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Figure 5 Recent studies of mirror therapy (MT) for PLP show a lack of efficacy when compared with various control therapies. (A) Randomised control
trial (RCT) comparing MT to control treatments (combined data from three amputees assigned to a covered MT treatment and three amputees assigned
to perform mental visualisation exercises). Data adapted from figure 2 in Finn et al'® with permission. (B) RCT comparing MT to phantom exercises. Data

adapted from figure 2 in Anaforoglu Kiiliinkoglu et al™®’

with permission. (C) RCT comparing MT to tactile therapy and a combination therapy treatment

which included a serial combination of mirror and tactile therapy. Y-axis reflects decease in magnitude of VAS pain intensity before and after 4 weeks

of therapy. Data adapted from table 2 in Ol et al'®?

with permission. (D) A randomised, blinded, sham-controlled, 2x2 factorial clinical trial comparing

transcranial direct current stimulation (tDCS) and MT. Participants were placed into 1 of the 4 treatment groups: (1) active tDCS and active MT, (2) active
tDCS and covered MT, (3) sham tDCS and active MT and (4) sham tDCS and covered MT. Data adapted from figure 3 in Gundez et al'® with permission. PLP,
phantom limb pain; VAS, Visual Analogue Scale. (A,B) Scale is 0—100 mm. (C,D) Scale is 0—10 mm.

Other reasons are methodological including small sample sizes,
inappropriate or absent control conditions and differences
across studies in how treatments are administered and the
outcome measures used to test them. In addition, researchers
are typically not being selective when they recruit individuals to
take part in PLP studies, either because they do not know what
to select for (eg, level of amputation, number of amputations,
nature of phantom limb: clenched, paresthesia/dysesthesia, etc)

or because people with amputations are simply too difficult to
recruit so researchers implement minimal exclusion criteria and
enrol whomever they can. While these challenges (summarised
in figure 6) have slowed the accumulation of reliable knowledge
on PLP, we are hopeful that corrective actions to overcome these
conceptual and methodological hurdles will lead to the devel-
opment of more meticulous assessment techniques and effective
treatments.

8 Schone HR, et al. J Neurol Neurosurg Psychiatry 2022;0:1-11. doi: 10.1136/jnnp-2021-328428

"ybLAdoo Ag paroarold 1sanb Aq gzoz ‘6T 1snbny uo jwod fwg-duul/:dny wolj papeojumoq "z2z0zZ AN 72 Uo 82182E-T202-duul/oeTT 0T Se paysiignd 1s1y :AjeiyoAsd Binsoinap [oinaN



Cognitive neurology

Challenges in methodology

Limitations in prior studies

Recommendations for future studies

Small sample sizes leading to low
statistical power

Low prevalence of amputation

No clear criteria for establishing a PLP
diagnosis across studies

Setting exclusion criteria given Limited exclusion criteria

heterogenous amputation-related factors

Lack of standard pain measures and

instructions given to patients across studies

Lack of hypothesis driven research
reporting

Inadequate adoption of clinical trial
standards

Establishing appropriate treatment No or weak treatment controls

controls

Conducting longterm prospective studies
follow-ups beyond 1 year

- Absence of pre-registration
- Poorly specified search terms
- Lack of risk of bias assessment

Systematic reviews and meta-analyses

Different inclusion criteria for PLP patients

(i.e., high heterogeneity in samples)

Different pain measures and instructions

Exploring too many outcome measures
leading to opportunities for selective

Lack of randomization, double-blinding

Few prospective studies and very few with

- Multi-center clinical research collaborations to increase study
sample sizes and to accelerate cross-centre replications

- Develop a set of comprehensive measures for PLP which
incorporate presence, intensity, frequency, duration of episodes and
quality of PLP

- Develop a better understanding of amputation-related comorbidity
- Increase sample size to enable regression of covariates

- Develop a set of standard quantifiable and objective measures
for PLP

- Pre-register reporting of outcome measures of interest
- Correct for multiple comparisons

- Adopt CONSORT recommendations for conducting and reporting
clinical trials

- Randomization or matching active and control groups based on
amputation-related factors (e.g. baseline pain levels)

- Double blinding for treatment outcomes where possible

- Develop clearer standards for active controls
- Control for patient’s expectations, engagement with experimenter
and task demands

- Increase funding to facilitate longterm research studies

- Pre-register protocols with PROSPERO or similar database

- Adopt PRISMA/STROBE guidelines and recommendations for
systematic reviews and meta-analyses

- Conduct risk of bias assessments of existing literature

Figure 6 Challenges, limitations and recommendations for phantom limb pain (PLP) research. The methodological challenges with studying PLP have
hindered the accumulation of reliable information on PLP. For each of these, we provide specific examples for how they might impact the existing literature
and recommendations that could be adopted to help overcome each challenge. CONSORT, Consolidated Standards of Reporting Trials; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.

To summarise the more important considerations, when
evaluating the reliability of already published PLP research, we
recommend conducting a risk of bias assessment using any one
of a number of available tools’ to evaluate the degree of bias
in relevant study domains: the sample size, heterogeneity of the
sample and the potency of the treatment controls used. Simi-
larly, when interpreting findings from a heterogenous amputee
sample, it is important to consider the potential effects of PLP
covariates (eg, RLP, preamputation pain, non-painful phantom
sensations) on the study’s findings. Reviewers should insist on
preregistration of key outcome measures, double blinding of
treatment versus controls (when possible) and more careful
interpretation of exploratory analysis, to improve the solidity
of the reported findings. When planning future research on PLR,
we strongly recommend that researchers recruit larger and more
homogeneous samples (based on amputation-related factors).
Further, researchers should prioritise collecting long-term
prospective data and conducting carefully considered RCTs with
potent treatment controls. Considering the practical difficulties
with implementing these recommendations, we feel it is crucial
that researchers and clinicians build multicentre clinical research
collaborations that will allow for either large-scale samples or
replications across independent patient samples. Additionally,
we feel strongly that we need to develop standardised quantifi-
able measures for PLP. This will not only reduce the practice of
‘p-hacking’ when analysing results but will also provide a much-
needed opportunity to compare findings across studies. Beyond
the presence and intensity of PLP such measure should take
into consideration, frequency (daily, weekly, etc), duration of
episodes (seconds, minutes, hours) and impact on quality of life.

While this list is not exhaustive, we hope that these consid-
erations are helpful for researchers and clinicians when evalu-
ating already published PLP research and when planning future
research. Our aspiration is that more reliable evidence will enable

clinicians to make more informed decisions about available and
effective treatments and will guide the development of the next
generation of PLP treatments away from unnecessary pitfalls and
help accelerate the development of more effective treatments.

Twitter Hunter R Schone @hunter.schone, Chris | Baker @Chris_|_Baker and Tamar
R Makin @plasticity_lab

Contributors HS and TM conceived the project and edited the manuscript. HS
created all of the figures and tables. All authors contributed to writing and revising
the manuscript and approved the final version.

Funding HS and CB were supported by the Intramural Research Program of

the National Institute of Mental Health (ZIA-MH002893). JK was supported

by a Canadian Institutes of Health Research Canada Research Chair in

Health Psychology at York University. HF was supported by the Deutsche
Forschungsgemeinschaft: SFB1158/B07 and FL156/41-1.TM was supported by the
European Research Council (https://erc.europa.eu/, 715022 Embodied Tech) and a
Wellcome Trust Senior Research Fellowship (https://wellcome.ac.uk/, grant number:
215575/2/19/2).

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0/.

ORCID iDs

Hunter R Schone http://orcid.org/0000-0001-8496-2319
Chris | Baker http://orcid.org/0000-0001-6861-8964

Joel Katz http://orcid.org/0000-0002-8686-447X

Lone Nikolajsen http://orcid.org/0000-0002-2705-7088
Katleho Limakatso http://orcid.org/0000-0002-7906-4415
Herta Flor http://orcid.org/0000-0003-4809-5398

Tamar R Makin http://orcid.org/0000-0002-5816-8979

Schone HR, et al. J Neurol Neurosurg Psychiatry 2022;0:1-11. doi: 10.1136/jnnp-2021-328428 9

"ybLAdoo Ag paroarold 1sanb Aq gzoz ‘6T 1snbny uo jwod fwg-duul/:dny wolj papeojumoq "z2z0zZ AN 72 Uo 82182E-T202-duul/oeTT 0T Se paysiignd 1s1y :AjeiyoAsd Binsoinap [oinaN


https://twitter.com/hunter.schone
https://twitter.com/Chris_I_Baker
https://twitter.com/plasticity_lab
https://erc.europa.eu/
https://wellcome.ac.uk/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-8496-2319
http://orcid.org/0000-0001-6861-8964
http://orcid.org/0000-0002-8686-447X
http://orcid.org/0000-0002-2705-7088
http://orcid.org/0000-0002-7906-4415
http://orcid.org/0000-0003-4809-5398
http://orcid.org/0000-0002-5816-8979
http://jnnp.bmj.com/

Cognitive neurology

REFERENCES 33 Limakatso K, Bedwell GJ, Madden VJ, et al. The prevalence and risk factors for

1 Henderson WR, Smyth GE. Phantom limbs. J Neurol Neurosurg Psychiatry phantom limb pain in people with amputations: a systematic review and meta-
1948:11:88—112. analysis. PLoS One 2020;15:0240431-21.

2 Collins KL, Russell HG, Schumacher P, et a/. A review of current theories and 34 AlAgha R, Muneer H, Algaseer A. Major Lower Limb Amputation : Causes,
treatments for phantom limb pain. J Clin Invest 2018;128:2168-76. Characteristics and Complications. BMB 2017;39:159-61. _

3 Limakatso K, Parker R. Treatment recommendations for phantom limb pain in people 35 Ebrahimzadeh MH, Fattahi AS, Nejad AB. Long-term Follow-up of Iranian Veteran
with amputations: an expert consensus Delphi study. Pm R 2021;13:1216-26. Upper Extremity Amputees From the Iran-Iraq War (19807?71988). / Trauma

4 Corbett M, South E, Harden M, et al. Brain and spinal stimulation therapies for 2006;61:886-8. ) ) )
phantom limb pain: a systematic review. Health Technol Assess 2018;22:1-94. 36 YinY, Zhang L, Xiao H, et al. The pre-amputation pain and the postoperative

5 Aternali A, Katz J. Recent advances in understanding and managing phantom limb deafferentation are the risk factors of phantom limb pain: a clinical survey in a
pain. F1000Res 2019;8:1167. sample of Chinese population. BMC Anesthesiol 2017;17:69.

6 Subedi B, Grossberg GT. Phantom limb pain: mechanisms and treatment approaches. 37 De Ruddere L, Craig KD. Understanding stigma and chronic pain: a-state-of-the-art
Pain Res Treat 2011;2011:1-8. review. Pain 2016;157:1607-10.

7 McCormick Z, Chang-Chien G, Marshall B, et al. Phantom limb pain: a systematic 38 Kraemer HC, Ka;din AE, Offord DR, et al. Coming to terms with the terms of risk.
neuroanatomical-based review of pharmacologic treatment. Pain Med Arch Gen Psych/a’try 1997,54:337-43. . ) o
2014:15:292-305. 39 KatzJ, Seltzer Ze'ev. Transition from acute to chronic postsurgical pain: risk factors

8 Erlenwein J, Diers M, Ernst J, et al. Clinical updates on phantom limb pain. Pain Rep and protective factors. Expert Rev Neurother 2009;9:723-44. ) ,
2021:6:0888. 40 Hanley MA, Jensen MP, Smith DG, et al. Preamputation pain and acute pain predict

9 Price TJ, Basbaum Al, Bresnahan J, et al. Transition to chronic pain: opportunities for chronic pain after Iovyer extremity amputa'tlon.JPa/n 2007;8:102-9. ) o
novel therapeutics. Nat Rev Neurosci 2018;19:3834. 41 Jensen TS, Krebs B, Nielsen J, et al. Inmediate and long-term phantom limb pain in

10 Zorina-Lichtenwalter K Parisien M Diatchénko L Genetic studies of human amputees: incidence, clinical characteristics and relationship to pre-amputation limb
neuropathic pain conditions: a review. Pain 2018;159:583-94. pain. Pain 19_8?21:267_78' dab ’ \sis. Clin Med

11 Fuchs X, Flor H, Bekrater-Bodmann R. Psychological factors associated with phantom 42 gggﬁr:\/IMSém‘é[lGD Sterne JA. Uses and abuses of meta-analysis. Clin Me
limb pain: a review of recent findings. Pain Res Manag 2018;2018:1-12. e e ) )

12 Jensen MP, Ehde DM, Hoffman AJ, et al. Cognitions, coping and social environment 43 Rasmussen 5, Kehlet H. Management of nerves during leg amputation--a neglected
predict adj'ustment tc; phantom mb pain. Pain 200’2_95,133_42 area in our understanding of the pathogenesis of phantom limb pain. Acta

13 Pillay TK, van Zyl HA, Blackbeard DR. The influence of culture on chronic pain: a AnaesthES{ol scand 2097;51:1 15-6. o )

. ; ) ' . : . . 44 Noblet T, Lineham B, Wiper J, et al. Amputation in Trauma—How to achieve a good
collective review of local and international literature. African J Psychiatry 2015;18. . L ;
d0i-10.4172/2378-5756.1000234 result from lower extremity amputation irrespective of the level. Curr Trauma Rep

L 3 . . . 2019;5:69-78.

14 Dijkstra PU, Geertzen JHB, Stewart R, et al. Phantom pain and risk factors: a . ) . o
multivariate analvsis. J Pain Symptom Manage 2002:24:578—85 45 Pitcher GM, Henry JL. Governing role of primary afferent drive in increased

15 Stankevidius A V\)Iallv.vork 5B };uﬁ]mers 5 etga/ Prev;aleﬁce and iﬁcidence of excitation of spinal nociceptive neurons in a model of sciatic neuropathy. £xp Neurol

S L ! ' P . 2008;214:219-28.
phantom limb pain, phantom limb sensations and telescoping in amputees: a ) - )
o ) o 46 Wall PD, Devor M. Sensory afferent impulses originate from dorsal root ganglia as
systematic rapid review. Eur J Pain 2021;25:23-38. . ) hae . 2
: L . B well as from the periphery in normal and nerve injured rats. Pain 1983;17:321-39.

16 Melzack R, Israel R, Lacroix R, et al. Phantom limbs in people with congenital limb . . . .
defici tation i v childhood. Brain 1997:120:1603-20 47 Dumanian GA, Potter BK, Mioton LM, et al. Targeted muscle reinnervation treats

eliciency or amputation In early chiidhood. brain 195/;129: o ) neuroma and phantom pain in major limb amputees: a randomized clinical trial. Ann

17 Weeks SR, Anderson-Barnes VC, Tsao JW. Phantom limb pain: theories and therapies. Surg 2019;270:238-46

18 /Flleuro/ggésbt Zcog O'd 6C:277_L?6.C| land CS. Variations fents’ self f o 48 Srinivasan SS, Carty MJ, Calvaresi PW, et al. On prosthetic control: a regenerative
b\jﬁ:“;tr;er?t se{tin; Jrofgin S’ym;et;,; Ma,;a;;"‘ﬂzt(')%?giﬂengs self-report of pain agonist-antagonist myoneural interface. Sci Robot 2017;2. doi:10.1126/scirobotics.

N ; ' e ) aan2971. [Epub ahead of print: 31 05 2017].

19 Safikhani .S' Grlles ;(S, Tf“‘f?a“ U, eta/.lResponse' scale selection in adult 'palln 49 Kubiak CA, Kemp SWP, Cederna PS, et al. Prophylactic regenerative peripheral nerve
measures: results from a literature review. J Patient R'ep Outcomes 2017;2:40. interfaces to prevent Postamputation pain. Plast Reconstr Surg 2019;144:421e-30.

20 Whyte AS, Niven CA'Var.'at'.On in phantom limb pain: results of a diary study. / Pain 50 Kalkman JC, Visser K, Moen J, et al. Preoperative prediction of severe postoperative
Symptom Manage 2001,22.947—53.“ . . pain. Pain 2003;105:415-23.

2 chhlerts M, Vgldkamp cLs, A_UgUSte”” HEM' etal Pegrees of frgedom n planning, 51 Caumo W, Schmidt AP, Schneider CN, et al. Preoperative predictors of moderate to
running, analyzing, and repo.rtllng psychological studies: a checklist to avoid P- intense acute postoperative pain in patients undergoing abdominal surgery. Acta
hacking. front Fsychol 2016;7:1-12. , , Anaesthesiol Scand 2002;46:1265-71.

22 Jerlwse'n TS, Krebs B, N|'elsen ) gtal. Phantom limb, lphamom pain aqd stump 52 Scott LE, Clum GA, Peoples JB. Preoperative predictors of postoperative pain. Pain
pain in amputees during the first 6 months following limb amputation. Pain 1983:15:283-93,
1983/17:243-56. . . . 53 Foulkes T, Wood JN. Pain genes. PLoS Genet 2008;4:¢1000086.

23 Ehde DM, Czerniecki JM, Smith DG, et al. Chronic phantom sensations, phantom 54 Kashy BK, Abd-Elsayed AA, Farag E, et al. Amputation as an unusual treatment
pain, residual limb pain, and other regional pain after lower limb amputation. Arch for therapy-resistant complex regional pain syndrome, type 1. Ochsner J
Phys Med Rehabil 2000;81:1039-44. 2015;15:441-2.

24 5Ch|eV.MT: Wilms P Toepfnelr S, et al. Painful and nonpainful phantom and stump 55 Honkamp N, Amendola A, Hurwitz S, et al. Retrospective review of eighteen patients
sensations in acute traumatic amputees. / rauma 2008;65:858-64. who underwent transtibial amputation for intractable pain. / Bone Joint Surg Am

25 Nikolajsen L, Ilkjaer S, Krener K, et al. The influence of preamputation pain on 2001:83:1479-83.
postamputation stump and phantom pain. Pain 1997,72:393-405. 56 Bodde MI, Dijkstra PU, den Dunnen WFA, et al. Therapy-Resistant complex

26 Nortvedt F, Engelsrud G. “Imprisoned” in pain: analyzing personal experiences of regional pain syndrome type I: to amputate or not? J Bone Joint Surg Am
phantom pain. Med Health Care Philos 2014;17:599-608. 2011:93:1799-805.

27 Ba!akhanlou E, ngster ) Borgia M, et al. Frequency and severity Of phantom limb 57 Schrier E, Geertzen JHB, Scheper J, et al. Psychosocial factors associated with poor
pain in veterans with major upper limb amputation: results of a national survey. Pm outcomes after amputation for complex regional pain syndrome type-I. PLoS One
R 2021;13:1-9. ‘ . o ) 2019;14:e0213589-13.

28 Bekrater-Bodmann R, Schred| M, Diers M, et al. Post-amputation pain is associated 58 Wartan SW, Hamann W, Wedley JR, et al. Phantom pain and sensation among British
with the recall of an impaired body representation in dreams-results from a nation- veteran amputees. Br J Anaesth 1997;78:652-9.
wide survey on limb amputees. PLoS One 2015;10:e0119552. 59 van der Schans CP, Geertzen JHB, Schoppen T, et al. Phantom pain and

29 Morgan S, Friedly JL, Amtmann D, et a/. Cross-Sectional assessment of factors health-related quality of life in lower limb amputees. J Pain Symptom Manage
related to pain intensity and pain interference in lower limb prosthesis users. Arch 2002;24:429-36.

Phys Med Rehabil 2017;98:105-13. 60 Devan H, Hendrick P, Hale L, et al. Exploring factors influencing low back pain

30 Mioton LM, Dumanian GA, Fracol ME, et al. Benchmarking residual limb pain and in people with Nondysvascular lower limb amputation: a national survey. Pm R
phantom limb pain in amputees through a patient-reported outcomes survey. Plast 2017;9:949-59.

Reconstr Surg Glob Open 2020;8:€2977-7. 61 Houghton AD, Nicholls G, Houghton AL, et al. Phantom pain: natural history and

31 Resnik L, Ekerholm S, Borgia M, et al. A national study of veterans with major upper association with rehabilitation. Ann R Coll Surg Engl 1994;76:22-5.
limb amputation: survey methods, participants, and summary findings. PLoS One 62 Nikolajsen L, Limb P. Phantom Limb. In: McMahon S, Koltzenburg M, Tracey |, eds.
2019;14:¢0213578. Wall and Melzacks' Textbook of Pain. Philadelphia: W. B. Saunders Company,

32 Diers M, Krumm B, Fuchs X, et al. The prevalence and characteristics of phantom 2013:915-25.
limb pain and Non-Painful phantom phenomena in a nationwide survey of 3,374 63 Scaliti E, Gruppioni E, Becchio C. And yet it moves: what we currently know about
unilateral limb amputees. / Pain 2022;23:411-23. phantom arm movements. Neuroscientist 2020;26:328-42.

10 Schone HR, et al. J Neurol Neurosurg Psychiatry 2022;0:1-11. doi: 10.1136/jnnp-2021-328428

"ybLAdoo Ag paroarold 1sanb Aq gzoz ‘6T 1snbny uo jwod fwg-duul/:dny wolj papeojumoq "z2z0zZ AN 72 Uo 82182E-T202-duul/oeTT 0T Se paysiignd 1s1y :AjeiyoAsd Binsoinap [oinaN


http://dx.doi.org/10.1136/jnnp.11.2.88
http://dx.doi.org/10.1172/JCI94003
http://dx.doi.org/10.1002/pmrj.12556
http://dx.doi.org/10.3310/hta22620
http://dx.doi.org/10.12688/f1000research.19355.1
http://dx.doi.org/10.1155/2011/864605
http://dx.doi.org/10.1111/pme.12283
http://dx.doi.org/10.1097/PR9.0000000000000888
http://dx.doi.org/10.1038/s41583-018-0012-5
http://dx.doi.org/10.1097/j.pain.0000000000001099
http://dx.doi.org/10.1155/2018/5080123
http://dx.doi.org/10.1016/S0304-3959(01)00390-6
http://dx.doi.org/10.4172/2378-5756.1000234
http://dx.doi.org/10.1016/s0885-3924(02)00538-9
http://dx.doi.org/10.1002/ejp.1657
http://dx.doi.org/10.1093/brain/120.9.1603
http://dx.doi.org/10.1097/NRL.0b013e3181edf128
http://dx.doi.org/10.1016/S0885-3924(03)00077-0
http://dx.doi.org/10.1186/s41687-018-0053-6
http://dx.doi.org/10.1016/s0885-3924(01)00356-6
http://dx.doi.org/10.1016/s0885-3924(01)00356-6
http://dx.doi.org/10.3389/fpsyg.2016.01832
http://dx.doi.org/10.1016/0304-3959(83)90097-0
http://dx.doi.org/10.1053/apmr.2000.7583
http://dx.doi.org/10.1053/apmr.2000.7583
http://dx.doi.org/10.1097/TA.0b013e31812eed9e
http://dx.doi.org/10.1016/S0304-3959(97)00061-4
http://dx.doi.org/10.1007/s11019-014-9555-z
http://dx.doi.org/10.1002/pmrj.12485
http://dx.doi.org/10.1002/pmrj.12485
http://dx.doi.org/10.1371/journal.pone.0119552
http://dx.doi.org/10.1016/j.apmr.2016.09.118
http://dx.doi.org/10.1016/j.apmr.2016.09.118
http://dx.doi.org/10.1097/GOX.0000000000002977
http://dx.doi.org/10.1097/GOX.0000000000002977
http://dx.doi.org/10.1371/journal.pone.0213578
http://dx.doi.org/10.1016/j.jpain.2021.09.003
http://dx.doi.org/10.1371/journal.pone.0240431
http://dx.doi.org/10.12816/0047632
http://dx.doi.org/10.1097/01.ta.0000236014.78230.77
http://dx.doi.org/10.1186/s12871-017-0359-6
http://dx.doi.org/10.1097/j.pain.0000000000000512
http://dx.doi.org/10.1001/archpsyc.1997.01830160065009
http://dx.doi.org/10.1586/ern.09.20
http://dx.doi.org/10.1016/j.jpain.2006.06.004
http://dx.doi.org/10.1016/0304-3959(85)90090-9
http://dx.doi.org/10.7861/clinmedicine.1-6-478
http://dx.doi.org/10.1111/j.1399-6576.2007.01389.x
http://dx.doi.org/10.1111/j.1399-6576.2007.01389.x
http://dx.doi.org/10.1007/s40719-019-0159-1
http://dx.doi.org/10.1016/j.expneurol.2008.08.003
http://dx.doi.org/10.1016/0304-3959(83)90164-1
http://dx.doi.org/10.1097/SLA.0000000000003088
http://dx.doi.org/10.1097/SLA.0000000000003088
http://dx.doi.org/10.1126/scirobotics.aan2971
http://dx.doi.org/10.1097/PRS.0000000000005922
http://dx.doi.org/10.1016/S0304-3959(03)00252-5
http://dx.doi.org/10.1034/j.1399-6576.2002.461015.x
http://dx.doi.org/10.1034/j.1399-6576.2002.461015.x
http://dx.doi.org/10.1016/0304-3959(83)90063-5
http://dx.doi.org/10.1371/journal.pgen.1000086
http://dx.doi.org/10.1043/TOJ-14-0074
http://dx.doi.org/10.2106/00004623-200110000-00003
http://dx.doi.org/10.2106/JBJS.J.01329
http://dx.doi.org/10.1371/journal.pone.0213589
http://dx.doi.org/10.1093/bja/78.6.652
http://dx.doi.org/10.1016/S0885-3924(02)00511-0
http://dx.doi.org/10.1016/j.pmrj.2017.02.004
http://www.ncbi.nlm.nih.gov/pubmed/8117013
http://dx.doi.org/10.1177/1073858420904326
http://jnnp.bmj.com/

Cognitive neurology

64 Ramachandran VS, Rogers-Ramachandran D. Synaesthesia in phantom limbs induced

65

66

67

68

69

70

A

72

73

74

75

76

77

78

79

80

81

82

83

with mirrors. Proc Biol Sci 1996;263:377-86.

Kikkert S, Mezue M, Henderson Slater D, et al. Motor correlates of phantom limb
pain. Cortex 2017;95:29-36.

Makin TR, Scholz J, Filippini N, et al. Phantom pain is associated with preserved
structure and function in the former hand area. Nat Commun 2013;4:1570-8.
Kikkert S, Johansen-Berg H, Tracey |, et al. Reaffirming the link between chronic
phantom limb pain and maintained missing hand representation. Cortex
2018;106:174-84.

Lotze M, Flor H, Grodd W, et al. Phantom movements and pain. An fMRI study in
upper limb amputees. Brain 2001;124:2268-77.

Flor H, Elbert T, Knecht S, et al. Phantom-Limb pain as a perceptual correlate of
cortical reorganization following arm amputation. Nature 1995;375:482—-4.

Karl A, Birbaumer N, Lutzenberger W, et al. Reorganization of motor and
somatosensory cortex in upper extremity amputees with phantom limb pain. J
Neurosci 2001;21:3609-18.

Makin TR, Flor H. Brain (re)organisation following amputation: Implications for
phantom limb pain. Neuroimage 2020;218:116943.

Limakatso K, Madden VJ, Manie S, et al. The effectiveness of graded motor imagery
for reducing phantom limb pain in amputees: a randomised controlled trial.
Physiotherapy 2020;109:65-74.

Lendaro E, Hermansson L, Burger H, et al. Phantom motor execution as a treatment
for phantom limb pain: protocol of an international, double-blind, randomised
controlled clinical trial. BM/ Open 2018;8:¢021039-9.

Ortiz-Catalan M, Guomundsdattir RA, Kristoffersen MB, et al. Phantom motor
execution facilitated by machine learning and augmented reality as treatment for
phantom limb pain: a single group, clinical trial in patients with chronic intractable
phantom limb pain. Lancet 2016;388:2885-94.

Foell J, Bekrater-Bodmann R, Diers M, et al. Mirror therapy for phantom limb pain:
brain changes and the role of body representation. £ur J Pain 2014;18:729-39.
Sherman RA, Sherman CJ, Parker L. Chronic phantom and stump pain among
American veterans: results of a survey. Pain 1984;18:83-95.

Davidson JH, Khor KE, Jones LE. A cross-sectional study of post-amputation pain
in upper and lower limb amputees, experience of a tertiary referral amputee clinic.
Disabil Rehabil 2010;32:1855-62.

Terry RH, Niven CA, Brodie EE, et al. Memory for pain? A comparison of
nonexperiential estimates and patients’ reports of the quality and intensity of
postoperative pain. J Pain 2008;9:342-9.

O'Brien E, Ellsworth PC. Saving the last for best: a positivity bias for end experiences.

Psychol Sci 2012;23:163-5.

Redelmeier DA, Katz J, Kahneman D. Memories of colonoscopy: a randomized trial.
Pain 2003;104:187-94.

Ahmed A, Bhatnagar S, Mishra S, et al. Prevalence of phantom limb pain, stump
pain, and phantom limb sensation among the amputated cancer patients in India: a
prospective, observational study. Indian J Palliat Care 2017;23:24-35.

Bosmans JC, Geertzen JHB, Post W), et al. Factors associated with phantom limb
pain: a 31/2-year prospective study. Clin Rehabil 2010;24:444-53.

Larbig W, Andoh J, Huse E, et al. Pre- and postoperative predictors of phantom limb
pain. Neurosci Lett 2019;702:44-50.

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

Richardson C, Glenn S, Nurmikko T, et al. Incidence of phantom phenomena
including phantom limb pain 6 months after major lower limb amputation in
patients with peripheral vascular disease. Clin J Pain 2006;22:353-8.

Ephraim PL, Wegener ST, MacKenzie EJ, et al. Phantom pain, residual limb pain,
and back pain in amputees: results of a national survey. Arch Phys Med Rehabil
2005;86:1910-9.

Sherman RA, Sherman CJ. Prevalence and characteristics of chronic phantom

limb pain among American veterans. Results of a trial survey. Am J Phys Med
1983;62:227-38.

Bone M, Critchley P, Buggy DJ. Gabapentin in postamputation phantom limb pain:
a randomized, double-blind, placebo-controlled, cross-over study. Reg Anesth Pain
Med 2002;27:481-6.

Smith DG, Ehde DM, Hanley MA, et al. Efficacy of gabapentin in treating chronic
phantom limb and residual limb pain. J Rehabil Res Dev 2005;42:645-54.
Nikolajsen L, Finnerup NB, Kramp S, et al. A randomized study of the effects of
gabapentin on postamputation pain. Anesthesiology 2006;105:1008-15.
Richardson C, Kulkarni J. A review of the management of phantom limb pain:
challenges and solutions. J Pain Res 2017;10:1861-70.

Ramachandran VS, Rogers-Ramachandran D, Cobb S. Touching the phantom limb.
Nature 1995;377:489-90.

Moseley GL. Graded motor imagery for pathologic pain: a randomized controlled
trial. Neurology 2006;67:2129-34.

Flor H, Denke C, Schaefer M. Effect of sensory discrimination training on cortical
reorganisation and phantom limb pain fatty fish consumption and risk of prostate
cancer. Lancet 2001;357:1763—4. doi:10.1016/50140-6736(00)04890-X

Osumi M, Inomata K, Inoue Y, et al. Characteristics of phantom limb pain alleviated
with virtual reality rehabilitation. Pain Med 2019;20:1038-46.

Makin TR. Phantom limb pain: thinking outside the (mirror) box. Brain
2021;144:1929-32.

Matheve T, Bogaerts K, Timmermans A. Virtual reality distraction induces hypoalgesia
in patients with chronic low back pain: a randomized controlled trial. J/ Neuroeng
Rehabil 2020;17:1-12.

Holman L, Head ML, Lanfear R, et a/. Evidence of experimental bias in the life
sciences: why we need blind data recording. PLoS Biol 2015;13:21002190-12.
Freedman B. Equipoise and the ethics of clinical research. N Engl J Med
1987;317:141-5.

Farrah K, Young K, Tunis MC, et al. Risk of bias tools in systematic reviews of health
interventions: an analysis of PROSPERO-registered protocols. Syst Rev 2019;8:1-9.
Finn SB, Perry BN, Clasing JE, et al. A randomized, controlled trial of mirror therapy
for upper extremity phantom limb pain in male amputees. Front Neurol 2017;8:267.
Anaforoglu Kiilinkoglu B, Erbahceci F, Alkan A. A comparison of the effects of
mirror therapy and phantom exercises on phantom limb pain. Turk J Med Sci
2019;49:101-9.

Ol HS, Van Heng Y, Danielsson L, et al. Mirror therapy for phantom limb and stump
pain: a randomized controlled clinical trial in landmine amputees in Cambodia.
Scand J Pain 2018;18:603-10.

Gunduz ME, Pacheco-Barrios K, Bonin Pinto C, et a/. Effects of combined and alone
transcranial motor cortex stimulation and mirror therapy in phantom limb pain: a
randomized factorial trial. Neurorehabil Neural Repair 2021;35:704-16.

Schone HR, et al. J Neurol Neurosurg Psychiatry 2022;0:1-11. doi: 10.1136/jnnp-2021-328428

"ybLAdoo Ag paroarold 1sanb Aq gzoz ‘6T 1snbny uo jwod fwg-duul/:dny wolj papeojumoq "z2z0zZ AN 72 Uo 82182E-T202-duul/oeTT 0T Se paysiignd 1s1y :AjeiyoAsd Binsoinap [oinaN


http://dx.doi.org/10.1098/rspb.1996.0058
http://dx.doi.org/10.1016/j.cortex.2017.07.015
http://dx.doi.org/10.1038/ncomms2571
http://dx.doi.org/10.1016/j.cortex.2018.05.013
http://dx.doi.org/10.1093/brain/124.11.2268
http://dx.doi.org/10.1038/375482a0
http://dx.doi.org/10.1523/JNEUROSCI.21-10-03609.2001
http://dx.doi.org/10.1523/JNEUROSCI.21-10-03609.2001
http://dx.doi.org/10.1016/j.neuroimage.2020.116943
http://dx.doi.org/10.1016/j.physio.2019.06.009
http://dx.doi.org/10.1136/bmjopen-2017-021039
http://dx.doi.org/10.1016/S0140-6736(16)31598-7
http://dx.doi.org/10.1002/j.1532-2149.2013.00433.x
http://dx.doi.org/10.1016/0304-3959(84)90128-3
http://dx.doi.org/10.3109/09638281003734441
http://dx.doi.org/10.1016/j.jpain.2007.11.008
http://dx.doi.org/10.1177/0956797611427408
http://dx.doi.org/10.1016/S0304-3959(03)00003-4
http://dx.doi.org/10.4103/0973-1075.197944
http://dx.doi.org/10.1177/0269215509360645
http://dx.doi.org/10.1016/j.neulet.2018.11.044
http://dx.doi.org/10.1097/01.ajp.0000177793.01415.bd
http://dx.doi.org/10.1016/j.apmr.2005.03.031
http://www.ncbi.nlm.nih.gov/pubmed/6624883
http://dx.doi.org/10.1053/rapm.2002.35169
http://dx.doi.org/10.1053/rapm.2002.35169
http://dx.doi.org/10.1682/JRRD.2005.05.0082
http://dx.doi.org/10.1097/00000542-200611000-00023
http://dx.doi.org/10.2147/JPR.S124664
http://dx.doi.org/10.1038/377489a0
http://dx.doi.org/10.1212/01.wnl.0000249112.56935.32
http://dx.doi.org/10.1016/S0140-6736(00)04890-X
http://dx.doi.org/10.1093/pm/pny269
http://dx.doi.org/10.1093/brain/awab139
http://dx.doi.org/10.1186/s12984-020-00688-0
http://dx.doi.org/10.1186/s12984-020-00688-0
http://dx.doi.org/10.1371/journal.pbio.1002190
http://dx.doi.org/10.1056/NEJM198707163170304
http://dx.doi.org/10.1186/s13643-019-1172-8
http://dx.doi.org/10.3389/fneur.2017.00267
http://dx.doi.org/10.3906/sag-1712-166
http://dx.doi.org/10.1515/sjpain-2018-0042
http://dx.doi.org/10.1177/15459683211017509
http://jnnp.bmj.com/

