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ABSTRACT

Objectives

To determine if there is a relationship between the side of head rotation and the side of joint
crack/cavitation during "diversified" rotatory manipulation of the cervical spine.

Design

Fifty subjects were randomly allocated into two groups to receive a single unilateral
manipulation to either the left or right side of the cervical spine.

Setting

Macquarie University, Centre for Chiropractic, Summer Hill, New South Wales.

Subjects

Fifty asymptomatic subjects were recruited from the students and staff of the above college.
Intervention

Single, unilateral "diversified", high velocity, low amplitude, rotatory thrust technique.

Main Outcome Measures

Joint cavitation sound wave analysis of Digital Audio Tape (DAT) recordings, taken from two
skin mounted microphones positioned on either side of the cervical spine.

Results

All fifty subjects exhibited at least one audible joint crack/cavitation sound during
manipulation. Forty-seven subjects (94%) exhibited cracking on the ipsilateral side to head
rotation (95% Cl, 83.5% to 95.7%). One subject exhibited joint cracking on the contraiaterai
side only, while two subjects exhibited bilateral joint crack sounds. Of fifteen subjects who had
a previous history of neck trauma three subjects displayed a statistically significant lower
prevalence, for exclusively ipsilateral joint crack (80% vs 100%, P=0.023).

Conclusions

This research suggests that during the "diversified” rotatory manipulation of the cervicai spine,
utilised in this study, there is a higher occurrence of cavitation/ crack of the zygapophyseal
joints on the ipsilateral side to head rotation.

Key Indexing Terms

Chiropractic, zygapophyseal joints, cervical spine, joint crack, joirit cavitation, manipulation.



INTRODUCTION

Spinal manipulative therapy (SMT) is commonly used by chiropractors, osteopaths, and by
other disciplines of manual therapy, for the treatment of spinal pain. A technique often
employed and aimed at the restoration of normal spinal joint motion is the high velocity, low
amplitude, thrust technique (HVT). Greenman (1) states that this technique is one of the oldest
and most widely used forms of manual medicine and remains one of the most frequently used
forms of manual medicine. DiGiovanni (2) also states that the HVT is the best known of all
manipulative techniques and states that these techniques may in fact be the first type of
manual medicine ever devised. The application of this technique is often accompanied by an
audible cracking soundpz4s.6,) which is considered by some authors to be either essential for
the success of the treatment, or at least an important part of the processss,7.8.9), whilst others
place no special significance on the cracking sounde10,11). Cassidyn2) goes further and states
that the joint crack is integral to the manipulative process, and is what separates manipulation,

in general, from mobilisation.

The exact mechanism responsible for this audible cracking sound has been investigated by
several researchers,(121314,15) and the accepted theory relates to the cavitation of an intra-
articular gas bubble. Unsworth, Dawson and Wrights), in 1971, published the cavitation
theory of joint cracking. In their study they imposed a distractive force to the third
metacarpophalangeal ( MCP) joint, and demonstrated the formation of a gas bubble,
predominantly of carbon dioxide. As the traction force increased across the joint, the joint
volume increased and the joint fluid partial pressure decreased, causing the intra-articular
gases to be drawn out of solution, creating the gas bubbie. A subsequent net flow of fluid into
this low pressure region collapsed the gas bubble, producing the audibie cracking sound. More
recently Cassidy et ali2) confirmed this theory by the use of a series of radiographs taken prior
to and post manipulation of the third MCP joint. A radiographicaily visible gas arthrogram was
present in 39 of the 42 joints that produced an audible crack when distracted. Studies by the
previous author and others have suggested that after joint cavitation a demonstrable increase

in the passive range of motion of the manipulated joint is achievedzg1314.



It has been assumed, by some authorsqis,17,18), based on biomechanical principles, that the side
of cavitation is dependent on the type of manipulative thrust employed. With respect to the
cervical spine Goodig in his analysis of diversified type adjustments states, "whether joint
cavitation occurs at the right or left zygapophyseal joints appears to be determined by the set-
up itself.....on the amount of iateral flexion induced in the adjustment. The greater the amount
of lateral flexion towards the side of contact the more likely it is that the joint opposite the
segmental contact point will release”. Cassidy et ali17 in their study on side posture
manipulation for lumbar inter -vertebral disc herniation, conclude that at the point of counter-
rotation the upper facet opens and the pivot point shifts to the lower facet. Manipulation moves
the motion segment into its paraphysiological zone causing cavitation of the upper facet joint
with an associated audible cracking sound, and that the resultant increase in both passive and

active ranges of motion are beyond those achieved by the use of mobilisation.

The purpose of this study is to identify if.there is a relationship between the side of head
rotation and the side of the joint cavitation during "diversified" rotatory manipulation of the
cervical spine, in asymptomatic subjects. "Diversified" type manipulations are commonly used
by Australian chiropractors(g) and with respect to the cervical spine the "diversified" rotatory

HVT is described by Gitelman and Fligg(o as the most frequently used technique.

MATERIALS AND METHODS

Fifty-one volunteers were recruited from the students and staff at the Macquarie University of
-New South Wales, Centre for Chiropractic. The age of the subjects ranged from eighteen to
forty-six years with the mean being twenty-five years and the sex distribution was thirty-six

males and fifteen females.

Each volunteer was instructed to complete a medical history questionnaire which was
designed to screen for the possibility of vertebro-basilar insufficiency, other contra-indications
for cervical SMT, and previous neck trauma (Appendix 1). Each volunteer then underwent a

physical examination which included, bilateral upper limb blood pressure measurements,



testing for nerve root and spinal cord compromise, Maigne's test(1) for vertebro-basilar

insufficiency, and finally goniometric range of motion testing of the cervical spine, using an

examination revealed any contra -indication to

SMT were excluded from the study. if a volunteer
displayed any nerve root or spinal cord
compromise further sensory and motor testing was
undertaken (Appendix 2). One volunteer was
excluded from the study due to clinical evidence of

cervical radiculopathy.

A total of fifty subjects were included in the trial

and were randomly allocated, by the use of computer, into two groups. Group A(24) received a
single "diversified” rotatory manipulation to the right C3/4 zygapophyseal joint, and Group
B(26) a single diversified rotatory manipulation to the left C3/4 zygapophyseal joint (Table 1).

Table 1.

Subject Side of Subject Side of Subject Side of Subject Side of Subject Side of
No. rotation No. Rotation No. rotation No. rotation No. rotation

1 L 11 L 21 R 31 L 41 R

2 R 12 L 22 L 32 L 42 L

3 R 13 R 23 L 33 R 43 R

4 R 14 R 24 R 34 L a4 L

5 R 15 L 25 R 35 R 45 R

6 R 16 L 26 R 36 L 46 R

7 R 17 R 27 L 37 R 47 L

8 L 18 R 28 L 38 L 48 R

9 L 19 L 29 R 39 L 49 R

10 L 20 L 30 R 490 R 50 L

In accordance with the Declaration of Helsinki 1975, and with approval of the Ethics
Committee of Macquarie University, all subjects were informed of the purpose of the study and

the small inherent danger associated with neck manipulation. Prior to any procedure being



undertaken, including testing, volunteers were requested to sign an Informed Consent

agreement, before proceeding any further in the trial (Appendix 3 & 4).

After their physical examination and prior fo manipulation, each subject had affixed to either
side of their neck a Realistic Electrec Condenser omnidirectional microphone. The
microphones had been previousiy calibrated by an acoustic engineer and were found have a
decibel differential of less than 0.3 dB. Each microphone was tagged with a right or left marker,
corresponding to the left and right channels of the recorder. Each microphone was then
supported in a modified plastic syringe cylinder, 2mm
from the contact end, so as to' avoid direct contact of
the microphone with the skin. The cylinder was then
positioned slightly anterior to the transverse process
of the C2, and affixed to the skin using adhesive tape
(Figure 2). The microphones were then eonnected to a

Sony DAT Walkman recorder, and the subject number

and corresponding side of rotation together with the

side of contact or thrust was verbally recorded, as well as the verbal identification of the left or
right microphone. The subject then received manipulation with head rotation to either the right
or left, as per the random allocation. The resultant joint crack or cracks from the manipulation
were recorded for later analysis. After twenty of the subjects had been manipulated the left
tagged microphone was placed on the right side of the neck, and right tagged microphone on

the left side, thereby minimising any possible phase error within the recording equipment.

Manipulation

The type of manipulation employed was that of a "diversified” rotatory type, in which the
subject's neck was palpated in the supine position. The C3/4 zygapophyseal joint was
nominaily located by static palpation with the index finger of the contact hand, whilst the head
was cradled and supported at the occiput by the other hand. The index finger of the contact

hand was then replaced with the thumb of the contact hand, with the fingers supporting the



occiput, while the other hand grasped the subjects chin from the opposite side. The head was
then rotated 45° away from the contact or thrusting hand, and supported by the opposite
forearm. The contact thumb was then moved slightly inferior so as to contact the articular pillar
of C4. With the stabilising hand firmly supporting the
head, the thumb of the contact hand then took the

joint into a position just short of its paraphysiological

range of motion, by pressure applied in a lateral fo
medial direction. At the point of joint resistance,
deemed to be appropriate by the clinician, and the
point of greatest muscle relaxation by the patient, a

Figure 3. = * 1 high velocity, low amplitude thrust was made in a

lateral to medial, and rotatory direction. The thrust
was delivered without movement of the supporting or stabilising hand, and was achieved by a
rapid rotatory movement of the wrist (Figure 3). All manipulations were executed by the same

practitioner for all subjects.

Recording and wave form analysis

The sounds of the joint crack or cracks were recorded in stereo with a Sony DAT Walkman,
TCD-D7, the left and right channels of the recorder corresponding with the left and right
microphones. The reéu!tant recordings were then analysed by a computer which was
equipped with a Media Vision Pro Audio Card and a Video for Windows, Wave Edit software
package. Each wave form was analysed at 16 Bits, giving a dynamic range of 65,000+ levels,
and at a frequency of 44.1 kHz, with a hard copy of the edited wave forms recorded using a

laser printer{Appendix 5).

Statistical Analysis

The data was analysed using the SAS-PC statistical package(SAS Institute, Carey, North
Carolina). The overall prevalence of joint cavitation occurring on the side of head rotation was
estimated using the exact 95% confidence interval for binomial proportionzz. The examination

of prevalence differences between the side of rotation ,sex, history of previous trauma, and



age were performed using Fisher's Exact test, and the Wilcoxon rank-sum test (for age). The
joint effect of these factors on the prevalence of joint cavitation on the side of head rotation
was examined using logistic regression, although only a limited assessment was possible due

to the sparseness of the data.

Hypotheses
Ho. The null hypothesis states that during unilateral rotatory cervical spine manipulation, the

side of head rotation will have no effect on the side of joint crack/cavitation.

Equipment
1. Sony TCD-D7 DAT Walkman recorder. (Sony (Australia) Pty. Ltd. Surrey Hills, Victoria.)
2. Realistic Electrec condenser microphones. (Tandy Electronics, Chadstone, Victoria.)
1. 386 DX IBM compatible computer.
1. Media Vision Pro Audio Card. (Media‘Vision. Fremont, California, USA.)
1. Video for Windows, Wave Edit software package. (Microsoft Pty. Ltd. South
Yarra, Victoria.) |
1. Hewlett-Packard HP4L laser jet printer. (Hewlett-Packard Australia Limited,
Blackburmn North, Victoria.)
1. OrthoRanger Il Electronic Goniometer. (MIT (Aust) Pty. Ltd. Artarmon, NSW.)
2. 2.5ml Terumo Syriﬁges. (Terumo Australia Pty. Ltd. Mordialloc, Victoria.)
1. Roll Leukotape P. (Beiersdorf Australia Ltd. Scoresby, Victoria.)

Limitations of the study

The méin limitation of this study relates to the fact that only one practitioner administered the
SMT which could bias the results due to the individualisation of the technique employed, and
thereby diminish the external validity of the study. In the authors experience certain
individualistic changes or nuances are developed by different practitioners of SMT for the
same technique, either from when ocriginally taught, or during the years that particular

technique has been used by the individual. These changes, even though subtle, may change



the biomechanical actions and outcomes of that technique and therefore must be considered

as a confounding factor in this study.

Further, the shape and orientation of the facet joints, in conjunction with the coupled
movements of the vertebrae above and below, governs the degree of range of motion in any
given plane, and therefore, presumably, the relative ease or difficuity the joint will cavitate in

any given plane.

There is also some evidence to suggest that the instantaneous axis of rotation changes in the
presence of discogenic spondylosises and or pains, which may further influence the side or

level of joint cavitation.

RESULTS
Fifty subjects were recruited in the trial and all met the previously discussed inclusion criteria.
The fifty subjects were composed of thirty-six males and fourteen females, ranging in age from

18-46 years, with an average age of 25 years.

Fifteen subjects stated that they had a previous history of neck trauma. Goniometric range of
motion testing of all subjects revealed an average of 85° for both left and right rotation, with an
average asymmetry of 6°. Nine subjects displayed rotational asymmetries of 10° or more, with

one subject recording asymmetry 20° (Table 2).
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All fifty manipulations resulted in at least one audible joint cavitation sound and in total the fifty
subjects combined produced 116 individual joint cracks (Table 2). Although often difficult to

discern audibly, analysis of the recorded sound wave patterns revealed that in only twelve

subjects a single joint crack was produced. The

Figure 4.

majority of the subjects (64%) produced either

two (17) or three (15) distinct cavitation

% signals, while five subjects produced four and

z one five separate joint cavitation signals

g P (Figure 4). Six subjects exhibited joint cracking
1 io_oFiR ACK: ° while the joint was being tensioned, during the

set-up procedure, and prior to the manipulative

thrust, but in all six subjects further joint cracks were produced when the thrust was applied
(Table 2).A crack on the ipsilateral side to head rotation was defined as occurring when all

detected cracks occurred on that side.

Forty-seven of the fifty subjects (94%) exhibited cracking on the ipsilateral side to head
rotation (95% Cl, 83.5% to 95.7%)(Table 3). Of the three subjects who exhibited cracking on
the contralateral side to rotation, only one subject produced purely contralateral cracking, the
remaining two subjects displaying cracking on both sides, and in these two subjects the
contralateral cracks were not the primary cracks. The prevalence for joint cavitation on the
ipsilateral side to rotation was significantly lower for those subjects who had a history of neck
trauma as compared to those without a history of neck trauma (80% vs 100%, respectively,
P=0.023, Table 3). Other subgroup comparisons of prevalence'é of cavitation on the ipsilateral
side to rotation, for age and sex, did not display statistically significant differences (Table 3).
The limited logistic regression modelling did not result in conclusions differing from those

above.
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TABLE 3

- Percentage of subjects exhibiting joint cracks on the ipsilateral side to head rotation.

Variable No. of Subjects  No. (%) with all P-value *
ipsilateral cracks

All subjects 50 47 (94.0) -
95% CI(83.5,98.7)

Side of rotation-

Right 26 25 (96.2)

Left 24 22 (91.7) 0.602

Sex-

Male 36 34 (94.4)

Female 14 13 (92.9) 1.000

Previous trauma-

Yes 15 12 (80.0)

No 35 35 (100.0) 0.023

Age (years) Median (Range)

All subjects 50 23 (18-46)

Ipsilateral cracks 47 23 .(18-46)

Contralateral cracks 3 24 (22-31) 0.589 ##

*  Fisher's Exact test
## Wilcoxon rank-sum test

The analysis of the recorded sound wave forms was done using the Wave Edit programme
utilising 44kHz option and thus a sample range of 44,000 samples per second (Figures 5 & 6).
This analysis revealed that the average length of all joint crack sounds combined was 170
samples (Table 4).The actual period of time between individual joint cracks in subjects who
exhibited more than one crack varied on average from 1522 samples, between cracks one
and two, to 374 samples between cracks four and five (Table 4). Table S depicts the maximum
peak amplitude for each joint crack for both left and right channels, together with the
percentage ratio between both channels, with the latter averaging 22.9% for all recorded

cracks.
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Figure 5.
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Figure 5. depicts a typical computer generated wave form of single joint crack while Figure 6.

depicts a typical multiple joint crack wave form.
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LENGTH OF LENGTH OF LENGTH OF LENGTH OF LENGTH OF TIME B/T

Table 4.
SUBJECT
NC. CRACK 1
1 228
2 178
3 350
4. 67
5 182
6 198
7 103
8 102
9 204
10 252
11 140
12 117
13 150
14 46
15 127
16 208
17 215
18 96
19 134
20 167
21 109
22 131
23 96
24 110
25 156
26 271
27 84
28 44
29 215
30 149
31 260
32 239
33 111
34 147
35 49
36 152
37 98
38 120
39 169
40 139
41 267
42 160
43 194
44 103
45 345
46 108
a7 143
48 139
49 240
50 834
TOTAL 8506
AVERAGE 170

CRACK 2

188
315

17

178

257

271
122
143

78

107
30
71

154

181

67
a5
108

78
148
71

327
117
115
91
23
g2
138
162
1585
182
25%
156
283

251
157
184
153
234

5834
154

CRACK 3

187

101

51
187
52

163
112

GREPITUS

44
95

138

126

147
180
155
258

204

147

164

212

2723
143

CRACK 4

191
166
52

CREPITUS

851

208

1258
252

CRACK 5

132

132
132

CRACK 1-
2

1588
314

1102

497

2067

1187
ON SETUP

892

429

740
1008
524

2173
ON SETUP

2139
923
16082

ON SETUP

1146
2222

ON SETUP ON SETUP

785
1232
362
388
474
1461
1060
515

1218 -

719

1795
ON SETUP

ON SETUP

1410
383

380
ON SETUP

47185 20722

1522

TIME BIT

TIME B/T

TIME B/T

CRACK 2-3 CRACK 3.4 CRACK 4-5

566

406

1823
129
1771

1803
942

1077

1035
2942

1267

772
1055
1187
2242

8609
17
231
502
349

1036

396
729
1191

2656

1853
106

6931
11565

374

374
374



Table 5.

SUBJECT
NQ.

OO~ WN-=

10

23

38
39
40
41
42
43
44
45
48
47
48
49
50
Avg
Max
Min

CRACK 1
PEAK AMPLITUDE
LEFT RIGHT

6716 2387
1362 6411
768 5217
203 1368
902 6175
3482 17612
1646 6382
1533 386
10490 883
2378 537
3275 433
10152 760
2762 8241
582 3858
10041 1503
25816 9349
4383 7611
1976 4516
8645 1553
7656 1523
2846 21632
24792 4066
3538 872
996 7128
1093 4418
3369 11693
3948 455
2502 513
1486 3827
1161 11285
608 180
3843 1684
2469 2930
6739 1627
1125 10991
5335 1088
1695 3600
10797 989
- 755 7839
950 8328
2239 11160
4094 362
1479 17187
3129 516
2753 5909
1524 4800
4053 1326
1470 8566
1760 4801
29363 4284

% RATIO

35.5%
21.2%
14.7%
14.8%
14.8%
19.8%
25.8%
25.2%

8.4%
22.6%
13.2%

7.5%
33.5%
15.1%
15.0%
36.2%
57.6%
43.8%
23.4%
19.9%
13.2%
16.4%
24.6%
14.0%
24.7%
28.8%
11.5%
20.5%
38.8%
10.3%
29.6%
43.8%
84.3%
24.1%
10.2%
20.4%
47.1%

9.2%

9.6%
11.4%
20.1%

8.8%

8.6%
16.5%
46.6%
31.8%
32.7%
17.2%
36.7%
14.6%
23.9%
84.3%

7.5%

CRACK 2

PEAK AMPLITUDE

LEFT 2

10676
731

125

961

6045

10664
4751
7230

923
750

1304

729
2683
3601
4697

5407
445
98

18777
11500
321

3041
5895
1575
10264
1006
2568
748
6662
701
3066
1665
5477
476

1245
631
3594
1113
703

RIGHT 2

5985
3611

2112
9668
4057

2434
521
883

8002
129

0
1736
710
633
28721

447
3983
1644

2618
1232
1396

1804
768
2694
1748
5648
510
4666
620
6528
8291
6671
ba7
3416

5377
6606
1115
6989
3220

15

% RATIO

56.2%
20.2%

5.9%

9.9%

67.1%

22.8%
11.0%
11.8%

10.3%
17.2%

0.0%
42.0%
26.5%
17.6%
16.4%

8.3%
11.2%
8.0%

13.9%
10.7%
23.0%

58.3%
13.0%
58.5%
17.0%
17.8%
19.9%
16.0%

9.3%
10.7%
37.0%
25.0%
10.0%
13.9%

23.2%

9.6%
31.0%
15.9%
21.8%

20.9%
67.1%
0.0%

CRACK 3

PEAK AMPLITUDE

LEFT 3

1770

880

2809
5431
4056

3830
2481

249
7799

4757

12654

1235
6568
3239
959

1134

654
3223
1739
2036

RIGHT 3

3831

3877

128
965
27

5646
7710

1760
964

1084

1790

6642
2401

276
9331

5294
3142
1322
2871
8850

% RATIO

46.2%

22.7%

4.6%
17.8%
0.7%

67.8%
32.2%

14.1%
12.4%

22.8%

14.1%

18.6%
27.4%

8.5%
10.3%

21.4%
20.8%
41.0%
60.6%
23.0%

24.3%
67.8%
0.7%

CRACK 4

PEAK AMPLITUDE

LEFT 4

1817
4433
3480

8175

7071

RIGHT 4 % RATIO

537 29.6%
237 5.3%
498 14.3%

2170 26.5%

2632 37.2%

22.6%
37.2%
5.3%



DISCUSSION

Previous research

Unfortunately the vast majority of research on joint cavitation(1213,1415,25) has concentrated
not on the spine but on the metacarpophalangeal joints (MCP), due to their accessibility
and the ease with which they can be cavitated. These previous studies have however

provided the now well entrenched explanation as to the mechanism of the joint crackqs.

Scott and Meals) mention in their analysis of the MCP joint crack that some recordings
were made of cervical spine joint cracks, and then briefly conclude that the recorded
sound wave patterns of the MCP joints were the same as those recorded for manipulation

of the cervical spine.

The only other reference cited in the chiropractic literature, relating to the recording of
spinal joint cracking was that by Herng in 199128, A later paper in 1993 on the "Forces
exerted during spinal manipulative thérapy"(zn by that author and others, used the same
data with regard to spinal joint cracking. Herzog measured the treatment forces exerted
by chiropractors during SMT on the thoracic spine, in conjunction with cavitation signals
of the spinal joints. In Herzog's experiment SMT was applied to the T4 transverse
process and sound recordings were made using small skin mounted accelerometers,
mounted on the T3 spinous process. Herzog concluded from the sound wave analysis
that the frequency content was similar to that found for confirmed cavitation of the MCP

joints in the earlier research by Scott and Meal.

In 1986 fwo dentists, Woods and West, published a paper "A comparison of the temporo-
mandibular joint sounds with the sounds from other joints of the body," (2s), and suggest
that their study was the first to actually record the sounds involved in the manipulation of
the vertebral joints. A review of the available literature would tend to confirm this claim.

With the help from local chiropractors they recorded sounds from 64 manipulated spinal
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joints, 29 cervical, 10 thoracic, and 25 lumbo-sacral, as well as 27 MCP and 25
metatarsophalangeal joints. They then compared these sounds to the sounds emanating
from non-manipulated but dysfunctional temporomandibular joints(TMJ). They
concluded that the sound wave form of the manipulated joints showed little reproducibility
from one manipulation to the next, and that only the sounds from the cervical joints were
not significantly different from the so called "soft" TMJ sounds, while the manipulated
MCP joint sounds were not significantly different from the so called "hard " TMJ sounds.
As the TMJ sounds were not produced by manipulation but from dysfunctional joints and
that these sounds were not significantly different from the manipulated cervical joint
sounds, the authors theorised that both joint sounds involve in part the rubbing of joint
surfaces over each other. Furthermore they conclude that the "hard” TMJ clicks, being
similar to the sound of the manipulated MCP joints, were at least in part the due to the

previously explained cavitation theorys).

Cavitation and manipulation
There are many terms used to describe the lesion to which practitioners of SMT direct
their attention, and still many more different types of manipulation employed to treat that

lesion.

The lesion is identified within the chiropractic, osteopathic, and medical literature by
terms including, vertebral subluxation, (Homewood(ze)); osteopathic lesion (Stoddarda);
sorﬁatic joint dysfunction (Mennell@y); vertebral sub[ﬁxation complex (Schafer and
Faye(s2); somatic dysfunction (DiGiovanni@a); functional spinal lesion (Triano@q); and
manipulable lesion (Haldermangs)). These various terms are defined by their authors as
having certain characteristics, but one common feature to all the definitions is that of

resiricted or abnormal vertebral joint motion.

Similarly the manipulative procedures used to treat this joint dysfunction are numerous

and differ not only from discipline to discipline , but also within each discipline, but one
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common therapeutic goal of all the manipulative techniques is the restoration of normal

joint function(ss 37.38,35,40,).

The HVT is said to be the most commonly used manipulative technique for this

purpose(.2), but their are numerous variations of this technique employed to treat similar

if not the same type of manipulable lesion.

In general terms the HVT invoives positioning the joint at its passive end range of motion,

at which point a resistance is encountered , due to the tensioning of the joint

capsule. A carefully graded and directed
thrust is then applied to the joint, which
{akes the joint from its passive end range
of motion into the paraphysiological
space. the force must be great enough to
overcome co-adaption of the joint surfaces
and separate them into the paraphysio-
logical space without taking them beyond
their anatomical integrity (Figure 7). The
sudden separation of the joint surfaces

results in the phenomenon of joint fluid

MOBILISATION & MANIPULATION

Neutral position

Movement

astic barrier
o! res&tance {crack)

Mohbilisation

Figure 7.

Manipulation

{After Sandoz 1976)

imit of anatomicai
Integrity

Paraphysiological
space

cavitation producing the characteristic cracking sound1). In the opinion of some notable

authors, in the field of SMT3se.12), it is this fluid cavitation that separates manipulation from

mobilisation and results in an increase in the passive and active ranges of motion. Of the

authors on SMT who place little significance on the joint crack most agree that if nothing

else it does indicate that the joint surfaces have indeed been separatedss,7.10).

The question must then be addressed is from what joint level and from what side does

this cracking sound emanate in any given manipulative thrust? A review of the more
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popular texts on SMT provides the reader with a variety of HVTs, which are often used for

the same type of joint restriction.

For example a patient presenting with restricted left cervical rotation would be treated
according to Maigne(2), with the patient supine, by turning the head toward the side of
least restriction, ie. to the right, the "Rule of no pain and free movement'. This he states
"is contrary to what is generally believed, by turning the head to the right that one
performs the manipulation which will improve the head rotation to the left". The radial
border of the left hand is then placed against the joint to be manipulated, on the left, and
the neck is placed in extension before taking up the slack in further right rotation. A
sudden thrust with the right index finger is then made in order to iocally exaggerate this
movement. Maigne further states that this technique can be used at any level of the
cervical spine, either with extension, flexion, and or lateral flexion. Therefore according to
Maigne this manipulative technique géps the facet joints on thé left when the spine is in
right rotation and extension and even with the added movements of flexion and or lateral

flexion.

Greiveps) states that left lateral flexion in combination with right rotation will produce facet

apposition on the left and facet gapping on the right.

Ernerqa) descrlblng one osteopathic HVT for restr[cted left rotation turns the neck to the
left, with his left hand, into the "motion barrier” after first sllghtly extending the neck. The
neck is then laterally flexed to the right and a rotatory thrust made with the second
metacarpal joint of the right hand, behind the right transverse process of the vertebra to

be manipulated.

Bourdillons) describes a technique for restricted motion at C5-6, with maximum "tissue

tension” on the left side. The patient is sitting astride the table, facing the doctor, whose
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distal phalanx of the right index finger hooks over the spinous process of the C5 vertebra,

while the interphalangeal joint comes over the lateral mass of that vertebra.

The left hand stabilises the head. The head is then put into either right or left lateral
flexion. and into either flexion or extension, over the index contact until the barrier of
motion is met. Rotation is then added by pulling on the index finger while rotating the
head to the right. The thrust is made by with a short sharp increase in the rotatory

pressure, simultaneously with both hands.

Cassidy(4s) in his study on the effect of manipulation on range of motion in the cervical
spine uses yet another technique. Although not fully described in the study this HVT
involves rotating the head away from the side of pain, and contacting the articular pillar
on the painful side with the third finger of the contact hand. The thrust is made in the
same direction as the head rotation. Cassidy then states that this manoeuvre is
accompanied by a crack that is the result of a synovial fluid cavitation in the facet

underlying the contact finger.

Nansel et alus) studied the effectiveness of upper versus lower cervical SMT on the
amelioration of passive rotational versus lateral-flexion end-range asymmetries in
otherwise asymptomatic patients. The technique used for rotational asymmeiries was
either bilaterai manipulation to the C2-3 spinal level or bilateral manipulation to the C8-7
spinal level, in the sitting position. In this mahipulation the dactor stoed behind and
slightly toward the side to be manipulated. For manipulation of the left side, the doctors
stabilising or right hand was placed on the top of the patient's The thumb of the contact
hand was then placed on the ramus of the jaw, forming an arch between the thumb and
index finger. The stabilising hand was then placed on the posterolateral surface of the
cervical spine , opposite the side of contact, and the chin then elevated and the head
laterally flexed to 10-15°, then rotated towards the side to be manipulated. After the

appropriate tension was achieved, with pressure from the index contact, the thrust was
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made with a rotational motion of the wrist and forearm, lifting the spinous up while moving

it anteriorly and medially.

Nansel concludes that "this procedure almost always yielded multiple audibles,

suggesting multiple segment invoivement".

Other authors like Corrigan and Maitland7), Crispus), Schaffer and Fayes), Fiskeo and
Grieves) to name just a few have either different HVTs or variations on those HVTs

described above, all designed to treat the manipulable lesion.

Most of the above authors emphasise specificity as to the correct side, spinal level, and
the type of HVT that should be used for a given manipulable lesion, and criticise any
technique that employs a "shotgun” approach”. Cassidy et ali41) in reviewing previous
studies of spinal manipulation are crifical of the criteria used to select the level and
direction of the manipulative treatments. They state that in some studies the manoeuvres
are applied non-specifically, and that in such cases it is possible that the direction and

fevel of the manipulation is wrong.

This research would suggest that, at least in asymptomatic subjects without a history of
neck trauma, the side of joint crack/cavitation according to Good's(1g) biomechanical
~model and the rationale of certain HVTs must be questioned. The null hypothesis Ho is
therefore rejectéd, with respect to the HVT used in this study, as fhere is a definite
pattern to the side of joint crack/cavitation, which is contralateral to the side of primary
contact or thrust and ipsilateral to the side of head rotation. The question of whether it is
the side of rotation, the manipulative thrust employed, or the side of primary contact that
determines the side of cavitation is yet to be answered. However this study should form
the foundation for further research in order to improve the therapeutic protocoi, thus

making SMT more side specific and avoiding the "shotgun” approach. This in turn should
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increase cost effectiveness and reduce the risk to patients from the complications

associated with SMT.

The fact that the three subjects who did exhibit joint cracks contralateral to the side of
head rotation had all suffered from previous neck trauma also warrants further
investigation. It may be that the biomechanical actions of the cervical spine are aitered in

the presence of degenerative changes(z3) or by pain4.

If the joint crack is central to the definition of manipulation, and in consideration of the
numerous therapeutic protocols and the diversity of available techniques, it is imperative
that further studies be undertaken in order to establish not only what side cracks during

any given procedure but also at what level.

CONCLUSION

This research suggests that during "diversified" rotatory HVT manipulation to the cervical
spine of asymptomatic subjects, joint cracking/ cavitation occurs on the ipsilateral side to
head rotation. Further there is some evidence to suggest that previous neck trauma may

also have an influence on the side of joint cavitation.
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Appendix 1.

Analysis of cervical spine zygapophyseal joint cracking during chiropractic
manipulation.
The Centre for Chiropractic, Macquarie University.
Dr. John W. Reggars and Dr. Henry Pollard

QUESTIONNAIRE
DSUBJECT NUMBER
NAME. ...t mmnmm s s e sm e s e s s v ns s s e e ae oanas SEX...M....F......AGE........
ADDRESS.......ciisctriririnmsemmmrr e bbb s iR s m e e e e nn e n e ra e mn e et dba s s bane TEL/NO.....ccmemrmeneen

PLEASE ANSWER EACH QUESTION BY TICKING THE APPROPRIATE BOX. [F YOU DO NOT
UNDERSTAND OR ARE UNCERTAIN OF ANY QUESTION PLEASE ASK YOUR INTERVIEWER TO
EXPLAIN.

1.

ARE YOU CURRENTLY OR HAVE YOU IN THE PAST SUFFERED FROM ANY OF THE CONDITIONS
LISTED BELOW : .

YES NO

TRAUMA TO THE NECK

HIGH BLCOD PRESSURE

FAINTING, DIZZINESS, LO$S OF BALANCE OR LIGHTHEADEDNESS

PAINS OR PINS AND NEEDLES IN THE ARMS OR HANDS

INTENSE HEADACHES AT THE BASE OF THE SKULL

BLURRED OR DCUBLE VISION

UNEXPLAINED STIFFNESS OR MUSCLE SPASMS OF THE NECK

ARE YOU AWARE OF ANY ARTHRITIC CONDITION OF YOUR NECK

DO YOU SMOKE - HOWMANY PER DAY........

ANY BLEEDING OR BLOOD DISORDER

ANY BONE DISEASE

CANCER

SURGERY TO THE NECK

HAVE YOU RECENTLY SUFFERED FROM UNEXPLAINED NAUSEA OR

VISUAL DISTURBANCES

DOES ANY PARTICULAR POSITION OF YOUR NECK, SHOULDERS CR
ARMS CAUSE DIZZINESS, LOSS OF BALANCE, NAUSEA, VOMITING
OR VISUAL DISTURBANCE

O ooooopoc00fo0oo
0 Copooo0do0c0d0on

o Q ARE YOU CURRENTLY TAKING ANY MEDICATION - PLEASE NAME
MEDICATION
o Q IF YOU HAVE PREVIOUSLY UNDERGONE NECK MANIPULATION DID

YOU SUFFER DIZZINESS, L.OSS OF BALANCE, NAUSEA, VOMITING,
OR VISUAL DISTURBANCES
a a ARE THERE ANY REASONS YOU KNOW OF THAT WOULD PRECILLUDE YOU
FROM PARTICIPATING IN THIS EXPERIMENT

PLEASE SIGN.....cccicirincmesirernisssaniassaninsnssnmsnnssmassnssnes DATE....... fnnnn 93
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Appendix 2,
DSUBJECT NUMBER

PHYSICAL EXAMINATION
CERVICAL SPINE RANGE OF MOTION :
ROTATION L ....... °R.... ® LATERAL FLEXION L. ....... "R ® FLEXION ....... ° EXTENSION ...... °

CERVICAL COMPRESSION
NEUTRAL +VE -VE LEFT LATERAL FLEXION +VE -VE RIGHT LATERAL FLEXION +VE -VE

SHOULDER DEPRESSION TEST LEFT +VE -VE RIGHT +VE -VE

BRACHIAL STRETCH TEST LEFT +VE -VE RIGHT +VE -VE
REFLEXES

BICEPS LEFT +..... RIGHT +.....

TRICEPS LEFT +..... RIGHT +.....

BRACHIORADIALIS LEFT +..... RIGHT +.....

SENSATION (PINWHEEL)
LEFT NORMAL O DECREASED O RIGHT NORMAL Q DECREASED O
MUSCLE STRENGTH

LEFT RIGHT

WRIST EXTENSORS NORMALU WEAK ] NORMAL U WEAK O
WRIST FLEXORS d a d ]
SUPINATORS (| G a Q
PRONATORS (] Q a u
BICEPS “ a g d
TRICEPS a a Q u
DELTOID o a R |
BLOOD PRESSURE LEFT........ fo...... RIGHT .........deee s

MAIGNE'S TEST LEFT +VE -VE RIGHT +VE -VE

EXAMINERS NAME.......c.ccovieerirciceeeerccvicneneneen  SIGNATURE DATE...../...../93
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Appendix 3.

Analysis of cervical spine zygapophyseal joint cracking during chiropractic
manipulation
The Centre for Chiropractic, Macquarie University.
Dr. John W. Reggars and Dr. Henry Pollard.

Volunteer Information

Please read all the information below before signing the Consent Form.

BACKGROUND INFORMATION:

Spinal manipulative therapy (SMT) often involves an audible cracking/cavitation of the
zygapophyseal joints, during the manipulation. 1t has been hypothesised that this joint
cavitation is the sign of a successful manipulation and that it results in an increased
range of motion of the manipulated joint. This research is designed to determine if there
is a relationship between the side of joint crack/cavitation.

STUDY DESIGN: :

All volunteers in this project will firstly compiete a detailed medical history form, and then
if they are suitable, undergo a physical examination. The physical examination will
include, range of mation testing of the cervical spine, bilateral blood pressure testing,
neurological testing, and specific testing for vertebro-basilar artery insufficiency.

From the volunteer group fifty asymptomatic subjects will be selected, each receiving a
single rotatory Chiropractic spinal manipulation to the cervical spine. Prior to the
manipulation each subject will have affixed to either side of their necks, by the use of
adhesive tape, a small microphone. Bilateral simultaneous recordings will be made of the
accompanying joint crack/cavitation sounds which will then be analysed in order to
determine from which side the sound emanates.

PURPOSE OF THE STUDY:

It is hoped that the results of this study will lead toward an improvement in both the
protocol and measured outcomes of spinal manipulative therapy. Furthermore, this study
should form the foundation for future research, in an attempt to improve the efficacy of all
spinal manipulative therapy.

ATTENDANT RISKS TO VOLUNTEERS:

There is always a risk, albeit small, of injury during any manipulative procedure. All
possible precautions and screening will be undertaken by the investigators to minimise
this risk. For the information of the volunteers participating in this study, the literature
documents less than 100 new cases of serious injury from manipulation of the cervical
spine between 1947 and 19385. Previous studies on the complications of manipulation to
the cervical spine put the risk at ranging between 1 in 2-3 million manipulations to 1 in 38
million manipulations.
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Appendix 4.

Analysis of cervical spine zygapophyseal joint cracking during chiropractic
manipulation.
The Centre for Chiropractic, Macquarie University.
Dr. John W. Reggars and Dr. Henry Pollard.

CONSENT FORM

I understand the benefits and risks
of this investigation, and volunteer to participate in this study. | understand that | wil! be
required to undergo a single Chiropractic spinal manipulation of my upper cervical spine,
(By a Registered Chiropractor) lasting for a period of less than 10 seconds. | also
understand that a total of 30 minutes of my time will be required for assessment
purposes. | acknowledge | have the right to question any part of the procedure, and that |
may withdraw from this study at any time, without fear of reprisal.

Shouid | have any complaints regarding the treatment, or any part of my involvement in
with this project , | understand | have the right to express these complaints directly to the
Ethics Board at Macquarie University.

| understand that the information obtained from this research may be used in future
research, and may be published. However, my right of privacy and anonymity will be
preserved, i.e. my personal details will not be revealed.

| further acknowledge that | have read and understood the procedure and the attendant
risks of my involvement in this project, as set out in the attached literature.

Signature : Date:__ [/ /93

Witness Date: { /83




27

Appendix 3.

B0

4000 -

2000 4

¢ -

=2000 4

~4000 1 SUBJECT 01 o0 |

’ Lekromtion/Crack Ota } 1 SUBLECTOr

10000 + " Rightrotaton/Crack 01b
i -12000 L

SUBJECT 02 . SUB.ECT 02
Righkrowmton/Crack02a Righerowa¥on/Crack(2
- 2000 -
SUBJECT 02 2000

Rightrom¥onrack02c

3000 SUBJECT 03
Rightromion/Crack G3a
) H
-4000 - 6000

SUBJECT 048
Rightratakon/Crack 04t

Tz

SUBJECT 04
Rigitromion/Crack Dda -1000

g8

]
4

SUBJECT 05
Rlghticwion/Crack 05a

o

SUBJECT D4
-2000 | RightramsanvCrack 04




28

Appendix 5.

20060 3000
15000 6000 1
10000 4000 1
2000 1
5000 |
0
[ - ' )
- N N 2000 1
5000 ity =
i -4000 1 ;
-10000 SUBJECT 08
SUBJECT 06 -6000 Rightowmlon/Crack 0o i
15000 | Rightiomtien/czack Otia . i
20000 -10000 1
1500
i
" @ - ;
—, B gl
SUBJECT 07 SUBJECT 08
Rightromdon/Crack 07a LeftromiorvCiack 0a
-2000
8000
4000 £
2000 £
0 A ——
< & N = @
. -2000 L - = by =
-4000 L
SUBJECT 09
6000
LeRrotmion/Crack O%a
SUBJECT 08 -2000
LefiromionCrack 0%t 10000
-8000 -12000
2000 BOOO
1500 6000
1000 4000
/\/\
° ) -
_— w L — L) - ~ - o 1] [l ™~
z B -0t F S5 8N5 8 8 3 8 8 B &
a B3
-BO00 SUBJECT 10
SUBJECT 10 2000 Ledtrotafon/CrackiOb
Leftramion/Crack1® )
10000
-12000
3000
2500
2000
SUBJECT 10
1500 LeRromton/Crack 10c
S ~
=2 EWE -
-1000 SUBJECT 10
It
1500 Letramion/Crack 10d
2000




23

Appendix 5.

3000
2000
1000
. 0 I Al & Sl e W — T -
~ - TS L e m ==
= g 2
- -1000 4
-2000 SUBJECT 11
SUBJECT 11 Lekromion/Crack 115
Letromion/Crack 112 +3000
-6000
3000 2000
2000
1“” O Ceru =1 = e, g e
0 A S U A 2 ; P a
TN r,,“-a-"\h_,-"' ES 8 \_/Eh_ﬂwg -
2000
SUBJECT 11
-3000 LefromionCrack11d
SUBJECT 51
~4000 LetromtonCack 1ic
5000 '
-6000
8000 - 4000
5000
2000 1
4000 L
2000 1
R o ~ o~ P
g R 5 8
’ SUBJECT 12
SUBJECT 12 LekrotmioniCrack 12b
Lekramion/Crack $2a
5000
4000 |
.
—
3000 1
SUBJECT 12
2000 LefrromionCack 120
1000 SUBJECT 12
Fay Lekromion/Crack 124
S e I VESESASSS T 1
2 3
1
SUB.IECT 13 1000

Rightromion/Crack 13a

SUBJECT 14
RightromdonvCiack 148




30

Appendix 5.

G000
2000
[F
T + T —
2000 = ==aighd = wn
o = &N ]
-4000
SUBJECT 14 SUBJECT 16
K R k 14b
000 labtromion/Cia LeXromien/Crack 150
-8000
-10000G
2600 30000
25000 &
2000
20000 L
1500 18000 L SUBJECT 16
SUBJECT 15 . Lekromion/Crack 16a
1000 Lekromton/Crack 180 10000
5000
e A o_. = —
—— 2, ‘ -5000 ~ ™
S/ 8 8 @© 10000
A, 2 3 &
o 15600 |
-20000
. 1500

™,

+ A

= 5

— o~ "

L SUBJECT 17 SUBJECT 17

o)l o} Rightromron/Crack 17a 5000 Rightromion/Crack 17b
-8000 - -1800
6000 - 4000

o

5 7

;

B P e S |
— — o ™~ M L] ™ [l

SUBJECT 18

UBJECT 17
SUBJECT Rightrotaion/Crack 18a

Rightraion/Ciack 17c

SUBJECT 18
RightsotakenyCrack 18b

SUBJECT 18
Rigitromion/Crack 18c




H

Appendix 5.

4000 SUBJECT 19 SUBJECT 18
) Lefrrowion/Crack 19a Lekramion/Crack 780
5000 |
-6000
700
OO :500-‘
1000 |
4000 1 500 | -x.—-"(\"'
0 ¥ T
2000 £ : 1 < T
: 5007 g ; z V 8 e
0 —i— =7 =3 /\ . 1000 L
- \ f €, - BdL— B ] 1500
-2000
"2000 SUBJECT 20
-4000 SUBJECT 20 . 2600 | Letromion/Crack 20b
LeXromionCrack 208 3000 |
-6000
38500
-8000 -4000
15000
10000
5000 \
.
° ‘ s - S ——
sw] ¥ r § BB B 5 % 8 BE & 8 =5 |
SUBJECT 2t i
SUBJECT 21 ;
-15000 Rig heromion/Ciack Z1a Rig ktration/Crack 21k i
20009 |
26000
15000 3000
10000 2000
5000 1000 A
0 - e e /
- - o o 9 it —f— Tt +
- v 3 LA
=0 ’ - oo ] BB B PN B—
-10000
SUBJECT 22 2000 1
-15000 Lekrominn/Crack 22a SUBJECT 28
Leftrowafon/Crack 22a
-25000 -4000
5000 ’ 4000
4000
3000 2000 L
2000 0 i
1000 r =
0 + -
-2000 L
-1000 T 2
-2000 7 -4000 L SUBJECT 24
-3000 1 SUBJECT 23 Rightromsion/Crack 24a
4000 1 Lekrotion/Crack 230 8000 1
5000 } i i




32

Appendix 3.

2000 5000
4000
2000
SUBJECT 25
1000 2000 | Rightrotaion/Crack 26a
0 fos 1000 L
- o S
@ o ,( S
-1000 I i = —.
-1000 = &
2000 SUBJECT 24
Righttamion/Crack 24b -2000
4000 | -4000
2000 10000
5000 1
SUBJECT 25 0
Riphtromion/Crack 280
— /\:ﬁﬁj_-é ‘w\
-5000
SUBJECT 26
-10000 | Rlghtrotaion/Crack 28a
500
-1000 15000 l
2000 5000 -
1000 o B
eaiy Py SN e AEiaE
— wn m [} — Ui~ _n—r1 o~ = wn 21 ™ r~ —
2 R K5 B TH E s 8 8 £ 2 &
o , pa— — St M2 A A FFRLER S OZ
A [ +—————F
T 2L 8 T8 =~ = 8 3 F—"5 ~5000
- - o I Ll
+1000 3 SUBJECT 27
Lok -10000 1 Leksomion/Crack 27
2000 SUBJECT 27
LekromfonQrack 27a
3000 ) -15000
4000 -20000
2000 16500
1000
SUBJECT 27 500
Lekramfon/Crack 27c
o
¥
X > n o
500 BN 88
-1000
-1500 + SUBJECT Z8
Lekmo@aion/Crack 28
- 2000
-1000 i } |
<1600 2000
4000 B0
3 Z— -, 4000
i 7 3 3
2000 - - 2000
-4000 (Y LI
T ] 2 a = K-.—’:]
-6000 SUBJECT 28 -2000 P
Lefromion/Crack 26
-8000 | -4000 SUBJECT 28
+30000 -B0O00 Lekromrion/Crack 28z
~12000 -8000




33

Appendix 5.

o~ s
. Nl
—

SUBJECT 29
Rightsomion/Crack 2gb

SUBJECT 1
LekrowionCrack 31a

PSELE

SUBJECT 31
Lekromion/Crack 31c

SUBJECT 3!
Lekromlon/Crack 3le

SUBJECT 29
Rig htrowson/Crack 20a 1000 |
-1500
8900
8000 2500
4000 2000
2000 1+
o 1600 1
. T 1000
-4000
6000 SUBJECT 20
Rightromtion/Crack 30a
-8000
-10000 .
-12000
3500
3000
2500
SUBJECT 3B
1500 LektomionCrack 3ib
1000
500 A
o
w07 | FT B 85 0= oy
1000 ooy
1500 )
4000
4000
2000 L 3000
o e 2000 1
e
- fnd = © r‘% 1000 L
— o =~
~2000
~4000
SUBJECT 31
6000 Lekromion/Crack 31d
-B000
-10000
4000
2000
3000 1
SUBJECT 32 1000
2000 1 Lefiromion/Crack 32a 0
-1000 ]
- 2000
8 g8 F 2000
-4000 L
6000 |
-3000 )

SUBJECT 32
LefromicnCrack 32



34

Appendix 5.

SUBJECT 33
Rightrowion/Crack 3a

»
21
B!
353
Elf
4
8

Rightromicrn/Crack 330

SUBJECT 34
Lekremion/Crack 340
SUBJECT 34
Lefromicn/Crack 34a

+12000

SUBJECT %6 H
Rightrowion/Ciack 35a i

SUBJECT 2%
Rightramaien/Crack 36b

ik}
1334+
177
221

SUBJECT 38

SUBJECT 38
Lekromion/Crack 35

lLekromion/Crack 362

SUSJECT 37
Rightromion/Crack 37

SUBJECT 37 i
Rightrawion/Crack 37a 4000




a5

Appendix 5.

8000
6000
A00%
00 P .
0 = o = B
~2000 ]
SUBJECT 38
50 SUBJECT 38
Lefromion/Crack 38a Letomtor/ack 3
-B000
-10000 1
-12000 L
3000
2000
1000
[
-3000 T
SUB.JECT 38 .
Lefromion/Crack 38 . :
4000 ) SUBJECT 28 :
Le ftromion/Crack 39 :
5000 [
T aiia | 6000 i
= =
- e -7000
8000 '
8000 .,
T ——— i 6000 .}
- — i
e e H 4000
=2 & i
pd ol
-2000
SUBJECT 3¢9 © 7
Lefromian/Crack 380 -4000 SUBJECT 40
i -60c0 Rightiom¥an/Crack 408 :
H N
i -8000 d H
3
-10000
10000 BOO0 ;
8000 1 E
5000 §
4000 2000 -
Q
° T H
2000 T -2000 1 i
’ H
-4000 -4000 SUBJECT 40 :
-B000 SUBJECT 40 RighkrombervCrack 30c
Rightrotation/Crack 400 -6000 |
-8000 L
-50000 L -8000
8000
6000
4000
2000
[+] ‘o
= w0 2
-2000 1 @
-4000
SUBJECT 41
B -
BOOG SUBJECT 41 Rightromion/Crack 41b
) Righteotation/Crack 41a .
-10000
12000




38

Appendix 5.

SUBJECT 41
Rightromion/Crack d1c

) =
a a
SUBJECT 42
Leftromiaon/Crack 42b
S000
o et
- — )
~ ]
& &

-10000

-15000

SUBJECT 43
Rightrotaion/Crack 43a

SUBJECT 43

000 Rightromtion/Crack 43c

-B000 ;
10000 )
4000

3000

2000

1000

0 .

o &8 878 ¥ 5§
a0 N
3000 3 SUBJECT 45

4000 i Rightrowdon/Crack 46a

5000 i

SUBJECT 42
Lekrowton/Cack 428

e T

id

e

1

SUBJECT 42
Lefrotaion/Ciack A2

5 N R
SUBJECT 43
Rightromion/Cragk 43h

SUBJECT 44
Lefromion/Crack 44a

SUBJECT 46
Rightrotaion/Crack 450




37

Appendix 3.

s |

N
- &

§
%nr

SUBJECT 4B
Rightromion/Crack 46a

— a

|

SUBJECT 48
RightiowtanyCrack 46c

SUBJECT 47
Lekiomion/Crack 47

SUBJECT 47
Lekromfan/Crack 47d

.

2000
1000 SN
o RS
r - i o e
] =
-1000 - o
2000
SUBJECT 46
-0 Rightromion/Crack 45¢
4000 3000
-8000 -5000 \.
6000
4000
2000
o e
+2000
4000 3 SUBJECT 46 : ~2000
Rightiomian/Crack 46b
6000 1 -3000 1
-B000 -4000 L
4000 A 4000
3000 | 3000 L
2000 2000
1000
o e L TR N
a0 Y17 F ‘3\/5’%3 ] g g
-2000 1
SUBJECT 47
-3000 Lefrowion/Crack 47a
-4000
-5000
00 T
2000 4000
1000 2000
4 R S tr + At 9
T g N 2 g 2 g ™
10 N gl 2000
2000 & SUBJECT 47 1000
Lefiromdon/Crack 47
. Lo1n:k L] BC . A
-4000 [ 000 1
6000
]
B 5§
SUBJECT 48
Rightromton/Crack 48a
9000
-10000

SUBJECT a8
Rightromian/Crack 48h




LN

3

38

Appendix 5.

SUBJECT 48
Rightrowior/Crack 48¢ 1000

15000
16000

]
|

sttt

o

SURJECT 49
Rlg hkrotakon/Crack 40a

Y e .
— ey = ™ ~

T 15 3 i P
& ] B3 =

SUBJECT 49 -4000
Rightromton/Crack 490

SUBJECT 50
Leftromion/Crack 508

1_
sl
83

131

1774
221

e Mmoo N — wom M e — W\ om Mo
R E T R e s B PPN BEERER
REEBIPHESERILIRBEESS

1{]
117

SUBJECT 49
Rlghtromion/Crack 48c

221




10.
11.
. Mierau D, Cassidy JD, Bowen V, Dupuis P, Noftall F. Manipulation and mobilization of the third

13.
14.

15.
16.

17.

18.
18.

20.
21.
22,
23.
24,
25.
26.
27.
28.
29.

30.

as

REFERENCES

Greenman PE. Principles of manual medicine. Baltimore, MD: Williams and Wilkins, 1989:94.

DiGiovanna EL. In DiGiovanna EL, Schlowitz S. eds. An osteopathic approach to diagnosis and treatment.
Philadeiphia: JB Lippincott, 1991:87-88.

Gatterman M!. Chiropractic management of spine related disorders. Baltimore, MD: Williams and Wilkins,
1990:49-50. :

Kirkaldy-Willis WH. In Kirkaidy-Willis WH. ed. Managing low back pain. New York: Churchill Livingstone,
1983:175.

Sandoz R. Some physical mechanisms and effects of spinal adjustments. Annals of the Swiss Chiropractors
Assoc. No 6, 1976:90-141. :
Maigne R. Orthopedic medicine: A new approach to vertebral manipulations. Springfield, Ill; Charles C
Thomas, 1972:116-118.

Comigan B, Maitland GD. Practical orthopaedic medicine. London: Butterworth and Co, 1983:258,

Schafer R, Faye LJ. Motion paipation and chiropractic technic: Principles of dynamic chiropractic.
Huntington Beach, CA: The Motion Palpation Institute, 1989:34.

Lewit K. In Korr IM. ed. The neurobiologic mechanisms in manipulative therapy. New York: Plenum Press,
1978:4.

Stoddard A. Manual of osteopathic practice. London: Hutchison and Co, 1982:81-82.

Grieve GP. Common vertebral joint problems. 2nd ed. New York: Churchill Livingstone, 1988:525-526.

metacarpophalangeal joint. J Manual Med 1988; 3:135-140.

Roston JB, Wheeler-Haines R. Cracking in the metacarpophalangeal joints. J Anat 1947; 81 (165-173.
Sandoz R. The significance of the manipulative crack and other articular noises. Annals of the Swiss
Chiropractors Assoc. No 4, 1969:47-68. '

Unsworth A, Dawson D, Wright V. Cracking joints. Ann Rheum Dis 1871; 30:348-358.

Good CJ. An analysis of diversified (lege artis) type adjustments based upon the assisted-resisted model of
intervertebral motion prestress. Chiro Teeh 1992; 4:117-123.

Cassidy JD, Thiell HW, Kirkaldy-Willis WH. Side posture manipulation for lumbar intervertebral disk
hemiation. J Manipulative Physiol Ther 1993; 16:96-103.

Grieve GP. Common vertebral joint problems. 2nd ed. New York: Churchill Livingstone, 1988:553.
Leboeuf C, Patrick KJ, Swatland J. The use of major and minor therapy forms in Australian chiropractic
practices. J Aust Chiropractors' Assoc 1987; 17:108-111.

Gitelman R, Fligg B. In Halderman S, ed. Principles and practice of chiropractic. 2nd ed. Norwalk,
Connecticut: Appleton and Lange, 1992:489.

Maigne R. Orthopedic medicine: A new approach to vertebral manipulations. Springfield, lIi: Charles C
Thomas, 1972:185. :
Armitage P, Berry G. Statistical methods in medical research. 2nd ed. Oxford, UK: Blackwell Scientific,
1987:119.

Good CJ, Mikkelsen GB. Intersegmental sagitial motion in the lower cervical spine and discogenic
spondylosis: A preliminary study. J Manipulative Physiol Ther 1992; 15:556-564.

Amevo B, Aprill C, Bogduk N. Abnormal instantaneous axes of rotation in patients with neck pain. Spine
1992; 17.748-756.

Meal GM, Scot RA. Analysis of the joint crack by simultaneous recording of sound and tension. J

-Manipulative Physiol Ther 1986; 9:188-195,

Herzog W. Biomechanical studies of spinal manipulative therapy. J Am Chiro Assoc 1991, 35:156-164.

Herzog W, Conway PJ, Kawchuk GN, Zhang Y, Hasler EM. Forces exerted during spinal manipulative
therapy. Spine 1993; 18:1208-1212.

Woods GM, West VC. A comparison of temporomandibutar joint sounds with the sounds from other joints of
the body. J Craniomandibular Prac 1986; 4:345-350.

Homewood AE. The neurodynamics of the vertebral subluxation. Ontario: Chiropractic Publishers,
1963:158.

Stoddard A. Manual of osteopathic practice. London: Hutchison and Co, 1982:36.



31.
32
33.
34.
35.

36,
37.

38,
38

40.

41.

42.

46,

47.
48.
49.
50,

51.

Menneil JMc. Back pain- diagnosis and treatment using manipulative therapy. Boston: Little Brown,
1960:24.

Schafer R, Faye LJ. Motion palpation and chiropractic technic: Principles of dynamic chiropractic.
Huntington Beach, CA: The Motion Palpation Institute, 1989:XIX.

DiGiovanna EL. In DiGiovanna EL, Schlowitz S. eds. An osteopathic approach to diagnosis and treatment.
Philadelphia: JB Lippincott, 1991:6-7.

Triano JJ. In Halderman'S , ed. Principles and practice of chiropractic. 2nd ed. Norwalk, Connecticut:
Appleton and Lange, 1992:250.

Halderman S. Spinal manipulation therapy: Astatus report. In clinical orthopaedics and related research.
Philadelphia: JB Lippincott, 1983; iv:116-124. ’

Cormrigan B, Maitland GD. Practical orthopaedic medicine. London: Butterworth and Co, 1883:29.
Bourdillon JF, Day EA. Spinal manipulation. 4th ed. Norwalk, Connecticut: Appleton and Lange, 1987:92-
93.

Stoddard A. Manual of osteopathic practice. London: Hutchison and Co, 1982:38.

Fisk JW. A practical guide to management of the painful neck and back: Diagnosis, manipulation, exercise,
prevention. Springfieid, tll: Charles C Thomas, 1977:141.

Mennell JMc. Back pain- diagnosis and treatment using manipulative therapy. Boston: Little Brown,
1960:112.

Cassidy JB, Kirkaldy-Willis WH, McGregor M. Spinal manipulation for the treatment of chronic low-back
and leg pain: An observational study. In: Buerger AA, Greenman PE, eds. Empirical approaches to the
validation of spinal manipulation. Springfield, lll: Charles C Thomas, 1885:119-148.

Maigne R. Orthopedic medicine: A new approach to vertebral manipulations. Springfield, ll: Charles C
Thomas, 1972:336. .

. Emer B. In DiGiovanna EL, Schlowitz S. eds. An osteopathic approach to diagnosis and treatment.

Philadelphia; JB Lippincott, 1991:118.

. Bourdillon JF, Day EA. Spinal manipulation. 4th ed. Norwalk, Connecticut: Appleton and Lange, 1987:173-

174.

. Cassidy JD, Quon JA, Lafrance LJ, Yong-Hing K. The effect of manipulation on pain and range of motion in

the cervical spine : A pilot study. J Manipulative Physiol Ther 1992; 15:485-500.

Nansel D, Peneff A, Quitoriano J. The effectiveness of upper versus lower cervical adjustments with respect
to the amelioration of passive rotational versus lateral-flexion end-range asymmetries in otherwise
asymptomatic subjects. J Manipulative Physiol Ther 1992; 15:98-105.

Corrigan B, Maitland GD. Practical orthopaedic medicine. London: Butterworth and Co, 1883:374.

Crisp EJ. In Licht S ed. Massage, manipulation and traction. New York: Robert E Krieger, 1978:150.
Schafer R, Faye LJ. Motion palpation and chiropractic technic: Principles of dynamic chiropractic.
Huntington Beach, CA: The Motion Palpation Institute, 1989:133-134.

Fisk JW. A practical guide to management of the painful neck and back: Diagnosis, manipulation, exercise,
prevention. Springfield, [il: Charles C Thomas, 1977:130-132.

Grieve GP. Comimon vertebral joint problems. 2nd ed. New York: Churchill Livingstone, 1988:556-557.



