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Abstract - This paper describes a single subject case snrdy designed to erraluate the clinical usefulness of Differenrial
Compliance Methodology employrng the PulStarFRAS insrmmentation.The results of the study illusnate the effec-
tiveness of multiple impulse percussive force application in the release of fixacions of spinal joins, where fixations were
identified by compliance reading obtained with the PulStarFRAS. Over a progression of three weelcs, the patient
experienced a change'in cervical curvature from a radius of 150 cm to 15 cm, as well as resolurion of presenring symp-
toms. Moreover, a restorarion of normal cervicd hard tisue compliance was recorded. Based on rhe results of the study,
Differential Compliance Methodology including muldple impulse force application using the PuISaTFRAS can be
considered to have been an effective intervendon in the care of the patient studied, who exhibited signs of spinal fix-
ation with accompanying musculoskeletai dpfunction and other symptoms.
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Introduction

fu reviewed by Leach,' The earliest model of chiropracric
practice, formulated in the early parr of this cennrry by D.D. and
BJ. Palmea was to normdize the nervous system and restore
homeostasis by 'removing nerve interference" through spinal
adjusmrens- It was proposed that venebral subluxations involved
occlusion of the spinal nerves at the inter-vertebral foramen.

Following this model, the practice of chiropracric has
focused to a large extent on the detection and correction of
vertebral subluxations. Methods were developed for x-ray
analpis that measured smdl displacements of venebrae for the
purpose of identifying the most eficacious segment ac which to
administer the chiropractic adjusrment . Various adjustive rech-
niques, ranging in the intensity and duration of force applica-
cion, have been developed to promote normd alignment of the
sPme.

Other approaches to chiropracdc care are concerned with
mobilization of the bony segments of the spine which exhibit
"fixarion." ln 7973, Gillet and Liekens,: inrroduced the concepr
of resnicted joinr mobiliry due to joint'fixarion.' In this concept,
joint dysfuncrion is caused by:
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' Musatkr ftxarion where joint motion is resaicted by mus-
cle spasm or hypenoniciry;

' Iigamentous ftxation where joint mobiliry is caused by
shortened or thickened ligamens;

' Osseous ftxatioz where joinr mobiliry is caused by anky-
losis or congenital deformity.

The Gillet and Liekens model, addressed joint dysfuncdon by
a manipuiadve thrust to re-establish normal motion (by moving
the joint through the resaicted range of motion). Thrs concepr
has also appeared in another texC as an accepted rationale for
mobilizacion.

Another model,'receptor ronus,' fint advanced n 1957 W
Nimmo'focused artendon on the role of sensory receptors as an
explanation of neuromuscular dysfuncdon. Pracricioners of
Nimmois technique have advocated strerching or compressing
the involved musculacure to relieve musculoskeletal dysfunction.
Thus, both the'fixadon' model and the'receptor ronus' models
serve to demonsrate the clinical significance of mobilizarion of
fixated joints.

The three approaches to chiropracdc care described herein,
as well as other approaches,s present a corunon theme suggest-
ing that the identificarion of areas of spind fixadon, or low com-
pliance, is an integrd part of che general chiropracric practice
protocol." In this regard, within rhe past four years, sensitive
instrumentacion has been developed by Sense Technologyt
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which allows the clinician to measure differences in compliance
which reveal the locacion of even small areas of fixacion. In par-
dlel, metho& for releasing fixacions using multiple impulse per-
cussive forces have also been developed by Sense Technology. 8r

Included in these methods is the use of the PulStarFRAS which
applies impulses at a rate that vades bewveen 2 and 1.2 Hertz.
This instrument and associated computer software, supporr a
methodology conducive to testing the validiry of clinical prac-
tice theories as well as the effectiveness of specific cechniques
which consider change in spinal cur ture and enhanced mus-
culoskeletal function as outcome measures.

To demorstrate, this single subject cese sildy presents clinical
fitdittS regarding tissue compliance and accompanying changes in
cervical curvarure obtained with the Sense Technolory Function
Recording and Andysis Slntem (PulStarFRAS) in conjunction
with Differential Compliance Methodology-7 This approach
involved chdienging each spinal or joint segmenr of interest with
a small constant energy mechanical impulse and recording the
response to genente compliance readings. Fixated segmenb were
identified from the compliance reading. Resolution, or release of
fixations following the application of multiple percussive forces
was ereluated by repeating the challenge to each joint segment
with the same low energy mechanical impulse. The compliance
readings taken before and after multiple force application were
recorded and graphically displayed for comparison.

The present study was desQned to evaluate the efficary ofthe
Diferential Compliance Methodology as a sensitive andysis and
low force approach to detecting and resolving fixation, with a
measurable restoration of cervical curvature as the outcome.
Aithough the srudy was restricted to the cervical spine and first
thoracic vertebrae, the methodolory described could be applied
to any spinal region.

Methods

Identfitation of Fixated Segments

For the purpose of this study, an area of fixation was identi-
fied when there was a discontinuiry in the smooth variation of
compliance readings from one joint segment to the next, record-
ing from the T1 segment upward. When a given segment
showed a 20%o ot greater difference in compliance from the seg-
ment above, it was considered fixated- Generally the force appli-
cation was applied at the fi$t segment. However, the forces may
also be applied to closely related areas, based on other clinical
firdittS derived from the chiropractic assessment-The choice of
a 20%o dtfference was based on the error of measurement of the
PulStarFRAS being approximately 6.0%-' Thus, an esrimated
difference of greater than three times the measurement error was
considered likely to reflect a true difference in compliance.

Identification of fixacions in this manner represenLs an rnstru-
menc palpacion performed by the clinician, which is andogous
to manual palparion. To locate a fixacion by manud palparion,
rhe clinician detects differences in response co changes in joint
compliance via sensory stimuiarion through the digits. In the
absence of fixations, the response from segment to segment
reveals no significant differences. When performing the palpa-
tion, the clinician inherendv compensaces for differences in

compliance due to dlfferences in stnrcrure. For example, the
clinician would expect to observe a decrease in compliance pro-
gressing from C5 to T1, because of the additiond support pro-
vided T1 by the ribs. The same is true of compliance reading
obtained with the PulStarFRAS; large differences (20 % or
greater) in compliance are interpreted as fixatioru, whereas
smooth variation in compliance along the spine is interpreted as
a reflection of normal compliance change due to anatomy.

Instrumentation

The compliance measuremsnts ur;lizsi as pafi of tlis case
study were obtained with the Sense Technology Pr:lStarFRAS.
This instrument applies a fixed low energy mechanical impulse
to the underlying tissue and measures the resporse of the dssue
and underlying bony stmcture to the impulse. A site oflow stiff-
ness (high compliance) exhibits a lower response when compared
to areas of high stiftress (ow compliance). The theory of oper-
ation and repeatability of the irutrumenc have been described in
detail elsewhere.tThe compliance measures are made by the clin-
ician using rhe impuJse head of the irstument. Pressing the
insrument agairut the pacient at the site of measurement creates
a preload between the instrument and the patient. When the
preload reaches a preset value, the mechanical impulse is gener-
ated. Establishing the same preload at each site of measuremenr
and using the same exciation enerry for each measurement
enables the instrument to obtain a precise, repeatable measure-
ment of the underlying compliance- If the automatic frequency
mode is chosen by the clinician, the impulse frequency is set
based on the compliance reading obained at each impulse. A
low compliance segment will cause the impulse frequency to be
at the upper range. As the compliance of the segment changes,
the frequenry of the impulses will also change; as the compliance
increases, the frequency will decrease.

Study daign

This study was conducted in the private office serdng
between August 26,1995 and September 15, 1995.The patient
was a femde, aged 19, presencing wirh signs of bony fixadon and
complains of muscle spasm in the upper quadrant of the left
crapezius muscle, as well as frequent headaches emanating from
the base of the neck radiating to the top of the head. After
obtaining Informed consent from the padent to serve as a sub-
ject for the study, a study protocol employing Differential
Compliance Methodology was followed.

Cliniul Protocol

Clinicai Assessment and Differencial Compliance Methodology

Following a standard ciinical assessment of the patient,s a
standard lateral cervical x-ray of the patient was obtained. Based
on the presenring sarus of the parient, the present study focused
primarily on the cervical sPine.

Prior ro commencing the Differential Compliance
Methodology, the patient was seated in an erect position wirh
rhe head placed in flexion with the chin toward the chesr This
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position placed the patientt cervical area at the lirnit of passive
mocion.This position also served to emphasize flexion fxations
for easier detection by the inscrumenetion.

A 30 mm. dual probe attachment was used to perform the
andysis of compliance in the cervical spine, and Ti. The probe
of the impulse head was placed at the level of each of the cervi-
cd vertebrae with the major axis of the impulse head parallel to
the joint faces and the dud cips at an equal distance from the
centerline of the spine. The analysis was started at the junccion
of C7-C2. The contact point for the cervicd vertebra (C1-T1)
is the lamina pedicle junction wi*t the angle of the impulse
head pardlel to the joint facea.

Application of Impulse Forces

Although the present study focused on Differential
Compliance Methodology, the selecdon of a segment(s) or
closely related area, for force applicacion was made ufilizi11g

.multiple aspects of the padentt assessment including patient
history presenting complaints, manual pdpation, thermogra-
phy, x-ray andysis, leg length checks, and onhopedic tes6.The
criteria for force application in regard to Differential

Compliance Methodology required that the segment, counring
upward from T1, exhibit at least a 20Yo or greater di:fference in
compliance reading relative to the next higher segmen[.

The force application involved a series of rapid, controlled
mechanical thrusts (impulses) delivered with the PulStarFRAS
at the point and line of drive derived from the parient assess-
ment. The insrrument provided options of a preload of low,
medium or high, impulse force levels of 10, 75,20,25,30 or 35
lbf-, an impulse rate of , 2, 4, 6,8, 10, L2 or AUTO, and a max-
imum number of impulses that may be administered of 100,
150 or 200. In regard to the subject ofthis study, based on clin-
ical finding, the irxtrument parameters were set on a preload
of medium, an impulse level of 25lbf., and a maximum number
of impulses of 150.The impuJses were conrinued until the com-
pliance of the segment ceased to change, or the preset limit of
rrraximum impulses was reached.

Post Intervention and Duration of Snrdy

Direcdy after the application oflow impulse forces applied to
the fixated segment, with the instument set to the same para-
meters, a second set of compliance readings was obt^ined in the

Thble 1. Diference in Relative Compliance ofVenebral Segmenrs
Before andAfter Percussive Impulse Force Application.*

C1 C2

Cervicd Segment

C3 C4 c5 c6 C7 T1

Visit
L Pre

diff.

Post
dif.

Pre
dift'.

Posr
diff.

Pre
dift:

Post
dift.

100 62 70 85 92 76 99
(23)

100
(0)

86

76

96

76

100

82

80
(20)

65
(e)

82 79 76 /o 90 100

100
(20)

88
(5)

54

72

95

76

85

66

100

68 64 T5 80 84

/b 64 J.f, 65 82 84

90
(34)

74
(2)

>t

78

100

74

IJ 66 54 5U 5/

64 48 46 54

97
(37',)

74
(18)

1A

59

Pre
dift'.

Post
diff,

Pre
diff.

Post
difi-.

65 66 60

f f , 60 55 56

58 62 48 55

48 45 56

* Only differences besween segments of 2Qo/o or greater were considered areas of fxation,x described in Methods. Occ. rcpresencs the
occiput, difl. is diference. Numben are expressed as percent compliance rclative to the area of greatest compliance. Numben in bold rep-
resent those segments which showed a 20%o or greater difference in compliance before and after Diferencial Compliance Methodology.
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same area of the spine as the first set.The second set of compli-
ance reading, and all subsequent reading, were compared
against the highest response in the 6rst ser ofreadings to evalu-
ate the change in compliance following force applicadon.

Force applicarions conrinued until three consecurive sessions,
representing different visits, produced post compiiance analyses
that exhibited less than 20%o dtfference in rhe reladve compli-
ance reading berween any two adjacent spinal segmens of the
cervical spine.When pacient analysis reached this starus, a second
stan&rd lateral cervical x-ray of the padenr was taken to evalu-
ate change in curvarure.

Results

Compliance Readings

The progressive changes in compliance of the cervical verte-
brae are shown in Figure la-e, andTable 1. Compliance readings
of 20% or greater were recorded during rhe fust visit berween
T1, and C7 (forces applied atTl).The second visit showed fix-
ation berween C6 and C5 (forces applied at C6).A compliance
diference indicacing fixation was observed between C7 and C6
on the third visit (forces applied ar C7). Compliance varied
greater than 20% berween C5 and C4 at the fourth visit (forces
applied at C5)- During the fifth visit, the same compliance pat-
tern as the third visit was apparent, with a compliance of 20o/o
bewveenTl and C7 (forces applied at C7).

In each instance, following impulse force appiication to the
first segment exhibiting a 20%o or greater relacive compliance
with an adjacent segmenr, the compliance readings decreased.
The drop was &om 23% to zero on the first *iL20% to 60/o on
the second, 34%o to 2%o on the tbtrd,37% to 78% on the fourth,
and 20%o to 9olo on the ffih visit (Table 1). The Sixth through
eight visits revealed no segments showing greater than a 20o/o
difference in compliance.

Ceruiul Curue Change

The pre-intervention laterd x-ray of the patient revealed a
loss of the cervical lordotic curve. The spine appeared near\
straight, with a + 150 cm radius, following the method of
Pierce'o (Figure 2).

The post cervical lateral taken at the end of the fifth visit
(third week of the srudy), revealed restorarion of a more typi-
cal cervical curve with a radius of approximately +15 cm
(Figure 3).

Patimt Assasments and Synptomatic Changes

Chiropractic assessments over the srudy period showed gradual
improvement in musculoskeletd funcdon, as evidenced through
improved range of motion and palpation fitdirrS, concomitant
with change in tissue compliance. The patient reported that just

prior to the fourth visit, all presenring slrnptoms had disappeared.

Figure la. First Msit. Percussive Forces
Applied at Tl Segment.

Figure lb. Second Visit. Percussive
Forces Applied at GG Segment

Figure 1c. Third Visit. Percussive Forces
Applied at C7 Segment
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Figure ld. Fourth Visit. Percussive
Forces Applied at C5 Segment

Figure le. Fifth Visil. Percussive Forces
Applied at C7 Segment

134 J Vertebral Subluxation Res. 2{3). Nov.. 't998 Differentia.l Compliance Methodology



* The Radiograph was taken August 20, 1995. Cervical curve
exhibited a radius of 150 cm (see Results).

Figure 3. Post Force Application
Radiograph. *

* The Radiograph was taken on September 15, 19!15. Gervical
curve exhibited a radius of 15 cm (see Resultsl.

Discussion

This single subject sildy was designed to illustrate the clini-
cal usefi.rlness of compliance reading and fixation resolurion
obtained with the PulStarFRAS. Based on the patient's pre-
sencing complaints and clinical assessment firditrS, the present
study focused predominandy on the cervical spine.The methods
described, however, are applicable to any region of the spine.

The clinicd approach urilized in the case srudy was conserv-
ative in that (i) only one vertebra was chosen for force applicacion
during each patient visit and (2) the second analysis of compliarce was
not used to select additional vertebral segment for fixation reso-
Iution on the same patient visit. In addition to being conser -
tive, the approach was very specific in that no other methods,
many of which are non-specific mobilization techniques, were
employed. This approach was chosen to evaluate the minimum
application of force, and number of segments addressed, which
could produce a change in the compliance of the spine.
Moreover, the constraina of a single subject study precluded the
inroduction of any other confounding variables, such as the
simultaneous use of other mobilization techniques. Thus, the
resuls of the study can be more likely to be atrributable to the
effects of the percussive impulse forces applied through the
PulStarFRAS, and is high order of specificiry resulting from the
dift'erential compliance analysis of the cervical segments andT1.

An important conrribucion of the Differencial Compliance
Methodology is found in its complement !o manual palpation.
That is, in essence serving as an objective insrmment assisted
pdpation- During manual pdpation, the clinician is tescing for
differences in response along the spine. Likewise, the insrrument
produces a graph of the relarive compliance of the spine that
highlights the differences in compliance from segment to seg-
ment, mimicking the manual palparion process but w'ith much
higher repeatabilitv and reiiabiliry than manual palparion. In
addition, the graphs permit the findings to be quanrified.

The ciinical results of the case study were obtained in five
visits, over a period of three weeks. This is considered by these

authors to be a relatively short period in which to achieve the
level ofposirive pacient response evidenced both in clinicd find-
ings, disappearance of symptonrs, and restorarion of the cervicd
curve. Based on the experience of the second author, the cime
to elicit patient progress as described, is less than half of what is
observed with other clinicd approaches used in his clinicd set-
ting.The parient was quite pleased and tolerated the force appli-
cation with no indications of discomfort-

Multiple impulse therapy is thought by the autlon to effect
changes in segmental joint compliance and cherefore to effect
reversal of musculo-skeletal dysfuncrion by: (1) sdmulating noci
and mechano receptors within and around the joint muscula-
ture; (2) eliciring a relaxation response at the spinal cord level;
(3) lengthening iigaments and; (4) disrupting unorganized fibrin
growth within or berween facets to reestablish normal joint

movement. Furure srudies are planned to investigate this mech-
anism of action. Moreover, clinical observations and anecdotal
reports of similar results to the present studyjustifr further scud-
ies to evaluate outcomes over a range of insrnrment setting, tai-
lored to the specific needs of the patient, as well as variacion in
the time (number ofvisits) required to achieve resolurion of fix-
atron.

The methodolory described in this study is considered most
beneficia-l to the pacient when applied with appropriate atten-
tion to other clinical finding that may reinforce or contradict
the clinician's interpretation of the differential compliance read-
ings. As in the present srudy, the selection of any spinal seg-
ment(s) for force applicarion should be routinely made urilizing
a range of assessments, including but not limired to; palparion,
thermography, surface EMG, x-ray analysis, leg length check,
patient history and presenring complains.

Sumrnary and Conclusions

The results of this case study indicate that multiple impulse
forces applied with the PulStarFRAS is effective in increasing
the compliance of the vertebral segments following the appli-
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cation of percussive forces. Resolurion of aberrant clinicd find-
iogs * well as parient symptoms, occurring within a period just
prior to the founh visit, accompanied the methodology. This
response is, in the realm of the second author's clinical experi-
ence, considerably less than that obtained with other rreatrnent
protocols. Based on the resuks of this case srudy, the use of
Differentid Compliance Methodology employing the
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