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Effects of an 8-week physical exercise program on spinal manipulation
biomechanical parameters in a group of 1st-year chiropractic students*

ArnaudLardon,DC, PhD,MéganePasquier,MSc, YannickAudo,DC,MSc, FlorianBarbier-Cazorla, DC,MSc, andMartinDescarreaux,DC,
PhD

Objective: To determine the effects of a physical exercise program on spinal manipulation (SM) performance in 1st-
year chiropractic students.
Methods: One hundred and thirteen students from 2 chiropractic schools were assigned to 1 of 2 groups: exercise group
(EG) for campus A students or control group (CG) (no training) for campus B students. All participated in 2 1-hour
experimental training sessions that were added to the usual technique curriculum. At the beginning and at the end of
each session, SM thrust duration and preload force release were recorded as dependent variables in 5 trials performed
on a force-sensing table for a total of 10 recorded trials per session. The session consisted of several drills during which
augmented feedback was provided to students to improve their skills. The EG performed physical exercises (push-ups,
core stabilization, and speeder board exercises) 3 times per week for an 8-week period between the 2 training sessions.
Results: The mean thrust duration increased between the 2 sessions [þ0.8 ms (615.6)]. No difference between groups
was found using a t test for independent samples (p ¼ .94). The mean preload force release decreased between the 2
sessions (�6.1 N [617.1]). Differences between groups were found using a t test for independent samples (p¼ .03); the
results showed a reduction of preload force release in the participants in the EG group compared to those in the CG
group (�8.1 N [616.9] vs�0.3 N [616.5]).
Conclusion: A physical exercise program seems to be beneficial in the SM learning process; chiropractic students
should therefore be encouraged to do home physical exercises to develop their physical capabilities and improve SM
delivery.

Key Indexing Terms: Chiropractic; Education; Exercise; Learning; Spinal Manipulation

J Chiropr Educ 2019;33(2):118–124 DOI 10.7899/JCE-18-15

INTRODUCTION

Spinal manipulation (SM), defined as a specific form of
joint manipulation, is characterized by a low-amplitude
dynamic thrust of controlled velocity, amplitude, and
direction.1 It is considered a complex bimanual task
requiring sensorimotor coordination and specific skills.2

In order to perform SM safely and effectively, clinicians
must master the ability to simultaneously control several
biomechanical parameters, such as speed, force, amplitude,
and duration of applied forces as well as body postures and
complex bimanual motor skills to produce a thrust at a
specific localization.3 In some instances, more complicated

SM maneuvers may require coordination of weight
transfer, asymmetric postures, and significant muscular
efforts all deployed while controlling patient positioning.4

SM performance and its related characteristics of
expertise parameters have been studied over the past
years. Several parameters, such as preload force, thrust
duration, and thrust rate, were identified as indicators of
performance in previous SM learning studies.4–7 These
parameters can usually be quantified using various force-
sensing technologies, such as manikin, strength gauges, or
force-sensing tables, which can provide the force-time
profile of the executed SM.8,9 Theoretically, a SM force-
time profile is divided into 3 successive phases: the preload,
thrust, and resolution.10 During the preload phase,
clinicians apply a progressive force to the target joint in
order to identify the maximal physiological joint resistance
at which the thrust should be applied.3 During training,
students are usually encouraged to identify by themselves

*This paper was selected as a 2018 Association of
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Chiropractic Examiners.
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the necessary force needed during preload but are also
instructed to trigger the manual thrust without releasing
the preload force. During the thrust phase, students are
instructed to perform the thrust with the highest velocity
possible while targeting a specific minimal peak force.

As indicated by Hurwitz,11 the majority of SM in North
America are administered by chiropractors. Indeed, the
most common therapeutic tool used by chiropractors is the
SM.12 For this reason, chiropractic undergraduate pro-
grams dedicate a large part of their curriculum to teaching
SM manual skills and clinical indications. SM teaching has
considerably evolved over the past decade, and the
application of motor learning principles within SM
training courses has been shown to significantly impact
the learning process.4 Motor learning stems from 2 key
ingredients: practice (repetition of SM) and associated
feedback.13 However, even though teaching strategies
represent a crucial element in the learning process, the
learners’ background should also be considered as one of
the most important determinants of motor learning.14

Indeed, each learner has a different background, and
intrinsic factors, such as physical capabilities, coordination
skills, previous human movement experience, and levels of
motivation, can all affect initial performances and the
overall learning process.14 As explained by Byfield and
Barber,3 chiropractic students must be trained to perform
SM with a short time to peak force, and training should
therefore include exercises that reinforce upper extremity
muscles involved in the SM thrust phase (triceps, pectoralis
major and minor, anterior deltoid, and serratus anterior).
The authors also advocate the importance of daily exercise
to improve cardiovascular fitness, strength, and flexibility
as a global strategy to improve SM skill learning. Several
studies have explored the relationship between health-
related physical fitness and motor skills and found a
positive association between these 2 variables.15–18 How-
ever, there is currently no evidence linking physical
capabilities improvement training and SM performance.
The objective of the present study is therefore to determine

whether an 8-week physical exercise program could impact
the SM learning among 1st-year chiropractic students. It
was hypothesized that students involved in the exercise
program would present better improvement of thrust
duration and preload force release.

METHODS

Participants
One hundred and thirteen 1st-year chiropractic students

were recruited in 2 different campuses during the month of
January 2017. They were assigned according to their
campus to 1 of 2 groups: exercise group (EG) for campus
A students or control group (CG) (no training) for campus
B students. The 1st-year students had never had SM
training prior to the beginning of the present study.
Volunteers were excluded if they reported any injury/pain
limiting their capacity to perform SMs. Each participant
provided informed written consent, and the study was
approved by the ethics committee of the Institut Franco-
Européen de Chiropratique (certification no. CE 2017-08-
25).

Experimental Procedure
The procedure consisted of 2 experimental feedback

sessions separated by an 8-week period. The 2 feedback
sessions were conducted similarly. First, a supervisor from
each campus explained to the participants the posterior-to-
anterior thoracic SM with the high-velocity and low-
amplitude technique and the theoretical force-time profile
of an SM (Figs. 1 and 2). The students were asked to
perform a posterior-to-anterior thoracic SM with high
velocity and low amplitude (Fig. 1). This technique was
explained to the students by the 2 supervisors before the
1st feedback session. This SM was made using the double
thenar technic.

After these explanations, the supervisors performed 1
good example of SM, 1 very slow trial (Fig. 3), and 1 last
trial with a significant preload force release (Fig. 3). Then

Figure 1 - Posterior-to-anterior thoracic spinal manipulation with high-velocity and low-amplitude technique and associated
recorded data
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each participant performed 3 familiarization trials of
thoracic SM without force target on a manikin placed on
a force-sensing table equipped with an AMTI force plate
(Advanced Mechanical Technology Inc, Watertown, MA).
While the students were performing these trials, verbal
feedback was provided by the supervisors based on the
thrust duration (time to peak force) and the preload force
release.

Following this familiarization phase, a 1st assessment
block of 5 SMs was performed by the participants without
target force and without feedback. During the assessment
blocks, the values of SM thrust duration (time to peak
force) and preload force release were recorded.

Once these data were collected, a 40-minute feedback
phase was implemented before the 2nd recorded trials
block. During this training, the students performed SMs
with feedback based on preload force release (N) and time
to peak force (ms). Finally, each participant completed a

2nd assessment block of 5 SMs without feedback at the
end of the 1st session. Ten SMs were recorded per session
and subsequently analyzed. The 2nd session, scheduled 8
weeks later with the same group of participants, was
identical to the 1st one. To limit the possibility of
instruction or encouragement bias, the supervisors of both
campuses had a discussion and received a document with
the instruction and procedure.

Intervention
The campus where the intervention was implemented

was selected using the www.randomization.com website.
This randomization method was preferred to a participant
randomization in order to limit the contamination bias
between participants of a same campus. The 2 schools had
exactly the same curriculum. Between the 2 sessions, the
candidates in CG did not receive any particular instruction
in addition to the normal school activities, while the

Figure 2 - Theoretical force-time profile of a spinal manipulation

Figure 3 - (A) Spinal manipulation with a high preload force release. (B) Spinal manipulation with a slow time to peak force
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candidates of EG were given physical exercises: push-ups,
core stabilization (prone plank), and repetition of SM on a
table 3 times per week during the 8-week interval between
the 2 training sessions. Push-up exercises were chosen
because they involve both upper limb and trunk muscles.19

The participants were asked to perform 3 repetitions of 10
push-ups on a stable surface. Core stabilization exercises
consisted of maintaining the traditional prone plank as
long as possible. The following description of the exercise
was used, ‘‘Lie face-down with fists on the floor, feet
shoulder width apart, and spine and pelvis in a neutral
position. The elbows are spaced shoulder width apart
directly below the glenohumeral joint. Lift the body up on
the forearms and toes, keeping the body as straight as
possible.20’’

The last exercise consisted of 10 repetitions of SM on a
hard surface and another 10 on a soft one. The goal of this
exercise was to practice the SM movements as explained in
the theoretical time-force profile.10 Participants in the EG
were asked to perform these 3 exercises 3 times per week.

Apparatus
SMs were applied on a manikin (H.A.M. series,

CMCC, Toronto, ON, Canada) which was placed on a
Leander 900 Z Series treatment table (Leader Health
Technologies Corporation, Port Orchard, WA) with an
embedded AMTI force plate (Advanced Mechanical
Technology) to record the SM biomechanical parameters.
Thrust duration (time to peak force) and preload force
release were collected using force-sensing table technology.
This tool has shown reliability and validity in measuring
force loads during manipulations.21 These forces transmit-
ted to the bench can be analyzed in an xyz coordinate
system using custom-made software (MATLAB, Math-
Works, Natick, MA).

Data and Statistical Analysis
Force-time profiles were obtained for each 10 repeti-

tions of the SMs during the 2 sessions. The force-time
profile was analyzed to determine, for each test, the thrust
duration (ms) and the preload release (N). Thrust duration
is defined as the time between the beginning of the thrust
and the maximum peak force.22 Preload force release is the
difference between the maximum preload force and the
force recorded at the beginning of the thrust.22 Means and
standard deviations were calculated for the 10 SMs to
obtain data for sessions 1 and 2.

Descriptive statistics were used to present the sample
characteristics. Age and sex homogeneity between groups
were assessed by the Wilcoxon signed-rank test and the

chi-square test, respectively. Normality of variables (thrust
duration and preload force release) was assessed using the
Kolmogorov-Smirnov test and visual inspection. If data
were not normally distributed, differences between the
recorded set data for sessions 1 and 2 were calculated to
obtain, for each participant, the difference between the 10
SM trial mean from session 1 and the 10 SM trial mean
from session 2. A t test for independent samples was used
to assess between-group differences. All statistical analyses
were computed with Statistica 10 (Statsoft, Tulsa, OK)
with a level of significance set to p¼ .05.

RESULTS

Participants
A total of 113 students agreed to participate in the

study, 84 in school A (99 invited) and 29 in school B (94
invited). These 2 groups were similar for sex (63% of girls
in group A vs 62% in group B) (p . .05) but not for age (p
¼ .03). Indeed, the participants in school B were younger
than those in group A (mean 6 SD: 19.3 6 2.1 vs 20.4 6

3.9). All 113 students participated in the 2 training sessions
and were included in the analysis.

SM Biomechanical Parameters: Effect on Thrust
Duration (Time to Peak Force)

As indicated in Table 1, mean 6 SD of thrust duration
for the whole sample is 125.1 ms (619.3) at session 1 and
126.0 ms 6 15.7 at session 2. The mean thrust duration
increased between the 2 sessions (þ 0.8 ms 6 15.6, min to
max: �60.7 to þ52.6). This trend was observed for both
EG and CG (þ 0.9 ms 6 11.2, min to max:�37.3 toþ27.5
vs þ 0.7 ms 6 23.4, min to max: �60.7 to þ52.6,
respectively). The t test for independent samples highlight-
ed no differences between the 2 groups on thrust duration
changes (p¼ .94).

SM Biomechanical Parameters: Effect on Preload Force
Release

As indicated in Table 2, mean 6 SD of preload force
release for the whole sample is 19.5 N (615.9) at session 1
and 13.4 N (614.2) at session 2. The mean preload force
release decreased between the 2 sessions (�6.1 N 6 17.1,
min to max:�57.9 toþ29.1). A similar decrease was found
for EG (�8.1 N 6 16.9, min to max: �57.9 to þ25.6) but
not for CG (�0.3 N 6 16.5, min to max: �37.5 toþ29.3).
The t test for independent samples highlighted significantly
statistical differences between the 2 groups on preload
release changes (p ¼ .03).

Table 1 - Mean Values (SD) and Range of Thrust Duration

Thrust Duration (ms)
Session 1

Mean (SD) [Min–Max]
Session 2

Mean (SD) [Min–Max]

Whole sample (N ¼ 113) 125.1 (19.3) [87.4–196.3] 126.0 (15.7) [89.4–176.6]
Exercise group (n ¼ 84) 123.3 (18.1) [87.4–190.8] 124.4 (14.8) [89.4–159.2]
Control group (n ¼ 29) 130.1 (21.8) [96.5–196.3] 130.8 (17.2) [104.9–167.6]

J Chiropr Educ 2019 Vol. 33 No. 2 � DOI 10.7899/JCE-18-15 � www.journalchiroed.com 121

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-09-19 via free access



DISCUSSION

The objective of the present study was to determine
whether an 8-week physical exercise program could impact
the SM learning among 1st-year chiropractic students
based on thrust duration and preload force release
variables. For thrust duration, no difference was found
between the 2 groups, indicating that the exercise program
did not yield significant improvement for this specific
parameter. Statistically significant differences were found
for the decrease of preload force release between the 2
groups, indicating that participants involved in a physical
exercise program improved this parameter compared to
participants in CG.

This is the 1st study that assesses the effect of a physical
exercise program on thrust duration and preload force
release. We chose a basic SM task (prone thoracic spine
manipulation) and 2 simple biomechanical components of
SM (thrust duration and preload force release) because the
participants were considered to be novices with very
limited SM skill development. Indeed, this procedure was
chosen because the students could focus only on the SM
force-time profile without spending too much energy or
attention on manikin stabilization. Based on the Fitts and
Posner model of psychomotor skills acquisition, the
students involved in the present study were in the cognitive
phase of learning23,24 at the time of testing. It is also the
reason that no instructions about force were provided to
participants, so they could direct their attention on the
force-time profile without focusing on specific force target
or preload values. During this stage, learners conceptualize
the task they want to do according to the theoretical model
of SM. According to Byfield and Barber, thrust duration
represents one of the main parameters of SM skills3 for PA
thoracic spine manipulations, and values for this specific
parameter should range between 110 and 200 ms.7,25–27

Theoretically, a skilled SM should have a specific thrust
duration and no release between the maximum preload
force applied and the trigger of the SM thrust. A preload
force release can lead to the loosening of tissue tension
under the hand and may result in a possible reduction of
SM precision.8

For this study, it was hypothesized that exercise would
decrease thrust duration. However, no difference between
groups was observed. Moreover, the mean 6 SD of the
whole sample did not improve this parameter during the
protocol. Indeed, the sample presents a mean of 125 ms 6

19.3 for session 1 and 126.0 6 15.7 for session 2. However,
it is difficult to interpret thrust duration data since

increased force applied during SM will yield increased
thrust duration, especially in trainees.

The 2nd hypothesis was that participants involved in
the physical exercise program would present decreased
preload force release at the 2nd evaluation. Comparing the
results of the EG with the CG confirmed that trainees in
the EG decreased their force preload release. As explained
previously, SM is characterized by 3 successive phases:
preload, thrust, and resolution. Triggering the thrust
without preload force release requires both coordination
and force stabilization. Indeed, during the preload phase,
clinicians transfer the body weight over the contact point
to reach the joint resistance at which the thrust should be
applied.3 Once this specific resistance is reached, clinicians
trigger the thrust with a specific duration and magnitude.
These 2 phases involve different muscular groups; during
the preload phase, lower limb muscles and trunk muscles
are recruited to shift the body weight, while upper limb
muscles are used to perform the SM thrust. One could
argue that the exercise program suggested in this study
improved core stability and upper limb strength, leading to
improvement (decrease) in the preload force release
variable. Despite the lack of evidence on the effect of
physical training on SM learning, some studies highlighted
a positive association between health-related physical
fitness and motor skills.15–18 Miyake et al.,28 in a
randomized and controlled group study, showed that core
exercises improve upper extremity dexterity by enhancing
the trunk stabilization. Moreover, in childhood, physical
exercise programs were shown to increase motor skills of
children.29,30

Study Limitations
In the present study, only thrust duration and preload

force release were analyzed. Indeed, no target of force was
given to participants that induce variability in the thrust
duration variable. Moreover, only 29 participants were
recruited from campus B vs 84 from campus A.
Recruitment on both sites was carried out by 2 different
individuals and could have impacted the motivation to
participate. Participants in EG may have been more
motivated because of their active involvement, while
participants in CG had only 2 extra SM learning sessions.
Even if the training protocol was standardized, differences
in instructions or encouragements between campuses
cannot be ruled out. Future studies should retest our
hypothesis with a randomization of individuals instead of
campuses to make sure that the preload force release
results are due to the protocol and not to instructions or
encouragement given by the supervisors. Finally, the

Table 2 - Mean Values (SD) and Range of Preload Force Release

Preload Force Release (N)
Session 1

Mean (SD) [Min–Max]
Session 2

Mean (SD) [Min–Max]

Whole sample (N ¼ 113) 19.5 (15.9) [0–68.9] 13.4 (14.2) [0–57.2]
Exercise group (n ¼ 84) 19.4 (16.0) [0–66.7] 11.4 (12.3) [0–57.2]
Control group (n ¼ 29) 19.7 (15.9) [0–68.9] 19.4 (17.6) [0–53.2]
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exercise program mixed both physical (core stability and
push-up) and SMmotor tasks (SM repetitions on hard and
soft surfaces). It is therefore not possible to assert which
part of this program boosts the SM learning process, the
physical capabilities, or the repetition.

CONCLUSION

A physical exercise program may be beneficial for the
SM learning process. More research is needed to confirm
that chiropractic students should be encouraged to do
home physical exercises to develop their physical capabil-
ities. Future research projects should evaluate the students’
physical capabilities level at inclusion and then after the
exercise protocol in order to find out if there is a
correlation between changes in physical capabilities and
biomechanical parameters of SM evolution.
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