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(57) ABSTRACT 
A manipulation device is programmable with different 
parameters associated with different manipulation exercises 
for different types of simulated patients. A measuring system 
determines the Success or failure for any of the programmable 
manipulation exercises and tracks specific results that pre 
cisely track how close a student comes to specific target force 
values. This allows a student to more accurately track perfor 
mance improvements and more effectively focus practice 
sessions on problem manipulation techniques. The measure 
ment system not only measures the time and force values 
associated with the manipulation exercises but also measures 
angular displacement of the manipulation apparatus during 
the manipulation exercise. This allows the student to not only 
determine if a properamount of force was applied during the 
manipulation exercise but also to determine if the force was 
maintained in the same direction and angle. 
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THERAPEUTIC MANIPULATION DEVICE 

0001. The present application is a divisional application of 
U.S. patent application Ser. No. 13/045,004, filed Mar. 10, 
2011 which claims priority to U.S. Provisional No. 61/313, 
070 filed Mar. 11, 2010 which are herein incorporated by 
reference. The present application incorporates by reference 
U.S. Pat. No. 6,013,041 in its entirety. 

BACKGROUND OF THE INVENTION 

0002 Therapeutic manipulation is utilized by therapists, 
Such as chiropractors, osteopathic physicians, physiatrists 
and, in some cases, physical therapists, to realign the joints of 
a patient’s spine. Manipulation involves the therapist apply 
ing pre-manipulative tension prior to administering an 
impulse to a patient’s joint along a predetermined vector. 
0003 FIG. 1 illustrates one example of a prior art thera 
peutic manipulation being administered by a therapist 20 to a 
patient 10. A vector 30 represents the thrust force of the 
therapeutic manipulation. Therapeutic manipulations are per 
formed in any region of the spine and in a variety of doctor to 
patient positions. 
0004. The safety, comfort and effectiveness of a manipu 
lative impulse or thrustis improved if the impulse is delivered 
with a high degree of speed along the plane of the joint under 
manipulation. However, an impulse that is delivered with too 
great of an amplitude can injure the patient. Therapists prac 
tice manipulations in order to develop the psychomotor skills 
necessary to deliver high speed, controlled amplitude 
impulses along a given plane. One practice technique is to 
deliver impulses into inanimate objects. However, delivering 
impulses to inanimate objects risk injury to the shoulders or 
wrists of the therapist. Another training technique is to deliver 
impulses to a training partner, which risks injury to the train 
ing partner from high-amplitude impulses. In addition, for 
both these practice techniques, it is difficult to accurately 
measure the force and speed of the practice impulses. 

SUMMARY OF THE INVENTION 

0005 Atherapeutic manipulation device includes an elon 
gate housing having an axial cavity and a reciprocating mem 
ber that inserts into the cavity. The manipulation device is 
programmable with different parameters associated with dif 
ferent manipulation exercises and different types of simulated 
patients. A measuring system determines the Success or fail 
ure for any of these programmable manipulation exercises 
and tracks specific results that precisely track how close a 
student came to specific target force values. This allows a 
student to more accurately track performance improvement 
and more effectively focus practice sessions on problem 
manipulation techniques. The measurement system not only 
measures the time and force values associated with the 
manipulation exercises but also measures angular displace 
ment of the practice apparatus during the manipulation exer 
cise. This allows the student to not only determine if a proper 
amount of thrust force was applied during the manipulation 
exercise but also determine if the force was maintained in the 
right direction and angle. 
0006. The foregoing and other objects, features and 
advantages will become more readily apparent from the fol 
lowing detailed description of a preferred embodiment which 
proceeds with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 illustrates a therapeutic manipulation being 
performed on a patient. 
0008 FIG. 2 illustrates a manipulation device being used 
for practicing and monitoring the therapeutic manipulation of 
FIG 1. 
0009 FIG. 3 is a side cut-away view of the manipulation 
device shown in FIG. 2. 
0010 FIG. 4 illustrates a portion of the manipulation 
device of FIG. 3 in more detail. 
0011 FIG. 5 is a block diagram of a control system used in 
the manipulation device of FIG. 3. 
0012 FIG. 6 is flow diagram showing how a program 
mable manipulation exercise is monitored by the control sys 
tem in FIG. 5. 
0013 FIG. 7 is flow diagram explaining a second pro 
grammable manipulation exercise monitored by the control 
system in FIG. 5. 
(0014 FIGS. 8A-8C show how the control system of FIG. 
5 measures angular displacement during a manipulation exer 
C1SC. 

(0015 FIGS. 9A-9B show how the control system of FIG. 
5 measures angular rotation during a manipulation exercise. 

DETAILED DESCRIPTION 

0016 A spinal manipulation simulating device allows stu 
dents to develop the psychomotor skills necessary to deliver 
high speed, controlled amplitude impulses along a given 
plane. The device aids in the strength and speed training of the 
specific muscle groups of the student used for delivering 
therapeutic manipulations by presenting resistance during a 
simulated manipulation. 
0017 FIG. 2 illustrates a therapist 20 performing the 
therapeutic manipulation of FIG. 1 with an embodiment of 
the apparatus 300. An impulse is delivered to the apparatus 
300 with the force vector 30. The apparatus 300 can also be 
utilized to simulate other doctor to patient positions corre 
sponding to a variety of spinal manipulations. 
0018. A sectional side view of apparatus 300 is illustrated 
in FIG. 3. The apparatus 300 includes an elongate housing 
350 having a closed end 352 and an open axial cavity 354 
opposite closed end 352. An elongate reciprocating body 320 
has one end enclosed by cap 310 and another end 322 which 
includes an aperture 324 to accommodate a displacement 
member 370. The elongate reciprocating body 320is sized to 
fit inside elongate housing 350 and slide freely along a length 
wise axis 356 of elongate housing 350. Elongate reciprocat 
ing body 320 and elongate housing 350 are cylindrical in 
shape but can be constructed to be non-cylindrical as long as 
the cavity 354 formed by elongatehousing 350 permits inser 
tion and reciprocating motion of elongate reciprocating body 
32O. 
(0019. The width W of the apparatus 300 is selected to 
approximate the size of a motion segment of the thoracic or 
lumbar spine. A motion segment is typically two adjacent 
vertebrae. The length L of apparatus 300 is selected to 
approximate the depth of an average person lying Supine with 
his arms across his chest, which is a typical position for 
Supine thoracic manipulation. The length L also approxi 
mates the width of a patient’s hips in order to allow simulation 
of lumbar manipulations with the patient in a side posture 
position. The cylindrical shape and reciprocating nature of 
the reciprocating body 320 and elongatehousing 350 serve to 
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encourage focus of the therapist's line of drive along a single 
plane and axis which can be selected by the therapist to 
correspond to a plane and angle of a spinal joint under simu 
lation. The apparatus 300 can also be incorporated into a 
human dummy in order to simulate manipulations using a 
more lifelike simulation tool. 
0020. A biasing member 360 also fits within elongate 
housing 350 between closed end 352 of elongatehousing 350 
and end 322 of elongate reciprocating body 320. Biasing 
member 360 in one embodiment is a coiled spring and biases 
elongate reciprocating body 320 to a position within the axial 
cavity of elongatehousing 350 where the combined length of 
elongate reciprocating body 320 and elongate housing 350 is 
approximately fourteen inches. Biasing member 360 gener 
ates an elastic resistance force along axis 356 which resists 
the further insertion of reciprocating body 320 into elongate 
housing 350. 
0021. Other devices, such as a sealed gas envelope, can 
also be used as biasing member 360. The biasing member 360 
can be replaced with springs of different stiffness to increase 
or reduce the resistance as the therapist's strength varies with 
practice. In another embodiment, a piston and air cylinder 
configuration can be used. In this embodiment, the housing 
350 contains an air cylinder that can be pumped up via an air 
valve. A transducer is located inside of the air cylinder and 
determines an internal air pressure. The transducer sends a 
signal to a microcontroller 334 (FIG. 5). The microcontroller 
adjusts the reference points used during manipulation exer 
cises according to the detected air pressure in the air cylinder. 
0022. In the embodiment in FIG. 3, the displacement 
member 370 is a reciprocating rod attached to the closed end 
352 and disposed along axis 356 of elongate housing 350 
through the aperture 324 in end 322 of reciprocating body 
320. As reciprocating body 320 is pushed into the axial cavity 
354 of elongate housing 350, tip 372 of rod 370 extends 
farther into reciprocating body 320 along axis 356. A circuit 
board 330 retains a user interface and display 340 and a 
processor 334 (CPU) within elongate reciprocating body 320. 
0023 FIG. 4 is an isolated side view of the device shown in 
FIG. 3 illustrating in more detail the circuit board 330 dis 
posed within reciprocating body 320. Circuit board 330 
includes sensors 332 and 342 disposed along axis 356 and 
connected to the processor 334 to form a measuring system 
for measuring the displacement of reciprocating body 320 
relative to elongate housing 350. Light gates Such as photo 
interrupters 332 sense the passage of tip 372 (FIG. 3) of rod 
370. The sensor in one embodiment is an optical sensor 342 
similar to the type used in computer mice and detects a rela 
tive movement in the rod 370. The optical sensor 342 captures 
an image of a textured surface of the rod 370 and then detects 
any changes or movement in the captured image. 
0024. In one embodiment, the displacement member 370 

is a steel rod that slides parallel to the surface of circuit board 
330. The rod 370 passes over the optical sensor 342. The 
optical sensor 342 provides data regarding relative changes in 
rod position and passes that information to the microcontrol 
ler 334. The photo interrupters 332 provide a logic level 
signal to the microcontroller 334 when the rod 370 blocks or 
breaks the optical path between two opposite legs 333 shown 
in FIG. 5. A multitude of the photo interrupters 332 provide a 
number of reference points along the distance traveled by the 
rod 370. 
0025. The combination of optical sensor 342 and photo 
interrupters 332 provide an absolute position reference for 
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any displacement of the rod 370. Combined, the optical sen 
sor 342 gives a displacement resolution of around 400 counts 
per inch and the photo interrupters 332 provide an absolute 
position reference. This allows the processor/CPU 334 to 
provide very precise and reliable measurements of the force 
applied to the apparatus 300. Thus, the processor 334 can not 
only determine if the applied force applied to apparatus 300 
was within some acceptable range, but can also identify the 
precise difference between the applied force and any pro 
grammable reference value. This allows students to more 
accurately monitor their progress since the processor 334 
indicates precisely how close an applied force orthrust comes 
to a particular target parameter. 
0026. A gyroscope 344 is used by the processor 334 to 
identify angular displacements in the applied force. For 
example, a student may apply the correct amount force, but 
might apply the force in the wrong direction or may vary the 
angle of the applied force. In other words, the thrust may not 
be maintained along the correct axis. The student may also 
apply a rotational torque when applying the force. For 
example, the student may twist their hand when applying a 
force to apparatus 300. This angular displacement and torque 
may or may not be desirable, depending on the particular 
therapeutic manipulation that is currently being performed. 
The gyroscope 344 measures the angular rate of thrust along 
an X-axis, Y-axis, and Z-axis. The measurements along the X 
and Z axes are used for identifying any changes in the angular 
displacement of the apparatus 300 during a thrust. The mea 
surements in the Y-axis are used for identifying the angular 
rotation or torque applied to the apparatus during the thrust. 
These measurements will be described in more detail below 
in FIGS. 8 and 9. 

0027 FIG. 5 is a circuit diagram that shows the electrical 
components coupled to the circuit board 330. The processor 
334 is alternatively referred to as a microcontroller 334 or a 
Central Processing Unit (CPU) and can be any type of logic 
device that monitors manipulation exercises. The photo inter 
rupters 332A-332D as described above provide reference 
points for the position measurements of rod 370. The photo 
interrupters 332 each include two legs 333 that extend up 
along opposite sides of the rod 370. One of the legs 333 
includes a light transmitter 335 and the other leg includes a 
light sensor 337. The rod 370 when inserted in between the 
two legs 333 blocks an optical beam transmitted between the 
two legs 333. In response to the blocked beam, a signal is sent 
back to the processor 334 indicating the rod 370 has reached 
a particular reference location associated with the physical 
location of that particular photo interrupter 332A-332D. 
0028. As also described above, the optical sensor 342 gen 
erates a signal used by the processor 334 to identify the 
incremental movements of the rod 370 in-between adjacent 
photo interrupters 332. The gyroscope 344 generates signals 
identifying changes in the position of apparatus 300 in the X. 
Y. and Z axis. The processor 344 uses the signals generated by 
gyroscope 344 to identify changes in the angular displace 
ment and angular rotation of the apparatus 300 during a 
manipulation exercise. 
(0029. A clock and battery backup circuit 365 drives the 
processor 334. A power Supply system includes a Universal 
Serial Bus (USB) to serial converter 364 that couples a USB 
connector 363 to the processor 334. A battery/charge control 
ler 362 allows the device 300 to be powered either through the 
USB connector 363 or by a rechargeable battery 361. 
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0030 Processor 334 includes a memory 366 that stores 
parameters 367 for different manipulation exercise programs. 
The memory 366 also stores the resulting data 368 from the 
different manipulation exercises. For example, the processor 
334 can measure the precise time and location of the rod 370 
at an initial queue to thrust position and at a final primary 
thrust position. The programs, program parameters, and exer 
cise result data can be transferred between the manipulation 
device 300 and a personal computer through the USB inter 
face 363 and 364. The different stored exercise programs and 
associated parameters 367 can also be selected and the results 
viewed either through the user interface 340 or via the com 
puter system coupled to USB connector 363. 
0031. For example, user accessible switch 337 can be used 
in conjunction with the user interface 340 to select aparticular 
manipulation exercise where a thrust is measured from a 
neutral position where no pre-manipulative pressure is 
applied and a thrust is to be initiated into the device 300 
without initially applying pressure to the device 300. Another 
type of manipulation exercise may require application of a 
pre-impulse pressure wherein enough pressure is applied to 
the device 300 to activate a timer in processor 334 and trigger 
a queuing signal that activates either a speaker 349 or light 
emitting diode 348 that indicates that enough pressure has 
been applied. A recoil style thrust can also be selected 
wherein a thrust may be initiated either from a neutral posi 
tion or from a position of pre-impulse tension with the thrust 
being timed from the initial rod position to an ending rod 
position and back to the initial rod position, thereby adding 
the time it takes a therapist to recoil from the impulse end 
point into the total time of the thrust. 
0032 Switch 337 and user interface 340 can also be used 

to adjust the sensitivity of the device 30. For instance, greater 
sensitivity may be desirable for smaller patients whereas 
greater force is appropriate for larger patients. Similarly, dif 
ferent joints require different levels of force for manipulation. 
Therefore, different parameters for LOW, MEDIUM, HIGH 
and LARGE PATIENT exercises can be selected from the 
programs 367. 
0033 Switch 338 selectively activates and deactivates 
LED 348 and audio speaker 349. For example, selecting 
switch 338 may cause the processor 334 to generate a tone 
through speaker 349 and activate LED 348 when the recipro 
cating member 320 is thrust into a starting queue to thrust 
position. Deselecting switch.338 may cause the processor 334 
to only activate LED 348 and disable any audio signal to 
speaker 349 during the manipulation exercise. Some of the 
different exercises that may selectively activate LED 348 
and/or speaker 349 are described in more detail below. 
0034 FIG. 6 is a flow diagram showing an example of a 
manipulation exercise that uses a START POINT, STOP 
POINT and E2 POINT where a standard impulse type is 
selected on user interface 340 in operation 610. Processor 334 
checks the parameters settings associated with a particular 
selected program 367 (FIG. 5) to determine what parameters 
values to use for identifying the START POINT STOP 
POINT and E2 POINT. For example, the START POINT may 
be 25 subunits past the first photo interrupter 332A (FIG. 5). 
The processor 334 in operation 620 waits for the user to press 
the reciprocating member 320 far enough into housing 350 so 
that the end 372 of rod 370 extends 25 subunits past photo 
interrupter 332A as indicated by the combination of signals 
from optical sensor 342 and photo interrupter 332A. During 
this first perforce stage, if photo interrupter 332B is also 

Jul. 21, 2016 

activated, the processor 334 determines that the user has 
pressed reciprocating member 320 too far into housing 350. 
0035. Upon reaching the START POINT as indicated by 
the sensors 332 and 342, the processor 334 in operation 630 
selectively activates visual LED indicator 348 and/or audible 
speaker indicator 349 to indicate that pre-impulse pressure 
has been applied. The processor 334 then starts an internal 
timer and starts reading angular displacement and/or rotation 
measurements for gyroscope 344. Processor 334 monitors 
sensors 332 and 342 in operation 635 to determine which one 
of the START POINT and the STOP POINT next changes 
state. If the START POINT is reached next, then the pre 
impulse pressure has been released and processor 334 outputs 
an E1 error message to the user interface 340, as indicated in 
operation 640. The error message may also include rod maxi 
mum position and angular displacement or rotation measure 
ments. If the STOP POINT value is reached next by sensors 
332 and 342, the processor 334 halts the visible or audio 
queuing tone 348 and/or 349, stops the gyroscope measure 
ments, and stops the internal timer in operation 650. 
0036 Processor 334 in operation 655 determines which 
one of the E2 POINT and START POINT values is reached 
next. If the E2 POINT is actuated next, then the amplitude of 
the simulated impulse was too large and the rod 370 extended 
too far past the STOP POINT. The processor 334 outputs an 
E2 message to display 340 in operation 660 along with any 
position and angular data. On the other hand, if the START 
POINT is actuated next, then the correct amount of thrust was 
applied to the manipulation device. Accordingly, the end of 
rod 270 reached the STOP POINT and then receded back past 
the START POINT without ever reaching the E2 POINT. The 
processor 334 determines that a valid thrust was simulated 
and displays on interface 340 and stores in memory 360 the 
time measurement of the internal timer along with the posi 
tion and angular information in operation 670. 
0037. The position information provided with an E1 error 
message identifies how close the reciprocating member 320 
came to reaching the STOP POINT before falling back to the 
START point. The position information provided with an E2 
error message identifies how far the rod 370 extended past the 
STOP point before falling back to the START point. In a 
Successful exercise, the position information can indicate 
how far the rod 370 extended between the STOP POINT and 
E2 POINT before receding back past the START POINT. 
This position information is used in conjunction with the time 
information to determine an amount of force applied during 
the thrust. Precise force measurements can be derived 
because of the accurate position measurements provided by 
the combination of optical sensor 342 and photo interrupters 
332. These precise force measurements allow a student to 
more accurately monitor progress in Successfully executing 
different manipulation exercises. 
0038. The angular displacement information and/orangu 
lar rotation information derived by the processor 334 from 
gyroscope 344 indicates whether or not a Substantially con 
stant angle vector was maintained during the thrust and also 
indicates how much torque was applied during the thrust. 
0039 FIG. 7 is a flow diagram showing how the processor 
334 operates when a recoil type manipulation exercise is 
selected from user interface 340. The operation in recoil 
mode is largely the same as the operation illustrated in FIG. 6. 
Processor 334 checks the particular type of manipulation 
exercise 367 selected via user interface 340 to determine 
which positions along axis 356 (FIG. 1) to use as the START 
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POINT, STOP POINT and E2 POINT. The processor 334 
then waits for the sensors 332 and 342 to indicate the end 372 
of rod 370 has reached the START POINT in operation 720. 
0040. Upon the end of rod 370 reaching the START 
POINT, processor 334 generates the queuing tone via speaker 
349 and/or queuing visual indicator via LED 348 to indicate 
that pre-impulse pressure has been applied. The processor 
334 also starts the internal timer and gyroscope measure 
ments. Processor 334 then monitors sensors 332 and 342 in 
operation 735 to determine which one of the START POINT 
and the STOP POINT is reached next by the end of rod 370. 
If the START POINT is reached next, then pre-impulse pres 
sure has been released before reaching the desired STOP 
point. The processor 334 outputs the E1 error message to 
display 340 in operation 740. 
0041 As explained above, other information such as the 
maximum compression position or force information and 
angular displacement and rotation information can also be 
displayed and stored along with the error message. If the 
STOP POINT is reached next, then processor 334 halts the 
tone or visual indicator in operation 750, but not the internal 
timer. The processor 334 might stop recording the angular 
measurement information at this point, continue recording 
the angular measurement information, or record the maxi 
mum angular measurement value at the STOP POINT and 
then start recording a new angular measurement reading. 
0042 Processor 334 at step 755 monitors which one of the 
E2 POINT and START POINT is next reached by the rod 370. 
If the E2 POINT is next reached, the amplitude of the simu 
lated impulse was too high and processor 334 outputs an E2 
message to display 340 in operation 760. If the START 
POINT is next reached by the end of rod 370, a valid impulse 
was generated and processor 334 halts the internal timer and 
gyroscope measurements. The time, position/force, and 
angular measurements are then output to memory 360 and the 
display 340 in operation 770. 
0043 A LOW setting can be selected via user interface 
340 to simulate low amplitude manipulations requiring a high 
degree of accuracy and which need only a standard level of 
pre-manipulative pressure. Such as cervical spine manipula 
tions. The LOW setting causes the processor 334 to use 
parameters associated with a lowerSTART POINT and lower 
STOP POINT. For example, the START POINT and STOP 
POINT may be associated with relatively short distances of 
travel for rod 370 and the STOP POINT may be positioned 
relatively close to the E2 POINT. As a result, the manipulation 
exercise associated with the LOW setting may require a high 
degree of accuracy in order to reach the STOPPOINT without 
also tripping the E2 POINT. 
0044) A MEDIUM setting approximates the thrust 
required for manipulations in the thoracic region of the spine 
which require higher amplitude levels and have a larger mar 
gin for error. The START POINT may remain at the same as 
the LOW setting since no greater level of pre-manipulative 
tension is needed. The STOPPOINT, however, may be farther 
away from the STOP POINT in order to correspond to a 
higher amplitude level. Also, the E2 POINT may be moved to 
a location farther away from the STOP POINT in order to 
allow for a higher margin of error in amplitude level for the 
simulated impulse. 
0045 Similarly, a LARGE setting approximates the 
impulses required for manipulations in the lumbar region of 
the spine which require still higher amplitude levels and also 
have a large margin for error. The START POINT may remain 
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at a same location since no greater level of pre-manipulative 
tension is needed. The STOP POINT, however, may move 
even farther from the START POINT in order to correspond 
to an even higher amplitude level. Also, the E2 POINT may be 
moved further away from the STOP POINT in order to allow 
for a higher margin of error in amplitude level for the simu 
lated impulse. 
0046 A LARGE patient setting for a particular exercise 
367 approximates the impulses required for high amplitude 
manipulations similar to the LARGE switch setting, but with 
a deeper level of pre-manipulative tension, as is typically 
required in manipulations performed on very large patients. 
The START POINT may move to a further location to simu 
late a greater level of pre-manipulative tension. The STOP 
POINT and E2 POINT may remain at the furthest position 
away from the START POINT. Other settings can be used for 
any programmable type of manipulation exercise. 
0047 FIGS. 8A-8C show how the processor 334 calcu 
lates the angular displacement of the apparatus 300 during a 
manipulation exercise. In operation 800 a thrust is initiated by 
the user. For example, a user initiates a thrust at the queue to 
thrust START position described above. The processor 334 
measures an X-axis angular rate in operation 802 and mea 
sures a Z-axis angular rate in operation 804 from the X and Y 
axis signals generated by the gyroscope 344 shown in FIG. 5. 
The X-axis displacement is shown in FIG. 8B and the Z-axis 
displacement is shown in FIG. 8C. In this example, the X-axis 
angular rate represents the rate of lateral/horizontal move 
ment 820 of apparatus 300 relative to center line 356. The 
Z-axis angular rate represents the rate of Vertical movement 
822 of apparatus 300 relatively to center line 356. 
0048. The processor 334 multiplies the X and Zangular 
rates by a sample time period in operation 806 to determine an 
incremental X angle (X angle) and an incremental Zangle 
(Z angle). An incremental angle vector is computed accord 
ing to the incremental X and Zangles by the processor 334 in 
operation 808 according to the following equation: 

Age a tan V tan(A, angle) +tan(A, angle) 

0049. The incremental angle is accumulated in a register 
with previously derived incremental angles derived over pre 
vious time delay periods in operation 810. If the accumulated 
angle value is greater thana previous derived maximum angu 
lar displacement in operation 812, then the new accumulated 
angle value is used as the new maximum displacement. 
0050 For example, the incremental angular displacement 
may be several degrees in a first sample time period but may 
move back toward Zero degrees during a second sample time 
period. In this example, the new accumulated angle would be 
less than the previous accumulated angle and would not be 
greater than a previously derived maximum angular displace 
ment. On the other hand, if the incremental angle vector 
continues to increase in a direction away from the center line 
356 in next time period, the incremental angle vector could 
increase the accumulated angle increase beyond a prior pre 
vious maximum angular displacement value. 
0051. If the thrust has not completed in operation 816, then 
the processor 344 waits another sample delay period and 
calculates and accumulates another incremental angle vector 
in operations 802-812. When the thrust is completed in opera 
tion 816, the processor logs the maximum angular displace 
ment value in memory 360 and also displays the angular 
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displacement values on display 340 possibly along with any 
pass/fail, positional/thrust, and time information as described 
above in FIGS. 6 and 7. 

0052 FIGS. 9A and 9B show how the processor 334 cal 
culates the angular rotation or torque applied to the apparatus 
300 during a manipulation exercise. In operation 900 a thrust 
is initiated by the user. The processor 334 measures a Y-axis 
angular rate in operation 902. The Y-axis displacement is 
shown in FIG. 9B. In this example, the Y-axis angular rate 
represents the rate of rotational movement 916 (torque) 
around center line 356 applied during the thrust to apparatus 
3OO. 

0053. The Yangular rate is multiplied by the sample time 
period in operation 904 to determine an incremental Yangle. 
The incremental Y angle is accumulated in a register with 
previously derived incremental Y angles derived over previ 
ous time delay periods in operation 906. If the accumulated Y 
angle value is greater thana previous derived maximum angu 
lar rotation in operation 908, then the new accumulated angle 
rotation value is used as the new maximum angular rotation. 
0054 For example, the incremental angular rotation may 
be several degrees in a clockwise direction during a first 
sample time period but may rotate in an opposite counter 
clockwise direction during a second sample time period. In 
this example, the new accumulated angle would likely be less 
than the previous accumulated angular rotation and may not 
be greater than a previously derived maximum angular rota 
tion. One the other hand, if the incremental angle continues to 
rotate in a same clockwise direction around the center line 
356 during a next sample time period, the incremental angle 
could increase the accumulated rotation beyond a previous 
maximum angular rotation value. 
0055. If the thrust has not completed in operation 910, then 
the processor 334 waits another sample delay period and 
calculates and accumulates another incremental angle in 
operations 902-908. When the thrust is completed in opera 
tion 910, the processor 334 logs the maximum angular rota 
tion value in memory 360 and also displays the angular rota 
tion value on display 340 possibly along with any pass/fail, 
positional/force, time, and angular displacement information 
as described above in FIGS. 6-8. 

0056. In the example shown in FIGS. 1 and 2, the patient 
10 is in a prone position with the therapist 20 positioned 
above the patient with the thrust 30 is being applied posterior 
to anterior and slightly inferior to Superior. The contact point 
on the patient 10 is in the mid-thoracic spine. This positioning 
is used to mobilize a thoracic spinal segment into flexion. 
0057 To simulate a manipulation, a particular manipula 
tion exercise is selected on the user interface 340. In FIG. 2, 
the device 300 is then positioned by therapist 20 to thrust 
along the same vector 30 as the impulse of FIG. 1. The 
therapist then gently applies pressure to the end of the device 
300 causing the elongate reciprocating body 320 to slide into 
elongate housing 350 (FIG.3). The motion of elongate recip 
rocating body 320 with respect to elongate housing 350 is 
measured by the passage of the tip 372 of rod 370 past sensors 
332 and 342. 

0058. The parameters associated with the particular 
Selected exercise determine the START POINT which is then 
detected by the processor 334 from the sensors 332 and 342 
(see FIGS. 6 and 7). If therapist 20 releases the pressure on 
device 300 after reaching the START POINT, the tip 372 of 
rod 370 will retreat back to the START POINT before reach 
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ing the STOPPOINT. This causes the processor 334 to output 
the E1 message to display 340 indicating the loss of simulated 
pre-manipulative tension. 
0059. If, however, the simulated impulse is correctly 
delivered into device 300 and the STOP point is reached 
without losing the pre-manipulative tension, the internal 
clock is stopped by the processor 334. Should the therapist 20 
force the tip.372 of rod 370 far enough to reach the E2POINT, 
then the amplitude of the simulated impulse is too great and 
the processor sends the E2 message to the display 340. If the 
E2 POINT is not reached after reaching the STOP POINT, the 
internal timer continues to run until the tip 372 of rod 370 
passes back past the START POINT. This halts the clock and 
causes the elapsed time to be displayed via display 340. This 
process can be repeated to simulate the manipulations for any 
region of the spine. 
0060. The processor 334 can also be programmed to detect 
fault conditions that determine in real-time if a thrust mea 
Surement is inaccurate due to a sensor fault. A fault condition 
is generated by the processor 334 when during a practice or 
regular thrust the optical sensor 342 (Sensor) indicates more 
than a +20% movement in the rod 370 (>pos1) but the tip of 
rod 370 is still not detected by the photo interrupter 332A. 
Another fault condition is generated when the optical sensor 
342 identifies greater than 20% rod movement beyond photo 
interrupter 332A (>pos2) and photo interrupter 332B is still 
not activated. Another fault condition is generated when the 
optical sensor 342 identifies greater than 20% rod movement 
beyond photo interrupter 332B (>pos3) and photo interrupter 
332C is still not activated. Another fault condition is gener 
ated when optical sensor 342 identifies greater than 20% rod 
movement beyond photo interrupter 332C (>pos4) and photo 
interrupter 332D is still not activated. 
0061 Another fault condition will be generated if the 
photo interrupter 332A activates and the optical sensor 342 
still reads less than 20% movement of rod 370. Another fault 
condition will be generated if the photo interrupter 332B 
activates and the optical sensor 342 still reads less than 20% 
movement of rod 370 past photo interrupter 332A. Another 
fault condition will be generated if the photo interrupter 332C 
activates and the optical sensor 342 reads less than 20% 
movement of rod 370 past photo interrupter 332B. Another 
fault condition will be generated if the photo interrupter332D 
activates and the optical sensor 342 still reads less than 20% 
of rod 370 past the photo interrupter 332C. 
0062 Other fault conditions detected by the processor 334 
can include photo interrupter 332C activating without photo 
interrupter 332A first activating, photo interrupter 332C acti 
vating without photo interrupters 332A and 332B first acti 
vating, and photo interrupter 332D activating without photo 
interrupters 332A, 332B, and 332C first activating. Another 
fault condition may be generated when photo interrupters 
332A, 332B, 332C, and 332D are all not deactivated at the 
start of a thrust. 
0063. During any detected fault condition, the processor 
334 will cancel the thrust measurements and report a system 
fault by generating a fault message on the display 340 or 
generating an audio error buZZer tone through speaker 349. 
0064. Thus, the manipulation device 300 enables a thera 
pist 20 to practice therapeutic manipulations and measure 
thrust times, thrust force and thrust angles at reduced risk of 
injury to either the therapist or a patient or training partner. 
The manipulation device 300 enables the therapist 20 to learn 
to produce high Velocity impulses within a preselected ampli 
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tude and direction and develop strength and muscle coordi 
nation in specific muscle groups of the arms, hands and upper 
body to help produce high velocity repeatable thrusts. 
0065 Having described and illustrated the principles of 
the invention in an embodiment thereof, it should be apparent 
that the invention can be modified in arrangement and detail 
without departing from Such principles. I/we claim all modi 
fications and variations coming within the spirit and scope of 
the following claims. 

1. An apparatus comprising: 
a housing including an elongate body and an elongate 

reciprocating body adapted to fit into the cavity of the 
elongate body; 

a biasing member adapted to fit within the axial cavity of 
the elongate body and further adapted to bias the elon 
gate reciprocating body to a first position relative to the 
axis of the cavity; 

a sensing device disposed in the elongate body configured 
to generate signals identifying changes in the angle of 
the housing; and 

a processor configured to identify an angular displacement 
of the housing during application of a therapeutic 
manipulation force according to the signals generated by 
the sensing device. 
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