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Upper-limb amputation is different from lower-limb
amputation, and thus, measures for lower-limb amputation
should not be used for upper-limb amputation. For example,
surgeons widely agree that a useless, painful leg is an unac-
ceptable outcome of lower-limb-salvage surgery. However,
with upper-limb salvage, a useless, painful, or stiff limb may
remain in place for many months before late delayed ampu-
tation and progression to productive rehabilitation occurs.
The reasons for this delay are complex. “Absolute indica-
tions” exist for lower-limb amputation, as reported by Lange
et al.: warm ischemia time >6 hours, disruption of the tibial
nerve in an adult, and threat to life in the attempt [3]. Except
for the threat to life in the attempt, no “absolute indications”
exist for upper-limb amputation. Also, upper-limb prosthe-
ses do not restore function to the same extent that lower-
limb prostheses do, another factor contributing to late
delayed amputation of the upper limb. Therefore, limb sal-
vage at all costs has become the default treatment modality
for the upper limb (Figure 1(a)).

The concept that prolonged salvage efforts may
inhibit a patient’s recovery is gaining traction in the limb-
reconstruction community. Pinzur et al., in their article
“Controversies in lower-extremity amputation,” write
that “. . . amputation surgery is reconstructive surgery. It
is the first step in the rehabilitation process for patients
with an amputation and should be thought of in this way.
An amputation is often a more appropriate option than
limb salvage, irrespective of the underlying cause” [4].

We believe that the best way for patients to progress
to productive rehabilitation is to give limb salvage a judi-
cious trial (i.e., 6 months) but then offer early delayed
amputation if the patient believes that function, pain, or
stiffness are unacceptable.

METHODS: CASE SERIES

We did not obtain institutional review board approv-
als for this study because only patient case studies were

Figure 1.
(a) Default limb-salvage time line. (b) Proposed limb-salvage time line that includes analysis at 6 months, early delayed amputation.
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involved. However, we obtained informed consent from
all three patients and present each case illustrating failed
upper-limb salvage.

Case Report 1
A 44-year-old male truck driver and furniture delivery

worker sustained a significant crush injury to his dominant
right hand in a forklift accident. Reconstruction included
emergent fasciotomies, release of the carpal tunnel, and
microvascular repairs of the middle and ring fingers. Sig-
nificant bony injuries were stabilized with multiple pins
(Figure 2).

On the fifth postoperative day, the patient was dis-
charged with all fingers viable. His postoperative course
was complicated by osteomyelitis of the index metacarpal,
requiring placement of an antibiotic spacer (Figure 3)
and long-term intravenous antibiotic therapy. His infec-
tion was eventually controlled, but significant pain, stiff-
ness, and tendon adhesions in his right hand left him with

limited motion. Aggressive hand therapy had been initiated
early in his postoperative course with little improvement.

Six months after the injury, the patient was exhausted
with therapy and discouraged with lack of progress. His
right hand was painful and nonfunctional (Figure 4). He
asked for an amputation. Consultations with multiple hand
surgeons recommended waiting at least 1 year. Further
tendon release operations were offered and refused. The
patient continued with therapy but progressed little. Thir-
teen months postinjury, a transradial amputation was per-
formed (Figure 5). A second procedure 6 weeks later
consolidated the residual limb and he was fitted with a
myoelectric prosthesis.

Since that fitting, he is training with a therapist to
master the myoelectric prosthesis (Figure 6) and is using
it a few hours a day, mostly to grasp and stabilize objects.
He is not working, because his employer cannot find
appropriate modified tasks. He feels the residual limb
alone is more useful than the reconstructed hand because

Figure 2.
Case report 1 of male patient. Radiograph of initial postoperative
pinning of dominant right hand.

Figure 3.
Case report 1 of male patient. Radiograph of antibiotic spacer placed
in right hand because of osteomyelitis of index metacarpal.
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the stiff painful appendage is gone. He uses the residual
limb to carry grocery bags and stabilize containers, tasks
he could never do with his injured hand. His pain is much
reduced, and he wishes he had undergone the amputation
6 months after the injury when his therapy had reached a
plateau.

Case Report 2
A 32-year-old male involved in a motorcycle acci-

dent sustained a severe multisystem trauma, including a
closed-head injury and scapulothoracic dissociation of
his upper limb involving his brachial plexus. His neuro-
logical injury was severe, with no motor function except
in his trapezius and chronic neuropathic pain. Computed
tomography demonstrated a brachial plexus injury
involving nerve root avulsions from cervical level 5 to
thoracic level 1 (Figures 7–8).

Six months following his injury, he still had a “flail
arm” with no volitional motor activity except in the trape-
zius. He developed profound atrophy of his hand, forearm,
biceps, triceps, deltoid, and shoulder girdle musculature,
and his shoulder would spontaneously dislocate multiple
times a day. The weight of the injured arm constantly hin-
dered him. A brachial plexus reconstruction was attempted

Figure 4.
Case report 1 of male patient. (a) Volar surface and (b) dorsum of stiff
atrophic limb 6 months after initial injury. 

Figure 5.
Case report 1 of male patient. Residual limb 13 months postinjury
after a transradial amputation was performed before revisional surgery
to improve socket fit.

Figure 6.
Case report 1 of male patient. Prosthesis in place 18 months after initial
injury.
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at this time; however, no suitable nerve roots were identi-
fied. Retrospectively, he identifies this time as when he
decided to pursue amputation.

Thirteen months after the initial injury, with no clinical
or electromyographic evidence of recovery, the patient
underwent transhumeral amputation and shoulder arthrod-
esis (Figure 9). He recovered without any wound compli-
cations, and the shoulder fusion consolidated uneventfully.

Because of insurance coverage problems, his pros-
thetic fitting was delayed. He was fitted with a myoelectric
prosthesis 20 months after the initial injury. The prosthesis
provides elbow flexion and extension (controlled by con-
tralateral pectoralis major), pronation and supination (con-
trolled by contralateral latissimus), and pincer function
(controlled by ipsilateral trapezius) (Figure 10).

Twenty-six months after the injury and seven months
after his fitting, his chief complaint is persistent phantom
pain, which is exacerbated by attempts to control the pros-
thesis and is the reason he gives for limited use of the
prosthesis. He is, however, pleased with the cosmetic
appearance of the prosthesis. He is most satisfied with the
stable shoulder arthrodesis and amputation, because he no
longer dislocates his shoulder and the flail arm no longer

gets in his way. He is in vocational rehabilitation and
learning to use a computer through voice commands.

Case Report 3
A 61-year-old male emergency department physician

sustained a traumatic left distal radius amputation when a
jack failed while he was changing a car tire. Replantation
was performed 8 hours after the accident (Figures 11–14).
In this case, the limb underwent warm ischemia time until
the patient arrived at the first hospital, after which he was
transferred by air to a transplant center. Less than half of
the total time was warm ischemia time. The artery and the
vein were immediately shunted, as shown in Figure 12.

The initial postoperative course was encouraging, but
sensory and intrinsic motor reinnervation failed to occur.
The wrist was unstable, requiring constant bulky splin-
tage. Neuromas and wrist pain continued to plague him.
Significant stiffness, despite aggressive hand therapy,
prevented function of the extrinsic muscles.

Figure 7.
Case report 2 of male patient. Anteroposterior radiograph of left shoulder
demonstrates typical findings of scapulothoracic dissociation.
Scapula is lateralized significantly and acromioclavicular joint is
widened. Patient also has old healed clavicle fracture. Figure 8.

Case report 2 of male patient. Anteroposterior radiograph of left shoulder
taken 7 months after scapulothoracic dissociation demonstrates profound
deltoid wasting and instability of glenohumeral joint with widened joint
space and inferior subluxation at rest.












