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Background  
A neutral spinal alignment is considered important during the execution of the deadlift 
exercise to decrease the risk of injury. Since male and female powerlifters experience pain 
in different parts of their backs, it is important to examine whether men and women 
differ in spinal alignment during the deadlift. 

Objectives  
The purpose of this study was to quantify the spinal alignment in the upper 
(thoracolumbar, T11-L2) and lower (lumbopelvic, L2-S2) lumbar spine during the deadlift 
exercise in male and female lifters. Secondary aims were to compare lumbar spine 
alignment during the deadlift to standing habitual posture, and determine whether male 
and female lifters differ in these aspects. 

Study Design   
Observational, Cross-sectional. 

Methods  
Twenty-four (14 men, 10 women) lifters performed three repetitions of the deadlift 
exercise using 70% of their respective one-repetition maximum. Spinal alignment and 
spinal range of motion were measured using three inertial measurement units placed on 
the thoracic, lumbar and sacral spine. Data from three different positions were analyzed; 
habitual posture in standing, and start and stop positions of the deadlift, i.e. bottom and 
finish position respectively. 

Results  
During the deadlift, spinal adjustments were evident in all three planes of movement. 
From standing habitual posture to the start position the lumbar lordosis decreased 13° in 
the upper and 20° in the lower lumbar spine. From start position to stop position the 
total range of motion in the sagittal plane was 11° in the upper and 22° in the lower 
lumbar spine. The decreased lumbar lordosis from standing habitual posture to the start 
position was significantly greater among men. 
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Conclusions  
Men and women adjust their spinal alignment in all three planes of movement when 
performing a deadlift and men seem to make greater adjustments from their standing 
habitual posture to start position in the sagittal plane. 

Level of Evidence    
3 

INTRODUCTION 

The deadlift is a strength training exercise targeting hip, 
thigh, grip, and lower back strength. It is also one of three 
competitive lifts in the sport of powerlifting. In addition 
to being a fundamental exercise among powerlifters,1,2 the 
deadlift, and variations thereof, is also practised by 
weightlifters,3 strongman competitors,4 CrossFit athletes,5 

and bodybuilders6 to increase strength and stimulate hy-
pertrophy. In addition, the deadlift has been used as a re-
habilitation exercise for patients with low back pain.7 How-
ever, it was recently shown that onset of injuries in the low 
back region among Swedish sub-elite powerlifters was sig-
nificantly associated with performing the deadlift in train-
ing.8 Further, although male and female powerlifters re-
ported similar injury frequencies, there were significant 
differences of their anatomic locations, whereas males had 
a higher frequency of low back pain and females thoracic 
and neck pain.8 

Deadlift technique is considered to be associated with 
both performance and risk of injury.9 Regarding the spine, 
it has been suggested that a lifting technique that enables 
the lifter to maintain a neutral position of the spine ensures 
optimal loading on both passive and active structures.10,11 

For most people, a neutral position of the spine is when 
the lumbar spine has a slight concave curve (lordotic), the 
thoracic spine a slight convex (kyphotic) curve and the cer-
vical spine a slight concave curve.12 In the scientific liter-
ature, neutral position has been defined as the region in 
the joint motion where there is little or no resistance to 
motion, i.e. a mid-range position (neutral position).13,14 It 
has also been described that in this region, spinal mus-
cles operate with a complex strategy to control motions15 

and that forces exerted on body structures vary depending 
on the ability to maintain a neutral position of the lumbar 
spine.16–18 This could be of clinical importance since for 
example when the lumbar spine is fully flexed, the longis-
simus/iliocostalis muscle complex have been proposed to 
have a reduced ability to produce posterior shear, which re-
sults in higher loads on the posterior passive tissues and 
high shearing forces.19,20 

It has been shown that lifting technique, and thereby 
lifting mechanics when performing the deadlift, may differ 
between individuals.21 For example, it has been shown that 
high-skilled lifters are better able to keep the bar closer 
to the body than low-skilled lifters.21 The purpose of this 
study was to quantify the spinal alignment in the upper 
(thoracolumbar, T11-L2) and lower (lumbopelvic, L2-S2) 
lumbar spine during the deadlift exercise in male and fe-
male lifters. Secondary aims were to compare lumbar spine 
alignment during the deadlift to standing habitual posture, 

and determine whether male and female lifters differ in 
these aspects. The authors hypothesised that the lumbar 
spinal alignment during standing habitual posture would 
differ from the alignment during the deadlift exercise and 
that there would be a difference in lumbar spinal alignment 
between men and women during the the deadlift. The latter 
hypothesis was based on the results from a study by McK-
ean et al.,22 which showed that men had a significantly 
larger range of lumbar flexion during the descent phase 
of the back squat exercise compared to women. Possibly 
due to differences in pelvic dimensions,23 lumbar vertebrae 
sizes,24 and trunk geometry,25 that together may influence 
lifting mechanics. 

METHODS 
EXPERIMENTAL APPROACH TO THE PROBLEM 

Using an observational, comparative study design, this 
study sought to describe and compare lumbar spine align-
ment in men and women competitive lifters during stand-
ing habitual posture, and whether the spinal alignment 
changed during execution of the deadlift. Spinal alignment 
was measured in all three planes of movement using iner-
tial measurement units (IMUs), for the upper lumbar spine 
(i.e. thoracolumbar) and lower lumbar spine (i.e. lum-
bopelvic). After a warm-up, spinal alignment was measured 
in standing habitual posture and during the execution of 
one set of three deadlift repetitions when lifting 70% of 
self-estimated 1RM. The reasons for choosing IMUs for 
monitoring of the spinal movements during the execution 
of deadlifts were that they can easily be used outside of a 
movement lab and also show adequate validity of measures 
of spinal movement compared to 3D motion capture sys-
tems.26–28 

PARTICIPANTS 

Fourteen men and 10 women power- and weightlifters were 
recruited from local power- and weightlifting clubs. Only 
lifters with the intent of competing in power- or weightlift-
ing and with at least two years of strength training experi-
ence were included. These criteria aimed to minimize vari-
ability in movement patterns between repetitions and to 
ensure that all lifters were familiar with performing heavy 
deadlifts. Lifters reporting a current injury which may have 
affected their lifting ability were excluded. Additionally, 
lifters less than 150 cm in height were excluded because 
of the risk that the IMUs would contact each other during 
movements. All lifters completed a questionnaire detailing 
training and medical history to ensure eligibility criteria 
was complied with. None of the invited lifters had any 
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Figure 1. Execution of the deadlift exercise, start (A)        
and stop (B) position.     

recent or previous medical issues which prevented them 
from participating in the study. Written informed consent 
was obtained from all lifters prior to participation and the 
study was approved by the Regional Ethical Review Board of 
Umeå, Sweden (Dnr 2014-285-3M). 

PROCEDURES 

Warm-up: Lifters completed a self-administred warm-up 
with the intention to be prepared for heavy deadlifts. The 
warm-up typically consisted of sub-maximal deadlifts with 
increasing loads. Thereafter, three calibrated IMUs were af-
fixed to the lifter’s back. They were placed at the spinous 
processes of T11 and L2, and on the sacrum (S2). Finally, 
the lifter completed one further set of bodyweight squats 
and deadlifts while it was ensured that the IMUs were set 
firmly and did not hinder the deadlift execution. 
Data collection: First, the lifters were instructed to as-

sume their habitual posture in standing with their arms 
at their sides while looking straight ahead (habitual pos-
ture). The IMUs then recorded their respective position to 
provide a measure of spinal alignment. The lifters were 
asked to perform one set of three deadlift repetitions at 
70% of their self-estimated 1RM. In the start position of the 
deadlift, lifters stood with flexed knees and hips, straight 
arms, and held the barbell with an optional grip, i.e. a dou-
ble pronated or mixed grip with one hand pronated and 
the other supinated (start position). In accordance with the 
rules of the International Powerlifting Federation,29 the 
barbell was then lifted by extension of the knees and hips 
until the lifter was standing erect (stop position) (Figure 1). 
When the barbell was held motionless and standing 

erect with the hip and knees extended and the shoulders 
back the lifter was given a down signal and the barbell was 
lowered to the ground before the lifter released the grip. 
The lifter was instructed to stand erect momentarily before 
beginning with the next repetition. In the present study, 

only conventional style deadlifts were allowed so that the 
measurements would be uniform. No additional equipment 
(e.g., liftings straps, knee wraps, lifting belts) was allowed. 

INSTRUMENTS AND MEASUREMENTS 

For the purpose of this study, the measurement of spinal 
movements were divided in to two movement segments, 
hereby refered to as upper lumbar spine (i.e. thoracolumbar 
spine) and lower lumbar spine (i.e. lumbopelvic spine). The 
IMUs placed on T11 and L2 measured their respective posi-
tion (angle) relative to each other in all planes of movement 
for the upper lumbar spine. For the lower lumbar spine, the 
IMUs placed on L2 and S2 measured their respective posi-
tion (angle) relative to each other in all planes of move-
ment. A positive angle in the sagittal plane indicated a lor-
dotic spinal alignment and negative sagittal plane value 
indicated a kyphotic spinal alignment. A positive value in 
the frontal and transverse plane indicated a right lateral 
flexion or rotation, respectively. 
The spinal alignment [degrees] was measured during ha-

bitual posture in standing and during execution of the 
deadlift exercise. The following measurements were se-
lected to quantify the spinal alignment in the upper lumbar 
spine (thoracolumbar, T11-L2) and lower lumbar spine 
(lumbopelvic, L2-S2), respectively: 1) habitual posture in 
standing, 2) start position, 3) stop position, 4) Min angle 
(the minimum angle in degrees captured during the deadlift 
exercise in each respective movement plane), 5) Max angle 
(the maximum angle in degrees captured during the dead-
lift exercise in each respective movement plane), and 6) 
range of motion (ROM) between the minimum and maxi-
mum angles during the deadlift exercise. 
The IMUs (MPU-9150, InvenSense, San Jose, USA) each 

have a size of Length 60 x Width 45 x Height 10 mm and 
weigh 14 g, and communicate with a laptop via WiFi.30 

The sampling frequency was 100 Hz with a 16-bit resolu-
tion and an anti-aliasing low pass filter set at 50 Hz. The 
full-scale range was ±1000 °/s for the gyroscopes, ±8 g for 
the accelerometers and ±4800 µT for the magnetometers. 
Using three axis gyros and three axis accelerometer, the 
IMUs detected the spinal alignment in all three planes of 
movement and real-time orientation was calculated using 
a customised system MoLab™ POSE (AnyMo AB, Umeå, 
Sweden). The placements of the IMUs made it possible to 
measure movement patterns previously stated important 
to the performance and risk of injury when squatting, i.e. 
flexion of the thoracolumbar and lumbopelvic spine.9 The 
anatomical location sites of the units were palpated by 
the same experienced person at each time with the lifters 
standing erect. IMUs were mounted with double-sided tape 
and elastic self-adhesive bandage wraps. Further, the dead-
lift execution was recorded with a web camera to facilitate 
the determination of start and stop of the squat repetitions 
when processing the data. Weight plates of official mea-
sures were attached to each end of a powerlifting barbell 
and the weight was adjusted to the nearest 2.5 kg. 
Orientation data (i.e. segment angles) from the IMUs 

were processed in Matlab (version 7.10.0 (R2010a), The 
MathWorks, Inc., USA). The Euler sequence used for the 
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Table 1. Participants’ characteristics (mean ± SD).      

Participants Age (y) Weight 
(kg) 

Height 
(cm) 

Experience 
(y)* 

Deadlift 1RM 
(kg)† 

Wilks Score 

All (n=24) 25.4 ± 5.4 80.5 ± 11.2 171.4 ± 7.1 7.7 ± 6.2 162.5 ± 55.5 122.2 ± 25.9 

 

Men (n=14) 26.9 ± 6.3 85.2 ± 10.8 174.9 ± 5.3 9.8 ± 7.5 197.1 ± 41.7 130.8 ± 23.5 

Powerlifters (n=10) 26.6 ± 4.6 86.3 ± 7.5 175.8 ± 4.1 9.0 ± 5.3 200.5 ± 40.0 131.5 ± 25.5 

Weightlifters (n=4) 27.5 ± 10.4 82.3 ± 17.9 172.8 ± 7.7 11.8 ± 12.3 188.8 ± 51.1 129.1 ± 20.9 

 

Women (n=10) 23.4 ± 2.9 73.9 ± 8.5 166.4 ± 6.5 4.8 ± 1.9 114 ± 29.5 110.1 ± 25.3 

Powerlifters (n=4) 25.0 ± 0.8 78.0 ± 6.5 165.5 ± 3.7 5.1 ± 2.2 130 ± 41.6 121.5 ± 38.5 

Weightlifters (n=6) 22.3 ± 3.3 71.1 ± 9.0 167.0 ± 8.1 4.6 ± 1.9 103.3 ± 13.7 102.4 ± 9.3 

*Strength training experience 
†Self-estimated deadlift 1 repetition maximum 

segment angles were X (rotations in the sagittal plane), 
Y (rotations in the frontal plane), and Z (rotations in the 
transverse plane). All orientation data was low-pass filtered 
with a second order Butterworth filter at a cut-off frequency 
of 10 Hz. A more detailed description of the used algo-
rithms can be found in Öhberg et al.30 

STATISTICAL ANALYSES 

Statistical analysis was performed using Statistical Package 
for the Social Sciences (SPSS) version 23 (IBM Corp., Ar-
monk, NY, USA). A factorial repeated measures analysis of 
variance (mixed ANOVA) was conducted to compare the in-
fluence of the independent variables (group: 1=men and 
2=women) and the effect of the dependent variable (seg-
ment angle at five different positions: 1=habitual posture, 
2=start position, 3=stop position, 4=minimum angle at any 
timepoint, and 5=maximum angle at any timepoint) using 
the mean values for the three repetitions. Sphericity was 
calculated using Mauchly’s test of Sphericity. If sphericity 
was was not assumed, a correction was made using the 
Greenhouse-Geisser estimation. If significant position x 
group effects were found, the results were also presented 
separately for men and women. If significant within-sub-
jects effects were found, post-hoc pairwise comparisons 
were calculated. Effect size was calculated with partial eta 
squared (η2p) using 0.01, 0.06 and 0.14 to denote small, 
medium and large effects respectively.31 Significance level 
was set at 0.05 and Bonferroni corrections were performed 
for multiple comparisons. 

RESULTS 

Background characteristics for the participants are summa-
rized in table 1, including their Wilks score in deadlift, i.e. 
a body mass adjusted measure of strength.32 

The spinal alignment of the upper lumbar spine during 
standing habitual posture, and during the deadlifts for the 
start position, stop position, minimum and maximum an-
gle, and range of motion are presented in Table 2. For the 
upper lumbar spine, there were no statistically significant 

differences between men and women in spinal alignment 
(group x position interaction in the sagittal plane (F(2.0, 
43.3) = 1.9, p = 0.156), frontal plane (F(1.6, 34.9) = 0.9, p = 
0.386), or transverse plane (F(2.7, 59.9) = 0.9, p = 0.451)). 
In all participants their alignment in standing habitual pos-
ture differed from the alignment at the start position and 
further spinal adjustments were made during the deadlift 
(significant main effect for position in the sagittal plane 
(F(2.0, 43.3) = 45.8, p < 0.001, η2p = 0.676), frontal plane 
(F(1.6, 34.9) = 15.6, p < 0.001, η2p = 0.414), and transverse 
plane (F(2.7, 59.9) = 23.9, p < 0.001, η2p = 0.521). 
For the lower lumbar spine (Table 3), the decreased lum-

bar lordosis during the start position compared to during 
standing habitual posture was significantly greater among 
men than women (group x position interaction in sagittal 
plane spinal alignment (F(1.9, 41.9) = 4.0, p = 0.028, η2p 
= 0.154). There were no statistically significant differences 
between men and women in spinal alignment in the frontal 
plane (group x position interaction) (F(1.8, 39.9) = 0.3, p 
= 0.757) or in the transverse plane (F(2.1, 45.5) = 1.0, p = 
0.156). In all participants their alignment in standing ha-
bitual posture differed from the alignment at the start po-
sition and further spinal adjustments were made during the 
deadlift (significant main effect for position in the frontal 
plane) (F(1.8, 39.9) = 9.2, p = 0.001, η2p = 0.294) and trans-
verse plane (F(2.1, 45.5) = 15.2, p < 0.001, η2p = 0.676). 
The factorial repeated measures ANOVA simple effects 

for position in the upper and lower lumbar sagittal plane 
spinal alignment are presented in Figures 2 and 3. 

DISCUSSION AND IMPLICATIONS 

This is the first study to describe and compare spinal align-
ment, in all planes of movement, during the deadlift ex-
ercise in both men and women. The results show that the 
lifters’ lumbar spinal alignment in standing habitual pos-
ture differed from the alignment at the start position of 
the deadlift, and that further spinal adjustments were made 
during the deadlift. As shown by the measures of range 
of motion, neither men nor women kept their spine in a 
fixed position when performing a heavy deadlift. Specifi-
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Table 2. Spinal alignment angles of the upper lumbar spine (thoracolumbar region) during standing Habitual posture and during the deadlift for the Start position, Stop                        
position, Minimum (Min) angle, Maximum (Max) angle and range of motion (ROM) in degrees [°] as well as results of the two-way factorial repeated measures ANOVA                           
(within-subjects effect).   

Measure Habitual 
posture (°)† 

Start position 
(°)† 

Stop position 
(°)† 

Min angle 
(°)† 

Max angle 
(°)† 

ROM (°) Within-subjects effect 
Time*group 

Within-subjects effect Time 

p Partial Eta 
Squared 

p Partial Eta 
Squared 

All 

Sagittal plane 17.6 ± 12.2 4.6 ± 7.5* 13.0 ± 11.5*# 2.2 ± 6.6*# 14.0 ± 11.8# 11.8 ± 7.3 0.156 0.081 <0.001 0.676 

Frontal plane 0.8 ± 2.5 -1.8 ± 4.8 -0.4 ± 2.4 -3.3 ± 4.3*# 1.0 ± 2.7# 4.3 ± 2.7 0.386 0.040 <0.001 0.414 

Transverse 
plane 

-0.3 ± 0.8 0.3 ± 2.2 -0.8 ± 2.0 -1.9 ± 2.0*# 1.5 ± 2.0*# 3.4 ± 1.4 0.451 0.038 <0.001 0.521 

Men 

Sagittal plane 12.1 ± 6.1 1.5 ± 4.4 8.3 ± 3.7 -0.6 ± 3.7 9.2 ± 4.1 9.7 ± 4.9 

Frontal plane 0.4 ± 2.4 -3.0 ± 5.1 -0.7 ± 2.5 -4.2 ± 4.8 0.1 ± 2.6 4.3 ± 3.2 

Transverse 
plane 

-0.1 ± 0.3 0.4 ± 2.1 -1.0 ± 2.0 -2.0 ± 2.0 1.5 ± 1.8 3.5 ± 1.8 

Women 

Sagittal plane 25.2 ± 14.8 8.9 ± 8.9 19.6 ± 15.3 6.2 ± 8.0 20.8 ± 15.6 14.6 ± 9.4 

Frontal plane 1.4 ± 2.6 -0.1 ± 4.0 0.1 ± 2.3 2.0 ± 3.3 2.1 ± 2.5 4.1 ± 1.9 

Transverse 
plane 

-0.7 ± 1.1 0.1 ± 2.3 -0.4 ± 2.1 -1.8 ± 2.1 1.6 ± 2.4 3.4 ± 0.8 

†A positive sagittal plane angle indicated a lordotic spinal alignment and negative sagittal plane angle indicated a kyphotic spinal alignment. 
*Significant difference to Habitual posture after adjustment for multiple comparisons using the Bonferroni correction. 
#Significant difference to Start position after adjustment for multiple comparisons using the Bonferroni correction. 
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Table 3. Spinal alignment angles of the lower lumbar spine (lumbopelvic region) during standing Habitual posture, and during the deadlift for the Start position, Stop                        
position, Minimum (Min) angle, Maximum (Max) angle and range of motion (ROM) in degrees [°] as well as results of the two-way factorial repeated measures ANOVA                           
(within-subjects effect).   

Measure Habitual 
posture (°)† 

Start position 
(°)† 

Stop position 
(°)† 

Min angle 
(°)† 

Max angle 
(°)† 

ROM (°) Within-subjects effect 
Time*group 

Within-subjects effect Time 

p Partial Eta 
Squared 

p Partial Eta 
Squared 

All 

Sagittal plane 16.6 ± 10.5 -3.7 ± 7.4* 16.2 ± 9.3# -4.7 ± 7.5* 17.0 ± 9.2# 21.7 ± 6.4 0.028 0.154 <0.001 0.876 

Frontal plane -0.5 ± 3.5 2.2 ± 4.4* -0.4 ± 2.4 0.6 ± 3.4# 3.4 ± 3.7*# 2.8 ± 1.7 0.757 0.011 0.001 0.294 

Transverse 
plane 

0.2 ± 0.7 -0.2 ± 2.6 0.2 ± 1.9 -1.4 ± 2.2*# 1.4 ± 2.0# 2.8 ± 1.3 0.156 0.081 <0.001 0.676 

Men 

Sagittal plane 17.9 ± 7.7 -5.9 ± 5.6* 14.5 ± 7.6# -7.1 ± 5.8* 15.1 ± 7.3# 22.3 ± 7.3 <0.001 0.911 

Frontal plane -0.3 ± 3.5 2.1 ± 4.5 -0.7 ± 2.5 0.4 ± 3.7 3.5 ± 3.9 3.0 ± 1.9 

Transverse 
plane 

-0.1 ± 0.6 0.0 ± 2.4 -0.1 ± 1.8 -1.4 ± 2.2 1.3 ± 1.7 2.6 ± 1.3 

Women 

Sagittal plane 14.9 ± 13.7 -0.7 ± 8.7* 18.6 ± 11.2# -1.3 ± 8.4* 19.7 ± 11.2# 21.0 ± 5.3 <0.001 0.837 

Frontal plane -0.9 ± 3.6 2.3 ± 4.4 0.1 ± 2.3 0.9 ± 3.6 3.4 ± 3.7 2.5 ± 1.4 

Transverse 
plane 

0.5 ± 0.7 -0.6 ± 3.0 0.6 ± 2.1 -1.5 ± 2.4 1.5 ± 2.4 3.0 ± 1.4 

†A positive sagittal plane angle indicated a lordotic spinal alignment and negative sagittal plane angle indicated a kyphotic spinal alignment. 
*Significant difference to Habitual posture after adjustment for multiple comparisons using the Bonferroni correction. 
#Significant difference to Start position after adjustment for multiple comparisons using the Bonferroni correction. 
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Figure 2. Upper (thoracolumbar region) and lower lumbar spine (lumbopelvic region) sagittal plane Habitual             
posture and Start position in degrees (°) presented in mean values and 95% CI.               
LL = Lower lumbar spine (L2-S2), UL = Upper lumbar spine (Th11-L2). The Y axis represents the spinal alignment angles in degrees. 

Figure 3. Upper (thoracolumbar region) and lower lumbar spine (lumbopelvic region) sagittal plane Start             
position, Min angle, and Max angle in degrees (°) presented in mean values and 95% CI.                 
LL = Lower lumbar spine (L2-S2), UL = Upper lumbar spine (Th11-L2). The Y axis represents the spinal alignment angles in degrees. 

cally, spinal adjustments were made mainly in the sagittal 
plane, a phenomenon that has also been reported for the 
squat exercise.22 

The results showed no differences between men and 
women although this was initially hypothesized. In regard 
to the potential impact of differences in anthropometric 

factors it is not possible to draw any firm conclusions since 
these were not measured specifically. However, the results 
could indicate that potential anthropometric differences 
between men and women do not affect range of motion of 
the spine during deadlifts, as opposed to the findings by 
McKean et al.22 in regards to back squats. Also, regarding 
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the previously observed difference in pain locations,8 tho-
racic and neck regions for women and low back region for 
men, the results do not present any evidence that move-
ment pattern of the spine could explain those findings. 
An inability to maintain the spinal curvature in its neu-

tral position has been proposed to increase the strain on 
passive structures of the back.17,21,33,34 This belief is based 
on the fact that the spine is better at managing compressive 
rather than shearing forces, meaning that an upright pos-
ture with all vertebrae aligned in a neutral posture is prefer-
able.16 Performing the deadlift with the lumbar spine in its 
fully flexed position, in conjunction with a heavy load, is 
believed to be injurious to both active and passive struc-
tures.33 Previous epidemiological research has found that 
training of the deadlift exercise might be associated with 
low back pain in powerlifters,8 although there is only a lim-
ited amount of research reporting the occurrence of specific 
injuries.35 Still, experts in the field of powerlifting have 
agreed that flexing (rounding), twisting, side bending or hy-
perextending the low back during deadlifting is a risk factor 
for low back pain.9 Whether lifters adopting any of these 
adjustments in spinal alignment are in fact more injury-
prone remains to be studied. Specifically, there is no in vivo 
evidence of a causative correlation between spinal align-
ment and low back pain/injuries.35 When it comes to dead-
lifting with heavy loads, some have argued that it is ex-
tremely difficult or almost impossible to maintain a neutral 
spinal curvature.11 This might be explained by an increase 
in strength in the deadlift while lifting with a flexed back 
due to an increase of the effectiveness of the back exten-
sors36 and shortening of the external moment arm. Also, it 
is very likely that the back could flex due to several other 
factors, e.g. the back or hip extensors inability to produce 
enough torque to withstand the external torque imposed 
on them, the coordination between back and hip extensors 
or insufficient range of motion in the hip, knee or ankle 
joints leading to compensatory movements in the low back. 
It has also been suggested that the adjustment of the spinal 
curve during lifting tasks is the human body’s way of man-
aging the additional load by trying to keep the combined 
body and barbell center of mass vertically in line with the 
center of gravity.22,37 In addition, previous authors have 
shown that the deadlift exercise entails lumbopelvic move-
ment in all planes38 and that visual observation of these 
movements are very difficult to accurately observe.39 These 
results are be supported by the results of the present study, 
especially with the small movements detected in the frontal 
and transverse planes in mind. Therefore, there may be a 
need to study movement patterns in the deadlift with a 
range of loads and with more attention to the magnitude 
of movement in relation to individuals maximum range of 
motion and less attention to exclusively noting presence of 
lumbopelvic movement. 
For the standing habitual posture, the mean lordosis was 

18° in the upper and 17° in the lower lumbar spine. In 
an earlier study using an inclinometer, the lumbar lordo-
sis of an unloaded lumbar spine of a standing person was 
shown to be about 25° and the normal ROM for flexion from 
this point is about 50°.40 Beforehand it was hypothesized 

that lumbar spinal alignment during standing habitual pos-
ture would differ from lumbar alignment during the dead-
lift exercise. This was confirmed. In the start position, the 
lumbar lordosis decreased to five degrees in the upper and 
into slight flexion (-4°) in the lower lumbar spine. How-
ever, during the lift the lifters returned to a more lordotic 
alignment although it was still significantly less lordotic in 
the stop position compared to the standing habitual pos-
ture in the upper lumbar spine. Regarding the lower lum-
bar spine, all lifters flexed this area especially during the 
first part of the lift. After the first part of the lift, the lifters 
returned to an alignment that was similar to the stand-
ing Habitual posture. However, in relation to previously 
described41 average maximal ranges of motion, no partic-
ipant achieved such ranges. The movement pattern of a 
flexed lumbar spine during execution of heavy deadlifts has 
also been shown in an earlier study examining the lumbar 
spine using fluoroscopy.18 In that study, one of the lifters 
reported lower back discomfort when the L4/L5 joint ex-
ceeded the passive full flexion and the posterior ligaments 
were fully stretched. However, the authors stated that the 
extensor moment supported by the ligaments was unlikely 
to threat the ligamentous tissue in a healthy interverte-
bral joint, even though it produced momentary discom-
fort.18 The finding that men flexed their back more than 
women in the start position has not been presented earlier. 
However, differences in movement patterns between men 
and women have been reported in the squat exercise22 and 
for lifting tasks.42 While the reason for the differences in 
spinal movement pattern between sexes during the execu-
tion of heavy deadlifts is unknown, the influence of sex on 
movement pattern has been attributed to anatomical dif-
ferences.22 However, a study by Keogh et al.43 revealed that 
for powerlifters in New Zealand both men and women seem 
to have similar anthropometric characteristics in regard to 
skeletal features like bone lengths and breadths. Another 
inherent difference could be the structure of the hip joint, 
whereby men tend to have lesser hip ROM than females and 
therefore may need to flex their lumbar spine more in order 
to reach the bar. 
Regarding the frontal and transverse spinal alignment, 

significant differences were found in both the upper and 
lower lumbar spine during the deadlift when compared to 
the standing habitual posture. Even though these differ-
ences were significant, it could be questioned whether they 
are clinically relevant since the absolute change was less 
than 5 degrees. The reason for the adjustments in spinal 
alignment could be how the lifters gripped the barbell. 
While some of the lifters gripped the barbell with a double 
pronated grip, others used a mixed grip with one hand 
pronated and the other supinated. The alternated grip is 
thought to induce a hip rotation44 and hence could explain 
the transverse plane movements. Movements in the frontal 
plane during deadlifts have not been reported earlier but it 
is possible that asymmetries with alternating grip or in grip 
width could result in movements in frontal plane of this 
small magnitude. 
Methodological considerations of the present study 

should be noted. Firstly, to increase the internal validity of 
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the study, the lifters were asked to perform conventional 
deadlifts regardless of whether they competed with the 
conventional or sumo style deadlifts. As proposed in a re-
cent article,11 some individuals might be more suited to 
one of these styles than the other depending on anthropo-
metrics, mobility and strength capacity in individual mus-
cle groups. It is, however, possible that movement patterns 
would have been different if the choice of deadlift style had 
been optional. Since the sumo deadlift stance generally en-
ables a more upright torso, and since it has been argued 
that lumbar lordosis is easier to maintain using the sumo 
stance,11 it is reasonable to assume that a different move-
ment pattern in the upper and lower lumbar spine could 
be reported using sumo style deadlifts. Secondly, all lifts 
were performed without a lifting belt due to practical rea-
sons concerning the fitting of the IMUs. This could, how-
ever, have had an impact on the results, where a lifting belt 
might have resulted in smaller range of motion in the spine 
since a belt improves lumbar spine stability.45 

Thirdly, it is important to consider that the lifters in 
this study were lifters who, during training and competi-
tion, most often attempt to lift the maximum amount of 
weight possible. Therefore, the lifters might have used a 
technique enabling them to lift heavy weights in their re-
spective sports but not necessarily to reduce the risk of in-
jury. However, little is known about how the deadlift tech-
nique impacts injury risk and whether there is a difference 
between the optimal technique for performance and injury 
reduction. 
Fourthly, all lifters were instructed to complete three 

repetitions with a load equivalent to 70% of their self-
estimated 1RM. The load and repetition range are com-
monly used in powerlifting2 and weightlifting training46 

and were chosen to represent a “minimum” training load. 
However, previous studies have used loads ranging from no 
additional load26 to 1RM.16,18 It is important to remember 
that spinal adjustments might differ depending on load and 
strength level. The level of strength and training experi-
ence among the men and women differed, i.e. the men were 
more experienced, lifted more weight relative to body mass 
and had a higher Wilks coefficient than the women. Top 
ranked lifters on national level have a Wilks coefficient be-
tween ~175-215, suggesting that both the men and women 
performed at an intermediate level. 
Lastly, the findings rely on inertial motion sensors and 

the validity of this measurement approach has to be dis-
cussed. It has to be noted that the IMUs were mounted on 
the skin surface and that the angles might differ from ac-

tual skeletal alignment due the possibility that the IMUs 
could glide on the skin. There is no earlier study to measure 
the validity of the angles in comparison with a “gold stan-
dard” such as radiographs, videofluoroscopy, etc, but the 
IMUs have been validated to electromagnetic based system 
for measuring 3D spinal ranges of movement and coupled 
motion measurement.26 Finally, it could be argued that 
the measurement accuracy could be greater in the sagittal 
plane where the lumbar spine also have more range of mo-
tion and vice versa for the frontal and transverse planes. 

CONCLUSION 

This is the first study to describe spinal alignment; in all 
planes of movement, during the deadlift among men and 
women lifters, and to compare this between sexes. The re-
sults indicate that both sexes decreased lumbar lordosis 
from standing habitual posture to the start position of the 
deadlift and that spinal adjustmenst were made during ex-
ecution of the deadlift. The decreased lumbar lordosis from 
standing habitual posture to the start position of the dead-
lift was significantly greater among men. As indicated by 
the measures of lumbar spine ROM, both men and women 
adjust their spinal alignment in all three planes of move-
ment when performing a deadlift at approximately 70% 
of 1RM. Despite guidelines that a lumbar lordosis and/or 
neutral position should be preserved when lifting heavy 
weights, it seems that men and women lifters partially flex 
the lower back when performing deadlift at a sub-maximal 
load. Whether spinal alignment adjustments of this magni-
tude have an impact on injury risk should be investigated. 
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