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Sammanfattning:  
Introduktion: Knäböj med skivstång är en av de mest populära övningarna bland 
idrottare och kan utföras på många olika sätt för att uppnå olika mål. Skillnaden i 
muskelaktivering mellan fri och fixerad vertikal rörelsebana (med Smithmaskin) har 
inte undersökts i särskilt stor omfattning.  
 
Syfte: Att undersöka skillnader i muskelaktivering av sätes- och lårmuskler vid 
utförande av knäböj med skivstång i en fri jämfört med en fixerad vertikal rörelsebana 
hos friska idrottare under standardiserade förhållanden. 
 
Metod: Upprepade mätningar inom individer användes. Fem repetitioner knäböj per 
betingelse utfördes på en vikt som motsvarade 100% av deltagarnas egna kroppsvikt. 
Varje repetition genomfördes på fyra sekunder. Muskelaktivitet mättes med EMG-
byxorna MBody3. Båda betingelserna testades under samma dag och deltagarna 
randomiserades till vilken förutsättning de skulle börja med.  
 
Resultat: Ingen skillnad observerades mellan betingelserna för medelvärdet av 
muskelaktiveringen under hela knäböjen. Mm. quadriceps och mm. hamstrings hade 
signifikant högre muskelaktivering i slutet av den excentriska och början av den 
koncentriska fasen av knäböjen då den utfördes i en fri rörelsebana. Ingen skillnad 
observerades, varken i hela eller delar av knäböjen, avseende m. gluteus maximus.  
 
Slutsats: Denna studie ger preliminära bevis på att muskelgrupperna mm. quadriceps 
och mm. hamstrings uppvisar lägre muskelaktivering i delar av knäböjen när den utförs 
i en Smithmaskin. Ingen signifikant skillnad observerades i muskelaktiveringen 
avseende hela rörelsen. 
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Abstract:   
Introduction: Loaded barbell squat is one of the most popular exercises among 
athletes and can be performed in many different ways to achieve different goals. The 
difference in muscle activation between a free and afixed vertical movement path 
(using Smith machine) has not been examined to a particularly large extent.  
 
Aim: To investigate differences in muscle activation of the gluteal and thigh muscles 
when performing the loaded barbell squat in a free movement path compared to a 
fixed vertical movement path in healthy athletes under standardized conditions.  
 
Methods: Repeated measures within-subjects design were used. Five squats  per 
condition was performed with a weight representing 100% of the participants 
bodyweight at a tempo of four seconds per repetition. Muscle activation was 
measured with the EMG-shorts MBody3. Both conditions tested on the same day and 
the participants was randomized to what condition to start with.  
 
Results: No difference was observed between the conditions for the mean value of 
muscle activation the whole squat. Mm. quadriceps and mm. hamstrings showed 
significantly higher muscle activation at the end of the eccentric and the beginning of 
the concentric phase of the squat when the squat is performed with the barbell in a 
free movement path. For m. gluteus maximus no difference was observed, neither in 
the whole squat nor in any parts of the squat.  
 
Conclusion: This study provides preliminary evidence that mm. quadriceps and 
mm. hamstrings muscle group show lower muscle activation in parts of the squat 
when performed in a Smith machine. No significant difference was observed 
considering the whole movement.  
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Introduction and aim 

The loaded barbell squat is a multi-joint exercise that engages large powerful muscle 

groups such as quadriceps, hamstrings and gluteal muscles. The squat has 

neuromuscular as well as biomechanical similarities to jumping and running. 

Therefore, it is a commonly used exercise to increase muscle strength in order to 

enhance performance among athletes. The loaded barbell squat is not only used by 

athletes but is also commonly used in rehabilitation (1-3). The reason is that the squat 

is considered to be a closed kinetic chain exercise which seem to have less ligament 

strain and shear force to the knee joint in comparison to open kinetic chain exercises 

(4). It also used in rehabilitation of hip and low back pain (5, 6). The squat can be 

performed in several different ways in order to reach different goals. For example, 

squatting with the bar lower down on the back results in less knee flexion and more hip 

flexion (6), and a deeper squat (>90˚ knee flexion) activates the gluteus maximus more 

than a partial squat (<90˚ knee flexion) (7). Further, among athletes, the loaded barbell 

squats is one of the most popular exercises (8). Yet it is often debated whether 

performing a squat with the barbell resting freely on the shoulders or when its’ 

movement path is fixed via a Smith machine is preferable.  

Four previous research studies (8-11) have investigated advantages and disadvantages 

of performing bilateral loaded squats in a fixed vertical movemet path versus squats 

with the barbell in a free movement path. Firstly, it has been shown that when the 

squat is performed in a fixed vertical movemet path, the lifter can lift heavier absolute 

loads (8, 10), which might in turn cause an increased training effect on the gluteal and 

thigh muscles. Further, examination of the muscle activation of the thigh muscles 

showed that muscle activation was significantly higher in m. biceps femoris and m. 

vastus medialis when squatting with the barbell in a free movement path compared to 

squatting in a fixed vertical movemet path when using the same relative load at eight 

repetition maximum (RM) (8). This finding was however not found in another study 

where less muscle activation was recorded in m. vastus lateralis when squatting with 

free weights at 29,5 kg (the weight of the bar) and at a weight representing 60 percent 

of the participants body mass when compared to squatting with the same loads in a 

fixed vertical movemet path (11). Lastly, Bagchi (9) compaired activation in the lumbal 

paraspinal muscles. Notably, neither of these studies standardized squatting depth or 

width between feet. Further, the two studies measuring muscle activation of the legs (8, 



 
 
 

5 
 

 

11) only analyzed the participants’ dominant side and neither of them analyzed the 

gluteal muscles.  

When comparing advantages and disadvantages of squatting with the barbell in a free 

movement path and in a fixed vertical movemet path (with Smith machine) it is 

important to consider other factors that may influence muscle activation during 

squatting. External load (light versus heavy), different foot positions (wide versus 

narrow) and different squatting depth (>90°, 90° or <90° knee flexion) are crucial. For 

instance, activation of m. gluteus maximus increases when the external load is higher, 

with a wider foot placement and in a deep squat (>90° knee flexion) (7, 12, 13). Further 

m. gluteus medius seems to have higher degree of activation in a wider foot stance 

position (15° hip abduction) (14). However, mm. quadriceps do not seem to change 

dependent of stance width or rotation of the hip joint (1, 12). A review by Clark et al. (1) 

confirmed that activation of the muscles of the legs and trunk increase in relation to a 

higher external load. When only considering squat depth there is a couple of differences 

in muscle activation in the thigh muscles when comparing partial (less than 90° knee 

flexion), parallel (90˚ knee flexion) and deep squat (more than 90° knee flexion). There 

might be slightly less activation of the m. vastus medialis in the deep squat (6, 7) and 

m. rectus femoris show the most activation between 60-90° knee flexion compared 

with to 0-60° knee flexion (15).  

The loaded barbell squat is a commonly used exercise to increase muscle strength in 

the gluteal and thigh muscles in the physical preparation of athletes. However, despite 

the growing body of evidence regarding the loaded barbell squat there is still a lot of 

widespread beliefs that have not been explored. No studies have investigated 

differences and similarities between squats performed in a free compared to a fixed 

vertical movemet path regarding muscle activation of gluteal or thigh muscles using 

standardized squatting depth and foot placement. Due to the lack of knowledge about 

this, the aim of the present study was to investigate differences in muscle activation of 

the gluteal and thigh muscles when performing the loaded barbell squat in a free 

movement path compared to a fixed vertical movemet path in healthy athletes under 

standardized conditions.  
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Methods 

Design 

Repeated-measures within-subjects design, which is commonly used in similar studies 

for example Gullett et al (16), was used. All participants performed loaded barbell 

squats under two conditions: One set of five repetitions of squats with no support (=a 

free movement path) and one set of five repetitions with the barbell fixed in a Smith 

machine (= a fixed vertical movemet path). Both conditions were tested on the same 

day with at least three minutes rest between. The order of the two conditions was 

randomized between participants.  During the squatting, muscle activation in the mm. 

quadriceps, mm. hamstrings and m. gluteus maximus was recorded using 

electromyographic equipment. Before the recordings, all participants underwent a 

standardized warm-up procedure. A pilot study was conducted before the data 

collection. The aim of the pilot study was to evaluate the testing protocol and feasibility. 

Data collection was performed in a small town in the Southwest of Sweden. 

Electromyographic measurement 

During the two sets of squats, electromyographic (EMG) signals (in microvolts µV) 

from the surfaces of mm. quadriceps, mm. hamstrings and m. gluteus maximus were 

recorded using EMG-shorts MBody3 (Myontec Ltd, Kuopio, Finland), figure 1. The 

EMG-shorts collect data from a larger surface than traditional electrodes and therefore 

the measured activation can be considered representative of the superficial muscle 

groups mm. quadriceps (vastus lateralis, rectus femoris and vastus medialis), mm. 

hamstrings and mm. gluteus maximus, respectively. The shorts also had a reference 

electrode placed on the lateral portion of the shorts. The shorts were available in four 

different sizes (small, medium, large and extra-large) and had electrodes and wires 

integrated into the fabric. The electrodes were laminated and sown onto the internal 

surface of the shorts and consist of conductive silver-coated yarn. The silver fibers 

typically have an electrical resistance of 10 Ω / 10 cm, in dry electrodes. The wires were 

connected to an electronic module, MCell 3, with a microprocessor with embedded 

software, data memory and interface to a computer and wireless transmitter-receiver to 

enable signal storage and monitoring online with a computer (17). The raw EMG-

signals were collected with a sampling frequency of 1000 Hz. The MCell 3 then further 

rectified the raw signal, filtered the frequency with a 40 – 200 Hz band-pass filter and 

digitalized with a 24-bit A/D converter and a Gain of 0. The processed EMG signal was 
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averaged at intervals of 25 samples per second, 25 Hz. The Muscle Monitor Windows 

software (Myontec Ltd, Kuopio, Finland) was used to analyze the recorded EMG-

signals. The EMG-shorts have been shown to be in good agreement with the 

traditionally measured surface EMG signals (18). Both the EMG-shorts and the 

traditional surface EMG-electrodes have similar within-session repeatability, day-to-

day variability as well as muscle strength and EMG relationship (17, 18). The left-right 

muscle activation ratio in daily activities have also been tested to be reliable in healthy 

individuals (19). Thereby, textile electrodes used in the EMG-shorts can be considered 

a valid and feasible method for assessing muscle activation (17) and the technique using 

the textile electrodes have been proven to be safe to use in human studies (20).  

 

Figure 1. A photo of the EMG-shorts Mbody 3, Myontec Ltd, Kuopio, Finland. Front 

showing the electrodes for mm. quadriceps and the back showing electrodes for mm. 

hamstrings and m. gluteus maximus. 

Participants 

Participants were athletes in sports who use the loaded barbell squat exercise to 

develop strength in their gluteal and thigh muscle groups. They were recruited in the 

southwest region of Sweden within 100 km from the place where data collection was 

carried out.  
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Inclusion criteria 

• Participant had used the squat exercise as a part of their strength training the 

past year. 

• Participant had been healthy and free of injury and pain in the back, pelvis or 

legs for at least three months. 

• Participant could understand written or oral instructions in Swedish or English. 

Sample size 

The study sample size was calculated using the on line power calculator available at 

http://powerandsamplesize.com/Calculators/Test-1-Mean/1-Sample-Equality was 

used when conducting the power analysis. Power was set at 80% and a statistical 

significance at alpha 0,05. Results, presented in mean EMG mean absolute value 

(MAV) from a previous study (8) with similar research questions with six participants 

was used to conduct the power analysis. The study did however not provide exact tables 

regarding the variance/standard deviation neither did they write it in text (8), therefore 

the estimation of the variance/standard deviation that was presented in figures was 

used in the power calculation. Conducting power analysis with one of the estimated 

significant variances, 0,25 mV EMG MAV, and standard deviation 0,3 resulted in a 

sample size of 12 participants. Using the results from the previous study (8), 

consultation with a statistican and reviewing similar studies, sample size was 

guesstimated and set to 15 participants.  

Recruitment 

To recruit participants the author contacted coaches of several sports teams to ask 

them to inform their athletes about the ongoing study. Athletes who were interested in 

participating contacted the author by telephone or e-mail and received a written 

invitation, appendix 2. When the participant had read the invitation and agreed to 

participate, a date was set for testing. In total 18 athletes were interested to participate. 

Two of them were excluded, one due to pain in the back and knees and one due to not 

being able to complete data collection.  

The included participants consisted of ten women (62,5%) and six men (37,5%), 18-31 

years old with a mean age of 22,8. Years of experience with training squats ranged from 

two to 14 years with a mean of six years. The included participants were engaged in 

handball (N=4), soccer (N=3), swimming (N=1)  and track and field for example 

http://powerandsamplesize.com/Calculators/Test-1-Mean/1-Sample-Equality
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running/sprinting (N=8). Additional descriptive statistics about the included 

participants are presented in table 1. 

 

Table 1. Descriptive statistics of included participants. N = 16 (10 women, 6 
men). 
 

  N Minimum Maximum Mean 
Std. 

Deviation 
Age 16 18 31 22,81 4,277 

Height (m) 16 1,65 1,84 1,7375 0,05916 

Weight (kg) 16 60,0 90,0 67,719 8,9218 

BMI 16 18,5 26,6 22,376 2,0270 

Experience sports 
(years) 

16 4 24 12,88 5,252 

Experience strength 
training (years) 

16 4 14 7,06 2,909 

Experience squats 
(years) 

16 2 14 6,00 3,502 

Sessions/week all 
training (n) 

16 5 11 7,06 1,692 

Sessions/week sports 
(n) 

16 2 8 4,81 1,559 

Sessions/week 
strength training (n) 

16 1 4 2,25 0,775 

Hours/week all 
training 

16 5 24 11,63 4,573 

Hours/week sports 16 2 18 8,19 3,877 

Hours/week strength 
training 

16 1 6 3,44 1,315 

 

Procedure 

Pilot testing 

Before recruiting participants, a pilot study was performed to evaluate the feasibility 

and expenditure of time to perform the testing session. Athletes and students at Umeå 

University were asked to participate in testing. Three students, one woman and two 

men, participated in the pilot testing, however without the EMG-shorts and performed 

their squats in a Petter-rack® (for the fixed vertical movement path) with 70 percent of 

their bodyweight. The participants got written information about the study and signed 

informed consent to participate, appendix 2 and 3. At the pilot testing, verbal 

instructions were practiced and followed by minor changes to the test protocol. Photos 

and films were recorded on all three of the participants for the author to analyze once 
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more after data collection and discussing with colleagues. The participants signed a 

consent allowing us to use their photos when presenting this study, appendix 3. 

The whole testing session took approximately one hour per participant. The three 

participants included in the pilot testing reported that the weight (70 percent of their 

bodyweight) and squatting depth (to 90˚ knee flexion) was “easy”. They reported the 

resting period (at least three minutes between sets) to be sufficient. Therefore, it was 

decided to increase the weight to 100 percent of the bodyweight and to maintain the 

90˚ knee flexion depth for the main study were all athletes were to be experienced with 

loaded barbell squats. An analysis of muscle activation was not possible with the pilot 

testing because the EMG-equipment was not available at the time for the pilot study.  

Data collection 

At the day of testing in the main study, the participants filled out a questionnaire 

including information such as age, gender and training experience, appendix 4. They 

then again received information about the study, were encouraged to ask questions and 

signed an informed consent. Thereafter it was decided which size of the shorts the 

participant would wear during the recordings. When putting the shorts on, the 

electrodes were wetted with water and the skin was prepared with gel to ensure proper 

signal conduction.  

Before warming up, the participants performed one repetition of squats with a barbell, 

with no additional weights, in a free movement path to set squat depth and width 

between feet. Warm-up consisted of 15 minutes of cycling at 60 rpm, resistance chosen 

by the participant. The participants were allowed additional warm-up if needed, they 

were instructed that they were allowed to stretch or do additional exercises as they 

normally would before performing loaded barbell squats. The participants then 

performed one set of ten repetitions with the barbell, 20kg, in a free movement path. 

They then performed two to three sets of three repetitions of light-weighted squats in a 

free movement path, weights chosen by the participants themselves, with at least one 

minute rest between sets. During the warm-up sets the tempo was practiced with a 

metronome and also using the rubber band, indicating squatting depth, and verbal 

cues. To ensure that the EMG signals were recorded correctly the participants first sat 

down and relaxed and then were asked to contract each muscle group.  
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The participants then performed the two sets of loaded squats included in data 

collection. Before starting the sets, the video, EMG-recordings and metronome were 

started and width between feet was measured and adjusted if needed.  

Afterwards the participants were sent their test results and the interpretation via e-mail 

by the author/test leader. 

Loaded barbell squats 

Two sets of five squatting repetitions on a load representing 100 percent of the study 

participants’ own bodyweight were performed with a resting period of a minimum of 

three minutes in-between. One of the two sets was performed with no support in a free 

movement path, figure 2 and the other set was performed with a barbell fixed in a fixed 

vertical movement path, figure 3. During both conditions the barbell (Eleiko) was 

placed high up on the shoulders on top of the m. trapezius, just below the spinous 

process of the C7 vertebra (so called high-bar position (6)). The Smith machine is a 

stable rack that supports the barbell and guides the barbell in a vertical motion and 

stabilizing the barbell. The barbell for the free movement path weighed 20 kg and the 

barbell in the fixed vertical movement path weighed 15 kg. Weight plates were attached 

to the barbells to reach the required weights.  

The participants were instructed to perform the squats with their feet placed 

approximately shoulder width apart but otherwise they were encouraged to use the 

same technique as they normally would. The distance between their feet; the distance 

between the medial part of the calcaneus and medial part of the first 

metatarsophalangeal joint, was measured before performing the squats with measuring 

tape to ensure that the participant performed the squat with the same position in the 

two different conditions. To ensure an adequate squat to 90° knee flexion, a thin non-

weight-bearing rubber band was placed across safety bars, figure 1. When the 

participants touched the rubber band with the thighs, they reached adequate depth.  
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Figure 2. Rack with a free barbell with a thin rubber band across safety bars (free movement 
path). 

 

Figure 3. Smith machine, barbell attached to rails that only allow vertical movement of the 
barbell (constrained movement path).  
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The tempo was set to a two second eccentric phase, two second concentric phase and a 

two second hold at the top. To ensure correct tempo a metronome set at 60 beats per 

minute was used. When needed verbal cues “down”, “up” and “hold” were used. The 

squats were filmed from the side with a mobile telephone camera in order to control 

squatting depth afterwards.  

The participants were randomized by their code number to which condition to start 

with. Participants who had an odd code number started with the fixed vertical 

movement path and those with an even number started with the free movement path. 

The women received a code number with two digits and the men received a code 

number with three digits. 

Ethical Considerations 

Ethical approval  

In October 2019 the University of Umeå approved the ethical application for the master 

thesis, and in November 2019 an application for ethical approval was sent to The 

Swedish Ethical Review Authority. The study was approved in January 2020 (Dnr. 

2019-05986). It was described in the etichal application that when performing 

exercises with external loads there is always a possibility that the participants might 

hurt themselves. This risk was however deemed to be low since the participants were to 

be free of pain or injury in the back, pelvis and legs for at least three months prior to 

the data collection, they were to be experienced with the loaded barbell squat exercise 

since at least a year, the whole testing session was supervised by a physiotherapist used 

to supervising strength training and data collection was made on a submaximal level. 

Some additional security measures were made; the weight plates were fastened with 

clips and safety bars was attached for the squats in the free movement path. 

Consent 

All participants signed informed consent to participate in the study and a consent 

allowing the use of their photos when presenting this study, appendix 3. Both the 

written invitation and the written consent to participate in the study described the aim 

of the study, how the data collection would be carried out, possible risks of 

participating, that their participation was voluntary and that they could drop out at any 

point without having to explain why. It also included contact information to the author 

and supervisor. 
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Data handling and statistical analysis 

When analyzing the results, data was pseudoanonymized using only the code the 

participants received when filling out the questionnaire. The code key and collected 

data were thereafter kept separated in two different secure cabinets. Only the project 

leader had access to the code key. In the data-file the randomized order of the squats 

(starting with the barbell in a free movement path = 0, starting with the barbell in a 

fixed vertical movemet path = 1) was noted.  

Descriptive data of included participants was presented with frequency, means and 

+standard deviation. Data was controlled for normality with a visual analysis of 

quantile-quantile plots and histograms. 

The EMG-recordings were processed by the Muscle Monitor software. The EMG-

signals were converted to average muscle activation per muscle/muscle group. The 

repetitions were set to four seconds each. Markers to set start and end of each 

repetition was made visually of the four seconds with the most muscle activation. We 

chose to exclude the first and the last repetition of the five repetitions, analyzing the 

mean values of the remaining three repetitions.  

Differences in average EMG-activation between the two conditions were analyzed using 

repeated measures analysis of variance (ANOVA) using Huynh-Feldt correction for 

sphericity. Two measures of muscle activation were included in the analysis wich 

resulted in three models of ANOVA. Firstly, the mean muscle activation of the squat 

movement as a whole. Secondly, we divided the squat movement in to four parts, one 

second each. The first and second parts representing the eccentric phase and the third 

and fourth parts representing the concentric phase of the squat. Thereafter analyzing 

the mean muscle activation of each of the four parts separately, the second model, as 

well as the four parts in relation to each other, the third model.  

In all three models the muscle groups (mm. quadriceps, mm. hamstrings and m. 

gluteus maximus) were analysed seperatly since muscle groups were not compaired 

with each other. Sides, right and left leg, were analyzed separately within each muscle 

group.  The variable being repeated by each participant was the condition, free and 

fixed vertical movement path, and was therefore set as the within-subjets factor in all 

three models. The dependent variable, in all three models, was mean muscle activation 

measured in microvolt (µV).  
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In the first model, using the mean activation of the whole squat, condition and side 

were set as within-subject factors and gender as between-subject factor. The second 

model used the same factors as the the first model only this time analysing the mean 

activation of each of the four parts of the squat. The third model was used to analyse 

the four parts in relation to each other, using the mean activation of the four parts of 

the squat. Condition, side and parts were set as within-subjects factors and gender as 

between-subject factor. Estimtated marginal means, considering the factor parts, were 

adjusted for multiple comparisons with Bonferroni correction. No additional post-hoc 

analysis were made in this study.  

Statistical analysis was made with Statistical Package for the Social Sciences (SPSS) 

analytical version 26 (IBM Corp., Armonk, NY, USA). Statistical significance level for 

all analyses was set to 0.05. 

Results 

A total of 16 participants, ten women and six men, were included in the analysis and 

there were no missing values during the data collection. 

EMG activation  

There were no differences between the two conditions in mean muscle activation 

during the whole squat in any of the muscle groups, except for the left mm. quadriceps 

(p=0,008), table 2.  

* Significant p-value = < 0,05. 

Table 2.  Comparing squatting with the barbell in a free movement path versus a 
fixed vertical movement path (Smith machine). Mean values and standard deviation 
(SD) for average muscle activation of three repetitions of squats per condition, 
measured in microvolts (µV), in 16 athletes (women n=10, men n=6).  Analyzing mm. 
quadriceps, mm. hamstrings and m. gluteus maximus, right and left leg analyzed 
separately, with repeated measures ANOVA. 

 

Mean activation  
free  

movement path (SD) 

Mean activation 
controlled  

movement path (SD) Sig*. 

Quadriceps right (µV) 100,69 (30,81) 97,75 (52,28) 0,743 

Quadriceps left (µV) 101,13 (37,46) 87,44 (30,02) 0,008 

Hamstrings right (µV) 29,31 (8,88) 26,69 (7,15) 0,061 

Hamstrings left (µV) 33,75 (6,91) 31,13 (10,33) 0,207 

Glut maximus right (µV) 28,75 (11,15) 28,13 (11,15) 0,567 

Glut maximus left (µV) 33,06 (13,46) 33,50 (16,13) 0,818 
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No differences between sides (right and left leg) within subjects was found regarding 

mm. quadriceps. When analyzing each of the four parts of the squat separately, there 

were some differences between conditions. In the second and third part of the squat 

there were significantly more muscle activation in mm. quadriceps and mm. 

hamstrings when performing the squat in a free movement path, table 3-4 and figure 4-

5. One exception from this was the second part of the right mm. hamstring with 

statistical significance of p=0,059. M. gluteus maximus showed no differences between 

the conditions, neither considering the whole squat or parts of it, tabel 5 and figure 6. 

The four parts of the squat were significantly different from each other for all muscle 

groups but this did not differ between conditions.  

There were differences considering gender and conditions for mm. quadriceps 

(p=0,022) but not for mm. hamstrings (p=0,305) or m. gluteus maximus (p=0,664). 

No difference was found between sides in mm. quadriceps (p=0,939) but mm. 

hamstring (p=0,035) and m. gluteus maximus (p=0,035) was found to be significantly 

different  
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Table 3. Comparing squatting with the barbell in a free movement path versus a 
fixed vertical movement path (Smith machine). Mean values and standard deviation 
(SD) for average muscle activation of three repetitions of four parts of squats per 
condition, measured in microvolts (µV), in 16 athletes (women n=10, men n=6). 
Analyzing mm. quadriceps, right and left leg analyzed separately, with repeated 
measures ANOVA.  

 

Mean activation  

free  

movement path (SD) 

Mean activation 

controlled  

movement path (SD) Sig*. 

Quadriceps right first 

part (µV)  

61,46 (16,23) 55,65 (20,22) 0,088 

Quadriceps left first part 

(µV) 

60,06 (21,59) 54,23 (24,16) 0,036 

Quadriceps right second 

part (µV) 

168,67 (56,67) 149,94 (39,48) 0,047 

Quadriceps left second 

part (µV) 

173,31 (76,90) 152,90 (71,22) 0,031 

Quadriceps right third 

part (µV) 

132,98 (57,43) 111,00 (42,17) 0,032 

Quadriceps left third 

part (µV) 

131,73 (52,21) 109,25 (38,05) 0,012 

Quadriceps right fourth 

part (µV) 

38,90 (16,69) 34,94 (9,69) 0,375 

Quadriceps left fourth 

part (µV) 

38,90 (14;47) 33,85 (10,57) 0,121 

* Significant p-value = < 0,05. 

  



 
 
 

18 
 

 

 

 
Figure 4. Estimated marginal means (EMM) of muscle activation (µV) of the four parts of the 
squat for mm. quadriceps comparing free and fixed vertical movement path. The figure on the 
top shows the right leg and figure below shows the left leg. Error bars: 95% CI. 
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* Significant p-value = < 0,05. 

  

Table 4.  Comparing squatting with the barbell in a free movement path versus a 
fixed vertical movemet path (Smith machine). Mean values and standard deviation 
(SD) for average muscle activation of three repetitions of four parts of squats per 
condition, measured in microvolts (µV), in 16 athletes (women n=10, men n=6).  
Analyzing mm. hamstrings, right and left leg analyzed separately, with repeated 
measures ANOVA. 

 

Mean activation  

free  

movement path (SD) 

Mean activation 

controlled  

movement path (SD) Sig*. 

Hamstrings right first part 

(µV) 

19,94 (4,36) 20,29 (5,04) 0,707 

Hamstrings left first part 

(µV) 

26,10 (9,87) 24,60 (13,14) 0,441 

Hamstrings right second 

part (µV)   

34,54 (10,09) 31,90 (10,51) 0,059 

Hamstrings left second 

part (µV) 

37,71 (8,13) 34,29 (7,64) 0,028 

Hamstrings right third 

part (µV) 

37,27 (12,68) 32,75 (10,05) 0,016 

Hamstrings left third part 

(µV) 

41,48 (9,69) 36,40 (10,49) 0,048 

Hamstrings right fourth 

part (µV) 

25,17 (13,91) 21,71 (12,22) 0,307 

Hamstrings left fourth 

part (µV) 

29,79 (10,14) 28,75 (21,16) 0,794 
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Figure 5. Estimated marginal means (EMM) of muscle activation (µV) of the four parts of the 
squat for mm. hamstrings comparing free and fixed vertical movement path. The figure on the 
top shows the right leg and figure below shows the left leg. Error bars: 95% CI 
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* Significant p-value = < 0,05. 

  

Table 5.  Comparing squatting with the barbell in a free movement path versus a 
fixed vertical movemet path (Smith machine). Mean values and standard deviation 
(SD) for average muscle activation of three repetitions of four parts of squats per 
condition, measured in microvolts (µV), in 16 athletes (women n=10, men n=6).  
Analyzing m. gluteus maximus, right and left leg analyzed separately, with repeated 
measures ANOVA. 

 

Mean activation  

free  

movement path (SD) 

Mean activation 

controlled  

movement path (SD) Sig*. 

Gluteus maximus right 

first part (µV) 

18,29 (9,62) 18,60 (9,18) 0,755 

Gluteus maximus left first 

part (µV) 

21,38 (12,40) 21,56 (11,68) 0,886 

Gluteus maximus right 

second part (µV)   

24,77 (8,71) 25,02 (9,27) 0,575 

Gluteus maximus left 

second part (µV) 

28,77 (11,99) 27,92 (10,40) 0,431 

Gluteus maximus right 

third part (µV) 

37,54 (14,04) 36,12 (13,73) 0,870 

Gluteus maximus left third 

part (µV) 

43,02 (22,46) 43,04 (22,55) 0,613 

Gluteus maximus right 

fourth part (µV) 

34,04 (19,86) 32,96 (18,94) 0,994 

Gluteus maximus left 

fourth part (µV) 

38,90 (22,11) 40,73 (28,03) 0,639 
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Figure 6. Estimated marginal means (EMM) of muscle activation (µV) of the four parts of the 
squat for m. gluteus maximus comparing free and fixed vertical movement path. The figure on 
the top shows the right leg and figure below shows the left leg. Error bars: 95% CI 

 

Discussion 

Mean muscle activation in the thigh and gluteal muscle groups during three repetitions 

of squatting with a load corresponding to one’s own body weight seem not to be 

different if performed in a fixed vertical movement path or in a free movement path 

when squat depth and foot position are standardized. However, it seems that the 
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amount of muscle activation may differ during certain parts of the squat under these 

two different conditions. Namely, the repeated measures analyses of variance showed 

that there was more muscle activation in the quadriceps and hamstrings muscle groups 

at the end of the eccentric phase and the beginning of the concentric phase when the 

squat was performed in a free movement path. These results confirm common beliefs 

that squats in a free movement path may activate some muscles in the leg to a higher 

extent than in a fixed vertical movemet path. This is consistent with the results of 

Schwanbeck et al (8) but is in opposition with the results of Anderson and Behm (11). A 

possible explanation of this discrepancy was suggested by Anderson and Behm. They 

proposed that foot placement and being able to push backwards into the Smith 

machine because of the added stability of the machine might activate vastus lateralis 

more (11). This might have been the case in this study even though the participants 

were instructed to place the feet straight under the bar. 

Except for being knee extensors and flexors, mm. quadriceps and mm. hamstrings are 

important forjoint stabilizing. The need for co-contraction of the agonist and antagonist 

is required to stabilize the joint. This, of course, play an important role when 

performing the squat in a free movement path. This was also discussed by Schwanbeck 

et al. (8) to be one explanation to the differences found in their study. This could 

possibly also contribute to the fact that the first and last part of the squat was not 

significantly different. Possibly there is less need of balance and stabilization of the 

knee joint when it is fully extended or just slightly flexed. The whole squat may not be 

significantly different because the difference in the second and third part may not big 

enough compared to the small difference in the first and last part. Generally, the first 

and last part has relatively low muscle activation and is not likely to be different 

between conditions. Pereira et al found that m. rectus femoris, m. adduktor longus and 

m. gracilis is the most activation in the lowest 30° of the parallel squat (15). Maybe the 

first and last parts of the squat are not valuable to compare due to the low muscle 

activation in the thigh and gluteal muscles at those phases.  

One result worthy of note in our study was that the activation of the left mm. 

quadriceps was significantly higher, but not the right side, when squatting in a free 

movement path compared to a fixed vertical movemet path when analyzing the mean of 

the whole repetition. However, there were no significant difference between sides 
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within subjects of mm. quadriceps. No further analysis of this was made but it indicates 

the importance of testing both sides which previous studies (8, 11) did not do. 

Although we found differences between conditions for the thigh muscles, there were no 

differences between the conditions in m. gluteus maximus activation. Clark et al. (1) 

found in their review that activation of m. gluteus maximus increases when the external 

load is higher and performed with a wide foot stance. In addition to this Caterisano et 

al. (7) found higher muscle activation in m. gluteus maximus in the deep squat 

compared to parallel squats. This might be an explanation to the results in our study. 

Another possible explanation of the results in our study may be using the same absolute 

weight between the conditions. Women were found to have a significantly greater one 

repetition maximum (1RM) when performing squats in the Smith machine compared to 

free weight squats. The men in the same study also showed a slightly greater 1RM in the 

Smith machine but this was not a significant difference (10). This might lead to a lower 

relative weight in relation to 1RM and lower muscle activation in the Smith machine 

when using the same absolute weight. 

Method 

The study was of a repeated measure within-subject design. The reason for this was 

that it has previously been recommended when studying muscle activation when 

performing the squat (16) since the participant act as their own control it is not affected 

by variations in-between subjects factors. It should however be noted that this design 

increases the risk of a carryover effect. Therefore, the order of the two conditions was 

randomized in an attempt to control for order and carryover effects.  

Regarding the external load of the loaded barbell squats, it is known that muscle 

activation is affected by higher external loads (1) and it was therefore considered 

important to test all the participants at the same load. We chose to let the participants 

squat with a load corresponding to their own body weight although it has earlier been 

suggested to describe the load in terms of percentages of 1RM (1, 21). The reason why 

we did not do that was that conducting a 1RM test before data collection is too time 

consuming and associated with an increased risk of injury. Notably, previous studies 

have also based the load on the body weight of the participant. For example, Caterisano 

et al (7) compared muscle activation during three repetitions of three different 

squatting depths using 100-125 percent of the participants bodyweight. There is a 

possibility that using the same absolut load, the participnat bodyweight, the different 
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results is due to different loads in relation to 1RM in the specific condition.  

Schwanbeck et al (8) however found similar results as our study when using the same 

relative loads. The possible friction the smith machine might add was not considered in 

our study. Amount of friction will differ between smith machines and ways to 

determine this in the field may not provide a precise enough result for that to be worth 

the time and effort. It’s likely of minimal importance to the results (10).  

No additional measures, for example, center of mass/pressure or kinematic analysis 

were made. Therefore it can not be excluded that difference in execution or 

biomechanical differences betweeen the condisions is part of the explanation of the 

results.  

Squat depth was set to 90˚ knee flexion in our study, the same depth as Schwanbeck et 

al. (8). This depth was set for several reasons, mainly to make sure the participants 

execute the squats relatively equally and reduce possible risk of injury. Some athletes 

may also not be used to or able to perform deep squats due to mobility restrictions. 

Previous studies found most muscle activation in m. rectus femoris in the lowest 30˚ of 

squats to 90˚ knee flexion (15), no difference in muscle activation in the m. vastus 

lateralis, m. rectus femoris or m. biceps femoris between parallel and deep squats (6, 7) 

and less muscle activation of m. gluteus maximus in parallel compared to deep squats 

(7). Previous findings support that it is likely that 90˚ knee flexion was enough to 

capture the most activation in the mm. quadriceps and hamstrings but not in m. 

gluteus maximus. A strength of our study is that physical feedback was used to control 

depth rather than visual as Schwanbeck et al (8). 

The placement of the bar and feet was chosen to be similar to their normal training and 

execution of their sport. The “high-bar” placement is also the most suitable when 

performing squats with the feet approximately hip or shoulder width apart (2). Rest 

between squats was set to at least three minutes to minimize the effect of fatigue. 

Several studies have used two to six minutes of rest between sets (7, 8, 10, 12, 13, 15, 16, 

22-26).  

Surface EMG is often used when measuring muscle activation. Traditional bipolar 

surface electrodes are accepted for assessment of EMG activation in both sports and 

clinical settings. However, it is difficult to use traditional bipolar surface electrodes 

“out-of-laboratory” since the placement of the electrodes needs careful handling and 
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knowledge. Another problem with traditional bipolar surface electrodes is that it is 

measuring one muscle at a time, which may not be very useful in a clinical setting. It 

may be of greater interest to know how a functional group of muscles interact with each 

other. EMG-shorts with textile electrodes is suggested might be a good alternative to 

test differences between limbs or sections in a clinical setting (17). Regarding the EMG-

short’s ability to measure muscle activation, all participants performed a warm-up of 15 

minutes cycling as recommended by our technical support at Myontec. The reason for 

this was of course to minimize the risk of injuries, but also to increase the ability of the 

shorts to sample muscle activation. There is a small risk that one will get a lower EMG-

response when the muscles are not warmed up enough. Further, it was ensured that all 

shorts had a tight fit without limiting the range of motion in order to ensure that the 

electrodes rested directed on the skin without being able to slide around since 

otherwise they give a false response. None of the participants reported any discomfort 

or limitation in range of motion when asked.  

Regarding representativity of the results, the finding that muscle activation differs 

between the two conditions at the end of the eccentric phase and the beginning of the 

concentric can be considered valid in healthy athletes. However, we originally had 

decided to include athletes involved in the same sport. Due to the Covid-19 pandemic, 

we had to postpone data collection and at the time for the testing (summer) we did not 

find a full team that could participate. Instead, when recruiting participants 

convenience sampling was used. We included both men and women. No analysis of 

differences between gender was performed due to the small sample size but it is still 

important to remember that gender might affect the muscle activation between these 

two conditions. Previous studies have found that men tend to activate m. rectus femoris 

more in the squat when compared to women (27) and as previously described, women 

might have a greater difference in strength between the two different conditions 

compared to men (10). The athletes included in our study was active with sports that 

are mainly endurance based (track and field, handball and soccer), 18-31 years of age 

and had no pain or injuries that could have hindered their strength training for at least 

three months prior to data collection. Thereby, the athletes do not represent a specific 

sport, but instead healthy athletes involved in team sports and track and field. The 

results may not be applicable to other types of sports (for instance weightlifting), 

untrained people, other ranges of age (for instance children or elderly) or people with 

injuries or illnesses affecting the lower limbs.   
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Statistical analysis of the EMG-results was made using repeated measure ANOVA as 

discussed with a statistician. It was decided to use only condition as within-sujects 

factor when analyzing the whole squat and both condition and parts as within-subjects 

factors when analyzing the four parts of the squat as the main independent variables. In 

the analysis we also decided to control confounding factors gender and side. Condition 

being the variable repeated within subjects. Violation of sphericity, in other words, 

differences in variance between repeated measures was made using Huynh-Feldt 

correction. In the analyses we included mean values of the three repetitions although 

all participants performed five: The first and last repetitions were excluded. The reason 

for this was that the first could inherit possible errors when starting the EMG-

recordings and the last due to possible fatigue in some participants. The reason for 

including three and not less, was that using the mean values of several repetitions in 

the analysis might lower the risk of significant impact on the results of occasional 

errors in the recordings. Still, we also visually assessed the recordings and no obvious 

errors was noted. Pausing two seconds between repetitions made it clearer to separate 

the repetitions from each other when marking start and stop of each repetition in the 

Muscle Monitor software. It may also be mentioned that we, in addition to the repeated 

measures ANOVA, perform paired t-tests and the results of these tests corresponded to 

the ones from the ANOVA. 

The study as a whole was approved by The Swedish Ethical Review Authority and by 

Umeå University. The participants read the consent before the testing session was 

about to start, signed the consent and had the possibility to ask questions before 

starting and during the whole session of testing. The participants were reminded before 

starting that they could drop out at any moment without having to say why and that we 

would immediately stop the testing if they felt any discomfort or pain.  

Clinical implications 

This study fills a knowledge gap in current research about muscle activation in two 

commonly used variations of the squat in healthy individuals. With more knowledge of 

the differences between the two conditions trainers and physiotherapist can make 

better choices when prescribing squats to target a desired outcome. It is vital for 

physiotherapist to know different outcomes of different ways of performing strength 

exercises since muscular fitness is not only important for athletic performance but also 

to general health. Muscular fitness is associated with, for example, lower risk of all-
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cause mortality as well as positive changes in body composition, blood pressure and 

bone density (29). It is also known that muscle weakness is associated with higher risk 

of developing osteoarthritis (29, 30). Knowing the pros and cons of exercises, like the 

squat, that affect the thigh and gluteal muscles may be of great importance when 

planning treatment to reduce that risk. 

During the free weight squat, the athletes were required to stay in a path where their 

centre of gravity stayed over their feet (according to the laws of gravity), otherwise they 

would have losed balance and fall. If the goal of performing the loaded barbell squat is 

to activate the thigh muscles as much as possible at a specific load, physioterapists and 

trainers should preferably recommend the free weight squat. One advantage of Smith 

machine squats is that they’re easier to perform since the bar moves in a fixed vertical 

path along guide rods, stabilizing the movement and removing the need for balance. 

This lets the athletes increase the load on the bar (10), which might be preferable if the 

goal is to overload the muscles in the thigh and possibly increase maximal strength of 

mm. quadriceps and mm. hamstrings.  

Also, conducting studies with the EMG-shorts and its associated software could 

possibly be valuable to trainers and physiotherapists since it’s an easy way to reliably 

test and follow up muscle activation in the field/clinic without lots of knowledge and 

experience with EMG-measurements (19). Further research, comparing the two 

conditions, is needed to know if injured or untrained respond in a similar matter as 

healtyh well-trained individuals. Also if different stance (positioning of the feet) and 

squatting depths affects muscle activation between the two conditions. 

Conclusion 

This study provides preliminary evidence that mm. quadriceps and mm. hamstrings 

muscle group show lower muscle activation at the end of the eccentric and the 

beginning of the concentric part of the squat when performed in a Smith machine 

compared to a free movement path. No significant difference was observed considering 

the whole movement. 
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Appendix 1 

Litteratur review 

The loaded barbell squat is a multi-joint exercise that engages large powerful musles 

such as the mm. quadriceps and glutes. The squat has neuromuscular as well as 

biomechanical  similarities to jumping and running. Therfore it is a commonly used 

exercise to enhance performace and decrease risk of injury among athletes. It  is also 

often used in rehabilitation (1-3). The squat is considered to be a close-chain kinetic 

exercise and therefore has less ligament strain and shear force to the kneejoint and is 

often used in rehabilitation of knee pain och injuries such as anterior cruciate ligament 

strain/ruptures or patellofemoral pain (3-5, 13, 23, 31-34) but also in rehabilitation of 

hip and low back pain (5, 6). Wretenberg et al (6) suggest that different barplacement 

in the loaded backsquat can be beneficial to different injurys. Squatting with the bar 

higher up, just below the the spinous process of the C7 vertebra, results in less hip 

flexion and more knee flexion and could therefore be beneficial to use in rehabilitation 

of hip pain. On the other hand squatting with the bar lower down on the back, in line 

with spinae scapulae, results in less knee flexion and more hip flexion and can therefore 

be beneficial to use in rehabiliatation of knee pain or injuries.  

The loaded barbell squat 

There is a lot of studies published covering the area of muscle activation patterns in the 

muscles of the legs, trunk and back during the loaded squat exercise. I haven’t been 

abel to access them all but have reviewd those deemed most relevant (5-9, 12, 15, 16, 25, 

33, 35-41). All of the studies are performed with the barbell in a free movement path. 

Only a few have studied muscle activation patterns when the barbell is in a controlled 

path (8, 9). Only one study (8) has compared muscle activation in the legs during the 

barbell squat performed in a controlled path with that during he barbell squat 

performed in a free movement path.  

Kinematics of the squat 

The squat is performed by flexing and extending the ankles, knees and hips. Tibialis 

anterior is the first muscle to activate by initiating plantar flexion at the ankels and 

breaking the upright position. Secondly the mm. hamstrings initiate flexion at the knee 

to make the body start moving downwards. Muscles that extend the hips and knees, 

mainly mm. quadriceps, then have to eccentrically activate incresingly to overcome the 

gravitational force and stop the body from moving further downwards and then 
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concentrically to start moving the body upwards again (42). The muscles of the leg 

genereally activates more during the upward moving phase compared to the downward 

moving phase (12). 

Muscle activation  

A review by Clark et al. (1) found that activation of the muscles of the legs and trunk 

increase in relation to the external load. The higher the relative external load is the 

more activation of the muscles. Activation of the m. adductor longus increases at higher 

external load but only in the concertric fase and the activation of m. gluteus maximus 

increases when the external load is higher and performed with a wide stance (12). 

There are some differeces in muscle activation depending on the depth of the squat. 

There was no difference in muscle activity in the m. vastus lateralis, m. rectus femoris 

or m. biceps femoris between the parallel and deep squat and m. vastus lateralis had 

significaly less activation in the deep squat (6, 7). The m. gluteus maximus was 

activated the most in the deep squat (7). M. rectus femoris, m. adduktor longus and m. 

gracilis had the most activation in the lowest 30° of the parallel squat (15). 

When comparing squats with different positioning of the hips and feet there are som 

differences and some similarities. Activation in mm. quadriceps does nto seem to 

change dependent of stance width or rotation of the hipjoint (1, 12). When placing the 

feet in a narrow position the activation in plantar flexors increase, whilst a mid or wide 

stance increase activation in the dorsal flexors, m. soleus, m. adduktor longus, m. 

gluteus maximus and m. gluteus medius (3, 12-14, 23). 30° och 50° external rotation of 

the hips will increase the activation of m. adduktor longus and gracilis but only in the 

lowest 30° of av parallel squat (15). 

When performing the squat with the barbell on the back of the shoulders (back squat) 

compared with the barbell on the front of the shoulders (front squat) there was no 

difference in muscle activivation in m. rectus femoris, m. vastus lateralis, m. vastus 

medialis, m. biceps femoris, m. semitendinosus or m. erectos spinae (16). Even though 

there was no difference between back squat and front squat there are some differences 

between “high-bar” and “low-bar” squats. When squatting with the bar “high” the bar is 

placed on the upper part of m. trapezius just below the the spinous process of the C7 

vertebra. When squatting with the bar “low” the bar is placed on the lower parts of m. 

trapezius and the postierior parts of m. deltoideus, along the spinae scapulae. “High-
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bar” is the most commonly used, it is generally performed with a more upright torso, 

more knee flexion and less hip flexion compared to “low-bar”. “Low-bar” often require 

a wider stance than “high-bar”. The two different bar placement require different 

movement statergies and therefore different muscle activation patterns. Mm. 

quadricpes activates more in the “high-bar” squat and m. erectos spinae, adductors and 

gluteal muscels activate more in the “low-bar” squat (2).   

When performing the squat with a barbell in a free movement path the muscle 

activation was significantly higher in m. gastrocnemius, m. biceps femoris and m. 

vastus medialis when compared to a squat with a barbell in a controlled movement 

path, in a Smith machine, at the same relative load (8). Even though the muscle 

activation in the thigh and calf muscles was higher in the free movement path when 

lifting the same relative loads, the controlled movement path, Smith machine, allows 

individuals to lift heavier absolute loads (8, 10). The study by Schwanbeck et al 

included three men and tree women. All of them healthy, with 2-5 years of experience 

with strength training and active with other sports such as basketball or running. The 

participants performed 1 set of 8 repetitions at a weight that they could lift 8 

repetitions, i.e. their 8 repetition maximum. They were randomized to which exercise 

to start with. Testing sessions were at least 3 days apart. The participant were 

instructed to go to approximately 90° of knee flexion and to use their usual techique 

when squatting. They were given feedback when they reached approximatly 90° of knee 

flexion (8).  

Difference between men and women 

Three studies have compared muscle activation pattern between men and women (10, 

27, 43). When comparing differences between men and women there may infact be 

differences in muscle activation patterns in unloaded bilateral and unilateral squatting 

(27, 43). Women tend to activate m. rectus femoris more in the unilateral squat (43) 

and m. vastus lateralis more at maximum knee flexion and m. vastus medialis in the 

acsending part of the bilateral squat. Men tend to activate m. rectus femoris more in the 

same position when compared to women (27).Women was also found to have a 

significantly greater one repetition maximum, 1RM, when performing squats in the 

Smith machine compared to the free weight squat. The men in the study also showed a 

slightly greater 1RM i the Smith machine but was not a significant difference (10). 
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Electromyographic measurement  

Surface electromyography (EMG) is often used when measuring muscle activity. 

Traditional bipolar surface electrodes is accepted for assessment of EMG activity in 

both sports and clinical settings. It is hard to use traditional bipolar surface electrodes 

“out-of-laboratory” sence the placement of the electrodes needs careful handeling and 

knowledge. Another problem with traditonal bipolar surface electrodes is that it is 

measuring one muscle at a time, which may not be very useful in a clinical setting. It 

may be of greater intrest to know how a group of muscles interact with each other. 

EMG-shorts with textile electrodes might be a good alternative to test differences 

between limbs or sections in a clinical setting (17). 

EMG-shorts 

The shorts have electrodes and wires integraded into the fabric. The electrodes are 

sown onto the internal surface of the shorts. The electrodes consist of non-conductive 

synthetic yarn wowven together with a conductive yarn including silver fibers. The 

silver fibers typically have a electrical resistance of 10 Ω / 10 cm, in dry electrodes. The 

wires are connected to an electronics module that contains signal amplifirers and A/D-

converters for each channel, microprocessor with embedded software, data memory 

and interface to a computer and wireless transmitter-receiver to enable signal storage 

and moitoring online with a computer (17). 

When using the shorts the electrodes need to be wetted with some water to ensure 

proper signal conduction. The shorts need to have a good fit. If they are not tight 

enough the electrodes could move in relation to the skin. If the shorts are to thight and 

the zipper is left open, the measurement will probobly not be satifactory (17). The 

technique using the textile electrodes have been proven to be safe to use in human 

studies (20). 

Validation and reliability 

The EMG-shorts have been showen to be in good agreement with the traditionally 

measured surface EMG signals. Both the EMG-shorts and the traditional surface EMG-

electrodes have similar within-sessing repeatability, day-to-day variability as well as 

muscle strength and EMG relationship (17). The left-right muscle activity ratio in daily 

acitivities has also been tested to be reliable in healthy individuals (19). The textile 

electrodes used in the EMG-shorts are a valid and feasible method for assessing muscle 

activity (17).  
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Knowledge gaps 

It seems that there are no studys examining differences in mm. quadriceps and mm. 

hamstrings, as a functional group of muscles, or m. gluteal maximus when the squat is 

performed in a free movement path compared to a controlled movement path. The 

studies are often including individuals competing in powerlifting or olympic weight 

lifting, a few studies included patients with pain or injurys in the knee joint and a few 

included untrained individuals. There are no studies that examens the muscle 

activaiton in mm. quadriceps, mm. hamstrings and m. gluteus maximus during the 

loaded barbell squat in elite atheletes in other sports than powerlifting or olympic 

weight lifting. The studies that compaired muscle activation when squatting in a free 

movement path to squatting in a controlled movement path (8, 9) did not standardize 

squatting depth. Neither did they report a poweranalysis before starting the data 

collection. Schwanbeck et al analysed their result after the study was done and noticed 

a lack of power due to the small number of participants (8).  
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Appendix 2 

Inbjudan till deltagande i forskningsprojekt 

Denna information vänder sig till dig som är idrottare på hög nivå och använder knäböj 
för att stärka dina muskler i sätes- och lårmuskulatur. Du tillfrågas härmed om du vill 
delta i ett forskningsprojekt som bedrivs via Umeå Universitet. Projektet/studien 
undersöker hur dina muskler rekryteras vid utförandet av övningen.  

 
Om du är intresserad av att delta i detta projekt är du varmt välkommen att kontakta 

oss, se kontaktinformation i slutet av brevet.  

Vad är det för projekt och varför vill vi att ni ska delta? 

Många personer använder knäböj i sin styrketräning för att utveckla styrkan i sätes- 

och lårmuskulatur. Det finns flera olika sätt att utföra och olika redskap för att utföra 

övningen. Vi vill i detta projekt undersöka skillnader i musklernas aktivering mellan 

olika sätt att utföra knäböj. 

Projektet kommer undersöka likheter och skillnader i aktivering av sätes- och 

lårmuskulatur vid knäböj då den utförs i kontrollerad rörelsebana (Smithmaskin) 

jämfört med då den utförs i fri rörelsebana. Vi kontaktar därför dig med en förfrågan 

om just DU skulle vilja delta. Vi söker dig som; 

• Har använt knäböj som del av din styrketräning sedan minst 1 år. 

• Är frisk samt skadefri i rygg, bäcken och ben sedan minst 3 månader. 

Hur går projektet till? 

Datainsamlingen kommer ske vid ett tillfälle. Vid detta tillfälle kommer du få utföra 

både knäböj med skivstång i kontrollerad och fri rörelsebana. Du kommer få fylla i ett 

frågeformulär med frågor om bland annat ålder, kön och träningsvana. Musklernas 

aktivitet kommer mäts med hjälp av elektromyografi (EMG). EMG-elektroderna är 

insydda i ett par byxor. Vi provar tillsammans ut rätt storlek på byxorna och sedan får 

du få värma upp. Under själva testet kommer du få utföra 2 set med 5 repetitioner 

knäböj med en vikt som motsvarar din egen kroppsvikt. Testerna övervakas av 

fysioterapeut. 
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I samband med att du fyller i frågeformuläret får du en personlig kod. Vid bearbetning 

och analysering av data kommer din personliga information att avidentifieras och vi 

kommer istället att använda din kod. Kodlistan kommer förvaras i ett låst skåp på 

Umeå Universitet som enbart projektledaren har tillgång till. Insamlad data kommer 

också att behandlas så att inte obehöriga kan ta del av dem. Kodlistan och insamlad 

data kommer förvaras separat. Informationen sparas under 10 år. Enligt EU:s 

dataskyddsförordning har du rätt att kostnadsfritt få ta del av de uppgifter om dig som 

hanteras i studien, och vid behov få eventuella fel rättade. Du kan också begära att 

uppgifter om dig raderas samt att behandlingen av dina personuppgifter begränsas. Om 

du vill ta del av uppgifterna ska du kontakta projektledare Ulrika Aasa som är ansvarig 

för dina personuppgifter. 

Datainsamlingen kommer ske under 2020. Insamlad data kommer sedan att bearbetas, 

analyseras och redovisas under 2020-2021 i form av masteruppsatser och 

vetenskapliga aritklar. Arbetet kommer redovisas på engelska.  

Deltagandet är frivilligt  

Ditt deltagande är frivilligt och du kan när som helst välja att avbryta deltagandet. Om 

du väljer att inte delta eller vill avbryta ditt deltagande behöver du inte uppge varför, 

och det kommer inte heller att påverka din framtida vård eller behandling. Ingen 

ekonomisk ersättning kommer kunna betalas ut vid deltagande i studien.  

Om du vill avbryta ditt deltagande ska du kontakta den ansvariga för studien. 

Nytta och eventuella risker 

Resultatet skulle kunna ge en vägledning för tränare, fysioterapeuter eller annan 

personal som arbetar med idrottare att välja det redskap eller position som är mest 

effektiv för att aktivera sätes- och/eller lårmuskulatur.   

Att utföra testning av muskelstyrka kan innebära viss risk för muskelskada. Denna risk 

bedöms dock vara låg då testerna utförs på submaximal nivå, ni som deltar är erfarna 

med övningen knäböj och är friska och skadefria sedan minst 3 månader samt att 

testerna övervakas av erfaren personal. Om någon oväntad händelse skulle uppstå som 

kan äventyra din säkerhet och/eller hälsa så kommer testerna avbrytas direkt och du 

kommer få stöd att uppsöka lämplig vårdinstans om du skulle behöva.  
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De som deltar i studien är försäkrade genom Kammarkollegiet.  

Ansvariga 

Forskningshuvudman för projektet är Umeå Universitet. Med forskningshuvudman 

menas den organisation som är ansvarig för studien. Dataskyddsombud för Umeå 

Universitet är för närvarande universitetsjuristen Marit Juselius. Om du behöver 

kontakta henne vänligen maila pulo@umu.se.  

 

Ulrika Aasa, Leg. Fysioterapeut och projektledare. 

0706250828  

ulrika.aasa @umu.se  
 

Frågor och anmälan till studien 

Felicia Svensson, Leg. Fysioterapeut och ansvarig masterstudent. 

070-3720065  

svenssonfelicia@gmail.com 

  

mailto:pulo@umu.se
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Välkommen 
Varmt välkommen till att delta i studie om muskelaktivering vid knäböj. 

 

Du är inbokad för att genomföra ditt test . 

Testet kommer utföras på  
 
Nedan finns det frågeformulär du behöver fylla i inför testet samt samtyckesblanketter. 
Om du vill kan du fylla i dessa i förväg och ta med då du ska göra ditt test annars fyller 
vi i det på plats.  

Du behöver: 

- Träningskläder 
- Inomhusskor/skor du normalt sätt använder vid knäböj 
- Lämpliga underkläder för att även kunna mäta sätesmusklerna. 

 
 

Du bör ej tränat tung styrketräning för benen närmste dygnet innan testerna. 

 

Får du förhinder eller blir sjuk är vi tacksamma om du hör av dig i god tid 
innan testet. 

Kontakta Felicia Svensson, se kontaktuppgifter nedan, vid eventuella frågor. 

 

Vi ser fram emot att träffa dig! 

Med vänliga hälsningar 

 

Felicia Svensson, Leg. Fysioterapeut och ansvarig masterstudent. 

070-3720065  

svenssonfelicia@gmail.com 

 

Ulrika Aasa, Leg. Fysioterapeut och projektledare. 

0706250828  

ulrika.aasa @umu.se   
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Appendix 3 

Samtycke till deltagande i forskningsstudie 
Nedan ger du ditt samtycke till att delta i forskningsprojekt om ”Muskelaktivering vid 

knäböj med skivstång i styrd jämfört med fri rörelsebana hos friska elitidrottare som 

använder knäböj för att utveckla styrka i sätes- och lårsmuskulatur”. Läs detta 

dokument noggrant och signera längs ner i dokumentet att du tagit del av 

informationen.  

 

Vad är det för projekt och varför vill vi att ni ska delta? 

Många personer använder knäböj i sin styrketräning för att utveckla styrkan i sätes- 

och lårmuskulatur. Det finns flera olika sätt att utföra och olika redskap för att utföra 

övningen. Vi vill i detta projekt undersöka skillnader i musklernas aktivering mellan 

olika sätt att utföra knäböj. 

Projektet kommer undersöka likheter och skillnader i aktivering av sätes- och 

lårmuskulatur vid knäböj då den utförs i kontrollerad rörelsebana (Smithmaskin) 

jämfört med då den utförs i fri rörelsebana. Vi kontaktar därför dig med en förfrågan 

om just DU skulle vilja delta. Vi söker dig som; 

• Har använt knäböj som del av din styrketräning sedan minst 1 år. 

• Är frisk samt skadefri i rygg, bäcken och ben sedan minst 3 månader. 

Hur går projektet till? 

Datainsamlingen kommer ske vid ett tillfälle. Vid detta tillfälle kommer du få utföra 

både knäböj med skivstång i kontrollerad och fri rörelsebana. Du kommer få fylla i ett 

frågeformulär med frågor om bland annat ålder, kön och träningsvana. Musklernas 

aktivitet kommer mäts med hjälp av elektromyografi (EMG). EMG-elektroderna är 

insydda i ett par byxor. Vi provar tillsammans ut rätt storlek på byxorna och sedan får 

du få värma upp. Under själva testet kommer du få utföra 2 set med 5 repetitioner 

knäböj med en vikt som motsvarar din egen kroppsvikt. Testerna övervakas av 

fysioterapeut. 
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I samband med att du fyller i frågeformuläret får du en personlig kod. Vid bearbetning 

och analysering av data kommer din personliga information att avidentifieras och vi 

kommer istället att använda din kod. Kodlistan kommer förvaras i ett låst skåp på 

Umeå Universitet som enbart projektledaren har tillgång till. Insamlad data kommer 

också att behandlas så att inte obehöriga kan ta del av dem. Kodlistan och insamlad 

data kommer förvaras separat. Informationen sparas under 10 år. Enligt EU:s 

dataskyddsförordning har du rätt att kostnadsfritt få ta del av de uppgifter om dig som 

hanteras i studien, och vid behov få eventuella fel rättade. Du kan också begära att 

uppgifter om dig raderas samt att behandlingen av dina personuppgifter begränsas. Om 

du vill ta del av uppgifterna ska du kontakta projektledare Ulrika Aasa som är ansvarig 

för dina personuppgifter. 

Datainsamlingen kommer ske under 2020. Insamlad data kommer sedan att bearbetas, 

analyseras och redovisas under 2020-2021 i form av masteruppsatser och 

vetenskapliga aritklar. Arbetet kommer redovisas på engelska.  

Deltagandet är frivilligt  

Ditt deltagande är frivilligt och du kan när som helst välja att avbryta deltagandet. Om 

du väljer att inte delta eller vill avbryta ditt deltagande behöver du inte uppge varför, 

och det kommer inte heller att påverka din framtida vård eller behandling. Ingen 

ekonomisk ersättning kommer kunna betalas ut vid deltagande i studien.  

Om du vill avbryta ditt deltagande ska du kontakta den ansvariga för studien. 

Nytta och eventuella risker 

Resultatet skulle kunna ge en vägledning för tränare, fysioterapeuter eller annan 

personal som arbetar med idrottare att välja det redskap eller position som är mest 

effektiv för att aktivera sätes- och/eller lårmuskulatur.   

Att utföra testning av muskelstyrka kan innebära viss risk för muskelskada. Denna risk 

bedöms dock vara låg då testerna utförs på submaximal nivå, ni som deltar är erfarna 

med övningen knäböj och är friska och skadefria sedan minst 3 månader samt att 

testerna övervakas av erfaren personal. Om någon oväntad händelse skulle uppstå som 

kan äventyra din säkerhet och/eller hälsa så kommer testerna avbrytas direkt och du 

kommer få stöd att uppsöka lämplig vårdinstans om du skulle behöva.  
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De som deltar i studien är försäkrade genom Kammarkollegiet.  

Ansvariga 

Forskningshuvudman för projektet är Umeå Universitet. Med forskningshuvudman 

menas den organisation som är ansvarig för studien. Dataskyddsombud för Umeå 

Universitet är för närvarande universitetsjuristen Marit Juselius. Om du behöver 

kontakta henne vänligen maila pulo@umu.se.  

 

Felicia Svensson, Leg. Fysioterapeut och ansvarig masterstudent. 

070-3720065  

svenssonfelicia@gmail.com 

 

Ulrika Aasa, Leg. Fysioterapeut och projektledare. 

0706250828  

ulrika.aasa @umu.se  

  

mailto:pulo@umu.se
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Samtycke till att delta i studien 

☐ Jag har fått muntlig och skriftlig informationen om studien och har haft möjlighet att 

ställa frågor. Jag får behålla den skriftliga informationen.  

☐ Jag samtycker till att delta i studien  

☐ Jag samtycker till att uppgifter om mig behandlas på det sätt som beskrivs i 

informationen ovan. 

☐ Jag är medveten om att vi när som helst under studiens gång kan avbryta vårt 

deltagande utan att vi behöver förklara varför. 

☐ Jag ger mitt medgivande till Umeå Universitet att lagra och bearbeta den 

information som samlas in under studien.  

 

 

Plats och datum Underskrift 
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MEDGIVANDE TILL FOTOGRAFERING OCH ANVÄNDANDE AV FOTO  

  
Härmed ger jag mitt tillstånd till att jag fotograferas/filmas i samband med 

forskningsstudien ”The barbell squat: muscle activation with the barbell in a controlled 

and in a free movement path” som bedrivs vid Umeå universitet.  

  

Jag ger mitt medgivande till att de foton / filmer som tagits får användas vid 

publicering/redovisning i examensarbete, i vetenskapliga artiklar samt vid 

konferenser. Stryk över om det är någon del du inte ger medgivande till.   

  

Jag har fått information om att min identitet aldrig kommer att uppges vid sådana 

tillfällen.  

 

 Personuppgiftsansvarig är Umeå universitet, kontaktperson/ projektansvarig Ulrika 

Aasa.  

  

  

  

………………………………………………………   …………………………  

Namnteckning                                    Datum  

  

  

………………………………………………………………… 

Namnförtydligande  
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Appendix 4 

Bakgrundsinformation   Kod……… 

Datum vid ifyllande:…………………………... 

 

Information – jag har undertecknat samtyckesblankett (ringa in) JA / NEJ 

 

Ålder……………        Längd………….. Vikt…………..        Kön…………. 

 

Jag är aktiv inom…………………………………………………. (din idrott) 

 

Hur lång erfarenhet har du av din idrott? (antal år)……………………. 

 

Hur lång erfarenhet har du av att träna styrketräning? (antal år)……………………… 

 

Hur lång erfarenhet har du av övningen knäböj? (antal år)……………………. 

 

Hur många gånger i veckan tränar du? (antal tillfällen) 

 

Din idrott………….. Styrketräning………….. 

 

Hur många timmar i veckan tränar du? 

 

Din idrott………….. Styrketräning………….. 

 

Har du besvär av skada/smärttillstånd som hämmar dig i din styrketräning just nu? 
(ringa in svar) 

 

JA / NEJ 

 

Om ja, vart är smärtan lokaliserad? Ex. smärta i ljumsken.  

 

………………………………………………………… 

  



 
 
 

50 
 

 

Data collection 
 

Preparation (Check box when done) 

☐ Set/mark width between feet 

☐ Set/mark squatting depth 

☐ Bicycle 15 minutes 

☐ Additional dynamic stretching and/or activation 

☐ Warm up, squats with barbell: 

☐ Calibrating EMG-equipment  

Total weight (including barbell) in warm up: 

 

Set 1: 20 kg  Repetitions: 10 

Set 2:       kg  Repetitions: 3 

Set 3:       kg  Repetitions: 3 

Set 4:       kg  Repetitions: 3 

 

 

Testing parameters 

Width between medial part of MTP 1:        cm 

Width between medial part of calcaneus:        cm 

 

Starting with (check): Free ☐  Controlled ☐ 

 

 

Squats at ………………………………… kg 

 


