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ABSTRACT
Amputations have taken place for thousands of years. Despite their potential to save lives, amputations come with
serious health consequences, including increased risk for pain, psychopathology, injury, degeneration, and disease.

Those who undergo amputation are often in need of significant aid and attendant care. It is critical to balance the

reasons for pursuing amputation with the inevitable risks before choosing amputation.
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INTRODUCTION

Amputations have taken place for at least 45,000 years, and
since they began, patients have suffered the devastating
consequences of these procedures [1]. Today, there are 2 million
people in the U.S. living with a lost limb [2]. By 2050, it is
estimated that 3.2 million people in the U.S. will require limb
amputation [3].

Amputation is pursued for several reasons including to address
infections, tumors, burns, peripheral vascular disease, trauma,
and frostbite [1]. In the most extreme cases, the procedure is
death. Otherwise,
amputation include controlling pain and reducing morbidity

intended to prevent justifications for
risks associated with a given condition. However, despite
potential clinical benefits, there are several downsides to
amputation, including the risk for chronic pain, psychiatric
disturbances, compromise of bone and muscle, cardiometabolic

disorders, and dermatologic conditions [4-7].

Given the prevalence of these procedures and their significant
impact on quality of life, it is critical that before pursuing
and patients themselves

consider the aftermath of these surgeries and the long-term risks

amputation, healthcare providers

associated with limb removal. Here, we review some of the most
common adverse outcomes that plague amputees to suggest

some of the primary risks that should be balanced against
potential benefits before amputation is pursued.

THE VAST MAJORITY OF PEOPLE
WHO UNDERGO AMPUTATION
EXPERIENCE DIFFICULT-TO-TREAT
PAIN

Postamputation very common following limb
amputation, both postoperatively and over the longterm is
difficult to treat [1,7-9]. An estimated 95% of people with
amputations experience pain either in the residual stump or

through phantom limb pain [10].

pain s

Pain in the residual stump can derive from several factors,
including deep tissue infections, bone spurs, pressure points, or
neuroma formation [11]. At the cellular level, inflammation
resulting from axonal nerve damage contributes to pain in the
residual stump [1].

The severity of residual stump pain appears to depend on the
etiology of the amputation and occurs more frequently following
upper extremity amputation [12]. Postamputation pain is
reportedly most severe in amputations conducted due to cancer
and trauma, whereas less severe pain is associated with vascular
amputations.
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Phantom pain, which was coined when a physician recognized
the condition in as many as 90% of his civil war amputees,
occurs due to somatosensory cortical reorganization in areas of
the brain that represent the amputated limb [1,13-16]. Phantom
limb pain has now been observed in patients even 30 years
following amputation [17]. Research examining the prevalence
of postamputation phantom pain has also found that 60% of
patients continue to experience phantom limb pain seven years
after their amputation [17].

Pain that lasts more than seven months is incredibly difficult to
treat and often does not respond to even strong analgesic agents
such as opioids [17]. Thus, the chronic pain following
amputation can be debilitating and have a significant adverse
effect on quality of life, including disrupting sleep and normal

daily functioning, and leading to a psychopathological state
[11,17].

AMPUTATION OFTEN LEADS TO
PSYCHOPATHOLOGY, INCLUDING
DEPRESSION, ANXIETY AND LOSS OF
SELF-ESTEEM

The importance of limb integrity to psychological well-being is
well-established. Even severe limb injuries that do not necessarily
involve amputation are associated with depression and anxiety,
with those suffering these
depression at rates approximated at 38% and anxiety at nearly

30% [18].

injuries experiencing severe

Research into the psychological effects of amputation has shown
that the psychological disturbances that amputees suffer are
associated with a variety of factors including the pain they
endure, the etiology of the amputation, and their inability to
accept a prosthesis [19,20]. For instance, research has shown that
major depressive disorder is more likely in those who lose a limb
due to disease than due to trauma [7].

To a greater extent than other limb injuries, amputation is
perceived as an aggression against the body’s integrity, which can
lead to severe psychological consequences [20]. Specifically,
depression, anxiety, and loss of self-esteem commonly follow
amputation [19,20]. According to the World Health
Organization (WHO), twice as many female amputees report
depression compared to male amputees [19].

In addition to the frustration associated with their physical
challenges, amputees tend to have an intense emotional
response to changes in sensation and body image that
accompany amputation [21]. Patients who experience traumatic
amputation, for instance, often endure shock associated with
the unanticipated loss and significant difficulties adapting to
their new body [21]. The psychopathology following amputation
may also be compounded by the reaction of those around the
amputee, as amputees have been reported as being socially
ostracized [1].

Psychological impairments have been shown to occur in
connection to both upper and lower extremity amputations [22].
However, the psychological effects of amputation may be
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stronger in those with lower extremity amputations compared to
those with upper extremity amputations owing to the greater
impact on daily life. One study found that 27% of patients with
lower extremity amputations displayed increased depression
following their amputation, while 25% had higher anxiety, and
nearly one in five experienced increased levels of both
depression and anxiety [19].

AMPUTATION ALTERS BODY
MECHANICS, INCREASING RISK FOR
INJURY AND DEGENERATION

Whether an amputee has a prosthesis or not, their body
mechanics are altered, rendering the body primed to maneuver
differently as it navigates its physical environment [23]. These
changes in body mechanics are associated with enhanced fall
risks and other health-related complications that often increase
the need for aid and attendant care.

For instance, the intact limb is often favored and stressed at a
high rate during daily activities, leading to overuse and
degeneration in the intact limb, which increases risk for joint
contracture and osteoarthritis [7]. At the same time, the lack of
use of the residual limb can lead to osteopenia and osteoporosis
due to a lack of sufficient loading on the bone.

Chronic back pain is another common consequence of
compensating for changes in body mechanics that occur
following amputation. This challenge is particularly prevalent in
lower extremity amputees that have difficulty aligning or using
their prostheses or who have discrepancies in leg length [23].

DISCUSSION

Amputation enhances energy expenditure, with
adverse health consequences

In addition to the complications discussed above, the body
mechanics changes that occur with amputation also lead to a
modulation in energy expenditure requirements that are
associated with metabolic health deterioration. Coronary artery
disease and diabetes, for instance, may be exacerbated by
increased energy consumption associated with amputation. The
metabolic changes and enhancements in energy expenditure
requirements in amputees likely contribute not only to physical
limitations but also to compromise of professional lives and
deterioration of psychological health [24].

The level and type of amputation affects how much more energy
is expended by the amputee. For example, lower extremity
amputations are associated with higher increases in energy
expenditure compared to upper extremity amputations, and
bilateral amputations are associated with higher increases in
energy expenditure compared to unilateral amputations (Table

D [25].

Specifically, unilateral transtibial amputations are associated
with at least a 20% increase in energy expenditure, while
unilateral transfemoral amputations are associated with at least
60% increase in energy expenditure. Those with unilateral
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transtibial and unilateral transfemoral amputations experience
energy expenditure increases of nearly 120%. Meanwhile,
bilateral transtibial amputations lead to an increase in energy
expenditure of 41%, and bilateral transfemoral amputations
result in energy expenditure increases of over 200%.

Table 1: Energy expenditure increases by amputation type.

Unilateral amputation type Energy expenditure increase

Transtibial 20+%
Transfemoral 60+%
Transtibial+Transfemoral 118%

Bilateral amputation type Energy expenditure increase

Bilateral transtibial 41%

More than 200%

Bilateral transfemoral

Research shows that 65% more energy expenditure is required
in above-knee amputees to produce only half speed ambulation
compared to those without amputations [26]. In cases where
results from vascular energy

amputation computation,

expenditure increases may be as high as 100%.

Both lower and upperlevel amputations are associated with
increased energy expenditure during walking and an overall
reduction in walking speed and efficiency, which tend to lead
amputees to reduce their ambulatory physical activity [18,27].
One study found that the walking speed of those with unilateral
transfemoral amputation was 8.6% slower than that of non-
amputees, while another found that oxygen consumption during
ambulation was increased 49% in above-the-knee amputees [27].

Above-knee lower extremity amputations carry the
most risk to overall health and well-being

Each year, approximately 150,000 people in the U.S. undergo
amputation of a lower extremity [28]. Out of every 100,000
people, up to 31 undergo lower extremity amputation, making
this surgical intervention one of the most frequently performed
worldwide [11]. For several of the reasons discussed above, lower-
limb amputees are at a heightened risk for cardiometabolic
disease in addition to several other comorbidities [18].

While all

psychological risks, above-knee amputations are associated with

amputations carry significant physical and
some of the most significant challenges. For instance, compared
to below-knee amputation, above-knee amputations are much
more difficult to properly fit for prostheses [29]. Thus, above-
knee amputees are the most likely to default to a wheelchair for
mobility. Once a patient is in a wheelchair, risks for several
complications are introduced. For example, amputees in
wheelchairs are at heightened risk for pressure sores, avoidance

of normal daily activities, and depression [29].

To prevent the complications associated with illfitting sockets,
osseointegration is gaining traction and will help appropriate
amputees to enjoy a better quality of life with less pain and fewer
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comorbidities, such as skin breakdown and phantom pain [30].
It must be realized that with the use of osseointegration, there is
no socket, which decreases the weight of the prosthetic device,
requires less energy to ambulate, and, with lower extremity
amputations, the patient will benefit from osseo-proprioception.

CONCLUSION

Amputation is a common surgical procedure used to address a

variety of clinical challenges. However, the urgency for
amputation is not equivalent across patients, and given the dire
consequences of losing a limb, it is critical that careful
consideration be dedicated to weighing the potential benefits
and risks to each individual patient before encouraging a patient

to undergo amputation.

Regardless of the clinical reasons for amputation, amputation is
likely to result in significant longterm pain and psychological
hardship. Because of the changes in body mechanics each
patient will endure, the body will suffer from compensatory
behaviors that can compromise cardiovascular health as well as
the bones, muscles, joints, and skin.

Because above-the-knee lower limb amputees tend to have their
lives disrupted more so than other amputees, this patient
population is particularly vulnerable to poor physical and
psychiatric outcomes. Thus, in the case of above-the-knee
amputations, extra caution should be used in determining
whether an amputation is necessary and if there may be another
potential intervention to address the patient’s morbidities.

REFERENCES

1. Hsu E, Cohen SP. Postamputation pain: Epidemiology,
mechanisms, and treatment. ] Pain Res. 2013:121-136.

2. Kuffler DP. Evolving techniques for reducing phantom limb pain.
Exp Biol Med. 2023;248(7):561-572.

3. AhujaV, Thapa D, Ghai B. Strategies for prevention of lower limb
postamputation pain: A clinical narrative review. ] Anaesthesiol
Clin Pharmacol. 2018;34(4):439-449.

4. Hachisuka K, Nakamura T, Ohmine S, Shitama H, Shinkoda K.
Hygiene problems of residual limb and silicone liners in transtibial
amputees wearing the total surface bearing socket. Arch Phys Med
Rehabil. 2001;82(9):1286-1290.

5. Uzun O, Yildiz C, Ates A, Cansever A, Atesalp AS. Depression in
men with traumatic lower part amputation: A comparison to men
with surgical lower part amputation. Mil Med. 2003;168(2):
106-109.

6. Darnall BD, Ephraim P, Wegener ST, Dillingham T, Pezzin L,
Rossbach P, et al. Depressive symptoms and mental health service
utilization among persons with limb loss: Results of a national
survey. Arch Phys Med Rehabil. 2005;86(4):650-658.

7. Yoo S. Complications following an amputation. Phys Med Rehabil
Clin N Am. 2014;25(1):169-178.

8. Robins K, Stankorb SM, Salgueiro M. Energy expenditure in acute
posttraumatic amputation: Comparison of four methods for
assessment. Nutr Clin Pract. 2013;28(6):758-765.

9. Subedi N, Heire P, Parmer V, Beardmore S, Oh C, Jepson F, et al.
Multimodality imaging review of the post-amputation stump pain.
Br J Radiol. 2016;89(1068):20160572.

10. Modest JM, Raducha JE, Testa EJ, Eberson CP. Management of
postamputation pain. R I Med J. 2020;103(4):19-22.


https://www.tandfonline.com/doi/full/10.2147/JPR.S32299
https://www.tandfonline.com/doi/full/10.2147/JPR.S32299
https://journals.sagepub.com/doi/abs/10.1177/15353702231168150
https://journals.lww.com/joacp/fulltext/2018/34040/Strategies_for_prevention_of_lower_limb.3.aspx
https://journals.lww.com/joacp/fulltext/2018/34040/Strategies_for_prevention_of_lower_limb.3.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0003999301262741
https://www.sciencedirect.com/science/article/abs/pii/S0003999301262741
https://academic.oup.com/milmed/article/168/2/106/4819991
https://academic.oup.com/milmed/article/168/2/106/4819991
https://academic.oup.com/milmed/article/168/2/106/4819991
https://www.sciencedirect.com/science/article/abs/pii/S0003999304013164
https://www.sciencedirect.com/science/article/abs/pii/S0003999304013164
https://www.sciencedirect.com/science/article/abs/pii/S0003999304013164
https://www.sciencedirect.com/science/article/abs/pii/S1047965113000703?via%3Dihub
https://aspenjournals.onlinelibrary.wiley.com/doi/abs/10.1177/0884533613507605
https://aspenjournals.onlinelibrary.wiley.com/doi/abs/10.1177/0884533613507605
https://aspenjournals.onlinelibrary.wiley.com/doi/abs/10.1177/0884533613507605
https://academic.oup.com/bjr/article-abstract/89/1068/20160572/7446096
http://rimed.org/rimedicaljournal/2020/05/2020-05-19-pain-modest.pdf
http://rimed.org/rimedicaljournal/2020/05/2020-05-19-pain-modest.pdf

Lichtblau CH, et al

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Langeveld M, Bosman R, Hundepool CA, Duraku LS, McGhee
C, Zuidam JM, et al. Phantom limb pain and painful neuroma
after dysvascular lower-extremity amputation: A systematic review
and meta-analysis. Vasc Endovascular Surg. 2024;58(2):142-150.
Evans AG, Chaker SC, Curran GE, Downer MA, Assi PE, Joseph
JT, et al. Postamputation residual limb pain severity and
prevalence: A systematic review and meta-analysis. Plast Surg.
2022;30(3):254-268.

Melzack R. Phantom limbs and the concept of a neuromatrix.
Trends Neurosci. 1990;13(3):88-92.

Ehde DM, Czerniecki JM, Smith DG, Campbell KM, Edwards
WT, Jensen MP, et al. Chronic phantom sensations, phantom
pain, residual limb pain, and other regional pain after lower limb
amputation. Arch Phys Med Rehabil. 2000;81(8):1039-1044.

Hill A, Niven CA, Knussen C. The role of coping in adjustment
to phantom limb pain. Pain. 1995;62(1):79-86.

Arena ]G, Sherman RA, Bruno GM, Smith JD. The relationship
between situational stress and phantom limb pain: Cross-lagged
correlational data from six month pain logs. ] Psychosom Res.
1990;34(1):71-77.

Ellis K. A review of amputation, phantom pain and nursing
responsibilities. Br ] Nurs. 2002;11(3):155-163.

Ladlow P, Nightingale TE, McGuigan MP, Bennett AN, Phillip
RD, Bilzon JL. Predicting ambulatory energy expenditure in lower
limb amputees using multisensor methods. PLoS One.
2019;14(1):e0209249.

Seidel E, Lange C, Wetz HH, Heuft G. Anxiety and depression
after loss of a lower limb. Der Orthopade. 2006;35:1152-1158.
Rosca AC, Baciu CC, Burtaverde V, Mateizer A. Psychological
consequences in patients with amputation of a limb. An
Front  Psychol.

interpretative-phenomenological ~ analysis.

2021;12:537493.

Int ] Phys Med Rehabil, Vol.12 Iss.S24 No:1000001

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

OPEN 8 ACCESS Freely available online

Jo SH, Kang SH, Seo WS, Koo BH, Kim HG, Yun SH. Psychiatric
understanding and treatment of patients with amputations.
Yeungnam Univ ] Med. 2021;38(3):194-201.

Alessa M, Alkhalaf HA, Alwabari SS, Alwabari NJ, Alkhalaf H,
Alwayel Z, et al. The psychosocial impact of lower limb
amputation on patients and caregivers. Cureus. 2022;14(11).
Gailey R, Allen K, Castles ], Kucharik ], Roeder M. Review of
secondary physical conditions associated with lowerlimb
amputation and longterm prosthesis use. ] Rehabil Res Dev.
2008;45(1).

Czerniecki JM, Morgenroth DC. Metabolic energy expenditure of
ambulation in lower extremity amputees: What have we learned

and what are the next steps!. Disabil Rehabil. 2017;39(2):143-151.
Meier RH, Melton D. Ideal functional outcomes for amputation
levels. Phys Med Rehabil Clin N Am. 2014;25(1):199-212.

Traugh GH, Corcoran PJ, Reyes RL. Energy expenditure of
ambulation in patients with above-knee amputations. Arch Phys
Med Rehabil. 1975;56(2):67-71.

Vllasolli TO, Zafirova B, Orovcanec N, Poposka A, Murtezani A,
Krasnigi B. Energy expenditure and walking speed in lower limb
amputees: A cross sectional study. Ortop Traumatol Rehabil.
2014;16(4):419-426.

Sexton AT, Fleming LL. Lower Extremity Amputation. Med
Manag Surg Patient. 2022:741-743.

Myers M, Chauvin BJ. Above-the-knee amputations. StatPearls
Publishing. 2023.

Lichtblau CH, Hennekens C. Osseointegration: A novel
technology for amputees. Int J Phys Med Rehabil. 2018;06(05):
488.


https://journals.sagepub.com/doi/full/10.1177/15385744231197097
https://journals.sagepub.com/doi/full/10.1177/15385744231197097
https://journals.sagepub.com/doi/full/10.1177/15385744231197097
https://journals.sagepub.com/doi/abs/10.1177/22925503211019646
https://journals.sagepub.com/doi/abs/10.1177/22925503211019646
https://www.cell.com/trends/neurosciences/abstract/0166-2236(90)90179-E
https://www.sciencedirect.com/science/article/abs/pii/S0003999300677663
https://www.sciencedirect.com/science/article/abs/pii/S0003999300677663
https://www.sciencedirect.com/science/article/abs/pii/S0003999300677663
https://www.sciencedirect.com/science/article/abs/pii/030439599400253B
https://www.sciencedirect.com/science/article/abs/pii/030439599400253B
https://www.sciencedirect.com/science/article/abs/pii/002239999090009S
https://www.sciencedirect.com/science/article/abs/pii/002239999090009S
https://www.sciencedirect.com/science/article/abs/pii/002239999090009S
https://www.magonlinelibrary.com/doi/abs/10.12968/bjon.2002.11.3.10063
https://www.magonlinelibrary.com/doi/abs/10.12968/bjon.2002.11.3.10063
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0209249
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0209249
https://link.springer.com/article/10.1007/s00132-006-1017-8
https://link.springer.com/article/10.1007/s00132-006-1017-8
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.537493/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.537493/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2021.537493/full
https://synapse.koreamed.org/articles/1160363
https://synapse.koreamed.org/articles/1160363
https://www.cureus.com/articles/119775-the-psychosocial-impact-of-lower-limb-amputation-on-patients-and-caregivers
https://www.cureus.com/articles/119775-the-psychosocial-impact-of-lower-limb-amputation-on-patients-and-caregivers
https://www.rehab.research.va.gov/jour/08/45/1/pdf/Gailey.pdf
https://www.rehab.research.va.gov/jour/08/45/1/pdf/Gailey.pdf
https://www.rehab.research.va.gov/jour/08/45/1/pdf/Gailey.pdf
https://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1095948
https://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1095948
https://www.tandfonline.com/doi/abs/10.3109/09638288.2015.1095948
https://www.sciencedirect.com/science/article/abs/pii/S1047965113000788?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1047965113000788?via%3Dihub
https://www.researchgate.net/publication/268793826_Energy_Expenditure_and_Walking_Speed_in_Lower_Limb_Amputees_a_Cross_Sectional_Study
https://www.researchgate.net/publication/268793826_Energy_Expenditure_and_Walking_Speed_in_Lower_Limb_Amputees_a_Cross_Sectional_Study
https://www.cambridge.org/core/books/abs/medical-management-of-the-surgical-patient/lower-extremity-amputations/80F110EA4DEA92FE76B0993CC82962DA
https://www.longdom.org/open-access-pdfs/osseointegration-a-novel-technology-for-amputees-2329-9096-1000488.pdf
https://www.longdom.org/open-access-pdfs/osseointegration-a-novel-technology-for-amputees-2329-9096-1000488.pdf

	Contents
	Understanding the Secondary Effects of Amputation
	ABSTRACT
	INTRODUCTION
	THE VAST MAJORITY OF PEOPLE WHO UNDERGO AMPUTATION EXPERIENCE DIFFICULT-TO-TREAT PAIN
	AMPUTATION OFTEN LEADS TO PSYCHOPATHOLOGY, INCLUDING DEPRESSION, ANXIETY AND LOSS OF SELF-ESTEEM
	AMPUTATION ALTERS BODY MECHANICS, INCREASING RISK FOR INJURY AND DEGENERATION
	DISCUSSION
	Amputation enhances energy expenditure, with adverse health consequences
	Above-knee lower extremity amputations carry the most risk to overall health and well-being

	CONCLUSION
	REFERENCES

	JPMR-24-33268_Q1.pdf
	Contents
	Understanding the Secondary Effects of Amputation
	ABSTRACT
	INTRODUCTION
	THE VAST MAJORITY OF PEOPLE WHO UNDERGO AMPUTATION EXPERIENCE DIFFICULT-TO-TREAT PAIN
	AMPUTATION OFTEN LEADS TO PSYCHOPATHOLOGY, INCLUDING DEPRESSION, ANXIETY AND LOSS OF SELF-ESTEEM
	AMPUTATION ALTERS BODY MECHANICS, INCREASING RISK FOR INJURY AND DEGENERATION
	DISCUSSION
	Amputation enhances energy expenditure, with adverse health consequences
	Above-knee lower extremity amputations carry the most risk to overall health and well-being

	CONCLUSION
	REFERENCES





