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Abstract

This study features an analysis of the influences and effects of varying forms of execution while performing resistance training
exercises from an ergonomic viewpoint using the University of Michigan’s 3D Statistic Strength Prediction Program (3DSSPP).
The exemplary use case chosen is the performance of Deadlifts (DL), one of the main full body training exercises in resistance
training. The purpose of this study is to show the potential ergonomic problem of lower back impact of the exercise when
executed with inaccurate form using the 3DSSPP to exemplary assess the usability of this form of software analysis for the
specific area of exercises in resistance training. Based on the findings from the analysis and the results, it can be concluded
that according to the software a possible indicator for poor technique especially during phase 1 to 3 is the lower strength
requirements on torso and hips in these postures when rounding the back, explaining why people tend to make these mistakes.

KeyWOI‘dS: Computer-Aided Ergonomics; 3DSSPP; Lower Back; Resistance Training Exercises

J

Introduction

Performing resistance training exercises is commonly
known as a means not only to improve performance for
professional sportsmen and sportswomen but is also widely
used in areas of rehabilitation, injury prevention and health
maintenance for the general public. Resistance training has
been shown to be one of the great alternatives to improve
muscular strength [1]. Deadlift is frequently performed
primarily when the goal is the strengthening of thigh and
posterior chain muscles; specifically gluteus, hamstrings,
erector spinae and quadriceps [2]. Besides the positive
effects provided by resistance training there is also a certain
health risk to be considered, especially for inexperienced
and young people. Studies on injuries caused by weightlifting
in different age groups for example showed that the age
group of 23-30 year olds shows a lower amount of accidental
caused injuries than younger groups but also that over 40%
of that injuries are located in the trunk area [3]. In addition,
studies on resistance training of young athletes for example
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suggest, that most of the injuries among younger athletes
stem from insufficient supervision of the young and often
less experienced athletes, which results in poor exercise
techniques and wrong assessment of training loads [4].
Koderi, et al. [5] performed a study to determine the effect
of three different stances which were narrow, shoulder, and
wide stance on the number of repetitions completed and the
level of muscle activation during Romanian deadlift (RDL).

These two pointers exemplary show the ergonomic
risk of resistance training, especially if performed with
poor technique for whatever reason (inexperience, wrong
assessment of own performance, inadequate training loads).
The deadlift, a full-body exercise putting most effort on the
lower body and the back, shows a significant risk for the
trunk, or to be more exactly for the lower back, which will
be shown later in the task description. The goal is to assess
the use of modern means of analysis (3D analytical software)
to show and reproduce the results form former research, in
order to enable its usage to develop and evaluate solutions
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for prevention and handling of the identified problems.

The literature review contained different areas to be
covered. Starting off the project with suitable descriptions
for the exercise in focus (the deadlift) [6,7] and additional
sources to identify common mistakes and posture variations
[4,8] further review led to more insight into the dynamics of
different exercise variations and the expectable outcomes
[3,9]. Also information regarding the analysis had to be
reviewed regarding the biomechanical process of the
exercise [10] and last but not least the information needed
to operate and assess the usability of the 3DSSPP software
used in the project [11]. Finally information on how to
interpret the levels and limits of measurements used within
in the software had to be gathered and interpreted in order
to allow a proper assessment of the results later on National
Institute for Occupational Safety and Health [12] and Center
for Disease Control and Prevention (CDC), National Center
for Health Statistics (NCHS) [13].

Methodology

Problem Statement/Task Description

The Deadlift (DL): While there are numerous descriptions
in the literature, it can be summarized that there are different
variations of the DL. The most known are: Conventional DL,
Stiff-legged DL, Romanian DL, Sumo DL. Additional variation
can be incorporated by adjusting stance width, standing on
one leg, different grips and the use of different weight forms
as there are barbells, dumbbells kettlebells, weight-vests
or simply body weight. Most of the variations are meant to
be used for specific application areas or to reach certain
training goals. But being a full body exercise the application
area for the DL is wide and can be of diverse use. For this
study, the focus lies on the conventional DL for a simple
reason. To assess the usability of a tool to analyze a certain
problem, a variation is selected that will expectably have a
higher and therefore more significant impact on the lower
back. As for example McGuigan and Wilson [10] state in their
comparison of conventional and sumo style DL, the sumo DL
has different mechanical advantages with a more upright
trunk posture leading the way causing a lower L4 /L5 torque
[10]. The technique used to perform the conventional DL can
be seen in different phases but should always be foregone by
a proper setup.

Therefore, the execution is divided into the following phases:
e Setup / stance and posture adjustment

e Liftstart

e Lift below the knee

e Lift above the knee

e Lift End

The segmentation into an important preparation [7] and the
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4 lifting phases chosen for this description and according
to other sources [6] will later be beneficial to have different
“static” postures to analyze via the 3DSSPP software.

Three Dimensional Statistic Strength Prediction
Program (3DSSPP)

In this study, the 3DSSPP software was performed to
assess in terms of usability for the analysis of movements
in resistance training. It is meant to predict static strength
requirements for different tasks using posture data, forces
and anthropometry. Different outputs can be generated like
percentages of populations who will be able to perform
a simulated job in terms of strength, data comparisons
to NIOSH guidelines and the spinal compression forces
that will be of interest for this study. Features like the 3D
graphic illustration and the automatic posture generator
can help to set up the model properly to the DL. A special
purpose mentioned in the description of the software on
the University of Michigan’s homepage is the usability of
the software for “the analysis of the “slow” movements
used in heavy materials handling tasks since biomechanical
computations assume that the effects of acceleration and
momentum are negligible” [11]. Based on this assumption,
it is aimed to assess the usability for the resistance training
movement, which also shows comparable characteristics of
the “slow movements in heavy material handling” mentioned
above.

Results and Discussion

The first finding while using the software to generate
the results is that in order to compare the lower back
impact for the postures we need to adjust the angles of
trunk flexion as well as the pelvic flexion independently.
For the trunk flexion this is no problem since it is adjustable
for every posture separately. A direct posture input for the
pelvic flexion angle is missing in the software even though
both joints are displayed in the 3D models. Nevertheless,
the pelvic flexion can be accessed by a parameter called
“additional pelvic forward rotation” in the support section of
the task input menu [11]. This parameter is originally meant
as a “seating parameter” to help simulating for example
standing (0° additional pelvic forward flexion), sitting (-15°)
or wheelchair (-25°). Using this feature it is able to align
the simulation models to the postures needed for the DL.
One software-design induced problem still remains. The
3DSSPP software provides a “dynamic mode” that allows the
analyst to capture postures as a sequence and combine static
postures to a virtual dynamic model. Since the pelvic flexion
angle is not modeled as an adjustable posture parameter but
as support parameter it is not adjustable individually for
every posture. Changing the parameter for one posture will
change it for all postures in the dynamic model. Therefore it
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is not possible to make use of the dynamic model in order
to compare different sequences of execution techniques
and we will compare every single posture of the DL to it's
comparable posture when using poor technique or making
mistakes.

The simulation was set up to model a male subject
anthropometrically representing the 50" percentile of the
population and a hand load of 60 lbs. resulting in a total
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weight to lift of 120lbs, which is about 23 of the subjects
body weight and represents a reasonable training weight
for a trained recreational sportsman. 3DSSPPs automatic
posture prediction method called “inverse kinematics” uses
algorithms to compute the position of body joints based on
the relative position of hands to feet using behavioral data.
The feature enhanced by manual editing was used to align
body posture and joints naturally but also approximating the
different desired body postures for the DL exercise.

Rounded Rounded
Posture Variation Start |Optimized | Normal | Difference Back Difference | Back, Hanging | Difference
Shoulder
3D Low Back
Compression
L4/L5 1b 1241 1422 -181 1501 -260 1597 -356
Strength Percent
Capable
Wrist % 98 98 98 97
Elbow % 100 100 100 100
Shoulder % 99 98 98 99
Torso % 70 80 -10 83 -13 80 -10
Hip % 70 74 -4 77 -7 74 -4
Knee % 98 96 2 95 3 95 3
Ankle % 98 98 0 99 -1 99 -1
Table 1: Start posture analysis.
Posture Variation B;g:z‘: Optimized R;;:g:::zg g?l:l(’ Difference wesitgl:ti gcl(:;bi?]cgk(’)u t Difference
3D Low Back
Compression
L4/L5 1b 1040 1449 -409 1316 -276
Strength Percent
Capable
Wrist % 95 95 0 94 1
Elbow % 99 99 99
Shoulder % 99 99 99
Torso % 71 79 -8 55 16
Hip % 71 74 -3 59 12
Knee % 97 97 0 99 -2
Ankle % 98 98 0 89 9

Table 2: Below knee posture analysis.
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For the start posture, four different variations were
taken into account. All are characterized by a -20° vertical
upper leg angle. The optimized posture is modeled with a
+30° addition pelvic forward rotation which results in an
approximately similar posture regarding a simulated lower
back (disc compression) force on L4/L5 of 1241 pounds.
The main strength limitation according to the data shown
in Table 1 lays on the torso and the hip, where only 70% of
the population will be capable of performing this posture
regarding their strength. In comparison, the modeled
“normal” posture variation, which has 0° addition pelvic
forward rotation shows higher percentage capable levels,
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what explains why people might use this posture, but also
puts 1422 pounds on the lower back, which is already very
close to the NIOSH back compression upper limit (BCUL) of
1430 pounds.

The second phase of the exercise, where the weight is
moved below the knee, was modeled with a -30° vertical
upper leg angle. Again the optimized posture shows a +30°
additional pelvic forward rotation which results in 1040
pounds lower back compression (Figure 1) and is already
lower than in the start posture (Table 2).
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Figure 1: Below knee posture-optimized.

A0 Low back Campression (i)
Ls |

Shrorgih Pescerd Capable (1]

et [ [1=
Eton )=
Sherkser [ )=
Teeeo [ | 17
He I | 1n
tree In s
arve || o Enlance Acceptable

Coef. of Facton:
MEEPP 605 Liensed b Unlicenced
Cogyaght 2071, Th Regents of the Liniveeiy of Mchagen - ALL RIGHT 5 RESERVED

Moving the weight above the knee (phase 3) was modeled
with -50° vertical upper leg angle and the optimized posture
with a +15° addition pelvic forward rotation indicating
the upbend of the upper body in this phase (Figure 2). As
represented in Table 3, we note a L4/L5 compression of 779
pounds only slightly above the back compression design
limit (BCDL) of 770 pounds according to NIOSH guidelines.
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The limitations regarding strength of torso and hips are
with 80% lower than in the phases before but with 81%
the requirements regarding wrist strength rises. The poor
technique with a rounded back and hanging shoulders (-15°
addition pelvic forward rotation and 0° clavicle horizontal
angle) (Figure 3) again shows higher lower back compression
but not the raised strength requirements on the wrists.
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Posture Variation Above Knee Optimized | Rounded Back, Hanging Shoulders Difference
3D Low Back Compression
L4/L5 1b 779 1002 -223
Strength Percent Capable
Wrist % 81 95 -14
Elbow % 99 99 0
Shoulder % 99 99 0
Torso % 80 84 -4
Hip % 80 84 -4
Knee % 99 97 2
Ankle % 97 98 -1
Table 3: Above knee posture analysis.
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Figure 2: Above knee posture-optimized.

Erman Cakit. Computer-Aided Ergonomics: A Case Study for the Analysis of Resistance Training
Exercises. Ergonomics Int ] 2020, 4(6): 000261.

Copyright© Erman Cakit.


https://medwinpublishers.com/EOIJ

Ergonomics International Journal

B Tep - Vermtiom T s o [ B | EFoent . Ve trom ¥ e = | B Se - View froen X Aua o @]’
(4]
L ]
os
L]
B untithed Tank o | @ | 8 || B 055 - Stetus - Unkithed Task - Frame® ERICER::
Anfranporetn Hand Formes [b) Hand Locations [in]
Gorder Male, Precortle: Slth et E00  Fight GOO

it finf B39, Wik 1950

HSSPPE0 5 Licersed . Urdcsrmed

Figure 3: Above knee posture - rounded back, hanging shoulders.
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Posture Variation End Optimized Sll-llizlgcilgfs Difference | Hyperextended | Difference
3D Low Back Compression
L4/L5 Ib 398 466 -68 369 29
Strength Percent Capable
Wrist % 99 99 0 62 37
Elbow % 100 100 0 99
Shoulder % 99 99 0 97 2
Torso % 98 96 2 99 -1
Hip % 97 96 1 98 -1
Knee % 99 98 1 99 0
Ankle % 98 97 1 99 -1

Table 4: End posture (lock out) analysis.

The final (lock out) posture shows -90° vertical upper
leg angle (straight legs) and an additional pelvic forward
rotation of 0° (Figure 4). The compression on the lower
back is very low now (398 pounds) and well within the
BCDL (Table 4). Also all strength requirement percentages
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are showing no problem regarding performing this posture.
The hanging shoulders, modeled with 0° clavicle horizontal
angle (instead of normal -20° when shoulders are back and
tensed) result in 466 pounds on the back but also within
the BCDL. The hyperextension of the back is modeled with a
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100° trunk flexion (instead of 90°) and -5° clavicle horizontal
angle instead of normal -20° to keep the weight on top of the
thighs. Contrary to the expected values, this posture shows
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a lower compression of the back than the optimized posture
but a significantly higher strength requirement on the wrists
(only 62% capable instead of 99%).
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Figure 4: End posture (lock out)-optimized.

Different conclusions can be drawn from the analysis of
the DL exercise. As expected from the literature review, the
lower back compression was highest in the beginning and
lower at the end of the exercise, supporting the literature.
Also as expected the performance using an optimized
posture, mostly characterized by additional forward
pelvic flexion supporting the lower back, resulted in lower
compression force on the lower back discs. While there are
multiple references and sources for common mistakes and
their impact especially on the lower back, less information
is present on why people are making these mistakes. Based
on the findings from this analysis and the results we can
conclude that according to the software a possible indicator
for poor technique especially during phase 1 to 3 is the
lower strength requirements on torso and hips in these
postures when rounding the back, explaining why people
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tend to make these mistakes. The hanging shoulders, often
accompanying the rounded back in these phases intensify
the effect. Also, an increased wrist strength requirement
towards the end of the exercise (phase 3 and 4) was noticed,
but it is not assessable at this point if this is only task related
or influenced by improper modeling of wrist postures
(which was beyond the scope of the report) or the lack of a
possibility to model the weight as a bar in the software which
will be discussed later on. Other aspects like an explanation
for the hanging shoulders in phase 4 could not be assessed
by the software since according to the measurements there
were no advantages to this posture regarding for example
lower strength requirement on certain joints. So it is not
reproducible why people tend to make this mistake while
there seems to be no need to do so. It was also not possible
to show the expected negative impact on the lower back
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during hyperextension of the back at the end of the exercise
movement (phase 4) with the software.

Some of the findings have to be seen in close relationship
with the assessment of the usability of the software as stated
in the projects purpose. Especially the findings regarding the
wrist strength requirements could be caused by an inaccurate
modeling of the weight as two independent forces on the two
hands. An additional feature in the software to model the
weight as a bar gripped with both hands, which in case of the
DL would be pressed against or lie on the thighs during some
postures, could solve the problem, deliver more reliable
data and improve the usability for this specific and similar
kinds of analysis. Also beyond the scope of this study is the
further assessment of the “inverse kinematics” feature and
if the algorithms in particular support the desired postures
or have to be adjusted. Especially the implementation of
the pelvic flexion in relation to the trunk flexion should be
designed as an adjustable value for the body posture to be
used for dynamic sequences of postures and to be properly
considered in the algorithms.

The software showed its potential the be used in this
analytic environment by supporting finding from foregoing
research (lower back pressure development over the phases,
improvement by using optimized postures) and by revealing
areas or aspects of interest to be further inspected (reasons
for poor technique like lowered strength requirements
on the mainly claimed joints when rounding the back,
wrist strength requirements). Other aspects could not be
supported or questioned (hyper-extension impact on lower
back, hanging shoulders at lock-out) what again shows that
this kind of tool should not be used as single determinant for
an analysis but can very well be used to support and enrich it.

Conclusion

The first aspect to note, before drawing further
conclusions from the results, is that the data gathered using
the 3DSSPP software, especially regarding the lower back
compression limits should be interpreted with care [11].
The data should be used to support findings and enable
further research by revealing or carving out aspects and
relationships within data sets but it should not be used as
single source for determining strength performance or even
workplace, job or task designs. Other assessment tools like
REBA (rapid entire body assessment) and RULA (rapid
upper limb assessment) are available and the appropriate
mix of tools should be chosen according to the task to be
analyzed. But using the data to support for example task
design and assessment of, in this case training exercises,
shows the importance of foregoing assessment of a tool like
this to be used. Therefore, the findings can be divided into
two categories: task related findings regarding the DL and
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findings regarding the usability of the software tool for the
purpose of this analysis.

As already stated, further research should be done in
different areas. Regarding the software, further addition
of features to support the already mentioned aspects like
improvement of usability of the dynamic model through
independent pelvic flexion adjustment and modeling of
additional weight types like for example bars could improve
the overall usability and widen the area of application.
Further assessment of algorithms regarding the wrist
posture modeling in relation to certain grips could support
the application in even more areas. The assessment method
presented in this study will profit from further analysis of
the postures to determine more exact joint angles (wrist
posture, pelvic flexion, leg and shoulder angles etc.) on a
larger test group to enhance validity of the results and the
model itself. For the deadlift exercise itself further research
could be done not only on the effect of poor technique and on
the prevention of it, which both is well researched but in fact
on the biomechanical aspect of why mistakes are made. This
could lead to more and better recommendation of training
weights for different groups of people in recreational and
professional sports as well as in rehabilitation.
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