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An assessment of isometric muscle strength and the hamstring: Quadriceps ratio
among males trained with free weights vs. machines
Abstract
Introduction. The purpose of this study was to assess the isometric muscle strength (IMS) of the knee
extensors and flexors, bilateral asymmetry (BA) and the hamstring: quadriceps ratio (H:Q ratio) between
the dominant leg (DL) vs. the non-dominant leg (NDL) of males trained with free-weights vs. machines.
Material and Methods: Thirty males were recruited and separated into two groups: Free-weights (n = 15)
and Machines (n = 15) groups. All study participants performed the IMS testing for knee extensors and
flexors in the DL and NDL using a commercially available load cell. The highest value obtained from the
three trials was used for statistical analysis. Results: The IMS of the quadriceps and hamstring muscles
for DL and NDL showed a significant increase in the Free-weight group when compared to the Machine
group. In addition, a significant difference (p <.03) in the IMS of hamstring muscles between DL vs. NDL
was observed in the Machine group. The H:Q ratio on DL (p < .002) and NDL (p < .01) was significantly
higher in the Free-weight group. Conclusion: This study showed better isometric muscle strength of the
thigh (hamstring and quadriceps) and the H:Q ratio in males trained with free weights. In addition, males
trained with machines showed a bilateral asymmetry of the hamstring muscles and a lower H:Q ratio –
consequently, a higher risk of knee injuries.
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Abstract: Introduction. The purpose of this study was to assess the isometric muscle strength (IMS) of
the knee extensors and flexors, bilateral asymmetry (BA) and the hamstring: quadriceps ratio (H:Q
ratio) between the dominant leg (DL) vs. the non-dominant leg (NDL) of males trained with freeweights vs. machines. Material and Methods: Thirty males were recruited and separated into two
groups: Free-weights (n = 15) and Machines (n = 15) groups. All study participants performed the IMS
testing for knee extensors and flexors in the DL and NDL using a commercially available load cell. The
highest value obtained from the three trials was used for statistical analysis. Results: The IMS of the
quadriceps and hamstring muscles for DL and NDL showed a significant increase in the Free-weight
group when compared to the Machine group. In addition, a significant difference (p <.03) in the IMS
of hamstring muscles between DL vs. NDL was observed in the Machine group. The H:Q ratio on DL
(p < .002) and NDL (p < .01) was significantly higher in the Free-weight group. Conclusion: This study
showed better isometric muscle strength of the thigh (hamstring and quadriceps) and the H:Q ratio in
males trained with free weights. In addition, males trained with machines showed a bilateral asymmetry of the hamstring muscles and a lower H:Q ratio – consequently, a higher risk of knee injuries.
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1. Introduction
Resistance exercise (RE) is a systematic physical activity modality with the objective
of increasing muscle strength to overcome resistance [1, 2]. Thus, RE has been suggested
in sports guidelines aiming at improving physical conditioning, health and injury prevention [3, 4]. This physical activity modality is a combination of dynamic actions and static
effort with the principle of increasing muscle strength and power from multiple variables,
such as: exercise order, rest interval between sets, exercise mode, training frequency,
movement velocity, training volume, repetitions per set, number of sets, type of muscle
action, and the load intensity that can all be manipulated to meet the training goals and
individual differences in training needs [1–4]. On the other hand, there are differences of
opinion whether the use of a RE program that consists of free weights or machines is better
for building muscle mass, strength and injury prevention. Free weights utilize isotonic
resistance that provides the same amount of resistance throughout the range of motion.
Thus, free weights allow for movement in multiple planes requiring balance [3, 5]. However, the machines are a fixed-form exercise that is limited to moving through fewer
planes with a stable environment [3, 5].
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Muscle strength is defined as the maximum force generated by a muscle or a muscle
group during maximal voluntary contraction against resistance [1–3]. The methods of assessing the maximal muscle strength can be recorded in different contraction regimens,
such as isokinetic dynamometers or the most often applied isometric, concentric and eccentric contraction regimens [6–8]. Particularly, the isometric muscle strength testing involves a maximal voluntary contraction performed at a specific joint angle against immovable resistance. Therefore, some studies have shown that the maximum isometric contraction of the quadriceps occurs at 70° of knee extension [9]. On the other hand, values of
the maximal isometric contractions occur at a fixed knee flexion position at 30° [7]. Hence,
measurement of isometric muscle strength is crucial for providing information regarding
the muscular condition, functional capacity, muscle imbalance and the ratio between the
peak torque of the hamstring (H) and the quadriceps (Q) measured during a concentric
contraction (H:Q ratio) [6–8].
The difference of strength between the dominant leg (DL) vs. the non-dominant leg
(NDL) has been the topic of several studies that identified the bilateral asymmetry (BA) is
detrimental to performance increasing the risk of injury [10, 11]. Some studies report that
BA higher than 10% results in a loss of muscle power, slower change of direction speed
times, and an increased risk of lower limb injuries [12, 13]. However, strength asymmetries > 15% are four-to-five times more likely to cause a hamstring strain and knee injuries
[14]. In addition, the H:Q ratio provides important information about the optimal quadriceps and hamstring muscles functioning or muscle imbalances [9, 15]. Thus, the H:Q ratio
has been used to assess the risks of knee and hamstring injuries, and its values of <0.6
enhance these risks of injury [15–17]. But, interestingly, in regard to isometric muscle
strength of the thigh and BA between lower limbs and the H:Q ratio, the scientific literature has shown a limited number of studies that have assessed resistance training models
(Free-weight vs. Machine). Therefore, the purpose of this study was to assess the muscular
strength of the knee extensors and flexors, BA and the H:Q ratio between DL vs. NDL of
males trained with free weights vs. machines. It was hypothesized that RE with free
weights would contribute to greater isometric muscle strength, H:Q ratio and no BA.
2. Materials and Methods
2.1. Study Design
This is a randomized comparative study. The sample size was determined by including all participants that complied with the eligibility criteria. All participants were practitioners of RE with free weights or machines and underwent three tests to assess the isometric muscle strength of hamstring and quadriceps muscles. All tests were performed in
a single assessment session. All assessments were taken in a temperature-controlled environment (temperature 21°C, 65% relative humidity) by a Hygro-Thermometer with Humidity Alert (Extech Instruments, Massachusetts, EUA). All assessments occurred between 2:00 and 4:00 P.M.
2.2. Participants
Thirty males were recruited and separated into two groups: Free-weights (n = 15) and
Machines (n = 15) groups. All study participants performed the IMS testing for knee extensors and flexors in the DL and NDL using a commercially available load cell. Considering
the fact that there is not a large number of studies directly regarding the relationship between neur working with people who have high levels of stress caused by the same centers in the brain which are highly active during the feeling of loneliness and alexithymia
was included [14].
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2.3. Anthropometric Measurements
Body composition was measured following an 8-h overnight fast by bioelectrical impedance analysis using a device with built-in hand and foot electrodes (BIO 720, Avanutri,
Rio de Janeiro, Brazil). The participants wore their normal indoor clothing and were instructed to stand barefoot in an upright position with both feet on separate electrodes on
the device’s surface and with their arms abducted and both hands gripping two separate
electrodes on each handle of the device. All biometric measurements were carried out in
an air-conditioned room (21°C). No clinical problems occurred during the study.
2.4. Isometric Muscle Strength Testing
The isometric muscle strength (IMS) was measured using commercially available
load cells (E-lastic, E-sporte Soluções Esportivas, Brasília, Brazil). The knee extensors and
flexors in the dominant (DL) and the nondominant leg (NDL) were tested concentrically.
During the knee extension and flexion tests, the left and right ankles were individually
secured by bands and fixed in the load cells (Figure 1). The tests were carried out by random sampling. Before the isometric muscle strength test, all participants performed
a warm-up exercise for 10 min on a stationary cycloergometer (no resistance) with moderate velocity (70–80 revolutions per minute).
The assessment of the knee extension was carried out in a sitting position. The participants sat on a chair with their knee initially positioned at 90°. Force values of the maximal isometric contractions were measured at a fixed knee extension position at 70° [9]
(Figure 1A; 1B). On the other hand, the knee flexion assessment was initially performed
with the subjects lying prone with an extended knee on a standard treatment table. Force
values of the maximal isometric contractions were measured at a fixed knee flexion position at 30° [7] (Figure 1C; 1D). All participants were stabilized with belts around the torso
and pelvis to avoid compensatory movements in both tests (knee extension and flexion).
Thus, only the knee to be tested was moving with a single degree of freedom. Participants
performed three times of knees extension and three times of knee flexion for both knees,
and the highest value obtained from the three trials was used for statistical analysis.
Force values were registered during 5 seconds of maximal isometric contraction and
rest interval of 60 secs between the trials. All tests (i.e., concentric contractions of the knee
extensors and flexors) used a five-minute recovery between them. The isometric force data
of the load cell were simultaneously transferred via Bluetooth to a mobile cellphone (sample rate = 10 Hz). All participants were strongly encouraged to make maximal effort for
each action, and no subjects were excluded through injury during the experimental procedure. This testing method has shown intra-rater reliability measures greater than 0.96.

Fig. 1. Schematic image of isometric muscle strength testing.

2.4. Statistical Analysis
All data are presented as mean ± standard deviation. Statistical analysis was initially
performed using the Shapiro–Wilk normality tests and the homoscedasticity test (Bartlett
criterion). To test the reproducibility between the tests, the intraclass correlation coefficient (ICC) was used. The mean values for the DL and NDL tests were evaluated with
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student’s T-test. The hamstring to quadriceps ratio (H:Q ratio) was calculated from the
division of the strength of the hamstring muscles by the strength of the quadriceps in
a concentric motion. The calculation of the bilateral asymmetry (BA) occurred from of the
difference of IMS between DL and NDL divided by the IMS of DL and multiplied by 100.
The level of statistical significance was set at an alpha level of P < 0.05 using GraphPad
Prism® software (Prism 6.0, San Diego, CA, USA).
3. Results
All analyzed data presented normal distribution. Table 1 compares the isometric
muscle strength of the quadriceps and hamstring muscles among males trained with Freeweight vs. Machine. Assessment of the IMS of the quadriceps and hamstring muscles for
DL and NDL showed significant differences between Free-weight group and Machine
group (Table 1). In addition, a significant difference (p < .03) of the IMS of the hamstring
muscles was observed between DL vs. NDL to the machine group (Table 1).
Table 1. Performance of isometric muscle strength among males trained with free weights
vs. machines (n = 30).

IMS quadriceps
(kg)

Free-weight

Machine

Mean of
differences
(95% CI)

p<

DL

57.1 ± 12.3

47.7 ± 8.3

9.4
(0.2 to 18.5)

< .04

NDL

57.1 ± 9.3

48.9 ± 8.2

8.1
(0.1 to 16.1)

< .04

6.1 ± 4.8

8.2 ± 4.2

-

-

DL

35.1 ± 6.5

25.1 ± 5.3

10.1
(4.8 to 15.3)

< .001

NDL

34.6 ± 6.1

26.7 ± 6.1*

7.8
(2.6 to 13.1)

< .006

6.9 ± 4.3

11.1 ± 3.6

-

-

BA (%)

IMS hamstring
(kg)

BA (%)

*p < .03 significant difference between machine group (DL vs. NDL)
BA = Bilateral asymmetry
IMS = Isometric muscle strength

The H:Q ratio on DL (p < .002) and NDL (p < .01) was significantly higher in the Freeweight group (DL = 0.62 ± 0.09 and NDL = 0.61 ± 0.09) when compared to the Machine group
(DL = 0.52 ± 0.05 and NDL= 0.54 ± 0.07) (Figure 2).
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Fig. 2. Mean ± SD values of the H:Q ratio between the Free-weight group vs. the Machine group.

4. Discussion
This study aimed to assess the isometric muscle strength of the hamstring and quadriceps muscles as well as the H:Q ratio among male practitioners of RE with free-weights
or machines. The main results obtained in this study were that (a) the Free-weight group
showed greater IMS of the hamstring and quadriceps muscles for DL and NDL when
compared to the Machine group during the evaluation of the isometric muscle strength;
(b) the Free-weight group revealed a significant increase in the H:Q ratio for DL and NDL.
The ability to generate force is related to the transverse section size, motor unit recruitment and action of synergist muscles [6, 15]. Thus, the quantification of muscle
strength becomes an essential component of the neuromuscular assessment being an important component of fitness and physical performance [6, 10]. However, the decreased
strength of the quadriceps and hamstring muscle contributed to decreasing an ability to
stabilize the knee, resulting in a faulty alignment of the lower extremity and high incidence of injury [18]. Specifically, on the isometric muscle strength during contraction of
the quadriceps and hamstring, our results showed that the free-weight group had greater
production of isometric strength than the machine group for both DL and NDL. But there
is a lack of studies comparing the isometric muscle strength of the quadriceps and hamstring among free weights and machines. A possible explanation might be that exercises
on machines contribute to movements made only in a single plane of motion and that
ballistic movements are impossible to perform [5, 19]. Thus, machine exercises stabilize
the environment, tend to facilitate exercise performance, reduce the participation of some
synergist muscles, and favor the dominance of quadriceps or hamstring, which negatively
affects the knee by increasing strain on the anterior cruciate ligament (ACL) [19–21]. Conversely, free-weight exercises constitute compound variable resistance that provides
a load which changes to match the ability of the musculoskeletal lever system to produce
force throughout the range of motion [22, 23]. In addition, free-weight exercises show
a more balanced quadriceps-to-hamstrings coactivation ratio by producing a compressive
joint load that forces the articular surfaces together, consequently resulting in less anteroposterior displacement of the tibia relative to the femur and minimizing ACL loading [20,
24, 25].
The assessment of the isometric muscle strength between DL vs. NDL may suffer
imbalance between DL and NDL in subjects trained on machines because the increase in
muscle activity contributes to the decrease in stability, asymmetry of muscle strength and
may cause functional or even structural disproportionateness [26]. Our findings showed
an asymmetry of muscle strength of 11% for the hamstring muscles between DL vs. NDL
during the IMS test in the machine group. Scientific research has reported that an increased risk of knee injury occurs when the strength asymmetries are equal to or greater
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than 10% between DL vs. NDL, which can be higher in the NDL than in the DL during
unilateral dynamic movements [27, 28].
Muscular performance and a reduced risk of knee injury depends on the balance of
the strength ratios of agonist and antagonist muscle groups [9, 15]. Thus, the H:Q ratio
describing the knee joint stability of the absolute knee extension muscle force should exceed the knee flexion force by a magnitude of 3:2, i.e., a normative value equal to or greater
than 0.60 [9, 15, 17]. In the present study it was observed that the free-weight group
showed a value >0.60. On the other hand, the machine group showed values below 0.55.
The scientific literature shows that a concentric H:Q ratio less than 0.55 (95% CI: 0.47–0.67)
is associated with an increased risk (4 times more likely) of developing hamstring injuries
and ACL rupture [11, 17, 28]. On the other hand, the value > 0.60 of the H:Q ratio (95% CI:
0.60 to 0.80) has been an adequate value for minimizing the risks of muscle and joint injuries [9]. In addition, some studies showed that the concentric H:Q ratio > 0.60 minimizes
the risks of hamstring injuries and reduces the risk of anterolateral subluxation of the tibia
[16, 17, 29]. In general, the muscle imbalance between isometric muscle strength of the
hamstring and quadriceps muscles observed in the machine group may affect the joint
reaction force passing through the knee; consequently, impairing the distribution of the
joint reaction force across the medial and lateral condyle, epicondyles, menisci and cruciate ligaments [7, 30]. Thus, these findings have applications regarding the prescription of
training for optimizing physical development and minimizing the risk of injury.
The limitation of the study is the absence of measures of physiological parameters
and analysis of EMG signals, which would be interesting. Yet this does not affect the answer to the study question. However, our sample was homogeneous although longitudinal studies are needed to define a cause-and-effect relationship among resistance training
model, H:Q ratio, bilateral asymmetry, and knee functional performance.
5. Conclusions
This study showed better isometric muscle strength of the thigh (hamstring and
quadriceps) and H:Q ratio in males trained with free weights. On the other hand, males
trained with machines showed bilateral asymmetry of the hamstrings muscles and lower
H:Q ratio, consequently, higher risk of knee injuries. These data contribute to the qualitative and quantitative understanding between resistance training models (Free-weight vs.
Machine) in the normal knee function. Thus, these assessments may be helpful for
coaches, physicians and physical therapists regarding neuromuscular performance and
injury prevention.
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