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Abstract

The primary aim of the current study was to determine the time curves of changes in the
record scores in the snatch and its variations during a two-year training cycle in young
weightlifters. This study also aimed at assessing the ratios between these scores and at pre-
dicting the snatch record scores at the end of the subsequent annual training macrocycle.
The final purpose was to compare the record scores with the isometric peak torque values
of the trunk and knee extensors. The study involved 16 weightlifters who were tested seven
times at three-month intervals. The overall mean ratios of the record scores in the hang
snatch to those in the snatch and the record scores in the hang power snatch to those in the
snatch were approximately constant and amounted to 0.95 and 0.79, respectively. The over-
all mean ratio between the scores in the power snatch to those in the snatch was approxi-
mately 0.88. Statistically significant differences (p < 0.05) between the individual time
trajectories of record scores in the snatch and its derivatives were identified in two consecu-
tive annual training macrocycles. The error in predicting record results at the end of the fol-
lowing annual training macrocycle was 6.7 + 4.7% or 8.1 * 3.4% depending on the way the
measurement data were modeled. The results of the study also indicate that the measure-
ments of the isometric peak torque of the trunk extensors performed in laboratory conditions
can be useful in diagnosing the strength capacity of young weightlifters.

Introduction

Elite weightlifters typically perform 20,000-25,000 lifts per year. Most of the lifts are done with
aload equal to 80-90% of maximal capacity, and 4-7% are executed at more than 90% of 1 rep-
etition maximum (1 RM) [1,2]. Drechsler [3] reports that in weightlifting training, 10% of the
total time is dedicated to warm-ups, 45% to competitions and specific exercise, 40% to comple-
mentary strength exercise, 3% to supplementary exercise, and 2% to other sport- and training-
related activities. The heavy use of specific exercise in training programs indicates that it is
expected to have a direct influence on improving weightlifters’ performance.
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The use of weightlifting exercises has previously been shown to enhance strength, power,
and speed, hence its popularity within performance training programs in different sport disci-
plines [4-12]. In a survey presented in the work of Waryasz et al. [13], 92% out of 167 crossfit
trainers used weightlifting exercise in their training programs, and a study by Smith et al. [14]
showed that 94.2% applied the snatch and/or its variations.

The basic variations of the snatch (S) are the power snatch (PS), the hang power snatch
(HPS), and the hang snatch (HS). A characteristic feature of the power snatch is that the bar is
only lifted for a short time, since the lifter does not drop into a full catch position [15-16].
Moreover, smaller loads are used in this exercise, thanks to which the barbell can attain higher
vertical velocity. Taking into account the two above-mentioned aspects of the power snatch, it
is presumed that incorporating this exercise in the training causes beneficial neuromuscular
adaptations, which increase the power generated by the lifter’s muscles [7,9,17]. Power is
regarded as a valuable predictor of weightlifters’ performance [18]. It can be defined as a prod-
uct of the weight of the barbell and its vertical velocity (the power of the barbell) and can be
used in assessing exercise intensity [15].

Hang snatches are variations of the snatch where the starting position of the barbell is
above the lifter’s knees. This initial configuration of the body helps the lifter achieve triple
extension, that is extension in the hip, knee, and ankle joints [11,17,19-20]. A smaller differ-
ence between the starting and finishing position of the barbell makes it easier to master the
technique of performing the hang snatch and the hang power snatch. Owing to the fact that
these exercises do not include the technically difficult elements that are characteristic of the
snatch, they are recommended for athletes with shorter training experience, and their use
increases the strength and power capacities of the muscles [15,20].

Snatch derivatives are used mainly as supplementary exercises aimed at improving the tech-
nique and outcomes of the snatch in weightlifters [2,21]. These exercises have also been found
to be beneficial for enhancing motor capacity. Training incorporating the hang snatch was
observed to produce improvements in vertical jump height, 1-RM back squats, and 40-yard
sprint in female collegiate students [19]. A study by Canavan et al. [22] showed that this exer-
cise was useful in developing the power of the lower extremities in football players and track
field athletes. Other authors have noted a strong correlation between power snatch and shot
put/weight throw results in well-trained collegiate throwers [23] as well as between the results
in the hang snatch (and hang power snatch) and isometric knee extensor torque in young
weightlifters [24].

Despite the extensive use of the snatch and its derivatives in training programs in different
sport disciplines, there is no research available identifying time trends in the snatch record
scores and its derivatives over several years of training. Neither has it been investigated
whether there is a similarity between increases in lifters’ record scores in the snatch and
increases in the peak torque of the extensors of the lower extremities responsible for the triple
extension. One way to examine these issues is by long-term modeling of empirical data from
measurements conducted at regular intervals.

In light of the above, the primary aim of the study was to determine the time curves of
changes in the record scores in the snatch and its variations during a two-year training cycle in
young weightlifters. This study also aimed at assessing the ratios between these scores and at
predicting the snatch record scores at the end of the subsequent annual training macrocycle.
The final purpose was to investigate the increases in the peak torque of the trunk and knee
extensors and verify whether these increases corresponded with those in the record scores in
the snatch in the period analyzed.
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Materials and methods
Subjects

The study involved 16 weightlifters, who were selected from a training group of 25 persons.
The criterion for participation in the research was at least one year of training experience and
age below 20 years. One year of specific weightlifting training meant participation in 2-hour
training sessions at least three times a week, during which the techniques of the snatch, the
clean and jerk, and specific exercises were taught and improved. After a one-year training
cycle, the weightlifter was able to correctly perform the basic lifts and exercises, including
those whose performance was analyzed in this article. When the research began, the lifters
were 16.5 * 3.63 years old and had a body mass of 73.38 + 18.91 kg. The participants included
medalists in Polish championships in particular age categories and members of Polish national
teams in European and World Championships. The study was carried out over a two-year
period of specialized weightlifting training. The type of training and the percentage contribu-
tion of specific exercises to the training loads were similar to those described in our previous
work [24]. During this period, the lifters prepared to participate in two main competitions
(Youth European Weightlifting Championships in September 2016 and September 2017), and
during the preparatory phases, they took part in regional and national tournaments. Eight sub-
jects continued their training in the following year, which made it possible to conduct an addi-
tional measurement session at the end of the following training macrocycle in September
2018. Five of the eight weightlifters who did not continue their participation in the research
changed their place of residence and club membership because they started their studies, while
three withdrew for health or personal reasons. The subjects were provided with information
on the research procedure and on the possible risks and benefits related to participating in the
study. All subjects and their parents signed informed consent forms. The investigations were
performed in accordance with the ethical standards of the Helsinki Declaration, and the study
was approved by the University Research Ethics Committee.

Measurements

The record scores in the snatch and its derivatives as well as isometric peak torque values were
measured every three months in the first week of the months given in Table 1. All of these
assessments were made on Mondays because Sunday was a day without training regardless of
the phase of the macrocycle. That way the weightlifters were not tired before the measurement
sessions. Over the following four days, the lifters’ maximal performance in the snatch and its
three derivatives was tested. The tests were performed in a random order. There are 24 permu-
tations of 4 measurement sessions; seven permutations were randomly selected by the com-
puter without repetitions. Each test was preceded with a warm-up, during which loads no
greater than 90% of the lifters’ existing personal best scores were used. Afterwards, the lifters
performed 3 maximal lifts with progressive increases in load, starting from a load equal to or
greater than 90% of 1 RM. The mean increase in the loads between consecutive repetitions was
2 or 3 kg. The repetition with the highest load (1 RM) was recorded as the final result of the

Table 1. Mean body mass of weightlifters during the study in kg (+ SD).

Measurement M,
Date March
2016
Body mass 73.38
(SD) (18.91)

https://doi.org/10.1371/journal.pone.0225891.t001

M, M, M, Ms Ms My
June September December March June September
2016 2016 2016 2017 2017 2017
74.28 75.75 76.51 77.34 78.91 79.41

(18.89) (17.86) (18.41) (20.22) (20.15) (19.96)
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test. Owing to the differences in body mass between subjects and its within-subject variations
over the course of the study, the lifters’ body mass changes were recorded regularly (Table 1),
and the results achieved in particular lifts were converted into Sinclair points. Sinclair coeffi-
cients were calculated according to the formula valid from 1 January 2017 to 31 December
2020.

During the study, the training loads that were implemented were also continuously moni-
tored (Fig 1). The values of loads at measuring points M;-M; are the sums of loads from the
quarter preceding the measurement and were standardized in relation to the subjects’ body
mass (BM).

The peak torque values of the muscles of the lower extremities and trunk were measured in
isometric conditions [9,25-26]. Considering the decisive influence of the trunk and knee
extensors on performance in weightlifting, only the torque of these two muscle groups was
measured. The measurements were carried out on a LR2-P (JBA Zb. Staniak, Poland) measur-
ing station [27]. The subjects adopted a standard position on a chair and were stabilized with
back, thigh, and ankle pads, as shown in Fig 2. The angle in the hip and knee joints was 90
degrees, similarly as in the above mentioned papers. During the test, the lifters completed
three repetitions of extension for no longer than 3 seconds. The current torque values were dis-
played and recorded by a dynamometer, and the best score was used in the analysis.

Statistical analysis

The empirical data were tested for normality of distribution using the Shapiro-Wilk test. Statis-
tical significance was set at p < 0.05. The results of the test confirmed that the data were nor-
mally distributed. The data were then represented in a univariate form. The time of the first
measurement session was set to 0. Due to the fact that the measurements were carried out
quarterly, the time of subsequent sessions increased by 0.25. By coding the first time period as
0, we directly attributed the intercept to the value of the dependent variable in the first
measurement.

In the analysis of our data, we used an individual growth approach [28-31]. This method is
based on hierarchical modeling, where repeated observations from a single subject represent
the level-1 variables, whereas the between-subject variables are defined at level-2. According to
the generally accepted practice in hierarchical modeling, we built several models in order to
answer particular research questions.

tonnes/BM
N w ey

[ay

M1 M2 M3 M4 M5 M6 M7

Fig 1. Relative training volume during the period analyzed.

https://doi.org/10.1371/journal.pone.0225891.g001
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Fig 2. Measurement of peak torque of trunk extensors (left) and knee extensors (right) in isometric conditions.

https://doi.org/10.1371/journal.pone.0225891.9002

One usually begins with an unconditional random intercept model to estimate the intra-
class correlation coefficient (ICC). The unconditional means model was defined as follows:

snatch; = B +r; (1)

:30;' = Yoo T U (2)

where snatch;; represents the snatch score at time i for subject j, By, is the subject-specific inter-
cept (the snatch score at time = 0), r; stands for residual error, y, represents the overall mean
for snatch record scores, and u; is the random deviation from the overall mean. Egs 1 and 2
represent the level-1 and level-2 models, respectively.

In the second stage of the modeling process, we defined the fixed relationship between the
record snatch scores and time at the level-1 as

. . 9
snatch; = By, + ptime; + Bytime; + (3)

where f3; is the subject-specific slope and f3,; is the subject-specific quadratic term for snatch
scores over time.
The coefficients in Eq 1 can be broken down into two components at level-2:

Boj = Voo + ty; (4)
ﬁlj =Y+ Uy; (5)
ﬁ?j = Yoo T Uy (6)

Components Yoo, Y10, and ¥, represent the mean intercept, slope, and quadratic term across
all subjects, whereas u, u,j and u,; represent random deviations from these means for subject
j. The random aspect of these variables indicates that they have variances and covariances, and
the random intercepts, slopes, and quadratic terms may be correlated. The intercept variance
was defined as 71y, the slope variance as 719, and the quadratic term variance as 7y.
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After inserting Eqs 4-6 into Eq 3, the unconditional relationship between snatch record
scores and time was expressed in a compact form as

snatch; = (7, + 7iotimey; + pytimes) + (uy, + uytime, + uytime; +r,), (7)

where the elements in the left bracket define the fixed part of the model, whereas the elements
in the right bracket define the random part of the model.

A brief analysis of training loads (Fig 1) shows that they changed in all subjects in a similar
way. It was therefore reasonable to calculate the average load for each subject and to treat it as
a time-invariant covariate. Eq 4 of the final model was thus modified as follows

ﬂ()j =Yoo + Volloadj + Uy (8)

with load; denoting subject j’s mean load.

Defining the final model in the above way, we assumed that mean load was treated as a pre-
dictor of the intercept. The mean loads of the subjects were also grand-mean centered in order
to simplify the interpretation of the results of the computations.

We performed the statistical analysis in the R environment (R Foundation for Statistical
Computing, Austria) using the ImerTest [32] package, which overloads the basic Imer function
from the Ime4 package [30]. We chose the ImerTest package because it has several useful fea-
tures, such as reporting p-values for anova and summary tables, testing the reduction of ran-
dom-effect terms to simpler structures (ranova method), and performing automatic backward
model selection of fixed and random parts of the linear mixed model (step method). The mod-
els described above were coded in R as follows:

modell = Imer(snatch ~ 1 + (1|subject), data, REML = FALSE) 9)

model2 = Imer(snatch ~ time + I(time?) + (time + I(time®)|subject), +

(10)
“+data, REML = FALSE)

model3 = Imer(snatch ~ time + I(time*) + load + (time + I(time®)|subject), +

(11)
+data, REML = FALSE).

The terms in inner brackets denote the random parts of the models, data is the file in a uni-
variate (long) format, and REML = FALSE means that, instead of the default restricted maxi-
mum likelihood (REML), maximum likelihood (ML) estimation was used for computations.
Applying the ML method allows for a direct comparison between the two models nested in
each other using the anova method [30].

The ImerTest package was chosen since it was assumed that subject record scores were inde-
pendent and homoscedastic over time.

Significant differences in scores between time points were identified using the gls function
(with the corAR(1) argument) from the nlme package. The use of this argument makes it possi-
ble to perform calculations for correlated measurements.

Results

An important element of longitudinal analyses is a preliminary examination of measurement
data, which are presented in Fig 3. During the two-year training period, the lifters’ mean scores
in the snatch improved by 19.78 + 15.63 Sinclair points. As far as particular variations of the
snatch are concerned, the greatest increases were found in the power snatch (18.78 + 10.71
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Fig 3. Mean record scores in the snatch and its derivatives; double arrows indicate the closest statistically significant differences.

https://doi.org/10.1371/journal.pone.0225891.9003

points), followed by the hang power snatch (17.39 + 9.82 points) and the hang snatch

(16.86 + 11.32 points). As mentioned earlier, the subjects had at least one year’s training expe-
rience. Thus, it was reasonable to assume that the ratios of snatch derivatives to snatch record
scores were approximately constant, and the overall means of these ratios were calculated. The
overall mean values of the PS/S, HS/S, and HPS/S ratios were 0.88 £ 0.07, 0.95 + 0.06, and

0.79 + 0.07, respectively. The calculation of these ratios for the measurements (M; ... M) con-
firmed the above assumption. Visual inspection of Fig 3 also reveals a non-linear time trend
for the record scores in the snatch and its derivatives and a considerable decrease in these
scores in the second training macrocycle.

Table 2 presents the results of statistical analysis for the models. The ICC for model 1 was
204.81/(204.81 + 90.13) = 0.69, suggesting that about 69% of the total variation in the snatch
record scores was due to between-subject differences. It was evident that the relationship
between snatch record scores and time could be identified using an individual growth curves
approach.

The results of model 2 show that the average snatch record score at M; was 108.85 Sinclair
points, the average linear slope was 23.10 (Sinclair points)/quarter, and the quadratic term was
~6.34 (Sinclair points)/quarter”. All coefficients were significant (p < 0.001) indicating
between-subject differences in the initial snatch record scores and in the values of linear and
quadratic coefficients of time trajectories. As expected, the anova method applied to models 1
and 2 returned a very large value of the y” statistic at the level of 159.5. The corresponding p-
value of about 107'® proved that model 2 fit the data considerably better. It also turned out that
the value of pseudo R, (204.81 — 11.98)/204.81 = 0.94, explained almost 94% of within-subject
variability.
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Table 2. Estimation of model parameters.

Parameter

Model 1

Model 2

Model 3

Coefficient (SE)

Fixed effects

Intercept (Yoo for B,;)

121.02*** (3.69)

108.85*** (4.68)

108.84*** (4.96)

Time (¥, for B1)

23.10%** (2.79)

23.10%** (2.81)

Time® (720 for ﬁzj)

—6.34"** (1.60)

—6.34"** (1.62)

Load (7, for By) 9.37* (3.96)
Variance (SD)

Random effects

Level-1 residual (r;) 204.81 (14.31) 11.98 (3.46) 11.92 (3.46)

Level-2 residuals

Intercept (1449) 90.13 (9.49) 340.95 (18.47) 384.56 (19.61)
Slope (u;0) 35.95 (5.99) 37.76 (6.15)
Quadratic term (u59) 4.66 (2.16) 5.48 (2.34)
—2LL 867.2 707.7 703.6
*p<0.05

*** p < 0.001

LL-log likelihood

https://doi.org/10.1371/journal.pone.0225891.t002

The results of model 3 revealed significant between-subject differences in the subjects’
intercept, slope, quadratic term (p < 0.001), and average load (p < 0.05) values. The anova
method applied to models 2 and 3 returned a 3> value of 4.13 (p < 0.05), confirming that
model 3 fit the data significantly better. It is no surprise that the average trajectory for model 3
had the same coefficients as the trajectory for model 2. After subject loads were grand-mean
centered, the y,, coefficient did not affect the average trajectory for model 3 but influenced the
intercepts of the individual trajectories.

Fig 4 (left) shows the time trajectories of the snatch record scores fitted with model 2. The
differences between the individual trajectories and the differences between these trajectories
and the average trajectory (red thick line) are clearly visible. It can also be noted that the snatch
record scores of some subjects (e.g., S, and S;,) decreased in the two-year training cycle.

Derivatives of the snatch are an important component of training loads. For this reason, the
trajectories of these targeted exercises were obtained using the unconditional model 2. A

170 .
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Fig 4. Estimated individual time trajectories in the snatch (left) and average time trajectories of the snatch and its derivatives (right) in the two-
year training cycle; thin lines mark 95% confidence intervals.

https://doi.org/10.1371/journal.pone.0225891.g004
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Fig 5. Root mean square errors between snatch record scores and isometric peak knee extensor torque
(Snatch_KT) and between snatch record scores and isometric peak trunk extensor torque (Snatch_TT).

https://doi.org/10.1371/journal.pone.0225891.9005

comparison of the average curves for the snatch and its derivatives is presented in Fig 4 (right).
A similar pattern of the snatch, hang snatch, and hang power snatch curves can be easily recog-
nized, as can a non-monotonous pattern of the power snatch curve. The values of ¥,y coeffi-
cients for the hang snatch, the hang power snatch, and the power snatch were —6.44, —5.08,
and —10.21, whereas the values of y;, were 20.09, 18.32, and 27.19, respectively.

The closest significant statistical differences between the successive measurements are pre-
sented in Fig 3. The highest values of Cohen’s coefficient for correlated measurements were
1.09 for the snatch, 1.24 for the power snatch, 0.96 for the hang snatch, and 0.93 for the hang
power snatch, and they occurred between the first (M;) and second measurement (M;). This
indicates a large effect size in each case.

Eight trajectories were extrapolated over time without being constrained by the results at
the end of the third training macrocycle. The mean relative percentage error between the
actual and estimated values was 8.1 + 3.4% for model 2, 6.7 + 4.7% for model 3, and 9.4 + 4.8
for ordinary least squares approximation in Excel. No statistically significant differences were
found between these errors.

As for relationships between the snatch record scores and the isometric peak torques of the
knee and trunk extensors, discrete sets of empirical data for these variables were first normal-
ized (i.e., the mean of each variable was zero, and the standard deviation was equal to 1) in
order to make it possible to compare them. The root mean square errors between the snatch
record scores and isometric peak knee extensor torque and those between the snatch record
scores and isometric peak trunk extensor torque were then calculated for each subject. The
results of these calculations are shown in Fig 5. It is visible that lower values of root mean
square error occurred between the snatch record scores and trunk extensor torque
(Snatch_TT). The difference between Snatch_TT and knee extensor torque (Snatch_KT) was
also statistically significant (p < 0.05).

Discussion

The primary aim of the study was to identify the time trajectories of the record scores achieved
in the snatch and its different variations during a two-year training cycle in young weightlif-
ters. The calculations were made using an individual growth approach, and, in line with
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generally accepted practices in the field [28-30], several models were constructed. The results
of the calculations showed that the method had been chosen adequately since there were statis-
tically significant differences between individual subject trajectories, and second-degree poly-
nomial approximation was sufficient.

The second aim of the study was to predict record scores in the snatch at the end of the fol-
lowing annual training macrocycle. Considering the fact that the models explained approxi-
mately 94% of within-subject variability, an absolute relative percentage error between actual
and predicted values of 6.7% and 8.1% can be regarded as satisfactory. This article has
described in detail the results for two models, but it is worth mentioning that several other
models were tested when making the calculations. For example, one of the models used the
time-varying covariate load instead of time as a predictor, according to the algorithm
described by other authors [33-34] (-2LL = 730, error = 6.1%), and another model was created
by combining this model with model 2 (-2LL = 689.3, error = 9.3%). These results and those
given in Table 2 suggest that a better fit of the model to the measurement data (smaller —2LL)
had a minor negative impact on its predictive value.

The power snatch is one of the fundamental special exercises which make it possible to
improve the performance of the snatch. During the power snatch, a lifter does not need to per-
form a full squat when receiving the bar [6,15,16], which makes it easier to execute than the
snatch. For this reason, the power snatch is often used in the training of young weightlifters
[24] and non-professional weightlifters [35-36]. Higher values of coefficients y;¢ and ¥,y com-
pared to those for the snatch indicate that mean increases in record scores in the power snatch
occurred at a faster rate, and the trajectory of these records was more curved. Starting from
measurement My, there was a decrease in the values of the record scores despite a considerable
increase in the training loads applied during this period. The results confirm the reports of
other authors that further improvement of the results in this exercise requires an increase in
lifters’ speed capacity [37] or the adequate use of other snatch variations in the training pro-
gram [16].

An exercise that is often used in Olympic weightlifting training [1,15] and in crossfit train-
ing [13] is the hang snatch, in which the starting position for the barbell is at the knees, and the
finishing position is the same as the one used in the snatch. An important element of this exer-
cise is an adequate level of the flexibility angle in the ankle joint and a correct balance of the
body with respect to the barbell. Thus, the hang snatch is classified as an exercise which is diffi-
cult to perform from a technical point of view. Comparable values of the y,, coefficients for
the snatch and the hang snatch indicate a similar curvature of the trajectory, while the some-
what higher value of the y;, coefficient for the snatch evidences a higher increase in the record
scores in the snatch compared to the hang snatch. The similarities between the curves also
indirectly indicate that the subjects, who had minimum one-year training experience, had
mastered the adequate technique of performing this exercise. This observation is additionally
confirmed by the fact that the ratio of the record scores in the hang snatch to those in the
snatch remained at an approximately constant level of 0.95.

Another snatch variation which is frequently implemented in strength training in different
sport disciplines is the hang power snatch [19,22]. This exercise is similar to the power snatch,
but the starting position of the barbell is at the knees. In specific Olympic weightlifting train-
ing, the hang power snatch is used to improve the speed of performing the second pull during
the snatch. In this exercise, similarly as in the power snatch, an adequate flexibility angle in the
ankle joint and a correct balance of the lifter’s body with respect to the barbell are less impor-
tant. Therefore, mastering the appropriate technique of performing the hang power snatch is
not difficult [37], and that is why it is used in the training of novice weightlifters. The study
showed that the trajectories of the record scores in the hang power snatch were similar to
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those in the hang snatch and the snatch. The ratio of the record scores in the hang power
snatch to those in the snatch remained at an approximately constant level of 0.79, which is an
additional reason to use the hang power snatch in the training of young weightlifters and other
athletes.

The largest statistically significant differences for the snatch and its derivatives were found
at the beginning of the specialized weightlifting training. The statistically significant increase
in record scores in the snatch was observed every 3 months until the beginning of the second
training macrocycle (Ms). This confirms the efficacy of the applied training program focused
on the improvement of record scores in this lift. The significant increase in record scores in
the snatch derivatives was not so regular, especially in the case of the power snatch.

An unquestionable advantage of using the snatch and its variations in the training of weigh-
tlifters and athletes practicing other disciplines is that it helps them master the habit of triple
extension [1,17, 19-20]. Since at the beginning of hang snatches, the muscles of the lower
limbs and trunk work in isometric conditions [38], the strength of these muscles was assessed
using the isometric peak torque of these muscles. The isometric peak relative torque values of
the knee extensors ranged from 4.98 + 0.76 Nm/kg (M;) to 5.55 + 1.08 Nm/kg (M) and
approximately corresponded with the mean values of this torque (4.86 Nm/kg) measured for
the joint angle of 96° in recreational weightlifters aged 39.2 years [4]. The current values were,
on the other hand, higher than those achieved by young weightlifters (4.18 Nm/kg) in the
study of Jaszczuk et al. [25]. The values of trunk extensor torque changed between 6.37 + 1.11
Nm/kg (M;) and 9.91 £ 2.03 Nm/kg (M;). Starting from M, (8.29 + 1.41 Nm/kg), they were
similar to those obtained by the young weightlifters (9.19 Nm/kg) examined by Jaszczuk et al.
[25].

The changes in the torque of the trunk extensors approximately corresponded with the
changes in the record scores in the snatch. This would mean that the training undergone by
weightlifters in the initial period of their careers leads to a synchronous increase in the strength
of the trunk extensors. This observation is supported by the calculations made by Bartonietz
[15], which showed that during the performance of the snatch the power generated in the hip
joint is more than 3 times greater than that generated in the knee joints. Similar results were
reported by Lee et al. [35], who investigated the power snatch in non-professional
weightlifters.

When discussing the findings of the current study, one should emphasize the importance of
at least three factors that can limit the strength of the conclusions drawn from the research.
The first factor is the accuracy of determining the values of 1 RM in the snatch and its varia-
tions. The measurement resolution that was used (2.5 kg) produced errors amounting to at
least 5% in the values of the record scores in the hang snatch and the hang power snatch in
some of the weightlifters in M; and M,. The second factor which made it difficult to interpret
the results obtained was the use of new equipment to perform the isometric measurements of
the torque of the trunk and knee extensors, for which there are no referential data for young
weightlifters. Finally, we assumed subject record scores were independent and homoscedastic
over time. In order to verify this assumption, we performed additional computations using the
Ime function from the nlme package [30], which makes it possible to check models with vari-
ous forms of heteroscedasticity and autocorrelation. The computations did not show statisti-
cally significant differences (p < 0.082) between model 2 and its extended version containing
autoregressive (corAR1()) and heterogeneity terms or between model 3 and its extended ver-
sion (p < 0.074). However, low p-values suggest that some of the variability of the measure-
ment data may be explained when subject record scores are non-independent and
heteroscedastic over time.
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Conclusions

The results of the study revealed that the highest level of correspondence between perfor-
mances in the snatch and the hang snatch as well as the snatch and the hang power snatch jus-
tifies implementing these exercises at the beginning of the careers of young weightlifters with
the aim of helping them perfect the Olympic-style snatch. These exercises are also useful in
other sport disciplines where learning the complicated technique of the snatch is not a priority
in the training.

We believe that knowing the ratios between the record scores for the snatch and its varia-
tions may be important both for the coaches of young weightlifters and crossfit trainers.
Young weightlifters make the greatest progress at the beginning of their sport career, and an
adequate selection of special exercises as well as of their volume and intensity is one of the key
elements of planning athletic training. Crossfit trainers, on the other hand, work with persons
who have various levels of motor capacity, for whom the selection of an appropriate load is dif-
ficult, and the performance of 1 RM may be dangerous.

Tracking record scores in the snatch at regular intervals makes it possible to predict future
results, and the trend in these scores is not linear in young weightlifters.

The changes in the isometric peak torque values of the trunk in the two-year training
macrocycle corresponded with the changes in the record scores in the snatch, which justifies
using the measurement of these torques in diagnosing the strength capacities of young weigh-
tlifters on an ongoing basis.

Supporting information

S1 Dataset. Empirical data coded in a long format; loadBM_mean appears in the text as
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(XLSX)

Acknowledgments

The research was financed from Grant No. 0045/RS3/2015/53 awarded by the Polish Ministry
of Science and Higher Education.

Author Contributions

Conceptualization: Adam Czaplicki, Janusz Jaszczuk.

Data curation: Adam Czaplicki, Paulina Szyszka.

Formal analysis: Adam Czaplicki, Paulina Szyszka, Jarostaw Sacharuk, Janusz Jaszczuk.
Funding acquisition: Adam Czaplicki.

Investigation: Paulina Szyszka, Jarostaw Sacharuk, Janusz Jaszczuk.
Methodology: Adam Czaplicki, Janusz Jaszczuk.

Project administration: Adam Czaplicki.

Resources: Adam Czaplicki, Paulina Szyszka, Jarostaw Sacharuk.
Software: Adam Czaplicki.

Supervision: Adam Czaplicki, Janusz Jaszczuk.

Validation: Adam Czaplicki.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225891 December 3, 2019 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0225891.s001
https://doi.org/10.1371/journal.pone.0225891

@ PLOS|ONE

Longitudinal analysis of the snatch and its variations record scores

Visualization: Adam Czaplicki.

Writing - original draft: Adam Czaplicki, Paulina Szyszka.

References

1.

10.
1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Zatsiorsky VM. Intensity of strength training facts and theory: Russian and Eastern European approach.
National Strength and Conditioning Association Journal. 1992; 14: 46-57.

Storey A, Smith HK. Unique aspects of competitive weightlifting performance, training and physiology.
Sports Med. 2012; 42: 769-790. https://doi.org/10.2165/11633000-000000000-00000 PMID:
22873835

Drechsler A. The weightlifting encyclopedia: A guide to world class performance. 1sted. Flushing: Ais
A Communications; 1998.

Hass CJ, Garzarella L, De Hoyos D, Pollock ML. Single versus multiple sets in long-term recreational
weightlifters. Med Sci Sport Exerc. 2000; 32: 235-242.

Hoffman J, Cooper J, Wendell M, Kang J. Comparison of Olympic vs. traditional power lifting training
programs in football players. J Strength Cond Res. 2004;18129-135.

Lauder MA, Lake JP. Biomechanical comparison of unilateral and bilateral power snatch lifts. J Strength
Cond Res. 2008; 22: 653—660. https://doi.org/10.1519/JSC.0b013e3181660c89 PMID: 18438258

Ratamess NA, Alvar BA, Evetoch TK, Housh TJ, Kibler WB, Kraemer WJ, Triplett NT. Progression
models in resistance training for healthy adults. Med Sci Sports Exerc. 2009; 41: 687—707. https://doi.
org/10.1249/MSS.0b013e3181915670

Winchester JB, Porter JM, McBride JM. Changes in bar path kinematics and kinetics through use of
summary feedback in power snatch training. J Strength Cond Res. 2009; 23: 444—-454. https://doi.org/
10.1519/JSC.0b013e318198fc73 PMID: 19209074

Haff GG, Nimphius S. Training principles for power. Strength Cond J. 2012; 34: 2—-12.
Holmberg PM. Weightlifting to improve volleyball performance. Strength Cond J. 2013; 35: 79-88.

Suchomel TJ, Comfort P, Stone MH. Weightlifting pulling derivatives: Rationale for implementation and
application. Sports Med. 2015; 45: 823—-839. https://doi.org/10.1007/s40279-015-0314-y PMID:
25689955

James LP, Haff GG, Kelly VG, Connick MJ, Hoffman BW., Beckman EM. The impact of strength level
on adaptations to combined weightlifting, plyometric, and ballistic training. Scand J Med Sci Sports.
2018; 28: 1494-1505. https://doi.org/10.1111/sms.13045 PMID: 29281133

Waryasz G, Suric V, Daniels AH, Gil JA, Eberson CP. CrossFit instructor demographics and practice
trends. Orthop Rev. 2016; 8: https://doi.org/10.4081/0r.2016.6571

Smith MM, Sommer AJ, Starkoff BE, Devor ST. Crossfit-based high-intensity power training improves
maximal aerobic fitness and body composition. J Strength Cond Res. 2013; 27: 3159-3172. https://doi.
org/10.1519/JSC.0b013e318289e59f PMID: 23439334

Bartonietz KE. Biomechanics of the snatch: Toward a higher training efficiency. Strength Cond J.
(1996); 18: 24-31.

Waller M, Townsend R, Gattone M. Application of the power snatch for athletic conditioning. Strength
Cond J. 2007; 29: 10-20.

Cormie P, McGuigan MR, Newton RU. Developing maximal neuromuscular power. Part 2 —training con-
siderations for improving maximal power production. Sports Med. (2011); 41: 125—1486. https://doi.org/
10.2165/11538500-000000000-00000 PMID: 21244105

Garhammer J. A review of power output studies of Olympic and powerlifting: methodology, perfor-
mance, prediction, an evaluation tests. Strength Cond 1993; 7: 76-89.

Ayers JL, DeBeliso M, Sevene TG, Adams KJ. Hang cleans and hang snatches produce similar
improvements in female collegiate athletes. Biol Sport. 2016; 33: 251-256.4 https://doi.org/10.5604/
20831862.1201814 PMID: 27601779

Hedrick A, Wada H. Weightlifting movements: Do the benefits outweigh the risks? Strength Cond J.
2008; 30: 26-35.

Poletaev P, Cervera V, Coach W. The Russian approach to planning a weightlifting program. Strength
Cond 1995; 17: 20-6.

Canavan PK, Garrett GE, Armstrong LE. Kinematic and kinetic relationships between an Olympic-style
lift and the vertical jump. J Strength Cond Res. 1996; 10: 127-130.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225891 December 3, 2019 13/14


https://doi.org/10.2165/11633000-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22873835
https://doi.org/10.1519/JSC.0b013e3181660c89
http://www.ncbi.nlm.nih.gov/pubmed/18438258
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1519/JSC.0b013e318198fc73
https://doi.org/10.1519/JSC.0b013e318198fc73
http://www.ncbi.nlm.nih.gov/pubmed/19209074
https://doi.org/10.1007/s40279-015-0314-y
http://www.ncbi.nlm.nih.gov/pubmed/25689955
https://doi.org/10.1111/sms.13045
http://www.ncbi.nlm.nih.gov/pubmed/29281133
https://doi.org/10.4081/or.2016.6571
https://doi.org/10.1519/JSC.0b013e318289e59f
https://doi.org/10.1519/JSC.0b013e318289e59f
http://www.ncbi.nlm.nih.gov/pubmed/23439334
https://doi.org/10.2165/11538500-000000000-00000
https://doi.org/10.2165/11538500-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21244105
https://doi.org/10.5604/20831862.1201814
https://doi.org/10.5604/20831862.1201814
http://www.ncbi.nlm.nih.gov/pubmed/27601779
https://doi.org/10.1371/journal.pone.0225891

@ PLOS|ONE

Longitudinal analysis of the snatch and its variations record scores

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.
38.

Stone MH, Sanborn K, O’Bryant HS, Hartman M, Stone ME, Proulx C, Ward B, Hruby J. Maximum
strength-power performance relationships in collegiate throwers. J. Strength Cond Res. 2003; 17: 739—
745. https://doi.org/10.1519/1533-4287(2003)017<0739:msrict>2.0.co;2 PMID: 14636111

Szyszka P, Jaszczuk J, Sacharuk J, Parnicki F, Czaplicki A. Relationship between muscle torque and
performance in special and specific exercises in young weightlifters. Pol J Sport Tourism 22: 2016; 23:
127-132.

Jaszczuk J, Wit A, Trzaskoma Z, Iskra L, Gajewski J. Biomechanical criteria of muscle force evaluation
in the aspect of top-level athletes selection. Biol Sport. 1988; 5: 51-64.

Cieslinski M, Jéwko E, Sacewicz T, Cieslinski |, Ptaszewski M. Low-level laser therapy and the recovery
of muscle function after a single session of neuromuscular electrical stimulation: A crossover trial. Pol J
Sport Tourism. 2018; 25: 3-9.

Czaplicki A, Sliwa M, Szyszka P, Sadowski J. Biomechanical assessment of strength and jumping abil-
ity in male volleyball players during the annual training macrocycle. Pol. J Sport Tourism. 2017; 24:
221-227.

Bliese PD, Ployhart RE. Growth modelling using random coefficient models: Model building, testing and
illustrations. Organ Res Methods. 2002; 5: 362—-387.

Shek DTL, Ma CMS. Longitudinal data analysis using linear mixed models in SPSS: Concepts, proce-
dures and illustrations. Sci World J. 2011; 11: 42—-76.

Bates DM, Méaechler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat
Softw. 2015; 67: 1-48.

Ntoumanis A, Stenling A, Thggersen-Ntoumani C, Vlachopoulos S, Lindwall M, Gucciardi DF, Tsakoni-
tis C. Longitudinal associations between exercise identity and exercise motivation: A multilevel growth
curve model approach. Scand J Med Sci Sports. 2017; 28: 746—753. https://doi.org/10.1111/sms.
12951 PMID: 28742272

Kuznetsova A, Brockhoff PB, Christensen RHB. ImerTest package: Tests in linear mixed effects mod-
els. J Stat Softw. 2017; 82: https://doi.org/10.18637/jss.v082.i02

Raudenbush SW, Bryk AS. Hierarchical linear models: Applications and data analysis methods. 2" ed.
Thousand Oakes: Sage; 2002.

Singer JD, Willet JB. Applied longitudinal data analysis. 1°'ed. New York: Oxford Press; 2003.

Lee S, DeRosia KD, Lamie LM. Evaluating the contribution of lower extremity kinetics to whole body
power output during the power snatch. Sport Biomech. 2018; 17: 554-566.

Lee S, DeRosia KD, Lamie LM. Determining the best combination of ground reaction force parameters
for maximising power during the power snatch. Int J Perf Anal Spor. 2019; 19: 313-322.

Urso A. Weightlifting. Sport for all sports. 1sted. Torgiano: Tipografia Mancini; 2013.

DeWeese BH, Serrano AJ, Scruggs SK, Burton JD. The midthigh pull: Proper application and progres-
sions of a weightlifting movement derivative. Strength Cond J. 2013; 35: 54-58.

PLOS ONE | https://doi.org/10.1371/journal.pone.0225891 December 3, 2019 14/14


https://doi.org/10.1519/1533-4287(2003)017<0739:msrict>2.0.co;2
http://www.ncbi.nlm.nih.gov/pubmed/14636111
https://doi.org/10.1111/sms.12951
https://doi.org/10.1111/sms.12951
http://www.ncbi.nlm.nih.gov/pubmed/28742272
https://doi.org/10.18637/jss.v082.i02
https://doi.org/10.1371/journal.pone.0225891

