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Objective: To evaluate if changing the sequence in
which students learn the complex psychomotor skill of
spinal manipulation of the pelvis and lumbar spine in
a chiropractic technique course would help to improve
performance on practical exams.

INTRODUCTION
Spinal manipulation (SM) techniques are one of the
important treatment modalities used by chiropractors.
SM is a complex bimanual motor skill requiring multiple
limb coordination and postural control that students
must learn to administer safely and effectively. There
is a need for conscious use of educational theory to
ground sensorimotor learning for manual therapy. (1)
The literature on SM training shows there is significant
improvement in performance when motor learning
skills are taught using educational strategies. (2-4)
Motor skill development is an essential component of
clinical education in various health care disciplines.
(5) Sufficient practice and implementation of relevant
feedback strategies are also very important in successful
skill learning practices. Earlier implementation is helpful
to motor skills acquisition. (6)

Methods: This is a retrospective study of data collected
for practical examinations. In order to assess the results
of this change, the midterm and final practical exam
scores for the 2 cohorts before the experiment were
compared to the scores of the cohorts after the change.
The students’ gender and cumulative grade point average
were examined to determine if they were mediating
factors.
Results: The experimental cohort scored lower in their
technique exams compared to the control cohort (p =
.001), although the difference between the medians was
small (184.0 versus 180.0).
Conclusion: The results of this study reveal no
improvement in practical exam scores after the sequencing
of the pelvis and lumbar spine adjustive technique class
instruction was changed from the traditional specific
adjustments first and then psychomotor skills vs. teaching
the psychomotor skills first followed by teaching specific
adjustments. Further research is needed to determine the
optimum sequence of teaching chiropractic psychomotor
skills to maximize the students’ learning experience and
clinical performance. (J Contemporary Chiropr 2022;5:
171-176)

1

Varying models exist for the acquisition of manual/
motor skills. Dunphy and Williamson have described 4
states for manual skills development. These are novice,
advanced/beginner, competent/proficient, and expert.
(7) Delacruz et al identified a 3-stage theory of motor
skill acquisition. These are cognitive (i.e., the learner
gains basic knowledge about the steps necessary to
accomplish a task), associative (practice and repetition)
and autonomous (in this stage performance becomes
smooth and automatic). (8) Traditionally in chiropractic
colleges, theoretical aspects of SM were taught in the
beginning. (9) The laboratory component of education
consists of instructional demonstrations, observationbased coaching and rehearsals using simulators or student
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colleagues as patients. Timely feedback must be provided
during this coaching. Newer technology, such as forceplate tables, provide an avenue for instant feedback on
the application of techniques involved in SM. Providing
feedback to students helps facilitate learning that can be
transferred to clinical scenarios. (9) Successful education
during this stage plays a major role in student’s future
interaction with patients.

students spend the first 15 minutes of class practicing
their thrusts on the vinyl dummy with fast-paced music
playing in the background designed to help them relax,
increase adjusting speed, and improve rhythm. Students
focused on choosing the proper height table, practicing
with both sides of their body, improving the technique of
their body drop including proper biomechanics, depth,
and speed of their thrust. These drills are demonstrated
on stage and performed by students simultaneously. This
training uses visual, auditory, and kinesthetic learning
principles. In week 5, the students added thrusts to a
specific pelvis and lumbar spine procedures on a student
under the supervision of their lab group instructor with
immediate feedback given.

The sequence of learning SM theory and laboratory
exercises plays a major role in the cognitive and associative
phases of the motor learning process. Triano described
how reversing the traditional sequence of teaching specific
SM procedures first and then gross motor skills led to
better student performance. (4) Confidence in their SM
technique is often a major obstacle for interns beginning
their clinical experiences. If students’ confidence in their
SM performance is improved by changing the sequence
of the educational components, this in turn benefits their
clinical training. (10)

Experimental Teaching Method (Experimental Cohort)
Starting on the 1st day, the students learn how to perform
the basic side-posture body drop on a vinyl thrusting
dummy. In each lab after that, the students spend the first
15 minutes of class practicing their thrusts on the vinyl
dummy with fast-paced music playing in the background
designed to help them relax, increase adjusting speed,
and improve rhythm. Students focused on choosing
the proper height table, practicing with both sides of
their body, improving the technique of their body drop
including proper biomechanics, depth, and speed of
their thrust. These drills are demonstrated on stage and
performed by students simultaneously. This training
uses visual, auditory, and kinesthetic learning principles.
Students were supervised by their lab group instructor
and immediate feedback was given.

The purpose of this study was to evaluate if changing
the sequence in which students learn the complex
psychomotor skill of spinal manipulation of the pelvis
and lumbar spine in a chiropractic technique course
would help to improve performance on practical exams.

METHODS
Approval for this study was obtained from the Southern
California University of Health Sciences Institutional
Review Board. Chiropractic Procedures IV is a 2nd-year
chiropractic technique course at our university that
focuses on SM of the pelvis and lumbar spine. This is the
first course where the students perform high-velocity lowamplitude (HVLA) manipulations. There are 70 hours of
lab and 15 hours of lecture over a 15-week period. For
this study, the sequence of class instruction was changed
from the traditional teaching of specific adjustments first
and then gross motor skills to the reverse. The students in
both cohorts met the prerequisite training for the course.
(3) There were 123 students in the control cohort and
128 in the experimental cohort. Because the distribution
of technique exam scores and cGPA were not normal,
medians and the non-parametric Mann-Whitney test and
the Pearson’s chi-square test were used for test statistics.

During the rest of the lab time for the first 3 weeks,
students learned the basic side-posture set-up and
reviewed palpation. In week 4, the students started
learning specific pelvis procedure set-ups (with no
thrusting). All procedures are demonstrated on stage and
then again in lab groups. In week 5, the students added
thrusts to specific pelvis and lumbar spine procedures
on a student under the supervision of their lab group
instructor with immediate feedback given.
This is a retrospective study of data collected from
practical examinations. To assess the results of the
sequence, changes in the midterm and final practical
exam scores for the 2 cohorts (2 trimesters of students)
before the experiment were compared to the scores of
the 2 cohorts (2 trimesters of students) after the change.
The practical exams did not change during this period.
Data analysis consisted of comparison of the 2 cohorts
as independent samples. The students’ gender and
cumulative grade point average (cGPA) were examined to
determine if they were mediating factors in performance
on the examinations.

Traditional Teaching Method (Control Cohort)
During the first 3 weeks of the term, students learn
the basic side-posture setup, review pelvis and lumbar
spine motion palpation, and perform approximately 4-6
specific pelvis procedure set-ups (with no thrusting). All
procedures are demonstrated on stage and then again in
lab groups. Students were supervised by their lab group
instructor and immediate feedback was given. In week 4,
students learned how to do the side-posture body drop
on a vinyl thrusting dummy. In each lab after that, the
172
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(6) Students may grasp the knowledge of performance
skills partially or completely during the various years
and levels of their training. (6) In a study analyzing
manipulation skills between genders, the precision of
adjusting was achieved by both genders by the 5th year
of chiropractic education. Female students tend to be
more precise adjustors initially, while men have better
force application. (13) With this said, it is clear that both
precision and force should be concentrated on early in
education for inter-gender skillset accumulation.

RESULTS
There were 123 students in the control cohort and 128
in the experimental cohort. Because the distribution of
the technique exam scores and cGPA were not normal,
medians and the non-parametric Mann-Whitney test,
(11) along with Pearson’s chi-square test, (12) were used
for test statistics.
The experimental cohort scored lower in their technique
exams compared to the control cohort (p = .001),
although the difference between the medians was small
(184.0 versus 180.0).

One best-evidence synthesis of teaching methods
concluded that the “evidence presented does not offer
a comparison or suggest a clearly superior form of
teaching method to be applied as a gold standard for
incorporation into the core curriculum of doctor of
chiropractic programs.” (9) Based upon the findings
here, we agree that more research is needed before a
gold standard is established. At 1 workshop designed
to create a standardized chiropractic education, those
involved unanimously agreed that the following should
be included: high-velocity low amplitude spinal and
extremity manipulation, adjustments assisted by handheld instruments, drop tables, flexion-distraction tables,
and pelvic blocks. However, the order and delivery of
teaching was not discussed. (14)

The cohorts were comparable for gender (control cohort
females = 35.0%, experimental cohort females = 37.5%,
p= .676). Gender did not affect the relationship between
instruction cohort and technique score (Table 1).
Table 1. Gender and Technique Scores
N
Female

Median
Technique Score
Females

N Male

Median
Technique Score
Males

Control

43

184.0

80

183.0

Experimental

48

180.0

80

180.0

Significance

.007*

.031*

A pilot study by Watson et al. evaluated various teaching
methods of SM. He observed that the teaching method
for SM did not alter the skill acquisition of the students.
However, the timeframe in which student feedback
was provided impacted their ability to maintain skills
when evaluated later. Students who received immediate
feedback after making a mistake during testing had
improved performance compared to those who had
delayed or no feedback. (15)

* Significant at the .05 level
The cGPA of the experimental cohort was lower than the
control cohort (experimental cohort =2.738 cGPA, p=
.017, control cohort =2.857 cGPA).
Having a cGPA above the median was a mediating factor
for this effect (Table 2).

Feedback from instructors not only has an informational
function, but also has motivational properties that have
an important influence on learning motor skills. (16)
One systematic review of the literature across 4 electronic
databases identified articles that examined the effect of
feedback on outcomes related to manual therapy skill
acquisition and identified 3 key points: 1) 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 forcerelated parameters; 2) Novice learners should be provided
regular and frequent feedback in the earlier stages of
skill acquisition; and 3) Educators should consider
intentionally and progressively removing feedback once
learners begin to demonstrate some degree of autonomy
in a skill. (17)

Table 2. Cumulative GPA and Technique Scores
Median Technique Score
Below Median cGPA

Above Median cGPA

Control

182.0

185.0

Experiment

178.0

182.0

Significance

.216

.002*

* Significant at the .05 level

DISCUSSION
Historically, students learn the theoretical aspects of highvelocity low-amplitude (HVLA) spinal manipulation
(SM), followed by a demonstration by an instructor
performing a specific spinal manipulation and students
imitating the instructed procedure on their classmates.
J Contemp Chiropr 2022, Volume 5

Both cohorts in our study received the same lecture and
lab training comprised of the Cognitive, Affective, and
Psychomotor domains according to Bloom’s Taxonomy.
(18,19) Of the 7 stages of learning within the Psychomotor
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Domain, our students were in the Guided Response
stage. (19) This consists of students watching a skilled
practitioner perform spinal manipulations, students
imitating the manipulations, and practicing that skill set
in lab on other students under the supervision of faculty.
Both cohorts were exposed to the Conscious Competence
Learning Theory. (20,21) This learning model focuses
on 2 factors that are important when learning a new
skill, in this case spinal manipulation: our awareness
(consciousness), and our skill level (competence). There
are 4 stages of learning: Unconsciously Incompetent/
Unskilled, Consciously Incompetent/Unskilled (the
students in this first manipulation course are at this stage),
Consciously Competent/Skilled, and Unconsciously
Competent/Skilled. Medical students and kinesthetic
learners are multimodal learners. (22,23) Therefore, it is
important to consider these styles in course design and
delivery.

communication regarding expectations and a feeling of
community were viewed as some of the most important
qualities in education. (10) With all of this taken into
consideration, future studies should include the use
of partner exchanges with icebreakers for community
enhancement, rubric explanation for clarity of
communication, as well as graph-based visual feedback
and repetitive kinesthetic practicum of all adjusting
types.
Various devices, based on force-sensing technologies,
have been used to provide feedback to students and
to assess performances. (15,26) These studies suggest
that augmented feedback, defined as “information
provided about the action that is supplemental to,
or that augments, the inherent feedback” (27) using
force-sensing devices during training improves SM
skill performance and reduces variability. (28) There is
evidence demonstrating the effectiveness of objective
feedback, force-sensing chiropractic tables, and
mannequins when teaching spinal manipulation (SM)
to chiropractic students. (2) In an examination of the
effectiveness of an educational intervention combining
both Human Analogue Mannequins (HAM) and ForceSensing Table Technology (FSTT®) for teaching cervical
SM, the authors concluded that “Students demonstrated
improved peak force control for SM delivered on the
mannequin. However, this improvement was not carried
over to SM delivered on human subjects. Further research
is needed to assess the reason for the lack of change for
human thrusts”. (29) Future studies may still include the
use of force-sensing technology for specificity and motor
skill practice. One survey based-study published from
a chiropractic teaching convention showed unanimous
opinion that teaching high-velocity, low amplitude spinal
and extremity manipulation, adjustments assisted by
hand-held instruments, drop tables, flexion-distraction
tables, and pelvic blocks was important to a chiropractic
education. Future studies should be conducted showing
student skill level after learning all of these techniques.
(10)

Changing the sequence of teaching specific SM skills
after gross motor skills did not improve the practical
exam performance of the experimental cohort of
students. The decrease in student performance observed,
although statistically significant for the students with the
lower cGPA, is probably too small to affect their future
clinical performance. There are several variables that
may have affected the results. Chief among these was the
experimental cohort were academically weaker students
overall than the control cohort, as shown by their lower
cGPA. Another factor was the new way that SM procedures
were being taught. It often takes several runs of a course
before new class activities run smoothly.
Lower technique exam scores after changing the course
sequence in this study was seen in both cohorts but was
only statistically significant regarding students with a
cGPA below the median. One possible explanation is
that these students were more focused on their didactic
courses and did not take technique labs as seriously.
Ideas for Future Teaching Strategies
Chiropractic curriculum teaching strategies have yet to be
optimized. One survey study conducted in an Australian
Chiropractic college showed that the majority of students
are multivariate learners, requiring lessons presented in
visual, aural/auditory, reading/writing, and kinesthetic
teaching, with a greater preference towards kinesthetic
learning. (24) The sequential partial task practice (SPTP)
strategy in which participants engaged in partial task
practice over several repetitions with different partners
enhanced student confidence in technique performance.
(25) Visual feedback that provides learners with
graphical representations of their performance, such
as force-time relationships, appear to have the greatest
effects in improving force-related parameters. (17) In a
qualitative study of Swiss chiropractic students, clarity of

Limitations
Limitations to this study may include the fact that
students were separated by cohort as a retrospective study
which did not take into consideration curricular changes
in other courses which may affect student performance.

CONCLUSION
The results of this study reveal no improvement in
practical exam scores after the sequence of the pelvis
and lumbar spine adjustive technique class instruction
was changed from the traditional specific adjustments
first and then psychomotor skills versus teaching the
psychomotor skills first followed by teaching specific
174
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adjustments. Further research is needed to determine the
optimum sequence of teaching chiropractic psychomotor
skills to maximize the students’ learning experience and
clinical performance. We also plan to study the effects of
using Human Analogue Mannequins (HAM) and ForceSensing Table Technology (FSTT®) as a future method of
teaching SM to chiropractic students at our university.
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