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The deadlift is a fundamental exercise in resistance training, essential for the development of overall strength and power. This review
synthesizes current research on kinematics and electromyographic (EMG) activity during deadlifts, highlighting the effects of different
variations and techniques on performance and muscle activation. Kinematic studies have revealed significant differences in joint angles
and movement patterns between conventional and sumo deadlifts, emphasizing the importance of technique and experience in opti-
mizing performance and reducing injury risk. EMG analysis has also revealed distinct muscle activation profiles for key muscles, such
as the vastus lateralis, gluteus maximus, and hamstrings, across different deadlift variations. These findings are critical for designing
effective, individualized training programs in strength and conditioning, as well as developing targeted rehabilitation and injury preven-
tion strategies in sports medicine. By understanding the biomechanical and neuromuscular dynamics of the deadlift, practitioners can
improve performance, minimize injury risk, and tailor interventions to the specific needs of athletes. Thus, this review provides a com-
prehensive overview of the current understanding of deadlift kinematics and EMG activity, offering valuable insights for optimizing

training and rehabilitation protocols.
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INTRODUCTION

The deadlift is a foundational exercise in resistance training, widely
recognized for its effectiveness in developing overall strength and power
[1,2]. As one of the primary compound movements, it engages multiple
muscle groups and joints, making it a key exercise in both athletic and
general fitness programs [3]. The complexity of the deadlift, involving
coordinated action across the lower body, trunk, and upper body, neces-
sitates a detailed understanding of its biomechanical and neuromuscular
components. Recent research has examined the kinematics and electro-
myographic (EMG) activity during deadlifts, providing insights into the
influence of different variations and techniques on performance and
muscle activation. This review aims to synthesize the current under-
standing of these aspects, highlighting the critical differences between
deadlift variations and their implications for training,

The study of kinematics during the deadlift focuses on the movement

patterns, joint angles, and velocities involved in executing the lift. Key
findings indicate significant variations in joint angles and movement
patterns between conventional and sumo deadlifts [4], as well as between
skilled and unskilled lifters. These differences underscore the impor-
tance of technique and experience in optimizing performance and re-
ducing injury risk. Similarly, EMG analysis has illuminated the muscle
activation patterns associated with distinct deadlift variations, revealing
distinctive activation profiles for muscles such as the vastus lateralis (VL),
gluteus maximus (GM), and hamstrings. Understanding these patterns
is crucial for the development of targeted training programs that aim to
enhance specific muscle groups and achieve desired outcomes. This re-
view will delve into these kinematic and EMG findings in detail, provid-
ing a comprehensive overview of the biomechanical and neuromuscular

dynamics of deadlifting.
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CURRENT UNDERSTANDING OF KINEMATIC
DURING DEADLIFT

Kinematics is the study of the motion of a body without consideration
of the forces that cause it to move. Joint angles and velocities represent
examples of kinematic variables. In resistance training, osteokinematics,
which describes the movement of bones in relation to the three cardinal
planes of motion (the sagittal, frontal, and transverse planes), is often ex-
amined. In particular, the joint angles during deadlifts are of significant
interest. Relative joint angles pertain to the angular relationships be-
tween two body segments, whereas absolute joint angles refer to the an-
gular relationship between a reference plane and a body segment. More-
over, the velocity characteristics of the body are also of critical impor-
tance in the field of kinematics. The velocity of the barbell during dead-
lits is typically reported when contrasting different resistance training
techniques. Furthermore, the vertical and horizontal displacements of
the barbell during deadlifts are frequently documented.

It is often assumed that the barbell back squat and the deadlift have
similar movement patterns and provide equivalent training results.
Hales et al. [5] challenged these claims by analyzing the lower extremity
kinematics during barbell back squats and deadlifts. They found differ-
ent movement patterns and joint angles, indicating that barbell back
squats involve simultaneous body movement, while deadlifts involve di-
vided and sequential movement. This research reinforces that barbell
back squats and deadlifts are distinctly different and suggests differing
effects from each exercise.

Brown and Abani [6] reported that the angles of the shank and thigh
were significantly closer to vertical in skilled lifters at lift-off timing. Fur-
thermore, significantly greater knee and hip extension angles in skilled
lifters were associated with the shank and thigh orientation at lift-off.
The range of motion (ROM) was determined by subtracting the knee
passing angle from the lift-off angle. This analysis revealed that the un-
skilled group exhibited greater ROM in the shank, thigh, and knee. The
degree of movement in the head-neck segment was found to be signifi-
cantly greater in skilled lifters, while the time taken to complete lift-off
to knee passing was found to be greater in the unskilled group. Even in
this relatively uncomplicated movement, differences in body segments
were noted between the two groups.

McGuigan et al. [7] conducted a comparison between the convention-
al deadlift and the sumo deadlift using video analysis. The findings in-

dicated that conventional deadlift users exhibited a significantly greater
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average knee extension range during barbell lift-off than sumo lift users.
Additionally, the average ROM for various body segments and hip joints
was notably larger in conventional deadlift users. Sumo lift users, on the
other hand, were able to maintain a more upright position during lift
initiation, evidenced by a significantly reduced trunk angle facilitated by
a wider foot stance. The sumo deadlift’s wide foot stance contributed to
areduced ROM for the barbell, minimizing the distance it had to travel
from lift initiation to completion. Furthermore, keeping the barbell clos-
er to the body in the sumo deadlitt reduced stress on the lever arms. The
ROM of the segment angles from lift-off to knee pass-over also showed
significant differences. Conventional lift users had significantly less
ROM in the tibia segment than sumo lift users. Additionally, conven-
tional lift users exhibited a significantly larger ROM in the head-neck
segment. The lift-off technique of the conventional deadlift, character-
ized by a more bent-over trunk posture, relied on the lower back muscles
to generate the necessary trunk extension to complete the lift. Angle-an-
gle diagrams illustrated that conventional lift users required a greater
range of trunk extension as they approached a knee angle of 180 degrees.
The study suggests that the sumo deadlift offers several biomechanical
advantages over conventional deadlifts. Maintaining an upright posture
reduces lumbar stress while effectively engaging trunk and lower limb
muscle groups, making it an ideal training technique.

To mitigate the risk of injury during the deadlift, athletes are advised
to maintain a close proximity of the bar to the body throughout the ex-
ercise [8]. A novel barbell design was introduced to enhance this princi-
ple to create a framework that allows athletes to position the load closer
to their bodies. His innovation, designated as a trap bar with a trapezoi-
dal shape, facilitates the alignment of the resistance’s center of gravity
with the body’s center of gravity, in contrast to the standard barbell,
where the center of gravity is positioned in front [9]. Subsequently, the
trapezoidal shape was replaced with a hexagonal one, offering increased
space and stability [10]. The hexagonal barbell has become a standard
tool in resistance training for muscle strength and conditioning, often
used to add variety to deadlift exercises [10]. Despite the widespread use
of hexagonal barbells, there is a lack of published reports on the kine-
matics of deadlifts performed with this equipment. Understanding the
differences in kinematics among deadlift variations is crucial for coaches
and clinicians in exercise selection. Swinton et al. [11] conducted a study
on professional powerlifters to compare the kinematics of the deadlift
movement performed with a conventional deadlift and a hexagonal bar-

bell deadlift. The participants performed one-repetition maximum

https://www.ksep-es.org



https://doi.org/10.15857/ksep.2024.00290

(IRM) tests with each deadlift and submaximal loads (10, 20, 30, 40, 50,
60, 70, 80%) of their IRM. Joint angles were measured at intervals of 10%
of the vertical displacement of the barbell. The only significant load re-
sults observed were for the ankle, indicating that maximum ankle plan-
tarflexion was achieved after the concentric phase with increasing load.

A study was conducted to compare the average velocity-time curves of
squats with and without the use of bands [12]. The findings indicated
significantly higher velocity values during the initial 30% of the eccentric
phase and the final 10% of the concentric phase when bands were used.
However, these results do not conclusively demonstrate that training
with banded squats is more effective for enhancing athletic performance
than squatting without bands. Another investigation focused on the im-
mediate effects of combining elastic bands and traditional free weights
during deadlifts with moderate and heavy loads [13]. Twelve trained
men participated, performing deadlifts at 60% and 85% of their IRM
under conditions with variable band resistance and traditional free
weights. One workout had 15% band resistance and 85% free weight re-
sistance, while the other had 35% band and 65% free weights. In general,
the addition of bands resulted in an increase in velocity. Furthermore, a
positive correlation was observed between the level of band resistance
and the peak and relative power achieved during lifts at 85% of IRM.
The time required to reach maximal force, the interval between reaching
maximal force and maximal power, and the interval between reaching
maximal force and maximal velocity all decreased with increased elastic
band resistance compared to traditional free weights at 60% of 1RM.
These differences were significant only for traditional weightlifting and
higher band resistance at 85% of IRM during lifts. Consequently, practi-
tioners may consider utilizing heavy bands during deadlifts with the in-
tention of improving speed or power. Additionally, when using unstable
loads, a study employed the Lyapunov exponent to assess bar movement
stability during the bench press, while sample entropy tested the self-
similarity of bar paths between conditions [14]. The results indicated that
all unstable loads, with the exception of light bands and plate conditions,
exhibited larger Lyapunov exponent values in the superior/inferior and
mediolateral directions compared to stable loads. This suggests that lift-
ers likely exert more effort to stabilize the bar in these directions when
using unstable loads. Moreover, the sample entropy results demonstrated
that bar movement is less predictable in the superior/inferior direction
for all unstable loads than stable loads.

In barbell resistance training, the result of the body's movement acts

on the barbell. In other words, the kinematic variables of the movement
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as a whole act on the barbell to change its three-dimensional position in
space. Two studies investigated the barbell’s position and movement pat-
tern using a 2D analysis [711]. The shape of the barbell path differed be-
tween these two studies despite both studies using the conventional
deadlift. In Swinton et al. [11], the barbell path showed a smooth curve
with 80% of IRM. The start and end points of the lift were almost equal
in displacement at 80% 1RM. Conversely, McGuigan et al. [7] employed
maximal loads and demonstrated a markedly more abrupt curve to-
wards the body following a relatively vertical ascent for the bar path.
This phenomenon may be attributed to exaggerated trunk hyperexten-

sion at the conclusion of the lift when attempting to lift maximal loads.

CURRENT UNDERSTANDING OF EMG DURING
DEADLIFT

Surface EMG measures the muscle activity of individual muscles or
muscle groups from the skin's surface. EMG is useful for quantifying
muscle activation levels and comparing them across different exercises.

Escamilla et al. [15] investigated the impact of the reduced ROM asso-
ciated with the sumo deadlift on muscle activation by comparing it with
the conventional deadlift. Their analysis of EMG data revealed that the
VL, Vastus medidis (VM), and tibialis anterior exhibited increased mus-
cle activation during the Sumo deadlift. This suggests that for individu-
als targeting the anterior lower limb muscle groups, the Sumo deadlift
might be a more favorable choice compared to the conventional deadlift.
In a study by Lee et al. [16], muscle activation of the lower limbs and
joint kinetics were investigated to determine the superior training proto-
col between the conventional and Romanian deadlifts. Twenty-one
males participated, performing each deadlift with 70% of their deter-
mined Romanian deadlift IRM. The conventional deadlift demonstrat-
ed significantly higher normalized EMG values in the rectus femoris
and GM compared to the Romanian deadlift. Moreover, the conven-
tional deadlift exhibited greater knee and ankle net joint torque. This
study suggested that the conventional deadlift is more effective for train-
ing lower limb muscles, including the rectus femoris and GM. The in-
creased muscle activation observed in the conventional deadlift, attrib-
uted to significant rises in knee and hip flexion muscles during the pro-
cess, likely led to greater effort from extension muscles such as the rectus
femoris and GM. Despite the common belief that the Romanian deadlift
primarily targets the hamstrings, this study found no significant differ-

ence in biceps femoris (BF) activation between the conventional and Ro-
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manian deadlift variations.

Furthermore, Bezerra et al. [17] also investigated studies analyzing
EMG signals in the lower extremities and lower back during conven-
tional and stiff leg deadlift exercises. All the study was conducted on
males, and all of the exercises were conducted at 70% of the one repeti-
tion maximum. This research showed that VL implies more higher root
mean square (RMS) values in deadlift, and medial gastrocnemius im-
plied higher RMS values in stiff leg deadlift. As in the previous studies,
Ebben et al. [18] investigated various resistance training exercises where
hamstring muscle activation occurs particularly well. The exercises eval-
uated included the squat, seated leg curl, stiff leg deadlift, single leg
deadlift, good morning, and Russian curl. Male and female professional
college athletes participated, and their six-repetition max for each exer-
cise was pretested. Results indicated varying levels of hamstring activa-
tion across exercises, with the Russian curl demonstrating the most
heightened activation, followed by the seated leg curl, stiff leg deadlift,
single leg deadlift, good morning, and finally, the squat. The study sug-
gested that the Russian curl might be the optimal option for explicitly
targeting the hamstrings, emphasizing that the squat was unsuitable for
hamstring training. The collective findings from these studies imply that
Russian cutls, stiff leg deadlifts, and leg curls are more effective in ham-
string training than the barbell back squat and other lower body exercis-
es. The recommendation is to prioritize more specific movements for
hamstring training rather than relying solely on back squats. However,
additional research is warranted to comprehensively explore convention-
al deadlifts and other deadlift variations to understand muscle activation
in the hamstrings and other lower body muscle groups.

Another study investigated the effects of band variable resistance exer-
cise on muscle activation [19]. The study’s findings indicated a significant
decrease in muscle activity in the medial gastrocnemius and semitendi-
nosus as band resistance increased. Conversely, there was a significant
increase in peak and mean bar velocity and power with increasing band
tension. Therefore, conducting the deadlift using a band was associated
with heightened bar velocity and power, accompanied by reduced mus-
cle activation in the posterior muscles. Trainers incorporating this exer-
cise into their exercise program can consider supplementing it with ad-
ditional posterior muscle exercises that have demonstrated efficacy in
achieving high muscle activation levels.

Recently, a new technique has emerged in training, one of which is
using Bosu to perform deadlift exercises in an unstable environment

[20-22]. However, Chulvi-Medrano et al. [21] showed that performing
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deadlifts under stable conditions encourages greater production of mus-
cle activation. Furthermore, when weight training exercises (back squat,
deadlift, overhead press) are conducted on stable and unstable surfaces,
the benefits of unstable surfaces have yet to be investigated [20]. As with
the previous studies, unstable environments are not limited to the sur-
face. Another approach is to use unstable loads to increase muscle acti-
vation and strength in the body, which is also gaining popularity. The
difference between an unstable surface and an unstable load is where the
instability is applied and how it is applied. In strength training, instabili-
ty can arise either from an unstable surface, such as training on a BOSU
ball, where the instability exists between the body and the surface, or
from an unstable load, where the instability is between the unstable load
and the body. Recent methods in strength training and conditioning
have introduced various techniques, with two common approaches be-
ing the use of elastic bands for suspension or incorporating a flexible
barbell. A study focused on squatting with an unstable load found in-
creased activation of the rectus abdominis, external oblique, and soleus
muscles. This suggests the significance of squatting with an unstable
load in engaging stabilizing muscles during the exercise [23]. Another
study found that bench pressing with unstable loads increased biceps ac-
tivation. Despite using a lighter weight for the unstable load bench press,
most stabilizer muscle activity did not differ significantly between stable
and unstable conditions. This implies that the amount of weight em-
ployed during unstable load training may be constrained by the stabiliz-

er muscles’ capacity to control the load [14].

CONCLUSION

The comprehensive analysis of kinematics and EMG activity during
deadlifts offers valuable insights for strength and conditioning, sports
science, and sports medicine. Understanding the biomechanical and
neuromuscular differences between deadlift variations, such as conven-
tional and sumo deadlifts, allows for more effective and individualized
training programs. For instance, the sumo deadlift’s reduced lumbar
stress is beneficial for athletes needing to minimize lower back strain,
while the conventional deadlift’s greater ROM aids in developing overall
power. Incorporating hexagonal barbells and variable resistance training
can enhance training variety and effectiveness. In sports medicine, these
insights inform targeted rehabilitation and injury prevention strategies,
allowing for the development of exercises that address specific joint an-

gles and muscle activations. Overall, the detailed understanding of dead-
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lift mechanics enhances performance optimization, injury prevention,
and rehabilitation, providing a robust foundation for practitioners across
these fields to develop precise and effective interventions tailored to the

unique needs of athletes.
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