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For several decades, prosthetic use was the only option to restore function after upper extremity ampu-
tation. Recent years have seen advances in the field of prosthetics. Such advances include prosthetic design
and function, activity-specific devices, improved aesthetics, and adjunctive surgical procedures to improve
both form and function. Targeted reinnervation is one exciting advance that allows for more facile and
more intuitive function with prosthetics following proximal amputation. Another remarkable advance
that holds great promise in nearly all fields of medicine is the transplantation of composite tissue, such as
hand and face transplantation. Hand transplantation holds promise as the ultimate restorative procedure
that can provide form, function, and sensation. However, this procedure still comes with a substantial cost
in terms of the rehabilitation and toxic immunosuppression and should be limited to carefully selected
patients who have failed prosthetic reconstruction. Hand transplantation and prosthetic reconstruction
should not be viewed as competing options. Rather, they are two treatment options with different risk/
benefit profiles and different indications and, hence vastly different implications.

� 2014 Hanley & Belfus, an imprint of Elsevier Inc. All rights reserved.
Background

In the United States today, there are estimated 500,000 people
with minor hand amputations and 41,000 people living with major
upper extremity limb loss.1 Upper extremity amputation results in
devastating loss of form and function. Historically, the standard
restorative treatment for these individuals has beenwith prosthetic
devices. From the time since World War II, until recent, there was
little progress in prosthetic design and implementation. The basic
design for most patients with upper extremity amputation was a
body-powered device utilizing shoulder motion with cables and
pulleys for control. Studies conducted on prosthetic use by upper
extremity amputees, demonstrate unacceptably high rejection
rates with many patients electing to go without any functional
restoration.2e6 Understanding the issues leading to prosthetic
abandonment is critical so that they can be directly addressed.

Upper extremity surgeons have been trained for years how to
execute the technical aspects of amputation at any given level.
However, there has been a lack of education among surgeons in
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regards to restoring function after amputation. A likely explanation
is that there has been little role for the surgeon once the amputation
is healed and the soft tissues are mature. However, recent advances
have drawn much needed attention to this previously neglected
patient population. Targeted reinnervation and hand trans-
plantation are two innovative operations directed at restoring up-
per extremity function after amputation. Targeted reinnervation
(TR) has enabled improved prosthetic control for individuals with
proximal amputation and even the hope for “sensation” in the
amputated part. In addition, recent advances in prosthetic design
have greatly improved both form and function of the devices.
During this same time period, hand transplantation has become a
clinical reality. With 15 years of clinical experience, we nowhave an
improved sense of the cost, risks, and benefits of this procedure. The
purpose of this manuscript is to review upper extremity limb loss
today, the challenges of restoring form and function to these in-
dividuals, while highlighting the exciting developments in the field,
in particular, hand transplantation and targeted reinnervation.
Historical perspective on prosthesis utilization

Numerous studies have examined the use of prosthetic devices
in upper extremity amputees.3,5e14 The research is difficult to
rights reserved.
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Fig. 1. Activity of daily living with myoelectric hand prosthetic.

Fig. 2. Activity specific prosthetic for use after transradial amputation.
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compare since each study’s definition of prosthetic success varies,
inclusion criteria are not the same for each study, a range of
outcome measures are used, and the sample sizes are often small.
The results of the studies are also difficult to extrapolate to new
upper limb prosthetic technology as outcome measures have not
yet been created or validated to fully assess an individual’s func-
tional outcome with use of the new upper limb prosthetic tech-
nology. Despite these limitations, the published results suggest that
upper limb prosthetic abandonment is real, and the issues leading
to abandonment need to be addressed.2e7 These issues include lack
of patient involvement in device selection, poor fit, pain while
wearing the device, lack of functionality, lack of education on op-
tions regarding prosthetic technology, lack of education on avail-
able funding sources, unrealistic patient expectations, opportunity
to use only one type of prosthetic device, lack of upper limb pros-
thetic rehabilitation knowledge and experience of the health care
provider, and lack of prosthetic training. Other major factors
involved in whether an individual rejects or wears the prosthesis
are age of fitting a congenital upper limb deficiency and time post-
injury to the fitting of an amputee. If the health care team addresses
all of these issues, the chance for successful use and acceptance of
an upper limb prosthetic is greatly improved.

Patients who are involved in choosing the prosthetic device(s)
that best meets their needs are more likely to become successful
users.3 To improve the success rate of upper limb prosthetic use and
manage the patient’s expectations, the patient needs education on
the six basic prosthetic options15 and on available funding sources.
It is also important to help the patient understand that a prosthetic
device cannot replace a natural hand but instead is used as a tool to
assist with functional tasks. In addition, several prosthetic devices
may be needed to meet the patient’s daily needs. For example,
while a myoelectric prosthesis (Fig. 1) may be helpful for basic daily
activities; the sensitive electronic components within the pros-
thesis cannot tolerate high forces for an activity such as golf. An
activity specific prosthesis made of durable materials and with a
specialized terminal end to hold a golf club would be a more
appropriate prosthetic device (Fig. 2). The choice of which pros-
thesis to use relies heavily on the types of activities the patient
needs and wants to participate in and what the patient’s functional
goals are. No matter the goal, no single device will be able to
accomplish all desired functional tasks. When a patient has many
activities that they wish to engage in, it may be necessary to pro-
vide multiple devices to achieve their functional goals.8 A dogmatic
approach to prosthetic fitting is no longer appropriate. In the past, if
a patient rejected a body-powered device, it was assumed that they
would not be a candidate for a myoelectric prosthesis. Rather, the
reasons for rejection of the device should be explored and directly
addressed. In our experience, these issues can be addressed and
remedied.

A comfortable device is essential for use. Any problems leading
to discomfort must be addressed. Socket interfaces and appropriate
materials need to be chosen and should maximize comfort.15e18

Whenever possible, skin friendly, soft and flexible materials
should be used and sockets designed to maximize ROM and com-
fort. This enhances wear time and begins to address the need for
more comfortable socket systems.

Prosthetic training affects an individual’s function (Lake 1997,
Resnik 2012). Training with a therapist knowledgeable in upper
limb prosthetic components and control is a significant portion of
prosthetic rehabilitation that leads to functional success of the up-
per limb amputee. Prosthetic training occurs during various stages.
The stages, whichmay overlap, are the healing stage, pre-prosthetic
stage, basic prosthetic stage and advanced prosthetic stage.19

Prosthetic training enhances knowledge of the components, en-
sures a properwear schedule, illuminates the control details, assists
with functional integration of the prosthesis into activities of daily
living and provides feedback to the prosthetist about possible
design changes that would enhance function. During upper limb
prosthetic therapy treatment, there is a constant emphasis on pro-
per posture and proper body mechanics to help prevent compen-
satory body movements that may lead to acute and chronic
musculoskeletal injuries.

Fitting a patient with congenital upper limb absence within 11
months of age leads to greater acceptance than patients fitted at an
older age.3 Similarly, individuals that rejected prosthetics were fit
6 months after injury while those that accepted prosthetic usewere
fit within 3 months of injury.3 Thus it is important to the success of
an upper limb prosthetic fitting to fit an individual at a young age or
soon after an amputation.
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Targeted reinnervation

In 2004, Kuiken et al introduced the concept of targeted rein-
nervation (TR) in a case report of a patient with bilateral shoulder
disarticulation injury.20 The concept is genius in its simplicity. TR
utilizes nonfunctional muscles (muscular insertion is missing) as
amplifiers for nonfunctional nerves that are present as neuromas.
In this way, these nerves can provide signals to these muscles to
provide intuitive prosthetic function for example, radial nerve
innervation to a segment of the pectoralis major muscle providing a
new and intuitive signal for myoelectric control of hand opening
function of the prosthesis. TR for motor control is called targeted
muscle reinnervation or TMR. TMR has been used for patients with
amputations at the shoulder disarticulation and trans-humeral
level.21e23

Individuals with transhumeral amputation should have intact
biceps and triceps muscle function before consideration of TMR.
Conventional control of a myoelectric prosthetic for these in-
dividuals is with one triceps signal and one biceps signal. This
provides intuitive control of elbow flexion and extension, but
control of forearm rotation (pro-supination), and hand open and
close actions is not intuitive and requires a “switch” between
modes on the device. Continuous switching between modes is
cumbersome, non-intuitive, and requires too much cognitive
oversight. The median, ulnar, and radial nerves in these individuals
are typically present as non-functional neuromas at the end of the
limb. Since there are two heads to the biceps, one can be sacrificed
as a recipient signal amplifier without sacrificing the intuitive
elbow flexion signal that is provided by the remaining biceps
muscle with native innervation via the musculocutaneous nerve.
Typically, the median nerve is transferred to the short head of the
biceps muscle to provide an intuitive signal for hand close or pro-
nation. If the brachialis muscle is present, the ulnar nerve can be
transferred to its motor branch to provide an additional intuitive
Fig. 3. Targeted muscle reinnervation technique. The distal ends of the median, ulnar and
signal for hand close, or other prosthetic hand function. The radial
nerve is approached posteriorly and typically transferred to the
lateral head of the triceps muscle providing an intuitive signal for
hand opening or supination for the prosthetic. Native innervation
of the long head of the triceps is preserved so that intuitive elbow
extension remains intact.

Targeted muscle reinnervation (TMR) can also be helpful for
individuals with amputation at the shoulder disarticulation level. In
this case, the procedure is more complex and requires signals for
elbow control in addition to wrist and hand. At this level, the
following transected and nonfunctional nerves are transferred:
musculocutaneous, radial, median, and ulnar. These nerves are then
coapted to the isolated motor segments of the pectoralis major
muscle (3 segments) and the pectoralis minor muscle. Other
shoulder girdle muscles that are nonfunctional and present are also
potential recipients and candidates for nerve transfer (i.e. latissi-
mus dorsi and serratus anterior muscles). When performing this
procedure, it is important to thin the skin overlying the muscle,
thus removing subcutaneous fat in order to maximize the strength
of the EMG signal. With the overlying skin thinned and denervated,
a fascinating and serendipitous finding was discovered in that the
transferred nerve, reinnervated the overlying skin, and thus pro-
vided the possibility to experience “hand” sensation in the rein-
nervated chest wall skin.20 Some have referred to this as targeted
sensory reinnervation, or TSR.24,25

Prior to proceeding with TMR surgery, it is important to rule out
any proximal nerve injury, such as a brachial plexus injury that
could have occurred at the time of a traumatic amputation. Strong
and intact biceps and triceps function with localized Tinel’s signs
for the residual median, ulnar, and radial nerves are sufficient to
proceed to surgery and in this case, no further investigation is
required. The locations for each nerve’s Tinel’s sign should be noted
(Fig. 3). If the Tinel’s sign is at the distal end of the limb, this is a
good sign that the nerve will have plenty of length to reach its
radial nerves are identified by Tinel’s sign (A, C) and their location is marked (B, D).



Fig. 4. Longitudinal skin incisions are made between the triceps heads posteriorly, and
biceps heads anteriorly. Very thin skin flaps are raised medially and laterally exposing
adipofascial tissue overlying the muscles. A proximally-based adipofascial flap is raised
(A, B) and inset between the two muscle heads (C) to separate their signals.
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target. If the Tinel’s sign is proximal, there may not be sufficient
length to reach the target muscle. In this case, the surgeon should
be prepared for nerve grafting to reach the target. We have been
successful using nerve graft to reach the muscle target. However,
since the target muscle is otherwise completely denervated, the
nerve graft should be short enough so that the target is reached
with regeneration through the graft before denervation-induced
muscle atrophy occurs. It is important that the target muscle does
not have any native innervation as this will certainly overpower the
nerve transfer and the desired signal will not be evident. Finally, a
proximally based, adipofascial flap is designed to minimize the
tissue between the muscles and overlying skin and, after nerve
transfer, is interposed between the muscle heads to separate their
EMG signals (Fig. 4).

Since TMR is a relatively new procedure, the literature is lacking
in terms of outcomes. A report published functional outcomes after
TMR for three shoulder disarticulation amputees and three trans-
humeral amputees. Reported outcomes on these 6 patients were
very positive with improved function following the procedure as
reported by the Box and Blocks Test, Clothespin Relocation Test, and
Assessment of Motor and Process Skills Test.26 The authors also
note improved function in more complicated tasks with the ability
to simultaneously control two joints at a time and subjective
improvements in the ease of performing activities of daily living.26

In 2011, researchers from the same institution reported a compar-
ison of TR and transplantationwith a comparative discussion based
on the level of amputation, function, and cost.27 The authors,
insightfully state that TR and transplantation are complementary,
rather than, competitive procedures. Finally, TR has not been
considered for individuals with more distal amputations. For pa-
tients with transradial and distal amputation, the extrinsic muscles
are all present, and should be amenable to myoelectric control.
Intrinsic hand muscles are, of course, absent. A transfer of the
recurrent motor portion of the median nerve or motor component
of the ulnar nerve could theoretically be transferred in a manner
similar to TMR at the forearm level. However, the current level of
prosthetic function is not sophisticated enough to make use of the
refined hand function signals that could result from this transfer.

Hand transplantation

Malt and McKhann28 published a report on the first reattach-
ment of an arm in 1964. Thumb replantation using microsurgical
techniques followed shortly thereafter29 and the reattachment of
amputated parts in the upper extremity was established as the
standard of care. Interestingly, it was around the same time that the
first hand transplantation was attempted in Ecuador in 1964.30,31

The procedure was a technical success, however, the transplant
failed in the days following due to rejection and inadequate
immunosuppressive therapy.30,31 Since then, advances in im-
munosuppression have enabled the transplantation of organs be-
tween immunologically different individuals without rejection. The
simultaneous progress of immunosuppression and microsurgery
has enabled surgeons to provide hand transplantation as an option
to restore form and function following upper limb loss.

The modern era of hand transplantation began in 1998 when a
unilateral hand was transplanted in Lyon, France under Dr. Duber-
nard.32 This report was met with great controversy and debate
regarding the ethics of performing such a procedure.5,6,33e40 The
central issue in this debate surrounds the functional improvement
after hand transplantation weighed against alternative options,
such as prosthetic and autologous (i.e. toe transfer) reconstruction
and the life and health risks associated with immunosuppressive
therapy. Since 1999, many hand transplant procedures have been
performed and much more is known regarding the functional
outcomes and risks of immunosuppressive therapy in this patient
population.41e46 Despite this, controversy still remains about the
ethics and indications for hand transplantation.47 The majority of
patients have been transplanted at the distal forearm or wrist level.
This is critically important, because the extrinsic muscles (and
tendons) are still present in the recipient and thereforewrist, finger,
and thumbmotion is possible without nerve regeneration. Intrinsic
hand function and sensation, however, are dependent on nerve
regeneration, which requires time and some degree of unpredict-
ability.40,43 There have been only a few patients worldwide that
have had transplantation proximal to the forearm and above. We
are not aware of any published outcomes for this subset of pa-
tients.40,43 However, if the forearm musculature is transplanted,
then extrinsic hand function, wrist function, and control of forearm
rotation will also be dependent on reinnervation. Thus, if trans-
plantation is considered for such a patient, the team should be
prepared for lesser functional outcomes than those reported in the
literature.

An international registry exists to track outcomes following
vascularized composite allotransplantation (VCA), While, there is
not uniform compliance and reporting across all centers, the data
collected and reported are the best available regarding patient
outcomes after hand transplantation. Two reports summarizing the
clinical outcomes following hand transplantation from this registry
have beenpublished.43,44,46 Long-termgraft (hand) survival exceeds
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95%, the longest survivorship is now nearly 15 years.46 However,
success in hand transplantation, unlike organs, is not limited to
survival. The handmust function and become incorporated into the
individual’s sense of self. For success, the patient must recover
functional sensation and motion that is dependent on nerve
regeneration. Intensive hand therapy is initiated within in the days
following the transplant and continues for several months, if not
years after transplantation. Function, however is a spectrum and no
uniform test or measure has met with uniform acceptance in the
field. The most common measures of functional outcomes are the
Hand Transplantation Scoring System (HTSS) and the Disabilities of
the Arm Shoulder and Hand (DASH).40,43,44,46

Return of sensation is the norm following hand transplantation
with all patients included in the registry obtaining protective
sensation, 90% regaining tactile sensibility, and 84% regaining
discriminatory sensation when tested one or more years after
transplantation.46 Motor function outcomes were also very good,
with early return of extrinsic muscle function including grip and
pinch, while intrinsic muscle function was not universal and
returned much later.46 HTSS scores were consistently 70 or better
and DASH scores consistently less than 20 for bilateral hand
transplant patients. Interestingly, HTSS and DASH scores were
generally better following bilateral transplantation in comparison
to unilateral transplantation.46 A recent systematic literature re-
view summarizing outcomes following hand transplantation
quantified some of these outcome measures by including data in
case reports and case series. In this report, intrinsic muscle function
was observed in 57% of patients after transplantation.40

Complications after hand transplantation are common. Acute
rejection is nearly universal with 85% of patients experiencing at
least one episode in the first year after transplantation.40,46 These
episodes are usually easily treated with additional immunosup-
pression or an adjustment in the patient’s current regimen.
Metabolic complications and opportunistic infections are also very
common and are a direct result of the immunosuppressive
medication.40,46 These issues are of critical importance in hand
transplantation since it is not a life-saving procedure and the
target population is generally healthy. Careful patient selection is a
critical aspect of a hand transplant program. In addition to the
standard medical evaluation and clearance the process must also
include a psychiatric evaluation. The psychosocial considerations
are significant in this patient population with multiple factors to
consider, including the traumatic event surrounding the ampu-
tation, the individual’s self image and the perceived impact of this
with transplantation, the individual’s social support system, the
individual’s understanding of the risk/benefit analysis, and their
willingness to comply with immunosuppression and the rigorous
hand therapy program after transplantation.34,48e50 Finally,
because hand transplantation is such a serious consideration, it is
recommended that the patient wait at least 6 months after
amputation before evaluation for transplantation. During this
time period, a concerted effort to optimize function with pros-
thetic fittingmust be performed. Only after the patient has “failed”
a concerted trial of prosthetic use, should transplantation be
considered.

Team approach

Upper extremity amputation results in a loss of form, function,
and a change in body image. The importance of each aspect of this
loss is highly variable among individuals. Therefore, the treatment
plan must be individualized and directed at meeting the patient’s
goals. With the various treatment options outlined above, no single
specialist e.g. surgeon, physiatrist, therapist, or prosthetist is likely
to be expert enough to address all of the issues, answer all of the
patient’s questions, and determine the best treatment option for
any particular patient. This realization has lead to us to develop a
multidisciplinary upper extremity limb loss clinic. In this clinic, we
have a hand and microvascular surgeon, a prosthetist, and physical
therapist specializing in care of the patient with amputation. We
routinely engage assistance from other colleagues such as physical
medicine and rehabilitation and pain management physicians,
occupational therapists, and psychiatrists. The following case ex-
amples illustrate this collaborative approach.

Case 1

This patient, age 50, sustained a left transhumeral traumatic
amputation due to a vehicle accident. She was initially fit with a
myoelectric prosthesis. Although she used the device daily and
noted improved function, she was frustrated by the lack of intuition
and the need to change signals to control 1) the elbow (flexion and
extension), 2) the forearm rotator (pro-supination), and 3) the hand
(open and close). Furthermore, despite functional shoulder mus-
cles, she was not able to utilize her own anatomical shoulder in-
ternal and external rotation while wearing the prosthesis. This is
typical at the transhumeral level of amputation because the soft
tissue about the humerus is very mobile and does not act to sta-
bilize the prosthesis. For this reason sockets are designed to
encompass the shoulder to stabilize the prosthesis against outside
forces that would act against this unstable soft tissue. Prosthetic
elbow design provides internal/external shoulder rotation with a
passive friction joint just above the elbow that must be manipu-
lated with the contralateral limb. Furthermore, despite functional
shoulder girdle muscles and rotator cuff muscles, she was not able
to utilize anatomical shoulder internal and external rotation
because the socket design encompassed the shoulder for stabili-
zation of internal and external shoulder rotation forces. Prosthetic
design accommodates this movement with a passive friction joint
that must be manipulated with the contralateral limb. Redundant
soft tissue at the end of the limb, further complicated socket design
and suspension of the device (Fig. 5). Our team (hand surgeon,
prosthetist, and therapist) met together with the patient to discuss
challenges and treatment options for the patient. She was highly
motivated and willing to sacrifice time, undergo surgery, and
rehabilitation to achieve optimal function with a myoelectric
prosthesis. When the patient is seen together by the team, each
individual, including the patient has the opportunity for each in-
dividual to ask questions and get answers such that a more optimal
treatment plan can be implemented. In our experience, any
particular individual on the team often cannot imagine the full
treatment plan.

The following challenges were considered and addressed by the
team for this case:

1. Lack of intuitive myoelectric signals for wrist and hand function
2. Redundant soft tissue
3. Short skeletal length.

She underwent soft tissue revision of her residual limb, targeted
muscle reinnervation, and skeletal lengthening of her humerus
with allograft humerus bone (Fig. 5). Her median nerve was
transferred to the short head of her biceps muscle and the radial
nervewas transferred to the long head of her tricepsmuscle (Fig. 5).
In about 4 months time, she developed intuitive hand open and
close signals from the median and radial nerve transfers, respec-
tively (Video 1). We waited 4 months after the skeletal lengthening
procedure to allow for bony union before allowing her to use the
myoelectric prosthesis. This gave her 4 sites total with intuitive
hand and elbow function and switching only to the wrist, which is



Fig. 5. Patient from case 1 with transhumeral amputation, unstable scar and redundant soft tissue at the end of her residual limb (A, B). Radiograph demonstrates the short
humerus relative to the soft tissue (C). The humerus was lengthened with allograft humerus (DeF), which utilized the redundant soft tissue, increased the length of her lever arm,
and provided rotational stability via the condylar processes. The result was a functionally and aesthetically improved residual limb (see Videos 1 and 2).
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the tertiary device in the system. The resulting direct control
minimized the cumbersome nature of control and increased the
responsiveness of the system because she did not need to switch
between components (Video 2). The resulting shape of the distal
end of her residual limb allowed a better connection between the
limb and the interface. The end result enabled her to control
shoulder internal and external rotation through her own muscle
power (Fig. 5).



Fig. 6. Patient from case 2 with partial hand amputation. Radiograph demonstrates the dystrophic ring finger metacarpal and degenerate MCP joint (A). Amputation of the
nonfunctional ring finger allowed fitting with a two finger myoelectric prosthesis with improved function (BeD).
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Case example 2

This 36-year-old male suffered a partial amputation of his non-
dominant right hand related to an industrial saw accident. In the
acute stage following injury hewas treated at a local hospital where
he underwent amputation of his small finger ray and amputation of
his index finger at the level of the proximal phalanx. His ring finger
metacarpal was fractured with extensive soft tissue injury in this
area. He ultimately had successful healing of the metacarpal frac-
ture, however the metacarpophalangeal (MP) joint was degen-
erated and unstable. He had no active motion of the finger joints of
this ray, despite three attempts at flexor and extensor tenolysis
(Fig. 6). He desired amputation of his non-functional ring finger.

The patient hoped to return to manual labor. He was beginning
to suffer pain in his middle finger which was largely spared from
injury. This was felt to be related to overuse. He desired improved
grasp and pinch. The treatment options for autologous recon-
struction included second toe transfer to the index finger, transfer
of the ring finger to the index position at level distal to the injury.
Hand transplant is considered inappropriate for partial hand am-
putations like this based on the risk/benefit ratio. The patient met
with our team (surgeon, prosthetist, and therapist) and the treat-
ment options were reviewed including prosthetics. With one
functional finger, we certainly wanted to save this digit. In
reviewing, the prosthetic options, it was recognized that removal of
the non-functional ring finger would enable fitting of a two digit
myoelectric prosthetic (iLimb�, Touch bionics, Mansfield, MA).
This would functionally replace his ring and small fingers. A passive
finger with a ratcheting joint whichmimicked PIPmotionwas fit on
the remnant of his index finger allowing the prosthetic finger to
alignwith the thumb for oppositional and lateral pinch (Fig. 6). The
increased width of the palm and the active movement of the
iLimb� prosthetic fingers help with stabilizing objects in the hand
and taking stress off the middle finger. The ratcheting prosthetic
index finger allows the patient to grasp and release small objects
between the prosthetic index finger and the thumb. The prosthetic
index finger allows the patient to have 4.1 lbs. of tip pinch force and
13.2 lbs of lateral pinch with the middle finger supporting the
prosthetic finger from the ulnar side (Fig. 6). Unfortunately, hand
surgeons, as a group, lack insight into the functional possibilities of
upper extremity prosthetics. The functional solution for this patient
could not envisioned by his surgeon. By meeting the patient as a
team and discussing the treatment options together, we were able
to realize a very functional hand and a satisfied patient.

Summary

It is an exciting time to be engaged in treating patients with
upper extremity limb loss. The treatment options span several
disciplines, starting with the hand surgeon and including occupa-
tional and physical therapy, orthotics and prosthetics, psychology,
pain management, and physiatry. The approach to each patient
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must be individualized, multidisciplinary, and, ideally, include the
full spectrum of treatment options, from prosthetics to hand
transplantation. By working as a team, expertise across the spec-
trum of treatment options is available and the best treatment op-
tion can be envisioned, proposed, and, ultimately, achieved.

Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jht.2013.10.007.
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Record your answers on the Return Answer Form found on the
tear-out coupon at the back of this issue or to complete online
and use a credit card, go to JHTReadforCredit.com. There is
only one best answer for each question.

#1. Following amputation, targeted reinnervation allows more
_________ function with a prosthesis

a. comprehensive
b. motor
c. intuitive
d. sensory
#2. A very real, possibly serious, complication following hand
transplantation is

a. toxic immunosuppression
b. emotional rejection of the transplanted hand by the patient
c. emotional rejection of the transplanted hand by the pa-

tient’s co-workers
d. poor aesthetic result
#3. TR utilizes nonfunctional muscles as ___________ for nonfunc-
tional nerves that are present as neuromas

a. synergists
b. antagonists
c. coordinators
d. amplifiers
#4. Following hand transplantation which is least likely to return

a. sensory function
b. extrinsic motor function
c. intrinsic motor function
d. vascularity
#5. Hand transplantation and prosthetic reconstruction should be
viewed as competing options

a. true
b. false
When submitting to the HTCC for re-certification, please batch your
JHT RFC certificates in groups of 3 or more to get full credit.
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