
Identification of spinal tissues loaded by manual therapy: a
robot-based serial dissection technique applied in porcine
motion segments

Gregory N Kawchuk1, Alejandro Carrasco1, Grayson Beecher1, Darrell Goertzen1, and
Narasimha Prasad1

1University of Alberta, Edmonton, Alberta, Canada

Abstract
Study Design: Serial dissection of porcine motion segments during robotic control of vertebral
kinematics.

Objectives: To identify which spinal tissues are loaded in response to manual therapy
(manipulation and mobilization) and to what magnitude.

Summary of Background Data: Various theoretical constructs attempt to explain how manual
therapies load specific spinal tissues. By using a parallel robot to control vertebral kinematics
during serial dissection, it is possible to quantify the loads experienced by discrete spinal tissues
undergoing common therapeutic procedures such as manual therapy.

Methods—In nine porcine cadavers, manual therapy was provided to L3 and the kinematic
response of L3-4 recorded. The exact kinematic trajectory experienced by L3-4 in response to
manual therapy was then replayed to the isolated segment by a parallel robot equipped with a 6
axis load cell. Discrete spinal tissues were then removed and the kinematic pathway replayed. The
change in forces and moments following tissue removal were considered to be those applied to
that specific tissue by manual therapy.

Results: In this study, both manual therapies affected spinal tissues. The intervertebral disc
experienced the greatest forces and moments arising from both manipulation and mobilization.

Conclusions: This study is the first to identify which tissues are loaded in response to manual
therapy. The observation that manual therapy loads some tissues to a much greater magnitude than
others offers a possible explanation for its modest treatment effect; only conditions involving these
tissues may be influenced by manual therapy. Future studies are planned to determine if manual
therapy can be altered to target (or avoid) specific spinal tissues.
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INTRODUCTION
The spine is designed to provide stability during the static and dynamic loads arising from
human activity. Because the majority of back pain is considered to be mechanical in nature,1
understanding how loads are carried in spinal tissues is expected provide insight not only
into the causes of back pain, but how various mechanically-based interventions may, or may
not, exert their therapeutic effects.

Unfortunately, practical limitations frustrate the in vivo measurement of spinal forces and
moments.2,3 As a result, in vitro methods of serial dissection have been used toward
understanding how specific tissues are loaded during spinal motion. Typically, serial
dissection is carried out with one end of a spinal specimen fixed to a stationary load cell
while the other end is mobile. The mobile end is moved, an anatomic structure removed, and
the difference in loading noted. While this technique provides important information about
joint laxity,4-8 the ability to quantify the exact force contribution of a specific spinal tissue
is confounded as with each dissection, the constraints on the specimen are altered.

A solution to this problem has been found by employing highly-stable robots capable of
repeatedly applying the same three dimensional motion to the mobile end of a specimen no
matter what tissues have been removed. As a result, the change in force recorded by the load
cell before and after tissue removal is the net force experienced by that tissue.

This technique, based on the principle of superposition, was employed for studying the
musculoskeletal system by Fujie et al.9 who removed tissues of interest from an isolated
knee joint then replayed the original kinematic path while the force components were re-
measured. Since then, others have used this approach to map forces experienced by tissues
of the knee10-14, glenohumeral joint15 and human forearm.16

In the spine, robotics have also been used to apply pure translations and rotations to assess
internal tissue loads.17-21 While these studies have increased our knowledge of spinal
mechanics, the applied motions were not physiologic but artificial constructs meant to
isolate motion on, or about, specific orthogonal axes.

To date, the full potential of robotics to reproduce physiologic motions and then quantify the
resulting tissue loads has yet to be exploited in spinal research. These motions include
passive movements of the spine that occur as the result of mechanically-based treatments.
By using robotics, it may be possible to understand if therapeutic interventions apply load to
some tissues more than others and in the future, to design new mechanical interventions to
isolate (or avoid) specific spinal structures.

Manual therapy, a treatment used frequently for back pain, is a perfect candidate to
investigate tissue loads resulting from a therapeutic intervention. Made up of a collection of
therapies such as manipulation and mobilization, manual therapies involve a clinician using
their hands to apply an external force to a patient with the intent of loading internal tissues
of the spine.22 Unfortunately, it is not known presently if these therapies load specific spinal
tissues preferentially and to what magnitude.

By using serial dissection of porcine motion segments while employing robotic control of
vertebral kinematics, our objective was to identify the spinal tissues loaded in response to
manual therapy (manipulation and mobilization).
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METHODS
Specimen preparation

Nine porcine cadavers (Duroc × (Large White × Landrace breeds)) of approximately 60 kg
were used in this study. In each intact porcine cadaver, the third and fourth lumbar vertebrae
(L3, L4) were identified by midline dissection and a pilot hole drilled in each spinous
process. Each hole was then dried and glue inserted before screwing in a 3 mm diameter
bone pin (Zimmer Spine, Minneapolis, MN). A rectangular flag having four infrared light
emitting diode (irLED) markers was then attached to each pin (Figure 1). To identify the left
transverse processes of L3, a long needle was used to probe the paravertebral tissues until
contact with the transverse process was made. Following the application of manual therapy
on the intact porcine cadaver (see below), the spine was removed en bloc by reciprocating
saw, the vertebrae superior to L3 and inferior to L4 removed, and the non-ligamentous
tissues cleaned away with a water jet dissector (Smith and Nephew, St. Petersburg, FL).

Manual therapy and kinematic recording
In each porcine cadaver, manipulation and mobilization were applied to the skin overlying
the previously identified left transverse process of L3. Spinal manipulation (SMT) is defined
as the application of a controlled dynamic thrust applied with high velocity and low force
amplitude while mobilization (MOB) is a low velocity, variable amplitude movement
applied over a much greater timeframe.23 All manipulations and mobilizations were applied
by a single clinician trained in these skills. During the application of SMT (high speed
displacement) and MOB (low speed displacement), the resulting motion of each bone pin
flag was recorded in three dimensions by an optical tracking system at a rate of 460 Hz
(0.01mm system resolution with 0.15mm rigid body resolution; NDI, Waterloo, Canada).

Robotic testing
Pilot holes were drilled in each exposed end of the isolated L3-4 specimen to accommodate
three anchor screws per endplate. The specimen was then potted in a vertical orientation
using dental stone (Modern Materials, South Bend, IN) with the caudal end fixed to a 6 axis
load cell (AMTI MC3A-100, Advanced Mechanical Technology, Inc, Watertown, MA) that
in turn was mounted rigidly (Figure 2) to a parallel robot (Parallel Robotics Systems
Corporation, Hampton, NH). The robot itself is comprised of a rigid platform suspended by
6 rigid struts of fixed length (Figure 2). Each strut is attached to an electromechanical motor
that travels about a circular track. Changes in the position and orientation of the robot
platform are achieved by computer-controlled movement of each motor around the track.
Therefore, the resolution of the robot is a function of the motor performance (0.05mm with a
repeatability of 0.025mm; Mikrolar, Hampton, NH) which translates into a linear resolution
of slightly less than 1μm and an angular resolution of approximately 0.001°.

The spinal segment is then potted and the caudal end mounted rigidly to the load cell/robot.
A computer is then used to position the robot until the optical markers of the caudal vertebra
are in the same position and orientation as was recorded previously from the in vitro neutral
pose. From this position, a series of known translations and rotations of the robot platform
are performed and then compared to the resulting change in the marker position. With this
approach, known mathematical processes24,25 can be used to transpose marker movements
caused by SMT and MOB into the robotic frame of reference. The result is two separate
robotic trajectory files for SMT and MOB each of which consists of a series of commands
that move the robot in displacement control through a sequence of positions and
orientations. Once this calibration process is complete, there is no need for the markers to
remain in the specimen although they can be retained for quality control tests. Prior
experiments have been performed to compare the resulting motion of these markers to the
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desired robotic trajectory as well as to the actual positions of the strut motors. Results from
these experiments (unpublished) indicate that the accuracy in obtaining the requested
position is dependent on the time available to reach that position (i.e. relatively fast moves
can create position lag). From these experiments, the error caused by position lag was
estimated to be less than 5%.

When the calibration procedure is complete, the cranial end of the potted specimen is then
fixed to a rigid, stationary cross beam and the segment posed again in its in vivo neutral
position.

The robot is then moved through a series of events by a custom computer interface (National
Instruments, Austin, TX): initial neutral pose, manipulation trajectory, initial neutral pose,
mobilization trajectory. A one minute gap between each event is provided. The gap duration
was determined by feasibility tests where the specimen was placed in the neutral pose and
the load cell zeroed. The robotic trajectory was then performed and the specimen returned to
the neutral pose. The residual loads on the specimen were then recorded and the time noted
for these loads to return to the baseline condition. On average, the return to baseline was
complete in 30s, therefore, a gap time of 60 seconds was employed. These tests also
demonstrated that peak loads in the specimen change with repeated applications of the
robotic trajectory, but this phenomenon reaches equilibrium within 2-3 trials – trials that are
performed in advance of the testing.

After application of the initial pose, the load cell was zeroed and the loads and moments
generated during robotic simulation of SMT and MOB were recorded at 50Hz (x = medial/
lateral, y = anterior/posterior and z = superior/inferior). Because the robot accepts
commands less frequently than data points generated by the optical system, the robotic
command file is normalized to the optical system. After these events were applied by the
robot, a single spinal structure was removed and/or transected and the kinematic events re-
applied by the robot. In all nine specimens, spinal structures were removed/transected in the
following order: interspinous ligament (via scapel), left intertransverse ligament (via
scalpel), right intertransverse ligament(via scalpel), left facet capsule (via scalpel), right
facet capsule (via scalpel), left fact joint (via rongeur), right fact joint (via rongeur) and
intervertebral disc (via scalpel).

Analysis
For each of the nine specimens, the resulting loads and moments were plotted for the intact
condition and following the destruction of each anatomical structure (Figure 3). Using
customized software (National Instruments, Austin, TX), the baseline load along the x, y,
and z axes, as well as the baseline moments about the x, y and z axes, were considered to be
those that occurred after the specimen was posed in the neutral position and the load cell
zeroed (Figure 3). The peak load or peak moment in or around each axis was determined by
software to occur at the point in time where the robotic trajectory reached its greatest
translation or rotation (Figure 3). The custom software then determined the change between
the peak and baseline forces and moments.

After each tissue removal, the resulting series of values representing the change in peak
force were considered to be a repeated measure. Therefore, a repeated measures analysis of
variance (ANOVA) was performed with two addition factors: axis (x, y or z) and treatment
type (manipulation or mobilization) (SPSS v17, Chicago, Il). Results for the change in
moments following tissue destruction were analyzed in the same manner (two factor
repeated measure). The repeated ANOVA procedure also produced observed power for
between-subject and within-subject factors along with their test of significance. These
powers correspond to the observed effect sizes.

Kawchuk et al. Page 4

Spine (Phila Pa 1976). Author manuscript; available in PMC 2011 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



To assess differences from one tissue removal to the next, within-subject contrasts were
performed to compare the 1st tissue removal (interspinous ligament) to the 2nd (left
intertransverse ligament), the 2nd to the 3rd (left intertransverse ligament) and so on until the
7th tissue removal (right facet joint) was compared to the 8th (intervertebral disc).

RESULTS
Power analysis

A post-hoc power analysis (Table 1) demonstrated that for a sample size of n = 9, the
within-subject (repeated) variables of force and moment had an observed power was 0.99 as
a result of the large effect size observed. The observed power values for the between-subject
variables (main effects) were less (range = 0.23 – 0.27) with the exception of the axis
variable when considering moment data (0.99).

Translations and Forces
Relative translations between vertebrae (as measured by the optical tracking system and
recreated by the robot) are displayed in Table 2 by specimen and axis. Peak robotic
translations for all specimens were greater than the resolution of the optical tracking system
and the robot itself indicating that the peak translations and rotations created for SMT and
MOB were above and beyond the system's total error. When compiled as absolute values,
the greatest change in the average relative translation (experienced by the segment and
simulated by the robot) occurred in the y axis (posterior to anterior translation) in both
manipulation and mobilization (Table 2).

For the forces resulting from manual therapy, Table 3, as well as Figures 4 and 5, show the
change in peak force for all specimens after each spinal tissue was removed. The repeated
measure, 2 factor ANOVA, demonstrated a significant main effect for the between-subject
axis factor and none for the between-subject treatment factor. There was no interaction
between axis and treatment factors.

For the within-subject (repeated) factor of force, we observed a significant change over the
course of serial tissue removal (p < 0.00). A further analysis of within-subject contrasts
demonstrated that force does not change significantly until the intervertebral disc is
transected (Table 4). In addition, a significant interaction was observed (p < 0.00) between
the change in peak force and the axis of translation.

Rotations and moments
Relative rotations between vertebrae (as measured by the optical tracking system and
recreated by the robot) are displayed in Table 2. When compiled as absolute values, the
greatest change in rotation occurred about the x axis (flexion/extension) for both
manipulation and mobilization.

For the moments resulting from manual therapy, Table 3, as well as Figures 6 and 7, show
the change in peak moment for all specimens after each spinal tissue was removed. The
repeated measure, 2 factor ANOVA, demonstrated a significant main effect for the between-
subject axis factor and none for the between-subject treatment factor. There was no
interaction between axis and treatment factors.

For the within-subject (repeated) factor of moment, we observed a significant change with
successive tissue destruction (p < 0.00). Within-subject contrasts demonstrated that some
tissue removal, but not all tissue removal, resulted in a significant change in peak moment
(Table 4). Significant changes in peak moment occurred following removal of the left
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intertransverse ligament, the left facet capsule, the left facet joint and the intervertebral disc.
By comparison of absolute values of the peak moments between each tissue removal, the
largest change in segmental moments was experienced after transection of the intervertebral
disc. As with force data, there was a significant interaction between the repeated factor
(change in peak moment) and the axis of rotation.

DISCUSSION
In this study, a parallel robot was employed to quantify forces and moments arising in spinal
tissues as a result of the application of manipulation and mobilization. It was observed that
the intervertebral disc was the tissue affected to the greatest extent by both manual therapies.
Although various clinical professions have proposed theoretical constructs to explain which
spinal tissues may be targeted by various mechanical interventions,26,27 this is the first
evidence that a specific tissue can be loaded to a significantly greater extent through the
application of manual therapy.

Manual therapy in this study was applied solely to the left transverse process of L3. As
might be expected, the resulting displacement of the L3-4 segment from manipulation and
mobilization was largest from posterior to anterior as the vertebrae were pushed away from
the point of applied force. Similarly, the greatest rotation of the segment in response to both
manipulation and mobilization was about the x axis after the contacted vertebra was pushed
further anterior than the adjacent, non-contacted vertebra.

Although the greatest displacement of the segment from manual therapy occurred in the y
axis, the y axis did not experience the greatest change in force as a result of serial dissection.
Similarly, the greatest rotations applied to the segment were about the x axis, however, the
change in moment following serial dissection was similar between axes. Presently, we can
provide no definitive explanation for why the axes experiencing the greatest displacement or
rotation do not result in the greatest force or moments associated with that axis. We
speculate that the reason for this observation may be that 1) displacements and rotations
applied superficially by manual therapy may not transfer directly into forces and moments
along the same axes28,29 and 2) some displacement and rotation may occur through zones
of joint laxity where forces and moments may not increase linearly.30

While many consider the therapeutic goals of SMT and MOB to be different, both created
substantial forces and moments in the intervertebral disc. While this study was not designed
or powered to determine if these two therapies affect the disc similarly, our data suggest that
the clinical impact of these therapies may be limited to specific tissues. Interestingly, some
smaller tissues other than the disc were also affected by SMT and MOB (left intertransverse
ligament, the left facet capsule, the left facet joint), but only with respect to changes in
moments. This finding suggests that many more spinal tissues are influenced by the
rotational forces created during manual therapy than by translational forces. Presently, it is
not known if manual therapies can be altered to preferentially provide linear or rotational
forces to underlying spinal tissues.

The observation that the moments created by manual therapy loaded some left sides tissues
more than their right sided counterparts suggests the presence of an effect caused by the
order in which the tissues were sacrificed. Compared to some serial robots, the increased
stiffness available from the parallel robot used in this experiment creates high levels of
repeatability in performing a specific kinematic trajectory with a high level of accuracy
under changing load conditions. As a result, the robotic trajectories applied to the mobile
end of the mounted spinal specimen are unwavering whether the motion segment is
completely intact or fully dissociated. This set of conditions allows the principle of

Kawchuk et al. Page 6

Spine (Phila Pa 1976). Author manuscript; available in PMC 2011 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



superposition10 to be applied which permits the assumption that any change in load
following the removal of a spinal tissue is the load carried by the dissected tissue itself. The
principle also allows the assumption that the order in which tissues are removed has no
effect.20 Therefore, we have assumed that left-sided tissues found to carry greater moments
are affected differently due to the unilateral nature of the applied manual therapy. Certainly,
this assumption can be problematic if Tissue A shields Tissue B from load. In this case, the
order in which Tissue A and B are removed may result in different load values. The
possibility of this phenomenon provides further justification for removing tissues from each
specimen in the same order as this procedure would standardize shielding affects between all
specimens. Future experiments will be conducted to identify the presence of force shielding
in spinal tissues impacted by manual therapy. In addition, other factors such as specimen
potting and specimen compliance may also affect the forces and moments generated by
manual therapy.

These results offer a possible explanation for why manual therapy, like many other back
pain therapies, has been reported to have a modest effect;31-33 should interventions such as
manual therapy target specific tissues to the exclusion of others, it is unlikely that manual
therapy could impact the entire constellation of low back pain conditions and their different
etiologies.

Although obvious, it should be emphasized that kinematics other than those applied here do
not necessarily affect the disc maximally in spite of its size relative to other spinal
ligamentous structures. Gillespie et al.20 demonstrated that when applying pure moments to
spinal segments, robotic serial dissection demonstrated that tissues other than the disc
experience the majority of load. These results contrast those of this study and emphasize that
one cannot assume which spinal tissue may be loaded preferentially with a given kinematic
pathway.

It is important to note that although the sample size used in this study could be considered
small (n = 9), our post-hoc power analysis (Table 1) described very high observational
power scores for our within-subject (repeated) factors due to large effect sizes. As a result,
not only can we say that significant differences in forces and moments occurred following
removal of certain tissues, but when significant changes did not occur, we are confident in
the lack of observed change. Interestingly, our sample size is very similar to prior
studies9-11,15-16,18,20-21 using robotic serial dissection (mean n = 10).

Unfortunately, this study did not attempt to alter specific parameters of manual therapy (e.g.
application site, application angle) to determine if spinal tissues carrying the largest forces
and moments could be changed to other tissues purposefully. Future studies are required to
determine if it possible to alter the delivery of manual therapies such that different tissues
are loaded preferentially. Even if these therapies cannot be altered to target tissues of choice,
the manual therapies tested here still may exert their effect in other ways via tissue systems
not represented in this model (e.g. muscular, neurological).

Should future robotic testing determine that the parameters of manual therapy can be altered
so that different spinal tissues can be loaded preferentially, it may be possible to create new
therapeutic techniques able to target, or conversely avoid, specific spinal tissues.
Alternatively, it may not be possible to alter target tissues by changing manual therapy
parameters; recent studies suggest that altering the application angle of manipulation acts
only to decrease the resulting magnitude of vertebral displacement and not the direction of
vertebral displacement.28,29
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Key points

• Manual therapy (manipulation and mobilization) was applied to the L3-4
segment of nine pig cadavers and the kinematic response of the vertebrae
recorded.

• The exact three dimensional kinematics of the L3 and L4 vertebrae resulting
from manual therapy were then replayed to the isolated L3-4 segment by a
parallel robot.

• By using a parallel robot to replay and control vertebral kinematics, any change
in the loads and moments experienced by the motion segment after the removal
of a specific tissue can be considered to be load and moment experienced by that
specific tissue.

• In this study, both manual therapies (manipulation and mobilization) affected
spinal tissues with the intervertebral disc experiencing the greatest forces and
moments.

Precis

Manual therapy (manipulation and mobilization) was applied to L3-L4 motions segments
of porcine cadavers and the resulting kinematics replayed to the isolated segments via
parallel robotics. Through serial dissection, it was shown that both manual therapies
(manipulation and mobilization) affected spinal tissues with the intervertebral disc
experiencing the greatest forces and moments.
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Figure 1.
This image shows two bone pins inserted into the spinous processes of L3 and L4. Attached
to each bone pin is a clear plastic flag with four active markers each of which is tethered to a
data collection system. The cephalic end of the cadaver is to the reading left.
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Figure 2.
The left image displays the parallel robot with a potted motion segment attached to the
robot's active surface. The motion segment has yet to have its most cranial end (i.e. vertical
in this orientation) attached to the rigid cross beam that has been moved into the foreground.
The image on the right is a close up view of the potted segment. The caudal end of the
specimen is connected to a 6 axis load cell that is then connected rigidly to the robot below.
The cranial end of the segment is now attached rigidly to the cross beam located above the
sample.
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Figure 3.
Typical moment data collected from the load cell during the repeated application of
manipulation by parallel robot. Each plot represents moments about the x-axis (shown as
unconverted voltages) over time (shown at 0.02 s intervals) following the removal of 8
different spinal tissues. The plot with the highest peak is the intact condition while the plot
with the lowest moments was recorded following transection of the intervertebral disc.
Vertical cursors describe the common points in time where baseline (left cursor) and peak
moment values (right cursor) were obtained.
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Figure 4.
The average change in peak forces for all cadavers (N ± StErr) following removal of specific
tissues. Data are shown separately for manipulation (SMT) and mobilization (MOB) and are
stratified by axis. SL = spinous ligament. LTVP = left intertransverse ligament. RTVP =
right intertransverse ligament. LCAP = left facet joint capsule. RCAP = right facet joint
capsule. LFAC = left facet joint. RFAC = right facet joint. Disc = intervertebral disc.
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Figure 5.
A bar chart showing data from Figure 4 in a different manner. The accumulative increase in
the average change in peak force (N) for all cadavers is shown following the removal of
specific tissues. Data are shown separately for manipulation and mobilization and are
stratified by axis. SL = spinous ligament. LTVP = left intertransverse ligament. RTVP =
right intertransverse ligament. LCAP = left facet joint capsule. RCAP = right facet joint
capsule. LFAC = left facet joint. RFAC = right facet joint. Disc = intervertebral disc.
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Figure 6.
A bar chart showing the average of change in peak moments for all cadavers (Nm ± StErr)
following removal of specific tissues. Data are shown separately for manipulation (SMT)
and mobilization (MOB) and are stratified by axis. SL = spinous ligament. LTVP = left
intertransverse ligament. RTVP = right intertransverse ligament. LCAP = left facet joint
capsule. RCAP = right facet joint capsule. LFAC = left facet joint. RFAC = right facet joint.
Disc = intervertebral disc.
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Figure 7.
A bar chart showing data from Figure 6 in a different manner. The accumulative increase in
the average change in peak moments (Nm) for all cadavers is shown following the removal
of specific tissues. Data are shown separately for manipulation and mobilization and are
stratified by axis. SL = spinous ligament. LTVP = left intertransverse ligament. RTVP =
right intertransverse ligament. LCAP = left facet joint capsule. RCAP = right facet joint
capsule. LFAC = left facet joint. RFAC = right facet joint. Disc = intervertebral disc.

Kawchuk et al. Page 17

Spine (Phila Pa 1976). Author manuscript; available in PMC 2011 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kawchuk et al. Page 18

Table 1

Post-hoc power calculations for between-subject and within-subject factors along with their test of
significance. These powers correspond to the observed effect sizes.

Variable Factor Observed
Power

Force Between subject - Manual Therapy (2 levels: SMT, MOB) 0.27

Between subject - Axis (3 levels: x, y, z) 0.26

Within subject (repeated) - Force 0.99

Moments Between subject - Manual Therapy (2 levels: SMT, MOB) 0.23

Between subject - Axis (3 levels: x, y, z) 0.99

Within subject (repeated) - Moment 0.99
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Table 4

With-in subject contrasts for repeated measures of change in peak force and change in peak moment. SL =
spinous ligament. LTVP = left intertransverse ligament. RTVP = right intertransverse ligament. LCAP = left
facet joint capsule. RCAP = right facet joint capsule. LFAC = left facet joint. RFAC = right facet joint. Disc =
intervertebral disc.

Within-subject contrast
Change in peak force

p value
Change in peak moment

p value

SP vs. LTVP 0.544 0.000

LTVP vs. RTVP 0.581 0.969

RTVP vs. LCAP 0.361 0.000

LCAP vs. RCAP 0.924 0.127

RCAP vs. LFAC 0.357 0.029

LFAC vs. RFAC 0.811 0.066

RFAC vs. Disc 0.000 0.000
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