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The Effect of Feedback on Manual Therapy Skill Acquisition: A
Systematic Review
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Data Source(s): An electronic search was conducted across 4 databases: PubMed, EBSCOhost, SPORTDiscus, and
CINAHL. The key words that were used in the search included manual therapy, physiotherapy, mobilizations, manipulation,
education, instruction, feedback, intrinsic feedback, and extrinsic feedback. The Boolean phrases AND and OR were used
to combine the search terms.
Study Selections: Studies that collected outcomes related to manual therapy skill acquisition from inception of the
databases to September 2019 were included. Studies were excluded if they examined solely patient-rated or clinical
outcomes of manual therapy or did not use feedback as the primary instructional intervention.
Data Synthesis: After quality appraisal with the Joanna Briggs Institute Critical Appraisal Checklist for Quasi-Experimental
Studies, the articles included in the review were categorized according to generalized manual therapy skills. Joint
distraction/traction was the skill examined in 2 studies. The effect of feedback on joint mobilizations was investigated in 5
studies. Studies examining joint manipulations represented the largest portion of the articles in this review, with 11 total
studies being included. The primary forms of feedback that were examined in the literature included visual, verbal, and
combined forms of auditory and visual feedback.
Conclusion(s): Visual feedback that provides learners with graphical representations of their performance, such as forcetime relationships, appear to have the greatest effects in improving force-related parameters. Visual feedback can be useful
during the initial acquisition phases of manual therapy skills, as indicated by the concentration of significant findings
immediately after use in training sessions. A limited number of studies examining outcomes at long-term follow-up reported
that training effects decrease rapidly over time. Thus, future studies should investigate if optimal dosages or scheduling
strategies exist to increase the retention of effects.
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Objective: To investigate the influences of feedback on manual therapy skill acquisition as presented in the literature.

The Effect of Feedback on Manual Therapy Skill Acquisition: A
Systematic Review
Isaac Chang, DAT, LAT, ATC; Matthew J. Rivera, DAT, LAT, ATC; Lindsey E. Eberman, PhD, ATC
KEY POINTS


INTRODUCTION
Manual therapy is a broad term that is used to describe any
technique that requires the skillful use of a practitioner’s
hands to induce therapeutic effects.1 Similar to other
psychomotor tasks commonly used by health care professionals, manual therapy skills require learners to engage in
deliberate practice in order to become competent.2 Although
the use of manual therapy continues to increase in physical
and sports medicine, it appears that the consistency of these
skills is limited.3 Without adequate consistency, patient
outcomes can be compromised because of the discrepancy of
technique application among clinicians, or because of the
inability to elicit the desired effects of a manual therapy
technique.
Issues related to the limited consistency of manual therapy
skills are most apparent in the literature regarding joint
mobilizations.3–6 According to a series of studies published by
Snodgrass et al,3,4 interclinician reliability of cervical spine
mobilizations was found to be poor, with intraclass coefficients ranging generally from 0.17 to 0.58. Similar results were
reported with mobilizations in other joints of the body.5,6 The
uniformity of these results raises concerns in the current
pedagogical strategies used to teach joint mobilizations and
other forms of manual therapy to learners.
It is typical for manual therapy instruction to involve some
form of demonstration, which is then followed by a period of
student practice for which an instructor provides feedback.7
Feedback is regularly used to teach hands-on skills, and is a
critical component in the preparation of health care professionals.8 As an instructional intervention, feedback can be
defined as descriptive information of performance or understanding within a learner.9 The literature demonstrates that
feedback can have significant impacts in learning and is
particularly beneficial in the learning of technical skills.10
Feedback can benefit learners by increasing knowledge,
facilitating accurate self-assessments, and providing a guide
toward refinement of the task being performed.9
The positive effects of feedback in the performance of
psychomotor tasks within the health care professions have
been shown in a variety of different skills. In the prehospital
and ambulatory care settings, the effect of feedback in
Athletic Training Education Journal

Other factors that may potentially contribute to the effectiveness of feedback include frequency and scheduling.14,15
Feedback that is provided during the practice trial is defined
as concurrent feedback, whereas feedback that is provided
after a performance is defined as terminal or delayed
feedback.14 The literature is not exactly clear on which form
of feedback is most beneficial, but the available evidence
suggests that the previous experience of a learner may play a
role in the effectiveness of timing.15 Novice learners of a skill
may benefit from frequent concurrent feedback, as this form
may help with facilitating learners towards better understanding a specific movement pattern.15 It is not exactly clear if this
benefit to novice learners is a direct result of the scheduling
(ie, terminal or concurrent) or the frequency of feedback.
Motor-learning theorists generally accept that there are 2
broad categories of feedback in skill acquisition: intrinsic and
extrinsic feedback.14 Intrinsic feedback is understood as the
ever-present sensory processing that occurs involuntarily with
movement in individuals. Extrinsic feedback, also known as
augmented or external feedback, is defined as information
provided by external sources regarding a performed task.14
Extrinsic forms of feedback can be further categorized as
auditory, visual, haptic, or mixed feedback. Although the
literature regarding feedback and manual therapy acquisition
focuses largely on extrinsic feedback, navigating the literature
is difficult considering the rather heterogeneous nature of
methodology used. Thus, the purpose of this systematic
review is to investigate the effects of feedback on outcomes
related to manual therapy skill acquisition as presented in the
literature.
METHODS
Search Strategy
A systematic search of the literature was performed across 4
electronic databases to identify articles that examined the
effect of feedback on outcomes related to manual therapy skill
acquisition. The databases that were used were CINAHL,
SPORTDiscus, PubMed, and EBSCOhost. Databases were

j Volume 15 j Issue 3 j July–September 2020

225

Downloaded from http://meridian.allenpress.com/atej/article-pdf/15/3/224/2615285/i1947-380x-15-3-224.pdf by guest on 30 June 2022

Real-time visual feedback in the form of graphical
representations of a learner’s kinematic parameters, such
as force-time profiles, can produce short-term improvements in force-related parameters.
 Novice learners should be provided regular and frequent
feedback in the earlier stages of skill acquisition.
 Educators should consider intentionally and progressively
removing feedback once learners begin to demonstrate
some degree of autonomy in a skill.

improving the depth and rate of chest compressions during
cardiopulmonary resuscitation has been documented.11,12
Similar findings were demonstrated when feedback was
provided to learners of surgical skills.13 Reiley et al13
examined the effect of visual force feedback in suture-tying
tasks during robot-assisted surgery and found decreased
suture breakage rates, lower peak force in knot applications,
and increased consistency. Despite these positive influences on
psychomotor skill acquisition, a more detailed evaluation of
feedback shows that not all forms can bring about positive
outcomes in all learners.9 Particularly, any medium or method
of feedback that undermines the intrinsic motivation of the
learners or fails to provide relevant information about a
learner’s performance has been shown to produce negative
effects.9

Table 1. Search Terms and Articles Identified in Initial Search
Step
1

2

3

Manual therapy, physiotherapy, mobilization,
manipulation
Education, instruction
Feedback, intrinsic feedback, extrinsic
feedback
Manual therapy, physiotherapy, mobilization,
manipulation
Education, instruction
Feedback, intrinsic feedback, extrinsic
feedback
Manual therapy, physiotherapy, mobilization,
manipulation
Education, instruction
Feedback, intrinsic feedback, extrinsic
feedback
1,2,3
149
1356

searched from inception to September 2019. A combination of
key words related to the research question was used to search
the electronic databases along with the Boolean operators OR
and AND (Table 1). The search was restricted to human
studies research and manuscripts available in English.
Selection Criteria
The articles identified from the systematic search were
screened for the inclusion and exclusion criteria. Titles and
abstracts were screened by 2 investigators (I.C. and M.J.R.),
with the full-text manuscript being assessed if the eligibility
could not be determined initially. A third investigator (L.E.E.)
was brought into the screening process to resolve disagreements between the 2 authors regarding the eligibility of
articles.
Inclusion Criteria. The following criteria were used to
determine if articles met the eligibility for this review: (1) the
article examined the effect of feedback in outcomes related to
manual therapy skill acquisition, (2) the article involved
human participants, and (3) the article was a peer-reviewed,
full-text publication.
Exclusion Criteria. The following criteria were used to
exclude articles from this review: (1) the article examined
patient outcomes only in patients receiving manual therapy,
(2) the article was not published in English, and (3) the article
did not assess the effect of feedback as an intervention in the
outcomes of manual therapy skill acquisition.
Methodologic Quality
The Joanna Briggs Institute’s Critical Appraisal Checklist for
Quasi-Experimental Studies16 was used to appraise the quality
of the studies that were included in the review. This appraisal
tool is composed of 9 items, with each item being scored yes,
no, unclear, or not applicable. Two independent investigators
Athletic Training Education Journal

EBSCO
Host

PubMed

CINAHL

Sport
Discus

OR

185 632

7 861 686

61 015

26 534

OR

3 514 743

1 774 777

622 790

260 274

OR

190 242

154 358

37 651

10 245

225

1188

65

27

AND

(I.C. and M.J.R.) scored each article that was eligible for
inclusion. For each yes score, 1 point was given, whereas each
no or unclear was given 0 points. When disagreements between
scores arose, the reviewers met to discuss and come to a
consensus. A cutoff summary score of 5 of 9 (55%) was used
to determine if an article was appropriate for inclusion.
Studies with summary scores below the cutoff value were
deemed to be too low in methodological quality, necessitating
exclusion.
Data Extraction
The data that were extracted included study aims, study
design, inclusion criteria, participant characteristics, feedback
types, statistical analyses, collected outcomes, conclusions,
and relevant limitations from the articles remaining after the
initial screening process. The included studies were categorized by types of feedback that were used. Studies that
examined the effect of feedback provided by an external agent
(ie, another individual or computer/screen) was categorized as
extrinsic feedback. Intrinsic feedback studies were those that
examined the effect of self-reflection and assessment while
learning skills.
RESULTS
Search Results
The searches of the electronic databases yielded 1505 articles
(Figure). After the removal of duplicate studies and the
completion of the initial screening of titles and/or abstracts, 19
articles were deemed eligible for inclusion. The appraisal for
methodological quality was then completed using the Joanna
Briggs Institute’s Critical Appraisal Checklist for QuasiExperimental Studies, with 1 article being removed from
review for not meeting the cutoff summary score of 5/9,
leaving 18 articles remaining for inclusion.
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4
Duplicates
Total No. identified

Boolean
Operator

Search Terms

Figure.

Type of Manual Therapy

Search diagram.

Appraisal
The average summary score for methodological quality of the
18 studies included for review was 7 (Table 2). The 2 most
commonly missed items of the quality appraisal tool were
‘‘Reliable measurement of outcomes’’ and ‘‘Participants
included in comparison similar.’’ Most studies in this review
report kinetic and kinematic data as their primary outcomes.
However, given that there is no gold standard in measuring
this type of data across manual therapy techniques, researchers largely relied on novel methods of measure, such as
instrumented tables, or used methods proposed by the existing
literature. Given this variability in measurement, it is crucial
that researchers explicitly state the psychometric properties of
their outcome-collection methods, which 10 studies failed to
mention. Five studies did not mention adequate participant
data (ie, age, weight, height), bringing into question if the
comparison groups were similar to the experimental groups
aside from the intervention. Because most of the studies
examined manual therapy techniques (ie, mobilizations and
manipulations) that are force dependent, it is important to
have matched physical characteristics between the control and
experimental groups for appropriate comparison.17 Without
matched characteristics, it would be difficult to conclude if
any observed differences were a result of the feedback
interventions.
Athletic Training Education Journal

Mobilizations. Of the studies included in this review, 5
studies specifically examined the effects of feedback on the
performances of joint mobilizations in learners (Table 4).20–24
The effect of combined real-time auditory and visual feedback
was investigated in 3 studies, with the other 2 studies
examining the effect of real-time visual feedback alone.
González-Sánchez et al20 observed significant changes in
ankle-joint–mobilization outcomes (ie, total time to reach max
amplitude, maximum angular displacement, maximum and
average velocity to reach maximum displacement, and average
velocity throughout the entire mobilization) both the control
group and experimental groups (P  .05). However, the
experimental group receiving visual real-time feedback
through graphs of the applied kinematic variables performed
better than the traditional learning group, as demonstrated by
greater measures of internal consistency (Cronbach a ¼ 0.899–
0.984 and 0.491–0.685, respectively).20 The second study to
solely examine visual feedback was completed using a jointtranslation simulator to aid students in the learning of generic
grade II and grade III mobilizations according to the
Maitland scale.21 Researchers also examined the effect of
timing of the visual-feedback group, with one group receiving
feedback concurrently with performance whereas the other
received feedback at the end of their performance in each trial.
Compared with the control group that did not receive visual
feedback, the feedback groups both demonstrated similar
significant posttest decreases in normalized error (P , .001).21
These findings were sustained through a retention test
performed 5 days after posttesting.
Examining the impacts on lumbar spine mobilizations in
physiotherapy students, Snodgrass and Odelli22 saw the
combined effects of visual and auditory feedback in improving
peak force, force-amplitude accuracy, and oscillation-frequency accuracy (P , .001). However, significance was lost when
outcomes were collected at 1-week follow-up. Similar results
were also reported in a study examining the combined effect of
auditory and visual feedback in the learning of cervical spine
mobilizations.24 Although improved force application parameters were noted immediately after intervention (P , .001), the
accuracy and the magnitude of the applied forces decreased
significantly after 1 week (P ¼ .008). Sheaves et al23 reported
similar results, while also evaluating the role of frequency of
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Distraction/Traction. Only 2 studies18,19 examined the
effect of feedback on distraction or traction (Table 3).
Markowski et al18 examined the effect of real-time visual
feedback via diagnostic ultrasound imaging on physical
therapy students’ performances of knee joint traction.
Although there were no differences in students’ confidence
in their ability to perform traction, there was significant
differences in joint space changes between the control and
experimental groups postintervention (P ¼ .04; 0.04 6 0.13
[Mean 6 SD]).18 The other study examined the effect of visual
feedback on the ability of 5 novice doctor of chiropractic
clinicians performing an unfamiliar lumbar distraction technique.19 Using force values obtained from 5 expert clinicians
as the criterion, the learning participants were provided force
graphs related to their performance of the skill in real time.
Although no inferential statistics and mean differences
between learners and experts were provided, the authors
reported mean force values closer to the criterion at posttest.
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Abbreviations: N, item was not described in the article; NA, item was not applicable in the article and was not included in the summary score; U, item was not described in sufficient
detail; Y, item was described in sufficient detail in the article.
a
The Summary Score of each article represents the sum of the identified number of items on the Joanna Briggs Institute Critical Appraisal Checklist for Quasi-Experimental Studies.

Markowski et al18 (2018)
Pasquier et al32 (2017)
González-Sánchez et al20 (2016)
Lardon et al33 (2016)
Chang et al21 (2007)
Triano et al25 (2002)
Triano et al26 (2003)
Descarreaux et al35 (2006)
Sheaves et al23 (2012)
Cuesta-Vargas et al30 (2015)
Snodgrass & Odelli22 (2012)
Snodgrass et al24 (2010)
Triano et al27 (2003)
Triano et al28 (2014)
Cuesta-Vargas & Williams29 (2014)
Gudavalli and Cox19 (2014)
Watson and Radwan34 (2001)
Enebo and Sherwood14 (2005)

Items of the Joanna Briggs Questionnaire
Multiple
Both
Measurements Complete
Clear Participants Groups
Used
Follow-Up Outcomes
Reliable
Cause Included in
Have
Use of Preintervention
or Were
Measured Measurement Appropriate
Summary and Comparison Similar Control
and
Differences
in the
of
Statistical
Scorea Effect
Similar
Conditions Group Postintervention Described Same Way Outcomes
Analysis

Summary Scores of the Critical Appraisal

Included Studies

Table 2.
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Table 3. Articles Examining the Effect of Feedback on Joint Traction or Distraction
Author

Body Part

Feedback Type

Markowski et al18 (2018)

Knee

Visual feedback—real-time
diagnostic ultrasound imaging

Gudavalli and Cox19 (2014)

Lumbar

Real-time visual kinematic feedback

Manipulations. Representing the largest proportion of the
available literature, 11 studies examined the influence of
feedback in performances of manipulations (Table 5).25–36
Unlike the results reported by the literature for other manual
therapy skills, the effects of feedback on manipulation is
rather heterogeneous. Triano et al25–28 released a series of
studies from 2002 to 2014 examining the effect of visual
feedback on cervical, thoracic, and lumbar manipulations
using the Dynadjust Instrument (Labarge, Inc, St. Louis,
MO). This apparatus provided learners with error messages
when target force application was not achieved during a
practice trial. Across these 4 studies, significant differences for
various parameters related to force and speed of thrust were
observed as a result of training with feedback (P  .03).
Comparable results were reported by other studies examining
the impact of visual kinematic feedback, which was provided
with computer graphics related to the learner’s performance.
Along with the changes in the force-related parameters as a
result of visual feedback, there is also evidence to suggest that
feedback increased the consistency and the accuracy of
manipulations.29 In their study, Cuesta-Vargas and Williams29 found increased internal consistency of thoracic
manipulations, with intraclass coefficients as high as 0.997
being reported. In their investigation of feedback on thoracic
manipulation performances in learners, Enebo and Sherwood31 observed decreased force production error using a
combination of visual and verbal feedback (P ¼ .01). This
study is unique compared with others in this review given that
investigators examined the influence of practice scheduling in
addition to feedback.31 Practice scheduling was manipulated
by assigning students to a random or blocked practice group.
Blocked practice entails the repeated performance of a specific
skill, whereas random practice involves variations in when the
skills is performed.15 The combined use of random practice
and visual feedback produced significant results lasting into
retention.31 In addition, Pasquier et al32 observed that
previous student experience with a skill resulted in negligible
differences when feedback was used in training.
Athletic Training Education Journal

Statistical significance was observed
with postintervention joint space
changes (P ¼ .04).
No interferential statistics provided,
but means of the outcomes
increased closer the criterion/
comparator values.

Contrasting to other studies, Lardon et al33 observed no
significant effect of feedback or the frequency of feedback in
the performance of thoracic manipulations. Watson and
Radwan34 also examined if student performance of thoracic
manipulations would be affected by the timing of feedback.
Feedback was provided during (concurrent) or after (delayed)
the student trial verbally, with the control group receiving no
feedback at all. No significant results were reported during
skill acquisition, but the authors concluded that concurrent
feedback provided the best results in retention despite not
reporting statistical significance.
DISCUSSION
The purpose of this systematic review was to investigate the
effect of feedback on outcomes of manual therapy skill
acquisition as presented by the available literature. Most of
studies examined manipulations as the primary manual
therapy skill of interest, with combined extrinsic forms of
feedback being the most commonly assessed within individual
studies. There were no studies that examined the impact of
intrinsic feedback. The dearth of studies examining intrinsic
feedback could be due to the nature of this feedback being
related to the sensory processing that occurs within an
individual, making this a very difficult concept to study.
Despite this rather large grouping of studies, the literature is
still rather heterogeneous in the skills, feedback forms, and the
outcomes that are collected.
Visual feedback seems to be an effective adjunct for teaching
skills that rely on appropriate application of force-related
parameters such as joint mobilizations and manipulations.
This is consistent with the literature regarding procedural
skills in other health care fields, such as cardiopulmonary
resuscitation.11,12 Although not all aspects related to the skill
are expected to improve, the evidence suggests that visual
feedback can significantly influence the learner’s application
of force and/or the associated velocity with manipulations.25–33,36 Although the literature is not as saturated in
studies examining mobilizations, it is suggested that visual
feedback may also result in improved outcomes for mobilizations in learners. In both mobilizations and manipulations,
the greatest effects were found immediately after feedback;
most studies that include retention assessments demonstrated
a decline of significant findings with time.22,23 This contrasts
with the feedback literature on cardiopulmonary resuscitation, as skill retention remained for some time. However,
Miller et al36, and Wik et al37 assessed cardiopulmonary
resuscitation skill retention after allowing as many practice
sessions with feedback as necessary until learners felt
completely confident in their ability to perform the skill.
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this specific form of feedback. Students were placed into 1 of 3
frequency groups: intermittent, constant, and self-controlled.
Those who were placed in the self-controlled feedback group
chose when they received feedback; other groups received
feedback for all trials or received feedback for only a third of
their trials. With no significant differences between the
intermittent and constant feedback groups, the self-control
feedback group demonstrated longer retention effects, as
some significance was maintained until follow-up approximately a week after posttesting.

Findings

Table 4. Articles Investigating the Effect of Feedback on Mobilization Performance
Body Part

Feedback Type

González-Sánchez
et al20 (2016)

Ankle

Kinematic real-time
feedback—visual
representation of
kinematic technique
characteristics

Chang et al21 (2007)

NA

Visual feedback—
graphical representation
of applied force
compared with criterion
force

Snodgrass and
Odelli22 (2012)

Lumbar

Visual and auditory realtime kinematic feedback

Sheaves et al23
(2012)

Lumbar

Real-time visual and
auditory kinematic
feedback (constant,
intermittent, and selfcontrolled)

Snodgrass et al24
(2012)

Cervical

Real-time visual and
auditory kinematic
feedback

Findings
Greater consistency in time, velocity, and
displacement of mobilizations observed in
experimental group than in control. (Cronbach a for
plantar flexion G1 range ¼ 0.491–0.687 and G2
range ¼ 0.899–0.984; Cronbach a for dorsiflexion
G1 range ¼ 0.543–0.685 and G2 range ¼ 0.899–
0.974.)
Greater normalized error in control compared to
experimental groups for rest position (F ¼ 77.518,
P , .001, and F ¼ 66.426, P , .001) and end
position (F ¼ 24.482, P , .001, and F ¼ 30.749, P
, .001) immediately postintervention and at
retention.
Improved peak force (Session 2 Median Peak force
¼ 14.8 N; IQR ¼ 3.0–24.3; Session 3 10.8 N; IQR
¼ 5.1 to 20.4; P ¼ .003) and force-amplitude
accuracy (Median Amplitude ¼ 6.4 N; IQR ¼ 3.1–
12.8; P ¼ .016). Most accurate oscillation
frequency immediately after feedback (Median
Oscillation frequency ¼ 0.16; IQR ¼ 0.06–0.26; P
, .001). All significance decreased during followup.
Significant improvements in immediate posttest for
force-related parameters (mean peak force and
force amplitude) in all groups (P , .001), but no
significance in retention. Significant difference in
mean peak force (P ¼ .022) and force amplitude
(P ¼ .025) in posttest, but only force amplitude in
retention (P ¼ .019). Self-controlled feedback
performed better on force amplitude (Self Control
Group Mean Force Amplitude ¼ 6.3 N; 95% CI ¼
4.2, 8.4; Constant Group Mean Force Amplitude ¼
13.1 N; 95% CI: 8.9, 17.4) and mean peak force
(Self Control Group Mean Peak Force ¼ 6.7 N;
95% CI ¼ 4.4, 9.0; Constant Group Mean Peak
Force ¼ 13.7 N; 95% CI ¼ 8.7, 18.6) than
constant feedback group (P ¼ .021) in posttest,
and better on force amplitude (Self Control Group
Mean Force Amplitude ¼ 9.5 N; 95% CI ¼ 5.8,
13.1; Constant Group Mean Force Amplitude ¼
21.0 N, 95% CI ¼ 13.3, 28.7; P ¼ .018) in followup. No difference between constant and
intermittent feedback groups.
Immediately after feedback students applied forces
closer to the criterion in experimental group (MD ¼
4.0 N; IQR ¼ 1.9–7.7; P , .001), except for grade
III. Magnitude of difference in applied force was
significantly lower in experimental group after 1week follow-up (P ¼ .008), but not as accurate as
the results from immediate posttest (MD ¼ 6.4 N;
IQR 3.1–14.7; P , .001). In follow-up,
experimental group performed better than control
only in grade I mobilizations (P ¼ .01).

Abbreviations: CI, confidence interval; IQR, Inter-quartile range; MD, Mean difference.
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Author

Table 5. Articles Investigating the Effect of Feedback on Manipulation Performance
Author
Pasquier et
al32 (2017)

Body
Part
Thoracic

Triano et al26
(2003)

Cervical and
thoracic

Triano et al27
(2006)

Lumbar

Thoracic
Enebo and
Sherwood31
(2005)
CuestaCervical
Vargas and
Williams29
(2014)
Thoracic
CuestaVargas et
al30 (2015)

Triano et al28
(2014)

Verbal and
visual
feedback

Findings
Feedback training effects: preload force (Group 1 Baseline Preload
Force ¼ 104.5 N; 95% CI ¼ 91.9, 116.9; Post-Test Preload Force ¼
120.6 N, 95% CI ¼ 111.1, 130.1; Group 2 Baseline Preload ¼ 118.7
N, 95% CI ¼ 106.4, 131; Group 2 Post-Test Preload Force ¼ 129.5
N, 95% CI ¼ 120, 138.9 N; Group 3 Baseline Preload Force ¼
107.6 N, 95% CI ¼ 94.5, 120.6, Group 3 Post-Test Preload Force
115.6 N, 95% CI ¼ 105.7 N, 125.6; F2,200 ¼ 16.553, P , .0001),
drop in preload force (F2,200 ¼ 47.781 P , .0001), and decreased
absolute error (Group 1 Baseline Absolute Error ¼ 39.3 N, 95% CI
¼ 31.4, 47.1; Post-Test ¼ 32.0 N, 95% CI ¼ 26.6, 37.4 ; Group 2
Baseline Absolute Error ¼ 53.7 N, 95% CI ¼ 46.0, 61.4; Group 2
Post-Test ¼ 41.7 N, 95% CI ¼ 36.4, 47.1 N; Group 3 Baseline
Absolute Error ¼ 52.7 N, 95% CI ¼ 44.5, 60.9, Group 3 Post-Test
33.5 N, 95% CI ¼ 27.9, 39.2; F2,200 ¼ 17.050, P , .0001), force
application rate decrease (F2,200 ¼ 39.240 P , .0001), variable error
(Group 1 Baseline Variable Error ¼ 22.6 N, 95% CI ¼ 19.1, 26.2;
Post-Test ¼ 20.8 N, 95% CI ¼ 17.7, 23.9.1; Group 2 Baseline
Variable Error ¼ 26.6 N, 95% CI ¼ 23.1, 30.0 ; Group 2 Post-Test
¼ 25.4 N, 95% CI ¼ 22.4, 28.4 N; Group 3 Baseline Absolute Error
¼ 25.8 N, 95% CI ¼ 22.1, 29.5, Group 3 Post-Test 21.3 N, 95% CI
¼ 18.1, 24.6; F2,200 ¼ 8.5274, P , .00028).
No statistical significance for group, learning, or group-learning
interaction.

Verbal and
visual
feedback
Visual feedback Thoracic manipulation: significant decrease in flexion and lateral
bending moment (8.4 6 15.2 [Mean 6 SD], P ¼ .0210; 0.7 6 3.2, P
¼ .0507), significant decrease in axial force (P ¼ .0315). Cervical
manipulation: statistically significant increase in anterior force (3.7 6
10.4, P ¼ .458), increased speed in sagittal moment (13 6 28, P ¼
.395). Difference between 2 groups due to training (Experimental
Group Impulse mean difference ¼ 0.05 seconds; SD ¼ 0.16, Control
Group Impulse Mean difference ¼ 0.12 seconds; SD ¼ 0.18; P ¼
.0024).
Visual and
Speed of force (MD ¼ 629 N/s; P , .006) and moment (MD ¼ 304 N
auditory
m/s; P , .005) increased, mean peak amplitude force (MD ¼ 60 N;
feedback
P , .008) increased.
Verbal
Positive interaction of random practice with visual feedback (F1,25 ¼
feedback;
5.32, P ¼ .03, g2 ¼ 0.18); low force production error during
visual
acquisition (F1,25 ¼ 6.98, P ¼ .01, g2 ¼ 0.22).
feedback
Visual feedback Significant difference after training for rotational thrust velocity (PreTraining Mean ¼ 48.9 degrees/s; SD ¼ 35.1, Post-Training Mean ¼
96.9 degrees/s; SD ¼ 53.9; P ¼ .027).

Visual feedback Significant differences in acceleration (MD ¼ 8659.87 degrees/sec2;
95% CI ¼ 3489.25, 10 876.84; P ¼ .002), time (MD ¼ 0.100 sec,
95% CI ¼ 0.083, 0.117; P , .001), and velocity (MD ¼ 418.48
degrees/sec; 95% CI ¼ 482.665, 300.292; P ¼ .003) to reach
maximum peak (P , .02); acceleration (MD ¼ 2331.97 degrees/
sec2; 95% CI ¼ 854.66, 3870.49; P ¼ .004), time (MD ¼ 0.060 sec;
95% CI ¼ 0.043, 0.076; P , .001), and velocity (MD ¼ 175.23
degrees/sec; SD ¼ 0.9070.744; P ¼ .024) to reach minimum to
maximum peak. ICC values 0.0863–0.997.
Cervical,
Visual and
Modest change in ability to generate peak force in experimental group
thoracic, and
auditory
(Year 2 Participant Mean Changes Cervical ¼ 27 N, SD ¼ 98,
lumbar
feedback
Thoracic ¼ 33 N, SD 531; Lumbar ¼ 104 N, SD 554; Year 4
manipulations
Participant Mean Changes Cervical ¼ 35 N, SD ¼ 114, Thoracic ¼
26 N, SD ¼ 85, Lumbar ¼ 30 N, SD 122; F ¼ 5.17, P , .0303).
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Lardon et al33 Thoracic
(2016)

Feedback
Type

Table 5. Continued
Author

Body
Part
Lumbar

Watson and
Radwan34
(2001)

Thoracic

Descarreaux
et al35
(2006)

Thoracic

Findings

Visual and
auditory
feedback

Significant increases in percentage change of preload forces in
experimental group (P ¼ .0009), increase in preload amplitude in
sagittal (Mean Change ¼ 33, SD 54; P ¼ .0229) and lateral bending
(Mean Change ¼ 51, SD ¼ 26; P ¼ .0182). Significant decrease
in flexion/extension cycles (Mean Flexion Change ¼ 0.78, SD
1.39, Mean Extension Change ¼ 1.16, SD 1.01; P ¼ .000). Speed
increased (P ¼ .000) in AP direction. Significant divergent slope in
lateral bending (Mean 742 N/s, SD ¼ 345.2; P ¼ .000). Decreased
rate of thrust in flexion (Mean Change ¼ 0.09 sec. SD ¼ 0.19; P
¼ .0229).
Verbal
No significant difference between groups for motor skill acquisition.
feedback
Significant difference in the graded performance scores (P ¼ .023),
with groups 1 and 2 having larger differences (Group 1: Trial 1
Mean ¼ 27.327, SD ¼ 3.962, Trial 2 Mean ¼ 19.125, SD ¼ 3.314;
Group 2: Trial 1 Mean 27.500, SD ¼ 3.891. Trial 2 Mean ¼ 19.250,
SD 7.305). Authors concluded that group 3 had better skill retention
(Group 3: Trial 1 Mean 25.571, SD 6.051, Trial 3 Mean 23.429, SD
¼ 5.318).
Visual feedback Statistically significant decrease in peak force variability (Baseline
Mean ¼ 59.2 N, Standard Error ¼ 5.7; Post-Training Mean ¼ 33.4
N, Standard Error ¼ 4.5; P ¼ .024), increase in preload force
(Baseline Mean ¼ 66.1 N, Standard Error ¼ 16.2; Post-Training
Mean ¼ 176.7 N, Standard Error ¼17.3; P , .001).

Abbreviations: AP, Anterior-Posterior; CI, confidence interval; ICC, intraclass correlation coefficient; MD, mean difference; SD, standard
deviation.

The number of practice session were predetermined in the
manual therapy feedback literature. It is possible that the
number of practice sessions provided in these studies was not
enough to instill confidence within learners to enable
retention. Given that the results of visual feedback are
optimal immediately postintervention, this form of feedback
is most appropriate during the initial phases of skill
acquisition.
Previous literature38 examining the guidance hypothesis for
feedback concurs with this scheduling of feedback for learning
motor skills. This learning theory suggests that feedback
provided to the learner early on, in more regularly scheduled
bouts, improves the retention of skill performance over 24
hours.38 Lastly, previous literature38 also found that gradually
reducing the amount of feedback improved immediate skill
performance as well as performance after a follow-up period
during a test trial once the feedback was removed. This may
help educators who are instructing students in manual therapy
skill acquisition by structuring their feedback more regularly
in early practice and gradually removing feedback as learners
become more proficient and autonomous in the skill.
Although many of the studies examining visual feedback also
combined other feedback forms such as verbal feedback
specifically with manipulations, the limited number of studies
and the paucity of convincing results seem to indicate that
verbal feedback does not play a large role in influencing
outcomes. In these studies, verbal feedback was provided
through qualitative knowledge of a learner’s performance of
skills by the observing instructors.31,35,36 With no studies
Athletic Training Education Journal

available that specifically examined the effect of auditory
feedback aside from verbal forms, conclusions cannot be
made on the exact impact of this form of feedback when
combined with visual aids. More studies are needed to
examine the exact influence of auditory feedback.
Only 2 investigations examined the effect of feedback on joint
traction/distraction, which limits the ability to make strong
conclusions regarding the usefulness of feedback on learning
this specific type of manual therapy. However, the preliminary
results show that visual feedback can potentially have positive
effects.
A majority of the studies that examined visual feedback in the
form of graphical representations of the kinematic and kinetic
variables occurred as the learner was performing the skill. It is
difficult to conclude if the timing of visual feedback would
influence these outcomes given that no studies have assessed
timing. With only a singular study explicitly stating that
concurrent visual feedback is effective, this conclusion should
be taken with extreme caution as no statistical significance
was reported in support of this statement.
Traditional motor-learning theories state that the provision of
feedback should be modified as learners progress through the
phases of skill acquisition for optimal results. The guidance
hypothesis, proposed by the motor theorist Richard
Schmidt38,39 articulates the idea of frequent feedback leading
to improved performance. However, a theoretical dependency
on the feedback can also develop, potentially hindering
performance once the feedback mechanism is removed.38,39
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Feedback
Type

With only 2 studies investigating this specific variable of
feedback, more studies are needed to confirm if this
phenomenon exists when applied to the acquisition of manual
therapy skills. If this phenomenon is confirmed to occur with
manual therapy skill learning, then future studies should aim
to investigate the optimal dosing and scheduling of feedback
to best benefit learners without forming dependency.

Limitations
This review does have some limitations given the mixed nature
of the methods, outcomes, and analyses used by the included
articles. Therefore, clear conclusions and recommendations
are difficult to synthesize. Another limitation is the search
strategy used for this review as hand searches of reference lists
were not performed, thereby potentially excluding relevant
studies.
Educational Implications
Given the heterogeneity of the literature in the methodologies,
manual therapy skills, and forms of feedback studied, strong
recommendations on how to best incorporate feedback in the
teaching of manual therapy are difficult to make. With a rapid
decline in significance in the studies examining long-term
retention,22,23 the effects of visual forms of feedback appear to
be largely short-term. There are no studies that provide
evidence on how to sustain effects into long-term retention.
Given this current gap in the literature, educators should
consider incorporating educational and motor-learning theories, such as the guidance hypothesis,38,39 to optimize the
effects of feedback.
Clinical Bottom Line
The use of real-time visual feedback may potentially be
beneficial in improving consistency and other force-related
parameters, such as velocity and amplitude, in manual
therapy learners. Improvements from the use of real-time
visual feedback may not be uniform or predictable. With
improvements appearing to be largely short-term, visual
feedback may be most appropriate during the early stages of
learning and skill acquisition. With the absence of strong
evidence regarding other parameters of feedback, such as
Athletic Training Education Journal

CONCLUSIONS
Visual feedback that provides learners with graphical representations of their performance, such as force-time relationships, appear to have the greatest effects in improving forcerelated parameters. Visual feedback can be useful during the
initial acquisition phases of manual therapy skills, as indicated
by the concentration of significant findings immediately after
use in training sessions. A limited number of studies
examining learning outcomes at long-term follow-up reported
that training effects decrease rapidly over time. Thus, future
studies should investigate if optimal dosages or scheduling
strategies exist to increase the retention of effects.
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