Short Communication

The effects of strength training on isometric force production
symmetry in recreationally trained males
Caleb D. Bazyler, Chris A. Bailey, Chieh-Ying Chiang, Kimitake Sato, Michael H. Stone
Objectives: The purpose of this investigation was to determine what effect a bilateral strength training regimen has on isometric force production symmetry and if changes in force production symmetry can be accounted for by differences in
pre-intervention strength levels.
Design: Sixteen recreationally trained males (1-RM squat: 146.8 ± 23.0 kg.) were assigned to two groups for the 7-week
training intervention: strong (S) and weak (W) based on pre-training squat isometric peak force allometrically scaled
(IPFa) at 120° knee angle.
Methods: Subjects completed a 7-week training intervention following a block-periodized model and were tested on measures of dynamic (1RM squat) and isometric (isometric squat at 90° and 120° knee angle) strength pre- and post-intervention. The degree of bilateral lower limb asymmetry was calculated as a percentage where 0% symmetry index (SI)
indicates perfect symmetry on the isometric squat.
Results: ANCOVA results showed no statistical difference between groups for all dependent variables when pre-intervention
IPFa 120° scores were used as the covariate. Paired t-tests results showed both groups statistically improved 1RM squat
and IPFa 120° (p < 0.05). IPFa 120° SI decreased statistically from pre-training in the W group (p = 0.03). Independent
t-test results showed the W group had statistically larger pre-intervention SI scores for IPFa 90° (p = 0.045) and IPFa
120° (p = 0.007); however this difference was no longer present following strength training. There was a strong inverse
relationship between pooled IPFa 120° and IPFa 120° SI (r = -0.64, p = 0.004).
Conclusions: The findings of the current study support the notion that weaker individuals can augment lower limb symmetry with strength training. The same does not seem to be true for stronger individuals who already have a low symmetry
index score. These findings indicate that strength training improves force production symmetry in relatively weak males,
which may be important for bilateral tasks and injury potential reduction.
(Journal of Trainology 2014;3:6-10)
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INTRODUCTION

Recently, limb asymmetry in sport has gained interest
among coaches and athletes and has become a more prevalent
research topic.1,2 Specifically, the relationships between force
production symmetry, injury, and performance seem to be a
common interest.3-5 The lack of ability to produce symmetrical
movement patterns and the inability to produce force symmetrically have been indicated as risk factors for injury, but currently there remains some doubt due to a lack of direct evidence to support this claim.6,7
The role symmetry plays on performance has not been
researched as extensively. Yoshioka and colleagues (4) completed a computer simulation study which compared a symmetrical and an asymmetrical model of the lower limbs during
jumping tasks. The models were equated for strength, but the
distribution of the strength between limbs differed. Their
results showed that the stronger limb of the asymmetrical
model would make up the difference in the weaker limb and

jump height would not be affected as a result. Bailey et al.5
reported different findings in a study measuring symmetry of
an isometric mid-thigh pull. Their findings indicate a negative
relationship exists between isometric peak force symmetry and
both jump height and peak power during counter movement
and static jumps. Thus, the relationship between strength symmetry and performance requires additional research.
Even less research has examined the role of strength training
to reduce asymmetry. If symmetrical force production and
strength capabilities are desired qualities, one may wish to
reduce strength asymmetry by strength training. Therefore, the
purpose of this study was to determine what effect a bilateral
strength training regimen has on isometric force production
symmetry and if changes in force production symmetry can be
accounted for by differences in pre-intervention strength levels.
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Subjects

METHODS

Subjects recruited were 20 recreationally trained college
aged males with at least one year of resistance training experience on the squat (≥1.3 x body mass). Only18 subjects were
included in the data analysis; one withdrew due to injury and
another was excluded as an outlier (produced values greater
than twice the standard deviation of the pooled mean). The one
repetition maximum (1-RM) squat indicated that the subjects
were moderately trained: pre-training 1-RM squat: 146.8 ±
23.0 kg., squat to body mass ratio: 1.68 ± 0.22.8-10 Subjects
were ranked based on pre-training squat isometric peak force
allometrically scaled (IPFa) identified at knee angle of 120°
and divided into 2 groups, weak (W) and strong (S).
Allometric scaling is based on the surface law, which states
that as the volume of a body increases, its surface area reduces
in proportion.11 Thus, IPFa was calculated by dividing peak
force by body mass raised to the 0.67 power (N/kg0.67). Nine
subjects in the W group (age 20.8 ± 2.0 years, height 176.4 ±
6.3 cm, body mass 84.9 ± 10.9 kg) and nine subjects in the S
group (age 20.7 ± 1.9 years, height 177.6 ± 8.1 cm, body mass
86.1 ± 8.9 kg) completed the study. Throughout the study, subjects were instructed not to participate in physical activity 24
hours prior to testing or training sessions. Prior to participating, all subjects completed a health history questionnaire and
signed an informed consent that was approved by the university’s Institutional Review Board. Although subjects were not
specifically questioned about previous leg injuries, they were
required to report injuries that could be exacerbated by participating in the study. Both groups performed back squats 2
d·wk −1 for 12 weeks with a minimum of 48 hours rest between
training sessions. Dynamic and isometric strength were measured pre- and post-intervention via 1-RM and isometric squat,
respectively.

Training
After eligibility was determined by 1-RM squat testing (≥1.3
x body weight), subjects trained 2 d·wk −1 for 3 weeks in a
strength-endurance phase to equilibrate the training program
for all subjects. During this phase, subjects were familiarized
with isometric squats to minimize learning effects and to
record bar heights and knee angles for subsequent testing.
Table I describes the 12-week training program and testing
sessions. Subjects were required to complete >80% of the programmed volume load to be included in the data analysis.
Each training session began with a dynamic warm-up using
only body weight, followed by warm-up sets on the squat.
Groups followed a block-periodized model with heavy and
light days within each microcycle to manage fatigue.12,13 Load
for squat and partial-squat was calculated using percentage of
pre-intervention 1-RM. All training sessions were supervised
to ensure correct technique and safety.
Testing Procedures
Anthropometrics and 1-RM squat were measured at the
beginning of week 4 and 12 dynamic testing sessions. IPFa at
a 120° knee angle, IPFa at a 90° knee angle, and symmetry
index (SI) scores for IPFa 120°, IPFa 90° were assessed during
the isometric testing session, which occurred 72-96 hours after
dynamic testing.
Dynamic Strength Assessment
Once subjects arrived, anthropometrics were measured, followed by a dynamic warm-up. 1-RM squat protocol involved a
progressive increase in load and decrease in reps per set.8
1-RM squat attempts were selected with the goal of reaching
their max in three attempts after warm-up. Four minutes of rest
was given between each attempt. Back squat depth was determined as the top of the leg at the hip joint being below the
knee.14

Table I: Strength Training Program

Phase
Strength-Endurance
and Familiarization
Pre-Testing
Strength Phase 1
De-Load
Strength Phase 2
Post-Testing
a

Week

Day 1

%1RM

Day 2

%Reduction

1

4x8

75-80%

3x8

10-15%a

2

4x8

77.5-82.5%

3x8

10-15%

3

4x8

80-85%

3x8

10-15%

4

Dynamic

5

6x5

85-87%

6x5

10-15%

6

6x5

86-88%

6x5

10-15%

7

6x5

87-89%

6x5

15-20%

8

6x3

75%

6x3

15-20%

9

6x3

88-90%

6x3

10-15%

10

6x3

89-91%

6x3

10-15%

11

6x3

90-92%

6x3

15-20%

12

Dynamic

represents % reduction in load from Day 1

7

Isometric

Isometric
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Isometric Strength Assessment
Kinetic variables were measured on 0.45 m x 0.91 m dual
force platforms affixed side by side (Rice Lake, WI) sampling
at 1,000 Hz inside a custom designed power rack that allows
fixation of the bar at any height, as described previously.15
Subjects performed a dynamic warm-up followed by two
warm-up attempts at 50% and 75% of perceived maximal
effort at 90° angle of the knee. After the two-minute rest period, two maximal efforts were performed with 3 minutes rest in
between trials. The bar was placed across the back in the same
position used in training and placed against two metal stops to
prevent upward movement (Figure 1). The same assistant
recorded knee angle and bar height for all testing sessions. The
tester instructed subjects to push as fast and as hard as possible.16 The tester shouted ‘push’ and participants pushed maximally into the ground until peak force was reached when the
tester shouted ‘stop’ to end the test. After completing testing at
90° subjects were given 5 minutes rest and the same protocol
was repeated at a 120° knee angle. Subjects were tested at the
same time of the day for both test days.17 SI was calculated
using the following equation:
SI = 100% # (Larger value − smaller value) / sum of values


(Shorter, Polk & Rosengren et al.18 ; Sato & Heise1).

The resultant is a percentage where 0% indicates perfect
symmetry and the level of asymmetry increases as the value
gets further away from zero. The force-time curve data were

smoothed using an 11-point moving average (all data points
equally weighted) and analyzed with Labview software (ver.
2010, National Instruments, Austin, TX, USA). The average of
two attempts on the isometric squat at 90 and 120° were used
for analysis.

Statistical Analysis

A Shapiro-Wilks normality test was used to determine if the
data were normally distributed. A Levene-test was used to
determine homogeneity of variance. Intra-class correlation
coefficients (ICC) were calculated to determine test-retest reliability. As a result of the statistical difference between groups
for pre-intevention IPFa 120° scores, a univariate analysis of
covariance (ANCOVA) was used to assess differences between
the two groups post-intervention for all dependent variables.
Paired sample t-test and independent samples t-test were calculated to determine within and between group differences for
dependent variables. A Pearson’s product-moment correlation
was used to assess the relationship between dependent variables. For all tests the alpha level was set at p<0.05. SPSS
software version 21 was used to perform all statistical analyses
(IMB Co., NY, USA).

RESULTS

Dynamic Strength Assessment

1-RM Squat
After adjusting for pre-intervention scores, ANCOVA results
showed no statistical difference between groups for 1-RM
squat post-intervention. The mean values for 1-RM squat in S
increased from 167.57 ± 26.44 to 175.99 ± 26.44 kg (p<0.001,
+5.0%) and in the W from 137.84 ± 19.10 to 146.91 ± 17.67
kg (p<0.001, +6.6%).

Isometric Strength Assessment

Isometric Squat Peak Force Scaled Symmetry Index
After adjusting for pre-intervention scores, ANCOVA results
showed no statistical difference between groups for IPFa 90°
SI or IPFa 120° SI post-intervention. Paired t-test results indicated that IPFa 120° SI decreased statistically from pre-training in the W group (p=0.03); however, IPFa 90° SI showed no
statistical change in either group. Independent t-test results
showed a statistical difference between groups pre-training for
IPFa 120° SI (p=0.007) and for IPFa 90° SI (p=0.045) with the
W group being statistically greater than the S group; these differences between groups were not present following strength
training. IPFa 120° statistically increased in both groups
(p<0.05), whereas only the S group statistically improved IPFa
90° (p=0.01). There was also a strong inverse relationship
between IPFa 120° and IPFa 120° SI (r=-0.64, p=0.004). Testretest reliability using ICC for IPFa 90° and 120° was 0.98 and
0.98, respectively. Mean and standard deviation for dependent
variables are listed in Table II.

Figure 1 Isometric Squat at 90° knee flexion
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Table II: Changes in Dependent Variables

Pre

Strong

Post

Weak

Pre

Post

) 120°

227.96 ± 17.45§§

239.95 ± 19.24*§§

172.85 ± 19.86

186.54 ± 29.28*

) 90°

115.75 ± 11.14§

121.54 ± 7.34*§

106.77 ± 10.02

108.29 ± 9.78

IPF a (N/Kg0.67) 120° SI

1.89 ± 1.09§

2.22 ± 1.22

3.91 ± 1.75

1.89 ± 1.50*

IPF a (N/Kg0.67) 90° SI

2.23 ± 1.67§

2.58 ± 2.01

4.60 ± 4.26

3.95 ± 5.06*

167.57 ± 26.44§

175.99 ± 26.44*§

137.84 ± 19.10

146.91 ± 17.67*

IPF a (N/Kg

0.67

IPF a (N/Kg

0.67

1-RM Squat (Kg)

statistically different between Pre and Post, § statistically different between groups, *P<0.05; **P<0.01, §P<0.05,
§§P<0.001. IPFa: Isometric peak force allometrically scaled
*

DISCUSSION

The findings of this study indicate that there is strong
inverse relationship between isometric strength and bilateral
lower limb asymmetry and that weaker individuals can augment lower limb symmetry with strength training. Although
changes in lower limb asymmetry as a result of strength training have not been researched extensively, some research findings support that strength imbalances increase injury risk.3,6,19
However, there is still a lack of consensus on what a normal
imbalance is and how much deviation is acceptable.20 The current findings indicate that strength training can decrease lower
body muscle imbalances, agreeing with the available previous
research. Golik-Peric and colleagues found that 4 weeks of
isoinertial and isokinetic training in athletes improved ipsilateral muscle symmetry by increasing the concentric hamstring
to quadriceps torque ratio (conH/Q). In their study, athletes
were divided into an isokinetic and isoinertial training group.
After completing a 4-week training program, the isokinetic
and isoinertial groups increased the conH/Q ratio by 25.4%
and 13.0% on the right lower limb, respectively.21 In comparison, the results of this paper showed a 51.5% reduction in contralateral lower limb asymmetry in the weaker group at a 120°
knee angle. The larger percent changes in our study are likely
related to the longer duration of the training program (7-week
intervention). Similarly, Impellizzeri and colleagues (2007)
showed a 56.5% decrease in bilateral vertical jump force
asymmetry following anterior cruciate ligament reconstruction
and 7-9 weeks of physical therapy programs.22
The subjects in the current study were not collegiate athletes, but they did exhibit strength levels equivalent to and
greater than previous research with some athletes.8-10 Although
both groups statistically improved 1-RM squat only the weaker
statistically decreased strength asymmetry, indicating that
gains in bilateral strength may only decrease lower limb asymmetries to a point. Whether or not the decrease in asymmetry
in the weaker group was directly responsible, independent of
bilateral gains, for enhanced performance on the isometric
squat or 1-RM squat is beyond the scope this study. However,
it can be surmised that strength training improves force production symmetry in relatively weak males, which may be
important for bilateral tasks and injury potential reduction.

CONCLUSION

The findings of the current study support the notion that as
lower limb strength increases there is a concomitant decrease
in asymmetry in weaker individuals. The same does not seem
to be true for stronger individuals who already have a low
symmetry index score. The decreases in asymmetry found in
the weaker group may have implications for bilateral movements requiring symmetrical force production. Future research
should address what is a normative symmetry index score, do
larger asymmetries result in decrements in performance and
increased injury risk, if so, identifying the magnitude of asymmetry can be an important issue for further investigation.
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