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Abstract: Spinal manipulation (SM) is a common manual therapy technique; however, there is limited
knowledge regarding the coordination of hand and foot forces during SM. This study investigated
the biomechanics of force transmission and generation in the hands and feet of a single therapist
who performed pelvic SM on 45 healthy subjects. Two force plates were used to measure the ground
reaction forces (GRF) from the feet, and one controller was used to measure the contact hand forces
(CHF). The results showed that foot force preceded hand force and that the foot and hand exhibited
opposing patterns of force variation. The CHF peak was positively correlated with the CH preload
maximum and minimum forces and negatively correlated with the GRF run-down. These findings
suggested that the therapist used a coordinated strategy of avoiding weight support with the feet and
supporting the weight with the hands to amplify the thrust force. This study provides new insights
into the biomechanics of SM and has implications for teaching, motor learning, and safety.
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1. Introduction

Spinal manipulation (SM) is a therapeutic modality used by various healthcare
providers such as physical therapists, osteopaths, and chiropractors. It is often described
as a high-velocity low-amplitude force procedure [1]. SM is a complex bimanual motor
skill that involves multiple limb coordination and postural control. Clinicians must learn
to manage SM safely and effectively [2]. They must partially support their body weight,
perform timely weight shifts from the lower extremities to the upper extremities, and
transfer force to the patients. SM in the lumbar and pelvic regions is a particularly com-
plex process that requires controlling the patient’s posture while simultaneously shifting
the therapist’s weight and muscle effort in an asymmetrical position. In clinical settings,
treatment modifications are necessary at every moment during the force transfer process to
respond to the patient’s condition [3].

Most studies on SM have been conducted as randomized controlled trials to deter-
mine its clinical effectiveness in patients with back and neck pain [4]. SM is currently
recommended as a conservative nonsurgical treatment for lower back pain by most clinical
guidelines [5-7]. Many techniques can be used to achieve this clinical effect; however, SM
requires the application of carefully directed force to a specific location [8]. In other words,
therapists must understand not only the clinical effects of SM but also the biomechanical
differences and quantification to safely apply it to patients. Despite this need, research on
the biomechanical mechanisms of SM is still lacking [9].

Quantitative research on SM has been hard to standardize due to the difficulty of
measurement and the great differences displayed depending on the location of the measure-
ment [10]. A few studies have reported that the ranges of the preload and maximum thrust
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during SM can differ by up to 8-10 times [11-13]. If the forces generated in the contact
hand (CH) during SM are listed in chronological order, the first stage is the maximum
preload stage (facilitates thrust by moving the joint to the limit of the physiological range
and is characterized by an increase in force through localizing the target joint), the second
stage is the minimum preload stage (characterized by a decrease in the preload just before
thrust), and the third is the peak stage (the section where the maximum force is applied to
the target joint). Many therapists agree that force is generated by the legs and transmitted
to the hands [14]. Although SM is a multi-coordinated movement technique between the
therapist’s hands and feet, the hands and feet have been studied separately, and most
previous studies have been conducted only on the CH [9,15-17]. Derian et al. [18] reported
on the force generated from the therapist’s feet during SM; however, the CH force (CHF)
was not studied. Descarreaux et al. [17] studied hands and feet simultaneously; however, it
was a mannequin experiment that only confirmed the delay time of some sections.

In particular, SM applications of the lumbar spine and pelvic girdle often place the
patient in a side-lying position and require timely shifting of the partially supported
body weight as forces are transferred from the therapist’s feet to the CH and involve
multi-limb coordination and postural control [3,14]. Compared with other applications, it
requires considerable motor learning and training because it generates force with complex
coordination movements. However, while there are descriptions of the CH and body
position of the therapist applying the preload, the biomechanics of gaining momentum
and amplifying and transmitting force are not fully understood, despite their obvious
importance to the force generated during SM [10,14,19]. Therefore, this study aims to
characterize the temporal coordination of force generation and transmission during SM
using a biomechanical analysis that simultaneously measures the ground reaction force
(GRF) and CHF at the therapist’s feet and hands, respectively.

2. Materials and Methods
2.1. Study Design and Participants

The type of this study is a biomechanical observational study. This study aimed to
observe and analyze the biomechanics of force transmission and generation during spinal
manipulation performed by a single therapist on healthy subjects.

For this study, healthy subjects were recruited using an online bulletin board. The
inclusion criteria were as follows: (1) experience of receiving SM at the sacroiliac joint
(SI)); (2) no discomfort, pain, or neurological symptoms after previous treatment; and
(3) willingness to participate in the study. A total of 45 participants were recruited. The
exclusion criteria for the study participants were as follows: (1) history of trauma or surgery
of the spine, pelvis, and hip joints; (2) pain in the lumbosacral area over the past six months;
(3) disc bulge, protrusion, or neurological symptoms such as radiating pain in the legs;
(4) spondylolysis or spondylolisthesis; and (5) severe osteoporosis. Two force plates (K-
force Plates, KINVENT, Montpellier, France, 2022) were used to measure the force and
time of the feet, and a muscle controller (K-force muscle controller, KINVENT, Montpellier,
France, 2022) was used to measure the force and time of the CH during SM.

The sample size was calculated through a pilot study. Through a pilot study, we
examined the factors influencing specific patterns of hand and foot movements and their
impact on the peak values of the CHF. In the pilot study, we observed a Pearson correlation
of R = 0.637 between the CHF PreMax and CHF Peak, as well as a correlation of R = 0.42
between the GRF’s run-down and CHF PreMax. Using G*Power (G-Power software 3.1.2;
Franz Faul, University of Kiel, Kiel, Germany), we determined the required sample size
for the correlation analysis. Setting the minimum correlation value at 0.42, alpha level at
0.05, and power at 0.8, we obtained a total sample size of 42 individuals. To account for
the possibility of not achieving the experimental criterion of cavitation, we added 10%,
resulting in the recruitment of 46 participants.

The purpose, process, and expected effects of the experiment were explained to all par-
ticipants prior to their participation. Informed consent was obtained from all participants,
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and the study was approved by the Sahmyook University Research Ethics Committee (IRB
approval number: SYU 2022-04-008-004).

2.2. Research Measurements

The therapist placed the subject in the SM preparatory posture, adjusted their posture,
moved into a position where force could be effectively generated, and marked the positions
of the left and right feet on the floor. Each force plate was placed at the indicated location.
The location of the SIJ was confirmed by palpating the posterior superior iliac spine. The
muscle controller was placed on the therapist’s palm who quickly touched it to the force
plate of the foot to temporally synchronize the measurements of the CH and foot. The
therapist stood on the force plates (Figure 1a) and applied SM to the pelvis by contacting
the subject’s SIJ with a controller attached to their palm (Figure 1b). The subject was asked
to lie in a side-lying position on the table and close to the therapist. The subjects” arms
were instructed to cross each other. The therapist straightened the leg beneath the subject
and had the ankle of the leg positioned above the table rest behind the knee of the lower
leg (Figure 2). The therapist held the patient’s arms crossed at the sternum with both
hands in the cephalic direction. With the caudal hand, the therapist touched the posterior
superior iliac spine of the pelvis with the entire palm, focusing more on the pisiform area.
When the restrictive barrier reached the point of tension by pulling the caudal hand located
on the subject’s SIJ, SM was performed using the anterior push method, which creates a
high-velocity low-amplitude thrust using a body drop. The height of the table was adjusted
to match the high point of the knees where the therapist could maintain balance while
shifting his weight (Figure 3A,B) [20-22]. The force and time of the GR and CH during
SM were sampled at 75 Hz, stored, and analyzed using K-force Pro (Ver2022, KINVENT,
France). SM thrust was completed in 1 s, but force and time data were collected for a total
of 35 s considering temporal synchronization with the CH, subject position control, and
body shape control time.

(a) (b)

Figure 1. (a) Force plate between the experimenter’s feet and the ground; (b) Muscle controller (load

cell) between the experimenter’s hand and the surface in contact with the skin.

2.3. Statistical Analysis

The time of the hands and feet was synchronized, and the preload minimum at which
the CH thrust occurred was set at 0 s [16]. The measured force and time data were saved
with the K-force Pro (K-force Pro, KINVENT, France, 2022) program. All data statistical
analyses were performed using the SPSS (IBM SPSS statistics version 29.0 for Mac, IBM
Co., Armonk, NY, USA, 2022) program. To generate force during SM, the coordination
relationship and characteristics of the force and time of the GR generated between the
therapist’s feet and the ground and those of the CH generated between the therapist’s
hands and the skin contact surface were analyzed. To this end, a one-sample t-test and
Pearson’s correlation analysis were performed.
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Figure 2. Side-lying position of the experiment subject.

(A) (B)

Figure 3. Therapist’s posture for sacroiliac joint manipulation. (A) Posterior view of the therapist;
(B) Anterior view of the therapist.

A one-sample t-test was used to analyze the force and time applied to the participants.
Pearson’s correlation analysis was used to analyze the correlation between the forces
generated over time in the therapist’s hands and feet. The level of statistical significance
was set at p < 0.05.

3. Results

A total of 45 healthy adult men and women were recruited (26 men, 19 women). The
data from one participant were excluded as the cavitation sound, which is the standard for
successful experimentation, could not be obtained. Subsequently, the results from 44 people
were used (Table 1). The test subjects” height ranged from 158 to 182 cm, with an average of
170.77 £ 6.58 cm. Their age ranged from 24 to 37 years, with an average of 28.82 + 3.28,
and their weight ranged from 47 to 110 kg, with an average of 70.32 &£ 14.59 kg (Table 1).
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Table 1. General characteristics of the subjects.

Healthy Adults
(n=44)
Age (years) 28.82 £3.28
Weight (kg) 70.32 4+ 14.59
Height (cm) 170.77 £ 6.58

Values are mean =+ SD.

The force and time of the GR generated between the therapist’s feet and the ground
during SM were 225.28 £ 55.47 N, —0.34 £ 0.06 S in the run-up. The peak was found
to be 617.48 £ 97.41 N, —0.15 + 0.04 S; the run-down was found to be 139.98 + 64.20 N,
0.11 £0.04S.

The force and time generated in the CH between the therapist’s hands and the skin
contact surface were found to be 288.26 + 43.89 N, —0.29 + 0.06 S in the PreMax and
118.67 & 26.51 N in the preload minimum (PreMin). The peak was 544.08 £ 64.35 N,
0.21 £ 0.03 S (Table 2, Figure 4).

Table 2. Force and time of the GR and CH during SM (1 = 44).

Force Generated during Time Generated during
SM (N) SM (s)

GRF RunUp 22528 + 55.47 —0.34 + 0.06

GRF Peak 617.48 + 97.41 —0.15 + 0.04
GRF RunDown 139.98 £ 97.41 0.11 + 0.04

CHF PreMax 288.26 + 43.89 —0.29 £ 0.06
CHF PreMin 118.67 £ 26.51 0.00 £ 0.00
CHF Peak 544.08 + 64.35 0.21 +0.03

Values are mean =+ SD; SM: spinal manipulation; GR: ground reaction; GRF: ground reaction force; CH: contact
hand; CHF: contact hand force; N: Newton; s: seconds; PreMax: preload maximum; PreMin: preload minimum.

The duration of the GRF in SM was found to be 0.19 £ 0.05 s and 0.26 = 0.04 s from
the run-up to the peak and from the peak to the run-down, respectively. The total time
from the run-up to the run-down was 0.46 &+ 0.06 s.

The duration of the CHF was 0.29 + 0.06 s from the PreMax to the PreMin, 0.21 £ 0.03 s
from PreMin to peak, and the total time from the PreMax to the peak was 0.50 & 0.05 s
(Table 3, Figure 4).

Table 3. Force duration of the GR and CH during SM (n = 44).

SM
GRF RunUp to Peak (s) 0.19 £+ 0.05
GRF Peak to RunDown (s) 0.26 £ 0.04
GRF RunUp to RunDown (s) 0.46 4= 0.06
CHF PreMax to PreMin (s) 0.29 £+ 0.06
CHEF PreMin to Peak (s) 0.21 + 0.03
CHF PreMax to Peak (s) 0.50 + 0.05

Values are mean + SD; SM: spinal manipulation; GR: ground reaction; GRF: ground reaction force; CH: contact
hand; CHF: contact hand force; s: seconds; PreMax: preload maximum; PreMin: preload minimum.

Over time during SM, the run-up of the GRF and the PreMax CHF were significantly
correlated (r = —0.469, p < 0.001; Table 4, Figure 5A). The run-down of the GRF and the peak
CHF were also significantly correlated (r = —0.362, p < 0.016; Table 4, Figure 5B). Among
the CHF variables, the PreMax and PreMin forces were significantly correlated with the
peak CHF (r = 0.633, p < 0.001 and r = 0.332, p < 0.027, respectively; Table 4, Figure 5C,D).
Among the GRF variables, only the run-down force was statistically significantly correlated
with the peak CHF (r = —0.362, p < 0.016; Table 4, Figure 5B).
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Figure 4. Force and time of the GR and CH during SM. (A) GRF RunUp: reduction in force before
peak of the feet; (B) CHF PreMax: preload maximum force of the hands to localize the target joint;
(C) GRF Peak: peak force of the feet; (D) CHF PreMin: preload minimum force of the hands is the
final preload force that localizes the joint and is the start of the thrust; (E) GRF RunDown: the lowest
force of the feet during SM; (F) CHF Peak: peak force applied to the target joint during SM.
Table 4. Correlation between the GRF and CHF during SM.
CHF PreMax CHF PreMin CHF Peak GRF RunUp GRF Peak GRF RunDown
CHF PreMax 1
CHEF PreMin 0.296 1
CHEF Peak 0.633 *** 0.332 % 1
GRF RunUp —0.469 *** —0.298 * —0.172 1
GREF Peak —0.205 —0.269 —0.107 0.196 1
GRF RunDown —0.391 ** —0.347 * —0.362 % 0.629 *** 0.187 1

*p <0.05% p < 0.01 ** p < 0.001.
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Figure 5. (A) Scatterplot of the CHF PreMax and CHF Peak; (B) scatterplot of the CHF PreMin and
CHEF Peak; (C) scatterplot of the GRF RunDown and CHF Peak; (D) scatterplot of the GRF RunUp
and CHF PreMax.

4. Discussion

This study aimed to analyze the forces generated by a therapist’s hands and feet over
time during SM. We also analyzed the correlation between the time and force generated
by the therapist’s hands and feet. To the best of our knowledge, this is the first study to
simultaneously measure and analyze the force and time spent by the therapist’s hands and
feet during SM training.

In this study, the run-up force of the feet appeared earliest in the temporal sequence of
the SM, showing a downward incisural point characterized by a change from a decrease to
an increase in force. This is related to the PreMax force characteristic of the hands, which
follows the run-up of the feet. As described by Triano et al. [3] and Downie et al. [16], the
maximum preload of the CH is localized by moving the target joint to its physiological
limit, resulting in a quasi-static load, unlike the section of rapid weight movement and
instantaneous dynamic load.

As the run-up force of the feet decreased, the maximum preload force of the hand
increased, showing a negative correlation (r = —0.469, p < 0.001). This suggests that the
therapist’s body weight was moved and supported by the hand, reducing the force of
the feet and increasing that of the hands. The PreMax of the hand occurs later than the
run-up of the feet; thus, it can be inferred that the force of the run-up of the feet influences
the PreMax force of the hand but not vice versa. This suggests that the weight transfer
to the hand occurs to localize the target joint and create a tension point. Judging from
the start of the run-up and PreMax force changes, the feet were used as a driving force
to create potential energy, which was subsequently used by the hands to lift the upper
body. The PreMax forces in this study (288.26 + 43.89 N) are similar to the maximum
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preload (240 & 56 N) reported in a previous study by Herzog et al. [13], which applied SM
to the SIJ.

In this study, the peak force of the feet is the point at which the force of the feet is
maximized during the process of lifting the body, using the propulsion of the feet to create
potential energy. This is characterized by an upward incisural point that changes from an
increase to a decrease in force. The peak force of the feet in this study (617.48 4= 97.41 N) was
similar to that reported in a previous study by Descarreaux et al. [17] for the experienced
group (594 £ 29 N). The PreMin appears on the hand after the peak force of the feet is
reached. The PreMin was found to be 118.67 & 26.51 N and showed the characteristics of
an upward incisural point that changes from a decrease to an increase in force. The peak
force of the hand showed a positive correlation with both PreMax (r = 0.633, p < 0.001) and
PreMin (r = 0.332, p < 0.027). The PreMax makes it easier to generate thrust by localizing
the target joint [21]. The PreMin is the starting point of the thrust and the final preload that
localizes the joint. Therefore, an increase in the localizing force of the target joint increases
the peak force of the hand.

Many therapists agree that joint localization is essential for successful SM [14]. Elder
et al. [20] reported that the thrust force was derived from the localization force of the target
joint; however, this was not based on evidence. The present study provides important
evidence that the joint localization force of the PreMax and PreMin induces and amplifies
the thrust force. The hand PreMin is the point at which the preload force decreases after the
PreMax. During this process, the force of the feet increases, lifting the body and generating
potential energy. The hands appeared to use the PreMax force as a repulsive force to lift
the upper body. Therefore, as the body is lifted and lowered, the change in the upward
and downward movement of the body mass results in a reduced PreMin force of the hand,
which is less effective for joint localization.

In this study, the run-down force of the feet was measured and found to be
139.98 &+ 64.20 N, showing the characteristics of the downward incisural point, which
changes from a decrease to an increase in force. Descarreaux et al. [17] reported that the
vertical GRF decreases owing to the negative acceleration occurring when the body drops
while the therapist moves the body downward, which is identical to the characteristics
of the force that causes the run-down of the GR in this study. The peak force of the hand
appeared after the run-down of the feet. The force shows a change from increasing to
decreasing and is the point at which the greatest force applied from the hand to the target
joint occurs, which is similar to the peak force reported by Downie et al. [16].

The measured variable of the feet with the peak force of the hand showed a negative
correlation with the run-down force of the feet (r = —0.362, p < 0.016). According to
O’Donnell et al. [14], many therapists believe that thrust is generated by dropping the
body, and they teach this accordingly; however, no evidence was provided to support this
assumption. While we agree with the concept of generating thrust through body drops,
our study showed a negative correlation between the decreasing run-down force in the feet
and the increasing peak force in the hands. This suggests that the therapist’s coordinated
movement strategy of avoiding supporting the dropping weight with the therapist’s feet
and ground and supporting the weight with the hands is an important factor in creating
and amplifying the thrust force.

The peak force of the hands during SIJ SM was 544.08 + 64.35 N. Herzog et al. [13]
reported that the force magnitude and characteristics of the SM applied to the thoracic spine
and the lumbar spine were similar. Forand et al. [23] reported that the peak force magnitude
of the hand during the SM applied to the thoracic spine was between 200 and 800 N, similar
to the force magnitude of this study. In a previous study from Downie et al. [16] concerning
the same SIJ SM as this study, the peak force magnitude was 515 & 123 N, similar to the
results of this study. However, the average peak force of the CH in SIJ SM in this study
was higher. This may be because the cervical, thoracic, and lumbar spines are composed
of amphiarthrosis that allows movement; however, Vleeming et al. [24] reported that the
surface of the SIJ, one of the major joints of the pelvis, is composed of bends and ridges;
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this joint has a high surface friction index and is with morphological closure connected
by the strongest connective ligament in the human body. We believe that SM applied to
the pelvis appropriately reflects a treatment strategy that considers arthrophysiological
differences, in that SM should be applied with greater force than the corresponding joints
of the hemi-joints, which allows limited movement.

This study identified the characteristics of the force of the feet and hands during SIJ
SM during side postural positioning. We found that the force of the hands occurred after
that of the feet. Changes in the force of the feet and hands were in opposition, and these
changes occurred before the incisural point of the foot and the next incisural point of the
hands. This suggests that the foot affects the hand movement in the nearest timeframe,
but weight shifting has already begun to create a force in the next timeframe outside the
nearest timeframe. These findings suggest that the SM of the SIJ in side postural positioning
requires an understanding and mastery of all treatment procedures, timely weight shifting,
effective transfer of force, and complex coordinated motor skills, in which all hand and foot
movements to generate force are in an organic relationship.

This study has a few limitations. The SM was performed by a single therapist, which
is characterized by the skill level of a single experimenter and requires limited interpre-
tation of the results. Further experiments should be conducted with a larger number of
participants. Although there was thigh contact between the therapist and participant to
prepare the participant’s posture before the thrust, it cannot be concluded that force was
not transmitted through this contact. Therefore, research on this should be conducted in
the future. Future studies of force generation that include movements of the therapist’s
upper body along with the feet and hands and movements such as hip and knee flexion
are needed.

5. Conclusions

The results of this study on sacroiliac joint SM in a side posture revealed a sequential
pattern. We found that the force of the contact hand occurred after that of the feet. Moreover,
the contact hand forces (CHFs) were positively correlated with the CH preload maximum
and minimum forces but negatively correlated with the ground reaction force (GRF) run-
down. The insights gained from this study hold implications for the fields of teaching,
motor learning, and safety within the context of spinal manipulation.

Author Contributions: Conceptualization, J.L. and Y.L.; methodology, J.L. and Y.L.; software, J.L.
and Y.L.; validation, J.L. and Y.L.; formal analysis, J.L. and Y.L.; investigation, J.L. and Y.L.; resources,
J.L. and Y.L.; data curation, J.L.; writing—original draft, J.L.; writing—review and editing, Y.L.;
supervision, Y.L.; project administration, Y.L.; funding acquisition, Y.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the Sahmyook University grant number RI112022015 in 2022.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Sahmyook University Research Ethics Committee (IRB approval
number: SYU 2022-04-008-004, 21 October 2022).

Informed Consent Statement: Informed consent was obtained from all participants involved in the
study. Written informed consent was obtained from the patients for publication of this paper.

Data Availability Statement: Data are contained within the article.
Acknowledgments: This study was supported by the Sahmyook University Research Fund (2022).

Conflicts of Interest: The authors have no potential conflicts of interest to declare.

1. Elliott, D.; Grierson, L.E.; Hayes, S.J.; Lyons, J. Action representations in perception, motor control and learning: Implications for
medical education. Med. Educ. 2011, 45, 119-131. [CrossRef]
2. Schmidt, R.A ; Lee, T.D.; Winstein, C.; Wulf, G.; Zelaznik, H.N. Motor Control and Learning: A Behavioral Emphasis; Human Kinetics:

Champaign, IL, USA, 2018.


https://doi.org/10.1111/j.1365-2923.2010.03851.x

Healthcare 2023, 11, 3023 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Triano, ].J.; Descarreaux, M.; Dugas, C. Biomechanics—Review of approaches for performance training in spinal manipulation. J.
Electromyogr. Kinesiol. 2012, 22, 732-739. [CrossRef]

Deyo, R.A. The Role of Spinal Manipulation in the Treatment of Low Back Pain. JAMA 2017, 317, 1418-1419. [CrossRef] [PubMed]
George, S.Z.; Fritz, ] M.; Silfies, S.P.; Schneider, M.].; Beneciuk, ].M.; Lentz, T.A ; Gilliam, J.R.; Hendren, S.; Norman, K.S.; Beattie,
PEF; et al. Interventions for the Management of Acute and Chronic Low Back Pain: Revision 2021. J. Orthop. Sport. Phys. Ther.
2021, 51, CPG1-CPG60. [CrossRef] [PubMed]

Chou, R;; Deyo, R.; Friedly, ].; Skelly, A.; Hashimoto, R.; Weimer, M.; Fu, R.; Dana, T.; Kraegel, P,; Griffin, J.; et al. Nonpharmaco-
logic Therapies for Low Back Pain: A Systematic Review for an American College of Physicians Clinical Practice Guideline. Ann.
Intern Med. 2017, 166, 493-505. [CrossRef]

Bailly, E; Trouvin, A.-P.; Bercier, S.; Dadoun, S.; Deneuville, ].P.; Faguer, R.; Fassier, ].B.; Koleck, M.; Lassalle, L.; Le Vraux, T.; et al.
Clinical guidelines and care pathway for management of low back pain with or without radicular pain. Jt. Bone Spine 2021, 88,
105227. [CrossRef]

Herzog, W. The biomechanics of spinal manipulation. J. Bodyw. Mov. Ther. 2010, 14, 280-286. [CrossRef] [PubMed]

Joo, S.; Kim, J.; Lee, Y.; Song, C. The Biomechanical Analysis of Magnitude and Direction of Force by Different Techniques of
Thoracic Spinal Manipulation. Biomed. Res. Int. 2020, 2020, 8928071. [CrossRef]

Mikhail, J.; Funabashi, M.; Descarreaux, M.; Page, I. Assessing forces during spinal manipulation and mobilization: Factors
influencing the difference between forces at the patient-table and clinician-patient interfaces. Chiropr. Man Therap. 2020, 28, 57.
[CrossRef]

Hessell, BW.; Herzog, W.; Conway, PJ.; Mcewen, M.C. Experimental measurement of the force exerted during spinal manipulation
using the Thompson technique. J. Manip. Physiol. Ther. 1990, 13, 448-453.

Triano, J.; Schultz, A.B. Loads transmitted during lumbosacral spinal manipulative therapy. Spine 1997, 22, 1955-1964. [CrossRef]
[PubMed]

Herzog, W.; Conway, PJ.; Kawchuk, G.N.; Zhang, Y.; Hasler, E.M. Forces exerted during spinal manipulative therapy. Spine 1993,
18, 1206-1212. [CrossRef] [PubMed]

O’Donrell, M.; Smith, J.A.; Abzug, A.; Kulig, K. How should we teach lumbar manipulation? A consensus study. Man Ther. 2016,
25,1-10. [CrossRef]

Funabashi, M.; Son, J.; Pecora, C.G.; Tran, S.; Lee, J.; Howarth, S.J.; Kawchuk, G.; de Luca, K. Characterization of thoracic spinal
manipulation and mobilization forces in older adults. Clin. Biomech. 2021, 89, 105450. [CrossRef]

Downie, A.S.; Vemulpad, S.; Bull, PW. Quantifying the high-velocity, low-amplitude spinal manipulative thrust: A systematic
review. J. Manip. Physiol. Ther. 2010, 33, 542-553. [CrossRef]

Descarreaux, M.; Dugas, C.; Raymond, J.; Normand, M.C. Kinetic analysis of expertise in spinal manipulative therapy using an
instrumented manikin. J. Chiropr. Med. 2005, 4, 53—60. [CrossRef]

Derian, ].M.; Smith, J.A.; Wang, Y.; Lam, W.; Kulig, K. Biomechanical characteristics of lumbar manipulation performed by expert,
resident, and student physical therapists. Musculoskelet. Sci. Pract. 2020, 48, 102150. [CrossRef] [PubMed]

Herzog, W.; Kats, M.; Symons, B. The effective forces transmitted by high-speed, low-amplitude thoracic manipulation. Spine
2001, 26, 2105-2110. [CrossRef] [PubMed]

Elder, B.; Tishkowski, K. Osteopathic Manipulative Treatment: HVLA Procedure-Cervical Vertebrae; StatPearls Publishing: Treasure
Island, FL, USA, 2022.

Cramer, G.D.; Ross, K.; Raju, PK.; Cambron, J.; Cantu, J.A.; Bora, P.; Dexheimer, ].M.; McKinnis, R.; Habeck, A.R; Selby, S.; et al.
Quantification of cavitation and gapping of lumbar zygapophyseal joints during spinal manipulative therapy. J. Manip. Physiol.
Ther. 2012, 35, 614-621. [CrossRef]

Bergmann, T.; Peterson, D. Chiropractic Technique, 3rd ed.; Elsevier Mosby: Maryland Heights, MO, USA, 2010.

Forand, D.; Drover, J.; Suleman, Z.; Symons, B.; Herzog, W. The forces applied by female and male chiropractors during thoracic
spinal manipulation. J. Manip. Physiol. Ther. 2004, 27, 49-56. [CrossRef]

Vleeming, A.; Schuenke, M. Form and Force Closure of the Sacroiliac Joints. PM R 2019, 11 (Suppl. 1), S24-S31. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jelekin.2012.03.011
https://doi.org/10.1001/jama.2017.3085
https://www.ncbi.nlm.nih.gov/pubmed/28399236
https://doi.org/10.2519/jospt.2021.0304
https://www.ncbi.nlm.nih.gov/pubmed/34719942
https://doi.org/10.7326/M16-2459
https://doi.org/10.1016/j.jbspin.2021.105227
https://doi.org/10.1016/j.jbmt.2010.03.004
https://www.ncbi.nlm.nih.gov/pubmed/20538226
https://doi.org/10.1155/2020/8928071
https://doi.org/10.1186/s12998-020-00346-1
https://doi.org/10.1097/00007632-199709010-00003
https://www.ncbi.nlm.nih.gov/pubmed/9306523
https://doi.org/10.1097/00007632-199307000-00014
https://www.ncbi.nlm.nih.gov/pubmed/8362328
https://doi.org/10.1016/j.math.2016.05.003
https://doi.org/10.1016/j.clinbiomech.2021.105450
https://doi.org/10.1016/j.jmpt.2010.08.001
https://doi.org/10.1016/S0899-3467(07)60114-1
https://doi.org/10.1016/j.msksp.2020.102150
https://www.ncbi.nlm.nih.gov/pubmed/32217304
https://doi.org/10.1097/00007632-200110010-00012
https://www.ncbi.nlm.nih.gov/pubmed/11698887
https://doi.org/10.1016/j.jmpt.2012.06.007
https://doi.org/10.1016/j.jmpt.2003.11.006
https://doi.org/10.1002/pmrj.12205
https://www.ncbi.nlm.nih.gov/pubmed/31218826

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Research Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

