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Abstract

Hand transplantation and prosthetic substitution are the only two concepts available to restore hand function after
hand loss. However, the indication for either technique must be carefully weighed for each patient. Recent
investigations have shown no significant difference between transplanted and prosthetic hands in below elbow
amputees. Thus, treatment should be guided by what is most beneficial for the patient with the least risk of harm.
Due to frequently encountered side effects of immunosuppression the indication for allotransplantation must still be
restrictive, the best being bilateral hand loss.
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Introduction
About 1.7 million people are currently living with limb amputations

in the United States whereas this number is expected to double in the
year 2050 [1]. The estimated prevalence of major upper limb
amputations ranges from 11.6-13.9 per 100.000 in studies conducted in
Norway and the USA, respectively [1,2]. Since trauma is the leading
cause especially young people are affected of upper limb amputations
and suffer from potential impairments of their working status and
independence in daily life [3,4].

Attempts to replace the human hand have been developing over the
past 70 years [5,6]. Hand transplantation and improvements in
prosthetic systems have opened new frontiers in restoring hand
function after loss of hands or limbs. Vascularized composite
allotransplantation (VCA) is a rising field establishing new treatment
strategies for patients missing various parts of their body. Although
VCA necessitates life-long immunosuppression with all known side
effects, hand transplantation has the unique potential to fulfill Sir
Harold Gillies principle of “replacing like with like” as such restoring a
functional sensate hand [7-9]. Beside hand and face transplantation,
recently, even successful uterine and penile transplantation have been
reported [10,11]. Since 2013 hand and face allografts are recognized as
organs and therefore listed in transplantation networks [12]. Still, hand
transplantation does not represent a live-saving procedure, therefore,
the risk-benefit ratio must be weighed carefully and patient selection is
crucial [11,13].

Since the first successful hand transplantation in Lyon in 1998 over
100 upper extremity transplantations have been performed in 26
centers worldwide listed in the international registry on hand and
composite tissue transplantation [14]. However, there were 24 known
re-amputations due to non-compliance, bacterial infection or arterial

ischemia and almost every single patient experienced single or
multiple episodes of rejection [14,15]. Moreover, immunosuppression
increases the risk of systemic infection, neoplasia, organ failure or
metabolic disorders [8]. Additionally, combined procedures of face and
hand transplantation had to accept fatalities as a direct consequence of
immunosuppressive medication [12].

Alternatively, prosthetic hand replacement is able to restore useful
hand function without the need of immunosuppression. The first
electronically-driven hand prostheses were developed as a consequence
of World War II [16]. Cosmetic features and technical components
have improved over time and prosthetic fitting with myoelectric
devices has been established as the standard of care in upper limb
amputees [17]. Conventional myoelectric hands are controlled by a
minimum of two individual muscle groups within the stump [16].
Prosthetic fitting can take place soon after amputation and requires
short hospitalization and rehabilitation.

Some reports state that hand function is superior after hand
transplantation compared to prosthetic substitution; however, these
claims were without sufficient outcome evidence, since none of these
directly compared the two methods [7,18-20]. The largest trial
comparing prosthetic outcomes with biological alternatives has been
done with replanted hands only and enrolled different prosthetic
devices including body-powered tools as well as different levels of
amputation [21]. Although recently transplanted hands have been
compared to the outcome scores of replanted and prosthetic hands
within a review using the data from Graham et al published in 1998,
the literature was lacking direct comparison with up-to-date prosthetic
devices [22]. To guide future treatment strategies and patient selection
in extremity reconstruction the specialist community highlighted the
urgency of a direct comparison of hand transplantation and prosthetic
substitution [23].

Therefore we have established a multicentre study enrolling
transplanted patients from centres at the Medical University of
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Innsbruck, Austria and the Hand Trauma Centre at St. Hedwig’s
Hospital in Trzebnica, Poland to compare the functional outcome with
amputees fitted with prosthetic devices at the Medical University of
Vienna, Austria [13]. Altogether this study comprises seven
transplanted and seven prosthetic hands at below elbow level from five
transplanted (two bilateral) and seven unilateral prosthetic users. The
global upper extremity function was evaluated with standard outcome
measurements (Action Research Arm Test (ARAT), Southampton
Hand Assessment Procedure (SHAP), Disabilities of the Arm,
Shoulder and Hand measure (DASH)). These assessments monitor
hand function closely related to activities of daily life. Additionally, the
quality of life was evaluated with the Short-Form 36 (SF-36).

This direct comparison could not show any significant differences in
functional outcome measurements between transplanted and
prosthetic hands. Both groups showed very good results managing a
great variety of daily-life activities reflecting their high level of
independence. However, the transplanted patients showed superior
outcomes in four out of eight sub scores of the SF-36 compared to the
prosthetic cohort, even superior to an age-equivalent male norm
sample. This observation displays satisfying physical functioning and
good general health of the transplanted patients. The confounding
effects of including uni- as well as bilateral transplanted or prosthetic
patients may account for the encountered differences, although
significances do not change when only unilateral patients are
considered [13].

Concluding, we could show that there is no significant difference on
functional outcomes between hand transplantation and prosthetic
substitution when considering motor skills only [13]. Given these
findings, patient selection should be dependent on what is most
beneficial with the least risks for the patient. Hence, hand
transplantation and prosthetic fitting are complementary but not
competitive methods for functional reconstruction in upper limb
amputees. Both procedures have their advantages and limitations.
Since limb transplantation will not prolong life but may improve its
quality, the risk-benefit ratio becomes far more delicate, subjective and
hence, controversial.

On the other hand, estimated 20% or more of upper-limb amputees
reportedly do not use their prosthetic devices [24]. This may be due to
wearing discomfort, lack of functional benefit, weight, repetitive need
for repair and service as well as lack of sensory feedback [25].
However, prosthetic substitution has no systemic side-effects and does
not need additional surgery or medical treatment [9].

Considering the immense sensory capacity of the hand, clearly a
transplanted hand is the far superior choice compared to any available
myoelectric hand prosthesis. However, in unilateral hand loss, the
remaining sound hand will always have far superior functional
capacities and therefore will become dominant. Usually, unilateral
amputees are able to perform up to 90% of the activities of daily living
without any functional reconstruction [26]. Therefore, the
reconstructed hand, regardless of transplanted or prosthetic, will at
best be a helping hand in unilateral amputees [27-29]. However, in
patients with bilateral hand loss, all sensory feedback has been lost.
Thus, it may simply not be sufficient to solely replace motor skills. In
these cases, the benefit of restoring some sensation, proprioception,
and natural movement may outweigh the risk of life-long
immunosuppression, tilting the decision making process in favour of
hand allotransplantation in bilateral amputees.

Within the next years, hand transplantation as well as prosthetic
technology will most definitely further improve. Interesting and
promising approaches in achieving immunotolerance have been
reported in animal models [30]. Not only the possible induction of
donor-specific tolerance, but also sensitization and more sensitive
monitoring strategies of rejection will result in a safer transfer of
vascularized composite tissue [28,31]. Prosthetic control algorithms
such as pattern-recognition and proprioceptive tactile feedback will
enhance function and will help control complex mechatronic devices
[5,16,32]. The man-machine interface will be further enhanced by the
use of implantable sensors to transmit myoelectric signals to the
prosthetic device [33]. Different muscle and also direct nerve interfaces
are subject of current investigations with first clinical applications
[33,34]. Thus, future developments in prosthetic technology will have
substantial impact on the indications for hand transplantation [9,35].
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