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Figure 1. PRISMA flow diagram.



Table 1. Efficacy of mirror therapy, motor imagery, and virtual feedback in the treatment of phantom limb pain after amputation: a systematic review 
 
	No
	Author
	Pain Assessment Tool
	Intervention group
	Control group
	Technique
	Intervention
	Outcome measures/results

	1
	Brodie et al. (2007)14
	VAS was used to
record the intensity of
PLS and PLP.
MPQ
	n = 41 amputees reporting that they had experienced phantom limb awareness, but the presence and strength of the phantom leg fluctuated as is normal in this
population
	n = 39 amputees reporting the same characteristics as the intervention group
	Mirror therapy
	Mirror therapy group: Subjects were asked to place their intact limb into the mirror box, direct their gaze onto the mirror image of their intact limb
and align their phantom limb with this image. Control condition group: Participants aligned their intact leg and phantom leg to either side of the mirror
while it was obscured, allowing the subject to view the intact limb but not its mirror image
	Three subjects in both groups reported the abolition of PLP following the intervention. Significant main effects for time were found for MPQ total score (F(1, 13) = 7.195; p < 0.05) and MPQ sensory score (F(1, 13) = 8.374; p < 0.05). Subjects in both conditions reported a significant decrease in pain intensity,
but statistical power was less than 80%

	2
	Brunelli et al (2015)17
	BPI
	n = 27 subjects with unilateral lower limb amputation with PLP and PLS
	n = 24 subjects with unilateral lower limb amputation with PLP and PLS
	Progressive muscle relaxation, Mental imagery, Phantom exercises
	Experimental group: combined training of progressive muscle relaxation, mental imagery, and phantom exercises two times/week for four weeks; Control group: the same amount of physical therapy dedicated to the residual limb; No pharmacological intervention was initiated during the trial period
	Experimental group: showed a significant decrease over time in the BPI (p < 0.03); Changes were statistically significant only for intensity of the worst pain
and intensity of the average pain in the control group

	3
	Chan et al. (2007)3
	Number and duration of pain episodes and the intensity of pain, using a 100-mm VAS; Number and duration of pain episodes; Severity of pain
	n = 6 patients with PLP after the amputation of a leg or foot; mirror group who viewed a reflected image of their intact foot in a mirror
	n = 6 patients with PLP after the amputation of a leg or foot; group that viewed a covered mirror (covered mirror group); n = 6 patients with PLP after the amputation of a leg or foot; group trained in mental visualization (mental-visualization group)
	Mirror therapy. Covered mirror. Mental visualization
	Under direct observation, patients performed their assigned therapy for 15 minutes daily during four weeks of therapy
	Mirror group: Pain intensity decreased, as did the number and duration of pain episodes. After four weeks of treatment, 100% of patients reported decreased pain (median change on the VAS, –24 mm; range, −54 to −13). In comparing changes in the score on the VAS at four weeks, the mirror group differed significantly from the covered mirror group (p = 0.04) and the mental-visualization group (p = 0.002).

	4
	Cole et al (2009)9
	VAS ; MPQ
	Group 1 (n = 7): leg amputation ; Age range: 27–72 years ; Mean age: 49 years ; Group 2 (n = 7): arm amputation ; Age range: 36–82 years ; Mean age: 56 years
	n = 9 patients with lower limb amputation and intermittent PLP; pain free at the test time ; Age range: 29–78 years ; Mean age: 64 years
	Virtual reality
	Virtual reality (motion capture technology/ virtual prototype arm–leg) 60–90 min session
	The percentages of reduction in pain through VAS were 22%–100% (with a mean of 64%) during the virtual reality test.

	5
	Diers et al. (2010)16
	The modified German version of “West Haven–Yale Multidimensional Phantom Limb Pain Inventory”; Evaluation separately of PLP and residual limb pain
	n = 14 unilateral upper limb amputees ; Group 1 (n = 7): with PLP ; Age range: 36–62 years ; Mean age: 54.3 ± 8.6 years ; Group 2 (n = 7): without PLP ; Age range: 41–60 years ; Mean age: 50.3 ± 7.2 years
	n = 9 healthy control ; Range age: 39–61 years ; Mean age: 51.9 ± 6.9 years
	Mirror therapy and motor imagery
	NMRI during mirror therapy. NMRI measurements are separated by about 3 minutes each and pauses of about 5 minutes. Training to imagine movement during
EMG of 1 h; Three treatment blocks (movements executed in the mirror and imagined)
	The PLP and residual limb pain differed significantly between the three groups (p < 0.05) ; p < 0.05 for all variables of mirror therapy.

	6
	Finn et al (2017)13
	VAS
	PLP in unilateral, upper extremity amputees. Age range 18 - 70. Group I (n =9): mirror therapy group 
	Group II (n = 3): covered mirror therapy; Group III (n = 3): mental visualization therapy. 
	Mirror therapy; covered mirror therapy; mental visualization therapy 
	Each participant received 15 min of the assigned therapy daily for five days/week for four weeks
	Group I had a significant decrease in pain scores, from a mean of 44.1 (SD = 17.0) to 27.5 (SD = 17.2) mm (p = 0.002). In addition, there was a significant decrease in daily time experiencing pain, from a mean of 1,022
(SD = 673) to 448 (SD = 565) minutes (p = 0.003). By contrast, the control group had neither diminished pain (p = 0.65) nor decreased overall time experiencing pain (p = 0.49)

	7
	Maciver et al (2008)6
	Evaluation before and after training with NRS NMRI (variables: NRS constant pain, constant discomfort, NRS pain exacerbation, exacerbation of discomfort sensation) “Phantom limb pain questionnaire”
	n = 13 (11 men and two women); Age range: 32–75 years; Mean age: 52.92 ± 13.6 years; Unilateral upper limb amputation above the wrist PLP lasting at least one year
	n = 6 healthy volunteers; Age range: 30–56; Mean age: 43 years; Evaluated to determine the normal cortical responses to the set of tasks
	Motor imagery
	NMRI: before and after therapy, 30 s of movements, 30 s of rest, 6.5 min total; Experimental group: combining the exercise of “body-scan” and imagination of movement and the sensation in the phantom limb; Six individual therapy sessions with a therapist (once a week or every 15 days) for 60 min each. Daily home therapy of 40 minutes with a Compact Disc (CD) of the meditation and imagery exercises. Control group: healthy volunteers received no intervention but were
scanned twice
	Significant reduction in pain intensity (p < 0.0005) and reduced discomfort and pain unpleasantness (p < 0.01); Significant reduction of the intensity of
daily discomfort exacerbations (p < 0.03) and discomfort of exacerbations (p < 0.005)

	8
	Moseley (2006)4
	MPQ
Pain VAS
NRS
	n = 5 amputees with PLP and complex regional pain syndrome
	n = 4 amputees with PLP and complex regional pain syndrome
	motor imagery
	Experimental group (motor imagery): the first two weeks were the limb laterality recognition phase. The next two weeks were the imagined movement phase. The next
Two weeks were the mirror movement phase. Control group (medical/physiotherapy management or standard care): participants undertook a 6-week
physiotherapy treatment program and maintained the usual medical care
	There was an improvement in the experimental group for pain VAS at post-program and follow-up. Then, graded motor imagery reduced pain in amputees with PLP and complex regional pain syndrome.

	9
	Ol et al. (2018)12
	VAS (severe pain defined as VAS >6 cm, moderate pain as VAS
3–6 cm, and mild pain as VAS <3 cm)
	n = 45. Traumatic transtibial amputation with PLP in low resources community. Mean age was 55.7 (SD 6.7) ; Group I (n = 15) : mirror therapy 
	Group II (n = 15) : Tactile Group ; Group III (n = 15): Combination
	mirror therapy, tactile treatment, combined mirror, and tactile treatment
	Group I: Mirror therapy (for 5 min every morning and night doing repeated movement of the foot while closely observing the reflected image of the uninjured limb); Group II: tactile treatment (for 5 min every morning and evening, patient concentrating on feeling the five different tactile stimuli that given by family); Group III: Combined mirror and tactile treatment (the mirror and the tactile treatments go on serially, with 5 min for each treatment). Four weeks practice period. 
	All three interventions were associated with a more than 50% reduction in visual analog scale (VAS)-rated PLP and stump pain. Combined mirror-tactile treatment
had a significantly better effect on PLP and stump pain than mirror or tactile therapy alone. The difference between the three treatment arms was, however, slight,
And hardly of clinical relevance. After treatment, the pain reduction remained unchanged for an observation period of 3 months.

	10
	Ortiz-Catalan et al (2016)15
	NRS; The pain rating index formed by the summed contribution of 15 qualities of pain as in the short-form; MPQ; The weighted pain distribution scale
	n = 14 patients with upper limb amputation afflicted by refractory chronic PLP
	Uncontrolled clinical trial
	Virtual reality
	12 sessions of 2 hours per session. All patients received an intervention twice per week except for one who had it daily. Each session consisted of (1) pain evaluation, (2) placement of the electrodes and fiducial marker, (3) practice motor execution in augmented reality, (4) gaming by racing a car using phantom movements, and (5) matching random target postures of a virtual arm in virtual reality. Steps 3–5 were repeated for different movements following three difficulty levels.
	All patients had a reduction in intensity and quality of pain (pain rating index, relative mean improvement of 51%; p = 0.0001); 12 patients had a positive change in the time-intensity profile (weighted pain distribution, relative mean improvement 56%; p = 0.001); 9 patients had a reduction of present pain intensity (NRS, relative mean improvement 55%; p = 0.004); 8 patients had a reduction  in Numeric Rating Scale of at least 2 points. 

	11
	Rothgangel et al (2018)8 
	0-10 Numeric Pain Rating Scale
	unilateral lower limb amputation with PLP. Group A (n=26) and age 59.7: traditional mirror therapy followed by treatment group; group B (n=25) mean age 62.5: traditional mirror therapy followed by self-delivered mirror therapy group ; 
	Group C (n=24) mean age 61.0: sensorimotor exercise without mirror followed by self-delivered sensorimotor exercise group
	traditional mirror therapy followed by the treatment group, traditional mirror therapy followed by the self-delivered mirror therapy group, sensorimotor exercise without mirror followed by the self-delivered sensorimotor exercise group
	four weeks of traditional MT followed by six weeks of tile treatment using augmented reality MT (group A), four weeks of traditional MT followed by six weeks of self-delivered MT (group B), and four weeks of sensorimotor exercises to the intact limb followed by six weeks of self-delivered exercises (group C)
	The effects of MT on PLP at four weeks were not significant. MT significantly reduced the duration of PLP at six months compared to the teletreatment (P = 0.050) and control group (P = 0.019). Subgroup analyses suggested significant effects on PLP in women, patients with telescoping, and patients with a motor component in PLP. The tile treatment had no additional effects compared to self-delivered MT at ten weeks and six months.

	12
	Sumitani et al. (2008)7
	NRS
	n = 22 patients with PLP or pain related to spinal cord or nerve injury (11 with single limb amputation, 2 with partial spinal cord injury, 7 with a brachial plexus
lesion, and 2 with traumatic peripheral nerve lesions) ; Age range: 32–74 years
	Uncontrolled clinical trial
	Mirror therapy
	Mirror therapy 10 min once daily for four weeks; Participants moved the intact limb, looking in the mirror and imagining limb motion with phantom sensation
	All groups showed a decrease in pain (p = 0.002)

	13
	Tilak et al. (2015)11
	VAS ; UPS
	n = 26 subjects with unilateral upper limb or lower limb amputation and PLP of any duration; Age range: 18–60 years of any gender; Group I (n = 13): mirror
therapy group ; Mean age: 42.62 ± 10.69 years ; 
	Group II (n = 13): TENS group ; Mean age: 36.38 ± 9.55 years
	Mirror therapy; TENS
	Group I: Mirror therapy; Group II: Contralateral limb TENS; The treatment was given for four days. An initial assessment of pain was performed by a therapist blinded to the treatment given. After four days of treatment, the pain was re-assessed by the same therapist; Random allocation into Group I-mirror therapy and Group II-TENS was carried out.
	Group I had a significant decrease in pain (VAS (p = 0.003) and UPS (p = 0.001)); Group II also showed a significant reduction in pain (VAS (p = 0.003) and
UPS (p = 0.002)) ; No difference was observed between ; the two groups (VAS (p = 0.223 and UPS (p = 0.956))

	14
	Ulger et al. (2009)10
	VAS
	n = 10. Traumatic amputation of upper and lower limbs with PLP; Age range: 30–45 years
	n = 10. Traumatic amputation of upper and lower limbs with PLP
Age range: 30–45 years
	motor imagery
	Experimental group: instructed to move and feel the healthy and phantom limbs (motor imagery). 15 repetitions or until the pain went away for
Four weeks. Control group: general exercises (strengthening, dynamic stretching, isometric exercises by level of amputation) and prosthetic exercises. Ten times twice a
day for four weeks
	Pain intensity decreased in all subjects after four weeks of treatment in both groups (p < 0.05). There were significant differences after treatment between
experimental and control groups (p < 0.05) finding better scores for the group of motor imagery

	15
	Yildirim and Kanan (2016)18
	Patient Information Form; Mirror Therapy; Practice Follow-Up Booklet
	n = 19 amputee patients who had PLP
	Uncontrolled clinical trial
	mirror therapy
	Teaching mirror therapy: The mirror therapy practical training (40 min). Continuation of mirror therapy practice at home: patients were called by phone
Two times a week to encourage them; 4-week practice period
	There was a statistically significant decrease in average PLP scores every week of the study period and for 1-month total score (p < 0.01)







Table 2. The methodological quality of the study using modified Jadad scoring
	Author
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	Total score
	Study Quality

	Brodie et al. (2007)14
	1
	1
	0
	0
	0
	0
	0
	1
	3
	Low

	Brunelli et al (2015)17
	1
	1
	0.5
	1
	0
	1
	0
	1
	5.5
	Good

	Chan et al. (2007)3
	1
	1
	0
	0
	0
	0
	0
	1
	3
	Low

	Cole et al. (2009)9
	0
	0
	0
	0
	0
	1
	1
	1
	3
	Low

	Diers et al. (2010)16
	1
	1
	0
	0
	0
	1
	0
	1
	4
	Good

	Finn et al (2017)13
	1
	1
	0
	0
	1
	1
	1
	1
	6
	Good

	Maciver et al (2008)6
	0
	0
	0
	0
	0
	1
	0
	1
	2
	Low

	Moseley (2006)4
	1
	1
	0.5
	1
	1
	1
	0
	1
	6.5
	Good

	Ol et al. (2018)12
	1
	1
	0
	0
	1
	1
	1
	1
	6
	Good

	Ortiz-Catalan et al (2016)15
	0
	1
	0
	0
	0
	1
	1
	1
	4
	Good

	Rothgangel et al (2018)8 
	1
	1
	0.5
	1
	1
	1
	1
	1
	7.5
	Good

	Sumitani et al. (2008)7
	0
	0
	0
	0
	0
	0
	0
	1
	1
	Low

	Tilak et al. (2015)11
	1
	1
	0.5
	1
	1
	1
	1
	1
	7.5
	Good

	Ulger et al. (2009)10
	1
	1
	0
	0
	0
	1
	0
	1
	4
	Good

	Yildirim and Kanan (2016)18
	0
	0
	0
	0
	1
	1
	1
	1
	4
	Good


(1) The study described as randomized. (2) The method of randomization is appropriate. (3) The study was described as blinding (double-blind got one score, and single-blind got a 0.5 score). (4) The method of blinding is appropriate. (5) There is a description of withdrawals and dropouts. (6) There is a description of the inclusion/exclusion criteria. (7) The method used to assess adverse effects described. (8) The methods of statistical analysis described. A total score < 4 is considered a low-quality study. A score of 4 or more is classified as good quality.
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