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Abstract

Background: Targeted muscle reinnervation (TMR) is increasingly used to enhance pros-
thetic control and to reduce post-amputation pain. Its implementation across new centers
raises questions about the reproducibility of outcomes and the impact of surgical experience.
Methods: We compared the first three TMR patients treated in a newly established center in
Nantes, France, with three patients treated in a high-volume center in Göttingen, Germany.
Functional outcomes were measured using the Box and Block test (BBT), and operative time
was recorded. Two French cases were performed with the assistance of a Göttingen-based
surgeon. Conclusions: The functional outcomes showed a similar trend in both groups.
The mean BBT scores were equivalent, suggesting reliable reinnervation and prosthetic
integration even in early cases. Operative times were longer in Nantes, but did not impact
outcomes. TMR appears not to have a pronounced learning curve, particularly regarding
functional success in early cases under guided protocols. Factors such as assistance from
experienced surgeons and favorable donor-to-recipient nerve ratios likely contribute to
consistent outcomes. These findings support the reproducibility of TMR across institutions.
Results: Within the first two years of rehabilitation we observed improvements in both
functional performance and patient-reported quality of life. All six patients across both
centers in-creased in BBT scores. All the patients reported an increase in social relationships
and psychological health, and two of three patients reported an increase in physical health.
Importantly, all six patients discontinued the use of pain medication at 2 years fol-lowing
TMR. Furthermore, the French patients reported a decrease from 65–82 mm to 0–31 mm
across the patients’ Visual Analog Scale (VAS) pain scores.

Keywords: targeted muscle reinnervation; amputation upper extremity; myoelectric
prosthesis; peripheral nerve surgery; dual-center comparison
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1. Introduction
Targeted muscle reinnervation (TMR) has emerged as an effective surgical technique

for improving prosthetic control and reducing neuroma-related and phantom limb pain
in people with amputation. Originally developed by Kuiken et al. [1], TMR involves the
transfer of transected peripheral nerves to redundant motor branches, allowing for more
intuitive control of myoelectric prostheses while simultaneously mitigating the formation
of symptomatic neuromas [2,3]. Multiple studies have since confirmed the efficacy of TMR
in patients with both upper and lower limb amputation, with significant reductions in
residual limb pain and improved prosthetic functionality [2,4,5].

As the technique gains global acceptance, many surgical centers are in the process of
implementing TMR programs. This expansion raises important questions regarding the
reproducibility of outcomes, the impact of institutional experience, and the presence of a
learning curve. While multicenter analyses and systematic reviews have supported the
generalizability of TMR [6,7], there is a paucity of data specifically evaluating the outcomes
in newly established centers during the early phase of implementation.

This study compares the first three patients who underwent TMR in a newly estab-
lished program in Nantes, France, with three patients treated in a high-volume, experienced
center in Göttingen, Germany. Notably, two of the French procedures were performed with
intraoperative assistance from a Göttingen-based surgeon. We aimed to assess functional
outcomes and operative metrics to evaluate the consistency of early results in a developing
center compared to those of an established institution.

2. Materials and Methods
We conducted a retrospective, observational cohort study of six patients with a uni-

lateral upper-limb amputation treated with TMR between 2014 and 2024 at two centers
following harmonized clinical pathways.

Patients were included if the level of amputation was transhumeral (TH) or further
proximally (glenohumeral, shoulder disarticulation) and had participated in a multidis-
ciplinary consultation, including a psychologist, to validate the patient’s motivation and
cognitive ability to ensure full compliance with the postoperative rehabilitation protocol.
Patients were both male (n = 5) and female (n = 1) and aged between 19 and 45 years (see
Table 1).

Table 1. Baseline characteristics table. Summary of basic demographics and clinical characteristics.

Cases Age at TMR Surgery Gender Amputation Level n of Electrodes Cause for Extremity Loss

FRA 1 44 Female GH 5 Trauma (traffic accident)

FRA 2 39 Male TH 6 Trauma (traffic accident)

FRA 3 45 Male TH 3 Electrocution

GER 1 19 Male SD 6 Trauma(work related injury)

GER 2 41 Male TH 5 Trauma (mechanical crush
injury)

GER 3 23 Male TH 5 Trauma (traffic accident)

The patient’s clinical examination pre-surgery focused on (1) the trauma context of
the injury (anamnesis, risk factors, and comorbidities), (2) the patient’s skin condition
(quality of the skin covering, e.g., skin grafts and adhesions), (3) the residual limb volume,
(4) a focused assessment for neuroma- or phantom-limb pain, and (5) shoulder mobility.
Exclusion criteria included (1) unfavorable anatomical conditions (e.g., muscle involution
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or meningoceles), (2) ongoing treatment for osteomyelitis, (3) pre-existing psychiatric
conditions, or (4) non-adherence to the 24-month rehabilitation protocol.

Before surgery, the rehabilitation process focused on maintaining shoulder joint mo-
bility, optimizing stump trophicity, proprioception, coordination, and balance, while also
ensuring daily prosthesis use, conducting psychological assessments, and implementing
both home-based and occupational therapy-guided phantom limb stimulation, alongside
preoperative testing in occupational therapy.

The procedures in Nantes were guided by a surgical roadmap described by Aszmann
et al. and Gart et al. [8,9], with intraoperative assistance from a Göttingen surgeon in two
cases. The cases treated in Göttingen followed established protocols [2,5].

In brief, for people with transhumeral amputation level, surgical exposure was
achieved through two skin incisions: one medial along the brachial canal to access the
biceps brachii, and one posteriorly to access the triceps brachii (see Figure 1). After suc-
cessful identification and preparation of donor nerves and target muscle fascicles using
intraoperative neurostimulation, residual peripheral nerves were transferred to nearby
target muscles following standardized anatomical principles (see Table 2) while adapting
the operative procedure to the individual anatomical situation.

 
Figure 1. Intraoperative photography from patient with transhumeral amputation. Anatomic view:
(Left) panel 1: brachialis muscle; 2: long head of biceps dissected; 3: ulnar nerve; 4: median nerve;
5: Nn proprii M. brachialis brachii. (Right) panel dorsomedial access to triceps muscle; 6: long head
of triceps muscle; 7a and b: branches of radial nerve to long head of triceps; 7c: radial nerve branches
to lateral head of triceps muscle; 8: radial nerve.

Donor-to-target nerve matching followed a structured decision-making algorithm:

(1) Preoperative mapping using Hoffmann–Tinel stimulation and sensory response testing
was used to identify donor nerve projection areas and potential target regions.

(2) After neuroma excision, the available length and mobility of each donor nerve were
assessed. Nerves with sufficient length and gliding capacity were eligible for transfer
to more distal target muscles.

(3) In cases of severe scarring, fibrosis, or short residual nerve segments requiring resec-
tion, transfer to a more proximal target muscle was preferred to ensure a tension-free
coaptation and avoid traction on the repair site.

(4) Target muscle selection followed standardized anatomical principles prioritizing mus-
cles with preserved volume, accessible motor entry points, and favorable positioning
for future myoelectric signal generation and prosthetic control.
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Table 2. Surgery road map for all patients. Detailed nerve matrix for transhumeral, glenohumeral,
and upper limb (UL) exarticulation amputation.

Nerves Used Target
(Transhumeral)

Target
(Glenohumeral/UL Exarticulation)

Musculocutaneous nerve Long head of M. biceps brachii
(remains)

N. pectoralis lateralis–M. pectoralis major
(Pars lateralis)

Radial nerve Long and medial heads of
M. triceps brachii (remains) N. thoracodorsalis–M. latissimus dorsi

Deep branch of
radial nerve

N. radialis
Rr prop. lateral head of M. triceps

brachii
N suprascapularis–M. infraspinatus

Ulnar nerve N. musculocutaneus
Rr prop. M. brachialis N. pectoralis medialis–M. pectoralis min.

Median nerve N. musculocutaneus
Rr prop Caput breve M. biceps brachii

Nn. pectorales laterales–M. pectoralis maj.
(Pars clav. et ster.)

This stepwise approach resulted in individualized nerve transfer configurations, as
injury patterns and donor nerve quality varied considerably between patients, while
maintaining adherence to the established surgical roadmaps described by Aszmann et al.
and Gart et al. [8,9].

Donor nerves were major motor or mixed nerves, and recipient nerves were terminal
branches supplying redundant muscles, which were denervated before TMR. The donor
nerve was coapted directly to the thinner recipient nerve. To achieve this, the epineurium
of the donor nerve was gently constricted into a funnel shape before coaptation, creating
a direct nerve repair despite the marked caliber mismatch. This approach was chosen to
maximize the number of donor nerve fibers entering the recipient nerve without escaping
at the coaptation site and to reduce the risk of neuroma formation. The site was further
sealed and reinforced with fibrin glue. For suturing, 8-0 Prolene was used, as this size
allowed the funnel-shaped configuration of the donor nerve to be maintained, whereas 9-0
was insufficient for this purpose. The coaptation itself was performed under tension-free
conditions, and intraoperative testing during arm movement confirmed that the repair
remained stable without undue stress or risk of rupture.

Lastly, to optimize the signal quality for future myoelectric readouts, fascio-fatty tissue
flaps were prepared and repositioned subcutaneously in between the muscle’s bellies,
allowing for a better separation of Electromografy (EMG) signals.

In cases of both shoulder disarticulation and glenohumeral amputation, multiple
surgical approaches may be required due to the extensive anatomical region involved. As
trauma mechanisms are often complex and highly variable, individualized adaptations to
the operative strategy are frequently necessary. In both patients, treatment followed a two-
stage (and in some situations multi-stage) protocol. During the first stage, post-traumatic
care and definitive amputation were performed, and the operative field was prepared
to enable a tailored reconstructive strategy (see Figure 2). A subsequent second-stage
procedure was then carried out to perform TMR under optimized tissue conditions and to
establish a stable soft-tissue environment.

For patients with shoulder disarticulation, an extended superior approach was em-
ployed. A generous incision along the lateral clavicle and acromial stump provided access
to the proximal brachial plexus. Wide elevation of the skin flaps and release of residual
deltoid fascia improved visualization and facilitated mobilization of the plexus elements.
Residual peripheral nerves—including the musculocutaneous, median, ulnar, radial, and
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axillary components—were identified proximally and isolated with the assistance of in-
traoperative neurostimulation. Recipient muscles were selected based on the preserved
functional segments of the trapezius, the clavicular portion of the pectoralis major, and
the remaining thoracic wall musculature. These muscles were denervated as proximally
as possible to minimize competitive reinnervation. TMR was subsequently performed by
transferring donor nerves into adjacent target muscles in a tension-free manner, ensuring
reproducible anatomical alignment and sufficient soft-tissue coverage.

 

Figure 2. Intraoperative photography from patient with shoulder disarticulating amputation:
(a) Initial presentation with extensive soft tissue defect and necrotic muscles after failed replan-
tation (1), necrotic muscles of upper extremity (2), external fixation (3), and remaining viable tissue
(4). (b) First stage after glenohumeral amputation and soft tissue coverage with thoracic wall muscles
(5) and skin-flap margins (6). (c) Proximal identification of donor nerves using intraoperative neu-
rostimulation: radial (7), ulnar (8), and median nerve (9). (d) Second-stage TMR with denervated
recipient muscles and aligned donor nerves: musculocutaneous (10), median (11), and ulnar (12).
(e) Stable postoperative stump contour (13) with well-healed thoracic incisions (14). (f) Early surface
EMG demonstrating activation of reinnervated muscle groups (15, 16).

For patients with a glenohumeral amputation level, a standardized subclavicular
approach was used. A broad incision extending along the deltopectoral groove exposed the
underlying pectoralis major. Improved access to the neurovascular bundle was achieved
by detaching the pectoralis minor from the coracoid. Donor and recipient structures
were identified and prepared under intraoperative neurostimulation. As in shoulder-
disarticulation cases, recipient muscles were denervated proximally, and residual peripheral
nerves were coapted to nearby target muscles without tension. The nerve matrix employed
for each of the four TH and two GH/SD patients included in this study is summarized
in Table 1 and follows standardized anatomical principles. Intraoperative photographic
documentation of the amputation at the glenohumeral level was limited due to ethical and
consent-related constraints. To ensure reproducibility and anatomical clarity, the surgical
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approaches are described in detail in the text and complemented by established anatomical
and surgical roadmaps as cited.

After surgery, the rehabilitation protocol lasted for two years. On average, it takes
about three months for reinnervation to occur. During this initial postoperative phase, the
focus therefore lies on scar care, lymphatic drainage, and postoperative pain management.
Between 3 and 5 months, the creation of the socket began, along with the start of remote
rehabilitation using a prosthesis mounted on a base to avoid pulling on the scars.

In clinical practice at both centers, individualized prosthetic fitting played a central
role in the rehabilitation process. Prosthetic parameters—including length, size, and
weight (with material selection based on patient habitus and functional demands)—were
initially determined during the first fitting session and routinely adjusted throughout
rehabilitation. Functional alignment with respect to upper-body posture and prevention
of shoulder or back pain was monitored. Follow-up assessments were conducted by
experienced orthopedic technicians who evaluated posture, compensatory movement
patterns, and prosthetic comfort. Modifications to prosthetic alignment, weight distribution,
or suspension systems were performed when necessary to optimize function and reduce
compensatory strain.

Starting from the 15th month, the prostheses were fully assembled, and the situational
training in occupational therapy could begin. The patients were grouped by treatment
center: Göttingen (n = 3, 2 TH, 1 SD) and Nantes (n = 3, 2 TH, 1 SD). The Göttingen center
featured a mature TMR program with prior experience in nerve transfer and osseointe-
gration. The Nantes center had recently initiated its TMR program, with two surgeries
performed under supervision from Göttingen surgeons. All the patients were pain-free at
the time of testing and used comparable myoelectric prostheses.

The patients were evaluated for their functional performance in both groups using the
Box and Block test (BBT). Due to differences in clinical routines and follow-up protocols
between centers, the Clothespin Relocation Test (CRT) was performed only in Göttingen,
while the WHOQOL-BREF and Visual Analogue Scale (VAS) for assessment of pain were
collected exclusively in Nantes.

The BBT was performed following the standardized procedure described by Math-
iowetz et al. [10]. The patients were seated or, in the case of the German patients, standing
in front of a partitioned wooden box and instructed to transfer 2.5 cm square wooden
blocks from one compartment to the other, one block at a time, using their prosthetic
hand (see Figure 3). The number of blocks transferred within 60 s was recorded as a
measurement outcome.

 

Figure 3. Patient performing Box and Block test.
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The CRT is a standardized tool for the assessment of hand dexterity and was later on
adapted and reintroduced by Kuiken et al. [11,12]. In the adapted version the patients were
instructed to relocate five spring-loaded clothespins from a horizontal bar to a vertical one
and then return them using their prosthetic hand. The total time (in minutes) required to
complete the relocation cycle was recorded.

The French group of patients was tested for the WHOQOL-BREF, an abbreviated
version of the WHOQOL-100 questionnaire [13], which is an efficient tool to assess the
patient’s quality of life in the context of multiple life domains. The WHOQOL-BREF is a
validated 26-item abbreviated version of the WHOQOL-100, assessing four domains: phys-
ical health, psychological wellbeing, social relationships, and environment. The patients
responded using a 5-point Likert scale. Domain scores were calculated and transformed
to a 0–100 scale: higher scores indicate better quality of life. Lastly, investigators used the
VAS to quantify patient-reported pain intensity. The patients marked their perceived pain
level on a 10 cm horizontal line, anchored with “no pain” at 0 cm on one side and “worst
imaginable pain” at 10 cm on the other. The distance (in millimeters) from the “no pain”
anchor to the patient’s mark was recorded.

Both centers used a set of diverse prosthetic systems (Ottobock 12k50/12k100/12k110,
Dynamic arm plus, MyoHand Variplus Speed, Ottobock, Duderstadt, Germany). Based on
the post-surgical anatomy, different electrode set-ups could be applied (5/6/6 electrodes for
German patients, 5/6/3 electrodes for French patients) for control read-out. An advanced
signal processing device (MyoBock, Ottobock, Duderstadt, Germany) allowed for diverse
intuitive motor control.

Furthermore, we performed a comparison of the patient’s skin-to-skin duration in
minutes as an estimation of the burden that the surgery imposes on the patients and
investigated the patients’ need for pain killers postoperatively.

Experiments were conducted under approval of the local ethics commitee (Ethics
application: No. 1/1/17 at University Medical Center Göttingen and listed in the German
clinical trials register (DRKS00037592). GenAI (ChatGPT 5.0) was used for text editing and
in a preliminary digital review process. For a transparent reporting of the nonrandomized
publications evaluations a TREND checklist can be found in the Supplementary Materials.

3. Results
Within the first two years of rehabilitation ( T0 = surgery), we observed improvements

in both functional performance and patient-reported quality of life.

3.1. Box and Block Test (BBT)

All six patients across both centers increased in BBT scores.

3.1.1. Göttingen Group: The Three Patients Treated in Germany Showed Improvements

• Case 1: from 5.3 (±0.58) to 12.3 (±2.08) points (10.8 and 14.1 months post-op).
• Case 2: from 5.5 (±0.7) to 11.6 (±0.58) points (6.7 and 17.9 months post-op).
• Case 3: from 9.3 (±1.15) to 12.0 (±1.73) points (10.0 and 10.2 months post-op).

3.1.2. French Group: Patients in Nantes Demonstrated Two Phases of Improvement

Early Phase (within 1 year)

• Case 1: 6.0 (±2.83) → 13.0 points (3 and 12 months post-op).
• Case 2: 7.0 (±0) → 10.0 points (3 and 12 months post-op).
• Case 3: 7.5(±6.3) → 16.0 points (3 and 12 months post-op).

https://doi.org/10.3390/prosthesis8020015
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Extended Follow-up (up to 24 months)

• Case 1: 11.0 → 18.0 points (3 and 24 months post-op).
• Case 2: 14.0 → 17.0 points (3 and 24 months post-op).
• Case 3: 10.5 → 19.0 points (3 and 24 months post-op).

3.2. Clothespin Relocation Test (CRT)

This test was performed only in the German cohort to assess prosthesis dexterity. All
three patients showed a decrease in the time needed to fulfill the tasks.

• Case 1: from 2:35 min to 0:45 min (10.8 and 14.1 months post-op).
• Case 2: from 5:33 min to 1:42 min (7.6 and 17.9 months post-op).
• Case 3: from 0:48 min to 0:34 min (10 and 10.2 months post-op).

These improvements support the functional gains observed in the BBT, indicating
better prosthetic control.

3.3. Skin-on-Skin Time (According to Anesthesiologic Protocols)
3.3.1. German Group

• Case 1: 245 min.
• Case 2: 274 min.
• Case 3: 310 min.

3.3.2. French Group

• Case 1: 260 min.
• Case 2: 280 min.
• Case 3: 492 min.

German case 3 was a combined TMR surgery, also including an osseointegration
procedure, and therefore must be interpreted as an overestimation of the actual surgery
time for TMR only.

3.4. WHOQOL-BREF and Visual Analog Scale (VAS) for Pain Assessment

The evaluation of the change in the patient’s quality of life using the WHOQOL-BREF
showed a more nuanced picture (Figure 4). All the patients reported an increase in social
relationships and psychological health, and two of three patients reported an increase in
physical health. One patient, however, described a decrease in physical health, and two
patients described a decrease in their interaction with the environment.

Importantly, all six patients discontinued the use of pain medication at 2 years follow-
ing TMR. Furthermore, the French patients reported a decrease from 65–82 mm to 0–31 mm
across the patients’ Visual Analog Scale (VAS) pain scores.
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https://doi.org/10.3390/prosthesis8020015


Prosthesis 2026, 8, 15 9 of 13

Figure 4. WHOQOL-BREF results for each of the 3 cases treated in Nantes, France.

4. Discussion
This dual-center case series suggests that TMR is a reproducible procedure yielding

functional and psychosocial benefits, even in settings where surgical programs are newly
implemented. The functional outcomes, particularly in the BBT and CRT, point to a
consistent improvement in prosthetic control, likely driven by enhanced EMG signal
acquisition due to optimized nerve-muscle transfers.

To place our results in context, Kuiken et al. [1] described the Box and Block test
5 months after surgery. Presented was the number of blocks moved after TMR in patients
with shoulder-level amputation using custom made myoelectric prosthesis, with results of
14 ± 4 blocks moved (n = 3). However, a baseline result before training is not given. In TMR
subjects using a pattern recognition control mode in a 6-week home trial, Hargrove et al.
observed a statistically significant increase in BBT performance (p = 0.03), with subjects
increasing from an average of 10 to 12 blocks moved.

In another work presenting a comparison of pattern recognition vs. direct control, Har-
grove et al. [14] found end-trial block counts of 13.4 ± 2.6 (pattern recognition) vs. 15.6 ± 2.7
(direct control), though that study did not show significant pre/post improvement.

https://doi.org/10.3390/prosthesis8020015
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Compared to these benchmarks, our cohort’s average gain of 5.23 and 6.17 and absolute
average values of 11.96 and 13 for the German and the French group, respectively, are
slightly lower than the values reported. The differences may reflect variation in baseline
status, rehabilitation protocols, device sophistication, or training intensity. The relative
consistency in direction of improvement across studies helps reinforce the plausibility of
functional gains through TMR and prosthetic training, but direct quantitative comparisons
remain limited by reporting heterogeneity.

The timeline of reinnervation was primarily determined by the anatomical distance
between the donor nerve and the target muscle following neuroma excision. As these
distances typically ranged only a few centimeters, reinnervation was expected within
the first postoperative months based on the established axonal regeneration rate of ap-
proximately 1 mm/day. Reinnervation was monitored clinically and functionally during
routine follow-up, including observation of voluntary contraction, surface EMG detection
of transcutaneous muscle activation, and functional activation during occupational therapy
using tabletop prosthetic training devices.

Exact timepoints could not be consistently documented for all the patients due to
heterogeneous follow-up schedules and variable attendance between the participating
centers, which is a major limitation of our study; nevertheless, all the patients demonstrated
detectable muscle activation during the early rehabilitation phase, enabling the initiation of
targeted functional training.

Furthermore, the recent literature has highlighted that upper-limb prosthesis use can
influence whole-body biomechanics [15,16]. While these data support the plausibility of gait
or whole-body biomechanical effects in upper-limb prosthesis users, the current evidence
is characterized by small sample sizes, mixed populations, and a lack of standardized
gait-analysis protocols specifically tailored to this group. In particular, spatiotemporal gait
parameters have not consistently demonstrated significant deviations in adult upper-limb
prosthesis users [17]. In our study, we therefore focused on patient-reported outcomes,
upper-limb functional assessments, and surgical parameters, which directly reflect the
aims of knowledge-transfer and targeted muscle reinnervation. Nonetheless, we anticipate
integrating gait or kinematic analyses into future investigations that target long-term
compensatory mechanisms and whole-body function.

Pain relief was another major outcome: all the patients stopped using pain medication,
and VAS scores dropped substantially. This supports the idea that secondary TMR offers
not only functional restoration but also significant neuromodulatory effects.

In the cases presented, the collaboration between the experienced and new centers
proved successful, indicating that the procedure may not require a steep learning curve
when guided by standardized protocols. However, surgical time differences may reflect
not only surgeon expertise but also institutional routines, team dynamics, and access to
specialized tools.

The study has several limitations. The small sample size and heterogeneous patient
profiles (e.g., amputation level, evaluation tools) preclude strong statistical conclusions.
Differences in prosthetic hardware and electrode configurations across centers may have
influenced control performance and functional outcomes and should be considered when
interpreting cross-centre comparisons. Furthermore, the heterogeneity in outcome mea-
sures beyond the Box and Block test serves as a common ground. With CRT capturing
functional performance and WHOQOL reflecting subjective well-being, this creates two
different perspectives on the post-surgical rehabilitation phase and limits direct compar-
ison. Future studies could benefit from greater harmonization, for example, through
consensus-driven core outcome sets that integrate both functional and patient-reported
outcomes, thereby improving comparability across studies. This project served as a test
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run for international collaboration in this field, and although surgical assimilation and
good clinical outcomes could be demonstrated in a limited set of patients, future projects
will also aim to create a platform of exchange beyond surgical expertise to harmonize
interdisciplinary approaches in post-surgical rehabilitation. More broadly, while CRT and
WHOQOL assess different but complementary domains—objective functional capacity
versus subjective quality of life—their heterogeneity underscores the need for harmoniza-
tion, whether through validated crosswalks between functional and QoL measures or the
adoption of mixed-methods frameworks.

Moreover, neither patients nor therapists were blinded, which could introduce as-
sessment bias. Selection bias may have occurred, as patients with high motivation and
compliance may have been more likely to complete the full protocol.

Despite these limitations, our results underscore the potential of TMR to improve
prosthetic control and quality of life. Future multicenter studies with standardized protocols
are needed to validate these findings and explore broader applicability.

5. Conclusions
This dual-center case series highlights the clinical and collaborative potential of TMR

as a reproducible and transferable surgical technique for improving prosthetic control
and quality of life in patients with amputation of the upper limb. The results suggest
that with guidance and standardized protocols, new centers can successfully implement
TMR with similar BBT gains across centers in this small cohort; a pronounced learning
curve was not apparent in early cases under guided protocols. Importantly, all the pa-
tients experienced reduced reliance on pain medication and improved dexterity over time.
These findings support the broader dissemination of TMR techniques and emphasize the
importance of structured, multidisciplinary rehabilitation in maximizing patient benefit.
Future multicenter studies are warranted to validate these early results in larger, more
diverse populations.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/prosthesis8020015/s1, TREND Checklist for Non-Randomized Study.
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