
Original Research 

Physically Active Adults with Low Back Pain do not Demonstrate           
Altered Deadlift Mechanics: A Novel Application of Myotonometry         
to Estimate Inter-Muscular Load Sharing      
Jared M. McGowen1 a, Stephanie R. Albin2, Carrie W. Hoppes3, Jeffrey S. Forsse1, John Abt4, Shane L. Koppenhaver5 

1 Health, Human Performance, and Recreation, Baylor University, 2 School of Physical Therapy, Regis University, 3 Army-Baylor University Doctoral 
Program in Physical Therapy, Baylor University, 4 Children's Health Andrews Institute for Orthopaedics and Sports Medicine, 5 Doctoral Program in 
Physical Therapy, Baylor University 

Keywords: Muscle stiffness, neuromuscular function, rehabilitation, clinical decision making 

https://doi.org/10.26603/001c.90707 

International Journal of Sports Physical Therapy 
Vol. 19, Issue 1, 2024 

Background  
Rehabilitation clinicians that work with physically active populations are challenged with 
how to safely return patients back to performing deadlift movements following low back 
injury. Application of reliable and valid tests and measures to quantify impairments 
related to low back pain (LBP) enhances clinical decision making and may affect 
outcomes. Myotonometry is a non-invasive method to assess muscle stiffness which has 
demonstrated significant associations with physical performance and musculoskeletal 
injury. 

Hypothesis/Purpose  
The purpose of this study was to compare the stiffness of trunk (lumbar multifidus [LM] 
and longissimus thoracis [LT]) and lower extremity (vastus lateralis [VL] and biceps 
femoris [BF]) muscles between individuals with and without LBP during the lying, 
standing, and deadlifting body positions. 

Study Design   
Cross-sectional cohort comparison 

Methods  
Muscle stiffness measures were collected in the VL, BF, LM, and LT muscles with 
participants in lying (supine and prone), standing, and the trap bar deadlift position. 
Separate analyses of covariance were conducted to compare absolute and relative muscle 
stiffness between the groups for each muscle and condition. 

Results  
Sixty-eight participants (41 female, 21.3 years, 34 LBP) volunteered for the study. Within 
the deadlift condition there was a significantly greater increase in the percent-muscle 
stiffness change in the VL (p = .029, 21.9%) and BF (p = .024, 11.2%) muscles in the 
control group than in the LBP group. There were no differences in percent-muscle 
stiffness changes for the standing condition nor were there any absolute muscle stiffness 
differences between the two groups for the three conditions. 

Conclusion  
No differences in muscle stiffness were identified in the lying, standing, or deadlifting 
conditions between participants with and without LBP. Differences in percent stiffness 
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changes were noted between groups for the deadlift position, however the differences 
were modest and within measurement error. Future studies should investigate the utility 
of myotonometry as a method to identify LBP-related impairments that contribute to 
chronic and/or recurrent low back injury. 

Level of Evidence    
Level 3 

INTRODUCTION 

Low back pain (LBP) is one of the most commonly reported 
musculoskeletal conditions amongst adults in the United 
States.1 Although populations that consistently engage in 
physically demanding activities such as athletes, tactical 
professionals (law enforcement, first responders, military), 
and manual laborers may sometimes possess higher levels 
of fitness, they too have demonstrated high rates of low 
back injuries.2‑7 The responsibility of musculoskeletal 
providers to effectively manage LBP and make appropriate 
return to activity decisions is arguably more challenging 
in physically active than in sedentary populations due to 
the physically demanding requirements of their sport or 
occupation.8‑10 Deadlift variations are common movement 
patterns that are present within strength and conditioning 
programs and within physically demanding occupations.7,
11 Deadlift training is intended to strengthen the muscu-
lature of the lumbopelvic region and lower extremities to 
help individuals prepare for and improve upon the spe-
cific physical demands of their sport, occupation, and active 
lifestyle.12‑14 However, little evidence exists to inform re-
habilitation clinicians about when neuromuscular impair-
ments resulting from low back injury may preclude an in-
dividual from safely returning to deadlift training or when 
using deadlift variations as a rehabilitation exercise is indi-
cated.15,16 The high incidence of low back injuries amongst 
individuals who are expected to return to perform deadlift 
or deadlift-like movements (e.g. hip-hinge) places an ur-
gent requirement on researchers and clinicians to further 
identify neuromuscular impairments that may be prohibi-
tive of a safe return to deadlift training following low back 
injury.15‑17 

Stiffness is a mechanical property of muscle that has 
been suggested as an important measure of muscle health 
and function.18‑20 Myotonometry is a non-invasive, ob-
jective method of quantifying muscle stiffness through 
portable, handheld devices called myotonometers.21 Dur-
ing isometric contractions, muscle stiffness has demon-
strated a stronger, positive linear relationship with force 
production (R2 = 0.977) than the linear relationship demon-
strated between electromyography (EMG) and force (R2 = 
0.936).22 The relationship between muscle stiffness and 
force indicates that stiffness may be a superior metric than 
EMG to determine the relative force that an individual mus-
cle is contributing to a multi-muscle task.23,24 Further-
more, the ability of myotonometry to quantify muscle stiff-
ness under relaxed and contracted states makes it a more 
versatile method for identifying neuromuscular impair-
ments than EMG which can only measure neural drive from 
an actively contracting muscle.25 The ability to reliably 

identify impairments under passive conditions is not a triv-
ial matter as numerous studies have demonstrated that ab-
normal passive muscle stiffness levels are present in indi-
viduals with a variety of neuromusculoskeletal disorders, 
including LBP.18,26,27 The MyotonPRO Digital Palpation 
Device (Myoton AS, Tallinn, Estonia) is a myotonometer 
that can quantify active and passive muscle stiffness in a 
quick and reliable manner that is necessary for obtaining 
tests and measures in clinical settings.28,29 Utilization of 
the MyotonPRO in individuals with LBP may help clinicians 
identify and monitor neuromuscular impairments to im-
prove plan of care decisions that improve outcomes and 
help to reduce LBP re-injury rates. 
Increased stiffness of lumbar spine muscles has been 

demonstrated in those with LBP, but this has only been 
demonstrated with the participants lying in prone.20,27,30 

No study has investigated muscle stiffness in LBP pop-
ulations in body positions relevant to sport and occupa-
tional function such as in the standing and deadlifting po-
sitions. Investigating muscle stiffness of both the lumbar 
spine and the lower extremities during these positions will 
help researchers and clinicians better understand how mus-
cle stiffness behaves during loaded body positions and how 
this may be altered in those with LBP. Therefore, the pri-
mary purpose of this study was to compare the stiffness 
of trunk (lumbar multifidus [LM] and longissimus thoracis 
[LT]) and lower extremity (vastus lateralis [VL] and biceps 
femoris [BF]) muscles between individuals with and without 
LBP during the lying, standing, and deadlifting body posi-
tions. The secondary purpose was to compare percent-mus-
cle stiffness changes that occur as participants transition 
from a relaxed condition to the standing (trunk muscula-
ture only) and deadlift positions (trunk and lower extremity 
musculature). Participants with LBP were hypothesized to 
demonstrate increased trunk muscle stiffness in the relaxed 
and standing conditions, but for the deadlift conditions in-
dividuals with LBP were hypothesized to exhibit decreased 
trunk and hamstring muscle stiffness with increased vastus 
lateralis muscle stiffness secondary due to pain-induced 
compensatory deadlift mechanics. 

METHODS 
PARTICIPANTS 

Sixty-eight physically active adults were recruited for the 
study through word of mouth and flyers distributed across 
the university campus. Healthy volunteers were included if 
they had no complaint of lower extremity or spine pain that 
limited their participation in physical activity over the prior 
six months and were able to achieve the body position re-
quired to perform a trap bar deadlift (Figure 1). Healthy vol-
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Figure 1. Trap bar deadlift position.     

unteers were excluded if they were pregnant or had a body 
mass index (BMI) categorized as obese (30 kg/m2). Individ-
uals with BMI that qualified as obese were excluded because 
subcutaneous adipose exceeding 20 mm in thickness may 
interfere with the MyotonPRO’s ability to accurately mea-
sure muscle stiffness.31 Volunteers with LBP were included 
if they were currently experiencing pain between the 12th 

rib and the gluteal fold, had moderate LBP-related disabil-
ity (defined as a score of > 20 on the Oswestry Disability In-
dex [ODI]), and were able to achieve the trap bar deadlift 
position. Volunteers with LBP were excluded if they were 
pregnant, had a BMI that qualified as obese, or any cur-
rent medical conditions of a serious nature (fracture, can-
cer, systemic disease, lower quarter neurological deficits). 
Participants were first screened for study eligibility (ODI 
score and BMI) via email and again the day of study partic-
ipation. Prior to data collection, all participants signed an 
informed consent form approved by the university’s Institu-
tional Review Board (Project ID: 1921195-3) and the study 
was performed in accordance with the ethical standards of 
the Declaration of Helsinki. 

PROCEDURES 

Prior to collection of muscle stiffness measures, partici-
pants had their height and weight recorded with a sta-
diometer (Seca 777, Hamburg, Germany), then completed 
self-report questionnaires for demographic, activity level, 
exercise frequency, LBP-related disability, pain, and anxi-
ety. Physical activity level was assessed with a single ques-
tion, “Over the last year, how would you assess your activity 
level?” with possible responses being “inactive”, “some-
what active”, “active”, and “very active.” This question has 
demonstrated adequate reliability and validity to assess ac-

tivity level when compared to more comprehensive ques-
tionnaires.32 Furthermore, activity level assessed with this 
single question has been shown to have a positive relation-
ship with lumbar muscle stiffness.32,33 Weekly participa-
tion in aerobic and resistance exercise was assessed with a 
training frequency question that asked participants, “Over 
the last year, how frequently (on average) did you partici-
pate in at least 30 minutes of aerobic or resistance train-
ing?” with possible answers being “less than 1 day per 
week”, “1-3 days per week”, and “greater than 3 days per 
week.” The numeric pain rating scale (NPRS) is an 11-point 
(0-10) scale that is a reliable and responsive measure in 
people with LBP.34 Participants with LBP rated their pain in 
each body position that stiffness measures were collected. 
The ODI is a reliable and valid 0-100 scale measuring LBP-
related disability where higher scores relate to higher dis-
ability.35 Anxiety was assessed with the Beck Anxiety In-
ventory (BAI) which is a 21-item questionnaire that scores 
somatic symptoms of anxiety on a 0-63 point scale (higher 
scores represent more anxiety).36 The BAI has demon-
strated adequate reliability and validity when compared to 
other anxiety questionnaires and anxiety assessed with this 
measure has been shown to demonstrate a negative re-
lationship with muscle stiffness.36,37 Upon completion of 
questionnaires, participants with LBP received a subjective 
and neuromusculoskeletal exam to determine their appro-
priateness for the study. 
Stiffness measurements were collected on the VL, BF, 

LM (L5 spinal segment), and LT (L1 spinal segment) mus-
cles during the lying (prone/supine) and contracted (stand-
ing and trap bar deadlift positions) conditions. These mus-
cles were selected due to their demonstrated importance 
to deadlift performance as well as spinal health and func-
tion in individuals with LBP.27,30,38,39 Measurement loca-
tions were determined using documented electromyogra-
phy (EMG) sites that were consistent with 
recommendations stated on the device manufacture’s web-
site (myoton.com).40 Measurements were acquired with the 
participant’s shoes off, recorded from the more sympto-
matic side in individuals with LBP, and randomized to the 
left or right side in asymptomatic individuals. Measures 
were only collected on the more symptomatic side in par-
ticipants with LBP to reduce the number of deadlift repeti-
tions that participants had to perform. Furthermore, higher 
muscle stiffness measures have been found on the more 
symptomatic side in people with LBP.20 Participants with 
LBP were asked to withhold from receiving any therapeutic 
interventions for their back pain and from taking any back 
pain specific medications (pain relievers, anti-inflammato-
ries, muscle relaxers) 12 hours prior to study participation. 
All participants were asked to maintain their usual level of 
physical activity 24 hours prior to study participation. 

MYOTONPRO MEASUREMENTS 

Stiffness measures were obtained using a single measure 
with the single tap mode of the MyotonPRO to reduce the 
time required to obtain the measurements in the deadlift 
position. A previous study found good to excellent test-
retest reliability (intraclass correlation coefficients = 0.81 to 
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Figure 2. Obtaining stiffness measure of the lumbar       
multifidus muscle with the MyotonPRO.      

0.97) using this method in the same muscles and body po-
sitions.29 Muscle stiffness measures were acquired by the 
examiner positioning the probe of the MyotonPRO perpen-
dicularly on the belly of the targeted muscles at the recom-
mended locations.40 The examiner lowered the device into 
measurement range which was identified by illumination of 
a green light on the device (Figure 2).41 A quick (15 ms) and 
light (0.4 N) device-initiated mechanical impulse force was 
transmitted through the probe, causing the targeted tissue 
to respond with a damped oscillation that was registered 
by the device accelerometer.41 The tissue’s stiffness mea-
surement (Nm) was computed and displayed on the device 
screen.23 

STANDARDIZATION OF MEASURES 

Measures were first obtained in the lying (supine and 
prone) position then measured in the standing and trap bar 
deadlift positions. Lying measures were obtained in supine 
for the VL muscle and in prone for the BF, LM, and LT 
muscles. Prior to collecting stiffness measures, trunk an-
gles were collected with an inclinometer at the T12 spinal 
segment in both the standing and deadlift positions to as-
sess for spinal angle differences between groups. Lying and 
standing measures were collected in the same order (VL, 
BF, LM, LT) whereas the deadlift measurements were ran-
domized to account for a possible order effect. Standing 
measures were obtained with the participants standing 
with a cone positioned between their feet to standardize 
stance width. Plastic cones were used to simulate the width 
and height of trap bar handles to prevent participants from 
lifting or resting on the trap bar while in the deadlift po-
sition (Figure 3). Participants were positioned between two 

Figure 3. Trap bar deadlift set-up position. Cone       
dimensions represent height and width of trap bar         
handles.  

cones that were 63.5 cm apart (width of the trap bar han-
dles). Participants self-selected a stance width that was 
most comfortable for them to achieve the trap bar deadlift 
position. The stance width was recorded and maintained 
for all subsequent deadlift repetitions. Participants were re-
quired to squat to a depth that allowed them to contact the 
top of the cones with closed fists. The height of the cones 
(22.8 cm) was selected because it is the approximate height 
of the top of a trap bar handle when loaded with bumper 
plates. Furthermore, it was reasoned that abnormalities in 
muscle stiffness were most likely to occur when LBP par-
ticipants were in the starting position of the deadlift where 
the highest spine loads have been shown to occur.42 Partic-
ipants were required to squat and hold the trap bar deadlift 
position for approximately 2-5 seconds during four sepa-
rate repetitions while the examiner obtained muscle stiff-
ness measures on each muscle. 

STATISTICAL ANALYSIS 

Data analyses were performed using SPSS, version 28.0 
software (IBM Corp, Armonk, New York) and included data 
from all 68 participants for the VL, BF, LM, and LT for 
the relaxed and deadlift positions and the LM and LT for 
the standing position. Sixty-eight participants ensured at 
least 80% power to detect an effect size of 0.7 (28 Nm) be-
tween groups when using a 2-tailed alpha of .05. Baseline 
characteristics were summarized by treatment group and 
compared with independent t-tests for parametric data and 
Mann-Whitney-U and Chi-squared tests for categorical and 
dichotomous data, respectively. Variables that were signif-
icantly different per group were used in linear regression 
analyses with each muscle stiffness outcome to assess for 
use as a covariate. Variables that were statistically different 
between groups and linearly related to the dependent vari-
able were used as covariates. Additionally, variables such 
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Table 1. Characteristics of participants per group      

Asymptomatic Controls LBP p-value 

Participants 34 34 

% Female 44% 76% 0.01* 

Age 20.7 (5.1) 21.9 (4.5) 0.97 

Body Mass Index 23.4 kg/m2 (2.7) 22.5 kg/m2 (2.6) 0.98 

Physical Activity Level 0.05 

Inactive 0 (0%) 3 (9%) 

Somewhat active 7 (21%) 4 (12%) 

Active 4 (12%) 14 (41%) 

Very active 23 (67%) 13 (38%) 

Aerobic Frequency 0.02* 

< 1 x per week 2 (6%) 8 (24%) 

1-3 x per week 17 (50%) 18 (52%) 

> 3 x per week 15 (44%) 8 (24%) 

Resistance Frequency 0.05 

< 1 x per week 7 (21%) 10 (29%) 

1-3 x per week 10 (29%) 16 (47%) 

> 3 x per week 17 (50%) 8 (24%) 

ODI N/A 14.0 (3.9) N/A 

NPRS N/A 4 (2) N/A 

BAI 4.5 (5.4) 11.4 (8.4) < 0.001* 

ODI, Oswestry Disability Index for low back pain disability (scored 0-50 with higher scores indicating greater disability). NPRS, numeric pain rating scale (scored 0-10 with higher 
scores indicating greater pain). BAI, Beck’s Anxiety Inventory (scored 0-63 with higher scores indicating greater anxiety). LBP, low back pain. Values reported as mean (SD) except 
where noted. *Statistically significant difference at p < 0.05. 

as physical activity that have demonstrated a linear rela-
tionship with muscle stiffness20 were assessed for use as a 
covariate with linear regression analyses. Separate analy-
ses of covariance were conducted to compare absolute and 
relative (percent-muscle stiffness change from the relaxed 
to the standing and deadlifting positions) muscle stiffness 
measures between the groups for each muscle and con-
dition. Percent-muscle stiffness change was calculated for 
each muscle of interest for the standing and deadlift con-
ditions with the appropriate formula ([standing or deadlift 
stiffness – lying stiffness]/lying stiffness x 100). Finally, t-
tests were used to compare trunk angles and stance widths 
between groups. 

RESULTS 

Table 1 displays demographic, physical activity, pain, and 
low back disability data for each group. Sex and physical 
activity were identified as significant covariates. Compar-
isons of adjusted means and 95% confidence intervals (CI) 
are displayed for each muscle across the three conditions in 
Table 2. The only difference between the two groups was in 
the VL muscle with the LBP group demonstrating a higher 
adjusted mean stiffness of 22 Nm (95% CI, 0.21 to 43.8) 
in the relaxed position. Table 3 and Figure 4 displays per-
cent-muscle stiffness changes that occurred as participants 
transitioned from the relaxed to the standing and deadlift 
positions. There were no significant differences in percent-
muscle stiffness change between the lying and standing po-

sitions between the two groups. Within the trap bar dead-
lift position there was a significantly greater increase in the 
percent-muscle stiffness change that occurred in the VL (p 
= .029, 21.9%) and BF (p = .024, 11.2%) muscles in the con-
trol group than in the LBP group. No between group differ-
ences were identified for standing and deadlifting trunk an-
gles or for deadlifting stance widths (p-value range = .205 to 
.573). Mean LBP intensity was 4/10 (SD = 2) for each body 
position and 11 (32%) of the participants with LBP reported 
at least a 1-point increase in pain when they were in the 
deadlift position. 

DISCUSSION 

Little is known about how thigh and trunk muscle stiffness 
behave in individuals with LBP under loaded conditions. 
The results of this study demonstrate that in young, phys-
ically active adults with moderately disabling LBP, stiffness 
of the VL, BF, LM, and LT muscles are not statistically 
different than healthy controls during standing and dead-
lifting positions. Although significant percent-muscle stiff-
ness increases were found in the control group for the VL 
and BF muscles for the deadlift position, these increases 
were modest and within measurement error.29 These find-
ings contribute to the growing body of literature regarding 
how muscle stiffness relates to LBP and how myotonometry 
may be used to monitor for neuromuscular deficits that 
have been difficult to reliably quantify with other clinical 
methods.43 Furthermore, these findings have important 
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Table 2. Muscle stiffness comparisons per condition, all values are reported in Newton-meters.            

Mean Stiffness (SD) Adjusted Mean Differencesa (95% Confidence Interval) 

Control 
(n = 34) 

LBP 
(n = 34) 

p-value 

VL 

Relaxed 303.9 (32.5) 314.8 (57.8) 22.0 (0.21 to 43.8) 0.05* 

Standing 427.3 (115.0) 375.2 (102.9) 19.0 (-66.6 to 28.7) 0.43 

Deadlift 640.1 (175.0) 553.5 (186.5) 26.1 (-49.6 to 101.8) 0.49 

BF 

Relaxed 263.0 (50.4) 251.9 (51.6) 6.3 (-14.8 to 27.4) 0.56 

Standing 291.0 (86.6) 272.5 (68.2) 7.4 (-25.3 to 40.1) 0.65 

Deadlift 285.7 (106.6) 230.6 (55.2) 28.0 (-8.3 to 64.3) 0.13 

LM 

Relaxed 234.1 (71.5) 237.3 (66.4) 11.1 (-23.4 to 45.6) 0.52 

Standing 291.7 (153.7) 301.3 (156.5) 32.6 (-43.8 to 109.0) 0.40 

Deadlift 675.2 (279.1) 612.7 (244.6) 0.7 (-121.7 to 123.0) 0.99 

LT 

Relaxed 316.5 (50.5) 312.6 (55.7) 2.4 (-24.7 to 29.4) 0.86 

Standing 366.1 (105.4) 364.0 (124.0) 7.4 (-50.6 to 65.4) 0.80 

Deadlift 645.0 (173.1) 614.2 (216.6) 2.3 (-94.4 to 99.0) 0.96 

VL, vastus lateralis; BF, biceps femoris; LM, lumbar multifidus; LT, longissimus thoracis. aMean stiffness differences and confidence interval values are adjusted for sex and activity 
level. *Statistically significant difference at p < or = 0.05. 

Table 3. Percent muscle stiffness changes between relaxed and deadlift conditions, all values are reported in               
Newton-meters  

Percent Mean Stiffness Change (SD) Adjusted Mean Differencesa (95% Confidence Interval) 

Control 
(n = 34) 

LBP 
(n = 34) 

p-value 

Standing 

LM 21.5 (42.1) 22.3 (38.2) 12.0 (-14.1 to 25.9) 0.56 

LT 15.2 (26.5) 14.9 (26.3) 2.7 (-11.1 to 15.5) 0.74 

Deadlift 

VL 107.9 (43.3) 73.6 (44.6) 21.9 (2.3 to 41.4) 0.03* 

BF 6.7 (24.6) -8.0 (13.8) 11.2 (1.5 to 21.0) 0.02* 

LM 184.9 (78.0) 155.7 (74.2) 12.0 (-23.8 to 47.8) 0.50 

LT 101.9 (41.8) 95.2 (59.7) 2.7 (-22.2 to 27.7) 0.83 

LBP, low back pain; VL, vastus lateralis; BF, biceps femoris; LM, lumbar multifidus; LT, longissimus thoracis; aMean stiffness and confidence interval values are adjusted for sex and 
activity level. *Statistically significant difference at p < 0.05. 

implications for rehabilitation providers managing physi-
cally active individuals who have LBP and will be returning 
to deadlift training and/or performing similar deadlift-like 
movements upon completion of rehabilitation. 
The lack of statistically significant differences in muscle 

stiffness between the two groups across all conditions was 
not an expected finding. Earlier studies have shown in-
creased erector spinae stiffness in those with LBP and 
demonstrated that muscle stiffness was positively related 
to pain scores and negatively related to function.27,30 In 
contrast, this study found no between group differences for 
LM or LT stiffness in the relaxed condition despite the par-
ticipants with LBP exhibiting higher levels of LBP-related 

disability than in previous studies (Table 1). However, it is 
worth highlighting that in younger individuals with LBP, 
Ilahi et al.30 found that only females demonstrated an in-
crease in relaxed erector spinae stiffness compared to age- 
and activity-matched controls. Moreover, Wu et al.27 found 
statistically significant increases in a mixed-sex group of 
elderly with LBP, but the mean muscle stiffness differences 
(42.1 Nm) between the healthy and LBP groups did not ex-
ceed minimal detectable differences reported in their study 
(47.2-50.2 Nm). The inconsistency in findings clearly high-
lights that further research is necessary to better under-
stand the relationship between lumbar musculature stiff-
ness and LBP. 
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Figure 4. Graph depicting percent-muscle stiffness change per muscle for the trap bar deadlift in healthy               
controls and participants with low back pain (LBP).         
*Statistically significant difference at p < or equal to 0.05. 

The hypotheses that participants with LBP would 
demonstrate differences in the standing and deadlift pos-
tures was also mostly unsupported by the results. Move-
ment and motor control impairments are known to occur 
secondary to pain.44,45 Thus, it was expected that LBP 
symptoms would be exacerbated under these relatively 
loaded conditions, leading to compensatory motor control 
strategies that would manifest as altered stiffness in the 
muscles of interest. The absence of muscle stiffness differ-
ences in these positions suggests there may have been an 
insufficient level of pain intensity and/or LBP-related dis-
ability to result in muscle dysfunction. It is also possible 
that the MyotonPRO measures were not sensitive enough 
to detect mild differences that may have been present be-
tween the two groups. Specific to the deadlift position, pain 
data analysis demonstrated that only 32% (n = 11) of the 
LBP group reported an increase in pain while they were 
in the deadlift posture. Furthermore, only two participants 
reported a 2-point increase in pain that is necessary for 
clinical significance.34 Though speculative, it may be that 
a compensatory deadlift posture (e.g. adopting a more up-
right trap bar deadlift set-up) may only be found in individ-
uals who experience a clinically meaningful increase in LBP 
symptoms that are specific to the deadlift set-up position. 
Another explanation could be that individuals with mild to 
moderate levels of spinal pain and disability only demon-
strate compensatory trap bar deadlift mechanics with dead-
lift attempts of higher intensities. Future studies should 
seek to answer these questions as they could help to further 
clarify when individuals with LBP may be safe to return to 
deadlift training and at what capacity. 

This is the first study to use muscle stiffness to deter-
mine inter-muscular load sharing percentages while per-
forming a variation of the deadlift. Figure 4 and Table 3 
demonstrate the relative change in muscle stiffness as par-
ticipants transitioned from the lying (relaxed) position to 
the deadlift position. The substantial increases in stiffness 
for the VL, LM, and LT muscles suggests that these muscles 
are important force producing muscles during performance 
of the trap bar deadlift. These results are supported by pre-
viously recorded deadlift muscle activation patterns mea-
sured with EMG,38 and demonstrates the versatility of my-
otonometry as a method to estimate individual muscle 
contributions (through the surrogate of muscle stiffness) to 
a compound movement such as the deadlift. 
Finally, this is the first study to compare performance of 

a deadlift variation between healthy and LBP cohorts using 
muscle stiffness as an outcome. The results are largely con-
sistent with a similar study that used force production and 
EMG to compare isometric deadlift performance between 
individuals with and without LBP.16 Stock et al.16 demon-
strated that individuals with acute, non-specific LBP had 
the same force output and muscle excitability patterns as 
healthy controls. Collectively, these findings suggest that 
within young, active individuals with mild to moderate pain 
levels and LBP-related disability, deadlift variation training 
may be able to be performed without any added concern 
for re-injury secondary to lumbar spine or lower extremity 
neuromuscular impairments. Additionally, this study adds 
to the growing body of literature evaluating if and how my-
otonometry may be a useful clinical method to assist clini-
cians with detecting neuromuscular deficits. 
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LIMITATIONS 

The present study had several important limitations. First, 
the generalizability of this study is limited to young, active 
individuals with mild to moderate levels of LBP-related dis-
ability. Similarly, the deadlift variation used in this study 
was specific to the trap bar and the starting (“initial pull”) 
position of the lift and therefore does not apply to other 
deadlift variations, positions, or to dynamic movements. 
Additionally, the deadlift inter-muscular stiffness percent-
ages identified in this study occurred under minimal load 
(body weight) and may not accurately represent individual 
muscle contributions as isometric deadlifts are performed 
at higher intensities. Finally, the MyotonPRO measure-
ments are limited by subcutaneous fat thickness that ex-
ceeds 2 cm and can only target superficial tissues that can 
me palpated.31 Despite attempts to combat these limita-
tions by requiring participants to have BMIs less than 
30kg/m2 and using recommended muscle stiffness mea-
surement locations it is possible that fat, non-target mus-
cle, and fascia located over the target muscles may have in-
terfered with some muscle stiffness measures. 

CONCLUSION 

The results of this study indicate that no significant dif-
ferences in muscle stiffness exist between participants with 
LBP and healthy controls in the lying, standing, or dead-
lifting conditions. Although differences in percent-muscle 
stiffness changes were noted between groups for the dead-
lift position, the differences were within measurement er-
ror. Future studies should seek to expand on these findings 
by using myotonometry to further investigate the relation-
ships between muscle stiffness and deadlift performance in 
LBP populations of varying degrees of pain and/or disabil-
ity. 
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