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Effects of practice variability on spinal manipulation learning*

Andrée-Anne Marchand, DC, MSc, Laura Mendoza, Claude Dugas, PhD, Martin Descarreaux, DC, PhD, and Isabelle Pagé, DC, MSc

Objective: To evaluate the effects of practice variability on chiropractic students’ capacity to deliver spinal
manipulations (SMs) of a targeted peak force.
Methods: Forty students participated in an experimental session including either a variable or a constant practice
protocol of 45 SMs. SMs were delivered on a computer-connected device that recorded force-time profiles. Ten SMs
with a target peak force of 350-N were performed before practice, immediately following practice, and 2 days later.
Mixed-design analyses of variance were used to assess the effect of practice type on SM biomechanical parameters and
on the constant, the absolute error (AE), and the variable error (VE).
Results: The practice period led to significantly more accurate (FAE[2,76]¼ 6.17, p , .01) and consistent (FVE[2,76]¼
3.90, p ¼ .02) performances at the postintervention assessment regardless of practice type. Among biomechanical
parameters, preload force was higher at the retention assessment than at baseline (F[2,76]¼ 6.53, p , .01), while rate of
force application significantly decreased between the baseline and the retention assessment (F[2,76] ¼ 4.10, p ¼ .02).
Conclusion: This experimental study showed that 1 session of SM practice including feedback leads to an increase in
SM peak force accuracy and consistency, whether or not the practice period included variable practice. The current
results confirmed that short practice periods with feedback should be included in the chiropractic curriculum.
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INTRODUCTION

Chiropractic is one of the most sought-after comple-
mentary and alternative medicines; for back and neck pain,
the 1-year prevalence of consultation in chiropractic in the
United States is estimated between 20% and 74%.1,2

Despite a wide range of therapeutic modalities being
offered by chiropractors, spinal manipulation (SM) is
perceived to be the foundation of the chiropractic
technique and is the most commonly used therapy by
these health professionals.3,4 SM is defined as a specific
form of joint manipulation using either long- or short-
leverage techniques targeting specific anatomic contacts or
structures, and it is characterized by a low-amplitude
dynamic thrust of controlled velocity, amplitude, and
direction.5 Traditionally, SM skills are acquired mainly
through a combination of observation of qualified
instructors and formal practice with peers. Although

observational practice can provide unique and important
contributions to learning, learners benefit even more when
it is combined with physical practice and integrated motor-
learning programs.6

Chiropractic colleges recently began to include motor
learning principles in their SM teaching curriculum.7,8

Many of these principles have now been investigated in the
context of SM learning, and relevant studies confirmed
that SM learning follows these principles.9 Indeed, it has
been shown that SM skill acquisition is gradually acquired
through the teaching curriculum,10,11 that sequencing of
theory and laboratory exercises is important,12 that
augmented feedback is valuable in SM skill develop-
ment,13–15 and that transfer capability assessments should
be considered in SM training.16 To our knowledge, benefits
of task-induced variability during practice of accuracy and
consistency have not been investigated in the context of
SM learning.

According to motor-learning schemas theory,17,18 var-
iable practice offers valuable insights for learning skills of
a wide range of inherent variability levels. These schemas
consist in the development of relationships between a
predefined goal and the parameters used to achieve this
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goal (retention situation) or a similar one (transfer
situation). Consequently, effects of task-induced variabil-
ity at the goal level (eg, varying force or velocity targets) or
the execution level (ie, ways to achieve a given goal) have
been studied in several motor skills, including tennis
drive,19 unimanual arm rotation,20 manual aiming,21,22

hand force production,23,24 volleyball serve,25 and shoulder
adduction.26 Although not consistent,24 task-induced
variability at the goal level typically results in lower
accuracy and consistency, as measured by the absolute,19,22

constant error,19 or the root-mean-square jerk20 immedi-
ately after the learning period. Nevertheless, it increases
both the accuracy and consistency during a retention task
(ie, after a rest period), thus leading to enduring changes in
a person’s capacity to achieve a skill.

It has recently been suggested that proper modulation
of peak force and other SM biomechanical parameters
according to patients’ characteristics could increase safety
and effectiveness of SM interventions.8 If such hypothesis
holds true, and with the knowledge that peak force control
evolves throughout clinical training,10,11 increasing accu-
racy and consistency in the execution of SM for various
force levels through variable practice might become one
important goal of the SM skill-learning process.

Considering the above-mentioned evidence, the objec-
tive of the present study was to evaluate the effects of task-
induced variability during SM practice on chiropractic
students’ capacity to accurately and consistently deliver
SMs. It was hypothesized that, immediately following the
practice period, the use of a variable practice would be
deleterious compared with a constant practice. However,
variable practice would result in better accuracy and
consistency at retention (after a 2-day rest period).

METHODS

Participants
To be included in the study, volunteers had to be 4th- or

5th-year chiropractic students (ie, being at their 1st- or
2nd-year chiropractic internship), had to be available for 2
assessment sessions at 48-hours’ interval, and could not
have any actual or previous injury limiting their capacity
to perform spinal manipulations using the unilateral
hypothenar transverse push technique. Moreover, partic-
ipants could not have the intent to perform an unusual
number of spinal manipulations between sessions, for
example, by participating in chiropractic technique prac-
tice groups. No volunteers were excluded based on these
criteria, and, consequently, 40 participants were assigned
to either the variable practice group or the constant
practice group. Allocation was made based on a pairwise
distribution so that the groups would remain comparable
for height, weight and years of experience with SM. A
sample size of 20 participants per group was estimated
based on previous studies15,16 evaluating motor learning
principles in SM learning. Informed written consent was
obtained from each participant according to the ethics
certificate delivered by the ethics committee for human
subjects at Université du Québec à Trois-Rivières (CER-
15-213-07.15).

Experimental Procedure
During the first experimental session, each participant

delivered a total of 75 SMs on an instrumented device
using a unilateral hypothenar transverse push technique5

with a posterior to anterior force vector. Participants were
asked to choose their preferred table side and height to
perform SMs in a fencer position using the caudal hand
pisiform to touch the device contact point. A familiariza-
tion period, consisting of 10 trials in which participants
were instructed to perform, as accurately as possible, SMs
with a peak force of 350-N, was first conducted. Verbal
feedback giving the peak force attained was provided to
participants after each trial. For the following trials (n ¼
10), which were used as the baseline assessment, partici-
pants also targeted 350-N peak force, but without
receiving feedback. A practice period followed, during
which the participants performed 45 SMs, each followed
by verbal feedback with regard to the peak force reached.
For the constant practice group, the target peak force was
kept constant at 350 N, whereas it randomly varied
between 300 N, 350 N, and 400 N for the variable practice
group. Finally, as a postintervention assessment, another
set of 10 trials targeting a 350-N peak force were
performed without feedback.

Two days later, participants performed without feedback
a retention set of 10 SMs with a 350-N target peak force. All
3 sets of 10 trials collected during the baseline and the
postintervention and retention assessment periods were
used in the data analysis. Moreover, at the beginning of this
second assessment period, participants were asked the
number of SMs they had executed since the first assessment.

Apparatus
SMs were delivered on a computer-connected device

developed to emulate a thoracic spine prone manipulation
while recording force-time profiles. A complete description
of the apparatus has already been published.16 The contact
point on the device is linked to a strain gauge by a spring
(model IL 400, Statham, Inc, Oxnard, CA) that replicates
thoracic spine movement and resistance. To simulate a
vertebral joint cavitation, the moving piece (consisting of
the contact point, the spring, and the strain gauge)
dropped off 5 mm when a force of 250 N was reached
during SM. Data were collected using Labview software
(National Instruments, Austin, TX).

Data Analysis
Force-time signals obtained during the 3 assessment

blocks (baseline, postintervention, and retention) were
analyzed to determine each trial preload force, onset of
thrust, and peak force. Thrust duration and rate of force
application were then calculated.

The constant error (CE), the absolute error (AE), and
the variable error (VE) were calculated per participant for
the 3 assessment blocks, with 350 N considered to be the
target peak force. CE represents the positive or negative
difference between the peak force reached and the peak
force targeted. AE represents the absolute deviation,
regardless of direction, between participants’ results and
the targeted peak force (ie, participants’ accuracy). VE
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represents the participants’ consistency and was defined as
the absolute of the value obtained by subtracting the peak
force reached during each trial to the participant’s mean
peak force during the corresponding assessment block.

Statistical Analysis
T tests for independent samples were conducted to

assess groups’ similarities in participants’ baseline charac-
teristics (age, height, and weight) as well as to assess
differences in the number of SMs performed between the 2
evaluation days. Error variables (CE, AE, and VE) and the
4 basic biomechanical parameters (peak force, preload
force, thrust duration, and rate of force application) were
independently subjected to a mixed-design analysis of
variance with 2 group levels (constant and variable
practice) and 3 time of measurement levels (baseline,
postintervention, and retention). When required, post hoc
analyses were performed using Tukey tests, and the 95%
confidence intervals (CI) were calculated. All statistical
analyses were computed with Statistica 10 (Statsoft, Tulsa,
OK), and the level of significance was set to p ¼ .05.

RESULTS

Participants
T tests for independent samples revealed that the

constant (n¼ 20) and the variable (n¼ 20) practice groups
were similar for age (mean 6 SD¼ 23.80 6 1.82 y; 23.9 6

2.07 y, respectively), height (1.72 6 0.10 m; 1.74 6 0.10 m,
respectively), weight (70.00 6 13.08 kg; 72.12 6 13.70 kg,
respectively), and number of SMs performed between
evaluation days (13.5 6 11.48; 17.55 6 13.46, respectively)
(p . .05 for all). Both groups included 10 females and 16
5th-year students.

Effects of Practice Type on SM Performance
The analysis revealed an effect of time on AE (F[2,76]¼

6.17, p , .01) and VE (F[2,76]¼ 3.90, p¼ .02). The Tukey
test showed that both AE and VE were lower at the
postintervention assessment than at baseline. No group
effect was observed for CE (F[1,38] ¼ 0.00, p ¼ .99), AE
(F[1,38]¼0.36, p¼ .55), or VE (F[1,38]¼0.01, p¼ .93), and
no time effect was observed for CE (F[2,76]¼0.87, p¼ .42).
Similarly, no group3 time interaction was present for any
of the dependent variables: FCE(2,76) ¼ 0.20, p ¼ .82;
FAE(2,76) ¼ 0.77, p ¼ .47; and FVE(2,76) ¼ 0.94, p ¼ .39.
Overall, these results revealed that regardless of the
practice type, the practice period led to significantly more
accurate and consistent performances at the postinterven-
tion assessment. Mean (6 SE) error values through time
for both groups are presented in Figure 1.

SM Biomechanical Parameters
A time effect was observed for preload force (F[2,76]¼

6.53, p , .01) and rate of force application (F[2,76]¼ 4.10,
p ¼ .02). The Tukey test revealed that preload force was
higher at the retention assessment than at baseline, and
that rate of force application decreased between baseline
and retention assessment. No time effect was observed for
thrust duration (F[2,76] ¼ 0.46, p ¼ .65) or peak force

(F[2,76]¼0.87, p¼ .42). Similarly, no group effect or group
3 time interaction was observed for any of the biome-
chanical parameters (F values for the group effect are listed
first in each of the following): peak force (F[1,38]¼ 0.00, p
¼ .99 and F[2,76]¼ 0.20, p¼ .82), preload force (F[1,38]¼
0.83, p ¼ .37 and F[2,76] ¼ 0.67, p ¼ .52), thrust duration
(F[1,38]¼0.24, p¼ .63 and F[2,76]¼0.28, p¼ .76), and rate
of force application (F[1,38] ¼ 0.92 p ¼ .34 and F[2,76] ¼
1.84 p ¼ .17). The means (SE) of SM biomechanical
parameters with a 95% CI for the 3 assessments are
presented in Table 1.

DISCUSSION

The purpose of the present study was to evaluate the
effects of task-induced variability at the goal level on
chiropractic students’ capacity to accurately and consis-
tently deliver SMs. It was initially hypothesized that,
immediately following the practice period, the use of a
variable practice would be deleterious compared with a
constant practice, but that variable practice would result in
better accuracy and consistency at retention. The results
showed, however, that the improvement in motor perfor-
mance was independent from the practice type. Both
groups showed a decrease in absolute and variable errors
between the baseline and postintervention assessments.
The results obtained herein are in accordance with the
most recent work by Triano et al.27 in 2015, which showed
that a 2-hour SM force modulation training in a group of
experienced chiropractors (16.2 6 9.8 years in practice) led
to a 45% reduction in half-typical (200 N) force
production and a 23% reduction in the double-typical
(800 N) force production. It is well recognized that the
amount of practice is one of the most important variables
in motor learning, while other practice organization
features, such as practice variability, practice distribution,
and motivation, should be considered elements of optimi-
zation during practice sessions.28 Based on the current
results, short periods of practice including fewer than 50
SM trials are sufficient to improve accuracy and consis-
tency in reaching a targeted peak force SM, irrespective of
the practice type (ie, variable or constant).

Although the present study is the first to evaluate task-
induced variability in SM training, results may be
compared with the study by James and Conaster,20 which
evaluated the effect of practice variability on a simple
unimanual arm rotation task. Their results showed that the
low-variability group performed better (lower radioulnar
and shoulder jerk) on the posttest, while the high-
variability group performed better on the retention test.
The training consisted of 20 practice trials performed twice
a week for 2 weeks followed by a retention test 2 weeks
after the end of the training. The procedure used in the
present study included a lower number of practice trials
(45 vs 80) performed over a shorter period of time in order
to minimize the difference in the number of SMs
performed outside the experiment by participants. Differ-
ences between constant practice and variable practice
could perhaps be observed after longer practice periods
and/or with a longer interval between the posttest and the
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retention test. Furthermore, the present study only

evaluated the effects of task-induced variability at the

goal level on participants’ capacity to achieve a preselected

goal after a practice period, based on the fact that previous

studies reported a deleterious effect of task-induced

variability when the transfer situation25,26 or execution

level23 was evaluated. Nevertheless, effects of task-induced

variability at the execution level (variable ways to perform

Table 1 - Mean (SE) and 95% Confidence Interval (CI) of the 4 Spinal Manipulation (SM) Biomechanical Parameters
During the 3 Assessments for the Constant and Variable Practice Groups.

Variable Assessment

Constant Practice Group Variable Practice Group

Mean (SE) 95% CI Mean (SE) 95% CI

Peak force (N) Baseline 358.99 (10.79) 336.40–381.58 352.87 (10.41) 331.09–374.66
Postintervention 344.06 (6.23) 331.02–357.10 347.55 (7.81) 331.20–363.90
Retention 345.19 (8.73) 326.92–363.47 347.98 (9.85) 327.37–368.59

Preload force (N)a Baseline 114.72 (10.37) 93.01–136.42 108.16 (10.49) 86.22–130.11
Postintervention 129.86 (10.22) 108.47–151.25 114.62 (11.28) 91.01–138.23
Retention 137.37 (10.60) 115.19–159.55 120.30 (11.72) 95.77–144.83

Rate of force
application (N/s)b

Baseline 4152.70 (262.80) 3602.66–4702.75 4182.04 (291.98) 3570.92–4793.17
Postintervention 3460.70 (202.05) 3037.80–3830.60 4114.83 (344.15) 3394.52–4835.15
Retention 3578.63 (272.57) 3008.13–4149.13 3907.88 (296.54) 3287.22–4528.53

Thrust duration (s) Baseline 0.073 (0.003) 0.067–0.080 0.073 (0.005) 0.062–0.084
Post-intervention 0.078 (0.005) 0.067–0.088 0.073 (0.006) 0.062–0.085
Retention 0.076 (0.005) 0.065–0.086 0.072 (0.004) 0.063–0.080

a Regardless of group, preload was significantly higher during the retention assessment than the baseline assessment (p , .01).
b Regardless of group, rate of force application decreased significantly from the baseline to the retention assessment (p ¼ .02).

Figure 1 - Mean (SE) of the (A) absolute, (B) variable, and (C) constant errors for both groups during the 3 assessments.
*Regardless of group, mean value was significantly higher at baseline than at the postintervention assessment (p , .05).
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SM) or in a transfer task condition (eg, a different or
variable peak force) can also be relevant in SM training.16

Indeed, SM can be delivered through various techniques,5

and clinicians should adapt their SM peak force depending
on patients’ characteristics and treatment goal.8 Studies
are thus needed to confirm whether variable practice is
more effective than constant practice in SM training.

Interestingly, in this study, following the training
periods, both groups of participants showed a decrease in
their rates of force application as a result of increased
preload force. Although studies on the evolution of SM
biomechanical parameters have revealed that the rate of
force application increases throughout the stages of
training,10,11 participants, when instructed to focus on
thrust peak force, chose to modify their motor strategies
by increasing preload forces. Shifts in motor strategies are
commonly used and beneficial when searching for solutions
that are more likely to succeed (ie, reach the target SM
force).28,29 In this particular case, participants may have
increased preload forces and temporarily reduced rate of
force application in order to increase their thrust peak force
accuracy. One can suspect that further practice would have
yielded improvement in the rate of force application
(increase) once accuracy performance stabilized.

Strengths and Limitations
A total of 40 students were included in this study, which

represents half of the interns available for recruitment. The
sample used is believed to be a fair representation of 4th-
and 5th-year chiropractic students’ SM abilities. On the
other hand, if participants had been at the beginning of
their chiropractic training, with a more limited knowledge
of SM biomechanical parameters, results favoring the
variability practice group may have been achieved. The
role of practice variability in early stages of SM motor
learning remains to be explored. All students were
evaluated over a 1-month period, and all retention
assessments were conducted 2 days after the initial
assessment, so the rapidly increasing number of SMs
performed by students throughout their clinical internship
is not believed to have influenced the results. Some
participants reported sustained postexperiment pisiform
pain or discomfort upon arrival on the second day of
testing. This mild adverse event may have led to
modifications in SM execution during the retention trials
and could partly explain the lack of differences observed
between groups at the retention assessment. The time
interval between sessions was relatively short; future
studies should include a long-term retention assessment
in addition to a short-term one. Furthermore, the
apparatus used does not have the same features as a
human body, and the feedback usually offered by body
structures was not available in this particular situation. As
such, the results obtained in the present study may not be
perfectly representative of SM practice on human bodies.

CONCLUSION

This experimental study showed that 1 session of SM
practice that included feedback led to an increase in

accuracy and consistency in achieving a targeted peak
force in chiropractic students. This improvement was
reached regardless of whether the practice period included
practice of SM with a constant target peak force or a
variable target peak force. Although studies are needed to
assess the effects of task-induced variability at the
execution level on SM learning and practice variability
effects on transfer capability, the current results confirm
that short practice periods with feedback should be
included in chiropractic curricula.
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