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Abstract
Introduction. The aim of the current study was to examine the relationship between knee and elbow isometric muscle torque
values and the results obtained in special and specific exercises in young weightlifters. Material and methods. The study involved eight young weightlifters (age: 19.9 ± 4.3 years; height: 176.8 ± 10.6 cm; weight: 69.0 ± 19.7 kg – pretest, 70.9 ± 21.6 – posttest). Their performance put them in the second and third top classes of weightlifters their age according to the Polish norms for
weightlifting (the so-called ‘national class’ and ‘first class’ in the Polish system, which are lower than the ‘international class’).
The differences between the values obtained in the first measurement of torque performed at the beginning of the preparation
period and those obtained at the beginning of the immediate pre-competition period were compared with the differences in the
maximal load lifted in special and specific exercises. Results. The training that the weightlifters underwent during the preparation period caused a significant increase in the relative torque values of the knee extensors (0.56 Nm/kg on average, p ≤ 0.047)
and those of the elbow flexors (0.35 Nm/kg, p ≤ 0.0002). Significant differences (p ≤ 0.05) were observed between the results
obtained in all of the special and specific exercises examined. A statistically significant relationship was also found between the
changes in relative torque values and the results achieved in special and specific exercises. Conclusions. The regression equations derived in the study can help predict sports performance outcomes based on the results of laboratory tests.
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Introduction
Maximal muscle strength has been investigated by many
authors [1, 2, 3]. Muscle strength has been analysed, among others, in the context of regaining ability [4, 5], health prevention
[6], and the assessment of strength capacity and the level of fitness in competitive sports [7-10].
In weightlifting, due to the specificity of the discipline, the
level of strength is of prime importance [11, 12]. Assessing the
strength capacity of weightlifters and helping them to continually improve their technique makes it possible to plan, implement, and monitor the training process well.
In strength sports, changes in strength are measured using
laboratory tests and exercise tests carried out during training.
The results of such measurements can be compared with the
norms for a given population and with a weightlifter’s performance in special and specific exercise. Laboratory tests have been
widely used and analysed for many years [13, 14].
As far as special and specific exercise tests are concerned,
one of the pioneers in this field was Kopański [15], who explored
the relationship between the results of the measurement of selected muscle torque values and performance in special exercise
in weightlifting. Similar research was conducted by Szyszka et
al. [16], who investigated the relationship between peak muscle torque values in isometric conditions and performance in

special exercise in weightlifting. The authors found correlations
between knee torque and the results achieved in barbell squats
by female weightlifters. It is worth mentioning that such studies are seldom carried out, despite the fact that maintaining adequate proportions between special and specialised training in
particular periods of the macrocycle helps improve performance
in sports, including weightlifting [17].
Muscle strength changes significantly during the various
phases of an athlete’s sports career. In weightlifting, the moment
when an athlete starts training is particularly important, especially if they are to achieve superior results. According to Stone
et al. [18], weightlifters should start training at the age of 14-15
years, specific training should be performed at the age of 17-18
years, and the best results are usually achieved at the age of 2327 years. It is worth noting, however, that strength capacity develops differently in women and men. The best age for competitive strength training is 18-25 years in women and 20-30 years
in men [19], whereas elements of maximal strength training
should be implemented in girls aged 12-14 years and boys aged
14-16 years [20]. There is thus a need to diagnose the strength
capacity of young weightlifters.
Training loads implemented during the preparation period determine the results achieved during the competition
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the weightlifter is preparing for. These results can be predicted
thanks to analysing the effects of the training using laboratory
tests.
Taking into account the above and considering the importance of monitoring weightlifters’ progress during specific training, the aim of the study was to determine the impact of the
training loads used on the results achieved by young weightlifters in special and specific exercise tests and laboratory tests as
well as to explore the relationship between the results of the two
types of tests.
Material and methods
Participants
The study involved eight young weightlifters (age: 19.9 ± 4.3
years; height: 176.8 ± 10.6 cm; weight: 69.0 ± 19.7 kg – pretest,
70.9 ± 21.6 – posttest). Their performance put them in the second and third top classes of weightlifters their age according to
the Polish norms for weightlifting (the so-called ‘national class’
and ‘first class’ in the Polish system, which are lower than the
‘international class’). The measurements were performed at the
beginning of the preparation period (June 2015) and at the beginning of the immediate pre-competition period (September
2015), that is after the preparation period was completed. Over
the course of the period which was examined, the subjects’ body
mass increased by 1.9 kg.
Prior to the research, the subjects were informed about the
purpose of the study and gave their written consent. The research programme was approved by the Senate Research Ethics
Committee of the Józef Piłsudski University of Physical Education in Warsaw.
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Training
The subjects completed 135 training sessions and lifted the
barbell 5,500 (±781.3) times. The average training volume was
393.2 (±97.84) tons. Table 1 shows the training volume in particular months of the preparation period as well as the immediate pre-competition period.
Table 1. Training volume in particular months of the preparation and
immediate pre-competition periods

Month
June 2015
July 2015
August 2015
September 2015

Volume [tons]
90.2
112.2
106.4
84.5

Period of the training process
Preparation period
Immediate pre-competition period

Most of the work was performed in July (112.2 tons) at a
moderate relative intensity (defined as the percentage of the
maximum weight in particular exercises), equal to 68% of the
maximum weight. In September, the training volume was reduced to 84.5 tons, and the relative intensity of the exercise was
increased to 82% of the maximum weight.
Special exercises dominated in the period examined: they
accounted for 63.6% of the total work performed and included
snatch exercises (20.54%), clean and jerk exercises (28.40%),
and barbell squats (19.52%). Specific exercises, which included
the technical snatch and technical clean and jerk, constituted
11.7% of the work performed, whereas general exercises accounted for 24.74% of the work. The percentages of particular exercises which were implemented during the preparation period
are shown in figure 1.

Figure 1. Percentages of particular exercises implemented during the preparation period

Szyszka et al.: RELATIONSHIP BETWEEN MUSCLE TORQUE ...

The following exercises included in figure 1 can be classified
as special exercises: the technical snatch, the technical clean
and jerk, the power snatch, the power clean, the power snatch
from the hang position, the power clean from the hang position,
the snatch from the hang position, the clean from the hang position, the front squat, and the back squat. During each of the
two assessments, the subjects performed these exercises with
maximum weight.
The results achieved by the subjects in special and specific
exercises were converted into Sinclair points [21].
Measurements
The strength of the knee flexors and extensors was assessed
in isometric conditions on the measuring devices TBK3-P and
LR2-P (JBE Staniak, Poland) at the beginning of the preparation period and two days after its completion. The first device
makes it possible to measure the torque of the lower extremities
and trunk, and the second one allows for the assessment of the
torque of the upper extremities (fig. 2). Due to limitations of
space and a lack of significant asymmetry in the strength of the
limbs, only the data collected for the muscles of the dominant
limbs were analysed.
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Results

The mean increases in the total number of Sinclair points
obtained for the special exercises are shown in figure 3.

Figure 3. Mean increases in the Sinclair scores obtained in the special
exercises

The greatest increase in the subjects’ Sinclair scores (by
11.97 points) was found for the front squat, where the weight
lifted rose by 10.75 kg on average, the greatest improvement being 20 kg (26.91 points). The lowest increase was observed for
the power snatch from the hang position: 3.6 kg or 2.46 points.
As far as specific exercises are concerned, the weight lifted
by the subjects in the technical snatch and technical clean and
jerk improved by 4 kg and 5 kg, respectively. The Sinclair scores
for these exercises rose by 9 points on average, and the highest
increase was 35.36 points.
The changes observed in the peak torque values (Nm/kg)
of the knee flexors and extensors and of the elbow flexors and
extensors at the beginning of the preparation period and after
its completion are shown in table 2.

Figure 2. Method of measuring the torque of the knee extensors (right)
and elbow flexors (right)

Statistical analysis
The peak values of the muscle torque measured in isometric
conditions and the results achieved in the special and specific
exercises were subjected to statistical analysis. The data were
first tested for normality of distribution using the Shapiro-Wilk
test. Secondly, the differences between mean peak torque values measured at the beginning of the preparation period and
those measured at the beginning of the immediate pre-competition period were examined by means of Student’s paired
t-test. A similar approach was applied to the results obtained
in the special and specific exercises. Finally, Pearson’s correlation coefficients and regression analysis were used to assess the
relationship between the differences in torque values and the
differences in maximal load lifted in the exercises studied. All
the calculations were made using STATISTICA 12 (StatSoft, Poland).

Table 2. Changes in the relative peak torque values generated in the
knee and elbow extensors/flexors at the beginning of the preparation
period and after its completion

Subject

Knee
Extension
Flexion

Elbow
Extension
Flexion

S1

0.40

0.24

−0.26

0.25

S2

−0.21

−0.61

−0.04

0.34

S3

0.73

−0.02

0.11

0.61

S4

0.54

0.26

−0.06

0.29

S5

−0.12

−0.86

−0.49

0.15

S6

0.58

0.12

−0.20

0.33

S7

0.75

−0.35

0.00

0.34

S8

2.09

0.41

−0.01

0.48

A mean increase of 0.56 Nm/kg (p ≤ 0.047) was found in
the relative torque of the knee extensors. The relative torque values of the elbow flexors also increased significantly (0.35 Nm/
kg, p ≤ 0.0002), whereas those of the elbow extensors decreased
insignificantly by 0.12 Nm/kg on average (p ≤ 0.122).
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The statistical analyses showed no significant correlation (p
≤ 0.05) between the torque values of the knee flexors and extensors and the results achieved in the technical snatch and technical clean and jerk. Different findings, however, were obtained
for the elbow extensors. The changes in the relative torque values generated in these muscles correlated strongly with the increases in the results achieved in the technical snatch (R = 0.79)
and technical clean and jerk (R = 0.81).
We also determined the relationship between changes in
the relative peak torque values generated in the knee and elbow
flexors and extensors and those in the results achieved by the
subjects in selected special exercises (tab. 3).

Table 3. Pearson’s correlation coefficients for the changes in the results
achieved in selected special exercises and the relative peak torque
values generated in the knee and elbow extensors/flexors

Exercise
Back squat
Front squat
Clean from the hang
position
Snatch from the hang
position
Power clean from the
hang position
Power snatch from the
hang position
Power clean
Power snatch

Knee

Elbow

Extension

Flexion

Extension

0.91

0.60

0.25

0.49

0.85

0.33

0.41

0.51

0.83

0.88

0.30

0.49

0.52
0.39

0.13
0.27

−0.11
−0.37

0.19
−0.0002

0.72
0.44
0.86

0.81
0.47
0.83

−0.004
−0.32
0.41

Flexion

0.05
−0.24
0.60

High correlation values were found for the increases in the
relative peak torque generated in the knee extensors and those
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in the results achieved in the snatch from the hang position (R
= 0.91) and the clean from the hang position (R = 0.86) (tab. 2).
The changes in the relative torque values of the knee flexors correlated strongly with the increases in the results achieved in the
power snatch from the hang position (R = 0.88). A lower correlation was found between the changes in the relative torque
values of the elbow flexors and extensors and those in the subjects’ performance in special exercises. Correlations of R = 0.60
and R = 0.41 were found between the relative torque values of
the elbow flexors and extensors, respectively, and the increases
in the results achieved in the clean from the hang position.
The following stage of the statistical analysis included only
the correlations where Pearson’s coefficient was higher than 0.8
and was statistically significant at p ≤ 0.05. The power snatch
from the hang position was not included in the analysis, due
to the fact that it accounted for a low percentage of the exercises performed during the preparation period. This stage of the
analysis consisted in using regression functions to model the
relationship between the results of laboratory tests and those
achieved in special and specific exercises (fig. 4).
The regression function presented in figure 4 makes it possible to predict changes in the Sinclair score based on the changes in relative torque values. The high correlation coefficient (R =
0.91) for the parameters shown in the graph confirms the validity of this prediction.
Using analogous statistical procedures, we derived equations describing the relationships between:
knee flexor torque and the results achieved in the clean
from the hang position
(1)
∆S = 16.515∆MKf + 10.64 (R2 = 0.68),
knee flexor torque and the results achieved in the back squat
(2)
∆S = 15.495∆MEf + 15.314 (R2 = 0.65),
knee extensor torque and the results achieved in the power
clean
∆S = 5.632∆MKe + 3.143 (R² = 0.72),
(3)

Figure 4. The regression function for the changes in Sinclair scores in the snatch from the hang position and increases in the torque of the knee
extensors
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knee extensor torque and the results achieved in the clean
from the hang position
∆S = 11.012MKe + 2.401 (R² = 0.72).		
(4)
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ing. We support this approach; however, it was our goal to determine more general relationships in the data, which would not
have been possible had we analysed the data for each weightlifter individually.

Discussion
Changes in the isometric strength of the knee extensors in
weightlifters over an 8-week-long training period have been investigated by Kopański [15]. The author, however, analysed the
absolute values of the increases in muscle torque and in performance in special and specific exercises. As Kopański himself
acknowledged, using absolute data may make the analysis problematic, since the weight class of some weightlifters may change
during the period that is being examined, which was the case
in Kopański’s study. This methodological issue makes it difficult to estimate the impact of the increases in body mass on the
changes in the results achieved by a weightlifter. The approach
applied in this study is based on relative values, which means
that changes in body mass did not influence the results of the
analysis presented in the study.
The relationship between the torque of the knee flexors and
extensors and the results achieved in barbell squatting by female weightlifters was also assessed by Szyszka et al. [16]. The
authors observed a statistically significant relationship between
these variables in highly trained weightlifters, a finding which
was confirmed with regard to a larger group of special and specific exercises in the current study. They also emphasised the
fact that establishing normative values in the assessment of the
strength capacity of weightlifters should take into account the
impact of various factors which are specific for a given group
(e.g. body mass).
It is commonly known [22, 23] that the muscles which are
to the greatest extent responsible for achieving record scores
in weightlifting are the extensors of the trunk and upper and
lower extremities. Our study has confirmed that performance in
specific exercises in the snatch and clean and jerk is influenced
more by the strength of the extensors than that of the flexors
in the elbow joint, and that mean values of the knee extensors
torque increased significantly during the period analysed.
Relationships between pairs of data are often explored using
the Pearson product-moment correlation coefficient [24, 25],
which is a method we applied in the current study. Apart from
calculating Pearson’s R, we also used regression equations. The
regression functions made it possible to predict changes in the
Sinclair score based on changes in relative static torque values.
Such analyses can be of practical importance, as laboratory tests
can help measure the strength capacity of a given weightlifter. If
the weightlifter’s performance in special or specific exercises is
inferior to the one expected based on laboratory tests, this may
indicate deficiencies in technique. Regression equations can
thus help predict precise scores in weightlifting exercises based
on the results achieved in laboratory tests.
We have identified the strongest correlation between the
snatch from the hang position and mean peak isometric torque
of the knee extensors. The regression equation explains more
than 83% of the cases studied. This exercise can thus be recommended to verify the results obtained in laboratory tests.
It should be noted that this study examined the results
achieved by 8 highly trained weightlifters. In studies which have
dealt with similar issues, the number of subjects is often lower.
For example, the symmetry of the extremities in 6 weightlifters
was assessed by Masoumi et al. [26], and the author emphasised
the importance of performing individual analyses in weightlift-
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Conclusions
The training loads and exercises used in the preparation
period improved the weightlifters’ performance in special and
specific exercises.
A statistically significant relationship was found between
the changes in the relative torque values generated in the extensors and flexors in the knee and elbow joints and changes in the
results achieved in special and specific exercises.
The regression equations used in the study can help predict
sports performance outcomes based on the results of laboratory
tests.
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