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Task-specific pain-related fear
influences lifting biomechanics
differently in individuals with and
without occupations involving
repetitive lifting tasks

Christian Bangerter’?*?, Oliver Faude?, Denise Weidinger, André Meichtry?,
Michael L. Meier3, Carol-Claudius Hasler*> & Stefan Schmid®*

Higher task-specific pain-related fear has been linked to restricted lumbar spine range of motion

(ROM) during lightweight object lifting in chronic low back pain (LBP) patients and reduced lumbar
spine flexion angles in healthy individuals, suggesting protective movement strategies. However, it
remains unclear whether these findings apply to individuals who repetitively lift heavier objects at
work. This study aimed to determine whether the effect of task-specific pain-related fear on lifting
kinematics differs between individuals with (LIFTER) and without (NON-LIFTER) occupations involving
repetitive lifting, and to quantify how this effect depends on object weight, task (lifting or lowering),
and LBP history. 156 healthy individuals provided information on previous LBP episodes, completed
pain-related fear questionnaires, and lifted 5-kg and 15-kg boxes. Kinematic outcomes included
lumbar spine ROM and whole-body lifting strategy. Linear mixed models revealed that the effect of
task-specific pain-related fear on lumbar spine ROM significantly differed between group (NON-LIFTER
vs. LIFTER: -0.087), weight (5 kg vs. 15 kg: 0.026), and task (lifting vs. lowering: 0.059), but not LBP
history (No LBP vs. LBP: -0.005). Higher task-specific pain-related fear was associated with reduced
lumbar spine ROM in NON-LIFTER but not in LIFTER, suggesting that fear-driven protective movement
strategies vary by occupation.

Keywords Object lifting, Psychomotor interactions, Fear-avoidance beliefs, Spine, Stoop-Squat-Index, Low
back pain

Low back pain (LBP) is a major global health problem, affecting approximately 80% of individuals during their
lifetime! . To prevent LBP, healthcare professionals commonly recommend lifting objects by squatting down
while maintaining the spine in a neutral position (squat lifting)*. However, this advice warrants reconsideration,
as there is no compelling evidence that avoiding spinal flexion during lifting prevents LBP or reduces spinal
loading®®. In fact, squat lifting may even increase compressive and shear loads on the lower lumbar spine, a
region particularly vulnerable to injury and pain®1°.

Beyond biomechanical concerns, an excessive emphasis on squatting during lifting may also have
psychological repercussions. Negative beliefs about the back are prevalent, with both LBP patients and healthy
individuals believing that lifting with a rounded back is harmful'!~!*. This overemphasis on avoiding spinal
flexion could reinforce negative beliefs about the back and exacerbate pain-related fear'%, a recognized risk factor
for the development and persistence of LBP!>-17,

Higher levels of lifting-specific pain-related fear have been linked to restricted lumbar spine range of motion
(ROM) in chronic LBP patients'®, and reduced lumbar spine flexion angles in healthy, pain-free individuals'*.
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These behavioral adaptations have been associated with a protective movement strategy, involving a stiffening
of the spine through increased muscle co-activation, which may lead to increased spinal loading and muscle
fatigue, potentially predisposing individuals to back problems in the long term!°-23. However, as Knechtle et
al.'* examined lumbar spine angles during 5-kg box lifting, in a laboratory setting with a general population
sample, it remains unclear whether these findings also apply to individuals who repetitively lift heavier objects
at work. Previous research has linked higher frequency and intensity of lifting to an increased risk of LBP?4-%7,
underscoring the importance of further investigation in manual workers.

A recent systematic review highlighted the need for field-based studies measuring spinal kinematics in
manual workers, addressing common limitations of existing studies, such as small sample sizes, reliance on
laboratory settings, inaccurate measures of spinal motion, and the focus on lightweight lifting tasks®. To enhance
the assessment of lifting behavior, even in field observations, it has been recommended to combine spinal
flexion measures with evaluations of whole-body lifting strategies, such as the Stoop-Squat-Index®®, which can
accurately and reliably be derived from conventional video recordings®. Moreover, research has shown that
a history of LBP is not only a risk factor for future LBP*® but may also influence lumbar spine motion during
lifting®!, emphasizing the need to account for this factor when assessing lifting kinematics.

To address the identified gaps, the present study targeted individuals with and without occupations involving
repetitive lifting, conducted field-based measurements, included varying lifting weights, and accounted for
previous LBP episodes. The primary objective of this study was to determine whether the effect of task-specific
pain-related fear on lifting kinematics differs between individuals with and without occupations involving
repetitive lifting tasks. Additionally, the study aimed to quantify how this effect depends on object weight,
whether the object is lifted or lowered, and LBP history.

Methods

Participants

This cross-sectional observational study included 156 healthy, pain-free adults, who were divided into two
groups: LIFTER (n=76) and NON-LIFTER (n=280). The LIFTER group was defined as individuals whose
occupation required daily repetitive bending and lifting of objects as an integral and unavoidable part of their
work. Specifically, these participants were recruited from the employees working in the mail or parcel distribution
centers of Switzerland’s national postal service (Swiss Post), where handling of parcels involves frequent lifting
and lowering tasks performed multiple times per day. This definition was restricted to occupational lifting, and
activities outside of work (e.g., during leisure time or household tasks) were not considered. While the exact
number of lifts and the weight of the parcels varied between individuals and workdays, these criteria ensured that
all LIFTER were regularly exposed to frequent occupational lifting demands, thereby distinguishing them from
individuals without such occupational lifting exposure. The NON-LIFTER group was defined as individuals
whose occupations did not involve repetitive lifting or bending tasks (e.g., office workers) and were recruited
from the Swiss general population.

All participants were recruited between March 2023 and May 2024, based on the following inclusion criteria:
aged between 18 and 60 years, healthy and free of current lumbar back pain, and sufficient understanding of the
German language. Exclusion criteria were: acute LBP episodes in the last 3 months and/or history of chronic
LBP (pain lasting more than 3 months), diseases, comorbidities, injuries, surgeries, and other conditions limiting
lifting capability, prior surgical interventions of the spine, known pregnancy or breastfeeding, and obesity.

The study was performed in accordance with the Declaration of Helsinki and was approved by the responsible
ethics committee (Kantonale Ethikkommission Bern, Project-ID: 2022-01607). All participants provided
written informed consent prior to the data collection.

Procedures

All participants completed a single measurement session. For LIFTER, measurements took place in closed rooms
(e.g., break rooms) at the respective mail and parcel distribution centers. For NON-LIFTER, measurements
were carried out in various office spaces. All measurements were conducted by the same experienced physical
therapist, with partial assistance from a second physical therapist of equal experience to ensure smooth and
timely completion.

Medical history and psychological questionnaires

Participants first answered questions about demographics and previous LBP episodes. Specifically, LBP history
was dichotomized and assessed with the question: “Have you ever experienced low back pain in your life?” If
participants asked for clarification on what should be considered LBP, they were instructed to consider any pain
that had limited or interfered with their daily activities. We did not collect additional information on the number
of previous episodes, the time since the last episode, or the specific movements provoking pain. Following this,
they completed the following three validated questionnaires to assess self-reported measures of pain-related fear
and general anxiety:

Tampa Scale for Kinesiophobia for the General Population (TSK-G).

This 17-item questionnaire evaluates fear of movement or (re)injury. Each statement is rated on a 4-point
Likert scale from 1 (strongly disagree) to 4 (strongly agree), resulting in a total score ranging from 17 to 68.
Higher scores indicate greater levels of fear of movement or (re)injury*>**. The total score (TSK-total) was used
as a measure of general pain-related fear!+1832,

Photograph Series of Daily Activities — Short electronic Version (PHODA-SeV).

This tool assesses the perceived harmfulness of various physical activities. Participants were shown 40
photographs of everyday activities on a laptop and asked to imagine performing each activity, then rate how
harmful they believed it would be to their back on a scale from 0 (not harmful at all) to 100 (extremely harmful)3*.
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The score for item number 3 of the PHODA-SeV, depicting a person lifting a flowerpot with a rounded back
(PHODA-lift), was used as a measure of task-specific pain-related fear during object lifting!*18-3>.

State-Trait Anxiety Inventory (STAI).

This questionnaire comprises two subscales to assess anxiety: state anxiety (S-Anxiety) evaluates momentary
feelings of anxiety, while trait anxiety (T-Anxiety) measures the general tendency to experience anxiety>®.
Each subscale includes 20 items rated on a 4-point Likert scale from 1 (“not at all” or “almost never”) to 4
(“very much so” or “almost always”). The total scores for each subscale range from 20 to 80, with higher values
indicating greater levels of anxiety*®”. The total scores of the S-Anxiety (STATE-total) and T-Anxiety (TRAIT-
total) subscales were used as measures of general anxiety.

Assessment of lifting kinematics

After completing the questionnaires, a biomechanical assessment of object lifting was conducted, involving
the quantification of lumbar spine kinematics and whole-body lifting strategy using portable measurement
equipment.

Lumbar spine kinematics were assessed using the Epionics SPINE system (MCG motion capture GmbH,
Heidelberg, Germany), a wearable strain gauge-based system measuring at a sampling rate of 50 Hz. Two hollow,
elastic adhesive tapes were attached to the skin on both sides along the spine, 3 cm lateral to the spinous processes,
starting at the level of a line connecting the posterior superior iliac spines. The distance from this line to the
spinous process of the 12th thoracic vertebra (Th12-distance) was measured using a tape measure to determine
the number of sensors required to capture lumbar spine motion. Flexible sensor strips, each containing 12
vertically arranged strain gauge sensors (2.5 cm in length) and two acceleration sensors positioned at the upper
and lower ends, were inserted into the adhesive tapes. These strips were connected to a compact storage unit
(12.5 x 5.6 x 2 cm, 80 g), which was worn on an elastic belt around the pelvis. The Epionics SPINE system has
been validated in a previous study, demonstrating reliable and accurate measurements of sagittal plane lumbar
spine angles during an object lifting task, compared with a Vicon motion capture system?.

Whole-body lifting strategy was assessed through conventional lateral-view video recordings, captured with
an iPad Air (Apple Inc., Cupertino, CA, USA) at a frame rate of 60 Hz?. To facilitate the identification of specific
anatomical landmarks required for subsequent analyses, retro-reflective skin markers were attached to the left
greater trochanter as well as the tip of the C7 spinous process. The iPad was mounted on a tripod positioned 3
m lateral to the participants on the left side, with the camera height set at 85 cm above the ground and aligned
perpendicularly to the participants’ sagittal plane when performing the lifting task. A T-shaped adhesive tape
was placed on the floor to standardize the participants’ stance, with their toes aligned behind the front tape and
their heels equidistant from the middle tape®’.

Participants lifted and lowered a box, once with a weight of 5 kg, and once with 15 kg, using a freestyle
technique. They were instructed to lift and lower the box intuitively at their preferred speed, using a movement
pattern consistent with their usual daily lifting behavior. However, as participants were informed about the study’s
objectives, they were aware that their lifting technique would be studied. The box (40 x 20 x 10 cm), equipped
with handles, was placed on the floor 15 cm in front of the participants’ toes®!4?°, To minimize the impact of
potential habituation effects or fatigue, the order of the weight conditions (i.e., whether to start with 5 kg or 15
kg) was randomized, and participants were allowed to perform one practice lift in each weight condition. For
each weight condition, data from the iPad and the Epionics SPINE system were recorded simultaneously until
five valid trials were completed. A trial was considered valid if the movement sequence was completed without
interruptions such as balance loss, slipping from the box handles, turning the head, or other hesitations. To
synchronize the two measurement systems, participants performed a rapid heel-rise movement (synchronization
movement) at the start of each weight condition.

Data reduction and parameters of interest

Parameters of interest from the questionnaires, including general pain-related fear (TSK-total), task-specific
pain-related fear (PHODA-lift), and general anxiety (STATE-total, TRAIT-total), were calculated according to
the respective scoring manuals.

Data from the Epionics SPINE system were processed using a custom-built MATLAB routine (R2022a,
MathWorks Inc., Natick, MA, USA)3%. An event detection function was used to automatically identify the
start of the two movement sequences (T0), each consisting of five lifting and lowering repetitions, based on
the acceleration data of the synchronization movement. All other temporal events (i.e., the events indicating
the start and end of each lifting and lowering task) were adopted from the video analysis, as described below.
Subsequently, angle data derived from each strain gauge were smoothed using a zero-phase Butterworth low-
pass filter with a 6 Hz cutoff frequency. To determine the sagittal plane lumbar spine angle, the filtered angle data
from all strain gauge sensors up to the Th12-distance were summed for each sensor strip and averaged between
the two strips. In case of erroneous data from one strip (e.g., due to tape displacement, detachment, or technical
defects), only the summed angle data from the other strip were used.

Video recordings were processed using the Dartfish software (Dartfish 2022, Version 11.0, Dartfish company,
Freiburg, Switzerland; https://www.dartfish.com), following a standardized and validated protocol for deriving
whole-body lifting strategies?®. A two-dimensional coordinate system was established with its origin at the
intersection of the T-shaped tape on the floor, using the participants’ body height as the reference distance. The
markers placed on the greater trochanter and the C7 spinous process were automatically tracked by the software,
with manual corrections applied as needed, and the vertical positions of these markers were extracted relative
to the coordinate system origin. The start of the two movement sequences (T0), defined by the synchronization
movement, and the start of each lifting and the end of each lowering task, defined by the box movement (i.e., start
when the box began moving and end when the box stopped moving), were manually identified. The end of the
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lifting and the start of the lowering task were automatically identified using a MATLAB-based event detection
function based on the vertical trajectory of the C7 marker?®***8, Whole-body lifting strategies were quantified
using the Stoop-Squat-Index, calculated for each lifting and lowering task based on the vertical positions of the
greater trochanter and C7 markers?®. The Stoop-Squat-Index ranges from 0, representing a full squat strategy, to
100, representing a full stoop strategy?.

Kinematic data for each lifting and lowering task were then time-normalized to 101 data points. To allow
for further analyses, the sagittal lumbar spine angles were parameterized into ROM by calculating the absolute
difference between the maximum and the minimum angles within each task. Stoop-Squat-Indices were
parameterized as their values at 30% of the lifting and 70% of the lowering task as previously recommended by
Bangerter et al.2°. All parameters were finally averaged across the five repetitions per weight condition and task,
resulting in four lumbar spine ROM values and four Stoop-Squat-Index values per participant.

Statistical analysis

Descriptive statistics were calculated for demographics, psychological questionnaire scores, and lifting
kinematics. Normality of the data was assessed using the Shapiro-Wilk test and visual inspection of Q-Q plots.
As several variables were not normally distributed, group differences between LIFTER and NON-LIFTER were
tested using Mann-Whitney U tests or Chi-Square tests (for dichotomous variables). In addition, associations
between measures of pain-related fear and general anxiety were evaluated using Spearman’s rank correlation
coefficients, with bootstrap 95% confidence intervals computed from 5000 resamples.

To examine the effect of task-specific pain-related fear on lifting kinematics, a linear mixed model was fitted
for each outcome of interest (i.e., lumbar spine ROM and Stoop-Squat-Index). Fixed effects included PHODA-
lift as the primary regressor of interest; Task (lifting or lowering) and Weight (5 kg or 15 kg) as within-subject
factors; Group (LIFTER or NON-LIFTER) and LBP history (LBP or No LBP) as between-subject factors; and the
interaction terms between PHODA-lift and each of these factors. To account for the correlation structure of the
data, random intercepts were included for Subject, Subject:Weight, and Subject:Task.

The models were adjusted for the potential confounding variables age, sex, BMI, and TSK-tota
TSK-total was included to account for linear effects of general pain-related fear. Since TSK-total significantly
correlated with both measures of general anxiety (STATE-total and TRAIT-total), these two variables were not
added to the models. From the fitted models, we computed contrasts of interest to examine differences in the
PHODA-lift effect with respect to Group, Task, Weight, and LBP history. Moreover, we derived model-based
predictions for the different subgroups defined by all 16 combinations with respect to Group, Task, Weight,
and LBP history. Residual analysis was performed to check model assumptions. Statistical significance was
determined at an alpha level of 0.05. All statistical analyses were conducted in R (R Core Team, 2024, version
4.4.2)%, using the “boot”1*2, “Ime4” 3, “ImerTest™*, “emmeans™®, and “effects”¥¢~* packages.

114.18,35,39

Results

The LIFTER group (n=76) was older, taller, had a greater mass and BMI, and included more males than the
NON-LIFTER group (1n=280). No significant differences were observed in LBP history, with 33 participants
in each group reporting no prior LBP. A detailed overview of participants’ demographics, psychological
questionnaire scores, and lifting kinematics for the total sample and by group is provided in Table 1.

The LIFTER group scored significantly higher on all psychological questionnaires assessing pain-related
fear and general anxiety, except for the TRAIT-total score. The median PHODA-lift scores were 80 for LIFTER
(mean: 69.5) and 60 for NON-LIFTER (mean: 53.1). A correlation matrix of pain-related fear and general anxiety
measures is shown in the Supplementary Table S1. The PHODA-lift, as measure of task-specific pain-related fear,
did not significantly correlate with the other questionnaire scores (r; < 0.089). The TSK-total, as measure of
general pain-related fear, demonstrated significant correlations with the STATE-total, and the TRAIT-total (1rS
>0.159).

Lumbar spine ROM data were unavailable for two participants (both from the LIFTER group) due to technical
issues with the Epionics SPINE system. Consequently, we had 616 (154 x2x2) observations for lumbar spine
ROM and 624 (156 x2x2) observations for the Stoop-Squat-Index. With 18 parameters to be estimated per
model, this resulted in approximately 34 observations per estimated parameter, indicating sufficient statistical
precision. Residual analyses showed no evidence against model assumptions.

Effect of task-specific pain-related fear on lumbar spine ROM

The linear mixed model for lumbar spine ROM revealed statistically significant interaction effects for PHODA-
lift:Group (p=0.039), PHODA-lift:Task (p=0.001), and PHODA-lift:Weight (p=0.006). No significant
interaction effect was observed for PHODA-lift:LBP history (p=0.897). A detailed output of the fitted linear
mixed model for lumbar spine ROM is presented in Table 2. PHODA-lift trends and contrasts of interest are
summarized in Table 3.

The difference in the PHODA-lift effect between the groups (NON-LIFTER vs. LIFTER) was statistically
significant (contrast: -0.087, p=0.039). In the NON-LIFTER group, the PHODA-lift demonstrated a statistically
significant negative effect on lumbar spine ROM (estimate: -0.081, p=0.007). In contrast, no evidence of a
PHODA-lift effect was observed in the LIFTER group (estimate: 0.007, p =0.825).

The difference in the PHODA-lift effect between the tasks (lifting vs. lowering) was statistically significant
(0.059, p=0.001). For the lifting task, no evidence of a PHODA-lift effect was observed (-0.007, p=0.747). For
the lowering task, the PHODA-lift demonstrated a statistically significant negative effect on lumbar spine ROM
(-0.067, p=0.004).

The difference in the PHODA-lift effect between the weight conditions (5 kg vs. 15 kg) was statistically
significant (0.026, p=0.006). For the 5-kg weight, no evidence of a PHODA-lift effect was observed (-0.024,
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All LIFTER NON-LIFTER
(n=156) (n=76) (n=80) p-value
Demographics
Sex [male (%) / female (%)] 96 (62) / 60 (38) | 58 (76) / 18 (24) | 38 (47.5) / 42 (52.5) | <0.001°
Age [years] 38.7+11.8 41.3+11.7 36.3+114 0.009
Height [cm] 173.8+9.1 175.1+£8.6 172.6+9.3 0.042
Mass [kg] 743+13.4 77.2+13.0 71.5+13.3 0.008
BMI [kg/m?] 245+3.2 25.1+£3.3 23.8+2.9 0.035
LBP history [LBP (%) / No LBP (%)] 90 (58) / 66 (42) | 43 (57) /33 (43) | 47 (59) / 33 (41) 0.784*
Psychological questionnaires
PHODA-lift 65 (40-85) 80 (51-90) 60 (30-74) <0.001
TSK-total 33 (30-39) 35(31-41) 32 (28-36) 0.001
STATE-total 29 (25-33) 30 (25-36) 28 (25-31) 0.049
TRAIT-total 31 (26-37) 32 (27-37) 31 (26-37) 0.745
Lifting kinematics
Lumbar spine ROM [°] lifting 5kg |27.2+7.7 29.2+7.8 253+7.1
15kg | 26.3+7.9 28.3+8.2 245+7.1
lowering | 5kg | 30.8+7.8 30.1+7.4 31.5+8.2
15kg | 30.0£8.0 29.2+7.4 30.7+8.5
Stoop-Squat-Index lifting 5kg |51.8+20.8 49.6+23.3 53.9+18.1
15kg | 45.3+£18.7 45.2+20.6 454+16.9
lowering | 5kg | 50.9+22.3 48.3+24.1 53.4+20.2
15kg | 42.3+£20.8 41.8+£22.0 42.8+19.6

Table 1. Demographics, psychological questionnaire scores, lumbar spine range of motion (ROM), and
Stoop-Squat-Index for the total sample and by group (LIFTER and NON-LIFTER). Values are presented

as mean + SD or median (25th -75th percentile). Group comparisons were conducted using Mann-

Whitney U tests for continuous variables and Chi-Square tests (*) for dichotomous variables. Statistically
significant differences (p <0.05) are marked in bold. PHODA-lift: Score for item 3 of the Photograph Series

of Daily Activities — Short electronic Version (PHODA-SeV). TSK-total: Total score of the Tampa Scale for
Kinesiophobia for the General Population (TSK-G). STATE-total: Total score of the state anxiety subscale from
the State-Trait Anxiety Inventory (STAI). TRAIT-total: Total score of the trait anxiety subscale from the STAIL

p=0.266). For the 15-kg weight, the PHODA-lift demonstrated a statistically significant effect on lumbar spine
ROM (-0.050, p=0.022).

Figure 1 presents model-based predictions and illustrates the dependence of the PHODA-lift effect on the
different subgroups, with the corresponding PHODA-lift trends provided in Table 4. The following Eq. (1)
estimates the PHODA-lift effect on lumbar spine ROM as a linear function of Group, Task, Weight, and LBP
history:

PHODA —lifteffect = —0.037 + 0.044 (Group) — 0.030 (T'ask) — 0.013 (Weight) + 0.003 (LBP history) (1)

where Group, Task, Weight, and LBP history are coded as follows (2):

1, if LIFTER 1, if lowering
Group = { 1, if NON — LIFTER Task= { 21, if lifting
Weight = { 1_’17 ;ch é%{jgg LBP history = { 517 % ]{J/E]Z/BP

Effect of task-specific pain-related fear on Stoop-Squat-Index

The linear mixed model for the Stoop-Squat-Index demonstrated no statistically significant interaction effects
for PHODA-lift:Group (p=0.597), PHODA-lift:Task (p=0.890), PHODA-lift:Weight (p=0.553), and PHODA-
lif:LBP history (p=0.734). A detailed output of the fitted linear mixed model for the Stoop-Squat-Index is
presented in Table 5. PHODA-lift trends and contrasts of interest are summarized in Table 6. The overall
PHODA-lift trend on the Stoop-Squat-Index was estimated at -0.093 (p=0.124). Figure 2 presents model-
based predictions and illustrates the dependence of the PHODA-lift effect on the different subgroups, with the
corresponding PHODA-lift trends provided in the Supplementary Table S2. The following Eq. (3) estimates the
PHODA-lift effect on the Stoop-Squat-Index as a linear function of Group, Task, Weight, and LBP history (with
the same coding as specified above):

PHODA —lifteffect = —0.093 + 0.032 (Group) — 0.001 (T'ask) + 0.013 (Weight) — 0.020 (LBP history) (3)
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Random effects Variance | SD

Subject:Weight (Intercept) | 1.94 1.39

Subject:Task (Intercept) 15.90 3.99

Subject (Intercept) 32.50 5.70

Residual 6.31 2,51

Fixed effects Estimate | SE t-value | p-value
Intercept 25.508 5.897 | 4.33 <0.001
PHODA-lift -0.037 0.021 | -1.76 0.081
Group (LIFTER) -2.173 1.429 | -1.52 0.130
Task (lowering) 3.640 0.607 | 5.99 <0.001
Weight (15 kg) 0.365 0.314 | 1.16 0.247
LBP history (LBP) —-1.243 1.319 | -0.94 | 0.348
Sex (female) -0.931 0.618 | -1.51 |[0.134
Age -0.036 0.047 | -0.76 0.449
BMI 0.160 0.178 | 0.90 0.371
TSK-total 0.071 0.084 | 0.85 0.396
PHODA-lift:Group (LIFTER) 0.044 0.021 |2.08 0.039
PHODA-lift:Task (lowering) -0.030 0.009 | -3.26 0.001
PHODA-lift:Weight (15 kg) -0.013 0.005 | -2.76 0.006
PHODA-lift:LBP history (LBP) | 0.003 0.020 | 0.13 0.897

Table 2. Fitted linear mixed model for lumbar spine range of motion. Categorical variables were coded
using sum-to-zero contrasts. Statistical significance (p <0.05) is indicated in bold. SD: standard deviation. SE:
standard error.

Estimate | SE Lower CL | Upper CL | t-value | p-value
Overall —-0.037 0.021 | -0.079 0.005 -1.759 | 0.081
LIFTER 0.007 0.030 | -0.053 0.066 0.221 | 0.825
Group NON-LIFTER -0.081 0.030 | -0.139 -0.022 -2.730 | 0.007
contrast (NON-LIFTER vs. LIFTER) | —0.087 0.042 | -0.170 —-0.004 -2.081 | 0.039
lowering —-0.067 0.023 | -0.112 —-0.022 -2.908 | 0.004
Task lifting -0.007 0.023 | -0.053 0.038 -0.323 | 0.747
contrast (lifting vs. lowering) 0.059 0.018 | 0.023 0.095 3.264 | 0.001
15kg -0.050 0.022 | -0.093 -0.007 -2.318 | 0.022
Weight 5kg —-0.024 0.022 | -0.067 0.019 -1.115 | 0.266
contrast (5 kg vs. 15 kg) 0.026 0.009 | 0.007 0.045 2.764 | 0.006
LBP -0.035 0.026 | -0.086 0.018 -1.311 |0.192
LBP history | No LBP -0.040 0.032 | -0.102 0.023 -1.252 | 0.213
contrast (No LBP vs. LBP) -0.005 0.040 | -0.085 0.074 -0.130 | 0.897

Table 3. Estimated PHODA-lift trends and contrasts of interest for lumbar spine range of motion. Values are

presented overall and by Group, Task, Weight, and LBP history, along with corresponding contrasts of interest
derived from the fitted linear mixed model. Statistical significance (p <0.05) is indicated in bold. SE: standard

error. CL: 95% confidence limit.

Discussion

This study investigated whether task-specific pain-related fear influences lifting kinematics differently in
individuals with and without occupations involving repetitive lifting. Additionally, we examined how this effect
varies based on object weight, movement task (lifting or lowering), and LBP history. The results showed that
the PHODA-lift effect on lumbar spine ROM significantly differed between Group (LIFTER vs. NON-LIFTER),
Task (lifting vs. lowering), and Weight (5 kg vs. 15 kg), but not LBP history (LBP vs. No LBP). Specifically, a
significant negative PHODA-lift effect on lumbar spine ROM was observed in the NON-LIFTER group, during
the lowering task, and with the 15-kg weight. In contrast, no significant differences in the PHODA-Iift effect on
whole-body lifting strategy were observed between Group, Task, Weight, and LBP history.

Effect of task-specific pain-related fear on lumbar spine ROM
The PHODA-lift effect on lumbar spine ROM differed between LIFTER and NON-LIFTER, suggesting that
task-specific pain-related fear affects lumbar spine ROM differently in individuals with and without repetitive
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Fig. 1. Predictor effect plot illustrating the effect of PHODA-lift (x-axis) on lumbar spine range of motion
(ROM) in degrees [°] (y-axis), across different subgroups defined by all combinations of Group (LIFTER or
NON-LIFTER), Task (lifting or lowering), Weight (5 or 15 kg), and LBP history (LBP or No LBP). Columns
are sorted by LBP history and Group, and rows by Weight and Task. Model-based predictions for lumbar spine
ROM are shown as blue solid lines, with 95% confidence intervals represented by blue shaded areas.

occupational lifting tasks. Specifically, NON-LIFTER exhibited a significant decrease in lumbar spine ROM
with higher PHODA-lift scores, whereas LIFTER did not. More precisely, in NON-LIFTER, a PHODA-lift
score of 100 corresponded to an average reduction of 8.1 degrees in lumbar spine ROM compared to a score
of 0. This negative association in NON-LIFTER aligns with previous studies'*!8. For example, in chronic LBP
patients, higher PHODA-lift scores were linked to reduced lumbar spine ROM during a 4-kg box-lifting task'®.
Similarly, Knechtle et al.!* observed negative relationships between task-specific pain-related fear and lumbar
spine flexion angles during 5-kg object lifting in healthy, pain-free individuals. Based on previous evidence,
this reduction in lumbar spine ROM in NON-LIFTER with higher lifting-specific pain-related fear may reflect
a protective movement strategy, consisting of a trunk-stiffening mechanism to safeguard the spine by limiting
lumbar motion'*!822, Although such strategies, likely driven by increased muscle co-contraction, may provide
short-term benefits for LBP patients, their persistence could lead to muscle fatigue and increased spinal loading,
potentially increasing the risk of back problems over time!?-234,
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Group Task Weight | LBP history | Estimate | SE Lower CL | Upper CL | t-value | p-value
LIFTER lifting 5kg LBP 0.052 0.036 | -0.019 0.123 1.45 0.150
No LBP 0.047 0.039 | -0.030 0.124 1.20 0.233

15 kg LBP 0.026 0.036 | —0.045 0.097 0.72 0.471

No LBP 0.021 0.039 | -0.056 0.098 0.53 0.597

lowering | 5 kg LBP -0.007 0.036 | —0.078 0.063 -0.21 0.836

No LBP -0.013 0.039 | -0.090 0.064 -0.33 0.746

15kg LBP -0.033 0.036 | -0.104 0.037 -0.93 0.353

No LBP -0.039 0.039 | -0.116 0.038 -0.99 0.323

NON-LIFTER | lifting 5kg LBP -0.036 0.034 | -0.104 0.033 -1.03 0.304
No LBP —-0.041 0.040 | -0.119 0.038 -1.02 0.307

15 kg LBP -0.062 0.034 | -0.129 0.007 -1.79 0.076

No LBP —-0.067 0.040 | -0.145 0.012 -1.68 0.095

lowering | 5 kg LBP -0.095 0.034 | -0.163 -0.027 -2.75 0.007

No LBP -0.100 0.040 | -0.179 -0.022 -2.52 0.013

15kg LBP -0.121 0.034 | -0.189 -0.053 -3.51 <0.001

No LBP -0.126 0.040 | -0.205 -0.048 -3.17 0.002

Table 4. Estimated PHODA-lift trends for lumbar spine range of motion across all subgroups. Statistical
significance (p <0.05) is indicated in bold. SE: standard error. CL: 95% confidence limit.

The absence of evidence for a PHODA-lift effect on lumbar spine ROM in LIFTER could be explained by
their occupational experience. Accustomed to handling heavier loads daily, these individuals may not perceive
the lifting tasks in this study as threatening and thus may not adopt fear-driven protective movement strategies.
However, this explanation is challenged by the significantly higher PHODA-lift scores in LIFTER (mean: 69.5)
compared to NON-LIFTER (mean: 53.1), which indicate heightened lifting-specific pain-related fear. Although
PHODA-lift scores in the entire sample were generally higher than those reported in previous studies involving
healthy, pain-free individuals from the general population (mean scores of 47.5' and 42.5%), the PHODA-lift
scores in LIFTER were comparable to those observed in chronic LBP patients, who demonstrated mean scores
of 72.9'8 and 71.4°*. These elevated PHODA-lift scores in LIFTER suggest a strong belief that lifting with a
rounded back is dangerous. This belief may be learned and reinforced through occupational manual handling
training, as many physical therapists and manual handling advisors continue to advocate lifting with a straight
back while advising against spinal flexion during lifting*. Such recommendations could foster negative beliefs
about spinal health and contribute to pain-related fear, potentially explaining the high PHODA-lift scores in
LIFTER. However, the lack of a significant PHODA-lift effect in LIFTER suggests that this explicit belief did not
translate into altered lifting behavior. Further research is warranted to elucidate the underlying mechanisms of
this psychomotor decoupling.

Moreover, the PHODA-lift effect on lumbar spine ROM significantly varied between lifting and lowering
tasks, and between 5-kg and 15-kg weights. Although a negative PHODA-lift effect was observed across both
tasks and weights, indicating reduced lumbar spine ROM with higher task-specific pain-related fear, the effect
was more pronounced and only reached statistical significance during the lowering task and with the 15-kg
weight. This suggests that protective movement strategies were primarily adopted when lowering heavier loads,
likely reflecting increased caution in response to higher perceived risk. These findings partially contradict
Knechtle et al.'*, who reported significant negative associations between PHODA-lift and lumbar spine flexion
angles throughout most of both the lifting and lowering tasks but not with discrete lumbar spine ROM values.
However, direct comparisons with Knechtle et al.* and Matheve et al.!8 are difficult, as neither study included
heavier loads nor separately analyzed lumbar spine ROM for the lifting and lowering tasks.

The results showed no significant differences in the PHODA-lift effect on lumbar spine ROM between
individuals with and without an LBP history. This suggests that there is no evidence that previous LBP episodes
influence the relationship between psychological factors and spinal motion. One possible explanation is the
absence of chronic conditions in the current sample, as all participants were pain-free at the time of testing,
despite more than half reporting previous LBP episodes. However, this finding is somewhat unexpected, as
according to the fear-avoidance model, an LBP episode could potentially increase pain-related fear!>!7°5!, and
previous research has indicated that manual workers with a history of LBP use less lumbar spine flexion during
lifting than those without’!. In addition, decreased lumbar spine ROM has been reported in individuals with
recurrent LBP during a remission period>2.

Effect of task-specific pain-related fear on stoop-squat-index

The PHODA-lift effect on the Stoop-Squat-Index revealed no significant differences between LIFTER and NON-
LIFTER, suggesting that occupation does not significantly influence the impact of task-specific pain-related fear
on whole-body lifting strategies. Furthermore, this effect did not significantly vary between lifting and lowering
tasks, 5-kg and 15-kg weights, or individuals with and without an LBP history. Across all subgroups, PHODA-
lift exhibited a negative effect on the Stoop-Squat-Index, which was more pronounced in NON-LIFTER and
among participants with an LBP history. While this effect did not reach statistical significance, it suggests that
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Estimate | SE Lower CL | Upper CL | t-value | p-value
Overall -0.093 0.060 | -0.212 0.026 —-1.548 | 0.124
LIFTER —-0.062 0.085 | -0.230 0.107 —-0.723 | 0.471
Group NON-LIFTER -0.125 0.085 | -0.292 0.042 —-1.477 |0.142
contrast (NON-LIFTER vs. LIFTER) | -0.063 0.120 | -0.300 0.173 -0.530 | 0.597
lowering -0.095 0.061 | -0.215 0.026 -1.552 | 0.123
Task lifting —-0.092 0.061 | -0.212 0.028 -1.511 |0.133
contrast (lifting vs. lowering) 0.003 0.018 | -0.033 0.038 0.139 | 0.890
15 kg -0.080 0.064 | -0.207 0.046 -1.251 |0.213
Weight 5kg -0.106 0.064 | -0.233 0.020 -1.658 | 0.099
contrast (5 kg vs. 15 kg) -0.026 0.044 | -0.113 0.061 -0.595 | 0.553
LBP -0.113 0.075 | -0.261 0.036 -1.504 | 0.135
LBP history | No LBP -0.074 0.091 | -0.253 0.105 -0.813 | 0.417
contrast (No LBP vs. LBP) 0.039 0.115 | -0.188 0.266 0.341 | 0.734

Table 6. Estimated PHODA-lift trends and contrasts of interest for the Stoop-Squat-Index. Values are
presented overall and by Group, Task, Weight, and LBP history, along with corresponding contrasts of interest
derived from the fitted linear mixed model. SE: standard error. CL: 95% confidence limit.

higher lifting-specific pain-related fear was associated with increased squatting behavior. Similar to fear-driven
adaptations in lumbar spine motion!*!8, this shift towards squatting may reflect a protective movement strategy,
whereby individuals engage the lower extremities more to move the load while maintaining a more upright
trunk position, potentially to minimize spinal strain.

Unlike the findings for lumbar spine ROM, no significant association was observed between PHODA-lift and
Stoop-Squat-Index. This may indicate that task-specific pain-related fear primarily affects lumbar spine motion,
with a less clear influence on whole-body lifting strategies. In this context, it is important to note that the Stoop-
Squat-Index quantifies the ratio between trunk forward lean and mainly knee joint flexion but does not provide
any information on lumbar spine angles. It could therefore be that a high Stoop-Squat-Index results from a
trunk forward lean that is achieved through hip flexion rather than spinal flexion?®. Nevertheless, the size of the
estimated overall effect indicates that a PHODA-lift score of 100 corresponds to an average decrease of 9.3 in the
Stoop-Squat-Index compared to a score of 0, suggesting potential clinical relevance.

Limitations

One limitation is the use of the Epionics SPINE system to quantify lumbar spine motion. This method relies
on sensor strips placed on the skin lateral to the spine, which may not precisely capture the movement of the
underlying bony structures. Nonetheless, this system has been validated for measuring lumbar spine ROM
during box-lifting tasks, demonstrating accurate and reliable values compared with a Vicon motion capture
system™. In addition, a limitation of our group definition (LIFTER vs. NON-LIFTER) is that lifting and bending
activities performed during leisure time or household tasks were not assessed, and classification was therefore
only based on occupational exposure. As a result, our findings are limited with respect to potential dose-effect
relationships between total lifting exposure and the investigated outcomes. Another limitation is the reliance on
self-reported LBP history, which is susceptible to recall bias. No data were collected on the intensity or duration
of past LBP episodes, and participants determined whether previous back complaints were classified as pain.
As a result, the dichotomous classification of LBP history was subjective, with a possible impact on the study’s
findings. The limited definition of LBP history may have resulted in subgroups of participants with very different
LBP experiences (e.g., recurrent vs. single past episodes), potentially explaining differences between studies.
Our finding that LBP history did not influence the effect of task-specific pain-related fear on lumbar spine
ROM should therefore be interpreted with caution, as other definition criteria could lead to different results.
In addition, the predefined object weights and the standardized stance did not allow for participant-specific
adaptations based on body weight or height, potentially influencing the results. Finally, the presence of a physical
therapist during measurements may have influenced participants’ lifting behavior, a potential instance of the
Hawthorne effect, where individuals modify behavior when they know they are being observed®. In motor
behavior research, similar effects have been reported, such as changes in gait kinematics under observation®.
Moreover, participants’ awareness of both the study’s objectives and the physical therapist’s focus on their lifting
strategy may have additionally influenced their movement behavior.

Potential implications

The findings suggest that fear-driven protective movement strategies vary by occupation, highlighting the need
for further research to explore the clinical implications of these differences in preventing and managing LBP.
Although the results support existing evidence suggesting potential adverse associations between psychological
factors and lifting kinematics, longitudinal studies are needed to determine whether these movement adaptations
indeed reflect protective strategies with negative long-term consequences. Considering the biopsychosocial
contributors to LBP%%, it would be of particular interest to investigate whether these psychomotor interactions are
associated with an increased risk of LBP in healthy, pain-free individuals. Additionally, the high levels of lifting-
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Fig. 2. Predictor effect plot illustrating the effect of PHODA-lift (x-axis) on the Stoop-Squat-Index (y-axis),
across different subgroups defined by all combinations of Group (LIFTER or NON-LIFTER), Task (lifting or
lowering), Weight (5 kg or 15 kg), and LBP history (LBP or No LBP). Columns are sorted by LBP history and
Group, and rows by Weight and Task. Model-based predictions for the Stoop-Squat-Index are shown as blue
solid lines, with 95% confidence intervals represented by blue shaded areas.
specific pain-related fear in LIFTER warrant reconsideration of current lifting behavior recommendations in
manual handling training. Since elevated pain-related fear is associated with an increased risk of LBP'>-'7, such
interventions should aim at reducing negative back beliefs rather than reinforcing overly cautious movement
patterns.
Conclusion
This study demonstrates that the effect of task-specific pain-related fear on lifting kinematics varies by occupation.
A fear-driven reduction in lumbar spine ROM was observed in individuals without repetitive lifting tasks at
work, but not in those with such tasks. These protective movement strategies were more pronounced when
lowering heavier loads, suggesting increased caution in response to higher perceived risk. Further research is
needed to determine the clinical relevance of these findings by exploring potential causal relationships between
pain-related fear, lifting behavior, and the development or persistence of LBP.
Scientific Reports|  (2025) 15:41098 | https://doi.org/10.1038/s41598-025-24890-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Data availability
The datasets generated during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Received: 27 March 2025; Accepted: 16 October 2025
Published online: 20 November 2025

Re
1

ferences

. Airaksinen, O. et al. Chapter 4 European guidelines for the management of chronic nonspecific low back pain. Eur. Spine J. 15,

$192-S300 (2006).

2. Balagué, F, Mannion, A. F, Pellisé, F. & Cedraschi, C. Non-specific low back pain. Lancet 379, 482-491 (2012).

3. Walker, B. E, Muller, R. & Grant, W. D. Low back pain in Australian Adults. Prevalence and associated disability. J. Manipulative
Physiol. Ther. 27, 238-244 (2004).

4. Nolan, D., O’Sullivan, K., Stephenson, J., O’Sullivan, P. & Lucock, M. What do physiotherapists and manual handling advisors
consider the safest lifting posture, and do back beliefs influence their choice? Musculoskelet. Sci. Pract. 33, 35-40 (2018).

5. Dreischarf, M., Rohlmann, A., Graichen, F, Bergmann, G. & Schmidt, H. In vivo loads on a vertebral body replacement during
different lifting techniques. J. Biomech. 49, 890-895 (2016).

6. Saraceni, N. et al. To flex or not to flex? Is there a relationship between lumbar spine flexion during lifting and low back pain? A
systematic review with Meta-analysis. J. Orthop. Sports Phys. Ther. 50, 121-130 (2020).

7. van Dieén, J. H., Hoozemans, M. J. M. & Toussaint, H. M. Stoop or squat: a review of Biomechanical studies on lifting technique.
Clin. Biomech. 14, 685-696 (1999).

8. von Arx, M. et al. From stoop to squat: A comprehensive analysis of lumbar loading among different lifting styles. Front. Bioeng.
Biotechnol. 9, 769117 (2021).

9. Khoddam-Khorasani, P,, Arjmand, N. & Shirazi-Adl, A. Effect of changes in the lumbar posture in lifting on trunk muscle and
spinal loads: A combined in vivo, musculoskeletal, and finite element model study. J. Biomech. 104, 109728 (2020).

10. Kingma, I, Bosch, T., Bruins, L. & van Dieen, J. H. Foot positioning instruction, initial vertical load position and lifting technique:
effects on low back loading. Ergonomics 47, 1365-1385 (2004).

11. Caneiro, J. P, O’Sullivan, P.,, Smith, A., Moseley, G. L. & Lipp, O. V. Implicit evaluations and physiological threat responses in
people with persistent low back pain and fear of bending. Scand. J. Pain. 17, 355-366 (2017).

12. Caneiro, J. P. et al. Evaluation of implicit associations between back posture and safety of bending and lifting in people without
pain. Scand. J. Pain. 18, 719-728 (2018).

13. Gross, D. P. et al. A Population-Based survey of back pain beliefs in Canada. Spine 31, 2142-2145 (2006).

14. Knechtle, D. et al. Fear-avoidance beliefs are associated with reduced lumbar spine flexion during object lifting in pain-free adults.
Pain 162, 1621-1631 (2021).

15. Leeuw, M. et al. The Fear-Avoidance model of musculoskeletal pain: current state of scientific evidence. J. Behav. Med. 30, 77-94
(2007).

16. van Nieuwenhuyse, A. et al. The role of physical workload and pain related fear in the development of low back pain in young
workers: evidence from the BelCoBack Study; results after one year of follow up. Occup. Environ. Med. 63, 45-52 (2006).

17. Vlaeyen, J. W. S. & Linton, S. ]. Fear-avoidance and its consequences in chronic musculoskeletal pain: a state of the Art. Pain 85,
317-332 (2000).

18. Matheve, T., De Baets, L., Bogaerts, K. & Timmermans, A. Lumbar range of motion in chronic low back pain is predicted by task-
specific, but not by general measures of pain-related fear. Eur. J. Pain. 23, 1171-1184 (2019).

19. Granata, K. P. & Marras, W. S. The influence of trunk muscle coactivity on dynamic spinal loads. Spine 20, 913-919 (1995).

20. Hodges, P. W. & Smeets, R. J. Interaction between Pain, Movement, and physical activity: Short-term Benefits, Long-term
Consequences, and targets for treatment. Clin. J. Pain. 31, 97-107 (2015).

21. Marras, W. S., Davis, K. G., Ferguson, S. A, Lucas, B. R. & Gupta, P. Spine Loading Characteristics of Patients With Low Back Pain
Compared With Asymptomatic Individuals: Spine 26, 2566-2574 (2001).

22. Moseley, G. L., Nicholas, M. K. & Hodges, P. W. Does anticipation of back pain predispose to back trouble? Brain 127, 2339-47
(2004).

23. van Dieén, ]. H., Flor, H. & Hodges, P. W. Low-Back pain patients learn to adapt motor behavior with adverse secondary
consequences. Exerc. Sport Sci. Rev. 45, 223-229 (2017).

24. Coenen, P. et al. Cumulative low back load at work as a risk factor of low back pain: A prospective cohort study. J. Occup. Rehabil.
23, 11-18 (2013).

25. Coenen, P. et al. The effect of lifting during work on low back pain: a health impact assessment based on a meta-analysis. Occup.
Environ. Med. 71, 871-877 (2014).

26. Heneweer, H., Staes, F.,, Aufdemkampe, G., Van Rijn, M. & Vanhees, L. Physical activity and low back pain: a systematic review of
recent literature. Eur. Spine J. 20, 826-845 (2011).

27. Hoogendoorn, W. E. et al. Flexion and rotation of the trunk and lifting at work are risk factors for low back pain: results of a
prospective cohort study. Spine Phila. Pa. 1976. 25, 3087-3092 (2000).

28. Schmid, S. The Stoop-Squat-Index: a simple but powerful measure for quantifying whole-body lifting behavior. Arch. Physiother.
12, 8 (2022).

29. Bangerter, C. et al. Conventional video recordings dependably quantify whole-body lifting strategy using the Stoop-Squat-Index:
A methods comparison against motion capture and a reliability study. J. Biomech. 164, 111975 (2024).

30. Taylor, J. B., Goode, A. P.,, George, S. Z. & Cook, C. E. Incidence and risk factors for first-time incident low back pain: a systematic
review and meta-analysis. Spine J. 14, 2299-2319 (2014).

31. Saraceni, N. et al. Does intra-lumbar flexion during lifting differ in manual workers with and without a history of low back pain?
A cross-sectional laboratory study. Ergonomics 65, 1380-1396 (2022).

32. Houben, R. M. A,, Leeuw, M., Vlaeyen, J. W. S., Goubert, L. & Picavet, H. S. ]. Fear of Movement/Injury in the general population:
factor structure and psychometric properties of an adapted version of the Tampa scale for kinesiophobia. J. Behav. Med. 28, 415—
424 (2005).

33. Rusu, A. C, Kreddig, N., Hallner, D., Hiilsebusch, ]J. & Hasenbring, M. 1. Fear of movement/(Re)injury in low back pain:
confirmatory validation of a German version of the Tampa scale for kinesiophobia. BMC Musculoskelet. Disord. 15, 280 (2014).

34. Leeuw, M., Goossens, M. E. J. B., Van Breukelen, G. J. P, Boersma, K. & Vlaeyen, J. W. S. Measuring perceived harmfulness of
physical activities in patients with chronic low back pain: the photograph series of daily activities—Short electronic version. J. Pain.
8, 840-849 (2007).

35. Liechti, M. et al. Spatial distribution of erector spinae activity is related to task-specific pain-related fear during a repetitive object
lifting task. J. Electromyogr. Kinesiol. 65, 102678 (2022).

36. Julian, L. ]. Measures of anxiety: State-Trait anxiety inventory (STAI), Beck anxiety inventory (BAI), and hospital anxiety and
depression Scale-Anxiety (HADS-A). Arthritis Care Res. 63, 467-472 (2011).

Scientific Reports|  (2025) 15:41098 | https://doi.org/10.1038/s41598-025-24890-z nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

37. Spielberger, C. D. & Gorsuch, R. L. Manual for the State-Trait Anxiety Inventory (Form Y): (‘self-Evaluation Questionnaire’)
(Consulting Psychologists Press, Inc., 1983).

38. Suter, M. et al. Measuring lumbar back motion during functional activities using a portable strain gauge sensor-based system: A
comparative evaluation and reliability study. J. Biomech. 100, 109593 (2020).

39. Kehl, C. et al. Associations between pain-related fear and lumbar movement variability during activities of daily living in patients
with chronic low back pain and healthy controls. Sci. Rep. 14, 22889 (2024).

40. R Core Team. R: A Language and Environment for Statistical Computing (R Foundation for Statistical Computing, 2024).

41. Canty, A. & Ripley, B. boot: Bootstrap R (S-Plus) Functions. (2024).

42. Davison, A. C. & Hinkley, D. V. Bootstrap Methods and their Application (Cambridge University Press, 1997).

43. Bates, D., Michler, M., Bolker, B. & Walker, S. Fitting linear Mixed-Effects models using lme4. J. Stat. Softw. 67, 1-48 (2015).

44. Kuznetsova, A., Brockhoff, P. B. & Christensen, R. H. B. LmerTest package: tests in linear mixed effects models. J. Stat. Softw. 82,
1-26 (2017).

45. Lenth, R. V. & emmeans Estimated Marginal Means, Aka Least-Squares Means. (2024).

46. Fox, ]. Effect displays in R for generalised linear models. J. Stat. Softw. 8, 1-27 (2003).

47. Fox,]. & Hong, J. Effect displays in R for multinomial and Proportional-Odds logit models: extensions to the effects package. J. Stat.
Softw. 32, 1-24 (2009).

48. Fox, J. & Weisberg, S. Visualizing fit and lack of fit in complex regression models with predictor effect plots and partial residuals. J.
Stat. Softw. 87, 1-27 (2018).

49. Hodges, P. W. Pain and motor control: from the laboratory to rehabilitation. J. Electromyogr. Kinesiol. 21, 220-228 (2011).

50. Bunzli, S., Smith, A., Schiitze, R., Lin, I. & O’Sullivan, P. Making sense of low back pain and pain-Related fear. J. Orthop. Sports
Phys. Ther. 47, 628-636 (2017).

51. Bunzli, S., Smith, A., Schiitze, R. & O’Sullivan, P. Beliefs underlying pain-related fear and how they evolve: a qualitative investigation
in people with chronic back pain and high pain-related fear. BMJ Open. 5, €008847 (2015).

52. Devecchi, V,, Rushton, A. B., Gallina, A., Heneghan, N. R. & Falla, D. Are neuromuscular adaptations present in people with
recurrent spinal pain during A period of remission? A systematic review. PLOS ONE. 16, €0249220 (2021).

53. McCambridge, J., Witton, J. & Elbourne, D. R. Systematic review of the Hawthorne effect: new concepts are needed to study
research participation effects. J. Clin. Epidemiol. 67, 267-277 (2014).

54. Ardestani, M. M. & Hornby, T. G. Effect of investigator observation on gait parameters in individuals with stroke. . Biomech. 100,
109602 (2020).

55. Vickers, J. et al. Effect of investigator observation on gait parameters in individuals with and without chronic low back pain. Gait
Posture. 53, 35-40 (2017).

56. Hartvigsen, J. et al. What low back pain is and why we need to pay attention. Lancet 391, 2356-2367 (2018).

Acknowledgements

We thank the Swiss Physiotherapy Association (Physioswiss) for financial support, and Swiss Post for assistance
in the recruitment of study participants. In addition, the authors thank Liliane Kiimmerli, Vanessa Leuthard,
Philippe Hinzer, Manuel Wandeler, Aron Krahenbiihl, Lara Seewer, and Jasmin Zurbriggen for their assistance
in data processing.

Author contributions

C.B. contributed to the conception and design of the study, the acquisition, analysis and interpretation of data,
and wrote the original draft of the manuscript. O.F, M.M., and C.H. contributed to the conception and design
of the study and the interpretation of data. D.W. contributed to the acquisition and analysis of data. A.M. con-
tributed to the analysis and interpretation of data. S.S. contributed to the conception and design of the study, the
interpretation of data and supervised the work. All authors reviewed the manuscript and approved the version
to be published.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-24890-z.

Correspondence and requests for materials should be addressed to C.B.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:41098 | https://doi.org/10.1038/s41598-025-24890-z nature portfolio


https://doi.org/10.1038/s41598-025-24890-z
https://doi.org/10.1038/s41598-025-24890-z
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Task-specific pain-related fear influences lifting biomechanics differently in individuals with and without occupations involving repetitive lifting tasks
	﻿Methods
	﻿Participants
	﻿Procedures
	﻿Medical history and psychological questionnaires
	﻿Assessment of lifting kinematics


	﻿Data reduction and parameters of interest
	﻿Statistical analysis
	﻿Results
	﻿Effect of task-specific pain-related fear on lumbar spine ROM
	﻿Effect of task-specific pain-related fear on Stoop-Squat-Index

	﻿Discussion


