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Abstract.

BACKGROUND: Work-related musculoskeletal disorders (WRMSDs) remain a challenge despite research aimed at improv-
ing their prevention and treatment. Extrinsic feedback has been suggested for the prevention and rehabilitation of WRMSDs
to improve sensorimotor control, and ultimately to reduce pain and disability. However, there are few systematic reviews on
the effectiveness of extrinsic feedback for WRMSDs.

OBJECTIVE: To perform a systematic review investigating the effect of extrinsic feedback for the prevention and rehabili-
tation of WRMSDs.

METHODS: Five databases (CINAHL, Embase, Ergonomics Abstract, PsycInfo, PubMed) were searched. Studies of various
designs assessing the effects of extrinsic feedback during work tasks on three outcomes (function, symptoms, sensorimotor
control) in the context of prevention and rehabilitation of WRMSDs were included.

RESULTS: Forty-nine studies were included, for a total sample of 3387 participants (including 925 injured) who performed
work-related tasks in the workplace (27 studies) or in controlled environments (22 studies). The use of extrinsic feedback was
shown to be effective in controlled environments for short-term prevention of functional limitations and sensorimotor alter-
ations (very limited to moderate evidence) and for improving, in injured participants, function, symptoms and sensorimotor
control (moderate evidence). In the workplace, it was shown to be effective for short-term prevention of functional limitations
(limited evidence). There was conflicting evidence regarding its effect for WRMSD rehabilitation in the workplace.
CONCLUSION: Extrinsic feedback is an interesting complementary tool for the prevention and rehabilitation of WRMSDs
in controlled environments. More evidence is needed regarding its effect for the prevention and rehabilitation of WRMSDs
in the workplace.
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1. Introduction

Despite research aimed at improving their pre-
vention and treatment, work-related musculoskeletal
disorders (WRMSDs) continue to cause signifi-
cant economic, social and individual burdens [1].
WRMSDs are challenging due to the multifacto-
rial risk factors associated with their development
and persistence (e.g., physical work demands, poor
posture, altered sensorimotor control, biopsychoso-
cial context) [2]. Previous systematic reviews on
WRMSDs have mainly focused on specific treat-
ments against pain [3, 4] and stiffness [5], neglecting
other impairments that could explain their high preva-
lence and rate of chronicity, such as sensorimotor
disturbance.

Sensorimotor disturbance is a discordance
between motor output and peripherical feedback [6].
It may modulate pain sensation [6] and movement
control [7, 8] due to changes in the central nervous
system [9, 10]. Outcomes related to sensorimotor
disturbance may be important to consider, as
recent publications have promoted sensorimotor
rehabilitation for musculoskeletal disorders [11, 12].
Therefore, awareness of sensorimotor disturbances
could be key for the prevention and rehabilitation of
WRMSDs. The use of extrinsic feedback has been
proposed as a good option to decrease sensorimotor
disturbance, and thus improve movement control
[13, 14].

Feedback is described as sensory afferent infor-
mation resulting from the movement of our body in
relation to the environment [14]. Intrinsic (or inter-
nal, or proprioception) feedback refers to the brain’s
awareness of somatic information occurring during
movement, while extrinsic (or augmented) feedback
is defined as external information provided by a
third party regarding movement outcomes or how the
movement is performed [15]. Using extrinsic feed-
back can enhance intrinsic feedback and help people
learn and improve their motor skills [13]. Extrinsic
feedback (referred to as “feedback” for the rest of this
manuscript) can be produced from various sources:
health professionals (e.g., therapists providing man-
ual or auditory feedback), “simple” interface (e.g.,
mirror, videos) or sensors (e.g., surface electromyog-
raphy [sEMG], inertial measurement units [IMUs]).
Feedback can be delivered using different sensory
modalities such as audio (e.g., voice or alarm), visual,
or tactile modalities individually or in combination.
They can also be set at various frequencies: continu-
ous, intermittent or faded, during or after a task [16,

17]. In addition, feedback can be self-controlled or
imposed by a health professional [17]. Finally, feed-
back provided to the individual can relate either to the
movement outcome (e.g., accuracy, time) at the end of
the task (knowledge of results| KR]) or to movement
characteristics (e.g., joint angle, muscle activation)
during the task (knowledge of performance [KP])
[13].

Three previous systematic reviews explored the
effect of feedback for the prevention or rehabilita-
tion of WRMSDs, but these reviews only targeted
the upper extremities. Two systematic reviews [18,
19] found conflicting effects of feedback for preven-
tion, while one systematic review found no effect for
workplace rehabilitation [20]. The interpretation of
these results is limited due a lack of studies (total of
six included studies for the three systematic reviews),
the various outcomes evaluated, and their focus on
the upper extremity only. Evaluating the effective-
ness of feedback in prevention and treatment of
WRMSDs with common comparison variables (func-
tion, symptoms, sensorimotor control) could lead to
more optimal use of feedback by rehabilitation pro-
fessionals.

The main objective of this systematic review was
to determine whether feedback is effective in the pre-
vention and rehabilitation of WRMSDs by evaluating
its effects on function (e.g., work ability, disabilities),
symptoms (e.g., discomfort, pain) and sensorimotor
control (e.g., posture, muscle activation) in individu-
als with and without WRMSDs.

2. Methods

This systematic review was conducted in accor-
dance with the Preferred Reporting Items for
Systematic Review and Meta-analysis (PRISMA)
[21] statement and registered on PROSPERO
(CRD42020188863).

The search strategy was developed in collabora-
tion with a university librarian. Five bibliographic
databases (CINAHL, Embase, Ergonomics Abstract,
PsycInfo, PubMed) were searched from inception to
August 2022 (2022/08/02). Specific search strategies
were developed in OVID (for PubMed, PsyclInfo),
Embase and EBSCO (for CINAHL, Ergonomics
Abstracts) using Medical Subject Headings (MeSH)
and free text. Three concepts were exploited for
the database search: (1) Population: workers with
or without WRMSDs or healthy people performing
work-related tasks, AND (2) Intervention: prevention
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or rehabilitation, AND (3) Modality: feedback. The
screening and management of duplicates were per-
formed using Covidence [22], an online software for
systematic reviews.

All titles and abstracts were screened indepen-
dently by two authors using the following inclusion
criteria: 1) study design: cross-sectional studies,
prospective studies, quasi-randomized controlled
studies, cross-over studies, randomized controlled
trials; 2) population: individuals with or without
WRMSDs; 3) setting: work tasks performed in a
work environment or in a controlled environment
(e.g., laboratory, clinics, home); 4) intervention: any
prevention or rehabilitation intervention using feed-
back; 5) outcome measures: function, symptoms and
sensorimotor control.

Two reviewers (AF and MH or CP or EC) inde-
pendently screened the titles and abstracts of all
retrieved articles, then screened full-text articles. In
the case of disagreements, a consensus was reached
by discussion, or a third reviewer (JSR) was con-
sulted if needed. Study data were extracted by the
first reviewer (AF) and audited for accuracy by a sec-
ond reviewer (MH or CP). A data extraction form
was created, and the data extracted included study
design, intervention, characteristics of feedback stud-
ied, location of MSK injury (if any), clinical stage
(prevention, acute, chronic), research setting, work
activity level (sedentary, physical, mixed [23]), out-
come measures, and results.

Two reviewers (AF and MH or CP) independently
assessed the risk of bias and the quality of evidence
using the Downs and Black checklist [24] and a
consensus was reached for the final score. Any dis-
agreements were resolved through discussion. The
pre-consensus inter-rater agreement between review-
ers for total scores was calculated using Gwet’s
gamma coefficient [25] and the intraclass correlation
coefficient (ICC). The Downs and Black checklist
evaluates risk of bias using a 27-item scale in three
domains: reporting, external validity, and internal
validity. It has good inter-rater reliability (ICC 0.73
t00.94) [26, 27]. The maximal score that corresponds
with a minimal risk of bias is 28. Articles with scores
>20 are considered strong, 14-20 moderate, 7—13
limited and <7 poor [28].

Two reviewers (AF and MH or CP) used the
GRADE (Grading of Recommendations, Assess-
ment, Development and Evaluations) qualitative
approach [29] to determine the overall quality of evi-
dence (Table 3) [30, 31]. Four domains were used to
characterize the evidence of each outcome: 1) number

of studies/participants (imprecision); 2) methodolog-
ical quality (risk of bias); 3) methodological and
outcome similarities (indirectness); and 4) direction
of results (inconsistency) [32]. Quality of evidence is
rated using a five-level classification system. Strong
evidence was characterized by multiple high-quality
studies with consistent results; moderate evidence
was characterized by multiple studies including at
least one high quality study or multiple moderate
or low-quality studies presenting consistent results;
limited evidence was characterized by multiple mod-
erate quality or low-quality studies with inconsistent
results, or one high quality study; very limited evi-
dence was characterized by only one low or moderate
quality study; conflicting evidence was characterized
by multiple studies providing inconsistent results,
regardless of the methodological quality.

Narrative reporting was used to synthesize results
(see Table 1). Table 2 presents description of the var-
ious scales used as outcome measures in the included
studies.

3. Results

The database search yielded 4,931 articles after
removing duplicates. After full text analysis, 49 stud-
ies were included (See Fig. 1 and Table 1). There were
14 cross-sectional laboratory studies (CSLS), 2 cross-
sectional workplace studies, 11 prospective cohort
studies (PCS), 1 crossover study, 2 pilot randomized
controlled trials (RCT), 1 pseudo RCT and 18 RCT.
The studies enrolled healthy participants who per-
formed tasks in controlled environments (n=16) or
in the workplace (n = 15), and/or injured workers who
performed tasks in the workplace (n=10) and con-
trolled environments (n=35). Three studies included
both healthy and injured participants in the work-
place. Work activity levels were sedentary (e.g., static
sitting or standing position, n =31), physical (n=11),
mixed or nonspecific (n=7) (See Table 1, Fig. 2).
Feedback focused on the neck and upper extrem-
ities (n=24), low back (n=16), lower extremities
(n=1), and mixed or nonspecific locations (n=38).
The total number of participants was 3387: 2204
healthy, 925 injured, and 258 undefined participants.
The main sources of feedback used included SEMG
(n=14),IMUs (n=11), and cranio-cervical pressure
(n=4), while 5 studies mixed two sources of feed-
back. The feedback sensory modalities used were
audio (n=38), tactile (n=10), visual (n=9), mixed
(n=12), and two studies compared the effects of dif-



Table 1
Synthesis of the articles included

Author, year  Study design  Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
PREVENTION
Agrussetal.,, Cross- 14 n=28, college Low back. Inlaboratory, lifting 1 group: faded verbal Short (day 7) Lumbar compression  All groups improved: 183 N
2004 sectional students, 64% plastic crate with feedback on lumbar (acceleration index)  for the control group, 380N
laboratory women, 20 to additional weight, acceleration index with 3D motion for the verbal feedback
study (3 33 years. until 3400 N of based on 3D motion capture analysis and  group, and 261 N for the
groups) lumbar compression.  capture (KP). 1 goup: errector spinae SEMG. sEMG feedback group. The
1 control and 2 faded audio feedback verbal acceleration group
intervention groups based on errector reduced the peak
(1/week, 2 week). spinae SEMG (KP). lumbosacral forces more
than the control group
(post-hoc test, p<0.01).
The sEMG feedback group
did not differ notably from
the control group (p>0,2).
Alavosius Prospective 10 n=06, physical Low back. In aresidential school Verbal and visual final Short, middle and Observational Performance variable
et al., 1986 cohort study providers, for the mentally faded feedback based long (weeks 1-2,  recording of during baseline. Following
gender not retarded, two client on checklist (KR). months 1-2-7) percentage of safely  initial feedback, the
specified, transfer techniques. performance of two  variability in technique
20-43 years. Feedback 1/week, transfer tasks: stand  persisted (total lift 38 %
after 5 week, feedback pivot or total lift. and stand pivot 33%
1/2week until safe unsafely). With additional
transfers. feedback, safety further
improved (total lift 17%,
stand pivot 5% unsafely).
Alavosius Prospective 15 n=4, physical Low back.  Inamedical service = Three schedules of Short, middle Observational Baseline: 63.5% +11.5%
et al., 1990 cohort study providers, unit of residential feedback: continuous (weeks 1-2-3, recording of of the tasks performed
100% women, facility for mentally ~ (many times, each months 3-4) percentage of safely  correctly. All responses
28-38 years. retarded, transfer day) or intermittent performance of three  treated with feedback

technics, positioning
and feeding. 5 months
of weekly visit, after 2
months biweekly and
monthly visit, until
participant completed
90% of the criteria
correctly.

verbal and visual
(written) (1/week, 3
consecutive
performance)
feedback (KR) or no
feedback.

health car routines
(feeding, positioning
and transferring).

improved (93.8% =+ 1.4%),
although continuous
feedback delivery changed
much faster the percentage
of safely performance than
intermittent feedback. At
Month 3-4, performance
tended to be maintained at
relatively high level
(91.8% £ 5.4%).
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Bazazan et al.,
2019

Blasch et al.,
2013

Boocock et al.,

2019

RCT (2
groups)

Pseudo
randomised
trial (4 groups)

Cross-
sectional
laboratory
study (2
groups)

19

16

17

n=188, Shoulder,

computer user, upper back,

0% women, neck, low

33+ 5 years. back.

n=93, office  Neck,

workers, 60%  shoulder,

women, arms, hands,

40 £ 8,8 years. low back
and leg.

n=36, Low back.

students,

gender not

specified,

25,7+4.,6

years.

In control room
operator, seated
posture monitoring. 1
control group, 12
weeks; 2/days,

30 min.

Feedback in
workplace and
assessment in a test
room. 1 waiting list
(control group) and 3
groups with a choice
of exercise: nordic
walking (NW), or
balance exercise on a
wobble board (BAL),
or feedback group
(BFB), 8 weeks.

In laboratory, lift a
13 kg box at 10 lifts
per minute for up to
20 min. 1 control

group.

Intermittent audio
(alarm) or tactile
(vibration) feedback
on incorrect shoulder
and trunk position
based on IMU (KP).

Long (months 6
and 12)

Visual and continuous TO and middle
feedback (based on (months 2 and 3)
skin conductance

level and finger

temperature) assited

relaxation and

stretching (KP).

Audio intermittent TO
feedback on 80%
threshold lumbar

flexion based IMU

fixed on lumbar spine
(KP).

Rapid Upper Limb
Assessment (RULA).
Musculoskeltal
Symptoms (Nordic
Musculoskeletal
Questionnaire).

Musculoskeletal
complaints and pain
(Freiburger
Beschwerdenliste,
FBL). Upper trapezius
neuromuscular
activity (SEMG).

Movement and
posture (IMU, 3D
motion capture
analysis and ground
force reaction plate).

After the intervention,
RULA score for the case
group was decreased
(p<0,01), and there were
differences in RULA
scores of the 2 groups
(p<0,05). The prevalence
of the symptoms
(p<0,05) decreased after
the intervention, with a
difference between the 2
groups (p <0,05).

Any interventions had an
effect on sSEMG-activity.
BAL did not show any
effects. NW was
associated with an
improvement (p <0.05) of
the frequency of neck,
shoulder and arm pain,
respectively. BFB, was
associated with a decrease
(p<0.05) of the
frequency of
musculoskeletal tension
and low back pain at TO.
Feedback group adopted
less peak lumbosacral
flexion (p <0,05) than the
control group. This was
accompanied by increased
peak hip (p <0,001) and
knee (p <0,008) joint
angular velocities in the
feedback group. Lower
limb moments did not
significantly differ
between groups.

(Continued)
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Table 1
(Continued)
Author, year ~ Study design  Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids age). groups, duration. [KR] or performance  middle, or
[KP]) of feedback long-term.
Brandeburg Cross- 11 n=16, Neck. In laboratory, screw  Ergonomic TO Discomfort survey The use of a mirror
et al., 2005 sectional students, 50% driving task that stress information, (scale 0-10 for each  reduced the discomfort
laboratory women, 19-53 on the cervicobrachial continous visual body region). level (p <0,05). No
study (2 years. region, 2 days, 90 min (miror) feedback (KP) significant effect on the
groups) each session. with or without discomfort with the
intermittent verbal positive verbal
positive reinforcement reinforcement.
(KR).
Chan et al., Cross- 19 n=26, Low back.  In laboratory, 50 Intermittent tactile TO and short Sagittal spine motion In both groups, reductions
2021 sectional occupation not lifting tasks (box, feedback and faded (1week) (absolute/relative on spine motion at TO and
laboratory specified (any medication bag, terminal verbal peak flexion, peak short time, with a greater
study (2 paradmedic paramedic backboard) feedback based on 3D velocity). reduction with the
groups) training), 10 with instruction motion capture(spine augmented feedback in
female, (visual and oral) flexion angle) (KP). 5/12 conditions (p <0,05).
23,24+2,95 before the tasks with
years. or without feedback.
De Kraker RCT (2 11 n=91, call Neck and In workplace, Intermittent tactile TO Hovering behaviour ~ The discomfort did not
et al., 2008 groups) center upper computer task with mouse feedback (The Observer, V5, show any significant
employees, extremity. regular or feedback (when 10 sec without Noldus Information  differences between the
74% women, computer mouse, 2 using to put the hand Technology, groups. The rate of the
38 4+9,8 years. weeks. on the table) (KR). Wageningen, the occurrences “hand above
Netherlands). the mouse” increased in

Discomfort (Lokaal
Ervaren Ongemak).

the intervention group
(p<0,03) and did not
change in the control
group (p <0,08). The rate
of occurrences “hand next
to the mouse” did not
change in the intervention
group (p<0,2) or in the
control group.

99

SASWAM Jo uoypngoyas pun uouaaaid ayj 10f Yovqpaa, / |p 12 21SDL] Y



Faucettetal., RCT (3 16 n=179, Upper In workplace, two Visual continuous TO, short-middle ~ Muscle Tension, In feedback group,
2002 groups) electronics extremity. intervention groups:  feedback based on and long term Symptoms diaries reduced muscle tension in
manufacturer feedback and muscle  bilateral upper (Visual Analog Scale the trapezius areas at TO
(sedentary learning therapy, or trapezius and and body chart) and at 32 weeks, and
tasks), 62% learning and cognitive forearm/hand muscle Occurrence of upper  partially for the forearm
women, behavioral techniques. SEMG (KP) extremity injuries areas (p <0,05). For the
3949 years. 1 group control (work associated with symptom, group
station ergnomics muscle learning differences (intervention
guideline). 6 weeks.  therapy. versus control) only at
Week 6 (p <0,05). Any
statistically difference in
the occurrence of injuries
in the 3 groups.
Ferrone et al., Prospective 11 n=9 females, Low back. In laboratory, three Intermittent haptic During and TO Posture (maximum During feedback session
2021 cohort study occupation not common nurse feedback based on peak of lateral (vs baseline)
specified activities: patient two IMUs at L4 and bending, improvement in average
(from transfer, boosting in TS5 spine levels (KP). forward/backward or  percentage of peak angle
university bed, reaching tasks twisting angle based  for forward/backward
campus), (each task3*3repation on IMUS) 48,3% =+ 52%, twisting
26,0112 with 1 min brake). angle 37,1% + 21,2% but
years. Four parts: not lateral bending
familiarization, 58,9% +45,7%. During
baseline, feedback, “retention” session:
“retention”. improvement in average
percentage of peak angle
for forward/backward
11,1% %+ 6,0%, twisting
angle 17,0% = 9,8% but
not lateral bending
—26,3% +11,3%
(p<0,05).
Gaffney et al., Cross- 12 n=20, Neck and In laboratory, postural Continous verbal During High density sSEMG  Trapezius muscle activity
2016 sectional computer shoulder. correction during feeback (postural intervention distribution on upper, was located
laboratory users, 50% typing, 15 min. coaching) & continous middle and lower 12,74 £ 3,73 mm more
study (2 women, visual feedback trapezius. inferior, the scapula was
groups) 36,5+ 13,9 (activity ratio between 2,58 + 118 mm more
years (men) SEMG trapezius adducted and
and 30,4 +9,9 activations) (KP). 0.23 4 0.24 mm more
years depressed in comparison
(women). to verbal postural
coaching alone (p <0,05).
(Continued)
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Table 1
(Continued)

Author, year  Study design  Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO0), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
Gerard et al.,  Prospective 14 n=12, typists, Upper Typing, in laboratory. ~Auditory intermittent TO, and short Subjective rating of ~ Feedback with various
2002 cohort study gender not extremity. 1 control group. 2 feedback based on (weeks 1-2) discomfort (Visual source induced a 10-20%
(3 groups) specified, days, 2 trials /days. peak SEMG activity Analog Scale). Typing reduction in 90th percentile
35+ 9 years. (flexor digitorum force (keyboard force typing force, finger flexor
superficialis, extensor monitor), finger EMG, and finger extensor
digitorum communis) flexor/extensor force  EMG. Fatigue: no significant
or peak typing force (% SEMG MVC), changes. After 1 week no
(KP). muscle fatigue (mean differences in typing force or
frequency). SEMG activity in 3 groups.
Any significant differences
in discomfort between the
different test conditions
(p<0,05).
Henning et al., Cross-section 11 n=31, Specific In laboratory, typists ~ Visual and continuous TO Musculoskeletal No significant differences on
1996 laboratory undergraduate anatomical  entered lines of single or double discomfort (5 body musculoskeletal discomfort.
study (2 typists, gender location not randomized word and feedback: 1 group chart, 5-point scale) ~ During cognitive demanded
groups) and age not specified. self-managed their could only see the condition, less back
specified. rest breaks under time bar display, 1 discomfort in the feedback
standard (typing group see the time bar (M =1,64) than in the control
single lines of words) display and a rest (M =2,43) condition
or cognitive breaks bar display (F(2,27)=4.86, p<0,05).
conditions (KR).
(reverse-typed one
word in each data line
tasks).
Holtermann RCT (3 14 n=164, Neck and In workplace. 2 Two groups working  TO and short Bilateral SEMG A decrease in the SEMG
et al., 2008 groups) computer user Shoulder. groups with feedback with computer mouse (week 1) activity (amplitude, amplitude of both trapezius

gender and age
not specified.

and 1 group control
with computer mouse
more than 50% of
time. All groups
received ergonomic
information and
adjustments. (5
sessions, 1 weekly,
20 min)

more than 50%
(BF50) and less than
25% (BF25) of their
work time.
Audiovisual
continuous feedback
based on dominant
trapezius SEMG (KP).

frequency of gaps).

in the 3 groups at TO

(p <0,05). Differences
between the intervention and
control group (p <0,05) but
not between the intervention
groups (p <0,58). Changes
in frequency of gaps after the
intervention significantly
different between the
interventions and control
group only in the dominant
trapezius muscle.

89
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Kamachi
et al., 2021

Kernozek
et al., 2006

King et al.,
2013

Lind et al.,
2020

Cross- 15
sectional
Laboratory

Study (2

groups)

Prospective 15
cohort study
(2 groups)

RCT Pilot 16

Cross- 15
sectional
laboratory

study

n=20, novice Low back.

caregivers, 10
women, 18—40
years.

n=22,
warehouse
employers, 0%
women, age
not specified.

Neck and

upper
extremity.

n=23, office
workers in
computer
intensive
environment,
gender and age
not specified.

Neck and
upper

n=16,
population of
university,
56% women,
25 £ 8 years.

Low back.

extremity.

Training in simulated

home environment:

educational video and

care tasks with or
without feedback (4
set, 1 h, 2 days).

In warehouse,
repetitive (6)
material-handling
jobs under two
different conditions
(high-to-low and
low-to-high) with
different cases (13 to
18Kg). 1 control
group. (6 weeks)

In the workplace,
assess relative
computer mouse use
with or without

feedback. (25 weeks)

In laboratory, 7

simulated sessions of

30 mail sorting tasks

under two conditions

(predetermined or
self-controlled) with
verbal ergonomics
instruction with or
without haptic
feedback.

Conitnous (day 1) and TO, short (two

intermittent (day 2)
auditory feedback

based on IMUs at T10

and sacrum spinal
levels (KP).
Continuous auditory
feedback (based on
electromagnetic
tracking system, and
coaching) (15 min,

weeks 2 and 4) (KP).

Tactile intermittent
feedback (vibrated

weeks, middle
(two months)

Short (2 weeks)

During
intervention and at

mouse) if the mouse is TO

handled more than
12 sec (KR).

Tactile (vibration)
intermittent or
terminal feedback
based on IMU fixed
T1-T2 and shoulder
(KP).

TO (after each
session)

Lumbar spine flexion.

Side-bending, flexion
and rotation moments

(electromagnetic
tracking system).

Posture (relative
mouse using). Pain

and discomfort (daily

symptom survey)

Discomfort/pain
(Borg CR 10, body
map). Posture (3
IMUs on T1-T2 and
shoulder)

The intervention group have
a decreased end-range (80th
and 95th percentile) spine
flexion compared to controls
after intervention, at short
and middle term (p <0,05).
Significant group-time
interactions for the
side-bending moment
(p<0,05) and the flexion
moment (p <0.05), but not
the rotation moment
(p>0,05). The flexion and
side-bending moments
decreased by 43% and 70%,
respectively, in the
experimental group, versus
1% and 10%, respectively in
the control group.

At TO less use in the control
group while the feedback
group came back to baseline
(p<0,05). Significant less
shoulder pain and
discomfort in the
intervention group compared
to control at TO (38,7% less,
p <0.05). Previous instances
of shoulder pain during
intervention and TO
explained only 46% of the
variance in shoulder pain at
TO.

The discomfort results
(shoulder n=2, elbow n=1,
upper/lower back n=2)
were not significant. Less
time in upper arm elevation
(30—40-60°) and percentile
upper arm elevation angle
with verbal instruction and
feedback (50-90-95th)

(p <0,005).

(Continued)
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Table 1
(Continued)

Author, year  Study design

(group
number)

Downs Population (n,
and occupation,
Black  gender, mean
grids  age).

Body zone
aimed.

Injury stage.

Intervention: place,
task, frequency,
intervention / control
groups, duration.

Frequency, type,
source, delivery
(knowledge of results
[KR] or performance
[KP]) of feedback

during, just after
(TO), at short,
middle, or
long-term.

Measuring period:

Outcome measures

Reported effects

Levanon et al., RCT (3

2013. groups)

Lorenz et al., Prospective

2002 cohort study

Oppici etal., Cross-

2021 sectional
laboratory

pilot study

20 n=0606, office
workers, 65%
women,
37,33+9,35
years.

16 n=955,
material
handling
workers, 5%
women,
3349,3 years.

15 n=20,
students, 7
female, 30 6
years.

Upper
extremity.
Prevention,
acute,
chronic.

Low back.

Low back.

Intervention in
workplace and
assessment in
laboratory, typing task
(five times, about one
minute each).
Ergonomics
intervention (posture
adjustments, muscle
activity training) with
or without feedback,
and a control group.
(10 weeks)

In workplace, lifting
case (3to 36 Kg), 5
training sessions with
a coach (30 minutes
each session,
0-1-3-6-9 months
period).

In laboratory,
repetitive lifting tasks
(30, 10 lifts/min) with
or without feedback,
followed by retention
repetitions after 5 min
of rest.

Auditory intermittent ~ Short (2 weeks)
feedback (ergonomics

intervention), or

continuous auditory

feedback (based to

wrist extensor and

upper trapezius

SsEMGO, both to relax

muscle activity (KP).

Verbal by coach TO
intermittent and final
feedback based on a
magnetic motion
measurement system

(KP).

Continuous tactile
(Leukotape applied on
extensor muscle from
T12 to S1 spinal
levels) or intermittent
auditory feedback of
sacro-lumbar peak
flexion angle (KP).

During and at TO.

Rapid Upper Limb
Assessment. Pain
(Standard Nordic
Questionnaire). Upper
extremity kinematics
(3D motion capture
system) and SEMG.

Spinal compression at
L5/S1 (peak forward
bending, twisting, and
side bending based on
magnetic
measurement system)

Sacro-lumbar peak
flexion angle (3D
motion capture
system).

Only the ergonomics group
alone reduced the mean
angular velocity compared
to the control group (25,12,
p=0,003). No significant
differences in the muscle
activity index between the
three groups. Lower
post-intervention RULA in
the intervention groups
(p=0,000). Standard Nordic
Questionnaire scores after
intervention: increase in the
control group (not
significantly) and decreased
in the intervention groups
(p=0,001).

Mean reductions in forward
bending ranged from 5 to
11%, twisting reductions
ranged from 7 to 13%, and
the range of side bending
reduction was 10 to 22%.
The largest absolute
reductions or largest
percentage-wise reductions
occurred in same session for
forward (session 4) and side
bending (session 1) while it
occurred in various session
(1 or 4) for the twisting
(p<0,05).

During acquisition,
sacro-lumbar angle in
control condition> auditory
(p<0,01)>tactile(p <0,01).
In learning condition,
control >tactile

(p <0,01)>auditory
(p=0,048).
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Owlia et al.,
2020

Partido et al.,
2019

Pinto et al.,
2018

Ribeiro et al.,
2020

Cross-
sectional
laboratory
Study (2
groups)

RCT (2
groups)

Cross-
sectional
laboratory
study

RCT (2
groups)

16

15

13

21

n=20, novice Low back.
care givers,
control group
60% women,
24,74+2,7
years,
intervention
group 40%
women,
28,1+-6,4
years.

n =30, dental
educators,
gender and
mean age not
specified.

n=11, Low back.
occupation not

specified, 36%

women,

23 £ 11 years.

n=130, health Low back.
care workers  All clinical
(physical), stage.
84,6%

women; 45,3

years.

Whole body.

In a home simulated
environment, 11
simulated care
activities like patient
handling tasks. 1
control group, 1
training group with
feedback and video
training. (8 times, 2
days)

In workplace,
feedback and
self-assessment to
improve dental
educators’ posture (3
weeks).

In laboratory, a
repeated lifting task
(3Kg) under four
conditions: baseline,
tape, tape plus
instruction, retention
without tape and
instruction. 5 min of
rest between each
condition.

During working
hours, feedback group
or sham group to
modify postural
behavior. (4 weeks).

Continuous audio TO
feedback with a

threshold at a spine

flexion angle >70°

based on IMUs (KP).

Final (each week) and TO
visual feedback based
on ergonomic
self-assessment with
or without visual and
verbal final feedback
by the principal
investigator based on
photography (KR).
Tactile continuous
feedback based on
Leukotape (applied to
extensor muscle from
T12 to S1 spinal
levels) and then verbal
intermittent feedback
to pay attention to it
(KP).

During
intervention and
short (5 min)

Short (1 week),
middle (1-3

Intermittent auditory
postural feedback

based on IMU months) and long
measuring (6-12 months)
lombopelvic forward

bending (KP).

Spine flexion (IMUs)

Posture (photography
and Modified Dental
Operator Posture
Assessment
Instrument)

Movement (peak
lumbar flexion angle,
peak hip flexion
angle, peak knee
flexion angle based on
electromagnetic
Sensors)

Postural behaviour
(number of times with
postural threshold
exceeded).

Training group with
reductions in end-range
lumbar spine flexion
during the simulated
patient handling tasks at
TO compared to their
baseline trials (p =0,002)
while there was no change
for the control group.

Significant differences in
ergonomic scores
between the
self-assessment groups
and self-assessment plus
photography groups at
week 4 (F(1)=6,295,
p<0.01) but not at week
1 (F(1)=0,012, p>0,05).
Positive effects on the
three dependent variables
(all p<0,0001): peak
lumbar spine flexion
angle decreased, peak hip
flexion angle increased,
and peak knee flexion
increased compared to the
baseline.

There were no
within-group changes on
the number of times
postural threshold
exceeded at 1-week
follow-up, and no
differences between
shame group and
feedback group. At
12-month follow-up, no
significant changes were
observed for the both
groups.

(Continued)
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Table 1
(Continued)

Author, year ~ Study design  Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO0), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
Ribeiro et al., RCT 20 n=62, health Low back. During daily Intermittent audio Short (1 week) Postural pattern No significant differences
2014 feasibility (3 care All clinical ~ work-related feedback (1week on change (frequency, were found for postural
groups) organisation  stage. activities, feedback /1week off) or accelerometer). pattern between baseline
(72% physical device (2 types) for continuous audio and the follow-up period
and 28% modifying postural feedback based on for the control group and
sedentary), behavior. 1 group IMU, number of intermittent feedback
92% women, control. (6 weeks) cumulative postural group. The post-hoc test
49 £ 12 years. behavior (4 weeks, revealed no statistically
KR). significant differences
between the groups.
Roossien Prospective 15 n=49, office  Thoracic and In workplace, Intermittent tactile TO Posture (pressure Between the study phases
etal., 2017 cohort study workers, 58% lumbar and  measuring sitting feedback based on sensors and activity small changes in mean
women, hip. behavior with a pressure sensors fixed tracker). Pain (Local  sitting duration, posture
43 £ 11 years. “smart” office chair on the chair when Musculoskeltal and discomfort. After
(vibration). 12 weeks. prolonged period in Discomfort). turning off the feedback
unfavourable sitting signal, a slight increase in
posture (6 weeks, sitting duration (10 min,
KP). p=0,04), a slight decrease
in optimally supported
posture (2,8%, p<0,01),
and musculoskeletal
discomfort (0,8, p<0,01).
Sharma et al., RCT (2 14 n=166,army Lower In laboratory and Faded final visual and TO Incidence of medial Moderate effect of the
2014 groups) recruits, extremity. during usual military  verbal feedback based tibial stress syndrome. intervention on foot
gender and training regimen. One on plantar pressure Foot balance and time balance (—14 N*cm-2)
mean age not intervention group to  system and delayed to reach peak heel and on time to reach peak
specified. increase neuro intermittent verbal rotation (treadmill). heel rotation (2,8%). The

muscular control and
flexibility against
tibial stress syndrom.
1 control group. 26
weeks.

feedback by
physiotherapist during
the exercises (3/week,
KP).

feedback was associated
with a reduced
instantaneous relative risk
of medial tibial stress
syndrome (adjusted HR
of 0,25, p=0,05). The
number needed to treat to
observe one additional
injury-free recruit in
intervention versus
control at 20 weeks was
14 (11 to 23) participants.
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Thanathornwong

etal., 2015

Thomas et al.,

2015

Vedsted et al.,
2011

Cross-over 12
study

Prospective 13
cohort study
(2 groups)

Cross- 10
sectional
laboratory

study

n=16, dental Low back,
students, 50% neck and
women, 21-23 shoulder.
years.

n=10, line Wrist.
workers,
100% women,

39,3 years.

Neck and

upper
extremity.

n=11,
computer
worker, 100%
women,
40,44+9,3
years.

Dental student posture
during scaling. Two
randomised sequence
interventions:
feedback or control.
Study duration not
specified.

Lightweight hardware
assembly on a moving
conveyor belt
(sedentary task). 1
control group. 8
weeks.

In laboratory,
standardised computer
work for 3 min in
different conditions
different working
condition (17) : time
constrain/no
constrain, feedback
locations, type and
modes.

Final vibration
feedback based on
accelerometer on
upper back (KP).

Intermittent audio
feedback based on
flexor/extensor
forearm sSEMG
(1 h/week, KP)

Intermittent audio or
visual feedback based
on right trapezius or
extensor digitorum
communis SEMG or
right trapezius
mechachanomyogra-
phy by Inertial
Measurement Unit
(KP).

TO

TO

During

Tilt angle of back
(accelerometer) and
upper trapezius
activity (SEMG).

Subjective discomfort
(body chart, 0-10
scale). Grip strength
(dynamometer),
nervous conductance
velocity
(electroneurometer).
SEMG activity (both
trapezius and right
wrist)

Dental students with
feedback had lower tilt
angles (X and Y) at 10th,
50th, 90th percentile of
back, and a muscular load
different (p <0,05) from
those without feedback. A
significant improvement
of 3,62-8,47° for forward
movements, and
6,12-8,88° for sideways
movements.

No significant differences
(in time and between
groups) in strength
(p>0,01), motor nerve
conduction (p>0,5), and
body comfort (p>0,5).

During feedback, only the
extensor digitorum
communis activity
(p=0,003) was reduced
compared to the control,
no significant effect if the
size were different.
During the time constraint
condition, there was a
significant reduction only
in the extensor digitorum
communis activity
(p=0,002). Upper
trapezius activity
measurement did not
significantly changed in
all conditions.

(Continued)
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Table 1
(Continued)

Author, year ~ Study design  Downs Population (n, Body zone  Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids  age). groups, duration. [KR] or performance  middle, or
[KP]) of feedback long-term.
Vignais et al., Cross- 13 n=12,0% Neck and In living lab, manual  Intermittent audio TO RULA Feedback group have a
2013 sectional women, upper body. industrial (global scores) and lower global RULA score
laboratory students, manufacturing tasks:  visual feedback (local (3,95 £ 0,83) than the
study (2 22,5+2,5 turning two hand scores) based on control group
groups) years. levers by 90°, RULA and 7 IMUs (4,35+0,54, p<0,05).
removing four fuses,  placed on upper The right and the left
unscrewing screws of — extremity, sternum, RULA scores separately
a transducer and and spine (KR). were higher for the
putting it down (4.4 control group, but not
Ibs max and 4 min). 1 significantly different.
control group. Differences between
groups for percentage of
time spent in each RULA
range 3—4 and 5-6
(p<0,05). Subjects’
articulations and
segments of the control
group have significantly
higher RULA local score
(p<0,05).
Yoo et al., Cross- 17 n=20, visual Head, During visual display Intermittent auditory  During Posture (3D motion The forward head
2006 sectional display shoulder, terminal work, two feedback (posture intervention capture analysis (6,86°vs 10,72°), forward
study terminal trunk. randomised sequence alarm), based on system) shoulder (8,38° vs
worker, 0% interventions (15 min) proximity sensors on 15,83°), and trunk flexion
women, with a T10 and T12 (KP). (9,46° vs 18,32°) were
232424 proximity-sensing significantly lower when
years chair to improve spine using the feedback than

posture.

without (p <0,05).
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REHABILITATION

Author, year  Study design  Downs Population (n, Anatomical Intervention (place,  Types of feedback in Measurement Outcome measures Reported effects
(group and occupation, location task, frequency, intervention group(s) timeline: Baseline (parame-
number) Black gender, mean addressed intervention groups (B), immediately  ters/function/pain)
grids  age) Clinical without feedback, after intervention
stage (acute, control group) (TO), and after
chronic) intervention
(short, middle,
long term)
Alghadir et al., Cross- 18 n=>50, Neck. Stage In controlled Continuous, visual TO Pain (NPRS), For both intervention
2021 sectional teachers,44 not environment, deep feedback of cranio-vertebral angle groups (feedback vs
study females, specified. cervical flexor muscle craniocervical flexion (digital photograph control), pain
36,48 2,41 training in addition to pressure based on a technique). (-2,18+1,35vs
years. conventional exercise unit of pressure -2,11 +£1,25) and
(stretching and biofeedback (KP). cranio-vertebral angle
strengthening). (3,1°£3,86° vs
Control group with 1,70° £ 3,90°) means
conventional exercise improved, but more in the
only. (4 weeks). group using feedback
(p<0,05).
Dellve etal., RCT (3 17 n=061, service Neck. In home environment, Final verbal feedback TO, short (month ~ Work ability. Numeric For both intervention
2011 groups) organization Chronic. feedback training or by physiotherapist 1) and middle pain scale (Von groups, pain was lowered
workers (mixed short intensive 1/week, based on (month 3) Korff). over time compared with
physically muscular strenght upper trapezius SEMG the control group
demanding jobs), training (5-10 min recordings, minimum (p=0,0481). Muscular
100% women, 2/days, 6 days/week  8h a week (KP). strength training was
35-60 years. for 1 month). 1 associated with increased
control group. self-rated work ability and
feedback with increased
work ability (p <0,05).
Dos Santos Prospective 17 n=183 (RCS Shoulder: In laboratory, Intermittent visual TO, short (4 Glenohumeral range  After the intervention all

et al., 2021 cohort study

group n=117, rotator cuff

ASI group related pain
n=:60), syndrom
occupation not [RCS] and
specified, 48 anterior

female (RCS shoulder
group) and 37 instability
female (AST [ASI]. Acute
group), to chronic.
41,1+ 12,2 years

(RCS group) and

26,7+ 10,3 years

(ASI group).

scapular-focused
exercise and feedback
(4weeks).

feedback based on
SEMG amplitude 3SD
above the baseline of
lower trapezieus,
serratus anterior,
anterior deltoid (KP).

weeks) and long
term (2 years).

of motion
(goniometer), flexor
and abductor strength
(isometric manual
testing),
neuromuscular
activity and control
(% of MVC,
observation of
scapular dyskinesis),
function (SPADI,
DASH), pain (NPRS).

outcomes improved
compared to the baseline
(p<0,05). No differences
between RCS-ASI groups
at TO and long-term for
DASH 1st part and SPADI
(p<0,05) and NPRS.
15,8% of recurrence.

(Continued)
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Table 1

(Continued)
Author, year ~ Study design Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
Golebowicz ~ Prospective 13 n=12, Upper In workplace, Verbal and final (by ~ Short (weeks 4—-6) Rapid Upper Limb There was a significant
etal., 2015 cohort study computer extremity. feedback to relax to  telerehabilitation) Assessment; difference between pre
operator, 50% Acute or the sSEMG amplitude feedback based on Symptoms (Standard  (6,66/7) and post-intervention
women, chronic. and ergonomics wrist, finger extensor, Nordic Questionnaire) (4/7) Rapid Upper Limb
34,25 +8,8 intervention. (2-3 min upper trapezius Score (p=0,003, Z=-296).
years min twice a week, 4 to activity SEMG (KP). A significant reduction in the
6 weeks). number of upper extremity
symptoms was reported after
intervention (p =0,003,
Z=-3,00).
Igbal et al., RCT (2 18 n=065, Neck. In controlled Continuous, visual During and TO Disability (Neck After initiating the
2021 groups) teacher,50%  Chronic. environment, deep feedback of Disability Index). intervention, although there
women. cervical flexor muscle craniocervical flexion Pain (Numeric Pain ~ were improvements in both
experimental training (5 days/week) pressure based on a Rating Scale). Muscle groups, there was
group: in addition to unit of pressure endurance (pressure  improvement in muscle
36,3346, conventional exercise biofeedback (KP). feedback). endurance (5,26 vs 2,83
control group (stretching and mmHg), pain (2,00 vs 0,9
36,45 4+5,95 strengthening, 4 points), and disability (6,77
years. days/week). Control versus 2,78 points) in subjects
group with who received additional
conventional exercise training with pressure
only. biofeedback (p <0,05).
Igbal et al., RCT (2 17 n=30, Neck. In school medical Continuous, visual Short (2 weeks)  Function (Neck The mean reduction in NDI
2013 groups) secondary Chronic and room, deep cervical  feedback of Disability Index). scores in feedback group was
teacher school, acute. flexor muscle training craniocervical flexion Pain (numeric pain 6,715 £ 0,67 at p=0,000, and
80% women, in addition to pressure based on a rating scale) the mean reduction in control
25-45 years. conventional exercise unit of pressure group was 2,207 £ 0,1059 at
(stretching and biofeedback (KP). p=0,000, with significant
strengthening, 4 difference between the groups
days/week). Control (p<0,05). In the comparison
group with of pain, the values showed
conventional exercises improvements in both groups
only. (p<0,05). The mean

reduction in NPRS scores in
feedback group was

3,137 0,41 and in control
group was 1,797 £0,1514,
with difference between the
groups (p <0,05).
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Kuo et al., Cross-
2019 sectional
laboratory
study
Levanon et al., RCT (3
2013. groups)

17

20

n=21, office  Neck.
workers, 62%  Chronic.
women,

23,8+3,5

years.

n=66, office ~ Upper
workers, 65%  extremity.
women, Prevention,
37,33+9,35  acute,
years. chronic.

In laboratory,
computer typing tasks
(copy and type an
electronic book,
2*1hours) with and
without feedback.

Intervention in
workplace and
assessment in
laboratory, typing task
(five times, one
minute each).
Ergonomics
intervention (posture
adjustments, muscle
activity training) with
or without additional
feedback, and a
control group. (10
weeks)

Tactile (vibration)
intermittent feedback
(based on IMU) from
wrong posture
position (KP).

Auditory intermittent
feedback (ergonomics
intervention), or
continuous auditory
feedback to relax
muscle (wrist
extensor and upper
trapezius SEMG, KP).

TO

Short (2 weeks)

Self-reported neck
and shoulder pain
(Numeric rating
scale). Spinal posture
(3D motion capture
system), muscle
activity (cervical
erector spinae, upper
trapezius, and thoracic
erector spinae).

Rapid Upper Limb
Assessment. Pain
(Standard Nordic
Questionnaire). Upper
extremity kinematics
(3D motion capture
system) and SEMG.

Neck flexion (33°, 95%),
upper cervical (3,3°,
95%), and lower thoracic
(1,6°, 95%) angle were
smaller with biofeedback
than without (p <0,05).
For the SEMG,
participants under the
feedback condition
exhibited lower muscle
activity of the right
(24,9%, 95%) and left
(24,6%, 95%) cervical
erector spinae (p <0,05).
Neck pain increased from
1,5 to 3,1 at the end
(p<0,001), and shoulder
pain scores increased
from 1,8 to 3,7 at the end
(p<0,001).

Only the ergonomics
without biofeedback
group reduced their mean
angular velocity
compared to the control
group (25,12, p=0,003).
There were no significant
group differences in the
muscle activity index
between the three groups.
The post-intervention
RULA was lower in the
intervention groups
(p=0,000). Differences in
the Standard Nordic
Questionnaire scores
were found between the
study groups after
intervention: increase in
the control group (but not
significantly) and
decreased in the
intervention groups
(p=0,001).

(Continued)
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Table 1

(Continued)

Author, Study design Downs Population (n, Body zone

Intervention: place,

Frequency, type,

Measuring period:

Outcome measures

Reported effects

year (group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
Maetal., RCT (4 16 n=60, Neck or Standardized exercise Intermittent auditory — TO and long (6 Function (Neck The 4 groups had significantly
2010 groups) computer user shoulder. program group: feedback (on the months only pain) Disability Index). different results in terms of their
students, 67% Chronic. (4/day, strengthening  bilateray upper Pain (Visual Analog  preintervention and
women, neck and shoulder trapezius activity) Scale). Upper postintervention SEMG
33,3+9,7 muscles). Passive 2hours / days, 2 day / trapezius activity amplitudes at TO. Pain score and
years. treatment group: week as a minimum (sEMG). NDI scores of the intervention
interferential therapy ~ while performing groups had decreased
and hot packs computer work (KP). significantly, and significantly
(2/week). Control more than in the control group
group: education (p=0,012); the biofeedback
booklet on office group were significantly lower
ergonomic. 1 than in the other 3 groups. After 6
feedback group (6 months, pain in the biofeedback
weeks). group was still significantly
lower than in the other 3 groups;
and there was also a significant
difference between the active
exercise group and the passive
treatment and control groups; and
no significant difference between
passive treatment and control
groups.
Neblett Prospective 23 n=170, Low back. Restoration treatment Continuous visual TO Flexion-relaxation Pretreatment range of motion and

etal., 2010 cohort study
(3 groups)

occupation not Chronic.
specified, 39

% women,

42,8 years.

program (2-5 days/
week, 160 to 240
hours) with or without
feedback; or control
group (healthy
participants) to
correct abnormal
flexion-relaxation.

and/or auditory
feedback (based on
SEMG) to assist
stretching (KP).

(mean errector spinae
sEMG, gross lumbar
flexion, pelvic flexion,
true lumbar flexion
with inclinometer)

maximum voluntary flexion
SEMG measures were similar in
both treatment groups, but were
very different than the control
group (p=0,000). At
post-treatment, the functional
restoration only group remained
different than the control group
on maximum voluntary flexion
SEMG (p <0,000) and gross
lumbar/ pelvic flexion (p <0,05),
but the feedback group was
statistically equivalent to the
control participants on all
post-treatment measures,
including the ability to show
flexion-relaxation.
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Nezamuddin
etal., 2013.

Park et al.,
2018

RCT (2
groups)

RCT (2
groups)

22

16

n=>50, visual
display
terminal
workers, 56%
women, 20-35
years.

n=31,
sedentary
(sitting and
standing)
workers, 85%
women,

33,1 £13,1
years.

Neck. Acute In medical room, deep

or chronic.

Low back.
Acute or
chronic.

cervical flexor muscle
training in addition to
conventional exercises
(stretching and
strengthening). 5
days/week, 6 weeks..

In workplace, training
posture program with
feedback versus
pedometer in static
workers. 3 weeks.

Continuous, visual TO
feedback of

craniocervical flexion
pressure based on a

unit of pressure
biofeedback (KP).

Visual final feedback TO
(at the end of each

day) based on

pedometer, or

intermittent tactile
(vibration) feedback
(when not good body
posture), based on
accelerometer (KP).

Pain (Visual Analog
Scale). Muscle
performance (mmHg).

Level of physical
Activity (pedometer).
Pain (Cornell
Musculoskeletal
Discomfort
Questionnaire)

Difference at the end of the
6th week (p <0,010) between
the two groups for
cranio-cervical flexion.
During the 6-week treatment
period, the mean
improvement of cranio
cervical flexor training score
in the experimental group and
control group was found to be
3,36 and 1,84, respectively.
Pain in the feedback group
decrease compare to the
conventional exercise group
at TO (p <0,004).

There was no statistical
difference in level of physical
activity by analyzing average
steps between the
experimental and control
groups. In the CMDQ only
the LBP discomfort was
statistically significant when
comparing pretest and
posttest in the CMDQ mean
score in all subjects [F(1,
18)=6,25, p=0,02], while
there was no significant
evidence of reducing LBP
experience and LBP
interference. However, there
are no significant differences
between the groups for
CMDQ score.

(Continued)
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Table 1
(Continued)
Author, year ~ Study design  Downs Population (n, Body zone Intervention: place, Frequency, type, Measuring period: Outcome measures Reported effects
(group and occupation, aimed. task, frequency, source, delivery during, just after
number) Black gender, mean Injury stage. intervention/control (knowledge of results (TO), at short,
grids  age). groups, duration. [KR] or performance middle, or
[KP]) of feedback long-term.
Ribeiro etal., RCT (2 21 n=130, health Low back.  During working Auditory intermittent  Short (1 week), Postural behaviour There were no within-group
2020 groups) care workers  All clinical  hours, feedback group feedback based on middle (1-3 (number of times with changes on the number of
(physical), stage. or sham group to IMU measuring months) and long  postural threshold times postural threshold
84,6% modify postural lombopelvic forward  (6—12 months) exceeded). was exceeded at 1-week
women; 45,3 behavior. (4 weeks).  bending (KP). follow-up, and no
years. differences between shame
group and feedback group.
At 12-month follow-up, no
significant changes were
observed for the both
groups.
Ribeiro et al., RCT 20 n=62, health Low back. During daily Intermittent audio Short (1 week) Postural pattern No significant differences
2014 feasibility (3 care All clinical ~ work-related feedback (1week/2) or change (frequency, were found for postural
groups) organisation  stage. activities, feedback continuous audio accelerometer). pattern between baseline
(72% physical device for modifying feedback based on and the follow-up period for
and 28% postural behavior, 1 IMU (number of the control group and
sedentary), group control (6 cumulative postural intermittent feedback
92% women, weeks). outcomes, KR) (4 group. The post-hoc test
49 £ 12 years. weeks). revealed no statistically
significant differences
between the groups.
Sandsjo et al., RCT (2 12 n=05, Neck and In workplace, Visual continuous TO and short (3 Function (Work Improvement in terms of
2010 groups) computer shoulder. feedback-based on feedback based on months) Ability Index). Pain ~ work ability for both groups
users, 100%  Chronic. teletreatment or a trapezius SEMG (min intensity (Visual taken together, with no
women, conventional care in a 8 h/week, 2d/weeks Analog Scale), differences between them.

45 £ 11 years.

private clinic. 4
weeks.

and during 2hours)
and verbal final
feedback
(teleconsultation each
week, KP).

Pain-related (Pain
disability Index)

Improvement in terms of
pain for both groups taken
together, with no
differences between them.
Non-parametric tests
showed an intervention
effect in pain related
disability for both groups
together and no differences
between them when tested
at baseline, TO and T3.
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RCT (4 12
groups)

Spence et al.,
1995

Voerman et al., RCT (2 17
2007a groups)

Voerman et al., 19
2007b

n=48, mixed Upper
occupation, extremity
84% women, and neck.
42 +7,86 Chronic.
years.

n=79, Neck.
computer Chronic
workers,

52,0 £58,

years.

At home, relaxation
training, SEMG
biofeedback,
combined approach
(by a psychologist) or
wait-list control.
2/week, 4 weeks.

During occupational
activities ergonomic
counseling with
feedback.
Measurement in
laboratory (typing
task, mouse stress and
precision tasks). 4
weeks.

Auditory intermittent
feedback based on
muscle tension levels
with forearm flexor or
trapezius SEMG under
pain area (KP).

TO and long (6
months without
control group)

Continuous tactile
(vibration) and audio
feedback based on
upper trapezius to
relax (KP).
(2hours/day and
2days/week
minimum)

TO, middle (3
months) and long
(6 months)

Pain (Pain Beliefs
Questionnaire [PBQ],
West Haven Yale
Multidimensional
Pain Inventory
[WHYMPI],
Self-Monitored Pain
Index)

Pain disability index.
Neck, shoulder, upper
back pain (Visual
analog scale)

Muscle activation
(SEMG)

Patients in all 3 treatment
conditions showed reductions
in pain (PBQ and
self-monitored pain index,
p<0,05) over time at TO. At
6-month follow-up a change
over time was found for the 3
treatment groups combined
(Self-Monitored Pain Index,
p<0,01). There was no
difference between treatments
over time. WHYMPDI did
not show significant
reduction at TO and 6 months.
Disability levels changed
over time (F=17,68,
p<0,01), without additional
effects. Pain intensity in the
neck-shoulder region changed
over time (F=12,08, p <01),
without additional effects.
Post Hoc comparisons
revealed that the VAS score
was reduced at TO, T3, and
T6 (p<0,01) compared to
baseline but also the reduction
between TO and T3 was
significant (r=2,85, p=0,01).
No clear pattern of change.
Post Hoc analysis revealed
that small increased RMS
values were found during the
precision task at the left side
(F=5,74,p=0.01) at TO
compared to baseline. RMS
values during the stress task
were reduced at the right side
at T3 compared to baseline
(F=4,05, p=0,05) but no
other main effects or
interactions were observed
(p>0,08).
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ferent sensory modalities [33, 34] (See Fig. 2). The
frequency of the feedback was continuous (n=14),
intermittent (n =21), final (n =4), mixed (n = 10), and
two studies compared the effects of different frequen-
cies of feedback [34, 35] (See Fig. 2). The delivered
feedback pertained to the knowledge of performance
(n=40) or results (n=9), and one study compared the
effects of different methods of delivery [33]. Stud-
ies explored the effects of the feedback intervention
alone (n=35) or in combination with other interven-
tions (exercise n =7, ergonomic adjustments n=7).
The effect of feedback was evaluated during (n = 8),
just after the intervention (n=34), in the short term
(<2 months, n=17), in the midterm (<6 months,
n=9), and in the long term (>6 months, n=9).

The pre-consensus inter-rater agreement was con-
sidered good between reviewers for each item
(Gwet’s gamma coefficient=0.84) and for total
scores of the Downs and Black checklist (ICC = 0.86).
Fourteen studies were of limited quality, 32
were of moderate quality, and 3 were of strong
quality.

Results are organized by stage (prevention, reha-
bilitation), environment (controlled, workplace) and
outcomes (function, symptoms, sensorimotor con-
trol). For each outcome, the studies are organized by
work type (in terms of activity level) and type of effect
(positive, null, negative). For each study, the p value,
the study design and risk of bias are indicated. For
details on the type of feedback used, see Table 1 and
Fig. 2, for the synthesis of the body of evidence see
Table 3.

a. Feedback effects for prevention in controlled
environments

The body of evidence on the effect of feedback
for prevention in controlled environments on func-
tion (one study, total of 12 participants) is considered
very limited and suggests a positive effect. The
single study on this topic found a positive effect:
audio and visual feedback based on a computer-
ized Rapid Upper Limb Assessment (RULA) [36]
led to a decrease in injury risk during four simulated
industrial manufacturing tasks (p <0.05, CSLS, LQ)
[37].

The body of evidence on the effect of feedback
for prevention in controlled environments on symp-
toms (4 studies, total of 75 participants) is considered
conflicting. Two studies found positive effects. Dur-
ing typing tasks, the addition of rest breaks to work
time, using a visual display to manage the length of
rest breaks, led to a decrease in low back discom-

fort during a cognitive task, but not during a standard
condition (p <0.05, CSLS, LQ) [38]. During a screw-
driving task, the use of a mirror to improve neck
posture reduced discomfort; the addition of a ver-
bal reinforcement by a researcher caused no further
reduction (p<0.05, CSLS, LQ) [33]. In two other
studies, the use of feedback had no effect on mus-
culoskeletal symptoms. Auditory feedback based on
finger sSEMG or on keyboard force monitors did not
influence pain during a typing task (p <0.05, PCS,
MQ) [39]. Instructions with or without vibration feed-
back to reduce adverse arm movements and posture
during mail sorting tasks did not influence symptoms
(CSLS, MQ) [40].

The body of evidence on the effect of feedback
for prevention in controlled environments on senso-
rimotor control is considered moderate and suggests
positive effects (twelve studies, total of 264 partici-
pants). The 12 studies found positive effects. During
computer tasks, audio and visual feedback based on
SEMG led to a decrease in muscle activity (p <0.05;
PCS, MD; CSLS, LQ) [39, 41]. The addition of
continuous visual feedback (based on high density
sEMG) to verbal feedback related to posture also
led to a change in the spatial distribution of trapez-
ius activity and in shoulder position (p <0.05, CSLS,
LQ)[42]. The addition of vibration feedback based on
IMUs to verbal feedback also led to a decrease in arm
elevation during mail sorting tasks (p <0.005, CSLS,
MQ) [40]. Various types of feedback led to improved
lumbar posture during handling tasks: audio feed-
back based on lumbar IMUs to assess lumbar flexion
(»<0.05, CSLS, MQs) [43, 44], lumbar rigid strap-
ping tape (p<0.0001, CSLS, LQ) [45], final faded
verbal feedback (based on 3D motion analysis), inter-
mittent audio feedback based on SEMG to reduce
lumbosacral compression (p <0.01, CSLS, MQ) [46],
and intermittent vibration feedback and terminal ver-
bal feedback (based on 3D motion analysis, p < 0.005,
CSS, MQ) [47]. During repetitive lifting tasks, audi-
tory feedback (based on 3D motion analysis) led to
decrease sacro-lumbar peak flexion more than contin-
uous tactile feedback (based on tape applied, p < 0.05,
CSS, MQ) [34]. In addition during care tasks, inter-
mittent haptic or faded intermittent auditory feedback
(based on IMUs) led to improve lumbar posture in
forward/backward (p <0.05, PCS, LQ) [48, 49].

b. Feedback effects for prevention in the work-
place

The body of evidence on the effect of feedback
for prevention in the workplace on function is con-
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Table 2

Descriptions of the various scales used as outcome measures in the included studies

Name of the scale or outcome

Description

Daily Symptom Survey

Disabilities of the Arm, Shoulder and Hand

Flexion-relaxation phenomenon

Functional restoration treatment program
Localized Musculoskeletal Discomfort

Modified-Dental Operator Posture
Assessment Instrument

Muscle Learning Therapy

Neck Disability Index

Numeric Pain Rating Scale

Pain Beliefs Questionnaire

Pain Disability Index

Rapid and Upper Limb Assessment

Self-Monitored Pain
Shoulder Pain and Disability Index
Standard Nordic Questionnaire

Von Korff rating scale
Work Ability Index

Assess respondent’s level of pain or discomfort in nine body areas

Questionnaire with 30-item scale (0—100) that measure physical disability and
symptom of upper extremity

In standing position, lumbar flexion is generally associated with erector spinae muscle
relaxation in healthy controls, but not in individuals with chronic low back pain
Full-day multidisciplinary program lasting 3 to 6 weeks for chronic low-back pain
Assess discomfort caused by static posture in 12 body areas

A self-assessment posture tool for the hip, trunk, neck and upper extremities, based on
12 criteria

Operant conditioning procedures to decrease muscle tension using SEMG feedback
Assess how neck pain affected the ability to manage everyday life

Capture patient’s level of pain (0-10)

Assess disability, expectation, self-efficacy, depression, and pain as a threat

Assess chronic pain interference in various life activity

Assess upper limb posture and indicate the level of intervention required to reduce the
risk of injury due to physical loading on the worker

Assess the number of hours of pain, the degree of interference in daily living and type
and quantity of medication

Self-reported questionnaire 13-item scale (0—100) to measure pain and disability
associated with shoulder pathology

Assess symptoms in various daily and working life activities with multiple choice
questions of various body areas

Numeric pain scale for specific time frames

Measure seven dimensions of work ability

sidered limited and suggests a positive effect (six
studies, 473 participants). The six included studies
found positive effects. Audio or vibration feedback
based on IMUSs to control upper-back posture in con-
trol room operators led to a decrease in RULA scores
in the long term (p <0.05, RCT, MQ) [50]. In dental
educators aiming to self-evaluate specific ergonomic
criteria, the addition of feedback that was based on
pictures of posture improved posture ergonomic score
more than ergonomic self-assessment [S1] alone
(F=6.295, p<0.01, RCT, MQ) [52]. When verbal
and visual feedback on transfer techniques (e.g., knee
bending, maintaining a straight spine) was offered
by therapists based on a checklist, the percentage of
safely performed transfers in residential facilities was
significantly increased in the short and long term (p
unknown, 2 PCS, LQ [53] and MQ [54]). Pressure
sensors (treadmill) feedback in combination with ver-
bal feedback from therapists decreased the incidence
of tibial stress syndrome in army recruits (p =0.05,
RCT, MQ) [55]. However, either visual feedback
based on SEMG combined with Muscle Learning
Therapy [56] or cognitive behavioral techniques were
not more effective than application of ergonomics

guidelines on the occurrence of upper extremity
injuries in electronics manufacturers (p <0.05, RCT,
MQ) [57].

The body of evidence on the effect of feedback
for prevention in the workplace on symptoms is con-
sidered conflicting (seven studies, 533 participants).
Five studies found positive effects. Audio or vibra-
tion feedback based on IMUs to assess shoulder
and trunk position (Nordic Musculoskeletal Ques-
tionnaire, p<0.05, RCT, MQ) [50], and vibration
feedback provided from chair pressure sensors to
improve sitting behavior (Localized Musculoskele-
tal Discomfort [58], p<0.01, PCS, MQ) [59] led to a
decrease in the occurrence of musculoskeletal symp-
toms. Similarly, use of a vibrating computer mouse to
modify hand posture (Daily Symptom Survey [60],
p<0.05, RCT pilot, MQ) [61], and visual feedback
based on skin conductance level and finger temper-
ature to assist relaxation and stretching (frequency
of symptoms immediately after the intervention and
in the mid-term, p<0.05, pseudo RCT, MQ) [62]
in sedentary seated workers led to a decrease in
the occurrence of musculoskeletal symptoms. Visual
feedback based on SEMG combined with Mus-
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6597 studies imported for screening

v

4931 studies imported for screening

v

433 full-text studies assessed for eligibility

——)

v
62 studies included

v

49 studies extracted and analysed

— 1666 duplicates removed

—) 4498 studies irrelevant

371 studies excluded:
o 233 wrong patient population
81 full text not available
24 conference report
18 wrong study design
7 wrong interventions
77 wrong outcomes
1 duplicate

e o o o o o

— 13 studies excluded:

e 3 wrong interventions

4 wrong study design

2 already published

1 not able to extract data

1 conference report

1 wrong outcomes

1 wrong patient population

Fig. 1. Study flowchart.

cle Learning Therapy decreased upper extremity
symptoms (Visual Analog Scale and body chart)
in electronic manufacturers compared to cognitive
behavioral techniques or ergonomics guidelines in the
short term (p < 0.05, RCT, MQ) [57]. However, three
studies did not observe such changes in symptoms
for types of feedback such as: computer mouse feed-
back (Localized Musculoskeletal Discomfort, RCT,
LQ) [63], feedback based on SEMG alone (audio,
body chart, PCS, LQ) [64], or feedback based on
SEMG with Muscle Learning Therapy (visual, VAS
and body chart, immediately after intervention, in the
mid- and long term, RCT, MQ) [57] to discourage
awkward hand posture in line workers.

The body of evidence on the effect of feedback for
prevention in the workplace on sensorimotor control
is considered conflicting (12 studies, total of 1688
participants). Seven studies found positive effects.
Vibration feedback from pressure sensors fixed on
a chair led to modified sitting (p <0.05, CSS, MQ)
[65], while vibration feedback from one accelerome-
ter on the upper back led to improved posture of dental
educators and to a decrease in upper trapezius SEMG

(p<0.05, crossover study, LQ) [66]. Audiovisual
feedback based on trapezius SEMG alone (p <0.05,
RCT, MQ) [67] or combined with Muscle Learning
Therapy (p <0.04, RCT, MQ) [57] in office work-
ers led to a decrease in muscle activity. Auditory
feedback based on magnetic motion measurement of
lumbar moments combined with verbal therapists’
feedback decreased lumbar flexion and side bending
torque during material handling (p <0.05, PCS, MQ
[68] and RCT, MQ [69]). Visual feedback based on
pressure sensors (in a treadmill) in combination with
a therapist’s verbal feedback to prevent tibial stress
syndrome improved foot balance and time to reach
peak heel rotation in army recruits (p =0.05, RCT,
MQ) [55]. However, five studies did not find any pos-
itive effect. Audio feedback based on forearm sSEMG
did notinfluence grip strength in electronics manufac-
turers (PCS, LQ) [64]. Visual feedback based on skin
conductance level and finger temperature to assist
relaxation and stretching did not influence computer
users’ upper trapezius’ SEMG activity (pseudo RCT,
MQ) [62]. Vibration feedback, provided by pressure
sensors fixed on the operator’s chair, did not modify
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Modality of feedback Frequency of feedback
Author, year Occupation
Tactile Visual Audio Continous Intermitent Faded Final
Agruss et al., 2004 College students - - -
Boocock et al., 2019 Students - -
Brandeburg et al., Students + + + +
Chan et al., 2021 No specify + + +
g Ferrone et al., No specifiy + +
é Gaffney et al., 2016 Computer . - .
E Gerard et al., 2002 Typists + +
E Henning et al., 1996 Typists o o
g Kamachi et al., 2021 Novice caregivers - . .
£ Lind et al., 2020 University + 4 4
E Oppici et al., 2021 Students i - - -
Owlia et al., 2020 Novice care givers - -
Pinto et al., 2018 No specify - - . .
Vedsted et al., 2011 Computer + + +
Vignais et al., 2013 Students - - .
Alavosius et al., 1986 Physical providers N N N N .
Alavosius et al., 1990 Physical providers N N N N
Bazazan et al., 2019 Computer - - .
Blasch et al., 2013 Office + +
De Kraker et al., 2008 Call center o o
Faucett et al., 2002 Electronic manufacturers + +
Holtermann et al., Computer - -
Kernozek et al., 2006 Military N N
8 King et al., 2013 Office +
;:;- Levanon etal., 2013. Office (healthy and injured) + +
; Lorenz et al., 2002 Material handling N N N
Partido et al., 2019 Dental educators . - -
Ribeiro et al., 2020 Health care (healthy and injured) o o
Ribeiro et al., 2014 Mixed (healthy and injured) %] (2] 2]
Roossien et al., 2017 Office _ _
Sharma et al., 2014 Army recruits - - - -
Thanathornwong and Dental students . .
Thomas et al., 2015 Hardware assembly o o
Yoo et al., 2006 Visual display terminal - -

Fig. 2a. Occupation, modality and frequency of feedback and their effects in prevention. ++: effect superior compared to another intervention
or to a control group. +: positive effect (not compared to another intervention). +: partial positive effect. @: inferior or no additional positive

effect compared to another intervention. —: negative effect.

sitting behaviors (e.g., sitting duration, PCS, MQ)
[59]. Computer mouse feedback (vibration), meant
to decrease awkward computer mouse hand posture,
increased awkwardness of computer mouse hand pos-
ture after feedback exposure (p<0.03, RCT, LQ)
[63], (p <0.05, RCT pilot, MQ) [61].

c. Feedback effects for rehabilitation in controlled
environments

The body of evidence on the effect of feedback for
rehabilitation in controlled environments on function
is considered moderate (four studies, 339 partici-

pants). All four studies found positive effects. Visual
pressure feedback used to manage cranio-cervical
flexion exercises in addition to conventional exercises
led to greater improvement in teachers’ Neck Disabil-
ity Index [70] scores after the intervention (p <0.05,
RCT, MQ) [71] and in the short term (p <0.05, RCT,
MQ) [72]. Verbal feedback by a therapist (based on
SEMQG) led to improved Work Ability Index [73]
scores in the short and mid-term follow-ups in a
chronic neck pain population (p <0.05, RCT, MQ)
[74]. Intermittent visual feedback (based on SEMG)
associated with scapular focused exercises led to
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Modality of feedback Frequency of feedback
Author, year Occupation
Tactile | Visual | Audio Continous Intermitent Faded Final
Alghadir et al., 2021 Teachers N .
B Dellve et al., 2011 Mixed . N
g Dos Santos et al., No specify N .
g Igbal et al., 2021 Teachers —- -
E Igbal et al., 2013 Teachers - -
E Kuo et al., 2019 Office - .
g Neblett et al., 2010 No specify o o o
5 Nezamuddin et al., Visual —- -
2013. display
Spence et al., 1995 Mixed N N
Golebowicz et al., Computer N N
Levanon et al., 2013. Office (healthy and injured) + + +
Ma et al.,, 2010 Computer - -
1 Park et al., 2018 Sitting and + + + +
_—; Ribeiro et al., 2020 Health care (healthy and injured) ] o
é Ribeiro et al., 2014 Mixed (healthy and injured) 9] 4] 9]
Sandsjo et al., 2010 Computer N . N N
Voerman et al., Computer o o o
Voerman et al., + + +

Fig. 2b. Occupation, modality and frequency of feedback and their effects in rehabilitation. ++: effect superior compared to another inter-
vention or to a control group. +: positive effect (not compared to another intervention). =: partial positive effect. &: inferior or no additional

positive effect compared to another intervention.

improve DASH (Disabilities of the Arm, Shoulder
and Hand) [75] and SPADI (Shoulder Pain and Dis-
ability Index) [75] scores (p <0.05, PCS, MQ) [76].
The body of evidence on the effect of feedback for
rehabilitation in controlled environments on symp-
toms is considered moderate (eight studies, 508
participants) and suggests positive effects. Five stud-
ies found positive effects. Visual pressure feedback
for cranio-cervical flexion exercises in addition to
conventional exercises led to a greater decrease in
pain (Numeric Pain Rating Scale [77]) than conven-
tional exercises alone [78], in both teachers [71, 72]
and visual display terminal workers [79] (p <0.05,
RCTs, MQ and SQ) immediately after the interven-
tion [71, 79] and in the short term (p <0.05, RCT,
MQ) [72]. Feedback based on sEMG alone [74, 80]
or in combination with relaxation training [80] in a
population of physical and sedentary workers led to a
decrease in neck pain (p =0.05, RCT, MQ, Von Korff
rating scale [81]) [74] and in upper extremity pain
(p<0.05, RCT, LQ, Pain Beliefs Questionnaire [82]
and Self-Monitored Pain [80]) immediately after the
intervention [74, 80] and in the mid-term [74]. Inter-
mittent visual feedback (based on SEMG) associated

with scapular focused exercises led to improve NPRS
scores (p <0.05, PCS, MQ) [76]. However, one study
concluded that vibration feedback based on IMUs to
monitor upper body posture led to an increase in neck
and shoulder pain (Numeric Pain Rating Scale) in
office workers just after the intervention (p <0.001,
CSLS, MQ) [83].

The body of evidence on the effect of feed-
back for rehabilitation in controlled environments
on sensorimotor control is considered moderate (six
studies, total of 539 participants) and suggests pos-
itive effects. Three studies found positive effects.
Visual pressure feedback for cranio-cervical flexion
exercises in addition to conventional exercises led to
improved neck muscle endurance compared to con-
ventional exercises alone (p <0.05, RCT, MQ [71]
and RCT, SQ [79]) or cranio vertebral angle (p <0.05,
CSS,MQ) [78]. Vibration feedback based on IMUs to
monitor upper body posture led to a decrease in cervi-
cal erector spinae SEMG amplitude and to decreased
neck and thoracic flexion measured in office work-
ers after the intervention (p <0.05, CSLS, MQ) [83].
Intermittent visual feedback (based on SEMG) asso-
ciated with scapular focused exercises led to improve
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Table 3a
Synthesis of body of evidence by outcome (function, symptoms and sensory-motor control) in prevention (CSS: cross-sectional study, LB:
low back, LL: lower limb, LQ: low quality, M: mixed, MQ: moderate quality, NUL: neck and upper limb, NSP: not specified, NS: not
significant, PCS: prospective cohort study, P: physical, PQ: poor quality, RCT: randomized controlled trial, S: significant, Se: sedentary,
SQ: strong quality, TO: just after intervention)

Imprecision Methodological quality Indirectness Inconsistency Quality of
nof n of Type of Downs and Work  MSKinjury  Statistical effect and evidence
study  subject study Black types  location time assessment

checklist
Prevention in controlled environment
Fonctional level 1 12 CSS=1 LQ P=1 NUL=1 SatTO (n=1) Very limited
evidence
Symptoms 4 75 CSS=2 MQ=1 Se=4 NUL=3 SatTO (n=2) Conflicting
PCS=2 LQ=2 NS=1 NS at TO (n=2) evidence
Sensorimotor 12 269 CSS=10 MQ=8 P=9 NUL=4 SatTO (n=11)and at Moderate
control short (n=3) and evidence
middle term (n=1)
PCS=2 LQ=4 Se=3 LB=8 NS at short term
(n=1, only on sEMG
fatigue, PCS, LQ,
Gerard et al.)
Prevention in the workplace
Fonctional level 6 473 RCT=4 MQ=5 Se=3 NUL=1 S at TO (n=2); at Limited
LB=2 short (n=3), at evidence
middle (n=2); at long
term (n=2)
PCS=2 LQ=1 P=3 LL=1 NS in short, middle,
ML=2 and long term (n=1,
RCT MQ, Faucett et
al.)
Symptoms 7 533 RCT=3 MQ=5 Se=7 NUP=4 S atTO (n=2), at Conflicting
Pseudo middle(n=1), at long evidence
RCT=2 term (n=2)
PCS=2 LQ=2 ML=3 NS at TO (n=2), at
short (n=1), at
middle (n=1), at long
term (n=1)
Sensorimotor 12 1688 RCT=4 MQ=9 Se=9 NUL=5 SatTO (n=17), at Conflicting
control short (n=1), at long evidence
term (n=1)
LB=2 Negatively S at TO
(n=2)
Pseudo LQ=3 P=3 LL=1 NS at TO (n=4), at
RCT=2 ML=4 short (n=1), at
other=6 middle (n=1), at long

term (n=1)

range of motion, strength and neuro muscular con-
trol (p <0.05, PCS, MQ) [76]. However, the addition
of visual and audio sEMG feedback to a functional
restoration treatment program [84] for low back pain
did not lead to greater improvement of muscle relax-
ation during standing flexion [85] (PCS, SQ) [86].

d. Feedback effects for rehabilitation in the work-
place

The body of evidence on the effect of feedback
for rehabilitation in the workplace on function is
considered conflicting (six studies, 282 participants).

Four studies found positive effects. Verbal or visual
[87, 88] feedback through telerehabilitation based
on upper extremity SEMG data alone [88], or with
an ergonomic intervention [87] aiming to increase
muscle relaxation, led to decreased physical loading
(RULA, p=0.003, PCS, LQ) [87] and to improved
Work Ability Index and Pain Disability Index [89]
scores, similarly to effects observed with conven-
tional care, immediately after the intervention and in
the short term (p <0.05, RCT, LQ) [88] in computer
operators with neck and shoulder pain. Audio feed-
back based on SEMG improved computer users’ Neck
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Table 3b
Synthesis of body of evidence by outcome in rehabilitation (CSS: cross-sectional study, LB: low back, LL: lower limb, LQ: low quality, M:
mixed, MQ: moderate quality, NUL: neck and upper limb, NSP: not specified, NS: not significant, PCS: prospective cohort study, P:
physical, PQ: poor quality, RCT: randomized controlled trial, S: significant, Se: sedentary, SQ: strong quality, TO: just after intervention)

Imprecision Methodological quality Indirectness Inconsistency Quality of
n of n of Type of Downs and Work  MSK injury Statistical effect and evidence
study  subject study Black types  location time assessment

Rehabilitation in controlled environment

Fonctional level 4 339 RCT=3 MQ=4 Se=2 NUL=4 S at TO (n=4), short Moderate

M=1 (n=1) and long term evidence
PCS=1 NSP=1 (n=1)

Symptoms 8 508 CSS=1 SQ=1 Se=5 NUL=8 S at TO (n=6), at short  Moderate

(n=2), middle (n=1) evidence
PCS=2 MQ=6 M=2 and long (n=2) term
RCT=5 LQ=1 NSP=1 Negatively S at TO

(n=1, CSS, MQ, Kuo

et al)

Sensorimotor 6 539 RCT=2 SQ=2 Se=3 NUL=5 SatTO (n=5), at Moderate

control short (n=1) and long evidence
(n=1) term

CSS=2 MQ=4 M=1 LB=1 NS at TO (n=1, PCS,
PCS=2 NSP=2 SQ, Neblett et al.)

Rehabilitation in the workplace

Fonctional level 5 282 RCT=4 MQ=3 Se=5 NUL=5 S atTO (n=2), at Conflicting
short (n=2) evidence

PCS=1 LQ=2 NS at TO (n=1), short
(n=1),long (n=1)

Symptoms 6 313 RCT=5 MQ=4 Se=6 NUL=5 S atTO (n=2), at Conflicting
short (n=2), at evidence
middle (n=1), at long
term (n=1)

PCS=1 LQ=2 LB=1 NS at TO (n=2), at
short (n=1), at long
term (n=1)

Sensorimotor 5 397 RCT=5 MQ=5 Se=3 NUL=3 S atTO (n=1,RCT Limited

control with 4 groups, MQ, evidence for
Maet al.) no effect

Pseudo M=1 LB=2 NS at TO (n=1), at
RCT=1 short (n=3), at

middle term (n=2),
long (n=1)

Disability Index scores more than shoulder mus-
cle strengthening, passive treatment or educational
ergonomics booklets (p=0.012, RCT, MQ) [90]. On
the other hand, two studies did not observe any pos-
itive effect in computer operators when tactile [91]
and audio [69, 91] feedback based on SEMG were
added to ergonomics counseling. Outcomes were
Pain Disability Index scores immediately after the
intervention and in the mid and long term (RCT, MQ)
[91], and physical loading (RULA, RCT, SQ) [69].
The body of evidence on the effect of feedback
for rehabilitation in the workplace on symptoms is
considered conflicting (six studies, 313 participants).
Four studies found positive effects. Verbal or visual
[87, 88] feedback through telerehabilitation based
on upper extremity SEMG data alone [88] or with

an ergonomic intervention [87] led to a decrease in
pain in the short term (Standard Nordic Questionnaire
[92], p=0.003, PCS, LQ) [87] or an effect similar to
conventional care immediately after the intervention
and in the short term (Visual Analog Scale, p <0.05,
RCT, LQ) [88]. Audio feedback based on SEMG led
to a decrease in computer users’ pain (Visual Ana-
log Scale), more effectively than shoulder muscle
strengthening, passive treatment or ergonomics book-
lets, immediately after the intervention and in the
long term (p < 0.05, RCT, MQ) [90]. Visual feedback
based on pedometers and vibration based on lumbar
posture (IMUs) led to reduced low back pain (Cornell
Musculoskeletal Discomfort Questionnaire) after the
intervention in standing and sitting workers (p =0.02,
RCT, MQ) [93]. Two studies did not observe such
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positive effects. In computer workers, the addition
of tactile [91] and audio [69, 91] feedback based on
sEMG to ergonomics counseling did not significantly
influence symptoms immediately after the interven-
tion (Visual Analog Scale, RCT, MQ), in the short
term (Standard Nordic Questionnaire, RCT, SQ) [69]
or in the long term (Visual Analog Scale, RCT, MQ)
[91].

The body of evidence on the effect of feedback
for rehabilitation in the workplace on sensorimo-
tor control is considered limited and suggests no
effect (five studies, total of 397 participants). One
study found positive effects: audio feedback based
on SEMG reduced muscle activity of office workers
compared to strengthening exercises, passive treat-
ment, or educational ergonomics booklets (p <0.05,
RCT, MQ) [90]. On the other hand, four studies
did not observe any positive effect. Continuous or
intermittent audio feedback based on IMUs to limit
excess forward bending posture did not significantly
improve lumbar posture compared to a control group
in physically active [35, 94] and sedentary [35] health
workers (RCTs, SQ) in the short [35, 94] and long
term [94]. The addition of tactile [91] and audio [69,
91] feedback based on SEMG to ergonomics counsel-
ing in computer workers did not significantly modify
SEMG activity [69, 91] and upper extremity kinemat-
ics immediately after the intervention, and in the short
(RCT, SQ) [69] and long term (RCT, MQ) [91].

4. Discussion

This systematic review of 49 studies offers a large
overview of the effects of extrinsic feedback used dur-
ing simulated or real working tasks in the prevention
and rehabilitation of WRMSDs. For the prevention
of WRMSDs, findings show that feedback leads
to improved function in controlled environments
(very limited evidence) and in the workplace (lim-
ited evidence), and to improved sensorimotor control
in controlled environments (moderate evidence). Its
effects on symptoms, however, are conflicting. For
the rehabilitation of WRMSDs, feedback mostly had
a positive effect on function, symptoms and senso-
rimotor control (moderate evidence) in controlled
environments, while its effects in the workplace were
conflicting for function and symptoms and null for
sensorimotor control. The lack of studies comparing
the different characteristics of feedback (e.g., sensory
modalities, frequency) made it impossible to suggest
specific feedback. These findings are more exhaus-

tive than previous systematic reviews [18—20] which
reported conflicting evidence based on a very small
number of studies on the effect of different types of
feedback for the upper extremity.

Our review is the first to attempt to address the
effects of feedback in two different environments,
namely controlled (clinics or research laboratories)
and real-world environments (workplace). Specific
working tasks (e.g., lifting a patient out of their
bed) may not be similarly conducted and experi-
enced by the therapist in controlled environments
versus in the workplace. This is due to the possi-
ble unforeseen events present in the real world (e.g.,
medical bed blocked in a low position), work-related
fatigue (e.g., therapist may have previously lifted
multiple patients), and the biopsychosocial context of
the workplace [95-97] (e.g., stress [98], organization
[99]). These differences between environments could
explain the discrepancy between results obtained in
controlled and real environments.

The advantages of using feedback in controlled
environments are isolation of the specific working
task and, hopefully, improvement of movement qual-
ity. The positive outcomes conclusions reported in
controlled environments show the clinical relevance
of using feedback in clinics as their use in the included
studies can be compared to a typical session in the
clinic where clinicians use external feedback dur-
ing movement or task simulations. Although multiple
devices or sensors can be used to give feedback to
patients, there are various non-technological types
of feedback that can easily be used by clinicians.
Examples include ergonomics counseling (verbal
feedback) based on the therapist’s observations or
based on a checklist, visual feedback based on cranio-
cervical flexion pressure, and tactile feedback from
rigid strapping tape to improve posture sensation.
Therapists can therefore use feedback in their clinical
practice to prevent or decrease pain and disability, and
to optimize sensorimotor control during simulated
work tasks before returning to work.

Feedback could be a useful tool in the preven-
tion of WRMSDs, as certain studies in controlled
environments have shown that it may reduce fac-
tors associated with the development of WRMSDs,
e.g., decreased muscle activity during computer tasks
or reduced lumbosacral compression during lifting
tasks. These results are in line with findings con-
cerning the use of feedback for the prevention of
sport-related injuries. Examples include using feed-
back for gait retraining in runners [100] (leading
to reduced ground reaction force variables) or for
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modifying jump-landing technique for the prevention
of anterior cruciate ligament injury [101] (leading
to reduced vertical ground reaction forces and knee
abduction/flexion angle).

However, most WRMSDs develop gradually, over
several months or years, due to repetitive move-
ments, sustained posture or exposure to stress [2,
102]. The lack of high-quality, long-term studies eval-
uating the effect of feedback for the prevention of
WRMSDs in the workplace prevents us from con-
cluding on the potential of feedback to decrease the
prevalence of WRMSDs. In addition, most included
studies recruited young, healthy individuals without
any symptoms, who had fewer risk factors for devel-
oping WRMSDs [103], and only a small margin for
the outcomes progression. Further long-term longi-
tudinal studies with workers should be conducted
to determine whether feedback can be used for the
prevention of WRMSDs.

The effect of feedback in the workplace was found
to be null to very limited. These results are not
surprising as several studies compared feedback to
ergonomic adjustment and demonstrated the supe-
riority of ergonomic adjustment in the workplace.
By optimizing the working environment according to
the physical characteristics of the worker, ergonomic
adjustment is the most comprehensive, simple and
effective intervention in the workplace to correct pos-
ture or movement [20, 104, 105]. Feedback, perceived
as a more complex intervention by workers, should
be used once work ergonomics have been optimized.
Further studies could explore the value of adding
feedback after ergonomic interventions.

The findings of this systematic review allow us
to propose different clinical implications. Firstly,
feedback can be used to preserve function in both
controlled (very limited evidence) and work (moder-
ate evidence) environments, and to improve/preserve
sensorimotor control in controlled environments
(moderate evidence). Secondly, clinicians can
include interventions using feedback in controlled
environments, as they have been shown to reduce
symptoms and enhance function and sensorimotor
control. Thirdly, feedback alone is not indicated
for the rehabilitation of WRMSDs in the work-
place as ergonomic adjustment should be performed
first. More evidence is needed from long term stud-
ies before recommending the use of feedback for
WRMSD prevention or in workplace rehabilitation
as a complement to ergonomic interventions.

The main source of limitations in this systematic
review is the heterogeneity of the included studies

which prevented us from concluding on the specific
effects of the different types of feedback (for instance,
whether faded verbal feedback is more effective than
continuous verbal feedback for pain prevention) and
from performing meta-analyses. In addition, the lack
of RCT and high-quality studies decreased the level
of evidence and the possibility of producing clear rec-
ommendations. Still, the inclusion of cross-sectional
and non-randomized studies allowed us to explore
the effect of feedback on various body regions and
environments. Moreover, 17 of the 43 included stud-
ies combined verbal feedback with another feedback
modality, without assessing the effect of each type
of feedback. Therefore, it is impossible to deter-
mine whether the use of a second type of feedback
contributed to the observed outcomes. Finally, the
paucity of studies with long-term assessments only
allowed us to conclude on the immediate and short-
term effects of feedback.

5. Conclusion
Extrinsic feedback is a valuable complementary
tool for the management of WRMSDs and future

studies should further evaluate its clinical applica-
tions in prevention and workplace rehabilitation.
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