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Spinal manipulative therapy (SMT) is commonly used 
by chiropractors, and much attention has been given 
to teaching students how to master it. Currently, over 
20 chiropractic educational institutions use some type 
of force-sensing device (FSD) to teach students how 
to modulate their SMT force-time characteristics. 
Modulating SMT forces is believed to improve SMT’s 
effectiveness, increase comfort during SMT, and 
reduce adverse events, contributing to improved 
clinical outcomes. In this commentary, we highlight 

Le rôle des appareils de mesure de force dans la 
recherche sur la thérapie par manipulation vertébrale, 
son enseignement et sa mise en œuvre en pratique 
clinique 
La thérapie par manipulation vertébrale est très utilisée 
par les chiropraticiens et on accorde une attention 
particulière à l’enseignement offert aux étudiants sur la 
façon de maîtriser cette thérapie. Actuellement, plus de 
20 établissements d’enseignement de la chiropratique 
utilisent un type d’appareil de mesure de force (AMF) 

Commentary
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the transition we are currently living in and discuss 
the strengths, uncertainties and opportunities of using 
FSDs to modulate SMT force-time characteristics within 
research, education, and clinical practice. Given that 
additional high-quality research is needed to determine 
if the ability to modulate SMT force-time characteristics 
indeed influences clinical effectiveness, increases patient 
comfort, and reduces adverse events, a collaborative 
effort is needed to address these critical research gaps. 
Specifically, having similar FSDs across educational 
institutions allows the collection of multicenter data, 
sharing research findings across different settings, and 
provides a unique opportunity for advancing educational 
and clinical research. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(JCCA. 2025;69(1):6-15) 
 
K E Y  W O R D S : chiropractic, force modulation, force-
sensing devices, manual therapy, motor skills, spinal 
manipulation

pour enseigner aux étudiants la manière de moduler 
leurs caractéristiques forcetemps dans le cadre de la 
thérapie par manipulation vertébrale. La modulation 
des forces dans le cadre de la thérapie par manipulation 
vertébrale est censée améliorer l’efficacité de cette 
thérapie, améliorer le confort pendant cette phase 
et réduire les effets secondaires, contribuant ainsi à 
l’obtention de meilleurs résultats cliniques. Dans ce 
commentaire, l’accent est mis sur la transition que l’on 
vit actuellement et on discute des forces, des incertitudes 
et des possibilités d’utiliser les AMF en ce qui a trait à 
la modulation des caractéristiques forcetemps dans le 
cadre de la thérapie par manipulation vertébrale dans 
la recherche, l’éducation et la pratique clinique. Étant 
donné qu’une recherche complémentaire de meilleure 
qualité est nécessaire pour déterminer si la capacité à 
moduler les caractéristiques forcetemps dans le cadre de 
la thérapie par manipulation vertébrale a effectivement 
une incidence sur l’efficacité clinique, augmente le 
confort des patients et réduit les effets secondaires, un 
effort de collaboration est nécessaire pour combler ces 
lacunes en matière de recherche critique. En particulier, 
avoir des AMF semblables dans les établissements 
d’enseignement favorise la collecte de données 
multicentriques, la communication des résultats de 
recherche dans différents contextes et offre une occasion 
unique de faire progresser la recherche éducative et 
clinique. 
 
(JCCA. 2025;69(1):6-15) 
 
M O T S  C L É S  : chiropratique, modulation de la force, 
dispositifs de mesure de force, thérapie manuelle, 
habiletés motrices, manipulation vertébrale

Background 
Manual therapy and force-time characteristics
Manual therapy is a conservative intervention commonly 
used by healthcare professionals, including chiropractors, 
physiotherapists, and osteopaths, among others.1,2 It en-
compasses several techniques (such as joint manipula-
tion and mobilization) that apply mechanical forces with 
unique characteristics to the patient’s body.3,4 These char-
acteristics include force magnitude (i.e., how much force 

is applied), speed (i.e., how fast the force is applied), and 
loading rate (i.e., the ratio of force application over the 
time it is applied). These force characteristics are often 
dynamic and vary over time and with the chosen tech-
nique. Therefore, they are often measured and interpreted 
in relation to the specific time frame of their application, 
with each manual therapy technique having its unique 
set of force-time characteristics.5–8 Specifically, joint ma-
nipulation usually includes the application of a preload 
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force immediately followed by a single high-velocity, 
low-amplitude impulse force. Joint mobilization applies 
a rhythmic cyclic, low-velocity, variable-amplitude series 
of forces. Spinal manipulative therapy (SMT) is a type of 
joint manipulation extensively used to treat spinal pain.9,10 
However, SMT is a challenging and complex motor skill 
that likely requires extensive training to fully compre-
hend and master it. Therefore, several teaching and learn-
ing strategies have been investigated and implemented in 
SMT training, including visual feedback.11–14

Force Sensing Devices
Force-sensing devices (FSDs) were originally imple-
mented in chiropractic education as a training tool to 
quantify the forces applied during manual therapy, in-
cluding SMT, and provide students with immediate visual 
feedback regarding their force-time characteristics.13–15 
An example of a commonly used FSD is the Force Sens-
ing Table Technology (FSTT®, Toronto, Ontario, Canada), 
which is composed of a treatment table with an embed-
ded force plate that measures the forces in all three axes 
of motion at the interface between the subject receiving 
the SMT and the table, at a rate of up to 2000 Hz.16 The 
chiropractic profession has used and popularized SMT 
throughout the last century,1 and it is now often related 
to the use of SMT. Specifically, SMT is applied in near-
ly all chiropractic consultations2,17,18 and taught at every 
chiropractic educational institution19,20. Thus, it is natural 
for these institutions to attempt to optimize teaching strat-
egies regarding students’ SMT skills. Consequently, sev-
eral chiropractic educational institutions worldwide have 
integrated FSDs into their curriculum in various fashions 
intending to facilitate and support the development of 
SMT motor skills.
	 The goal of incorporating FSDs into education is to pro-
vide objective feedback to learners so they can replicate 
the force-time characteristics of experienced field practi-
tioners. Specifically for SMT, educational institutions use 
FSDs to teach students how to modulate the SMT force-
time characteristics and to adapt it to suit each unique 
patient.21,22 Practical experiences and observations from 
the educators in our team indicate that combining the ob-
jective feedback from FSDs with individualized guidance 
on motor skills strategies may facilitate trainees to better 
modulate their SMT force-time characteristics and reduce 
variability in SMT performance when compared to obser-

vation alone. From a theoretical standpoint, modulating 
SMT force-time characteristics is believed to optimize 
clinical outcomes by 1) improving SMT effectiveness, 2) 
increasing patient comfort, and 3) minimizing potential 
adverse events.22–24 In this commentary, the term “adverse 
events” is used as a broad term that encompass the wide 
range of adverse events following SMT described in the 
literature.25,26

The purpose of this commentary
As more chiropractic students are being trained using 
FSDs, it is essential for users to be aware of strengths, 
uncertainties, and opportunities regarding modulation of 
SMT force-time characteristics and the role of FSDs in 
investigating how SMT force-time characteristics may 
influence clinical outcomes. The discussion is focused on 
SMT clinical effectiveness, patient comfort, and adverse 
events when modulating force-time characteristics within 
the context of research, education, and clinical practice. 
This commentary was framed based on discussions dur-
ing the FSTT® workshop at the Chiropractic Australia’s 
Research Foundation (CARF) Researchers’ Day 2023, 
and includes expert opinions from workshop participants, 
key stakeholders (researchers and educators) from insti-
tutions that have utilized FSDs in the last decade and a 
student representative with vast experience with FSTT®.

Do SMT force-time characteristics matter? The 
rationale for using FSDs
The clinical effectiveness of SMT is believed to be as-
sociated with neuromechanical responses observed fol-
lowing SMT applications. Notably, associations between 
SMT force-time characteristics (e.g., preload force, peak 
impulse force, impulse duration, location, technique) and 
neuromechanical responses (e.g., spinal tissue loading, 
muscle spindle activity, muscle activation) have been 
shown consistently.27–36 While it remains unknown how 
the underlying mechanisms of SMT influence clinical 
outcomes, the use of FSDs could potentially facilitate the 
modulation of SMT force-time characteristics, which, in 
turn, may contribute to improving clinical effectiveness.
Patient comfort during SMT has been identified as a critic-
al component when teaching SMT.23,37 From the perspec-
tives of the authors, who all have been the recipients of 
SMTs from students and practitioners, there appear to be 
differences in comfort depending on the SMT force-time 
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characteristics. Additionally, comfort has been associated 
with improvements in pain and global perceived change.38 
Thus, comfort may influence clinical outcomes and the 
ability to modulate SMT force-time characteristics may 
improve patient comfort.
	 From a safety perspective, SMT is perceived to have 
added risks of injury due to the application of forces that 
are perceived to have higher magnitudes and speeds than 
other types of manual therapies.39–41 Therefore, applying 
SMT with lower forces has been recommended to specific 
populations (e.g., older adults and children24,42) as well as 
to prevent specific adverse events (e.g., costal and verte-
bral fractures43,44). Although no studies have quantified the 
SMT force-time characteristics required to create tissue 
injuries, the ability to modulate SMT force-time charac-
teristics in a clinical setting may contribute to preventing 
adverse events and improving its safety.

What do we know about SMT force-time 
characteristics? Strengths and uncertainties in 
using FSDs
Force sensing devices provide students with visual feed-
back on their SMT force-time characteristics. Feedback 
can facilitate the development of specific motor skills and 
optimize motor learning and performance.45 Current SMT 
educational approaches focus on training students to con-
sistently modulate their SMT force-time characteristics to 
deliver SMT with a wide spectrum of forces and speed. 
The combination of FSDs’ visual feedback with tailored 
instructions can facilitate the development of individual 
motor skill strategies, allowing each student to modulate 
SMT force-time characteristics most suited for their indi-
vidual attributes as well as the patients (e.g., sex, height, 
weight, strength). Although field chiropractors present a 
large variability in the characteristics of SMT forces used 
in clinical practice,46 previous studies showed that both, 
students and practitioners reduced the variability of their 
SMT forces immediately after a training session using 
FSDs12,47. Additionally, a previous pre-post study suggests 
that students can retain their ability to modulate SMT 
forces after a 12-week detraining period.48

	 Currently, we are living in a transition period moving 
from “is force modulation possible?” towards “is force 
modulation important?”. Similar to every research area, 
the limited capacity and resources “force” research-
ers to approach one question at a time. In the case of 

FSDs, investigations to date have focused on determin-
ing if force modulation was even possible. With sever-
al studies demonstrating that force modulation is indeed 
possible,11–15,37,47,48,66,68,72 the focus can now shift towards 
investigating the clinical relevance of force modulation. 
Whether this was the best approach or not is beyond the 
scope of this commentary. Nevertheless, had the focus to 
date been the importance and clinical relevance of force 
modulation first, maybe instead of asking “why are we 
teaching force modulation, if we do not know if it makes 
a difference clinically?”, we would be asking “why are 
we looking into the clinical effects of force modulation 
if we do not even know if it is possible to control and 
modulate forces? People might just apply whatever they 
feel is needed”. Regardless of that, it is unquestionable 
that the time has come, and future efforts must now focus 
on investigating the importance and relevance of force 
modulation on clinical outcomes.
	 A great example of something similar has recently 
been demonstrated. Specifically, recent advances relat-
ed to the non-specific effects of physical treatments for 
low back pain,49 including SMT, suggest that the specific 
site or region of SMT application has limited impact on 
clinical outcomes50,51. Force sensing devices may provide 
educators with an opportunity to shift their focus towards 
a more modern and nuanced understanding of SMT,52 
which involves the potential relationship between force-
time parameters and clinical outcomes, including clinical 
effectiveness, patient comfort and safety.

Clinical effectiveness of SMT
The distinct physiological responses elicited by different 
SMT force-time characteristics suggest that a dose-re-
sponse relationship between SMT force-time character-
istics and clinical outcomes may exist.27–36 However, it 
remains unknown if 1) such relationship actually exists,53 
2) the specific SMT force-time characteristics that should 
be targeted and 3) the specific provider or patient charac-
teristics that dictates the choice of such characteristics.
	 Force sensing devices can be easily implemented in 
clinical settings by embedding it in a regular treatment 
table, thereby allowing the measurement of SMT force-
time characteristics in a clinical setting without signifi-
cantly disrupting the patient encounter.54 Such implemen-
tation would allow for correlations to be drawn between 
SMT force-time characteristics and clinical outcomes 
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(including adverse event). If clinical outcomes are associ-
ated with specific SMT force-time characteristics, future 
research, education, and practice can focus on the specific 
characteristics that influence clinical outcomes, poten-
tially enhancing the clinical effectiveness of SMT. Spe-
cifically, further investigations on the best strategies for 
developing the motor skills needed to apply such charac-
teristics could be conducted, as well as how to tailor them 
to specific patient attributes. On the other hand, if SMT 
force-time characteristics are not associated with clinical 
outcomes or adverse events, future research, education, 
and practice can shift their focus away from specific 
force-time characteristics for clinical effectiveness to a 
broader focus on other aspects of SMT or perhaps use 
educational credits on other aspects of clinical practice 
(e.g., patient education and self-management strategies).55

	 There are, however, some important limitations to cur-
rently available FSDs56 that should be considered. For ex-
ample, previous studies have shown that forces measured 
by FSDs embedded in treatment tables are different than 
the ones applied by the provider57–60 and, as such, can-
not be used as a proxy to the forces being applied to the 
patient. However, currently available FSDs to measure 
forces directly applied to patients (such as flexible pres-
sure mats and finger sensors) are limited in terms of max-
imum force capability, sampling rate, measurement error, 
number and type of sensors, uniaxial force measurement, 
and design, significantly limiting its application and im-
plementation in clinical SMT investigations.56 Addition-
ally, costs of FSDs and their respective software can vary 
significantly, as well as costs related to training personnel 
on how to use FSDs and interpret the data, especially in 
the research context. Most investigations have used FSDs 
integrated into treatment tables focused on prone thoracic 
SMT.38,54,58,60–62 While this was an important start, fewer 
people suffer from thoracic spinal pain compared to cer-
vical and lumbar spinal pain.63 The force-time character-
istics of side-posture lumbar and supine cervical SMT are 
not simple to quantify as they involve coupled-motions 
and the impulse vector is not directed perpendicular to 
the table. While FSDs at the clinician-patient interface 
would provide a more appropriate quantification of ap-
plied forces during SMT to these regions, not only the 
devices’ limitations mentioned above, but also the com-
bination with rotational movements, would still make 
the interpretation and application of cervical and lumbar 

SMT force measurement in a clinical setting challenging. 
Therefore, force-time characteristics of cervical and lum-
bar techniques remain uncertain as they cannot be accur-
ately quantified in a clinical setting with current FSDs 
with the required rigour for research.

Comfort of SMT
Currently, the limited available evidence does not support 
the idea that SMT force-time characteristics are related to 
comfort.37 Specifically, perceived SMT impulse duration, 
but not objectively measured SMT impulse duration, was 
observed to be associated with the comfort experienced 
by students following SMT.37 However, findings obtained 
from students familiar with SMT applied with limited 
force-time characteristics variability limits the generaliz-
ability of these results to people not trained in SMT and 
suffering from pain. Despite that, comfort has been asso-
ciated with improvements in pain and global perceived 
change.38 Therefore, it remains unknown if using modu-
lated SMT force-time characteristics tailored to specific 
patient characteristics may influence patient comfort.38

Adverse events of SMT
Adverse events have been suggested to be associated with 
SMT force-time characteristics, particularly with the total 
peak impulse force and, potentially, the loading rate.39–41,60 
Although previous investigations suggest that SMT force 
magnitudes are below the magnitudes described in the lit-
erature to cause tissue damage,60,64,65 the potential relation-
ship between SMT force-time characteristics extending 
beyond just peak forces and injuries remains unknown.
	 Based on the rationale that SMT force magnitudes may 
be associated with adverse events, some teaching insti-
tutions focus on training students to modulate their SMT 
force-time characteristics so that lower forces are applied 
first and subsequently gradually increased. This training is 
greatly facilitated by FSDs’ visual feedback and students 
and practitioners are indeed able to better modulate their 
SMT force-time characteristics immediately after a train-
ing session using FSDs.12,47 However, it remains unknown 
if such an approach is maintained in clinical practice and 
if it, indeed, prevents the occurrence of adverse events. 
Additionally, it also remains unclear if feedback specific-
ally from FSDs are necessary or if traditional verbal feed-
back are just as effective in developing force modulation 
skills. Importantly, adverse events are broad in nature and 
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can affect not only physical aspects (e.g., tissue damage), 
but also psychological and social aspects of the patient 
(e.g., mental health and participation). Therefore, SMT 
force-time characteristics may not be the only factor con-
tributing to adverse events.

Where to next? Opportunities in using FSDs 
Research and clinical practice
Specific FSDs have been reported to have excellent with-
in-patient reliability in measuring SMT force-time char-
acteristics at the patient-table interface.16,21 Several FSDs 
have been used in numerous studies focusing on motor 
skills development, student training in force modula-
tion using manikins,11,13,66–68 and characterizing SMT’s 
forces, loading, and dynamic behavior with the human 
body5,7,57,60,62,69. These have significantly advanced our 
knowledge of SMT kinetics to date. Combined with inte-
grating into a standard treatment table, this allows FSDs 
to easily replicate real-life scenarios, supporting the gen-
eralizability of investigations using it.
	 Since many chiropractic educational institutions 
worldwide have FSDs, there is an opportunity to foster 
international research collaborations. Recently, a consor-
tium using the FSTT® was developed to bring together 
institutions interested in jointly conducting collaborative 
research investigating all aspects of SMT force-time char-
acteristics and their modulation. Specifically, the FSTT® 
consortium has to date held two formal in-person meetings 
with representatives from 13 institutions (with additional 
institutions attending virtually). At these meetings, peda-
gogical approaches to delivery of SMT and best-practice 
approaches to training in force-modulation were debated, 
along with challenges/opportunities to integrating FSD 
technology into both lab- and clinically-based research. 
The FSTT® consortium is currently finalizing its inaug-
ural collaborative research project and has fostered many 
additional international educational and research collab-
orations using a variety of FSDs, including FSTT®, load 
cells, finger pressure sensors and pressure mats. While 
not aspiring to fill all the gaps, the consortium has the 
potential to advance this field by standardizing method-
ologies across studies ensuring greater external validity. 
Through standardization and resource pooling across in-
stitutions, the consortium is well positioned to investigate 
the value of FSDs in this field, whilst supporting institu-
tions with smaller research capacities, enabling them to 

benefit from the expertise and support of more established 
and experienced researchers. Such multisite, international 
collaborations foster high quality research and education-
al opportunities, paving the way for more consistent and 
impactful advancements in SMT research and education.
	 Additionally, the quantification and reporting of SMT 
force-time characteristics used in previous clinical trials is 
nearly nonexistent, as most studies quantifying the SMT 
force-time characteristics have been conducted on asymp-
tomatic participants or manikins.5,37,57,67 Consequently, the 
characteristics of the SMT forces being applied in clinical 
settings, to real patients, remains under-investigated.38,54 A 
recent observational study found no associations between 
specific SMT force-time characteristics (measured at the 
patient-table interface) and pain, disability, and global 
perceived change.38 While this challenges the potential 
dose-response relationship between SMT force-time 
characteristics and clinical outcomes, there is a significant 
paucity of evidence related to this topic.53 Although FSDs 
are currently being used in clinical investigations within 
real-world clinical settings, a joined international multi-
site collaborative approach would have a greater impact 
and generalizability. It is important to note, however, 
that the overall effects of SMT have been observed to be 
small compared to no treatment or sham SMT,70,71 leav-
ing little variance for SMT force-time characteristics to 
potentially explain. Still, there is also the possibility that 
the effects are small, with wide confidence intervals, and 
present substantial heterogeneity exactly because neither 
the SMT force-time characteristics, its customization to 
specific patient characteristics or the ability to modulate it 
were taken into account within clinical trials.

Education and clinical practice
The goal of chiropractic education is ultimately focused 
on clinical practice and its curriculum allows students 
to develop skills to treat patients with spinal pain. For 
SMT, this includes applying a wide range of force-time 
characteristics, mimicking the forces reported in the lit-
erature and those applied by experienced practitioners.5,7 
The use of FSDs not only assists students and clinicians 
to better modulate SMT force-time characteristics,12,13,47 
but also provides the opportunity for quality assurance 
in standardizing skill development (by providing visual 
quantitative feedback) and establishing minimal compe-
tencies required for entering clinical practice. However, 
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while better modulation of SMT force-time characteris-
tics has been anecdotally observed in teaching institutions 
using FSDs, additional high-quality, rigorous investiga-
tions are crucial to demonstrate that 1) trainees can indeed 
better modulate their SMT forces-time characteristics in 
comparison to those who do not use FSDs, and 2) if such 
modulation skills are transferable to clinical practice. Im-
portantly, similar to any other intervention, evidence on 
its benefits is fundamental prior to further incorporating 
FSDs into more formal standards, such as professional 
regulations or accreditation requirements.
	 In educational settings, FSDs have mainly been used 
for training modulation of SMT force-time characteris-
tics of the thoracic spine.13,48,61,66,72 Using FSDs is a good 
pedagogical approach for students to understand the kin-
etic components of SMT and receive visual feedback 
when learning to modulate their forces so they can mod-
ify their motor strategies accordingly. Therefore, there is 
the opportunity for more complex SMT techniques (e.g., 
side-posture lumbar SMT) to also be accurately quanti-
fied through FSDs. Additionally, the use of FSDs can be 
expanded as they can provide force-time feedback on any 
manual therapy technique that involves the application of 
forces, such as muscle energy technique and mobilization 
with movement. Finally, using FSDs may support com-
plementary learning strategies, such as students’ self-as-
sessment and peer-mentoring by trained and experienced 
student mentors, particularly when time, resources, and 
faculty availability is limited.73

	 Considering the current uncertainties surrounding the 
clinical value of modulating SMT force-time characteris-
tics and the lack of high-quality evidence on the impact of 
using FSDs in SMT training, we strongly recommend edu-
cators who use FSDs in education to keep their mind open 
to the possibility of adapting their teaching focus and ap-
proach as higher-quality evidence becomes available. We 
plead educators to play an active role in contributing to 
make such evidence become available. Specifically, while 
several previous studies11–15,37,47,48,66,68,72 have been instru-
mental in providing the current foundational knowledge, 
further advancement is needed and high-quality trials are 
imperative. An international collaborative effort, such as 
the FSTT® consortium, presents a unique opportunity to 
make significant contributions in this area. By involving 
multiple institutions in collaborative initiatives, funding 
options are also broadened, including external and inter-

nal funding – from institutional and research grants to 
governmental educational organizations and beyond. It is 
fundamental that educational institutions who use FSDs 
in their curricula to conduct rigorous and systematic in-
vestigations on its impact and report their findings regard-
less of if they are supportive of FSDs use or not. The re-
searchers in this commentary make themselves available 
to help and support such endeavour (MF, ASD, FCKD, IP, 
CAM, CN).

Next steps
It is time to shift the focus of SMT forces-time charac-
teristics investigations. More high-quality research is 
urgently needed regarding whether the ability to modu-
late SMT force-time characteristics actually influences 
clinical effectiveness, increases patient comfort, and re-
duces adverse events. These would inform whether edu-
cational settings should continue to focus on modulating 
SMT force-time characteristics using FSDs. Thus, several 
questions remain:

• � What are the SMT force-time characteristics currently 
used in the real-world clinical practice with real pa-
tients?

• � Does the modulation of force-time characteristics en-
hance the clinical effectiveness?

• � Does the modulation of force-time characteristics 
tailored to the patient attributes increase comfort or 
patient satisfaction with care?

• � What are the patient attributes that dictate what SMT 
force-time characteristics should be used?

• � Does using lower SMT forces prevent adverse events?
• � How can cervical and lumbar SMT force-time charac-

teristics be appropriately quantified and interpreted?

Conclusion
We have discussed the strengths of modulating SMT 
force-time characteristics using FSDs. The ability to 
modulate SMT force-time characteristics could potential-
ly improve clinical outcomes by improving SMT effect-
iveness and comfort, and reducing adverse events. How-
ever, additional high-quality research is needed to confirm 
or refute this. While FSDs are being rapidly included in 
SMT curricula in chiropractic education, the uncertainties 
discussed should not be ignored. So far, research has yet 
to keep up with the educational implementation of FSDs. 
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We have identified several opportunities for future clin-
ical and educational research using FSDs to increase the 
knowledge that will help advance the field and elucidate 
its impact.

List of abbreviations
SMT = Spinal manipulative therapy
FSD = Force sensing device
FSTT® = Force Sensing Table Technology

References
1.	� Hurwitz EL. Epidemiology: Spinal manipulation 

utilization. J Electromyogr Kinesiol. 2012: 1–7.
2.	� Beliveau PJH, Wong JJ, Sutton DA, Simon N Ben, 

Bussières AE, Mior SA, et al. The chiropractic profession: 
A scoping review of utilization rates, reasons for seeking 
care, patient profiles, and care provided. Chiropr Man 
Therap. 2017;25(1):1–17.

3.	� Triano JJ. Biomechanics of spinal manipulative therapy. 
Spine J. 2001;1(2):121–130.

4.	� Herzog W. The biomechanics of spinal manipulation. J 
Bodyw Mov Ther. 2010;14(3): 280–286.

5.	� Gorrell LM, Nyirö L, Pasquier M, Pagé I, Heneghan NR, 
Schweinhardt P, et al. Spinal manipulation characteristics: 
a scoping literature review of force-time characteristics. 
Chiropr Man Therap. 2023;31(1).

6.	� Gorrell MChiroprac LM, Nyirö L, Pasquier M, Pagé I, 
Heneghan NR, Schweinhardt P, et al. Spinal mobilization 
force-time characteristics: a scoping literature review. 
PLoS One. 2023 Oct 25;18.

7.	� Downie AS, Vemulpad S, Bull PW. Quantifying the 
high-velocity, low-amplitude spinal manipulative thrust: 
a systematic review. J Manipulative Physiol Ther . 
2010;33(7):542–553.

8.	� Snodgrass SJ, Rivett D a., Robertson VJ. Manual forces 
applied during posterior-to-anterior spinal mobilization: 
a review of the evidence. J Manipulative Physiol Ther. 
2006;29(4):316–329.

9.	� Choudry E, Rofé KL, Konnyu K, Marshall BDL, Shireman 
TI, Merlin JS, et al. Treatment Patterns and Population 
Characteristics of Nonpharmacologic Management of 
Chronic Pain in the United States’ Medicare Population: A 
Scoping Review. Innov Aging. 2023;7(10):igad085.

10.	�Gallup. Gallup-Palmer College of Chiropractic Annual 
Report: Americans’ Perceptions of Chiropractic.

11.	�Descarreaux M, Dugas C. Learning Spinal Manipulation 
Skills: Assessment of Biomechanical Parameters in a 
5-Year Longitudinal Study. J Manipulative Physiol Ther 
2010;33(3):226–230.

12.	�Cuesta-Vargas AI, González-Sánchez M, Lenfant 
Y. Inertial Sensors as Real-Time Feedback Improve 
Learning Posterior-Anterior Thoracic Manipulation: A 

Randomized Controlled Trial. J Manipulative Physiol 
Ther. 2015;38(6):425–433.

13.	�Triano J, Giuliano D, Mcgregor M, Howard L. Enhanced 
Learning of Manipulation Techniques using Force-Sensing 
Table Technology (FSTT) The Higher Education Quality 
Council of Ontario Toronto: Higher Education Quality 
Council of Ontario. Toronto; 2014.

14.	�Triano JJ, Scaringe J, Bougie J, Rogers C. Effects of 
Visual Feedback on Manipulation Performance and Patient 
Ratings. J Manipulative Physiol Ther. 2006;29(5):378–
385.

15.	�Triano JJ, Rogers CM, Combs S, Potts D, Sorrels K. 
Quantitative feedback versus standard training for cervical 
and thoracic manipulation. J Manipulative Physiol Ther 
2003;26(3):131–138.

16.	�Rogers CM, Triano JJ. Biomechanical measure validation 
for spinal manipulation in clinical settings. J Manipulative 
Physiol Ther. 2003;26(9):539–548.

17.	�French SD, Charity MJ, Forsdike K, Gunn JM, Polus BI, 
Walker BF, et al. Chiropractic Observation and Analysis 
Study (COAST): Providing an understanding of current 
chiropractic practice. Med J Austral. 2013;199(10):687–
691.

18.	�Mior S, Wong J, Sutton D, Beliveau PJH, Bussières A, 
Hogg-Johnson S, et al. Understanding patient profiles and 
characteristics of current chiropractic practice: A cross-
sectional Ontario Chiropractic Observation and Analysis 
STudy (O-COAST). BMJ Open. 2019;9(8).

19.	�Dubuc É, Pagé I, Boucher PB, Brousseau D, Robidoux 
S, Blanchette MA. Chiropractic techniques and treatment 
modalities included in academic programs: A survey of 
chiropractic educational institutions. J Chiropr Educ. 
2022;36(2):84–92.

20.	�Stainsby BE, Clarke MCS, Egonia JR. Learning spinal 
manipulation: A best-evidence synthesis of teaching 
methods*. J Chiropr Educ. 2016 1;30(2):138–151.

21.	�Triano, John; Schultz A. Loads Transmitted During 
Lumbosacral Spinal Manipulative Therapy. Spine. 
1997;22(17):1955–1964.

22.	�Triano JJ, McGregor M. Use of chiropractic 
manipulation in lumbar rehabilitation. J Rehabil Res Dev. 
1997;34(4):394.

23.	�O’Donnell M, Smith JA, Abzug A, Kulig K. How should 
we teach lumbar manipulation? A consensus study. Man 
Ther. 2016;25:1–10.

24.	�Hawk C, Schneider MJ, Haas M, Katz P, Dougherty P, 
Gleberzon B, et al. Best Practices for Chiropractic Care 
for Older Adults: A Systematic Review and Consensus 
Update. J Manipulative Physiol Ther. 2017;40(4):217–229.

25.	�Swait G, Finch R. What are the risks of manual treatment 
of the spine? A scoping review for clinicians. Chiropr Man 
Therap. 2017;25:1–15.

26.	�Carnes D, Mars TS, Mullinger B, Froud R, Underwood M. 



14	 J Can Chiropr Assoc 2025; 69(1)

The role of force-sensing devices in spinal manipulative therapy research, education, and clinical practice

Adverse events and manual therapy: a systematic review. 
Man Ther. 2010;15(4):355–363.

27.	�Nougarou F, Dugas C, Loranger M, Pagé I, 
Descarreaux M. The role of preload forces in spinal 
manipulation: experimental investigation of kinematic 
and electromyographic responses in healthy adults. J 
Manipulative Physiol Ther. 2014;37(5):287–293.

28.	�Nougarou F, Pagé I, Loranger M, Dugas C, Descarreaux 
M. Neuromechanical response to spinal manipulation 
therapy: effects of a constant rate of force application. 
BMC Complement Altern Med. 2016;16(1):161.

29.	�Nougarou F, Dugas C, Deslauriers C, Pagé I, Descarreaux 
M. Physiological responses to spinal manipulation 
therapy: investigation of the relationship between 
electromyographic responses and peak force. J 
Manipulative Physiol Ther. 2014;36(9):557–563.

30.	�Pagé I, Nougarou F, Dugas C, Descarreaux M. The 
effect of spinal manipulation impulse duration on spine 
neuromechanical responses. J Can Chiropr Assoc. 
2014;3194(2):141–148.

31.	�Cao D yuan, Reed WR, Long CR, Kawchuk GN, Pickar 
JG. Effects of thrust amplitude and duration of high-
velocity, low-amplitude spinal manipulation on lumbar 
muscle spindle responses to vertebra position and 
movement. J Manipulative Physiol Ther. 2013;36:68–77.

32.	�Pickar JG, Sung PS, Kang YM, Ge W. Response of 
lumbar paraspinal muscles spindles is greater to spinal 
manipulative loading compared with slower loading under 
length control. Spine J. 2007;7(5):583–95.

33.	�Reed WR, Long CR, Kawchuk GN, Pickar JG. Neural 
responses to the mechanical parameters of a high-velocity, 
low-amplitude spinal manipulation: Effect of preload 
parameters. J Manipulative Physiol Ther. 2014;37(2):68–
78.

34.	�Funabashi M, Nougarou F, Descarreaux M, Prasad N, 
Kawchuk GN. Spinal Tissue Loading Created by Different 
Methods of Spinal Manipulative Therapy Application. 
Spine. 2017;42(9).

35.	�Funabashi M, Nougarou F, Descarreaux M, Prasad N, 
Kawchuk G. Influence of Spinal Manipulative Therapy 
Force Magnitude and Application Site on Spinal Tissue 
Loading: A Biomechanical Robotic Serial Dissection 
Study in Porcine Motion Segments. J Manipulative Physiol 
Ther. 2017;40(6):387–396.

36.	�Funabashi M, Nougarou F, Descarreaux M, Prasad 
N, Kawchuk GN. Does the application site of spinal 
manipulative therapy alter spinal tissues loading? Spine J. 
2018;18(6):1041–1052.

37.	�Pasquier M, Chéron C, Barbier G, Dugas C, Lardon 
A, Descarreaux M. Learning Spinal Manipulation: 
Objective and Subjective Assessment of Performance. J 
Manipulative Physiol Ther. 2020;43(3):189–196.

38.	�Pasquier M, Young JJ, Lardon A, Descarreaux M. 
Factors Associated With Clinical Responses to Spinal 

Manipulation in Patients With Non-specific Thoracic 
Back Pain: A Prospective Cohort Study. Front Pain Res. 
2022;2:1–13.

39.	�Yang SD, Chen Q, Ding WY. Cauda Equina Syndrome 
Due to Vigorous Back Massage with Spinal Manipulation 
in a Patient with Pre-Existing Lumbar Disc Herniation: 
A Case Report and Literature Review. Am J Phys Med 
Rehabil. 2018;97(4):e23–26.

40.	�Ernst E. Serious adverse effects of unconventional 
therapies for children and adolescents: a systematic review 
of recent evidence. Eur J Pediatr. 2003;162(2):72–80.

41.	�Ernst E. Spinal manipulation: its safety is uncertain. 
CMAJ. 2002;166(1):40–41.

42.	�Todd AJ, Carroll MT, Mitchell EKL. Forces of 
Commonly Used Chiropractic Techniques for Children: 
A Review of the Literature. J Manipulative Physiol Ther. 
2016;39(6):401–410.

43.	�Dan NG, Saccasan PA. Serious complications of lumbar 
spinal manipulation. Med J Austral. 1983;2(12):672–673.

44.	�To D, Tibbles A, Funabashi M. Lessons learned from 
cases of rib fractures after manual therapy : a case 
series to increase patient safety. J Can Chiropr Assoc. 
2020;3194(1):7–15.

45.	�Wulf G, Lewthwaite R. Optimizing performance through 
intrinsic motivation and attention for learning: The 
OPTIMAL theory of motor learning. Psychon Bull Rev. 
2016;23(5):1382–1414.

46.	�Forand D, Drover J, Z S, Symons B, Herzog W, 
Suleman Z, et al. The forces applied by female and male 
chiropractors during thoracic spinal manipulation. J 
Manipulative Physiol Ther. 2004;27(1):49–56.

47.	�Descarreaux M, Dugas C, Lalanne K, Vincellete M, 
Normand MC. Learning spinal manipulation: The 
importance of augmented feedback relating to various 
kinetic parameters. Spine J. 2006;6(2):138–145.

48.	�Starmer DJ, Guist BP, Tuff TR, Warren SC, Williams 
MGR. Changes in Manipulative Peak Force Modulation 
and Time to Peak Thrust among First-Year Chiropractic 
Students Following a 12-Week Detraining Period. J 
Manipulative Physiol Ther. 2016: 311–317.

49.	�Pedersen JR, Strijkers R, Gerger H, Koes B, Chiarotto 
A. Clinical improvements due to specific effects and 
placebo effects in conservative interventions and changes 
observed with no treatment in randomized controlled 
trials of patients with chronic nonspecific low back 
pain: a systematic review and meta-analysis. Pain. 
2024;165(6):1217–1232.

50.	�Sørensen PW, Nim CG, Poulsen E, Juhl CB. Spinal 
Manipulative Therapy for Nonspecific Low Back Pain: 
Does Targeting a Specific Vertebral Level Make a 
Difference?: A Systematic Review With Meta-analysis. J 
Ortho Sports Phys Ther. 2023; 53:529–539.

51.	�Nim CG, Downie A, O’Neill S, Kawchuk GN, Perle SM, 
Leboeuf-Yde C. The importance of selecting the correct 



J Can Chiropr Assoc 2025; 69(1)	 15

M Funabashi, D Starmer, N M Smith, G Choi, A Dane, A S Downie, F C K Duarte, D Hollandsworth, C A Malaya, I Pagé, C Nim

site to apply spinal manipulation when treating spinal pain: 
Myth or reality? A systematic review. Sci Rep. 2021;11(1).

52.	�Kerry R, Young KJ, Evans DW, Lee E, Georgopoulos 
V, Meakins A, et al. A modern way to teach and practice 
manual therapy. Chiropr Man Ther. 2024;32.

53.	�Pasquier M, Daneau C, Marchand AA, Lardon A, 
Descarreaux M, M. P, et al. Spinal manipulation frequency 
and dosage effects on clinical and physiological outcomes: 
a scoping review. Chiropr Man Ther. 2019;27(1):23.

54.	�Choi G, Giuliano D, Tibbles A, Howarth SJ, Tran S, Lee 
J, et al. Investigating force-time characteristics of prone 
thoracic SMT and self-reported patient outcome measures: 
a feasibility study. Chiropr Man Therap. 2023;31(1).

55.	�O’Neill SFD, Nim C, Newell D, Leboeuf-Yde C. A new 
role for spinal manual therapy and for chiropractic? Part I: 
weaknesses and threats. Chiropr Man Ther. 2024;32(1):11.

56.	�Mercier MA, Rousseau P, Funabashi M, Descarreaux 
M, Pagé I. Devices Used to Measure Force-Time 
Characteristics of Spinal Manipulations and Mobilizations: 
A Mixed-Methods Scoping Review on Metrologic 
Properties and Factors Influencing Use. Front Pain Res. 
2021;2:1–14.

57.	�Thomas J, Murphy T, Tran S, Howarth SJ, Starmer 
D, Funabashi M. Characteristics of Forces at the 
Clinician–Patient and Patient–Table Interfaces During 
Thoracic Spinal Manipulation in Asymptomatic Adults 
Are Consistent With Deformable Body Models. J Appl 
Biomech. 2022;38(1):39–46.

58.	�Mikhail J, Funabashi M, Descarreaux M, Pagé I. Assessing 
forces during spinal manipulation and mobilization: factors 
influencing the difference between forces at the patient-
table and clinician-patient interfaces. Chiropr Man Ther. 
2020;28(1):57.

59.	�Mikhail J, Funabashi M, Sobczak S, Descarreaux M, 
Pagé I. Investigation of the factors influencing spinal 
manipulative therapy force transmission through the 
thorax: a cadaveric study. Chiropr Man Ther. 2023;31(1).

60.	�Funabashi M, Son J, Pecora CG, Tran S, Lee J, Howarth 
SJ, et al. Characterization of thoracic spinal manipulation 
and mobilization forces in older adults. Clin Biomech. 
2021;89:105450.

61.	�Triano JJ, Scaringe J, Bougie J, Rogers C. Effects of 
Visual Feedback on Manipulation Performance and Patient 
Ratings. J Manipulative Physiol Ther. 2006;29(5):378–
385.

62.	�Cambridge EDJ, Triano JJ, Ross JK, Abbott MS. 
Comparison of force development strategies of 
spinal manipulation used for thoracic pain. Man Ther 
2012;17(3):241–245.

63.	�Johansson MS, Jensen Stochkendahl M, Hartvigsen J, 
Boyle E, Cassidy JD. Incidence and prognosis of mid-back 
pain in the general population: A systematic review. Eur J 
Pain. 2017;21(1):20–28.

64.	�Funabashi M, Kawchuk GNGN, Vette AHAH, Goldsmith 
P, Prasad N, M. F, et al. Tissue loading created during 
spinal manipulation in comparison to loading created by 
passive spinal movements. Sci Rep. 2016;6:38107.

65.	�Funabashi M, Breen AC, De Carvalho D, Pagé I, 
Nougarou F, Descarreaux M, et al. Force Distribution 
Within Spinal Tissues During Posterior to Anterior Spinal 
Manipulative Therapy: A Secondary Analysis. Front Integr 
Neurosci. 2022;15:1–8.

66.	�Pasquier M, Cheron C, Dugas C, Lardon A, Descarreaux 
M. The Effect of Augmented Feedback and Expertise on 
Spinal Manipulation Skills: An Experimental Study. J 
Manipulative Physiol Ther. 2017;40(6):404–410.

67.	�Descarreaux M, Dugas C, Raymond J, Normand MC. 
Kinetic analysis of expertise in spinal manipulative 
therapy using an instrumented manikin. J Chiropr Med. 
2005;4(2):53–60.

68.	�Shannon ZK, Vining RD, Gudavalli MR, Boesch RJ. 
High-velocity, low-amplitude spinal manipulation training 
of prescribed forces and thrust duration: A pilot study. J 
Chiropr Educ. 2019;00(0):JCE-18-19.

69.	�Kirstukas SJ, Backman J a. Physician-applied contact 
pressure and table force response during unilateral 
thoracic manipulation. J Manipulative Physiol Ther. 
1999;22(5):269–279.

70.	�Rubinstein SM, De Zoete A, Van Middelkoop M, 
Assendelft WJJ, De Boer MR, Van Tulder MW. Benefits 
and harms of spinal manipulative therapy for the treatment 
of chronic low back pain: Systematic review and meta-
analysis of randomised controlled trials. BMJ. 2019;364.

71.	�Minnucci S, Innocenti T, Salvioli S, Giagio S, Yousif 
MS, Riganelli F, et al. Benefits and Harms of Spinal 
Manipulative Therapy for Treating Recent and Persistent 
Nonspecific Neck Pain: A Systematic Review With 
Metaanalysis. J Ortho Sports Phys Ther. 2023; 53: 510-
528.

72.	�Descarreaux M, Dugas C, Treboz J, Cheron C, Nougarou 
F. Learning Spinal Manipulation: The Effect of Expertise 
on Transfer Capability. J Manipulative Physiol Ther. 
2015;38(4):269–274.

73.	�Martineau B, Mamede S, St-Onge C, Bergeron L. The 
Influence of Peer Feedback on the Acquisition of Physical-
Examination Skills. Health Professions Education. 
2016;2(2):106–113.




