,60-1,19), 

large (1,20-2,00) and extremely large (>2,00) (Batterham & Hopkins, 2006; Hopkins, Marshall, 

Batterham, & Hanin, 2009). Thresholds for practical importance were derived using a 

distribution-based approach, where the smallest worthwhile difference was derived by 

multiplying within- or between-athlete standard deviation (SD) for a given test by 0,2. The 

probability that improvement of the parameters within or between groups actually existed was 

assessed via magnitude-based qualitative inference (Batterham & Hopkins, 2006). Qualitative 

inferences were based on the quantitative chances of benefit outlined by Hopkins, Marshall, 

Batterham, & Hanin (2009). Quantitative chances are the percentage chances which state that 

an observed effect is practicaly positive/trivial/negative; e.g. (40/40/20%), which means an 

effect has a 40% chance of being positive, a 40% chance of being trivial and a 20% chance of 

being negative. Probabilities that differences were higher than, lower than, or similar to the 

smallest worthwhile difference within or between groups were evaluated qualitatively as: 

possibly (25-74.9%), likely (75-94.9%), very likely (95%-99.5%) and most (extremely) likely 

(>99.5%) (Batterham & Hopkins, 2006) using a custom-written excel spreadsheet. The 
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statistical analyses were performed using IBM SPSS Statistics 25. The limit for significance 

was set at p < 0,05. 

 

RESULTS 

There were no complications during relative load adjustment and exercise execution among 

elderly women. FW device has shown to be practical in the organizational sense. Mean ± SD 

values for all parameters pre and post exercise protocol are shown for both groups, along with 

the qualitative inferences for within-group changes (Table 3).  

Table 3. Test results pre- and post-  8-week exercise intervention 

 Pulley (n = 30) Flywheel (n = 30) 

Parameter 

Pre  

(mean ± 

SD) 

Post  

(mean ± 

SD) 

ES  

(90% CI) 

Inference and  

Probability 

Pre  

(mean ± 

SD) 

Post  

(mean ± 

SD) 

ES  

(90% CI) 

Inference and  

Probability 

Hand grip test L (kg) 27,7 ± 6,6 29,0 ± 3,6 
0,24 (0,09-

0,40) 
⬆ small possibly 

29,8 ± 

5,56 
29,6 ± 5,5 

-0,04 (-

0,19-0,12) 
⬇ trivial unclear 

Hand grip test R (kg) 29,8 ± 4,6 30,1 ± 3,8 
0,07 (-0,08-

0,23) 
⬆ trivial unclear 29,7 ± 5,7 29,5 ± 5,2 

-0,04 (-
0,19-0,12) 

⬇ trivial unclear 

Shoulder mobility 

test L (cm) 
-0,7 ± 7,8 -0,9 ± 7,3 

0,03 (0,13-

0,18) 
⬆ trivial unclear 4,5 ± 10,6 3,1 ± 10,0 

0,14 (-0,02-

0,29) 
⬆ trivial possibly 

Shoulder mobility 

test  R (cm) 
7,2 ± 12,1 4,3 ± 9,3* 

0,27 (0,11-

0,42) 
⬆ small possibly 8,7 ± 11,1 6,5 ± 12,0 

0,19 (0,04-

0,35) 
⬆ trivial small 

Plate tapping test (s) 12,8 ± 1,0 
12,5 ± 
1,5* 

0,24 (0,08-
0,3) 

⬆ small possibly 
13,23 ± 

1,71 
12,5 ± 1,6* 

0,44 (0,28-
0,60) 

⬆ small likely 

Sorrensen’s test (s) 
49,5 ± 

31,2 

55,0 ± 

35,9* 

0,16 (0,01-

0,32) 
⬆ trivial possibly 

47,5 ± 

31,1 

66,5 ± 

53,8* 

0,43 (0,28-

0,59) 
⬆ small likely 

Over head throw test 

(cm) 

247,2 ± 

59,1 

265,8 ± 

43,4* 

0,36 (0,20-

0,51) 
⬆ small likely 

245,0 ± 

60,3 

274,0 ± 

52,9* 

0,51 (0,35-

0,67) 
⬆ small 

very 

likely 

Biceps curl 1RM L 

(kg) 
10,0 ± 1,6 

11,0 ± 

2,6* 

0,46 (0,31-

0,62) 
⬆ small 

very 

likely 
10,0 ± 1,4 10,9 ± 1,8* 

0,56 (0,40-

0,72) 
⬆ 

moderate 

most 

likely 

Biceps curl 1RM R 

(kg) 
9,9 ± 1,1 

12,3 ± 

5,4* 

0,62 (0,46-

0,77) 
⬆ 

moderate 

very 

likely 
10,1 ± 1,7 11,5 ± 2,8* 

0,60 (0,45-

0,76) 
⬆ 

moderate 

most 

likely 

Low-row 1RM (kg) 
42,9 ± 

12,8 

45,9 ± 

11,9* 

0,24 (0,09-

0,40) 
⬆ small possibly 

43,2 ± 

11,6 

47,0 ± 

13,0* 

0,31 (0,15-

0,46) 
⬆ small possibly 

Velocity (m/s) 
0,72 ± 
0,08 

0,75 ± 
0,09* 

0,35 (0,20-
0,51) 

⬆ small likely 
0,75 ± 
0,06 

0,78 ± 
0,07* 

0,46 (0,30-
0,62) 

⬆ small likely 

Con. peak F (N) 
433,1 ± 

62,1 
488,1 ± 
56,5* 

0,93 (0,76-
1,09) 

⬆ 
moderate 

most 
likely 

449,5 ± 
58,64 

521,3 ± 
70,1* 

1,11 (0,94-
1,28) 

⬆ 
moderate 

most 
likely 

Ecc. peak F (N) 
502,7 ± 

79,1 

554,5 ± 

78,3* 

0,66 (0,50-

0,82) 
⬆ 

moderate 

most 

likely 

515,7 ± 

67,2 

572,7 ± 

71,0* 

0,82 (0,66-

0,99) 
⬆ 

moderate 

most 

likely 

Con. peak P (W) 
316,0 ± 

66,9 

369 ± 

68,3* 

0,78 (0,62-

0,94) 
⬆ 

moderate 

most 

likely 

337,2 ± 

56,5 

409,0 ± 

83,3* 

1,01 (0,84-

1,17) 
⬆ 

moderate 

most 

likely 

Ecc. peak P (W) 
400,1 ± 

108,0 

451,1 ± 

99,7* 

0,49 (0,33-

0,65) 
⬆ small 

very 

likely 

420,8 ± 

90,8 

517,2 ± 

113,1* 

0,94 (0,78-

1,10) 
⬆ 

moderate 

most 

likely 

n - number of the participants; L – left arm; R – right arm; v – velocity; con – concentric; ecc – eccentric; F – force; P - power; 

* - significant pre-post difference; ES – effect size; CI – confidence interval; ⬆ - positive effect; ⬇ - negative effect; qualitative 

inferences quantification - trivial (<0,20), small (0,20-0,59), moderate (0,60-1,19), large (1,20-2,00) and extremely large 

(>2,00); magnitude of the observed value - possibly, 25-74,9%; likely, 75-94,9%; very likely, 95-99,5%; most (extremely) 

likely, > 99.5; data are expressed as mean ± standard deviation 

The results showed no significant time x group interaction effects. There was a significant main 

effect of time (p < 0.05) found across the parameters, namely in shoulder mobility for right arm 

(F = 7,359; p < 0,05), tapping test (F = 13,624, p < 0,05), Sorrensen's test (F = 5,009, p < 0,05), 
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over head sitting throw (F = 10,244, p < 0,05), biceps curl 1RM left and right hand (F = 31,125, 

p < 0,05; F = 14,501, p < p < 0,05), low-row 1RM (F = 19,502, p < 0,05), velocity (F = 14,003, 

p < 0,05), Con. Peak F (F = 84,428, p < 0,05), Ecc. Peak F (F = 33,878, p < 0,05), Con. Peak P 

(F = 68,992, p < 0,05) and Ecc. Peak P (F = 39,266, p < 0,05). However, we found no significant 

exercise group main effect in measured parameters. The Pulley and FW groups showed trivial 

to moderate within-group changes of the observed parameters.  

Figure 3. Forest plot of the standardized differences between groups following the two exercise 

protocols 

 

Fig. 3 shows standardized between-groups differences following the two exercise protocols 

along with the qualitative inferences and quantitative chances of benefit in favour of one of the 

groups. The highest standardized difference in favour of FW low-row group was found when 

comparing the Ecc. Peak P. The magnitude of Ecc. Peak P difference was small, and the change 

was very likely to be higher than the smallest worthwhile difference - determing the practical 

importance of the results. 

 

DISCUSSION 

The purpose of our study was to examine a practical application of a custom-made low-row 

FW device and to assess differences in the level of adaptation between two progressive 

resistance exercise protocols, i.e. FW low-row and GB pulley low-row, respectively. The FW 
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protocol was, as opposed to some other studies, based upon relative exercise FW load 

determination. The results show practical usability of the FW low-row device. We assessed no 

inter-group differences in improvement of the shoulder mobility, upper body strength, velocity, 

power and trunk extensor endurance. In contrary – only when analyzing ES - we found 

favourable Ecc. Peak P adaptations of the FW low-row group. Our assumption of greater 

improvements of muscle strength, velocity, power and endurance related parameters in favour 

of FW low-row group was, therefore, rejected. Whatsoever, the results are an indication of a 

significant improvement of resistance exercise parameters after the eight-week resistance 

exercise protocol, regardless of the resistance exercise modality selected. 

The five key benefits of using eccentric training on an older adult population include the 

increase of force and power production, decreased metabolic demand (metabolic efficiency), 

decreased cardiovascular demand, increased muscular adaptations as well as the fact that the 

eccentric strength is preserved (Kowalchuk & Butcher, 2019). Traditional methods using GB 

load, i.e. free-weights, weight-stack or weight machines can improve and maintain strength and 

power but are limited in their ability to provide constant muscle tension and high levels of 

muscle activation throughout the braking (eccentric) phase of lifting. With FW devices, training 

may overcome these limitations and has  shown to result in potent adaptations in both young 

and older adults (Fisher et al., n.d.; Maroto-Izquierdo et al., 2017; Nuñez Sanchez & Villarreal, 

2017; Petré et al., 2018; Tesch et al., 2017; Vicens-Bordas, Esteve, Fort-Vanmeerhaeghe, 

Bandholm, & Thorborg, 2018). Nevertheless, methods of producing eccentric overload among 

older adults are limited from a practical perspective. 

Additionally, it has been shown that lower extremities strength and power improvements among 

older adults positively influence balance (Onambélé et al., 2008) and postural stability (Sañudo 

et al., 2019) and may, therefore, be useful in prevention of falls. In our study, we expected that 

upper extremities strength and power improvements during low-row exercise would also have 

a positive influence on  other, non-task-specific functional abilities, such as trunk extensor 

endurance as well as speed and  coordination of upper limb movement. Low-row exercise using 

pulley or FW device showed to be equally effective in endurance training of the trunk extensors, 

which is an important factor in occurrence of lower back pain (Moffroid, 1997). Moreover, the 

ability to perform activities of daily living could have been positively affected by improving 

upper limb coordination and speed. Both low-row resistance exercise protocols have shown a 

positive transfer of strength and power improvements to the functional tasks among older adult 

women. 
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In contemporary literature regarding FW resistance exercise, the type of exercise execution was 

determined as follows: the first two or three repetitions were performed with the intention to 

accelerate the FW, and the following were performed with maximal effort. The participants 

were instructed to perform the concentric phase as fast as possible while delaying the braking 

action in the first third of the eccentric phase. Loud verbal encouragement was given to the 

participants during all testing and exercise sessions. We have evaluated that maximal 

engagement in exercise execution for older adult women carries a higher risk of injury. 

Therefore, a submaximal type of exercise execution was implemented. By delaying the braking 

action in the first part of the braking phase, even with submaximal concentric contractions, 

eccentric overload could be reached. Submaximal loading in eccentric contractions and its 

adaptations is a matter of debate (Gault & Willems, 2013; Nosaka & Newton, 2002) and should 

be researched further using FW load. 

Limitations and strengths 

There are several limitations to the present study, which need to be addressed. Due to gender 

differences in adaptations to resistance exercise (Boit et al., 2016; Lundberg, García-Gutiérrez, 

Mandić, Lilja, & Fernandez-Gonzalo, 2019) and gender differences in reaching the eccentric 

overload when using low, medium or high FW loads (Martinez-Aranda & Fernandez-Gonzalo, 

2017), the study was conducted only on older adult women. The generalizability of the results 

to the male population is therefore questioned and should be further assessed. The main reason 

for not finding any differences seems to be the submaximal exercise execution in the FW group, 

with which we could have violated the main concept of the FW resistance exercise - eccentric 

overload. It seems that using submaximal exercise execution, the eccentric contraction’s 

mechanical and neural properties were not fully utilized. Our intention to relatively adjust the 

FW load was based on the initial measurement of the Γmax, from which we selected a high 

absolute FW load with the intention to assess the Γmax a participant could provide. In the 

meantime, a study comparing different FW loads (Spudić, Pori, & Cvitkovič, 2019) showed a 

progressive linear relationship between the incremental FW loading conditions and Γmax 

observed. Therefore, our relative adjustment in the FW group could have been biased because 

the maximal strength and velocity abilities are individually conditioned. The Γmax in our study 

might not be assessed due to absolute FW load selection (i.e. 0.2 kg∙m2). In past research, 

velocity measurements were suggested as a useful tool for intensity prescription (Carroll et al., 

2018) when discovering significant linear regression equations for velocity parameters during 

incremental FW loading. Consequently, we suggest that, in future research, more attention 
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should be paid to the F-v relationship as described by Samozino et al. (2014), whose principle 

should be transferred to FW conditions. Individual`s F-v profile may be a useful tool for FW 

resistance exercise intensity prescription and assessing exercise adaptations. Last, but not least 

- an insignificant difference between groups might be a consequence of a sample size too small, 

especially due to a high inter-participant variability of the results. Despite the fact that previous 

studies comparing FW to GB exercise modalities included 7 (Norrbrand, Fluckey, Pozzo, & 

Tesch, 2008), 8 (Lundberg et al., 2019) or 12 (Onambélé et al., 2008) participants in each group. 

 

CONCLUSION 

In conclusion, we surmise that when employing the two resistance exercise protocols for either 

FW or weight-stack pulley low-row exercise, the two training modalities generally result in 

similar improvements of shoulder mobility, upper body strength, velocity, power and trunk 

extensor endurance. We found favourable Ecc. Peak P adaptations of the FW low-row group, 

only when analyzing ES. The FW low-row device has been proven to be practical for older 

adult women. The results are likely to lead to the optimization of the FW load resistance 

protocols among older adults, while we have shown that the FW load could be an equally 

effective and useful resistance exercise modality. Further investigation is required, especially 

regarding the potential of FW devices in muscle power enhancement in an older adult 

population. 
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