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1. OVERVIEW

In coming to an analytical conclusion about the nature of a patient's possible subluxations, the
chiropractor uses many methods, including those of history-taking, inspection, palpation and
instrumentation.  Through information gained from research and personal experience, the chiropractor
generally assigns a personal value to each procedure in any particular circumstance. The intent of this
chapter  is to describe and evaluate the various instruments that are presently used by chiropractors
in the examination of their patients.

Appropriate Use of Instruments

     Instruments are all designed with various levels of sophistication and make use of
underlying assumptions.  Sapega has observed that many clinical tools available today are capable
of generating more measurements than can be meaningfully understood.  The technological explosion
in health care delivery has advanced far beyond valid clinical utility.

     The meaningful interpretation of changes in a subject's test results requires the reliability
and validity of the procedures.  The most effective means to ensure reliability is through test
standardization and close attention to the correspondence of test conditions to those of the actual
demands that the patient's lifestyle makes on his performance.  The test clearly must be relevant to
the individual's activities that have been impaired or to normative data and should be able to
discriminate healthy from unhealthy people.

Evaluating Instruments

     Several qualities are found in common for instruments that ultimately prove to be clinically
useful.  Focusing on these qualities rather than on specific named instruments simplifies the task of
evaluating instruments individually.  They include the following:

1. Validity is the most clinically important quality.  A test is valid when it accurately
measures the desired function, and when that function is pertinent to the patient's
condition.

2. Discriminability is determined by the ability to distinguish healthy from unhealthy
individuals.  In order to accomplish this, a normative date base consisting of studies
of people from both groups is required.  The relative frequency of false-positive
(i.e.,  healthy persons who test positive) and false-negative tests (i.e., unhealthy
persons who test negative) occurring for each group also helps to define a test's

discriminability.

3. Accuracy of a measure is determined by comparison to a known value.  Repeated
use of some devices and the simple effects of passing time may cause loss of
calibration which will alter accuracy.

4. Precision describes the variation of a measure across the range over which it is
intended to be used.  Both accuracy and precision can change over the possible
ranges of test applications.

5. Reliability of a measure depends both on the accuracy of the instrument and the
characteristics of the variable being measured.

For each category of instrument discussed below, knowledge of how each performs with
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respect to the above test qualities is presumed.

Patient Motivation

Test results should be interpreted in conjunction with observations of the quality of patient
performance and cooperation made while the test is being performed.  As a result, only adequately
trained ersonnel who can integrate clinically meaningful observations should perform most tests. 
Quality of patient performance, repeated measures testing and correlation of findings with other clinical
information permit an accurate evaluation of patient motivations.  Specific reasons for poor test
performance include legitimate reduced capability, misunderstood instructions, apprehension of the
test setting, fear of pain arising from the test and questions of secondary gain.

II. LIST OF SUBTOPICS

A. Spinal Kinesiopathology
1. Electrogoniometry
2. Inclinometry
3. Goniometry
4. Optically-Based Systems
5. Muscle Strength Testing

a. Manual or instruments
b. Dynamometer
c. Modular-isometric

B. Neurophysiological
1. Temperature Reading Device
2. Thermography
3. Current Perception Threshold Devices
4. Electroencephalography
5. Algometer

C. Myological
1. Tissue Compliance Measurements
2. Surface Electromyography
3. Surface Electrodiagnostic Procedures
4. Needle Electrodiagnostic Procedures
5. Electrocardiography

D.   Other Instrument Measures

1. Doppler Ultrasound
2. Plethysmography
3. Spirometry
4. Plumbline Devices
5. Bilateral Weight Scales

III. DOCUMENTATION

Perceptual Measurements

A.   Questionnaires as Instruments:
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Physical signs can be rather insensitive measure of a patient's disability.  Standardized rating
scales and questionnaires afford a simple means of appraising many aspects of patient life and health.
 Instruments commonly used in the chiropractic community assess any of the components of the
vertebral subluxation and other malpositioned articulations and structures complex, pain, activities of
daily living (ADL), somatization, depression and anxiety.  Generally, questionnaires may be divided into
two categories, self-reporting and practitioner-administered.  Self-reporting questionnaires are often
self-normalizing but suffer from reactivity which may result in an unintentional change in the patient's
response when exposed to the same questions repeatedly. Practitioner-administered questionnaires
benefit from the involvement of a trained observer whose skill can help in interpreting the patient's
response.  In administering either format, several error sources should be considered including 1)
patient motivation; 2) acquiescence to positively worded items; and 3) patient's seeking social
approval. Overall, functional questionnaires offer standardization of measurement,
comprehensiveness, and generally good reproducibility and validity.

There is no consensus on the use of a particular questionnaire for a specific clinical problem.
 For the measurement of the same clinical problem, different questionnaires may not yield
interchangeable findings.  Screening questionnaires may be used to obtain a broad patient overview
in a comprehensive and timely manner.  With the recent intensive development in the outcome
measurement field, future field standardization on use of questionnaires is to be expected.

Pressure Algometry

Pressure algometry is a comparatively new procedure which uses a pressure manometer to
estimate pain threshold from applied pressures to the myofascial structures.  Normative data shows
that pressure pain thresholds are highly symmetrical and are generally lower in females than in males.
 Reeves et al. have reported reliability coefficients ranging from 0.71 to 0.97.  Pressure pain threshold
levels are sensitive to a variety of care interventions.  Good inter-rater and test-retest reliability has
been shown.

Functional Measurements

1. Measurement of Position/Clinical Anthropometry

1. Posture
Studies in ergonomics have shown that trunk, head and joint positions adopted during
work can be used as an objective index for evaluating the intensity of physical work
stress, mental concentration of manual dexterity.  The choice of a particular position
may be the most important factor contributing to whether an attempted physical activity
is risky or safe.  Individual instruments and automated measures are available to
quantify posture or body segment position.

2. Plumbline analysis
The plumbline was one of the first tools to be used in chiropractic to analyze posture.
 The plumbline provides a visual frame of reference for the influence of the center of
gravity from each body segment, enabling the clinician to detect postural deviation,
asymmetry and suspect areas of postural stress.  Patients are observed in the anterior,
posterior and lateral stances.

4. Bilateral weight scales used to determine spinal balance and disturbed proproceptive
reflex balance mechanisms.

Measurement of Movement
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In the general course of patient care, range of motion is examined using goniometers,
inclinometers and optical based systems.  Most devices quantify the regional movement of a part
and express it as an angular displacement about some center of rotation.

1. Goniometers

The degree of peripheral joint movement can be measured throughout active or
passive ranges.  Its usefulness is greatest in the extremities, particularly the small joint
of the hands and feet.  The reference point for measurement is the long axis of the part
being measured and is determined by judgment.  Accuracy is limited to a range of 10
to 15 degrees.  Usage for spinal measurements is no longer considered acceptable
practice because of the advent of better methods.

2. Inclinometers

Inclinometers use the constant vertical direction of gravity as a reference and require
only that a side rests against the body segment surface.  Digital or analog, and
mechanical or electronic versions are available.  Greater accuracy of measurement is
available to ranges of 3 to 5 degree being possible under typical clinical conditions.
 Inclinometers are the more suitable instrument for assessing spinal function and are
capable of separating components of motion, e.g., pelvic versus lumbar.

3. Optically based systems

Aside from research applications, the most prevalent clinical use of opto-electronic
systems is in conjunction with the use of force plates for assessing gait abnormalities.
  Video-monitoring is often used in industrial practice to capture the salient features
and at least semi-quantify motions and postures at the work station.  Work related
spine injuries, carpal tunnel syndrome and other cumulative trauma disorders are
frequent areas of concern where these methods are used.  The primary parameters
of importance are joint angle, angular velocity and angular acceleration.  Coupled with
appropriate software and external load measurements, joint loads and patterns of
behavior can provide information on relative risk of work related tasks.

2. Measurement of Strength

The term strength denotes the capacity for active development of muscle tension and through
the resulting muscle force generates joint torque.  Computerized muscle dynamometer systems
quantify more variables than the average physician can properly interpret.  In the case of
employment-related tests, the evaluation must closely simulate critical job tasks.

The emphasis on computerized muscle-dynamometry systems (isometric, isokinetic, isotonic
and isoinertial) has overshadowed earlier isometric and psychophysical testing methods.  No single
method of strength evaluation is decidedly superior or more valid for measuring muscular strength.
 Each method also has a number of advantages and disadvantages.  For valid interpretation of test
results, the unique characteristics of each must be kept in mind.  It has yet to be shown conclusively
that testing can clearly predict that a patient can return to a certain activity level and will have less risk
of re-injury under actual functional conditions.  Only continued research and development of broader
normative data bases than are now available will finally test the underlying assumptions currently used
in these clinical applications.
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1. Manual hand-held strength testing

Manual muscle strength testing provides only a rough approximation of capability and
its use is limited.  Accuracy in manual assessment requires differences in strength of
35% or more.  Hand-held dynamometers, while not eliminating all the problems of
manual testing, provide greater degrees of accuracy and reliability.

3. Instrumented strength measurement testing
   

Patient assessment naturally falls into three categories:  1) preventive evaluation (as
in employee job-matching); 2) post-injury evaluation; and 3) outcome monitoring
following care. Significant clinical information can be obtained toward these objectives,
but careless interpretation of test data can result in inappropriate clinical decisions.
 Acute disorders are a contraindication to strength test protocols.  The average
discrepancy between symmetrical muscle groups for healthy populations has been
reported as much as 12%.  When evaluating an individual's performance, differences
of 20% or more may be needed to discriminate abnormalities.

a. Isometric testing

There are several technical concerns in the performance of isometric tests:  1) the
inertial effects at the onset of the test; 2) patient fatigue; 3) patient posture; and 4)
patient motivation.  The objective of the test is to identify and record the maximum
voluntary contraction force that can be sustained.  At this time, the tasks that can be
adequately represented with isometric tests are sagittally symmetric.  Up to 70% of
work postures can be approximated symmetrically.  Normative data for occupational
classifications of lifting activities as well as for reciprocal trunk strength ratios are
available.  Normative data is used to evaluate extremity strength for post-injury
assessment or seasonal sports fitness.  Bilateral differences greater than 15-20%
indicate abnormality.

The patient's motivation to supply a maximum effort can be assessed by repeated
measurement and acceptable maximum effort protocols.  Quantitative knowledge of the
patient's posture during the performance of the strength task is critical to any effort to
relate the test result to joint loads or NIOSH standards.

b. Isokinetic testing

The primary measurement obtained is the torque generated which is only valid during
the controlled part of the motion.  The maximum voluntary effort will coincide with the
greatest mechanical advantage of the joint for the motion that is being attempted. 
There are two technical concerns with isokinetic measurements.  They are:  1)
gravitational effects; and 2) torque overshoot.  Both may be corrected through
computerized correction routines and damper setting.  Standard isokinetic
measurements are commonly taken at increments of 30 degrees per second using 2-6
repetitions with the maximum single torque value used as the measure of performance.
 As with isometric evaluation, the normal extensor/flexer trunk ratio falls when
impairment is present.  Kannus, Nuan and Mayhew feel the side-to-side comparison
of extremity testing has some importance.

c. Isoinertial testing

While no testing method yet devised allows an assessment of free dynamic motion
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such as would occur at a work site or in sports, isoinertial equipment may come closer
than others. Several authors have examined the ability to predict performance by
controlling torque during movement.  Isoinertial systems can be made capable of
monitoring position, velocity and torque simultaneously.  Measures of regional coupled
motions appear to hold promise in discriminating fatigue effects from healthy
movement.  Likewise, velocity measurements appear to be sensitive to lumbar spine
disorders.  Normative data is available for a number of occupational subgroups,
including sedentary workers.

THERMOGRAPHY

Since the introduction of the neurocalometer by Zvins in 1924, skin temperature measurements
have played a significant role in the clinical practice of chiropractic.  In the 1960s, thermographic
imaging was being used by investigators to evaluate spinal lesions.  Sensory nerve irritation is believed
to produce reflex vasoconstriction of the arterioles, of the skin, altering  thermographic patterns. 
Urrichio described thermography as a physiological test that aids primarily in the diagnosis of sensory
nerve irritation.  He stated that when a sensory nerve is irritated, the sympathetic nerve associated with
it causes vasoconstriction of the capillaries under the skin.

Early thermographic research in spinal disorders resulted in equivocal findings.  Karpmen et
al noted that "Traumatic back injuries were readily evaluated thermographically," and reported that "No
patient ... had a normal thermogram in association with an abnormal x-ray film."

Standardized protocols and computer assisted analysis have dramatically improved the
diagnostic sensitivity of thermography in neuromuscular disorders.  Uematsu et al developed a
computer-calculated method of collecting thermographic data.  They compiled normative data on 90
asymptomatic patients.  Readings were obtained from 40 matched regions of the body surface. They
then examined thermal asymmetries in 144 patients with low back pain.  When asymmetries exceeded
more than one standard deviation from the mean temperature of homologous regions in control
subjects, the positive predictive value in detecting nerve root impingement was 94.7%. The specificity,
or proportion of persons without the condition who have a negative test result, was 87.5%.  Chafetz
et al compared thermographic examination with CT of the lumbar spine. Fifteen asymptomatic subjects
and 19 patients with CT scans demonstrating thecal sac contour distortion or nerve root displacement
were examined.  All 19 patients with positive CT scans had abnormal thermograms, a sensitivity of
100%.  The specificity, however, was 60%.

Several other investigators have compared thermographic finding with those of other
diagnostic modalities.  Weinstein and Weinstein compared cervical thermography with EMG, CT,
myelography, and surgical exploration.  500 patients with neck or upper extremity complaints were
studied. 197 (39.4%) were found to be positive for root pathology.  Of these, 190 (96.4%) were
ultimately confirmed by EMO, CT, myelography, and/or surgery.

Hubbard conducted a study of 85 thermographic examinations.  A high correlation was
reported (94%) between pain distribution patterns and cervical and lumbar thermograms. The
thermographic results were well correlated with EMO, myelography and CT studies. 52 control
thermographic studies were performed on young asymptomatic patients, and 90% were reported as
"normal."

At least two state Appellate Court decisions have found that evidence relating to liquid crystal
thermography results are admissible as evidence to demonstrate injury resulting from automobile
accidents.  See Fay v. Mincey, 454 So.2d 587 (Fla. 2nd DCA 1984); Crawford v. Shivashankar, 474
So.2d 873 (Fla. 1st DCA 1985).
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To strengthen  the value of thermography as a diagnostic tool in the evaluation of soft tissue
lesions, there are procedural elements that must be effectively addressed:

1. Strict protocols must be followed to minimize artifacts.
2. Interpretation requires a high level of training and experience.
3. The examination is relatively time consuming.
4. The use of thermographic imaging to evaluate motor nerve involvement is not

supported in the literature.

The principal application for thermography in the evaluation of soft tissue lesions appears to
be in demonstrating and characterizing sensory nerve involvement.

Body heat loss to the environment takes place passively by convection, conduction and
radiation.  Regional body temperature is governed by the interaction of central autonomic control
mechanisms and multi-segmental spinal vasomotor reflexes.  Regional variations of sympathetic
thermoregulation produce a complex pattern of temperature distribution including cephalocaudal,
diurnal and circadian patterns.  Accurate measure requires accommodation of the skin to room
temperature, which should be kept at between 33.5 to 34 C.  For reproducible measures, the patient
needs to establish constant patterns of work and rest and follow-up testing should be performed at the
same time of day.  Measurements of skin temperature and the amount of heat radiated from
anatomically symmetrical regions yields useful information about the relative circulatory volume to each
part.  Areas of increased cutaneous temperature have been ascribed to vasodilation occurring during
a migraine headache, inflammation or muscle spasm.  Decreased cutaneous temperature may reflect
vasoconstriction, vascular obstruction, fibrous and fatty replacement.  An abundance of literature is
available documenting employment of thermography as a screening tool; e.g., detection of deep vein
thrombosis, identification of allergic reaction, qualification of vascular phenomena, and the
identification of pain.

1. Thermocouple devices

Several thermocouple devices have been marketed to be used for the determination
of local paraspinal temperature variations.  Patterns of heat along the spinal column
and their changes following spinal adjustments, provide useful data in some
chiropractic techniques.

2. Telethermography

Measurement of skin temperature differences across the torso, head and extremities
as a means of evaluating functional changes from somatic lesions.  Various forms of
"gold standard" comparison have been used including surgical confirmation of disc
herniation and percentage agreement of statistical correlation with other more widely
accepted diagnostic procedures.  Normative data are available; for example, see
Chang et al., 1985, Feldman and Nickolff 1984, Goodman et al., 1986, and Uematsu
et al., 1988. A number of efforts to evaluate diagnostic truth from telethermographic
measures have been made. The results of comparative studies of thermography and
other diagnostic procedures for nerve root entrapments are quite varied.  Where some
studies claim that thermography has little diagnostic and uncertain prognostic value in
the evaluation of low back pain and radiculopathy, others praise its sensitivity and
positive predictive value.  Thermographic images have been used in the diagnosis of
myofascial pain syndromes and their respective pain referral zones.  Perhaps the
strongest evidence for use of telethermography is for cases of suspected
neurodystrophy.  There has been a high correlation between the thermographically
defined referral zones and those as described in the literature.  Additional zones, not
previously identified, have also been recognized.
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GALVANIC SKIN RESPONSE (GSR)

Devices to detect differences in paraspinal regional electrical skin resistance have been
employed by the chiropractic profession for many decades.  Loci of lowered skin resistance were
thought to be related to areas of cutaneous hyper of hyposympathetic activity.

ELECTROPHYSIOLOGIC RECORDINGS

Numerous variables affect all electrophysiologic recordings:  1) the size and location of the
recording electrode; 2) the configuration of the electrode position relative to the structure being
recorded; 3) characteristic resistance of the tissues; 4) the pathophysiology of the patient's problem
and 5) artifacts.

1. Electrodiagnosis

Several specialized procedures are available to evaluate select neuromuscular functions. 
These include measures of myoelectric activity during muscular loading, fatigue studies,
conduction velocity tests, H-wave and F-wave responses, and evoked potentials.  Generally
these studies can be simply grouped as either 1) stimulation studies; or 2) electromyography
(EMG).  The clinical procedures are sometimes divided according to whether needle or surface
electrodes are used.  The International Chiropractors Association does not support the use
of needle electrodes in chiropractic practice because of the invasive nature of the procedure.

Surface electrode studies may be used in many cases, but are traditionally applied to the
examination of nerve conduction velocities, reflex studies and kinesiological evaluations.  In
kinesiological applications, up to 16% of the surface recordings from the upper leg muscles,
for example, is from co-contraction activity.  Surface electrodes may be used with repetitive
stimulation to examine suspected myoneural junction disorders.  Somatosensory evoked
potential (SEP) are performed with surface electrodes.  SEP serve to discern between
peripheral and cord (dorsal column) lesion sites.  Needle electrode studies are classically
termed electromyography.  This technique may be used in all varieties of electrodiagnostic
studies, but it is required to detect denervation, myoneural junction disorders, cerebellar and
brainstem tremors, anterior cord disease and motor unit potentials.

2. Nerve stimulation studies

Nerve stimulation studies can be performed using either surface or needle electrodes.
 Basic information may be gained about the neuromuscular peripheral sensory and
motor components using conduction velocity and reflex responses of the nerve (i.e.,
H-reflex and F-waves).  Practically, this information may be used to evaluate the nerve
trunk integrity as well as significant compression, or temporal dispersion from
entrapment of utabolic neuropathy.  Both sensory and motor studies permit analysis
of wave form, amplitude and duration of the impulse.  Nerve compression from lumbar
root lesions can be quantified.  While nerve conduction velocity is a poor index for
radicular syndromes, F-waves and H-reflexes are more useful.  Similar use can be
made for study of complaints from the upper extremity.  Sensitivity and specificity for
each of the following electrodiagnostic procedures are well studied.  Sequencing of
tests often increases the diagnostic yield.  Timing of tests performed with respect to the
onset of symptoms is important since their appearance and disappearance can be
temporally dependent.
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Evoked, transforaminal responses (surface or needle): Peripheral motor nerve fibers
of major nerve trunks from the extremities may be evaluated by use of the F-wave of
Maglodery.  Adequate assessment requires a sequence of supramaximal stimuli with
measure of several response latencies.  These signals may be absent in diseases of
compression affecting the anterior horn or peripheral nerve.

For lesions involving the peripheral motor or sensory fibers from L5/S1 or SI/S2, the Hoffman
reflex may be used.  A series of progressively increasing sub-threshold to supra-threshold stimuli are
used to evaluate sensory and motor fiber responses.

Nerve conduction studies (surface or needle NCV): Motor nerves can be evaluated for site and
severity of lesions from mechanical or pathological causes.  Stimulation of major nerve trunks at a
series of sites along their path can locate the region affected.  Characteristic wave form and relative
conduction velocity changes may also be important to differentiate between causes of nerve damage.
 Sensory nerve conduction is studied in a similar fashion.

Somatosensory evoked potentials (Surface or Needle SSEP):  Similar to conduction velocities,
these procedures stimulate the peripheral nerve either at accessible nerve trunks or by dermatomal
sensory nerve endings.  Responses may be monitored along the nerve pathway traversing the IVF,
spinal cord, brainstem and cortex.

3. Electromyography

Kinesiologic studies:  A surface measurement that monitors myoelectric volitional
responses can be used to examine superficial layer muscle recruitment and fatigue.
When calibrated against known exertional efforts, biomechanical estimates of muscle
tensions for simple isometric tasks can be made.  Clinical applications to the evaluation
of spine related disorders has been proposed under the heading of surface paraspinal
scanning EMG using either poststyle or adhesive tape-on electrodes.

SURFACE VS. NEEDLE TECHNIQUES

Electromyography is the technique of recording electrical potentials associated with muscular
activity.  Electrodes may be inserted in the muscle being monitored, or surface electrodes may be
placed on the skin overlying the muscles being studied.  Both techniques have been used in the
examination of paraspinal and peripheral muscles.  Needle techniques are frequently used to evaluate
abnormalities in peripheral muscle activity.  Such abnormalities may be due to spinal disease, nerve
root involvement, peripheral nerve entrapment, or disease of the muscle itself.  In contrast, surface
techniques are most commonly employed in kinesiological studies, biofeedback applications, and
chiropractic analysis.   The following table summarizes the features of each technique:

SURFACE ELECTRODES

Record composite potentials of muscles working together.

Non-invasive; painless.

Easy to duplicate protocols for longitudinal studies.

Some high frequency loss.

No insertion potentials.
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Very good test-retest reliability.

In summary, needle techniques are appropriate for the evaluation of specific muscles, while
surface electrodes are appropriate for kinesiological studies of the "global" function of groups of
muscles. 

Cobb et al reported that pain was more likely to demonstrate change in surface electrode EMG
activity than needle EMG potentials.  They concluded that "...muscle spasm (even when mild) is
accompanied by muscular hyperactivity which can be evaluated by suitable electromyographic
techniques.  Our data suggest that surface electrodes allow better sampling than Teflon coated
needles..." and that "...integration procedures allow better quantification than does the visual
evaluation of an EMG..."  Komi and Buskirk compared the test-retest reliability of needle vs. surface
electrode electromyographic measurements.  The average test -retest reliability for surface electrodes
was 0.88, compared to 0.62 for inserted electrodes.  Spector conducted a study of the reliability of
surface electrode paraspinal electromyography.  Results of the study yielded correlation coefficients
ranging between 0.73 and 0.97.  Thompson et al of the Mayo Clinic found EMG scanning correlates
highly with attached electrode technique.  Surface techniques, therefore, appear superior to inserted
electrode methods for longitudinal studies where case progress and care response are being
evaluated.

NORMATIVE DATA

Cram has published normative data for paraspinal EMG potentials in pain and non-pain
populations.  His protocol was limited to scanning five sites.  These sites were the cervical paraspinals,
T-1, T-6, T-10, and L-3.  In addition to calculating the mean, criteria for mild, moderate, and radical
elevations are offered.  The cutoff for mild elevation is the first standard deviation.  For a moderate
elevation, it is the second standard deviation.  For a radical elevation, it is the third standard deviation.
 Test-retest reliability was also reported by Cram. The median for the correlation coefficients of EMG
scans was .83.

In an effort to more specifically characterize paraspinal activity (Kent) developed a protocol for
scanning 15 paraspinal sites.  These include C-l, C-3, C-5, C-7, T-1, T-2, T-4, T-6, T-8, T-10, T-12,
L-1, L-3, L-5, S-1.  This protocol scans every other segmental level, plus the transitional areas of the
spine.

Kent collected normative data using this protocol.  A ProScan 2000 two channel EMO scanner
was employed.  This equipment has an input impedence of 1,000,000 megohms, and noise rejection
exceeding 180 db.  A bandwidth of 100-200 HZ. was employed.  The preamplifier is mounted in the
electrode assembly, eliminating the noise which may be induced in cables when the preamplifier is
separate from the electrode assembly.  The two channel system permits simultaneous recording of
potentials on both sides of the spine.

Each electrode/preamplifier assembly has three silver/silver chloride electrodes in a triangular
configuration.  Two are active electrodes, and one is a ground reference electrode.  By maintaining
a constant distance between active and ground reference electrodes, artifacts caused by inconsistent
electrode placement are minimized.  During data collection, an electrode assembly applied to each side
of the spine, approximately 1 cm lateral to levels scanned except C-1.   At the C-l level, an electrode
assembly is placed over each atlas transverse process, inferior to the mastoid process.

52 student volunteers at Palmer College of Chiropractic-West met the criteria for participation
and were scanned.  Prospective subjects were required to complete a questionnaire concerning back
or neck pain which they had experienced.  The prospective subjects were not advised of the criteria
for selection when presented with the questionnaire.  To be included in the normative population, a
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subject had to be free of any back or neck pain of greater than 48 hours duration for a period of at
least one year.  The subjects selected ranged from 21-42 years of age.  The mean age was 26.6
years. 33 subjects were males and 19 subjects were females.

The mean and standard deviation of the potentials at each site were calculated.  Proprietary
software incorporated into the ProScan 2000 EMG scanner compares the readings of a patient being
examined with the normative data.  This information can be incorporated into a printed report, and/or
stored on a hard disk.  In the analysis of paraspinal EMG potentials, two parameters are considered:
 amplitude (signal intensity) and symmetry (comparison of the left side to the right).

PAIN AND PARASPINAL EMG ACTIVITY

The relationship between altered paraspinal EMG potentials and pain has been explored by
several investigators.  Price et al reported that abnormal patterns of EMG activity were associated with
areas of pain and tenderness in the back.  It was suggested that these changes may have resulted
from attempts by the patient to relieve pain by altering position.

Muscle tension backache is thought to be due to a "vicious cycle" of pain producing spasm,
and spasm producing pain.  Calliet states that increased involuntary muscle activity is an etiologic
factor in chronic pain.  Price et al suggested that splinting and tensing of muscles causes diminished
blood flow resulting in ischemic pain.  Muscle spasm appears to be a "common denominator" in a
variety of myogenic pain syndromes including fibrositis, myalgis, and myofascial pain syndrome. 
Muscle spasm is accompanied by elevated EMG levels.

Although elevated potentials associated with spasm may be seen in patients with back pain,
other investigators have found that symmetry of EMG potentials may also be clinically significant.  Wolf
et al reported that low back pain may result in low or asymmetrical EMG potentials, as well as elevated
readings.  Triano and Luttges described four types of EMG patterns considering both amplitude and
symmetry.  Kent and Hyde described low amplitude symmetrical readings and high amplitude
asymmetrical readings in patients presenting for chiropractic care.

EMG CHANGES FOLLOWING ADJUSTMENT OR MANIPULATION

Ellestad et al studied the effect of manipulation on surface electrode electromyographic
potentials in patients with low back pain and pain free controls.  20 subjects with low back pain of at
least 2 weeks but no longer than six months duration were examined.  The pain was localized in the
erector spinae musculature between L-2 and S-1.  20 controls who denied any low back symptoms
within the six months preceding the study were also examined.

Active EMG electrodes were placed 2 cm lateral to the spinous processes of L-3 and L-5.  One
electrode was placed on side of the spinous process of each level.  A ground electrode was also
applied to each patient.  EMG recordings were made with each subject standing, prone, and in active
lumbar extension.

High velocity low amplitude techniques were applied to 10 pain patients and 10 pain free
subjects.  The remaining 20 patients and controls received no care.  The paraspinal EMG activity of
those individuals receiving manipulation was significantly reduced. Further, the reduction in EMG
potentials were noted as well in the pain free group, albeit to a lesser degree.  No significant changes
in paraspinal EMG activity were observed in the non-treatment groups.

Shambaugh conducted a pilot study where surface electrodes were used to measure
paraspinal EMG activity before and after chiropractic adjustment. Shambaugh concluded, "Results of
this study show that significant changes in muscle electrical activity occur as a consequence of
adjusting."  
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PARASPINAL EMG SCANNING AND VERTEBRAL SUBLUXATION

Paraspinal EMG scanning may be useful in documenting the muscular dysfunction of the
vertebral subluxation complex and monitoring the muscular responses of a patient to a course of
chiropractic care.  Traditional chiropractic philosophy defines the vertebral subluxation in terms of four
criteria:

1. Loss of juxtaposition of a vertebra with the one above, the one below, or both
2. Occlusion of an opening
3. Impingement of nerve
4. Interference with the transmission of mental impulses.

A contemporary definition of the vertebral subluxation complex proposes at least five
components:

1. Spinal Kinesiopathology
2. Neuropathology
3. Myopathology
4. Histopathology
5. Bio-chemical Changes/Pathology

Both definitions incorporate biomechanical and pathophysiological manifestations.

A number of procedures have been utilized in chiropractic practice to detect and evaluate
vertebral subluxations:

A. To detect biomechanical changes

1. Postural analysis
2. Static palpation
3. Motion palpation
4. Static radiograph
5. Functional radiograph
6. Computed tomography
7. Magnetic resonance imaging

B. To detect neurophysiological changes

1. Orthopedic examination
2. Neurological examination

a. Reflexes
b. Muscle strength tests
c. Dermatome examination
d. Functional leg checks

3. Thermography
4. Electromyography.

The reliability of these procedures vary greatly.  Some techniques, while potentially valuable
to individual practitioners do not exhibit acceptable levels of test-retest reliability.  The reliability of
others may depend on the skill of the examiner and the protocols employed.

For decades, chiropractors were taught to explore the paravertebral muscles for "taut and
tender" fibres surrounding areas of vertebral subluxation.  Useful as such techniques may be in clinical
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practice, they are subject to charges of subjectivity.  It has been proposed that surface electrode EMG
scanning may be used to monitor patient progress under chiropractic care, to determine the severity
of myospasm, and to quantify muscular activity.

INDICATIONS

Gentempo and Kent published specific indications for paraspinal EMG scanning in chiropractic
practice.  The test is indicated if any three of the following are present:

1. Palpable paraspinal muscle spasm.

2. Palpable asymmetry of the paraspinal muscles.

3. Asymmetrical range(s) of motion.

4. Paraspinal muscle tenderness (pain on pressure).

5. Paraspinal pain reported by patient.

6. History of trauma to the spine.

7. Diagnosis of nerve root irritation evidenced by abnormal neurological examination
findings.

8. Clinical presentation of an antalgic gait or lean.

9. Diminished or asymmetrical paraspinal muscle strength demonstrated by manual or
electronic muscle testing.

10. Thermographic evidence of paraspinal muscle dysfunction.

CONCLUSION

Surface electrode paraspinal EMG scanning is an accepted clinical tool to evaluate the
changes in paraspinal muscle activity frequently encountered in chiropractic.  It is a means of
quantifying palpation findings, and as a tool in single patient time series case studies.  Longitudinal
studies to determine patient response to chiropractic care represent another potential area for clinical
research.  Further, paraspinal EMG scanning appears useful in detecting areas of muscle spasm.  Like
any diagnostic tool, paraspinal EMG scan data must be correlated with other clinical findings, and
cannot be relied upon as the sole basis for a chiropractic diagnosis.

OTHER INSTRUMENT MEASURES

Several other types of examining instruments are in use within the chiropractic profession.  As
none of these are widespread, only the fundamentals of their use will be described.

1. Non-invasive vascular measures

Both plethysmography and doppler ultrasonic measures allow objective evaluation of
vascular disorders by quantifying segmental limb blood pressures, velocities or pulse
wave forms.

Doppler ultrasound:
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Doppler ultrasound is the most simple and versatile method available for screening
examinations of suspected vascular disease of the peripheral vessels; however, doppler spectral
analysis (Duplex scanning) is more accurate for cerebrovascular and visceral arterial disease.

For lower extremity claudication, doppler will identify significant occlusive arterial disease with
a high degree of reproducibility.  Special procedures of value include the ankle/arm index and lower
extremity, multi-segmental pressure analysis.  The latter examines for a pressure gradient greater than
3 mm Hg across appropriate intervals (200).  Hemodynamic deficit may be further evaluated using
hyperemia procedures.

IV. RECOMMENDATIONS

All recommendations are made based upon the assumption that the operator/examiner is
appropriately trained, versed in the technical issues affecting the qualities of safety, validity, 
discriminability, accuracy, precision and reliability of the measures.  Standardized test protocols and
periodic instrument calibration is important to ensure clinical utility of the information.  Interpretation
should be made by the attending clinician in all cases.

Perceptual Measurements

A. Questionnaires as Instruments

Questionnaire instruments are safe and effective.  Several instruments have been fully
validated, are widely used and well established.  Their use is supported by both Class I
(modified to the discipline of measurement) and Class II evidence.

16.1.1 Rating:  Established
Strength Level Type A.

B. Screening Questionnaire

Their use is safe and effective, supported by Class II and III evidence.

16.2.1 Rating:  Established
Strength Type C.

C. Algometer (pain pressure threshold)

Manually applying pressure into the spinal and paraspinal tissues to produce tenderness in
support of vertebral subluxation and other malpositioned articulations and structures analysis
has been used nearly since the chiropractic profession began.  A Pressure Pain Threshold
meter yields a measurement when the recipient feels a change from pressure to tenderness
as it produces mechanical irritation of the deep somatic structures.  Fisher has shown that
pressure pain thresholds are highly symmetrical.  Reliability coefficients were shown to be 0.71
to 0.97 by Reeves et al.  It has been shown to be very useful in measuring change in
paraspinal tissue tenderness following spinal adjustments.

16.3.1. Rating:  Established
Evidence: E, L, C

FUNCTIONAL MEASUREMENTS:  SPINAL KINESIOPATHOLOGY

A. Measurement of position/Clinical Anthropometric (Posture)
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1. Electrogoniometry (e.g., Metrecom)

The electrogoniometer (EGM) - EGM is a computerinterfaced, electromechanical
device which quantifies the location of points in three dimensional space and then
calculates various numerical descriptors of postural alignment.  The EGM has been
found to be reliable and valid in measuring lines in inanimate objects and found to be
more reliable than the manual goniometer for measuring joint range-of-motion.  The
EGM has been found to be accurate and reliable in determining leg lengths.  Adams
et al found that the intra and inter-examiner reliability of the EGM for plumb line
postural analysis was very high for specific and general postural measurements. 
Wagnon reports that the instrument is reliable for measuring skeletal-muscular
parameters, subject only to the skill of the operator in locating anatomical landmarks.

16.4.1 Rating:  Established
Evidence: E, L, C

2. Inclinometry

An inclinometer is a hand-held device that uses the constant vertical component of
gravity as a reference and yields a measure of motion when held against the area
being motion tested.  Accuracy has been shown to be within 3 to 5 degrees.

16.4.2. Rating: Established
Evidence: E, L, C

3. Goniometry

A goniometer is a large protractor that may be held in the proximity of the area being
motion tested to provide a means by which to determine degrees of motion.  A 10-15
degree of accuracy is common.  Due to its lack of accuracy and reliability, the
Goniometer has been largely replaced by the Inclinometer.

16.4.3. Rating:  Established
Evidence: E, L, C

4. Optically Based Systems

Optically based systems are established for evaluating specific gait abnormalities or risky
positions related to work tasks.  They are safe and effective when evaluated by specially
trained personnel and are supported by Class II evidence.

16.4.4. Rating:   Established
Strength Type B

B. Muscle strength testing

Many chiropractic techniques utilize manual muscle testing for evaluation of vertebral
subluxation.  These techniques typically use manual muscle testing for the purpose of vertebral
subluxation and other malpositioned articulations and structures analysis and are typically
limited to gross bilateral differences in patient resistance or a virtually total lack of resistance
that is easily detectable by the experienced practitioner. Manual and mechanized muscle
testing may also be used to demonstrate subtle changes in muscle strength as a result of
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nerve function.

1. Manual - Manual evaluation of muscle strength gives only an approximation of
capability.  One reference indicates that a difference of 35% in muscle strength must
exist to be detected by manual testing.

16.5.1. Rating: Estabished
Evidence: E, L

2. Hand-held (Dynamometer) - The dynamometer is a hand-held device which produces
greater reliability and accuracy than manual testing.

6.5.2. Rating: Estabished
Evidence: E, L

3. Modular - Isometric (e.g., Dynatron 2000, myo-logic), Isokinetic, Isoinertial. 

16.5.3. Rating: Established
Evidence: E, L

Physiologic and Electrophysiologic Measurements

A Temperature reading devices

Highly significant temperature changes have been noted in spinal and paraspinal tissues
following a chiropractic adjustment.  Hand-held thermographic devices "have been evaluated and
shown to have moderate to excellent inter-examiner reliability over short time durations."

Early chiropractic investigators recognized three basic physiological concepts that underlie the
value of cutaneous thermography:

§ the body is segmented into "dermatomes";
§ side-to-side skin temperatures are generally symmetrical unless dysfunction exists; and
§ any anomalous deviation from a gradually increasing paraspinal skin temperature from S-2 to C-1

may be indicative of the vertebral subluxation and other malpositioned articulations and structures
or other dysfunction.

1. Thermocouple:  The use of thermocouple instrumentation  in chiropractic practice  is
well established.

2. 
a. Single-channel (e.g., chirometer)

b. Dual-channel (e.g., Neurocalograph (NCGH), Thermoscribe, Analograph)

The dual probe devices give a bilateral comparative temperature reading of the
paraspinal tissues.  However, the instrument requires skin contact.

16.6.1. Rating: Established
Evidence: E, L

2. Infrared Thermography
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Infrared instruments detect and record changes in temperature rapidly and require no
skin contact,  and are relevant to chiropractic practice.

1. Single-channel (dermathermagraph) double -channel (e.g., Accolade, Tytron
C-2000, VT 2000)

16.6.2. Rating:   Established
Evidence: E, L

B. Multi(channel (e.g., Visitherm II)

16.7.1 Rating: Established
Evidence: E, L

C. Cryogenic-cooled detector thermal imaging cameras (Inframetrics, Agema, Mikron)

"A thermogram provides a graphic representation of neural fiber irritation by demonstrating a
change in the thermal regions, innervated by that particular nerve."

16.8.1 Rating: Established
Evidence: E, L

D. Current Perception Threshold Devices (e.g., neurometer)

The current perception threshold device is a variable constant current sine wave stimulator
proposed as a simple non-invasive and quantitative measure of peripheral nerve function.  The
neurometer has been shown to be appropriate for rapid screening for neural dysfunction.

16.9.1 Rating: Established
Evidence: E, L

E. Electroencephalography (EEG)

Standard EEG and computerized EEG, also known as brain mapping, have been shown to be
useful in chiropractic patient management and document the effectiveness of chiropractic care..

16.10.1. Rating: Established
Evidence: E, L

F. Tissue compliance measurements

The tissue compliance instruments measure soft tissue consistency or compliance.  Caution
should be used in interpreting pre- and post-adjustment readings based on information which has
shown that 26% of readings taken ten minutes following initial testing were significantly different without
any intervention.  A bilateral difference of greater than 2mm at 2 kg is significant and suggests
pathological asymmetry.

16.11.1. Rating: Established
Evidence: E, L

2. Surface electromyography (EMG) is the technique of collecting and recording the
electrical activity of the muscles.
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Surface EMG, also known as "scanning" or "kinesiologic" EMG, employs a
self-contained, hand-held electrode assembly connected to a computerized system that
measures electrical potentials associated with the muscle in question.  Electrodes are
placed over the muscle in question.  It enables scanning of paraspinal muscles over
several vertebral levels.  Very good test-retest reliability has been shown due to ease
of duplicating protocols for longitudinal studies.  Protocols and normative data for
paraspinal EMG scanning in the chiropractic practice have been suggested by Kent
& Gentempo. The same authors have found that Surface EMG potentials are
substantially higher in children than in adults.  Gentempo reported that
"electromyographic findings were consistent with the clinical and radiographic
manifestations of subluxation and myospasm."  Significant changes in surface EMG
potentials have been shown after a chiropractic adjustment.

16.11.2 Rating: Established
Evidence: E, L, C

H. Surface Electrodiagnostic procedures (NCV, F-Wave, H-Reflex, SSEP)

Surface electrodiagnostic procedures (NCV, F-wave, H-reflex, SSEP) are established
procedures effective for examination of peripheral nerve disorders and are supported by Class I and
Class II evidence.  Somatosensory evoked potentials are established for limited applications to
peripheral nerve disorders and lesions affecting the long sensory tracks of the spinal cord.

16.12.1. Rating: Established
Strength Type A

I. Other Instrument Measures

1. Spirometry

Pulmonary function testing is established as a method to assess effect of severe
scoliosis and the differential diagnosis of lung disease.  These uses are backed by
Class I and Class II evidence.  The procedures are safe and effective when performed
by appropriately trained personnel.

16.13.1. Rating: Established
Strength Type A

V. COMMENTS

Instrumentation has been used in chiropractic nearly since its inception in 1895.  Many
advances in the accuracy and usefulness of the instruments have taken place.  The use of
instrumentation provides a scientific basis for analysis and outcome assessment in chiropractic
practice.  Due to advances that have been made in instrumentation germane to the analysis of
vertebral subluxation the past decade, it is anticipated that the contents of this chapter will require
periodic updating.
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