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Abstract. Traditionally, the use of scintigraphic triphasic bone scans (STBS) has been the most commonly
applied test of choice for the diagnosis of complex regional pain syndrome (CRPS) in the past three decades. W hereas
earlier, literature has described the STBS as highly sensitive and specific in establishing the diagnosis of CRPS (1).
Descriptors. complex regional pain syndrome(CRPS), electromyography(EMG), infrared thermal imaging(ITI),
laser evoked potential (LEP), nerve conduction velocity (NCV), quantitative sudomotor axon reflex test (QSART),
quantitative thermal sensory evoked response test (QST), scintigraphic triphasic bone scan (STBS)
INTRODUCTION
A meta-analysis by Lee and W eeks has shown that scintigraphic triphasic bone scans (STBS) to be positive
in approximately 55% of the complex regional pain syndrome (CRPS) cases, which is quite close to a random statistical
yield(2). The research of Chelimsky et al., found this test abnormal in no more than 25% of CRPS patients(3).
As CRPS becomes more chronic, the STBS yield becomes more variable(4). In the early stages, usually the test
shows an increased flow and delayed periarticular uptake. Later, the flow normalizes but delayed views remain diffusely
intense bilaterally. This lack of lateralization may be due to bilateral spinal cord representation of neurovascular functions
in CRPS(5-7). In more chronic stages of CRPS, the flow becomes reduced and the STBS images return to normal(4).
Realizing the fact that STBS shows symmetrical uptake in chronic stages, it misleads the clinician to conclude that the
patient doesn't have CRPS. Subsequently, the patient is deprived of proper diagnosis and treatment. Malis et al., found
that STBS changes to be nonspecific even in post-sympathectomy patients(8).
In CRPS, the temporal course of the disease is in constant flux. Even stages I through IV are usually
meaningless because proper treatment and nerve blocks can reverse the stages of CRPS. As the disease becomes more
chronic, the bone scan yield becomes more labile and variable (4). In early stages, usually the test shows an increased
flow and delayed periarticular uptake. Later, the flow normalizes but the delayed views remain diffusely intense
bilaterally. In more chronic stages, the flow becomes reduced and the STBS images return to normal(4).

COM PLEX REGIONAL PAIN SYNDROM E (CRPS)
Complex Regional Pain Syndrome (CRPS) is one of the most misunderstood, over-diagnosed, under-diagnosed,
and undiagnosed diseases in medicine. The basic medical school training of the autonomic nervous system, its physiology
and its pathology, are too cursory and insufficient. The physicians approach to the diagnosis of CRPS, is the same
principal of the blind trying to define an elephant.
The neurologists usually diagnose CRPS as “carpal tunnel syndrome,” or “somatoform disorder.” The
rheumatologist has a tendency to diagnose it as “fibromyalgia.” The podiatrist as “tarsal tunnel syndrome and the
pediatricians call it “M ünchausen syndrome(9, 10).”
CRPS is a complex form of neuropathic pain associated with the four principal phenomena, which are
exclusively seen in this disease (9). If any of the four is absent, the definitive diagnosis of CRPS cannot be made. The
four principles consist of the following:
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(i). Hyperpathic, allodynic, causalgic, or deep constant pain.
(ii). Vasomotor, sudomotor, or somatomotor reaction to the pain.
(iii). Neuroinflammation: (edema, entrapment neuropathy, plexopathy, usually mistaken for thoracic outlet
syndrome), skin lesions, or interstitial cystitis(9-12).
(iv). The constant input of the neuropathic pain to the limbic system (Temporo-frontal lobes) results in insomnia,
irritability, agitation, and depression(13). The Mayo Clinic uses the first three principles(3). Adding the above-mentioned
4 th principle makes the diagnosis practically certain. Of 824 CRPS patients studied in our clinic, every patient met the
criteria(9). This method ruled out CRPS in 16% of previously over-diagnosed in other centers, and ruled in CRPS in 21%
of patients under-diagnosed in other centers(9).
DIAGNOSTIC TESTS FOR CRPS
The above diagnostic principles confirm the diagnosis of the disease. Simply knowing the existence of CRPS
in a region is not enough. The four principles do not accurately localize the area of nerve damage/dysfunction, and do
not differentiate the original source of pain from the referred pain areas. This information is essential to help the clinician
avoid causing more damage by performing surgery, or inserting a needle in the area containing already permanently
damaged neurosensory nerves. Such iatrogenic damage is apt to aggravate, and even spread the disease(14-18)in a
regional fashion. Further tests are needed to identify the areas of pathology.
Infrared thermal imaging (ITI) is useful in diagnosis and management of neuropathic pain. It provides an overall
picture of temperature changes in superficial and deep structures (27 mm) (19-21)(Figure 1).

F igure 1. A previously undiagnosed right leg arteriovenous
malformation over 27mm deep, complicated by complex regional pain
syndrome (C R PS). ITI identified the deep lesion and spared the patient
from the scheduled sympathectomy. V ascular surgery corrected the
condition.

In approximately 1/3 of CRPS patients, the complex regional pain and inflammation can spread to other
extremities(9,10,15-17). The spread through paravertebral chain of sympathetic ganglia may be vertical, horizontal,
or both(9,10,15-17). The original source of CRPS may sensitize the patient to later develop CRPS in another remote part
of the body triggered by a new albeit trivial injury(9,10,15,16,17,23). Surgical procedures such as amputation or
sympathectomy can facilitate the spread of CRPS(9,22). ITI helps confirm the phenomenon of spread, helping the
physician to treat the disease in target areas of spread (9,10,15,23).
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In CRPS, the thermal regulatory responses are abnormal in a generalized fashion(2,24,25). This fact contributes
to confusion and misunderstanding of ITI changes in CRPS. For example, spread of vasoconstriction to other extremities
maybe mistaken for other diseases such as Raynaud’s Phenomenon (26). The ITI, like any other test, cannot be expected
to show 100% diagnostic sensitivity. Even with the cold water stress ITI testing (2,24,25), it is sensitive in 93% of the
patients, specific in 89%, positive predictive value (PPV) of 90%. and negative predictive value in 94% (25). Recently,
Herrick et al., have found cold stress ITI useful to diagnose patients suffering from fracture who are at risk for
CRPS(26).
ITI provides useful clinical information when applied with proper technique. It provides diagnostic and
therapeutic information limited to diseases involving autonomic, neurovascular, and neuroinflammatory changes.
Conversely, it cannot be expected to help diagnose nerve injuries with no microvascular involvement such as somesthetic
nerve injuries. Proper teaching and understanding of thermoregulation helps the clinician to obtain indispensable
information from this test.

LABORATORY TESTS APPLIED IN THE DIAGNOSIS OF CRPS
In the early stages of CRPS, laboratory tests such as STBS or ITI show a spread of the disease from one side
to the other. Usually, such tests as magnetic resonance imaging (MRI), computed tomography (CT) scans,
electromyography (EMG), nerve conduction velocity (NCV) are not sensitive enough for the diagnosis of CRPS. The
MRI and CT scan are anatomical tests which cannot identify the areas of microscopic sensory nerve supersensitization
of C-Thermoreceptors unmyelinated nerve fibres in the wall of microvasculature (27-30).
Quantitative sudomotor axon reflex test (QSART) studies the post-ganglionic cholinergic sudomotor function
of the sympathetic system, not the thermoregulatory function (3,31). Laser evoked potential (LEP)is a sensitive test
for the study of capillary circulation (32-35). It studies a small area of the body thereby limiting its overall extent of
information. Quantitative thermal sensory evoked response test (QST) is sensitive and useful in studying the functions
of c-thermoreceptors and A-beta mechanoreceptors in CRPS (32,36,37). This test identifies the threshold of
somatic(spinothalamic)cold or heat touch sensation-versus neuropathic (sympathetic) cold or heat pain sensation.
The EM G or NCV cannot identify an autonomic nerve dysfunction(38). These tests measure the function of
large myelinated trunks of nerve fibres and nerve roots.
Realizing that CRPS type I (RSD) is due to the dysfunction of poorly myelinated or unmyelinated sensory nerve
fibres, EMG and NCV cannot be expected to show any abnormality. NCV measures the velocity and function of the
large myelinated fibres, which are not usually involved in CRPS type I(RSD). EMG and NCV cannot identify disturbance
of small sensory or autonomic nerve fibres (38). Diagnosing CRPS with the help of EMG and NCV is similar to
diagnosing a viral infection with a standard-rather than an electron microscope. The NCV usually yields either normal
or confusing borderline delay of distal latency in CRPS (probably due too long standing vasoconstriction in the region).
Multiple EMG needle insertions in the CRPS extremity may result in further sensitization of alpha-I receptors (9,39).
CRPS type II (causalgia) is frequently due to ectopic, ephaptic (non-synaptic) electrical transmission between
damaged myelinated and unmyelinated fibres(40-44). EMG and NCV findings may be abnormal in a minority of these
patients, but such test results do not yield an exclusive diagnostic value for CRPS.
The dysfunction of thermal sensory nerves in the wall of arterioles cannot be detected by EMG or NCV.
Ignoring this fact may mislead the clinician to diagnose the condition as “psychogenic” or “functional.” Our results were
compatible with the review of current medical literature.
Relying on tests that yield no information regarding the autonomic nervous system (such as MRI, CT, EMG,
and NCV) can mislead the physician either to arrive at the diagnosis of a “malingerer,” “Münchausen syndrome,” or to
decide to perform surgery for a “disc herniation,” or a “carpal tunnel syndrome” when the true diagnosis may be
sympathetic neuroinflammation mimicking the above mentioned somatic syndromes(10).
Obviously the neurovascular dysfunction cannot be studied by EMG or NCV, but can be evaluated by doppler
fluxmetry or ITI (45). Other tests directly or indirectly measure different functions of the autonomic sympathetic system
(Table I).
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Table I. Commonly used tests for neuropathic pain and somatic pain.
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SUM M ARY AND CONCLUSION
In our study of 824 CRPS patients revealed the fact that no specific test (STBS, ITI or quantitative sudomotor
axon test (QSART)) can “diagnose” CRPS (9). The diagnosis is a clinical one, on the basis of the four principles of: (I).
Hyperpathic and allodynic pain; (ii). Vasomotor and somatomotor dysfunction; (iii). Neuroinflammation; and (iv). Limbic
system dysfunction(9). In this disease, MRI, CT scan, and EMG/NCV are non-diagnostic. The use of STBS is diagnostic
in no more than 25-55% of CRPS patients(2,3). ITI shows bilateral thermal changes when the disease involves a single
extremity. The ITI identifies the area of permanent neurovascular damage as focal hyperthermia, usually surrounded by
hypothermia due too dysfunctional (but not damaged) sympathetic system.
The use of ITI can help facilitate early diagnosis of CRPS, and can achieve a higher recovery rate among CRPS
patients by virtue of early diagnosis of the disease (10,25,46,47). It also helps spare the patient from unnecessary
sympathetic ganglion blocks by revealing pathologic hyperthermia in the extremity-evidence of “virtual sympathectomy.”
The phenomenon proves further sympathetic ganglion nerve blocks to be unnecessary and harmful (9,15,19,48).

4

References
1. Holder LE, MacKinnon SE: Reflex sympathetic dystrophy in the hands: clinical and scintigraphic criteria. Radiology
1984;152: 517-22.
2. Lee GW , W eeks PM: The role of bone scintigraphy in diagnosing reflex sympathetic dystrophy. J Hand Surg [Am]
1995;20:458-63.
3. Chelimsky T, Low PA, Naessens JM, et al: Value of autonomic testing in reflex sympathetic dystrophy. Mayo
Clinic Proceedings 1995; 70:1029-40.
4. Demangeat JL, Constantinesco A, Brunot B, et al: Three phase bone scanning in reflex sympathetic dystrophy of
the hand. J Nucl Med 1988;29:26-32.
5. W ebster GF, Iozzo RV, Schwartzman RJ, et al: Reflex sympathetic dystrophy: occurrence of chronic edema and
non- immune bulbous skin lesions. Archives Am Acad Dermatol 1993;28:29-32.
6. Szolcanyi J: Capsaicin-sensitive chemorecptive neural system with dual sensory efferent function. In A. Chahl, J.
Szolcanyi, F. Lembeck, eds. Neurogenic inflammation and antidromic vasodilatation. Budapest: Akademia Kiado
1984; 27-55.
7. Levine JD, Dardick SJ, Basbaum AI, et al: Reflex neurogenic inflammation. I. Contribution of the peripheral
Nervous system to spatially remote inflammatory responses that follow injury. J Neurosci 1985; 5:1380-86.
8. Mailis A, Meindole H, Papagapiou M, et al: Alteration of the three-phase bone scan after sympathectomy. Clin
J Pain 1994; 10:146-155.
9. Hooshmand H, Hashmi H: Complex regional pain syndrome (CRPS, RSDS) diagnosis and therapy. A review of 824
patients. Pain Digest 1999; 9: 1-24.
10.Hooshmand H. Chronic pain: reflex sympathetic dystrophy. Prevention and management. Boca Raton, CRC Press
1993.
11. van der Laan L, Goris RJ: Reflex sympathetic dystrophy an exaggerated regional inflammatory response? Hand
Clinics 1997; 13: 373-385.
12. Sudeck P: Die sogen akute Knochenatrophie als ntzudndengsvorgang. Der Chirurg 1942;15:449-458.
13. Lenz FA, Gracely RH, Zirh AT, et al: The Sensory-Limbic Model of Pain Memory. Connections from thalamus
to the limbic system mediate the learned component of the affective dimension of pain. Pain Forum 1997;6:22-31.
14. Schiffenbauer J, Fagien M: Reflex sympathetic dystrophy involving multiple extremities. J Rheumatol 1983;
20:165-169.
15. Hooshmand H. Is thermal imaging of any use in pain management? Pain Digest 1998: 8:166-170.
16. Schwartzman RJ, McLellan TL: Reflex sympathetic dystrophy. A review. Arch Neurol 1987; 44:555-561.
17. Veldman PH, Goris RJ: Multiple reflex sympathetic dystrophy which patients are at risk for developing a
recurrence of reflex sympathetic dystrophy in the same or another limb. Pain 1996; 64:463-466.
18. Kozin F, McCarty DJ, Sims J, et al: The reflex sympathetic dystrophy syndrome. I. Clinical and histologic
studies: evidence of bilaterality, response to corticosteroids and articular involvement. Am J Med 1976;
60:321-331.
19. Hooshmand H, Hashmi M, Phillips EM. Infrared thermal imaging as a tool in pain management - An 11 year study,
Part I of II. Thermology International 2001; 11: 53-65.

5

20. Lawson RN: Thermography- a new tool for the investigation of breast lesions. Can Med Assoc J 1957; 13:517- 524.
21. Ring EFJ: Progress in the measurement of human body temperature. IEEE Engineering in Medicine and
Biology . July/August 1998; pp19-24.
22. Rowbotham MC: Complex regional pain syndrome type I (reflex sympathetic dystrophy). More than a myth.
Editorial. Neurology 1998; 51: 4-5.
23. Edwards BE: Reflex sympathetic dystrophy since Livingston. Thermology 1988; 3: 59-61.
24. Hobbins W B: Differential diagnosis of painful conditions and thermography. In: Parris W CV, ed. Contemporary
Issues in Chronic Pain Management. Kluwer Academic Publishers Norwell, MA 1991:251-270.
25. Gulevich SJ, Conwell TD, Lane J et al: Stress infrared telethermography is useful in the diagnosis of complex
regional pain syndrome, type I (formerly reflex sympathetic dystrophy) Clin J of Pain 1997; 13: 50-59.
26. Herrick A, el-Hadidy K, M arsh D, et al: Abnormal thermoregulatory responses in patients with reflex
sympathetic dystrophy syndrome. J Rheumatol 1994; 21: 1319-1324.
27. Arnold JM, Teasell RW , MacLeod AP, et al: Increased venous alpha-adrenoceptor responsiveness in patients with
reflex sympathetic dystrophy. Ann Intern Med 1993;118:619-21.
28. Sato J, Perl ER: Adrenergic excitation of cutaneous pain receptors induced by peripheral nerve injury. Science
1991;25:1608-1610.
29. Perl ER: Alterations in the responsiveness of cutaneous nociceptors. Sensitization by noxious stimuli and the
induction of adrenergic responsiveness for nerve injury. In: W illis, W D Jr, ed. Hyperalgesia and allodynia. New York,
Raven Press 1992: 59-79.
30. Drummond PD, Finch PM , Smythe GA: Reflex sympathetic dystrophy: the significance of differing plasma
catecholamine concentrations in affected and unaffected limbs. Brain 1991;114:2025-2036.
31. Maselli RA Jaspan JB, Soliven BC, Green AJ, Spire JP, Arnason BG: Comparison of sympathetic skin response with
quantitative sudomotor axon reflextest in diabetic neurolopathy. Muscle Nerve 1989; 12: 420-42.3
32. W ahren LK, Torebjork HE: Quantitative sensory test in patients with neuralgia 11 to 25 years after injury. Pain 1992;
48:237-244.
33. Schwartzman RJ: Reflex Sympathetic Dystrophy. Curr Opin Neurol Neurosurg 1993; 6: 531-536.
34. Baron R, M aier C: Reflex sympathetic dystrophy, skin blood flow, sympathetic vasoconstrictor reflexes, and pain
before and after surgical sympathectomy. Pain 1996; 67:317-326.
35. Kurvers H A, Jacobs MJ, Beuk RJ, Van den W ildenberg FA, Kitslaar PJ, Slaaf DW , et al: Reflex sympathetic
dystrophy: evolution of micro circulatory disturbance in time. Pain 1995; 60: 333-340.
36. Dotson RM: Clinical Neurophysiology laboratory tests to assess the nociceptive system in humans. J Clin
Neurophysiology 1997; 14: 32-45.
37. Verdugo R, Ochoa JL: Quantitative somatosensory thermotest. A key method for functional evaluation of small
caliber afferent channels. Brain 1992; 115:893-913.
38. Dyck PJ: Limitations in predicting pathologic abnormality of nerves from the EMG examination. Muscle Nerve
1990;13:371-375.
39. Drummond PD, Skipworth S, Finch PM: alpha 1- adrenoceptors in normal and hyperalgesic human skin. Clin Sci
(Colch). 1996; 91: 73-77.

6

40. M errington W R, Nathan PW : A study of post-ischaemic parasthesiae. J Neruol Neurosurg Psychiat 1949; 12:1-18.
41. Ochoa JL, Torebjork HE: Paraesthesiae from ectopic impulse generation in human sensory nerve. Brain
1980;103:835-853.
42. Ochoa J, Torebjork HE, Culp W J, et al: Abnormal spontaneous activity in single sensory nerve fibers
in humans. Muscle Nerve 1982; 5:S74-77.
43. Rasminsky M: Ectopic generation of impulses and cross - talk in spinal nerve roots of "dystrophic" mice.
Ann Neurol 1978;3:351-357.
44. Arner S: Intravenous phentolamine test: Diagnostic and prognostic use in reflex sympathetic dystrophy. Pain
1991;46:17-22.
45. Bej MD, Schwartzman RJ: Abnormalities of cutaneous blood flow regulation in patients with reflex sympathetic
dystrophy as measured by laser Doppler fluxmetry. Arch Neuro1 1991; 48:912-915.
46. Payne R: Neuropathic pain syndromes with special reference to causalgia and reflex sympatheticdystrophy. Clin J
Pain 1986; 2: 59-73.
47. Poplawski ZJ, W iley AM, Murray JF: Posttraumatic dystrophy of the extremities. J Bone Joint
Surg [Am]. 1983; 65:642-55.
48. Hooshmand H, Hashmi M, Phillips, EM. Infrared thermal imaging as a tool in pain management - An 11 year study,
Part II: Clinical Applications. Thermology International 2001: 11: 1-13.

7

