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Abstract
Limb trauma remains the most prevalent survivable major combat injury. In the First World War, more than 700,000 British soldiers
received limb wounds and more than 41,000 underwent an amputation, creating one of the largest amputee cohorts in history.
Postamputation pain affects up to 85% of military amputees, suggesting that up to 33,000 British First World War veterans
potentially reported postamputation pain. This qualitative systematic review explores the professional medical conversation around
clinical management of chronic postamputation pain in this patient cohort, its development over the 20th century, and how this
information was disseminated among medical professionals. We searched The Lancet and British Medical Journal archives
(1914–1985) for reports referring to postamputation pain, its prevalence, mechanisms, descriptors, or clinical management.
Participants were First WorldWar veterans with a limb amputation, excluding civilians and veterans of all other conflicts. The search
identified 9809 potentially relevant texts, of which 101 met the inclusion criteria. Reports emerged as early as 1914 and the
discussion continued over the next 4 decades. Unexpected findings included early advocacy of multidisciplinary painmanagement,
concerns over addiction, and the effect of chronic pain onmental health emerging decades earlier than previously thought. Chronic
postamputation pain is still a significant issue for military rehabilitation. Similarities between injury patterns in the First WorldWar and
recent Iraq and Afghanistan conflicts mean that these historical aspects remain relevant to today’s military personnel, clinicians,
researchers, and policymakers.
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1. Introduction

Limb trauma represents the most prevalent survivable major
combat injury. Collectively, for all belligerent nations, the First
World War yielded the largest military amputee cohort in history.
In excess of 700,000 British soldiers received limbwounds during

the conflict, resulting in an estimated total of more than 41,000
surviving young male amputees in the United Kingdom alone.5

The pattern and scale of limb wounds sustained during the First
World War was unlike anything seen in prior conflicts. The
combination of penetrating injuries from high-velocity projectiles,
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consequential major tissue disruption, and a high risk of infection
in contaminated wounds (particularly by anaerobic microbes in
the preantibiotic era) predicated a low threshold for the
consideration of early life-saving amputation. Without effective
vaccinations or antibiotics, debridement and early surgical
intervention were often the most appropriate surgical tactics.
Early amputation was further utilised due to the need to process
unprecedented numbers of casualties through the evacuation
pathway and avoid the time consuming and often ultimately futile
job of limb reconstruction. Of all injuries amongst British soldiers
in the First World War that were not immediately fatal, an overall
proportion of 13% resulted in amputation.20 These numbers are
unequalled by any subsequent conflict. For comparison,
the Second World War led to approximately 12,000 British
amputee veterans and the most recent Afghanistan conflict
resulted in 302 UK service personnel undergoing one or more
traumatic or surgical amputations between 2001 and 2020 (a
total of 0.2% of the 150,610 British personnel who served in
Afghanistan).50,51

Significant residual limb pain affects up to 85% of today’s
military amputees, and phantom limb is reported by at least 59%
of all military amputees.1,26,37 If the same were true for the First
World War cohort, then 35,000 British amputee veterans may
have experienced chronic pain as a result of their amputation.
Chronic pain has significant negative effect on the quality of life.53

Yet there has been no detailed analysis reporting the effect of
conflict-related chronic postamputation pain on veterans’ long-
term health and quality of life, on resulting years lost to disability, in
the evolution of medical attitudes, the clinical assessment, or the
management for postamputation pain.68

This systematic review is part of a wider programme examining
this topic, including conventional historiography and analysis of
archival material, notably First World War veterans’ pension files,
and a prospective long-term follow-up of British injured veterans
from recent conflicts.2,3,24 Although articles frommedical journals
of this period are often cited by historians, the cited sources are
usually selected without a systematic approach, with the inherent
risk of bias that such an approach risks.

It has been suggested that pain is often absent in published
medical accounts due to a professional reluctance to discuss a
condition that could not be surgically resolved. Edwards et al.
considered that “because there was not potential for surgical
resolution and it did not affect tissue viability for prosthetics, it
[pain] was marginalised in medical discussion of amputation
during World War One and in the period of reflection after-
wards.”26 Establishing the extent to which this knowledge and
interest was disseminated amongst medical professionals was
one of the key objectives of this review. The goals of this
systematic review were therefore to explore, using a systematic
search of professional medical journals:
(1) the professional medical conversation on the aetiology (in

terms of mechanistic descriptor), contemporary treatment,
clinical presentation, and assessment of chronic postampu-
tation pain in veterans injured on active service during the First
World War;

(2) the extent to which these developed over the lifetimes of these
veterans.
Secondary aims were to identify when chronic postamputation

pain (including phantom and residual limb, as defined in Table 1)
became recognised as a potential disability either in its own right
or as a contributing factor, when concepts of interdisciplinary or
multidisciplinary treatment for chronic postamputation pain
emerged, and the extent to which emergent medical specialties

(eg, neurology, anaesthetics, psychiatry, orthopaedics, pain
medicine) started to contribute to pain management.

2. Methods

The review protocol was prospectively registered with the Open
Science Framework on May 4, 2020 at osf.io/cr5ab (DOI:
10.17605/OSF.IO/CR5AB).

2.1. Search criteria

A search of the 2 major professional medical journals of the 20th
century in the United Kingdom, The Lancet and the British
Medical Journal, for the full years 1914 to 1985 was undertaken.
This time window is in line with the medical pension files for the
First World War veterans held by the UK’s National Archives at
Kew catalogued in the file series and referred to as “PIN 26.”24

The search was intended to retrieve all articles that described the
prevalence, assessment, or pathophysiological pain mecha-
nisms of postamputation pain sustained by veterans of the First
World War, as well as clinical descriptions, case histories, and
treatments. The search was not limited to specific types of text,
with all original research studies, reviews, editorials, conference
reports, and correspondence included. As not all past issues of
the journals were available on standard medical databases (eg,
PubMed), The Lancetwas searched through its own archives with
texts retrieved through ScienceDirect, whereas JSTOR was used
to search and retrieve texts from the British Medical Journal.
Searches were conducted on June 3 to 4, 2020 (see Appendix,
available online at http://links.lww.com/PR9/A204).

Table 1

Definitions of postamputation pain as outlined by Edwards et al.
and the International Association for the Study of Pain.25,33,34

Residual limb pain Spontaneous (continuous or paroxysmal) or evoked
pain perceived as originating in the residual limb
including the stump; pain unrelated to amputation,
eg, other injuries, such as damage of the nerves
above the level of amputation

Stump pain Spontaneous (continuous or paroxysmal) or evoked
pain in the amputation stump, includes neuroma,
muscle, and bone stump as pain sources

Phantom limb pain Spontaneous (continuous or paroxysmal) or evoked
pain perceived as arising in the missing limb

Phantom limb sensation Any sensation of the missing limb including pain

Neuropathic pain Pain caused by a lesion of disease of the
somatosensory nervous system

Table 2

Inclusion criteria for text screening.

Population First World War veterans with limb injury and
amputation sustained on active service

Intervention Any treatments intended to alleviate
postamputation pain

Comparison A range of methods were employed but no
randomised control trials. Therefore, there are often
no comparisons. However, comparisons were
extracted where the author has described them

Outcome Often no recorded outcomes or imprecise
descriptions. Therefore, anything reported by the
author as an outcome was extracted
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2.2. Selection criteria

Included reports covered participants who were military veterans
identified as having sustained a limb injury whilst on active service
during the First World War (Table 2). In line with the British
government’s definition, “veterans” were all those who served
one day or more in the armed forces.51 In the registered protocol,
we had intended to include veterans with chronic pain due to
amputation and peripheral nerve injury. However, due to the
nature and number of retrieved texts, a protocol amendment
decision was made by the first and senior author to focus on
postamputation pain only. Texts on peripheral nerve injury were
thus excluded during full-text screening.

Reports regarding veterans from all subsequent conflicts and
civilians were excluded. The participant’s injury and date range
were the only specific inclusion criteria for the study because it
was intended to explore the professional medical “conversation”
around these conditions, their aetiologies, and their treatments as
broadly and inclusively as possible. Limiting the search with
specific inclusion and exclusion criteria based on particular
interventions or study designs would have been overly restrictive
and could create selection bias. Due to the age of the texts, it was
not possible to seek a greater level of detail through contacting
authors or searching unpublished sources.

2.3. Study selection and data extraction

Screening was performed by one author (S.D.S.) with inclusion
conflicts and uncertainties resolved by conversation with the
senior author (A.S.C.R.). Data extraction was performed by one
author (S.D.S.).

Deduplication, title, and full-text screening were performed
using Covidence (Veritas Health Innovation, Melbourne, Australia).
It had been intended to screen studies by title and abstract before a
full-text screening. However, due to the age of the texts, the
method of digitisation and the wide range of article types identified
in the search, none of the retrieved texts included an abstract, so
initial screening had to be performed based on title alone. As the
search covered almost a century of publication, there was no
standardisation of format or terminology within the text, and data
were extracted only in a qualitative manner. Extracted data were
recorded in Microsoft Excel 365 and included details on patients,
wounds sustained, treatment, and assumed mechanistic descrip-
tors of pain. Results were exported into the qualitative analysis
software, NVivo 12 (QSR International, Doncaster, Australia).

This study was conducted using archival material and was
intended to explore the professional medical conversation across
the 20th century, with a particular focus on the dynamics of how
clinicians discussed and shared these ideas. Hence, a meta-
analysis or a risk of bias assessment would have been
inappropriate and was not conducted. Therefore, the output is
in the form of a descriptive synthesis, structured around the
aetiology andmechanistic descriptors of chronic postamputation
pain and treatments strategies applied.

2.4. Terminology

We attempted to employ a classification of pain in our findings,
using the terminology of the texts’ authors. Doing so on a
consistent and widely agreed basis proved problematic as
definitions and criteria for diagnoses changed over the period,
and attempts to formalise classification of pain are a recent
phenomenon, which postdate our search period. Chapters in the
classification of chronic pain were only included for the first time in

the 11th iteration of the International Classification of Diseases
(ICD-11) in 2019.68

As a result, postamputation painwas definedwith the definitions
in Table 1, taken from Edwards et al.26 Neuropathic pain was
defined, as far as possible given the historic nature of the text, in
broad alignment with current era definition published by the
International Association for the Study of Pain, which is consistent
with the recently published inaugural pain chapters in ICD-
11.33–35,60 The historical and diverse nature of the reports resulted
in a necessary degree of diagnostic imprecision, with reviewers
exercising a degree of pragmatism. We based our classification
largely on the history of nerve injury (inherently a feature of limb
amputation), symptom descriptors, and the authors’ use of
contemporary terms such as “neuritis,” “neuralgia,” and “causal-
gia.” This would be broadly consistent with the “possible” level of
diagnostic certainty in modern algorithms, the use of which we
have previously reported in a historical context.29,57

3. Results

3.1. Article types

After deduplication, 8981 reports were assessed for inclusion.
Screening by title excluded 4600 texts, and full-text screening
removed a further 4280. One hundred one texts were thus
included in the final data set (Fig. 1). Although the search covered
the years 1914 to 1985, the most recent relevant text to be
included in the final data set was published in 1956. That no
relevant texts were retrieved from subsequent decades probably
reflects the decreasingnumber of living veteransof FirstWorldWar.
Seventy-one of the texts were retrieved from the British Medical
Journal and 30 from The Lancet. As anticipated, the discussion
around conflict-related chronic pain peaked during the First World
War, and the number of texts declined rapidly after 1919, with only
a small increase around the Second World War (Fig. 2).

Retrieved texts categorised by article type are shown in
Table 3. Conference summaries accounted for the largest type at
22 (22%). Narrative reviews and articles reflecting on previous
cases, categorised as “inmy experience,” each totalled 19 (19%).
The remainder were 18 case reports (18%), 13 book reviews
(13%), and 6 “other” (6%), the majority of which was correspon-
dence. No randomised controlled trials testing an intervention
were identified.

In total, 50 articles referenced other texts with a total of 170
references: 26 (15%) of which were in another issue of the same
journal, suggesting a response to an article or correspondence,
and 53 (31%) were in another professional medical journal. A
further 39 (23%) were originally published in an European journal,
most commonly in French, German, or Italian, indicating that
these ideas were being discussed and shared internationally.

3.2. Types of pain

The retrieved files contained 131 direct references to pain,
categorised during data extraction into 9 types, with 18 articles
(14%) referencing more than one type of pain (Table 4). The most
frequently reported pain categories were neuropathic and stump
pain (as defined in Table 1), with 43 (33%) and 34 (26%)
references, respectively. Stump pain was the only category to
feature in every decade from the 1910s to the 1950s. Neuropathic
pain was most commonly recorded during 1914 to 1918.
Common terms for neuropathic pain (“neuralgia,” “neuritis,” and
“causalgia”) were directly employed by the primary authors in 18
of articles (14%). Despite modern estimates that phantom limb
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sensation (as defined in Table 1) can affect up to 70% of
amputees, no specific references to this condition were re-
trieved.1 Thirteen studies (13%) investigated causes and treat-
ment of phantom limb pain, reaching a peak in the period 1946 to
1949.

Theories into potential causes of chronic postamputation pain
were recorded and classified under 3 themes: “nociceptive,”
“neuropathic,” or “psychological,” in accordance with the usage
and concepts pertaining at the time of publication (Table 5).
Although these 3 categories are not terms necessarily widely
used by clinicians of the period, these descriptive terms were felt
to be most appropriate by the authors. The most commonly
reported theories were based around pain caused by a
physiological mechanism often relating to treatment and re-
habilitation. These included a poorly fitting prosthesis, amputation
technique causing physical issues with the stump, scarring, or
necrosed bone. Together, these accounted for 64 (50%) of all
mechanistic descriptors. The second category, pain with a
neuropathic origin, accounted for 54 references (42%) and also
peaked during the First World War. The third category, “pain of a
psychological origin,” accounted for 10 references (8%), and
whilst this is an outdated concept for today’s medicine, it was
considered important to include due to the stigma that still
surrounds chronic pain and the potential effect of untreated pain
on a patient’s mental health.

The total number of participants described in the included
reports was 9,326. Eleven studies included at least 100
participants; the largest reported 2000 patients. The mechanism
of injury was specifically noted for only 168 patients. The most
common cause reported was a gunshot wound, a term used
during the First World War as inclusive of both projectile and blast
injuries and which varied from a rifle bullet to shrapnel and
fragments from artillery shells.

3.3. Interventions

Forty-three pain management interventions were described by
authors (Table 6). The most frequently reported interventions
were surgical or percutaneous needle-based therapies. Sixty-
seven reports (66%) were made from a surgical perspective.
Outcomes for interventions were reported in any manner in only
28 texts (28%). The most successful treatment reported was
neuroma percussion, a “refreshingly simple method” based on
the theory that repeated targeted pressure with a small mallet or
bar on traumatised nerve endings would cause them to
degenerate into fibrous tissue and render them into a painless
state of “chronic concussion.”12 Articles referring to this
treatment reported 2 positive and zero negative outcomes. Eight
separate treatments reported a single negative outcome,
although no treatments reported more than one.

Figure 1. Retrieved texts for The Lancet and The British Medical Journal, with reasons for exclusion.
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4. Discussion

The aim of this qualitative systematic review was to describe the
evolution of professional recognition and clinical management of
postamputation pain in First World War veterans between 1914
and 1985.We systematically searched the archives of The Lancet
and the British Medical Journal to investigate the professional
medical conversation regarding the mechanistic descriptors,
assessment, and treatment of chronic postamputation pain in
this cohort across the first 70 post–(First World) war years.

The results demonstrate that clinicians were aware of, and
discussed, the possibility of long-term pain after conflict-related
amputations from at least the beginning of the 20th century. It
also reveals sparse consensus regarding the pathophysiology or
clinical management of this condition and how it should be
assessed, a situation which persists to the current era. The final

article to be retrieved by the search (although excluded during the
screening process), published in 1982, acknowledged that
through a “lack of understanding, lack of treatment, and even
perhaps the wrong treatment … many pain syndromes are
virtually untreatable,” echoing sentiments expressed in 1918,
when “it became evident that there was much to be learnt …
prognosis … was little more than sanguine guesswork.”18,45

Apart from the Official History of the First World War and
recommendations published at the start of the Second World
War, we are unable to identify anymajor organised or prospective
effort to research this cohort from this archive.48,53 This
represents a missed research opportunity to improve the lives
of military personnel who sustained such injuries, and which
perhaps gives some way to explaining the lack of advance that
was seen in this area across the 20th century.26 The prospective

Figure 2. Total retrieved publications by decade for The Lancet and the British Medical Journal.

Table 3

Categories of texts retrieved.

Category Total 1914–19 1920–29 1930–39 1940–45 1946–49 1950–59

Book review 13 8 1 2 1 1 —

Case report series 16 6 5 1 — 2 2

Conference summary 22 15 3 2 2 — —

“In my experience” 19 10 2 1 1 4 1

Narrative review 19 13 2 — 4 — —

Other 6 5 — — 1 — —

Question and answer 2 — — 1 — — 1

Single case report 2 — 1 — — 1 —
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and longitudinal Armed Services Trauma Rehabilitation Outcome
Study (ADVANCE) examining injured British veterans from recent
conflicts represents the grasping of an important opportunity to
rectify this historical omission.2,3

Throughout the 101 articles included in this review, 4
discussion themes emerged and were selected for further
discussion: mechanistic descriptors of pain, treatment of chronic
postamputation pain, assessment of pain and treatments, and
cycles of learning.

4.1. Mechanistic descriptors of pain

Only recently have mechanistic descriptors of pain been formalised
into the 11th Revision of the International Classification of Diseases,
which perhaps reflects our still incomplete understanding of chronic
pain.33,68 The lack of such a universally agreed classification in the

20th century presented challenges for this review. Nevertheless, we
were able to identify 3 broad descriptive themes relating to chronic
postamputation pain in the retrieved texts. This interpretation was
predominately by the primary author (S.D.S.) with assistance from
the senior author (A.S.C.R.) based on the original terms used in the
retrieved texts. These canbebroadly categorised as follows: “pain of
a nociceptive origin” (sometimes also described as “physiological
pain”), “pain of a neuropathic origin” from nerve lesions (which
includes an infective neuritis theory that was prevalent at certain
times), and the concept of “pain of a psychological origin,” which is
largely an outmoded idea today (Table 5). In data extraction, the
terms “physical” or “physiological mechanisms” were used to
include all pain described by the original authors to have been
associated with the amputation, with the subsequent medical
treatment of the stump, such as poorly fitting prostheses,
inadequate rehabilitation, or with issues physiologically concomitant

Table 4

Types of pain reported in retrieved texts.

Pain type Total 1914–19 1920–29 1930–39 1940–45 1946–49 1950–59

Causalgia 11 5 5 1 — — —

Hyperaesthesia 1 1 — — — — —

Neuralgia 6 4 — 1 — 1 —

Neuritis 1 1 — — — — —

Neuropathic 43 28 9 4 1 1 —

Phantom limb pain 13 — 2 1 2 5 3

Scar 3 1 — — 2 — —

Sciatica 1 1 — — — — —

Stump 34 16 2 5 5 3 3

Table 5

Mechanistic descriptors of postamputation pain in retrieved texts.

Mechanistic descriptors Total 1914–19 1920–29 1930–39 1940–45 1946–49 1950–59

Nociceptive 64 39 7 6 7 4 1
Abscesses 3 1 — 1 — 1 —
Prosthetic limb fit 3 1 1 — — 1 —
Amputation technique 11 5 — 2 3 — 1
Treatment 7 3 1 1 2 — —
Bone spurs 2 2 — — — — —
Calluses 2 1 — — — 1 —
Foreign bodies 6 6 — — — — —
Jactitation 2 — — 1 — 1 —
Necrosis 2 2 — — — — —
New bone formation 1 1 — — — — —
Osteitis 3 2 — — 1 — —
Scar tissue 16 12 2 1 1 — —
Sepsis 2 — 2 — — — —
Sequestrum 2 2 — — — — —
Vascular 2 1 1 — — — —

Neuropathic 54 39 8 2 2 1 2
Damage to nerve fibres 2 2 — — — — —
Infective inflammation 13 11 1 1 — — —
Lesions of nerve trunks 10 8 2 — — — —
Nerve concussion 3 3 — — — — —
Nerve regeneration 9 4 4 — — — 1
Nerves 2 1 — 1 — — —
Neuroma 15 10 1 — 2 1 1

Psychological 10 3 3 1 1 2 —
Psychical 9 3 3 1 1 1 —
Personality type 1 — — — — 1 —
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with the amputation, such as bone spurs, sequestrum, new bone
formation, or heterotopic ossification. Pain of a neuropathic origin
often related to lesions to nerve trunks, neuromata, and the
involvement of nerve fibres in scarring, whilst “psychological” has
been used to refer to all mechanisms of pain that were believed to
include a psychological or emotional component, in addition to
“malingering,” “neurasthenia,” and “innate personality types.”

The peaks in these usages reflect wider trends within medical
practice across the 20th century, including the rise of new
specialities: for example, reports of a nociceptive mechanism
peaked during the First World War as discussion focused on the
evaluation and adaptation of techniques for amputation and
integrated rehabilitation, and reports of psychological mechanisms
peaked in the 1940s when it was becoming clear that physical or

Table 6

Treatments for postamputation pain in retrieved texts.

Treatment Total 1914–19 1920–29 1930–39 1940–45 1946–49 1950–59

Topical 56 42 2 1 3 3 5
Bath (unspecified) 2 2 — — — — —
Air bath 2 2 — — — — —
Wax bath 1 — — 1 — — —
Whirlpool bath 4 4 — — — — —

Compression 4 1 — — 1 2 —
Counter irritation 1 1 — — — — —
Electrical 14 13 — — 1 — —
Electrodes 1 1 — — — — —
Faradism 4 4 — — — — —
Galvanism 5 4 — — 1 — —
Sinusoidal 1 1 — — — — —

Heat 4 3 1 — — — —
Diathermy 1 1 — — — — —
Radiant heat 1 1 — — — — —

Irradiation 1 1 — — — — —
Percussion 4 — — — — 1 3
Radium 2 1 1 — — — —
Vibration 4 2 — — — — 2

Physical 34 20 5 - 7 2 -
Distraction 2 — — — 2 — —
Massage 16 12 2 — 2 — —
Physiotherapy 9 5 2 — 1 1 —
Prosthetic limb 4 — 1 — 2 1 —
Rest 1 1 — — — — —
Splinting 2 2 — — — — —

Surgical and needle based 124 63 26 14 6 12 3
Surgery (unspecified) 28 21 5 — — 2 —
Chordotomy 1 — — — — 1 —
Excision 14 7 3 2 1 1 —
Injections 7 2 1 1 — 3 —
Alcohol injections 13 5 3 3 2 — —
Local anaesthesia injections 5 1 — 2 — — 2

Minimal disturbance 5 1 1 1 2 — —
Nerve block 2 — 1 — — 1 —
Nerve division 5 2 1 — — 2 —
Nerve graft 4 2 2 — — — —
Nerve shortening 12 8 1 2 1 — —
Nerve suture 20 14 6 — — — —
Rhizotomy 2 — 2 — — — —
Re-amputation 3 — — 2 — 1 —
Sympathectomy 3 — — 1 — 1 1

Pharmacological 22 11 1 5 2 - 3
Drugs (unspecified) 3 1 1 — 1 — —
Aprobarbital (Allonal) 1 — — 1 — — —
Benzocaine 1 — — — — — 1
Bromides 2 2 — — — — —
Fibrolysin 1 1 — — — — —
Luminal 1 — — 1 — — —
Morphine 2 1 — 1 — — —
Nerve sedatives 1 — — — 1 — —
Novocain 1 1 — — — — —
Omnopon 1 — — 1 — — —
Opiates (unspecified) 1 1 — — — — —
Phenacetin 2 2 — — — — —
Procaine 1 — — — — — 1

Aminophenazone (Pyramidon) 2 2 — — — — —
Sedobrol 1 — — 1 — — —
Tolazoline 1 — — — — — 1
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pharmaceutical treatments were unlikely to succeed in treating this
cohort’s chronic pain (Fig. 3). Patient files from The National
Archives demonstrate that some veteransmoved across these pain
categories throughout their lives, roughly following the trends in
mechanistic descriptors seen in this review. One veteran who
suffered chronic postamputation pain for 6 decades was serially
recorded by his doctors as having pain originating from a “bad
stump,” whichwas unsuccessfully treatedwith surgery, then “nerve
irritation,” again unsuccessfully treatedwith sedatives andbromides
(antiseizure medication), and finally when it became clear that no
treatment had any substantial effect on his pain, doctors theorised
that his pain was of psychological origin: he was simply an innately
“weak personality” and unlikely to ever recover.5,24,52

Recently published literature on this topic has asserted that
discussion of postamputation pain was “exclusively within the
framework of residual stump pain and the barriers it posed to
successful fitting and use of a prosthesis” and that “therewas little
discussion of the other major form of postamputation pain,
namely, phantom limb pain, although phantom limb pain had
been identified and described at least 50 years previously.”26 This
wider review of both The Lancet and the British Medical Journal

reveals that this was in fact not the case and, whilst stump pain
was the most commonly referenced type of postamputation pain
within this cohort, phantom limb pain was also regularly
discussed, accounting for 12 (12%) of all references to pain and
appearing in every decade from the 1920s until the 1950s (Fig. 4).
Two of these texts note the incidence of phantom limb pain was
likely higher but “patients are often so afraid of their sanity being
doubted if they talk of their phantom pain that they frequently only
complain of a tender stump” or as “one very intelligent subject
remarked, “I did not report sick because I did not expect the
doctor to treat a ghost.””4,25

Given the prevalence of both patient and professional
concerns over the stigma of chronic pain and the tendency
within military hospitals to encourage stoic acceptance of pain,
one unexpected finding of this review was that the potential for
untreated chronic pain to affect a patient’s mental health was
recognised and discussed amongst clinicians from the beginning
of this period: neuropathic pain was noted to be “particularly
intolerable and apt to undermine the mental stability in a
remarkable way.”13,20 The psychological aspects of chronic pain
were acknowledged from the beginning of the period and
throughout, with surgeons warning “against too readily ascribing
to hysteria the terrible sufferings of many cases of nerve injury” as
“prolonged pain from any cause can lead to the development of
psychic changes and increased susceptibility to all painful stimuli:
resistance is diminished by suffering.”14,16

The importance of the patient’s state of mind during treatment
and of a good doctor/patient relationship was noted by multiple
authors across both journals. Based on his experience as a
consulting surgeon at England’s major limb-fitting centre, Queen
Mary’s Hospital, Edred M Corner believed that long-term pain
was caused by 3 factors, in a theory similar to today’s biopsy-
chosocial concept of chronic pain: infective inflammation, the
presence of foreign bodies, and psychological factors: “the
patient will have stored up memories of past operations, pains
and phantoms. With such a combination any hope of immediate
cure is futile.”21 From 1920, the role of the patient in their recovery
was emphasised in professional lectures with the radical idea that
“the surgeon is not all important, the patient must assist,” as
“whether pain recurred depended on the patient’s power to
combat [it]…. The degree ofmental deterioration had a good deal
with do with the amount of success attained.”40,42 This phase
within the professional conversation also highlighted the

Figure 3. Mechanistic descriptors of pain in retrieved texts by decade.
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importance of a good doctor/patient relationship in which
patients were not afraid to share their symptoms and would not
be stigmatised for doing so. In a series of correspondence in
1948, JAW Bingham and Donaldson Craig refer to the possibility
that phantom limb pain was likely far more common than the
medical literature would suggest but that

It is not very uncommon for a patient with a tender stump to
mention that he also feels pain in the absent hand or foot only
after he has been under one’s care for a considerable time and

after he has learnt that his complaints will not be scoffed at4

Although brief, this text by Donaldson Craig demonstrates the
relationship between doctor and patient, the potential stigma for
chronic pain patients, particularly those with phantom limb pain,
and raises the possibility that although there may be no apparent
physical aetiological explanation for a patient’s chronic pain, this
does notmean that it is any less “real” or distressing to the patient:

The persistent symptoms experienced by such patients are
very real indeed, despite the frequent paucity of demonstrable
abnormality in the stump, and they may lead to complete

breakdown of physical and emotional stability, as in one
unfortunate case in my experience25

In his 1921 report on the value of “war knowledge” in teaching and
clinical practice, Consulting Surgeon to Roehampton, EM Corner,
noted this connection betweenpoormental health and the presence
of untreated chronic pain, and the importance of valuing patient
testimony. He wrote of a case with severe neuropathic pain caused
by neuroma, improved to a certain degree by excision, although he
recovered “slowly because of his convictions that he would not get
better. He did not becomewell enough to work; his nervous system
has never recovered. He is useless and miserable.”22 Despite a
seemingly judgemental tone in this account, Corner appears to have
been sympathetic to these patients, noting:

Over such people there must be no differences of opinion.
Almost all are neurasthenic, but at the bottom of the

neurasthenia is a real cause, however much it may be
exaggerated by the patient. It is the duty of those in charge to
find that cause, to advise the Ministry of Pensions of it, and not

to follow the easy path of regarding all complaints as due to the
action of the central or psychological factor22

As with many lessons from the Roehampton surgeons, it is
difficult to analyse the extent to which this advice was adopted
into clinical practice.

4.2. Treatment

In scrutinising the reports of interventions and their efficacy, it
must be borne in mind that much of the search predates the
introduction of controlled clinical trials and modern standards of
clinical evidence. In terms of the therapeutic interventions
reported, surgical interventionswere themost frequently reported
treatment for postamputation pain both during the war and in
every subsequent decade until 1960, demonstrating the domi-
nance of surgeons in rehabilitation at this point, despite
government advice warning against surgical intervention
(Fig. 5).53 During the years 1914 to 1918, trends in treatment
mirrored the conversation around nociceptive aetiology for
chronic postamputation pain with excision and nerve shortening
the most commonly reported treatments for stump pain.
Surgeons were advised to “freely excise” any nerve damage or
neuroma, particularly in patients who were to be fitted with a
prosthesis because “painful nerve-ends are not always evident to
the patient until pain, which may be intolerable, is elicited by the
pressure on the bucket” and thus “they should be sought for by
the surgeon and removed before the artificial limb is fitted.”7

The results reveal that as growing numbers of amputee
veterans presented with chronic pain in the following decades,

Figure 4. Total references to categorised pain types in retrieved texts by decade.
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increasingly invasive surgical interventions for chronic post-
amputation pain were reported, with once “last-resort” treat-
ments advocated in journals as potential procedures for standard
practice (Table 6).48 From 1920, neurosurgical procedures,
including rhizotomy, cordotomy, and sympathectomy, were
described as potential treatments for stump and phantom limb
pain, all of which appear to be advocated by individuals, rather
than more widely by professional journals or associations.4,62,67

None of these descriptions of more aggressive invasive tech-
niques were reported as successful or had replicable outcomes.
Reasons for failure were given as inadequate technique (“if
sympathectomy did not relieve causalgia it was because the
operation had not been adequate”), or even the patients
themselves, as was the case for Thorburn’s rhizotomy, which
had a 33% failure rate and a 6%mortality rate, which he believed
to be due to the patients as “the results of the operation are much
confused by the highly neurotic condition of the patient … many
of these are accustomed to large doses of morphine, of alcohol
and of other drugs, and when in hospital they feel acutely the
absence of such drugs.”41,67 There are very few references to
veterans self-medicating with drugs or alcohol within both the
reports of this review and the National Archives’ medical pension
files, suggesting that perhaps, this was not as widespread an
issue as Thorburn implied.24

In contrast to the invasive and potentially harmful surgical
procedures, the literature also shows the emergence of physical
therapies for stump and phantom limb pain and those that could
be applied to the surface of the skin, referred to in this review as
“topical.” These include short-lived treatments such as counter-
irritation or diathermy and those which may be recognisable to
today’s clinicians including wax baths.8,32,47 These noninvasive
methods were often combined, and 4 articles reported patients
being treated by a combination of heat, electricity, and physical
therapy for the years 1915 to 1921 alone.9,11,22,23,36 Physical
therapy also offered the additional benefit as an employment

opportunity for other wounded veterans: in 1916, the first
graduates of the St Dunstan’s hospital for blinded veterans
joined the Massage Corps and were able to treat 20 wounded
veterans daily.50

The review revealed that concepts of multidisciplinary or
interdisciplinary treatment for pain developed earlier than initially
believed. Previous research in this project suggested that in-
terdisciplinary treatment for chronic postamputation pain was first
reported at the Queen Mary’s Hospital at Roehampton, the United
Kingdom’s leading limb-fitting centre.54 By 1918, more than
26,000 patients had been treated at the Queen Mary’s (two-thirds
of all amputee veterans), and the hospital remained responsible for
the majority of these patients, with almost 11,000 veterans still
receiving treatment or prosthetic limbs in the years 1938 to 1939,
and the hospital itself becoming dominant in the field of
rehabilitation.19,69 In the 1950s, Queen Mary’s introduced “Stump
Panels,” where clinicians from varying disciplines met to review
complex cases: one of the convoluted treatment pathways
recommended by these panels is evident in the archive files from
1956, in which a veteran with chronic stump and phantom pain
was recommended various pharmaceuticals, percussion therapy,
psychiatric treatment, a prostatectomy, and neurosurgery in just a
two-week inpatient stay.6,24,54 These panels were believed to be
one of the first examples of multidisciplinary collaboration for the
treatment and rehabilitation of amputees. However, articles
retrieved by this search demonstrate the importance of organised
cooperation between specialities in 1918 during the First World
War as a British Medical Journal article noted:

Teamwork at the front means work by associated individuals

whose exact functions are so practised and defined as to
accomplish a maximum of efficient work in a minimum time…
there is urgent need for the closest cooperation between the
physiologist, the neurologist, the psychologist, the pathologist,

the surgeon, the directors of the physical, electrical and

Figure 5. Interventions for postamputation pain in retrieved texts by decade.
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massage departments, and for nursing at its most intelligent

level18

Reports of pharmacological interventions were sparse. There
were just 4 reports of pharmacological interventions reporting
positive outcomes across the entire period covered by the review.
Morphine was the most common drug to be referenced
specifically, whilst opioids as a whole had the greatest patient
total. However, neither appeared to be successful in treating
chronic postamputation pain: there were no positive outcomes
associated with either.10,14,66 Before 1950, one study in which a
First World War veteran received pharmacological analgesia for
chronic pain was retrieved by the search terms: this gunshot
wound patient complained of regular attacks of stump pain and
jactitation (“jerking of the amputation stump … coinciding with
lancinating neuralgic stump pains”28) lasting several hours and
was treated with hypodermic morphine, Omnopon (a combina-
tion of morphine, papaverine, codeine, and noscapine), apro-
barbital (Allonal), a bromide (Sedobrol), and phenobarbital
(Luminal).66 Although hypodermic injection of morphine and
Omnopon did relieve pain, the side effects were thought too
severe for the patient and Allonal, Sedobrol, and Luminal were
reported to have no effect.

Concerns over addiction and the suitability of opioids for
treating intractable or long-term pain are far from new issues and
were discussed in the medical press from the late 1940s. In 1946
The Lancet reported that no form of analgesia was ideal for
chronic pain: whilst general and local anaesthetics “dispel all non-
specifically by abolishing all forms of sensation,” newer drugs
such as pethidine (Demerol) could be more targeted, although
“they carry the grave risk of addiction”.44 The increasing interest in
finding a pharmaceutical solution for the treatment of chronic pain
can be seen by the fact that the second plenary session of the
British Medical Association’s Annual Meeting in 1952 was
dedicated to “the relief of pain” and attended by “some 500
members.”15 In a speech that could equally have been written 60
years later, the plenary highlighted,

The ideal means of relieving chronic pain has not yet been

achieved. A drug that will supress pain without affecting
consciousness or muscular power and without producing the
euphoria that leads to addiction awaits discovery39

4.3. Assessment of treatment outcomes

One of the initial aims of this project had been to document the
terminology used across the reporting period to describe and
measure the effect of postamputation pain. However, it is difficult
to interpret how successful treatments in the retrieved texts were
in reducing or abolishing chronic postamputation pain or the
original authors’ criteria for a “successful” treatment. Although 35
(35%) of the retrieved texts reported treatment outcomes, there
was no consistency across reports with little standardised
language and none of the standard reporting structures used in
medical journals today. Negative outcomes were considered by
the authors to be all those reporting an increase or no change in
pain levels after an intervention.

Although there was no standardised measure for success
across all texts, the most common approach appears to have
been measuring changes in pain levels against the complete
abolishment of pain or the full return of function and sensation;
anything less than this result was considered to be a negative
outcome. There appears to be no equivalent for cases with
positive results, and measurable outcomes are replaced with
empty rhetoric: positive results were reported with descriptions

such as “marked improvement,” “appreciable results,” “com-
pletely cured,” or to have delivered “advantages hardly to be
exaggerated.”30,31,58 Just one article included patient-reported
outcomes with a direct quote from the patient, and only 14 (14%)
included an explanation of treatment aetiology in relation to the
mechanistic descriptors of pain.

This makes it difficult to interpret how successful treatments
were in reducing or abolishing chronic postamputation pain or to
know the authors’ criteria for a “successful” treatment. Where
clear statistics regarding improvement in function are included
within the retrieved texts, they relate to return to active service and
the savings to the state in disability pensions and medical
treatment. One study reported that 51% of their cases were
“completely cured,” with 452 men returned to active service in a
single month, saving the state £80,000 in pensions.30 Once
again, when treatment was considered to have been unsuccess-
ful, the blamewas often placed on the patient: one study reported
that 20% of cases were discharged as permanently unfit, “many
of these were untreatable from the first.”49 What is clear is the
importance of and need for clear aims, standardised measure-
ment, and reporting of pain intensity and impact in published
studies if this information is to be of use in future reviews.

4.4. Cycles of learning

The retrieved articles demonstrate an awareness of the need to
learn from past conflicts and of consolidating and utilising
experiences of the First World War when shaping clinical policy
for the Second World War, in which the consulting surgeons of
QueenMary’s took a principal role. The results of the review show
that several of the hospital’s limb-fitting surgeons lectured on
lessons learned from their war experience at meetings of
professional organisations such as the Royal Society of Medicine
and the British Medical Association throughout the 1930s as
long-term issues associated with amputation were becoming
more evident. Of the 100 speakers directly named in the
published conference summaries, 66% appear in the years
1914 to 1919, with 7 individual clinicians who appeared in the
texts more than once. Forty-three (43%) of these were consulting
surgeons at Queen Mary’s.

The lessons that were learnt from war experiences at
Roehampton and shared amongst the medical professionals
can be seen most clearly in the discussion around nerve-
shortening surgery. At the end of the war, the literature advised
that nerves should be cut short at the primary amputation, with 1
to 2 inches pulled down and removed, preferably with scissors.58

However, by 1930, the British Medical Journal published
recommendations that cutting nerves led to greater postopera-
tive pain, and, to treat stump pain and prevent neuroma, nerves
should instead be injected with absolute alcohol and crushed.
This was despite findings that this procedure was rarely
successful and “the pain recurs above the old level of in-
terruption.”47 From 1938, the Roehampton surgeons were
actively advocating against these procedures in both The Lancet

and the British Medical Journal, with warnings that nerves should
not be cut short “as we once did,” they may then be subject to
pressure from the artificial limb’s socket, whereas they would
have been “unhurt” if left long in the stump.66 It appears that
despite the influence of the surgeons and the circulation of the 2
journals, their warnings went unheeded because this idea was
repeated throughout the next decade.53

The cyclical nature of recommendations is not unique to nerve
shortening. A process, whereby a treatment or test is introduced,
discussed, and recommended within the medical literature,
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discovered to have unexpected consequences or potentially
cause harm to patients is discarded and forgotten, and then,
rediscovered after a period of around 20 years; this pattern can be
seen repeatedly in the results of this review. Similar patterns can
be seen across treatment and diagnostics, including recommen-
dations for sympathectomies, cordotomies, and the “period of
signs…many of them eponymously named, by which one could
infallibly diagnose any nerve injury.”43 Articles within both journals
show an awareness of these cycles, although no solutions, with
The Lancet noting that newly qualified surgeons were forced to
“unlearn” their anatomy textbooks “when the symptoms do not
agree with his preconceived notions of the necessary motor and
sensory loss…we passed through that phase during the last war
…. We have seen the same phase during this war but its duration
seems to have been mercifully shorter.”43

4.5. Future work

Results of this review will be used in conjunction with other
archive sources as part of a wider patient-centred research
project to investigate chronic postamputation pain and sub-
sequent physical health conditions in First World War veterans
and the possible benefits of this data set to the amputee veterans
of the recent Iraq and Afghanistan conflicts. A study of the
prevalence and clinical management of chronic postamputation
pain in the First World War cohort and the likelihood of these
veterans developing subsequent physical health conditions has
recently been published by this project team in the Journal of

Veteran, Military and Family Health.24 To date, it has centred on
the medical pension records held within the British archives but
has the potential for expansion into similar national archives held
in Canada, Australia, New Zealand, and Germany.

Although systematic reviews are rarely used with historical
material and are not a standard research method within the
history as a discipline, it was felt by all authors that this was the
most effective approach to search and analyse a large collection
of texts over 7 decades of publications. Presenting the results of
this research as a narrative based on a systematic search has
allowed us to bridge historical and clinical approaches to
research and incorporate data from individual studies with a
strategic overview across almost a century, permitting the
investigation of both the “what” and the “how” of professional
medical conversation over this period. Combining these ap-
proaches demonstrates one of the advantages of true in-
terdisciplinary work in that it has allowed a more in-depth
analysis than would be possible alone and illustrates the potential
value of systematic searches and reviews within the humanities
and the discipline of history in particular.

4.6. Limitations

One limitation of this study is that the screening and extraction
were performed by one author (S.D.S.). Ideally, this would have
been performed by 2 authors, but any errors were minimised as
the Covidence platform ensured that both title and full-text
screening were performed to the same publications twice, and
any uncertainties or conflicts between rounds of screening were
referred to the senior author (A.S.C.R.).

One of the original aims of the review was to investigate the
assessment of disability caused by pain by medical professionals
and, if possible, establish the point at which chronic pain was
recognised as a potential contributor to disability. However, the
review included just 6 reports in which disability was discussed,
usually in the context of calculations to the cost to the state of

injured veterans and the savings that could be achieved through
suitable treatment and rehabilitation. Other approaches were
being used to investigate this issue, including analyses of the
Ministry of Pensions’ administration files.24

A further and the potentially most significant limitation is the
lack of standardised language, taxonomy, agreed definitions, and
disease classification across the retrieved texts. The population
for this review was a clearly defined and large cohort undergoing
medical treatment across a multitude of specialties for almost a
century, a research opportunity that is unlikely to occur again. A
lack of consistent measurement or presentation of results within
these studies increases the difficulty in combining the results of
multiple small studies to a coherent overview, thus reducing their
potential value to future research and squandering a unique
opportunity.

5. Conclusion and implications for current practice

The aims of this review were to investigate the evolution of the
professional medical conversation around chronic postamputa-
tion pain in First World War veterans. The search strategy
retrieved 101 relevant texts for the period 1914 to 1985, which
described 43 separate types of treatment. The use of multidis-
ciplinary treatment as early as 1916 was an unexpected finding
because the previous literature had suggested that this was not
standard practice until the 1950s. Further unexpected findings
were that contemporary topics of discussion such as concerns
over the addictive nature of pain medication and the effect of
untreated chronic pain on patients’ mental health have been
published in medical journals since the early 20th century.

This review offers important learning points for current practice
and highlights some areas of research that have changed little
over the past century: in particular, the importance of fully utilising
research opportunities to conduct organised studies, with clearly
recorded objectives and results, consistent reporting and out-
come measures, and agreed definitions of both conditions
studied and criteria for success. Opportunities to learn from past
conflicts are often overlooked, potentially harming patients, and
treatments still occur in roughly twenty-year cycle: for example,
the recent discussion around nerve shortening in amputations by
military surgeons.54 If current studies are to be of use to future
reviews, authors must ensure that clearly established aims,
reporting methods, and standardised language are included
within their published work. The articles in this review demon-
strate that consistent terminology is not self-generating over time,
even after several decades, and will not occur without a
concerted effort and agreement from both authors and
publications.

Perhaps, the most important lesson to take from this review is
that institutional memory is short, opportunities to learn from
experience are lost, and the importance of skill sharing and
retention amongst military and civilian staff in postconflict and
interconflict practice is often undervalued. Althoughmultiple texts
discussed the importance of learning from prior conflicts and the
experience of the Queen Mary Hospital surgeons dominated the
conversation from the late 1930s onwards, it appears that this
information was not adapted into practice by the wider medical
profession: treatments and aetiologies continued to appear in
twenty-year cycles with little improvement in outcomes or even
mortality rates. The results of this review also demonstrate the
physical, mental, and financial cost to both the patient and the
state of poor postoperative treatment of amputees and poorly
integrated rehabilitation, all of which is preventable with specialist
pain management, good clinician–patient relationship, and well-
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planned multidisciplinary care. These may be especially useful
lessons now, almost a decade after the end of Op HERRICK (the
codename for British operations in Afghanistan [2002–2014])
when long-term care for these veterans is estimated to cost £288
million over the next 40 years, and the point at which both interest
in and funding for this area of work has begun to decrease.2,27

Although the number of military personnel undergoing limb
amputation as a consequence of combat trauma has never
subsequently reached that of the First World War, chronic
postamputation pain is still a significant issue for the military in the
rehabilitation of conflict wounds.3 Similarities in injury patterns of
the First World War and the most recent Iraq and Afghanistan
conflicts mean that this project is potentially of relevance to
today’s clinicians, researchers, and policy makers as the long-
term effect of the conflict wounds sustained by the United
Kingdom’s military personnel becomes more evident.
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