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ABSTRACT

Pyramid and reverse pyramid loading patterns are used to increase the training
load in resistance training. Although physiological studies have attempted to compare the two patterns,
the difference between the two loading patterns on the biomechanics of the spine and pelvis has not
been determined. This study aimed to investigate the effect of pyramid and inverted pyramid loadings
on spinal and pelvic coordination variability in squat movement.

[VETELE Twelve bodybuilding athletes in Tehran City, Iran, voluntarily participated in this study. The sub-
jects performed squat movements as the pyramid and reverse pyramid at intensities of 50%, 70%, and
90% of ten maximum repetitions. Then, the kinematic information of the three segments of their spine
and pelvis was recorded. Coordination and variability coordination were calculated using a modified
vector coding method.

[THMIE The results of repeated measures analysis of variance showed a significant difference in the coor-
dination pattern for pelvic-lower back coordination, lower-back to lower-trunk spine, and lower-trunk-to-
upper-trunk spine in the intensity of 50%. A significant difference was observed in the coordination pat-
tern, with an intensity of 70% for the lower back and lower trunk spine. Also, no statistical significance was
observed between the pyramidal and inverted pyramidal loading types for spine and pelvis coordination.

[T According to the results of increasing the load in pyramid loading and decreasing the load in
reverse loading, the coordination of distal couplings affected the sagittal plane more than the proximal
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Introduction

esistance training, such as squats, is one of

the most essential exercises for all athletes.

It is also performed as a rehabilitation ex-

ercise in musculoskeletal patients. Also,

it increases the quality of life in normal

people. Among the various methods of re-
sistance training with weights, most athletes use the pyra-
mid and inverted pyramid methods to increase strength.
One of the most vulnerable parts of this heavy workout
is the lumbar region, and deviations from a neutral spine
alignment while performing squats can be considered a
risk for low back pain in the future. Many studies have ex-
amined the biomechanics of squats. However, these stud-
ies considered the spine a single segment, whereas recent
research shows that the lower and upper parts of the spine
can move differently.

According to studies, examining the movement of the
spine in a multisegmental fashion can help understand bet-
ter how the injury happens. Also, identifying the correct
coordination between the limbs using nonlinear analysis
methods, such as vector coding, can be helpful for study-
ing movement patterns to find risk factors that lead to
musculoskeletal injury. It can also be seen that few stud-
ies, from the perspective of coordination and variability
of coordination of the joints of the spine and pelvis during
different loading, have been conducted using nonlinear
analysis. The question now is whether the results of resis-
tance training can have a different effect on the coordina-
tion patterns of the spine and pelvis.

Materials and Methods

A total of 12 bodybuilding athletes in Tehran City,
Iran (Mean+SD age: 24+4 years, MeantSD weight:
72.25+7.31 kg, Mean+SD height: 176.00+7.08 cm, and
Mean£SD training background: 3+1.3 years) voluntarily
participated in this study and provided the consent form
and personal information. The implementation of this
study was approved by the Ethics Committee of the Sports
Science Research Institute. To capture the kinematic data
of the coordination of the spine and pelvis, a motion cap-
ture system equipped with 7 cameras based on a biome-
chanical model of three limbs of the spine with a sampling
rate of 200 frames per second was used. To record the ki-
nematic data by motion analysis system, the anthropomet-
ric dimensions of the subjects were first measured.
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Then, based on the lower limb cluster marking model
and the three-limbed model of the spine, the markers were
installed on the landmarks of the subject’s body. At first, a
static test was performed standing in an anatomical posi-
tion. The subjects used a stationary bicycle for 5 minutes
to warm up. Subjects then performed five repetitions of
squat movement in a pyramidal manner with intensities
of 50%, 70%, and 90% of ten maximum repetitions, and
kinematic information was recorded. The subject rested
for 2-4 minutes between each load. Forty-eight hours
later, the subjects performed the same amount of loading
in an inverted pyramid at intensities of 90%, 70%, and
50% of ten maximum repetitions, and their kinematic in-
formation was recorded. The recorded data were labeled
and filled using Nexus 2.8.1 software. The data were then
filtered with a low-pass Butterworth filter with a cut-off
frequency of 6 Hz. The squat movement cycles were sep-
arated using the vertical position of the marker placed on
the ASIS subjects.

Then, ProCalc 2,1,2 software was used to build a three-
segment model of the spine and pelvic segment. For tem-
poral normalization, the data obtained from the move-
ment cycles from the beginning of the eccentric phase to
the end of the knee flexion position as the first phase of
the movement were temporally normalized to 50 points,
and from the beginning of the concentric phase to the end
of the movement and the maximum knee extension as
the second phase to 50 points. Thus, all movement cycles
were normalized to 100 points, and the coordination and
variability of the pelvic segment to lower back segment
(PL/LB), lower back segment to lower trunk segment
(LB/LT), and lower trunk segment to upper trunk seg-
ment (LT/UT) were calculated using vector coding meth-
od. Also, coordination data were shown as abundance and
variability data as time series in the graphs.

Results

According to the research findings, PL/LB coordina-
tion in the sagittal plane in pyramid and inverted pyra-
mid loading showed a pattern of coordination in pyramid
loading compared to inverted pyramid loading at 50% of
ten repetitions of maximum squat motion in the eccentric
phase between 90-45 degrees in-phase increases signifi-
cantly with the dominance of the distal segment (PL). In
this phase, PL. moves more and more forward than LB,
and the pressure distribution in this segment is higher than
in the upper segment. This unequal pressure distribution
may increase the potential for injury in athletes’ PL. Also,
by examining the results of LB/LT coordination patterns
on the sagittal plane, it is observed that at 50% intensity,
the ten repetitions of the maximum squat motion in the
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concentric phase increase significantly in the pyramid
loading of the coordination patterns between 135-90 de-
grees as anti-phase with the dominance of the distal seg-
ment (LB).

Increasing the intensity from 50% to 70% of 10 maxi-
mum repetitions in the eccentric phase between 360 and
315 reduces the anti-phase coordination with the domi-
nance of the distal segment (LT). It can be concluded that
in pyramid loading at high intensities, the pressure distri-
bution on the LB segment is higher, which can increase
the potential for injury at high intensities in the LB seg-
ment in the concentric phase in athletes, in which case the
flexion transfer to the LB extension is well This pattern
leads to poor lumbar-pelvic thythm and harder movement
to the spine, putting more pressure on the lumbar spine.
Also, by examining the results of LT/UT coordination
patterns on the sagittal plate, it was observed that at the
intensity of 50% of 10 repetitions of the maximum squat
motion in the concentric phase, the in-phase coordination
patterns increase significantly with the dominance of the
distal segment (LT). Therefore, it can be said that in pyra-
mid loading, LT is 50% stronger and more forward than
UT, and the pressure distribution on the LT segment oc-
curs more frequently.

Conclusion

According to the results of increasing the load in pyra-
mid loading and decreasing the load in reverse loading,
the coordination of distal couplings affected the sagittal
plane more than the proximal. It is recommended to use
the reverse pyramid method for exercises and be more
careful when performing pyramid exercises.
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11. Statistic Parametric Mapping (SPM)
12. Pelvis (PL)
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