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ABSTRACT
Phantom limb syndrome is defined as the sensation of an appendage after the appendage has been removed by amputation. This study has reviewed phantom limb phenomenon in terms of physiological and psychological etiology, as well as relevant biopsychosocial dimensions and treatment options. International and national sources of research and literature have been reviewed. The data sources were limited to those published between 1996 and 2006 in order to eliminate the outdated information. Qualitative and quantitative studies were utilized in this systematic review. Text-books, journal articles and computer data-bases such as Questia and KeepMedia were searched. The research and literature were assessed for relevant inclusion, and data were systematically extracted in order to integrate and analyze the evidence-based data and findings. The methodology that was used was that of a systematic review that comprehensively locates and evaluates, as well as synthesizes, all the available literature on a given topic. It attempts to bring the same level of rigour to reviewing research evidence as should be used in producing that research evidence in the first place (Crombie & Davies, 2003). The results indicate that there is more evidence supporting the physiological etiology of phantom limb phenomenon, whilst a predominantly psychologically based treatment approach may be more effective, with a multi-disciplinary approach being second most effective. In terms of biographical variables, it was found that although there are not specific variables that predispose an individual to developing phantom limb pain, there are specific variables that influence the experience thereof.      

BACKGROUND INFORMATION

  Phantom Limb Phenomenon was first described by the French doctor, Ambroise Pare, in the 16th century. It was only much later, in 1866 that Dr. Weir Mitchell coined the term “Phantom Limb”. It is defined as the persistent sensation of an appendage, after removal by amputation or denervation1. Onset is usually relatively fast, occurring within days after amputation (Carello, 1999). Most of the literature reviewed cites the rate of incidence as high as between 80 and nearly 100 percent of all amputees (Brownlee & Mitchell, 1995; Carello, 1999; Haggerty, 1999; Higgins, 2001; Medscape, 1999; Richeimer, 2000; Shreeve, 1993). Some of the sensations that amputees report include tingling, numbness, itching and warmth. However, there are often painful sensations that are reported such as burning, cramping, squeezing, throbbing and stabbing (Higgins, 2001).  
PURPOSE OF THE RESEARCH
     The purpose of this study is to explore and describe the literature on phantom limb phenomenon, in terms of psychological etiology, physiological etiology and treatment options. Biopsychosocial factors (biographical variables) such as age, race, gender, personality factors and socioeconomic status of phantom limb patients have also been reviewed with the purpose of determining the influence of such factors on the occurrence and intensity of phantom limb sensations and particularly phantom limb pain. 
DESIGN AND METHODOLOGY

    The methodology that the reviewer used is a systematic review. A systematic review comprehensively locates, evaluates and synthesizes all the available literature on a given topic using a stringent scientifically-based design. It is also required that this design be included in the review (Nooraie, 2003). Systematic reviews can therefore be described as a review of available literature and is a way of summarizing research evidence. Systematic reviews attempt to bring the same level of rigour to reviewing research evidence as should be used in producing that research evidence in the first place (Crombie & Davies, 2003).  Millions of articles are published in biomedical journals annually, making it impossible for any practitioner to stay up to date. Exacerbating this problem is the fact that approximately only one per cent of published articles are both rigorous and clinically relevant (Nooraie, 2003). Systematic reviews are therefore vital in order to eliminate irrelevant and poorly conducted research and provide a concise and relevant source of information for practitioners.      According to Mulrow (1994), other advantages of a systematic review include the fact that generalizability of scientific findings can be established; assessment of consistency can take place, in terms of whether effects are in the same direction and of the same general magnitudes; and systematic reviews can explain data inconsistencies and conflicts in data. 

TARGET POPULATION / SOURCES

     The target population for this study was available data that included books, journal articles, online databases and other online sources relevant to the research question. National and international sources have been utilized in order to obtain as comprehensive a literature range as possible. The reviewers had decided not to include treatises, theses and dissertations for the purpose of this review. The data were located using the following sources: Online search engines such as Google were utilized as well. Although the outlined inclusion criteria was applied to all sources, it was felt necessary to point out that it was used specifically for these sources, as it is much easier for unscientific and biased information to be obtained from internet sources. Only literature from an accredited author or source that is relevant to the purpose of the study was considered for inclusion. Questia Media is an online database that has been consulted. This database contains a large number of scholarly journal articles as well as books, magazine articles and newspaper articles. Although magazine and newspaper articles are not considered rigorous clinical sources, some information has been extracted to create collateral information for the sake of explanation and understanding. KeepMedia is a similar resource and contains a host of accredited journal articles which have been consulted.     A number of relevant text-books were also consulted. 

PROCEDURE

     The process of a systematic review consists of the following steps:

* Formulating a research question

* Generating a search     

* Study selection criteria
* Inclusion criteria
* Data Analysis

* Data Extraction

* Data Synthesis

RESULTS AND DISCUSSION

     The results of this study have been classified according to psychological and physiological etiology, treatment options and biographical dimensions. Table 1 below illustrates that out of 15 studies reviewed, 33% found that phantom limb phenomenon was a purely psychological experience, while 67% found that it was a purely physiological experience. However, it should be noted that a majority of the studies supporting the physiological etiology do acknowledge that psychological factors such as stress and the tendency to catastrophize can exacerbate the pain experience.   
Table 1: Psychological versus Physiological Etiology of Phantom Limb Phenomenon

	Etiology
	N
	Percentage

	Psychological etiology
	5
	33%

	Physiological etiology
	10
	67%


     In Table 2, it is illustrated that the majority of the studies reviewed advocate a non-medical approach to the treatment of phantom limb pain. Non-medical treatments include hypnosis, biofeedback, TENS, acupuncture, psychotherapy, relaxation, visual imagery and the mirror-box technique developed by Ramachandran. Only 15,4% of the studies reviewed recommended a purely medical approach to treatment and 30,8% of the studies reviewed advocated a multi-disciplinary approach using medical as well as non-medical treatments.
Table 2: Medical versus Non-medical Treatments of Phantom Limb Pain
	Treatment
	N
	Percentage

	Medical treatment
	2
	15.4%

	Non-medical treatment
	7
	53.8%

	Both
	4
	30.8%

	Total
	
	100%


     As can be seen by Table 3, the incidence of phantom pain in amputees varies according to the different studies consulted but the average incidence rate is 61.44% with a total population being n = 2343 (Jensen & Nikolajsen, 2001).
Table 3: Incidence of phantom pain as reported in different studies.

	Year, Authors
	Patients (n)
	Incidence (%)

	1941, Riddoch
	Unknown
	50

	1948, Henderson and Smyth
	300
	4

	1969, Appenzeller and Bicknell
	34
	56

	1973, Parkes
	46
	61

	1978, Carlen and colleagues
	73
	67

	1983, Jensen and colleagues
	58
	72

	1983, Sherman and Sherman
	764
	85

	1985, Wall and colleagues
	25
	88

	1991, Pohjolainen
	124
	59

	1994, Houghton and colleagues
	176
	78

	1995, Krane and Heller
	24
	83

	1997, Wartan and colleagues
	526
	55

	1997, Montoya and colleagues
	32
	50

	1997, Nikolajsen and colleagues
	56
	75

	1998, Wilkins and colleagues
	33
	49

	2000, Kooijman and colleagues
	72
	51

	TOTAL
	n = 2343
	61.44


     Table 4 provides a broad overview of types of physical and psychological factors that are likely to influence pain perception (Heller, 1991).
Table 4: Physical and psychological factors influencing pain perception.

	Excitatory factors
	Inhibitory factors

	Trauma to tissue
	Analgesia and counter-stimulation (i.e., massage and acupuncture)

	Anxiety and depression, perceived loss of control
	Positive coping mechanisms, perceived control

	Self-focused attention and negative causal attributions
	Diversive activities, externally focused attention

	Inappropriate activity
	Relaxation, rest, appropriate exercise


(Heller, 1991)
     Parkes (1973) suggested that emotional factors are influential in patients’ experience of prolonged pain in a phantom limb after amputation and concluded that this may be prevented if patients are encouraged to express grief over their loss. However, Katz and Melzack (1990) found no significant difference in standardized tests of psychological dysfunction between patients who experienced phantom pain and those who did not. They concluded that the pain is more likely to vary with the experience of pre-amputation pain, even retaining many of its characteristics. A review of the literature on measures used to diagnose psychopathology found that many measures include items that confound emotional distress with the physical disorder and thus overestimate it. Fisher and Hanspel (1998) investigated whether people who had had arms or legs amputated experienced emotional distress, and the relation between the distress and pain, using standardized screening techniques designed for patients with physical illness.  The participants were 93 consecutive patients who had been referred to the prosthetic rehabilitation clinic and were aged 34 – 91 (mean 65) years; 54 were men. Time since amputation was 1 – 58 years. Sixty patients had had a leg amputated for vascular illness, including diabetes, 10 of them losing both legs. Twenty four patients had lost a leg and nine an arm as a result of trauma. Hanspel obtained a clinical history including information about previous and concurrent medical and psychiatric problems. Phantom pain was assessed with the short form McGill pain questionnaire, the patients endorsing all words describing their phantom pain, if present. Fisher, who was blind to the pain report, then assessed them with the hospital anxiety and depression scale.
Table 5: Differences between patients with and without pain in phantom limb in time from amputation and scored on hospital anxiety and depression scale. Values are means. 
	
	Phantom Pain

(n=29)
	Non-phantom Pain

(n=64)

	Time from amputation (years)
	6.79 (2.62 to 10.96)
	11.06 (7.14 to 14.98)

	Anxiety Score
	4.66 (2.74 to 6.66)
	3.59 (3.38 to 3.80)

	Depression Score
	3.45 (1.82 to 5.08)
	2.78 (2.09 to 3.47)


     Phantom pain (mostly mild) was reported by 29 patients. Fifty three of the remaining 64 patients reported non-painful sensations in the phantom limb. Mean scores on the anxiety and depression scale were 3.9 for anxiety and 2.9 for depression. Whereas 10 patients scored in the clinical range for anxiety, mainly about falling, only one patient scored in this range for depression. No patient gave a history of previous or concurrent psychiatric treatment. The patients were divided according to whether they experienced pain, and their anxiety and depression scores and time from amputation were compared with non-parametric statistics. The table shows that the time from amputation, and anxiety and depression scores did not differ between the two groups. Time from amputation was not strongly associated with distress, so anxiety and depression do not seem to vary consistently over time (Fisher & Hanspel, 1998).    Optimism and pessimism appear to influence pain patients’ use of coping strategies in dealing with adversity. These strategies, problem-focused and emotion-focused coping, in turn differentially relate to psychosocial adjustment.  Scheier and Carver (1992) noted that greater optimism led patients to use more active, problem-focused coping for positive outlook and instilled in a patient a belief that goals are attainable. This type of coping has been related to more adaptive functioning, reduced psychological sequelae, and an improved treatment outcome. Fernandez and Turk (1989), observed a reduction in pain intensity when patients were instructed to use more adaptive coping measures. Alternatively, emotion-focused coping, including catastrophizing and wishful thinking, related to negative adjustment. Greater pessimism among pain patients had been linked to a perceived lack of control over pain. Perceptions of being incapable of controlling symptoms can result in feelings of demoralization. Moreover, patients who have a pessimistic outlook might have less interest or see little value in taking preventative measures to reduce pain. Although the model presented in Figure 1 is overly simplistic and excludes several factors associated with the pain experience, it provides a rudimentary view of how optimism can influence pain (Garofalo, 2000).
Table 6: Method of dissemination of the studies reviewed

	Method
	N
	%

	Internet Sources
	15
	42

	Journal Articles
	9
	26

	Books
	9
	26

	Unpublished Assignments
	1
	3

	Magazine Articles
	1
	3

	Total
	35
	100


     The studies reviewed for the purpose of this systematic review consisted of internet sources, journal articles, books, unpublished assignments and magazine articles. The majority of the sources were internet sources (42%). Journal articles and books each made up 26% of the sources consulted. Unpublished assignments and magazine articles each made up 1% of the sources consulted. Each source was subject to inclusion as pre-determined in the inclusion criteria form. The majority of the studies reviewed were published in 1999, 2000 and 2004, with only two studies consulted where the year of publishing was unknown. 

CONCLUSION
Etiology
     In terms of etiology, there seems to be an almost unanimous leaning toward the physiological side, with many theories being postulated about physiological causes relating to neuronal firing, disordered nerve tissue and the sensory cortex in the brain. Having researched many articles and theories surrounding etiology, there is also some idea that there may be different physiological mechanisms supporting not only each specific sensation, but also the sensations of specific patients. The diathesis-stress model, as described by Morris and Maisto (2002), suggested that a biological predisposition, or diathesis, must combine with some sort of stressful circumstance before the predisposition to a mental disorder shows up as behaviour. The way in which this model links to phantom limb phenomenon etiology, is that the actual sensations that the patient experiences is based more on intra-psychic factors that are as yet undiscovered and undetermined for each specific patient at the time of their amputation. This creates a level of individuality of each case which in turn creates uncertainty around what the most suitable approach is as well as uncertainty regarding prognosis. This level of uncertainty makes it difficult to define phantom limb phenomenon in any universal way and also emphasizes the importance of future research in this area. The more extensive the research on this topic, the more generalisable the outcomes will be, and that in turn, will create a better assessment system and prognosis for the patients. On that note, in terms of psychological etiology, it is very difficult to determine whether the pain itself causes significant personality or psychological change or whether that potential change was lying dormant prior to the onset of the painful experience. It may also be completely unrelated. However, it would seem that a patient that has been able to adjust well to the amputation would be less prone to painful symptoms whereas those patients who do not adjust well would be more prone to painful symptoms. Based on theory of chronic pain, there seems to be a link between catastrophizing and painful sensations. This seems to apply to phantom limb pain also. There are many psychological adjustment factors that need to be considered when discussing phantom limb pain. For instance, the level of adjustment necessary in order to deal with the entire process is great, due to the fact that the patient has to deal with the loss of a limb as well as with the precipitating factor that led to the loss, which as Medscape (1999) explained is usually related to accidents, disease or tumours. Compounding those adjustments are factors such as the adjustment to the actual phantom limb pain, which is usually chronic and with no clear treatment approach, as well as personal concerns regarding the potential loss of independence, income, social support (based on fear or lack of adjustment on the family member’s side), and/or the ability to take part in leisure activities that the patient was accustomed to. All of these factors makes it difficult to appropriately integrate the adjustment, not only for the patient but also for the medical practitioner whose responsibility it is to facilitate the healing process.   These adjustments would most likely occur in a relatively short time-span, so hypothetically speaking, should the patient not have seen a need to or been able to emotionally adjust to the changes by making use of support systems, there is very little in the sense of a buffer to the development of pathology and/or emotional problems. Linking this back to the diathesis-stress model, even an individual with a very low predisposition would have experienced such a high level of stress, that there is very little chance not to develop some sort of pathology or emotional/adjustment problems.  Compounding that is the ease in which a patient may adopt the sick role. For instance, guilt from family members or family members being over-sympathetic about the patient’s amputation then allow the patient to adopt the sick role which will only exacerbate their sense of self-efficacy diminishing and push them further into the sick role or at least create an opportunity for the patient to adopt the sick role. In stage 3 of the chronic pain process as described by Gatchel (1996), the complex interaction of physical and psychosocioeconomic factors leads the patient’s life beginning to revolve completely around the pain and thereby allowing the patient to accept the sick role. By doing so, the patient is excused from normal responsibilities and social obligations, which can serve to reinforce the maintenance of the role.    
Treatment
     The important distinction in terms of psychological and physiological contexts of phantom limb pain relates to treatment options. Physiological treatment options consist chiefly of using antidepressants, anticonvulsants and in terminal patients, very invasive and destructive surgical procedures. Psychologically, there is a lot of scope for possible research and there is a lot of research that has already been done using techniques such as the “mirror-box technique”.  If all amputees were created the same on a physiological level, the treatment of those painful sensations would be universal and uncomplicated to overcome. However, due to the fact that there are so many psychological factors at play, the psychological treatment methods seem to be more effective than the physiological treatment methods. For instance, psychological treatment methods that have shown some positive effect include the mirror-box technique, biofeedback, hypnosis, support groups and individual therapy. Ideally, the treatment of phantom limb pain would be the combination of medications as well as above-mentioned psychological methods.  Medscape (1999) has stated that psychological factors such as stress and depression can influence the severity of phantom limb pain. Therefore, psychophysiological interventions are important and should be combined with pharmacological treatment. Several psychological treatments, such as biofeedback and relaxation therapy, have been used. These methods help treat physical problems such as muscle spasms and reduced blood flow in the stump, rather than prevent the involvement of stress factors. 
Biopsychosocial Dimensions
     In terms of biopsychosocial dimensions of phantom limb pain, there is also no concrete evidence that stated that there are specific personality factors at play in the development and maintenance of the phantom limb sensation. However, there is the possibility that this is solely due to the lack of research in the area. As stated in Garofalo (2000), there has been very little research done on positive personality factors and the preventative roles they play in the development of chronic pain and phantom limb pain. In terms of the locus of control of phantom limb patients, it can be difficult to maintain an internal locus of control regardless of the fact that it may have been prevalent before the amputation and onset of the pain. This is due to a number of factors such as coping style, gender and cultural factors which can influence the appraisal of control. Seville and Robinson (2000) did, however, state that research has found that patients with an internal locus of control are better able to contextualize and therefore deal with their pain.  That sentiment can be applied to many other positive personality characteristics such as optimism (or perceived optimism), tenacity and/or extraversion. Ideally, the development and maintenance of these possibly shielding characteristics would be included in the multi-disciplinary holistic treatment programme.  
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