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ABSTRACT

Objective: Faced with COVID-19 safety protocols that severely limited the ability to conduct chiropractic technique
instruction in the usual manner, our university invested the resources to develop a new mannequin lab for hands-on
training, which would help supplement the loss of person-to-person contact.
Methods: Training mannequins could enable student learning of palpation and adjustment skills while avoiding close
human–human contact. The university had developed a mannequin over the previous 4 years consisting of a full-sized
human torso with individually movable and palpable vertebrae, pelvis, and thighs. In the mannequin, 64 pressure
sensors are attached to particular vertebral and skeletal landmarks and provide feedback on palpation location and
level of force applied. We assembled 3 teams to produce 20 copies of that mannequin for student use.
Results: Mannequins were produced in 7 weeks, and space was built out for a special lab. Faculty members are
developing classroom procedures to introduce the mannequin to students, phase in the skills from static and motion
palpation, and practice thrust performance.
Conclusion: The production run was successful, and the resulting equipment, well-received by students and faculty. In
addition to helping teach manual skills, the lab serves as a platform for educational research to test the efficacy of
mannequin-based training protocols. With the pressure sensors on known locations along the spine, future research
may be able to test the ability of students to identify and contact specific target locations for adjustive thrusts.
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INTRODUCTION

The COVID-19 pandemic led to campus closure 2

weeks before the end of the winter session in 2020. Because

of the need for social distancing, education and exams

were switched to remote delivery and continued for the

spring session. However, clinical education for chiropractic

students requires psychomotor skills and close physical

contact with practice patients, often other students.

With the school closed for on-campus activities, we

considered how the use of mannequins could provide a

way to continue adjustment skills training while limiting

interpersonal contact. The school committed to funding

the construction of 20 copies of a previously developed

mannequin for use in summer session, 15 weeks away.

Chiropractic educators have increasingly used new

technology to aid student learning, particularly of psycho-

motor skills such as the adjustive or manipulative thrust.1

New training equipment chiefly consists of force plates to

measure transmitted loads during training. Most techno-

logical efforts have been aimed at providing force and rate

feedback at the preload and peak load phases of the

thrusts.2–6 Owens et al7 used a force plate to also study the

precise vectors of manipulative thrusts. The Force-Sensing

Table Technology (FSTT) produced at Canadian Memo-

rial Chiropractic College (Toronto, Canada) has been used

in several studies of the educational efficacy of using such

tools.6,8,9
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Mannequins (or manikins) provide another type of
technology often used in nursing and surgical education.
Mannequins, especially in early education, can provide
an element of safety for the recipient of the thrust
generated by novices who may have difficulty controlling
the thrust magnitude. Owens et al reviewed the recent
uses of mannequins in chiropractic education and
pointed out the need for a life-like mannequin that has
similar material properties to human spinal tissue.10

Indeed, Passmore et al11 used bicycle inner tubes inflated
to varying intensities to show that practitioners modulate
the force and speed of their manipulative thrusts based
on perceptions of the resistance to deformation of the
material into which thrusts are delivered. While the FSTT
system includes a Human Analog Mannequin (HAM)
along with the force-plate table, the developers tested
only the soft foam covering over the thoracic section, not
the compliance of the undercarriage.12 Our team has
received anecdotal reports suggesting that HAM is very
rigid, and other objects are sometimes substituted in
practice sessions.

Educators seem to appreciate the need to provide force
and rate feedback to students, and attempts have been
made to identify training targets for those.4 Additionally,
the location of force application on the spine would seem
to be an important factor in student learning as well.
However, we have seen no attempts to use technology to
help with that aspect of technique education.

In 2014, the university launched an initiative to create a
life-like adjusting mannequin for use in chiropractic
student education. A senior scientist for the initiative
collaborated with faculty in the College of Chiropractic,
external contractors, and the university administration to
develop the new mannequin for early training in palpation
and adjustment skills.

The goal was to develop a mannequin with realistic
vertebral kinematics that approximate the motion and
compliance of the human spine. We also envisioned the
inclusion of force-feedback sensors within the structure,
and methods for changing vertebral stiffness—both new
features for such devices.

Over the past few years, several prototypes of spinal
mannequin sections have been developed and presented at
talks for various conferences. These presentations de-
scribed the fixation mechanisms and compliance testing of
the lumbar and thoracic sections.10,13–15 The first full-spine
and pelvis mannequin was produced by combining those
parts along with a newly developed cervical section in June
of 2019. It was named PAT, the Palpation and Adjustment
Trainer. The single prototype was used in research projects
studying adjustment forces and rates as a surrogate for
human subjects.

This brief paper started as a 6-minute narrated slide-
show presentation at the Chiropractic Educators Research
Forum conference in December 2020. The authors
attempted to tell an engaging story about how the
university adapted to the pandemic by creating a new
mannequin lab for manual skills and technique instruction,
limiting the need for close physical contact between the
student and another human. The following is not a data-

driven investigation but, rather, is meant to be a quali-
tative report of how we addressed a sudden need and how
the users’ experienced the result.

METHODS

Project Development
The mannequin design consists of a fully articulated

skeletal system including a skull, spine, rib cage, pelvis,
and thighs. All the skeletal components began as 3-
dimensional (3D) models that were altered to enable
interconnections. Skeletal elements are connected with
cords, tubing, and elastic elements and mounted into a
central armature. An array of 64 pressure sensors mounted
directly on bony landmarks interfaces with a logic network
managed by a microcontroller. The electronics are
mounted on a custom-designed printed circuit board.

The first challenge was how to build multiple copies of
the prototype in the timeframe requested, considering the
original model took 5 months to construct. This provided
an opportunity to improve on the design and software,
reworking some of the construction methods and 3D
computer models. We made one significant improvement
to the electronics design by having a custom-designed
circuit board made in China specifically for this applica-
tion. The circuit board had connectors for ribbon cable
and sockets for microprocessor chips built in, along with
all the internal connections required from the chips to the
other components. Another significant improvement was
the creation of 3D models for internal structural elements,
which enabled the use of a computerized numerical control
(CNC) device to make identical copies of those elements.

We quickly identified 3 teams that could work in
parallel to complete the project: artists to create parts and
cast the final mannequin, assemblers to combine dozens of
parts into completed internal skeletons, and electronics
technicians and programmers to assemble the sensor
arrays, circuit boards, and display computers.

Coincidentally, the COVID-19 shutdowns made work-
ers who otherwise had been doing other tasks available for
this project. Work–study students and campus employees
had altered schedules due to campus closure. Also, a local
special effects studio had increased availability because of
the pandemic-induced loss of work in the film industry.

Off campus, artists created silicone molds of the
original 3D-printed skeletal components and then cast
multiple copies of each mold using a hard plastic resin.
Those parts included the thoracic and lumbar vertebrae,
the skull, and the pelvis. The cervical vertebrae were
considered too small and complex to create with the mold/
cast method, so each of them was individually printed in
Polylactic acid plastic with a 3D printer.

The central armature was rendered as a 3D model and
cut from high-density plastic using a CNC machine. This
included a large box to interface with the rib cage on the
sides, and with C7 on the top and T12 on the bottom. It
also included a smaller internal box to house the circuit
board. A set of scapulae were also cut from the high-
density plastic using a CNC machine.
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We built a construction studio in an open warehouse
area on campus and then brought in students, employees,
and faculty to staff it. The raw cast and precut parts were
all laid out in the construction studio. Some parts needed
additional machining with drill presses and high-speed
cutting tools. The ribs were cut from plastic tubing. One
very intense construction task was the assembly of the
thoracic spine section, including the ribs mounted in the
armature, and the vertebrae attached to the ribs, to each
other, and to the top and bottom sections of the armature.
Figure 1 shows the complete components laid out for 4
mannequins.

Meanwhile, the electronics team assembled circuit
boards and wiring harnesses using microprocessors and
multiplexer components mounted on a custom-designed
circuit board, ribbon cable, and small pressure sensors.
Assembly and testing, especially soldering heat-sensitive
sensors to very fine ribbon cable, was intense, occupying 3
people full time. Each wiring harness had 64 sensors
attached to it. The sensor harnesses were then delivered to
the construction studio and combined with the skeleton
core. Wiring had to be routed through the internal
structure and each sensor, hot-glued to the correct skeletal
process. We performed exhaustive testing to be sure all
sensors were functional and in the right place.

Finally, the completed skeletal core and electronics
package was delivered to the special effects studio for
casting. We had 2 fiberglass trunk molds made from the
same male form. The torso was cast into that mold with a
gel-like silicone to simulate soft tissue and a tough elastic
outer silicone skin. Special care was taken to recycle any
material that was left over from each pouring. So,
hardened material from all the tools and containers used
in one casting was collected, ground up, and used in the
next casting. That saved on cost and material use.

The finished cast models were returned to the construc-
tion studio where excess material was removed, thigh
sections were connected, and electronics interface boards
were installed. Computer display systems were connected
to the mannequins, and the sensor systems were finally
programmed and tested.

The assembly process was truly a parallel effort between
the 3 teams. Once the parts were all manufactured to
complete a mannequin, we assembled 1 skeletal core per
day, 5 days a week, for 4 weeks. Electronic components

were assembled continuously at the same pace. Skeletal
cores were moved to the casting studio every day as they
were produced, and finished mannequins were brought
back to the construction studio for final cleanup and
assembly each day.

The final stage was to assemble the display computers
using a small, economical Raspberry Pi computer and LCD
screen (Raspberry Pi Foundation, Cambridge, England).
We attached each mannequin to its own Raspberry Pi
mounted on the back of the monitor. These were all placed
in a teaching classroom for initial introduction to the
teaching faculty and a selection of students.

Mid-Project Developments
As each mannequin came from the molding process, we

noticed certain irregularities that we could address in the
construction and molding processes. The central armature
fit too tightly in the mold, which required some cutting
down of the CNC-cut box pieces. We also noticed a
tendency for the lower thoracic vertebrae to slip out of the
center of the mold. The mold had a central ridge along
which the spinous processes were positioned. That ridge
would become the spinal groove in the lower thoracic and
lumbar spinal regions after casting. At the same time,
those spinous processes were the most posterior elements
and needed to be balanced on that ridge. Consequently,
some of the early models have pronounced lower thoracic
scoliosis.

We improved the final product by using a Dremel tool
(Mt. Prospect, Il) to reduce the length of the spinous pro-
cesses of T19-T11 by 0.5 cm. We also altered the casting
process by adding extra silicone ‘‘rails’’ to the edges of the
central ridge, so the spinous processes would stay better
centered on the spinal groove.

When we palpated the initial set of mannequins, we
noted that the skin felt a little too tough compared with
human tissue. The lead artist added a softener to the mix-
ture for future models.

We also thought that the head seemed a little too light.
The mass of the head consisted of a hard orb, cast in plastic
resin, and weighing 1.13 kg, plus the weight of the silicone
surrounding it. The typical human head weighs 6% of the
total body weight, which would be on the order of 4.1 kg
for a person weighing 68 kg.16 We increased the weight of
the head by adding a metal weight to the anterior.

While typical manufacturing processes aim to produce
identical results each time, the collaborative nature of the
production process provided the opportunity for iterative
refinement of each consecutive mannequin. In that sense,
slight differences exist between individual units. Humans,
after all, vary in shape, size, color, and tissue compliance.
For educational purposes, it may be of value for students
to be able to detect individual differences in the models,
especially in the area of spinal contours.

Project Deployment
The university built out a new teaching lab called the

Technique Lab of the Future to house 13 of the
mannequins and their electronics (Figs. 2 and 3). In this
lab, state-of-the-art smart technology was installed to

Figure 1 - An array of cast and manufactured parts ready for
assembly. This represents enough parts for 4 mannequins.
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allow students to both experience the palpation and
technique mannequins and use a force-plate table to
further hone their skills on the forces and vectors needed
to perform the thrust of an adjustment. Faculty can
network additional documents, x-rays, case management,
and testing, and conduct data collection for future research
using the PAT lab. The other 7 units were placed in other
classrooms on campus.

Initially, faculty were trained in the various functions of
the mannequin along with the possibilities of incorporating
the additional technology. Ideas quickly formed from all
faculty who participated. A small pilot group of students
were also included in the initial training.

RESULTS

The project produced 20 full-spine mannequins in 7
weeks. All the mannequins are identical from the outside in
the shape of a trim man but with 3 different skin tones
represented. The individual vertebrae can be palpated from
the surface and have human movement characteristics.
Each mannequin has a display screen to show contact
points and amount of pressure overlaid on a skeletal image.
The embedded sensors are activated upon palpation.
Shading of the contact point indicates a softer or harder
touch in 256 gradations from light green to solid red.

The mannequins are intended to be used in static and
motion palpation classes as well as introductory adjust-
ment training. Mechanical testing shows that the compli-
ance is much like that of a human torso and can be
influenced by internal controls.17

The mannequin can be employed at several different
stages of the curriculum, from early static and motion
palpation through adjusting, including cervical spine,
thoracic spine, and lumbo-pelvic regions. Five of the core
chiropractic adjustment and palpation courses were
scheduled twice a quarter in the lab. Timing was structured
to allow students to begin using the lab to develop their
palpation and adjusting skills as early as the first 6 months
in the doctor of chiropractic (DC) program.

DISCUSSION

We have not yet made any attempts to collect
satisfaction ratings from the faculty or students regarding
their experiences in the lab. Plans are also being developed
to test the effects of mannequin use on student learning.

This paper sought to describe our process for creating the
resource, not its eventual use.

PAT was first presented to a group of undergraduate
pre-DC students. They were able to observe simple
chiropractic thrusts and position-based procedures, and
they could successfully repeat the observed procedures.
Current DC students were next to utilize the Technique
Lab of the Future. They were able to make use of one
benefit of using a mannequin for practice, as opposed to
each other, in that they could repeat thrusts over and over
without fear of harm. Consequently, faculty members
observed that students who were previously timid about
how adjustments are to be done were able to gain skills at a
high rate. In addition, all students, even seasoned upper-
quarter students, felt they were able to hone their skills
using the mannequin.

We can say that students were very excited and asked
for more lab access times, so additional open lab times
were scheduled to meet the demand and practice times
available. In open lab settings, faculty members also
observed students working in teams, providing observa-
tions and feedback to co-learners. In end-of-the-term
course evaluations, several students referred to the
mannequins as being the highlight of the quarter; many
appreciated having a very informative, hands-on experi-
ence after so much remote learning, commented on the on-
screen feedback, and expressed a desire to get back into the
lab as soon as possible.

It is important to note that the addition of the PAT
units to the curriculum are in addition to traditional

Figure 2 - The Technique Lab of the Future with wall-mounted
display screens and mannequins on adjusting benches.

Figure 3 - Students in the lab practice cervical adjustment
skills.
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training, and the program still utilizes many other avenues
of teaching palpation and technique skills to address all
types of learning styles.

While the mannequin provides feedback about contact
forces over bones and relative pressure, it is not intended
to sample the total force applied, so it cannot provide total
force and speed feedback. Force can be applied to the
mannequin that might completely miss any sensor.
Although not precisely calibrated, the system does display
relative pressure over contact points by showing shadings
of green and red colors. If a student is searching for a
contact point by palpation and is not getting any signal of
pressure, it is because they have not yet located the target.
As they near the target, there will be an increase in pressure
and a brighter color at the target sensor location on screen.
Students can use that approach to ‘‘zero-in’’ on the
location directly over the contact point that produces the
brightest indication on screen.

Sampling across 64 sensors is time-consuming, so the
sampling rate is not sufficient to accurately capture a
thrust that may last only 20 milliseconds. For that reason,
some force-measuring tool such as a force plate or contact-
load cell should be used to give the best feedback about
peak thrusts and speed of adjustment.

CONCLUSIONS

Faced with COVID-19 safety protocols that severely
limited the university’s ability to conduct technique
instruction in the usual manner, the administration quickly
invested the resources and funds to develop a brand-new
lab for hands-on training, which helped limit person-to-
person contact. The university had an advantage because
development of the mannequin had already been in
progress for more than 4 years.

Faculty are developing new classroom procedures to
introduce the mannequin to students and phase in the
different skills from static palpation to motion palpation
and finally to actual adjustive thrusting.

The lab can also serve as a platform for future
educational research to test the efficacy of mannequin-
based training protocols. With the pressure sensors on
known locations along the spine, we may be able to test
some factors that have been very difficult to study, such as
the ability of students to identify and contact specific target
locations for adjustive thrusts.
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