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INTRODUCTION
Major upper extremity amputations, particularly above-

elbow amputations, confer significant morbidity in terms 
of residual limb pain (RLP), phantom limb pain (PLP), 
and suboptimal prosthetic function.1 The complex func-
tion of the hand is difficult to recapitulate, and intuitive 
prosthetic control is necessary. Furthermore, the major 
nerves are not far from the skin, and neuromas that form 
are likely to cause RLP and PLP.2 Indeed, much research 
has been dedicated to techniques that mitigate pain and 
optimize myoelectric prosthetic control.3,4

Specifically, targeted muscle reinnervation (TMR) 
has been shown to minimize RLP and PLP while refin-
ing upper extremity myoelectric prosthetic use.5,6 TMR 

transfers major peripheral nerves to distal motor nerves 
of muscles in the arm that lack function after amputation. 
In above-elbow amputee patients, these motor signals can 
then be read by sensors on the socket and result in intui-
tive control of the terminal device. Serendipitously, it was 
found that redirecting major peripheral nerves to dener-
vated muscle, prevented end neuromas and reduced RLP 
and PLP.7

Elective amputations are rare. However, they do pres-
ent the opportunity to utilize the spare parts and TMR 
concepts to give the prosthetic sensors more specific sig-
nals. In contrast to many traumatic amputations, elective 
amputations retain healthy, functioning muscles distal to 
the amputation site. The recently developed starfish pro-
cedure transfers retained intrinsic musculature in partial 
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Summary: Optimizing prosthetic function and tolerance are key principles of per-
forming an elective upper extremity amputation. It is common for upper extremity 
amputees to experience issues related to nonoptimal prosthetic control and pain. 
Targeted muscle reinnervation and regenerative peripheral nerve interfaces in 
elective transhumeral amputations have been introduced as techniques to address 
the paucity of signals that may exist for myoelectric control postamputation. These 
techniques require the denervation of muscle and rely on delayed muscle reinner-
vation to provide eventual signal amplification for prosthetic function. In addition, 
the fascicles cannot be separated enough to provide signals to each individual mus-
cle. Use of native innervated forearm musculature can provide more immediate 
and specific signals for prosthetic use. These native muscles are often not available 
for use due to trauma, denervation, or dysvascularization. In elective amputations, 
they can be used as spare parts to provide more signals for the sensors on a myo-
electric prosthetic. The concept has been used in partial hand amputations and 
allowed for individual digital control at the terminal prosthetic device. In this 
study, we describe a novel technique used for an elective transhumeral amputation 
utilizing native innervated, vascularized musculature to provide intuitive control of 
a myoelectric prosthetic. (Plast Reconstr Surg Glob Open 2021;9:e3931; doi: 10.1097/
GOX.0000000000003931; Published online 16 November 2021.)
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hand amputations to improve myoelectric signaling and 
permit individual prosthetic digit control.8 We have modi-
fied this concept to be applicable to transhumeral ampu-
tations, which we call the “octopus procedure” based on 
the appearance of the muscles when dissected in the prox-
imal forearm. The octopus procedure is a novel technique 
that combines the principles of TMR and/or regenerative 
peripheral nerve interfaces to increase available EMG sig-
nals for heightened prosthetic control while minimizing 
potential RLP/PLP in the transhumeral amputee.

THE OCTOPUS PROCEDURE COMBINED 
WITH TMR

The patient is a 47-year-old right-hand dominant 
woman who sustained an injury to her right arm that ulti-
mately resulted in over 35 operations, including three 
prior total elbow arthroplasties, and more than 10 years 
of incapacitating pain. Prior surgical intervention failed to 
improve her pain and symptoms, and at the time of presen-
tation the third elbow arthroplasty was infected and loose 
with penetration of the implant stem out of the humerus 
and the patient experiencing severe neuropathic pain 
(Fig.  1). After extensive discussion and multidisciplinary 

evaluation, the decision was made to pursue transhumeral 
amputation. (See Video 1, which displays the combined 
octopus procedure with TMR for elective transhumeral 
amputation.)

Fig. 1. Preoperative radiograph and image of the affected arm.

Takeaways
Question: How can the residual muscle be maximally uti-
lized for prosthetic control after an elective transhumeral 
amputation?

Findings: In this article, we describe a novel technique used 
for an elective transhumeral amputation utilizing native 
innervated, vascularized musculature to provide intuitive 
control of a myoelectric prosthetic. The prosthetic can 
then recognize muscle contractions from the native mus-
cles and perform the corresponding action. TMR is also 
performed to limit pain from the severed sensory nerves.

Meaning: By preserving native, healthy forearm muscles 
in elective amputations and combining this concept with 
TMR, this patient has an increased number of available 
EMG signals and the chance of developing symptomatic 
neuroma has been minimized.
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The forearm flexors and extensors were first isolated 
and pedicled to preserve the native innervation and per-
fusion. The osteotomy was then performed and the fore-
arm and hand amputated, along with the prior elbow 
arthroplasty. The isolated pedicled, vascularized, and 
innervated muscle flaps were transposed proximally over 
the amputation stump with the flexor carpi radialis in an 
anterior position and proceeding medially to place each 
flap sequentially over the stump flexor digitorum super-
ficialis, flexor digitorum profundus, flexor carpi ulnaris 
(Fig. 2). Next, the brachioradialis, extensor carpi radialis 
longus, extensor carpi radialis brevis, extensor digitorum 
communis, and extensor pollicus longus were placed lat-
eral to posterior on the stump. Each of these innervated, 
pedicled flaps was secured proximally in an orientation 
that will allow for potential signal targets to be used by 
a myoelectric prosthetic with intraoperative innervation 
confirmed with a handheld nerve stimulator (Fig.  3). 

Following the securing of the innervated muscle flaps, 
nerve transfers were performed of the median, ulnar, and 
radial sensory nerves consistent with the TMR technique 
to minimize potential for painful neuroma formation 
(Fig. 4).

DISCUSSION/CONCLUSIONS
Traditional limitations imposed by upper limb amputa-

tions can have devastating consequences for patient func-
tion and quality of life, especially when the elbow must be 
compromised. Effective use of a prosthesis and improved 
pain control represent an opportunity to mitigate sub-
optimal outcomes. Although technology continues to 
improve, there are still challenges to using a prosthesis, 
demonstrated by evidence of up to 40% of upper extrem-
ity amputees discontinuing prostheses usage due to lack 
of intuitiveness, pain, and/or other causes.9 The surgical 
approach we utilized builds on the starfish procedure and 

Fig. 2. The muscles of the forearm were individually dissected out and labeled. These 
muscles remained vascularized while providing a level of specific motor control 
that could easily translate to a myoprosthetic. This minimizes the amount of cortical 
relearning required by the patient.
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presents a novel method to provide certain transhumeral 
patients with maximal targets for myoelectric signal cap-
ture. By leveraging the vascularized and innervated native 
muscle tissue from the forearm for the muscle transfers, 
potential degrees of freedom and patient intuition for 
myoelectric control are maintained and optimized.

Increasing the number of signals in an intuitive man-
ner has the potential to increase function and ease of 
use of a prosthesis. It is hoped that this would lead to 
better acceptance and long-term prosthetic acceptance 
and long-term prosthetic use, effectively increasing the 
quality of life for patients. The sensors on the socket of 

a prosthetic can read the muscle contractions and trans-
late them into the corresponding movement on the ter-
minal device. With traditional TMR, the fascicles cannot 
be parsed out enough to separate each individual mus-
cle. The concept of the starfish and octopus procedures 
is to utilize the native muscles to provide more specific 
signals for each movement. Performing this technique in 
combination with either TMR or regenerative peripheral 
nerve interfaces enhances the benefits for the patient 
by striving to prevent neuroma formation of the distal 
mixed motor and sensory nerves that can lead to neu-
ropathic pain. With less pain and intuitive use, patients 

Fig. 3. The isolated muscle flaps were rotated over the amputation stump in locations that would be 
easily picked up by a prosthetic. TMR was also performed to minimize pain control and maximize the 
potential usefulness of the prosthetic.
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may have incrased us of their prosthetics (See Video 2,  
which shows how the patient is now able to have intuitive 
control of the prosthetic. The device is calibrated to her 
muscle contractions and the terminal device will move in 
response to the corresponding signals).

In addition to transhumeral amputations, the described 
technique has the potential to be expanded to other varia-
tions of elective amputation. As an additional example, an 
elective above knee amputee may undergo a procedure in 
which the distal leg musculature is salvaged, transferred 
proximally, and preserved for use in ultimate prosthetic 
control. This can increase the degrees of freedom available 
for control in a lower extremity prosthesis severalfold.

The octopus procedure can provide individuals under-
going elective amputation the opportunity to gain greater 
function for myoelectric prosthetic control while also 
minimizing pain. The case described here is illustrative of 
one application of combining the octopus procedure with 
TMR. Greater patient numbers and long-term follow-up 
will be necessary to validate the potential benefits of this 
technique.
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Fig. 4. The stump was closed. Tie over bolsters were used to secure the muscle tendons to the skin. 
These points were labeled and documented so that the prosthetic could be designed and intuitive 
control could be maximized.
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