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ABSTRACT 
Phantom limb pain is very common among amputees, and up to 80% of amputees have reported pain-related 
experiences with phantom limb pain. Various treatment measures have been adopted for PLP in clinical treatment, 
including psychological treatment actually. The purpose of this article is to review and evaluate psychotherapy that 
has been proven to be effective in the last 5 years and to understand its development and clinical application. These 
include hypnotherapy, mirror therapy, virtual reality and augmented reality, motor imagery, eye movement 
desensitization and reprocessing. A comprehensive literature search was conducted by the authors using PubMed, 
Google Academic and China National Knowledge Infrastructure, and the search terms "phantom limb pain", 
"psychological treatment" and "psychological factors" were used to collect all available literature reports on 
psychological intervention for phantom limb pain, including literature reviews, randomized controlled trials, and case 
reports. Besides, literature retrieval was also conducted on the mechanisms and applications of relevant psychotherapy. 
The most commonly used psychotherapy for phantom limb pain is hypnotherapy, mirror therapy, virtual reality and 
augmented reality technology, motor imagery and eye movement desensitization and reprocessing. These treatments 
have been proven to be effective in clinical trial studies. However, they still need more clinical randomized controlled 
trial results to prove its effectiveness and explore the potential mechanism of treatment. 
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1. INTRODUCTION 

Phantom limb pain refers to the feeling that patients 
can still feel the existence of affected limb and feel the 
pain or non-pain after amputation. Up to 80% amputees 
have reported experiencing phantom limb pain and other 
pain after amputation [1,2]. Phantom limb pain occurs 
for different times, but with the time migration, it 
usually becomes chronic pain, which is different in the 
nature, frequency and severity of pain [2]. Besides the 
feeling of pain, phantom limb pain also affects sleep 
quality, and causes a decrease in patients' life happiness 
[3]. However, there is still no clear explanation of the 
pathogenesis so far. In addition, it lacks specific and 
effective method for the treatment of phantom limb pain 
in clinic. Hence, the research and treatment of phantom 
limb pain still need the unremitting efforts of research 
scholars and medical staff. 

Nevertheless, relatively clear pathophysiological 
mechanisms have been explained. It is divided into 
peripheral nervous system, central nervous system and 

psychological factors. In the interpretation of the 
peripheral nervous system, it can be understood that 
amputation damages the nerve signal transmission 
channels related to the missing limb, causing the nerves 
to be excessively excited and generate electricity 
spontaneously. At the same time, the changes of central 
nervous system are also one of the important reasons for 
phantom limb pain. Central system mechanisms include 
spinal cord sensitization and cortical reorganization 
theory [2]. Although psychological factors have not 
been proved to have a clear correlation with the 
pathogenesis of phantom limb pain, studies in this field 
have proved that psychological factors are one of the 
risk factors for phantom limb pain, including depression, 
anxiety and stress [3]. From the perspective of risk 
factor control, psychotherapy can be considered as one 
of the treatments for phantom limb pain. Therefore, this 
article mainly discusses the hypnotherapy, mirror 
therapy, virtual reality and augmented reality, motor 
imagination, eye movement desensitization and 
reprocessing psychotherapy techniques. 
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2. HYPNOTHERAPY 

Hypnotherapy has been used in relieving pain for a 
long time and has a wide range of treatments, especially 
imagination and suggestion. Hypnotherapy is a kind of 
psychological intervention that induces patients to enter 
hypnotic state and then makes therapeutic suggestion so 
as to turn pain into comfortable feeling or make pain 
disappear. Some studies have shown that hypnotic 
analgesia may be related to the regulation of 
pain-related brain regions and cingulate gyrus. In the 
research on electroencephalogram, hypnotic analgesia is 
closely related to high concentration of attention, 
emotional processing, and cognitive improvement [29]. 
At the same time, some scholars have proposed that the 
mechanism of hypnosis to reduce pain may be related to 
the enhancement of spinal cord inhibition, and this 
change in spinal cord response can well regulate the bad 

emotions generated by the pain sensation [30]. 
Hypnotherapy is recognized as an effective 
psychological treatment method for phantom limb pain 
earlier, among which some researchers have shown that 
hypnotic induction method for phantom limb pain is 
effective, it can be used as an auxiliary treatment in 
clinical treatment. At the same time, hypnotic therapy is 
safe and non-invasive, which can reduce the cost of drug 
treatment [4,5] and be more easily accepted by patients. 
However, there are few research literatures on the 
treatment of phantom limb pain by hypnotherapy alone, 
most of which are combined with drugs or other 
treatments, and the existing research literatures also 
have the problem of small sample size [4-6, Table 1], 
which makes the effectiveness of hypnotherapy in the 
treatment of phanto m limb pain lack more powerful 
scientific evidence. 

Table 1. Literature case summary 

AUTHOR DOCUMENT TYPE CASE LOAD OUTCOME 

MACK P [4] Case report 1 Hypnosis induction: effective 

OAKLEY DA [5] Case report and review 2 Hypnosis can be used as an adjuvant treatment 

E F SIEGEL[6] Case report 1 The pain is under control 

 

3. MIRROR THERAPY 

Mirror image therapy came into view in 1996, 
reported by Professor Ramachandran. The patient can 
see the picture of the healthy side activity through the 
plane mirror, induce the patient to imagine and enable 
the affected side to move at the same time, and the 
patient can continuously stimulate the central regulation 
system related to phantom limb pain in the human brain 
through visual feedback, movement observation, 
imitation and relearning so as to reduce the feeling of 
phantom limb pain. This is a simple, convenient, fast, 
and inexpensive treatment that is easier to implement in 
a hospital. Studies have shown that researchers in many 
countries have proved that the mirror image therapy is 
effective and has a good effect on phantom limb pain. In 
the case of amputation above the elbow reported by 
Young Kim et al. [7] in South Korea, patients were 
plagued by phantom limb pain, and the efficacy of other 
treatments, such as drug therapy and stellate ganglion 
block, was unsatisfactory. Subsequently, the authors 
performed mirror image therapy. The patient visited the 
hospital four times a week, with 15-minute treatment 
time each time. After one week, one month and three 
months of treatment, his VAS level dropped to 
seven-tenths, five-tenths and four-tenths, respectively, 
and generally remained at four-tenths of VAS, with the 
drug dosage halved. In addition, Bahar Anaforoulu[8], a 
Turkish scholar, has compared the efficacy of mirror 
image therapy and phantom movement in the treatment 

of phantom limb pain. Through the comparative 
experiment on 40 lateral tibial amputees, although both 
treatment methods have achieved good results, the 
efficacy of mirror image therapy is better than that of 
phantom movement. Among the existing research data 
on the effectiveness of mirror image therapy, some 
scholars believe that it has an impact on patients with 
short-term phantom limb pain, and there is no clear 
evidence of a long-term impact. For patients with 
long-term PLP, mirror image therapy can only be 
considered as a treatment, but it is not necessarily 
effective [11]. However, Meltem Yildirim also 
mentioned that the experience of the patient before the 
amputation as well as the current personal physical and 
physiological conditions can affect the effect of mirror 
therapy [9]. Therefore, it is very important to fully 
understand the patient's personal situation before 
treatment. In order to consider the personal situation of 
patients, sometimes patients cannot go to the hospital 
for treatment in person due to time conflict, distance and 
other reasons, sometimes people will consider the 
remote treatment method, which is challenging for both 
the therapist and the patient. There are many interfering 
factors to be excluded, and more studies are needed to 
prove the efficacy of this method [10]. 
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4. VIRTUAL REALITY AND REALITY 
AUGMENTATION TECHNOLOGY 

Virtual reality (VR) technology has been gradually 
applied widely in clinical practice, and has attracted 
more attention especially in the field of pain 
management. Virtual reality technology is a kind of 
computer simulation system of virtual world created 
artificially. Patients enter the virtual environment 
through specific devices, make patients feel that they are 
a part of the virtual environment and interact with the 
virtual environment. Through different settings, patients 
are more likely to immerse or participate in it, thus 
reducing some pain feelings of patients in reality to a 
certain extent. Moreover, studies have shown that these 
interactive and immersive virtual reality technologies 
are more effective than non-immersive technologies, 
including complex pain syndrome, chronic neck pain, 
burn, and different degrees of reduction in pain intensity, 
and it enhances the therapeutic effect of hypnosis in 
acute pain[12]. Some scholars believe that VR affects 
pain perception by distracting attention and emotional 
changes, which can effectively reduce the number of 
phantom limb pain in patients, reduce the pain severity 
and discomfort. In the randomized controlled trial of 
patients with phantom limb pain after unilateral lower 
extremity amputation written by Wang Peixia and other 
authors, the number of pain episodes and pain severity 
in VR group were significantly decreased, and the 
scores of PRI, VAS and PPI3 were all better than those 
of the control group[14]. The possible reason may be 
that the immersive environment created by virtual 
reality reduces pain sensation by up-regulating non-pain 
neural signals [13–14]. In addition, augmented reality 
technology is the original in the real world because of 
the environment and time constraints of the entity 
through the computer and other scientific and 
technological processing, the virtual information (such 
as lost limbs) applied to reality, perceived by people, so 
as to achieve the effect of exercise treatment technology 
[15], in clinical and virtual reality technology and image 
therapy combined. Although there are multiple research 
projects that demonstrate the effectiveness of virtual 
reality technology and augmented reality technology in 
the treatment of phantom limb pain, due to the small 
sample size problem in the existing research results, 
which are mostly case reports, this is not strong enough 
to support the research results [16]. Therefore, although 
virtual therapy and augmented reality are increasingly 
popular among clinical workers and patients, 
researchers in this field need to spend more time and 
energy on research and provide more powerful 
evidence. 

5. MOTOR IMAGINATION 

Motor imagery (MI) is a relatively complex concept, 
which involves the processes of cognition, sensation and 

perception. It uses repeated motor imagination without 
any motor output to activate specific regions of the brain 
according to motor memory, thus achieving the 
technology of improving motor performance [17]. 
Recent studies on the treatment of phantom limb pain 
and the alleviation of disability degree by hierarchical 
motor imagination have received the attention of 
researchers. Unilateral recognition, dominant motor 
imagination and mirror visual feedback are the 
treatments of hierarchical motor imagination. 
Hemilateral recognition, in other words, is the body's 
ability to distinguish right from left. Patients with 
phantom limb pain may have unclear left-right 
distinction [19]. During this phase of training, patients 
are asked to look at random images of amputations on a 
computer and use the left or right button to distinguish 
one side of the body. In the explicit motor imagination 
stage, patients need to imagine in mind that they are 
doing the same posture according to the posture on the 
computer screen, but there is no actual movement [18]. 
In the final mirror visual feedback stage, the motion 
image of the healthy side mapped by the plane mirror is 
projected onto the affected side. The patient can imagine 
that the affected side is doing the same motion by 
observing the motion image of the healthy side. The 
mechanism of graded motor imagery may be that it 
activates the Somatosensory (S1), Pre-motor and M1 
cortices, mirror neurons in the contralateral cerebral 
hemisphere of the amputated limb [18]. Besides, some 
scholars have pointed out that graded exercise 
imagination is more effective than conventional physical 
therapy in the treatment of phantom limb pain [20]. 
However, in the findings of a large number of studies, 
the interference of factors such as the type of 
amputation, gender, and personal physical condition on 
the treatment effectiveness has not been considered 
alone, and there is a lack of more accurate and powerful 
scientific evidence. Findings regarding whether 
amputees have impaired motor imagery are inconsistent. 
Some people have proposed that phantom limb pain is 
one of the potential factors causing motor imagination 
disorder after amputation, and some scholars have also 
proposed that the phantom feeling during the test 
affected motor imagination [21]. All the above research 
results need more clear and direct evidence to explain 
the correlation between phantom limb pain and motor 
imagination. 

6. EYEBALL MOVEMENT 
DESENSITIZATION AND 
REPROCESSING 

Eye movement desensitization and treatment were 
first used for the treatment of PTSD, and in 1987, 
psychologist Francine Shapiro[23] discovered by chance 
that random eye movement can reduce the intensity of 
negative, distraught thoughts. It then inspired Shapiro to 
create EMDR psychotherapy. Eye movement 
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desensitization and ongoing treatment is a new 
comprehensive psychotherapy technique [24]. It is 
widely used in the field of veterans [26] and psychosis 
[27]. It has achieved very good curative effect in the 
treatment of PTSD. Besides, research results have 
shown that EMDR successfully treats the psychological 
problems of phantom limb pain and amputation [24], 
and it is a successful psychological treatment, which can 
be applied to the clinical treatment of phantom limb 
pain [25]. As for the mechanism of desensitization and 
reprocessing of eye movement, many scholars have 
speculated on it, among which the review authors have 
divided it into three general models: (1) psychological 
model (2) psychological and physiological model, and 
(3) neurobiological model [28]. This study indicates that 
most of the existing studies on the mechanisms of eye 
movement desensitization and ongoing treatment are 
speculative to a certain extent, and further determination 
of the relationship between them and the therapeutic 
effect is needed. However, although some scholars have 
shown that the use of EMDR is particularly effective in 
eliminating pain, and its guided adaptive information 
processing (AIP) model is consistent with the results of 
recent neurobiological studies, it still cannot prove the 
long-term effectiveness of this method for patients with 
long-term phantom limb pain [27]. In addition, the 
randomized controlled experimental studies on eyeball 
movement desensitization and treatment for phantom 
limb pain are rare so far. Only Rostaminejad et al. [25] 
conducted follow-up studies in the past five years. In 
this study, Rostaminejad experimented with EMDR 
therapy and controlled conditions on 60 lateral lower 
extremity amputees, where the causes of amputation 
varied, with trauma accounting for the largest proportion, 
followed by diabetes-related complications, and cancer 
for the smallest part. And the time after amputation 
varies. The control group received routine care, while 
the patients in the experimental group received 12 times 
of one-hour EMDR treatment in one month. The 
patients were required to complete the subjective unit of 
pain scale and pain rating scale before and after each 
treatment, and then were followed up after 24 months. 
The pain intensity of phantom limb pain was decreased 
in the EMDR group after treatment and at the 24-month 
follow-up. In contrast, the intensity of phantom limb 
pain in the control group remained unchanged 
throughout treatment [26]. Although this study has 
proved that EMDR can be recommended as a 
psychological treatment for phantom limb pain, as the 
time point is still unclear, more precise research 
evidence is needed to prove the effectiveness of EMDR 
in the treatment of phantom limb pain. 

7. CONCLUSION 

Phantom limb pain is a complex pain syndrome. Due 
to the unclear pathogenesis, multi-disciplinary combined 
treatments such as drugs, physical therapy and 

psychological treatment are often adopted in clinical 
practice. Patients with phantom limb pain often have 
psychological disorders, and psychological factors are 
one of the risk factors for phantom limb pain, so 
psychological treatment is very important. The most 
commonly used psychotherapy for phantom limb pain is 
hypnosis, mirror therapy, virtual reality and augmented 
reality technology, motor imagery and eye movement 
desensitization and reprocessing. These treatments have 
been proven to be effective in clinical trial studies. 
However, they still need more clinical randomized 
controlled trial results to prove its effectiveness and 
explore the potential mechanism of these treatments. 
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