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Abstract
Phantom limb pain (PLP) is described as pain localized to a portion of a limb that has been removed. The mechanism of this

disorder remains poorly understood, but the pain is similar to that of complex regional pain syndrome (CRPS), i.e. burning, tingling,
cramping, aching, shooting, sharp, stabbing and constricting in the “affected” area. Although CRPS can arise in any portion of the

body, it most commonly affects limbs and is usually most prominent distally. Spread of CRPS signs to other limbs can occur and several patterns of spread have been identified. Due to distal symptom predominance, it had been suggested that amputation could limit
the spread of CRPS to other limbs. The present report addresses findings in four patients, who were seen over the past 18 years. All
four had undergone surgical amputation of a CRPS affected lower limb to prevent spread. CRPS persisted in each of the affected limb

stumps, along with PLP. One of the four underwent a contralateral leg amputation in an effort to relieve severe CRPS symptoms that

spread to the previously uninjured contralateral leg. The second and third, one with a below the knee and the other with an above
the knee amputation, had pain and objective hair follicle signs of spread of CRPS in the remaining lower extremity. The fourth de-

veloped dramatic spontaneous limb stump movements following an above the knee amputation and recurring skin ulcerations after

amputation. These four individuals demonstrate persistent CRPS despite limb amputation, clear evidence of spread of CRPS signs
and subsequent PLP. In all four cases CRPS preceded development of PLP. These cases also objectively demonstrate that CRPS spread

is mediated through central sensitization of pain mechanisms despite the peripheral origin of the CRPS. It is suggested that CRPS,
due to the original insult, is often unrecognized in those subsequently undergoing limb amputation and that PLP is a manifestation
of central sensitization and cortical reorganization in CRPS, evident following limb amputation.
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Introduction
CRPS is a form of neuropathic pain that is diagnosed by fulfilling the Budapest Criteria [1]. These include:
1.
2.

Continuing pain, which is disproportionate to any inciting event.

One (1) symptom in three (3) of the four (4) following categories:
•
•
•
•

Sensory: Hyperesthesia and/or allodynia.

Vasomotor: Temperature and/or skin color changes or asymmetry.

Sudomotor/edema: Edema and/or sweating changes or asymmetry.

Motor/trophic: Decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes
(hair, nail, skin).
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3.

One (1) sign, at the time of evaluation, in two (2) categories:
•
•
•
•

4.

103

Sensory: Hyperalgesia (to pinprick) and/or allodynia (to light touch).
Vasomotor: Temperature and/or skin color changes or asymmetry.

Sudomotor/edema: Edema and/or sweating changes or asymmetry.

Motor/trophic: Decreased range of motion and/or motor dysfunction (weakness, tremor, dystonia) and/or trophic changes
(hair, nail, skin).

No other diagnosis better explains the signs and symptoms.

The diagnosis of CRPS requires that the patient fulfill each of these four criteria. There are two forms of CRPS, CRPS, type 1, previously

known as reflex sympathetic dystrophy (RSD) and CRPS, type 2, which was initially described as causalgia. A partial injury to a peripheral

nerve is common to both forms. In CRPS 1/RSD this injury is microscopic [2] and there may be limited objective findings evident, although
hyperpigmented hair follicles in the skin can be identified [3]. In contrast, the partial injury to a peripheral nerve is clinically apparent in

CRPS 2/causalgia. The pain symptoms in these two forms of CRPS are indistinguishable. There presently are no specific diagnostic criteria

established for PLP, although it is identified as a variety of pain symptoms localized to that portion of a limb that has been amputated.

These pain symptoms are identical to those observed in CRPS. It is suggested that CRPS, due to the original insult, is often unrecognized
in those subsequently undergoing limb amputation and that PLP is a manifestation of central sensitization and cortical reorganization in
CRPS, evident following limb amputation.

Of note, both causalgia and PLP were initially described in patients injured during the American Civil War as distinct clinical entities by

Mitchell [4]. These were and have continued to be considered as distinct clinical entities. However, on closer inspection, it is reasonable

to question whether these presentations represent elements along a spectrum of a similar clinical presentation. More specifically, it is
suggested that all wounds can lead to the development of CRPS, but the degree and persistence of mobilization following the precipitating
event facilitates resolution. If mobilization does not occur, the condition progresses and can become permanently disabling. Progression

of CRPS can include spread of symptoms and signs to other limbs. Several patterns of spread have been identified. These may include

ipsilateral spread or contralateral mirror-image spread to the previously unaffected extremity [5]. Rarely, crossed-limb spread occurs,
usually from a lower extremity to the opposite upper extremity. This usually reflects cane or crutch use and a secondary brachial plexus

traction injury. Injured limbs have on occasion been amputated reflecting the severity of the injury. Due to distal symptom predominance,
it was also suggested that amputation could limit the spread of CRPS to other limbs [6].

I have described four separate individuals in whom amputation of the CRPS-affected limb was performed at some point after the de-

velopment of CRPS, either in an effort to afford control of a perceived infection or to remove a terminally damaged limb.

Case Series

Case 1: An 18 year old man developed swelling and color change seven to eight days following injury to his right leg (1992). The swelling could not be controlled, despite a right lumbar surgical sympathectomy six months later (1993) and was followed by a right below
the knee amputation within six months, one year after onset (1993). He continued to experience pain in the stump (CRPS) and below

the amputation site (PLP). His left leg began swelling uncontrollably after scalding the top of the left foot with hot water five years later
(1998). Pain and swelling extended to the genital area. He continued with intractable swelling and pain, even after left lumbar surgical

sympathectomy (2000). A left leg below the knee amputation was performed two years later (2000) due to intractable swelling. He could
not tolerate prostheses on either leg due to pain and swelling in the stump, which I believe was a manifestation of persistent CRPS. He also

experienced PLP on the left leg, as persistent pain localized below the amputation site. CRPS spread to the left arm with intractable swell-

ing one year later (2003) and then to the right arm, following a minor injury (2004). He refused further surgery and underwent vigorous
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hand therapy with some benefit. The lower extremity CRPS condition persisted with peau d’orange skin changes and hyperpigmented
hair follicles creating a stippled appearance. MRI of each stump revealed diffuse edema and muscle atrophy attributed to disuse. His pain
has remained weather sensitive and persists in all four extremities, but he has maintained the use of his hands, albeit limited.

Case 2: A 45 year old man sustained a severe left foot crush injury when his left foot was run over by a forklift (2005). He experienced

pain and numbness immediately and his left foot was severely deformed by the injury. This led to a below the knee amputation within one
month and his pain in the stump and below intensified (2005). He could not tolerate a prosthesis due to pain and swelling in the stump.

I believe this was persistent CRPS within the stump and PLP below. Imaging studies documented a neuroma, but surgery to remove the
neuroma did not resolve this pain. He then developed similar pain symptoms and CRPS in the previously unaffected right leg (2008)

through spread of CRPS. Evident in the photos below is red discoloration of the knees, left worse than right and pronounced hyperpigmented hair follicles of the left leg, despite hair loss, creating a stippled appearance, as described in Knobler [3].

Figure 1: Left leg below the knee amputation was completed due to severity of injury. Both knees are discolored red, left worse than right.

Figure 2: Left leg stump reveal hyperpigmented hair follicles in the stump which are objective finding consistent with diagnosis of CRPS [3].
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Case 3: A 44 year old man sustained a crush injury to his left leg after slipping on black ice (2007). He did not get immediate treatment,

but was told he tore muscle when he was evaluated several days later. He was followed for a period of weeks. After no improvement he
was diagnosed with CRPS. He did not respond to lumbar sympathetic nerve blocks. The limb felt ice cold to him and the vascular supply of

the lower leg was considered severely compromised, which led to an above the knee amputation (2010). Use of a prosthetic was limited

due to persistent pain in the stump (CRPS) and below (PLP). Similar pain became evident in the opposite limb as well (spread of CRPS),
although it was not injured. Hair growth was decreased on both legs, evident in the photos below, as are pronounced hyperpigmented hair
follicles creating a stippled appearance, worse on the left side, as described in Knobler [3].

Figure 3: Left leg above the knee amputation is revealed.

Figure 4: Left leg stump reveal hyperpigmented hair follicles in the stump which are objective finding consistent with diagnosis of CRPS [3].
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Figure 5: Left leg stump reveal hyperpigmented hair follicles in the stump which are objective finding consistent with diagnosis of CRPS [3].

Case 4: A 32 year old woman with a history of a left “clubfoot,” slipped on water and injured her left leg (2007) when a bathroom mal-

functioned and overflowed. She underwent a protracted course of increased pain and swelling in the left leg over the next year, which
subsequently was diagnosed as CRPS within two months of the initial injury. Despite multiple medications and lumbar sympathetic nerve
blocks, there were multiple skin lesions and infections that spontaneously arose, which could not be controlled with antibiotic therapy.

This was followed by vascular compromise of the left leg which required an above the knee amputation (2008). CRPS pain persisted in
the stump and below (PLP), along with the development of very unusual involuntary movements of the stump. Ulcerated skin lesions,
which started as very small lesions, recurred intermittently (left thigh), as described in Webster., et al. [7] shown below, later came under

control. However, CRPS, including skin lesions, also developed in the right leg (2009), as described in Webster., et al. [7] along with pro-

nounced hyperpigmented hair follicles creating a stippled appearance to the skin, as described in Knobler [3]. This indicated spread of
CRPS to the previously unaffected extremity.

Figure 6: Above the knee amputation of the left leg to limit spread of infection and CRPS. A lidocaine patch is placed on the stump to reduce
pain and permit use of prosthetic device.
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Figure 7: Inflammatory skin lesions on the initially affected left leg documenting persistence of CRPS despite above the knee amputation of
the left leg to limit spread of CRPS and infection.

Figure 8: Inflammatory skin lesions on the previously unaffected right leg indicating CRPS spread from the left leg to the right leg. A speckled pattern of the skin, indicating hyperpigmented hair follicles, is also evident.
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Figure 9: Hyperpigmented hair follicles in the previously unaffected right leg documenting spread of CRPS features
to the right leg from the initially injured left leg.

Discussion
There are several observations I have made in the context of reviewing the four cases presented and the numerous CRPS cases that I

have seen over the years.

First, any injury can lead to the development of CRPS following the injury. In fact, it is likely that a larval form of CRPS does develop

in all persons who are injured, including those undergoing surgery. However, how they are treated does affect the outcome. Although
perhaps an oversimplification, it appears that the defining factors in progression of the condition are dependent upon the scope and
severity of the injury and the timing and extent in which mobilization of the affected area can be initiated. Professional athletes who have

access to trainers and therapists and can be rapidly and persistently mobilized. Persistent aquatic therapy has proven beneficial in an

animal model of CRPS [8]. This is essential once the structural integrity of their lesion has been established. Empirically, those who are
persistently mobilized invariably do better than those who are not actively mobilized. This also emphasizes the importance of early recognition of consistent therapeutic intervention. Therefore, it is not inevitable that all injured individuals who develop CRPS will develop a

permanently disabling condition. However, incomplete treatment, which must be individualized, may not always overcome the intensity
of the CRPS either. Treatment strategies will be addressed in more detail in another report.

Second, central sensitization [9], is a likely mechanism by which spread to contralateral or ipsilateral limbs [5] occurs, although pe-

ripheral mechanisms are also relevant [10]. Cortical reorganization is found in both CRPS [11] and PLP [12], which is a consequence of
central sensitization. The time course under which this occurs is not uniform, but may be rather rapid. Delays in the diagnosis of CRPS do

not necessarily reflect the timing of the onset of CRPS, but rather the timing of the recognition of its presence by clinicians caring for the

patient. Therefore, increased awareness of the diagnosis is necessary amongst clinicians to accomplish this goal. Only then can the question of the variability of the time course of central sensitization be meaningfully addressed.

Third, limb amputation does not resolve CRPS. The four people in the present report with CRPS underwent amputation either because

of severe trauma, severe skin infection or vascular compromise.

Each of these people had features of CRPS prior to undergoing amputation. However, they had persistent CRPS in the initially affected

limb following the amputation and later developed symptoms and signs of spread of CRPS to the contralateral or ipsilateral limb, presumCitation: Robert L Knobler. “Phantom Limb Pain: Is this a Manifestation of Centralization of Pain of CRPS?”. EC Neurology 13.9 (2021):
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ably through central sensitization. I should also emphasize that limited mobility of the affected limbs was a pronounced characteristic

of their clinical course. This observation affords potential opportunities for improved treatment of those who undergo amputation, to
reduce their affected limb symptoms. In addition, they all manifested PLP below the level of amputation, with pain symptom features essentially identical to those of CRPS.

Fourth, amputation itself can result in a variety of painful post-amputation symptoms and signs (See diagram below). Phantom limb

pain (PLP) includes a constellation of post-amputation pain symptoms and signs, illustrated in The War Amps diagram below. PLP was

first described by S. Weir Mitchell [4], who also identified similar findings in Causalgia (CRPS 2), but apparently considered these independent conditions. I believe these may be manifestations of the same process at different points along the post-traumatic pain spectrum.

Figure 10: July 19, 2013 permission to reprint the photo and provide copies of the booklet. https://www.las-cruces-prosthetics.com/wpcontent/uploads/Pain-and-Phantom-Limbs.-War-Amps-2013.pdf.
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Fifth, amputation may also be followed by disorders of movement, manifested as altered posture (dystonia) or spontaneous move-

ments identified as jactitation, features observed in CRPS as well.

Finally, other factors may also play a role, such as post-operative pain, stump scar or neuroma pain, prosthetic irritation, mechanical

back pain of altered gait and/or variation with posture, activity, temperature/humidity and stress are relevant aggravating factors.

Conclusion

We should not ignore the possible connection between CRPS and phantom limb pain. This perspective may lead to advances and al-

ternatives in treatment strategies that are not presently being utilized in consideration of post-amputation pain [13]. The four individual

cases documented demonstrate persistence of CRPS despite limb amputation and provide clear evidence of spread of CRPS signs to other
locations. These cases objectively demonstrate central sensitization of pain despite peripheral site of origin of CRPS [14]. Additionally, the
spread of CRPS signs to other limbs, despite amputation demonstrates that spread is also mediated through a central mechanism.

In addition, the possibility that CRPS and PLP are points along the same post-injury spectrum deserves further consideration. It is

suggested, based upon the present observations and cited literature, that CRPS due to the original insult, is often unrecognized in those

subsequently undergoing limb amputation. Furthermore, it is also suggested that PLP, likewise, is a manifestation of central sensitization
and cortical reorganization, as found in CRPS. PLP becomes clinically evident following limb amputation. In this context, it further is sug-

gested that any insult or injury can lead to the development of CRPS and that early mobilization may limit that from occurring or facilitate
rapid resolution. These ideas open the door for new approaches to the diagnosis and treatment of these conditions.
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