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Clinical Practice Guideline

The Treatment of Peripheral Nerve Injuries
Leila Harhaus*, Nora F. Dengler*, Karsten Schwerdtfeger, Annette Stolle

Nerve lesions often heal incompletely, leading to life-
long functional impairment, chronic pain, and high 

costs for the health care system (1, 2). This is due to the 
 pathophysiology of nerve regeneration. After a nerve is 
transected, the distal nerve end is subject to Wallerian de-
generation with loss of axonal structures and the myelin 
sheath. The axons sprout from the proximal nerve end 
and grow distally through the remaining basal lamina 
tubes at a regeneration rate of approximately 1–3 mm/
day. If motor axons reach their muscle end organ within 
12–18 months, good function can return. Thereafter, the 
motor end plate degenerates completely, meaning that 
the possibility of reinneravation is lost. Therefore, the 
right timing for nerve reconstruction plays a particularly 
important role in motor nerve damage. Furthermore, 
since nerve injuries often go unrecognized or are recog-
nized too late, this guideline is intended to promote the 
early recognition of nerve lesions and the timely initiation 
of proper treatment for optimal restoration of function. 

In terms of diagnosis, advances in imaging using mag-
netic resonance neurography (MRN) have brought about 
relevant changes with regard to establishing the indi-
cation. From a treatment perspective, nerve transfers, 
which were not yet available in this form when the 
 previous version of the guideline was developed, have 
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 become a firmly established technique for 
 restoring function and treating pain. The 
major importance of what is often long-term 
follow-up with occupational therapy and 
physiotherapy underlines the interdisciplin-
ary aspect here.

The diagnosis and treatment of peripheral 
nerve injuries are topics much talked about in 
the literature. However, the numerous  publi-
cations mostly have low-quality evidence, 
due to the heterogeneous injury picture, the 
resulting small number of cases, and ethical 
problems regarding randomization in health 
care research, among other factors.

Materials and methods
For the update of the German clinical practice 
(S3) guideline (eBox 1), areas in which rel-
evant developments have taken place since 
the publication of the previous version were 
identified in a first step. In all, seven subject 
areas were defined, for which a systematic lit-
erature search and analysis according to 
GRADE criteria should be carried out with the 
aim of presenting aggregated results (eBox 2). 

Background: Nerve lesions often heal incompletely, leading to 
 lifelong functional impairment and high costs for the health care 
system. The updated German clinical practice guideline is intended 
to promote the early recognition of nerve lesions and the timely 
initiation of proper treatment for optimal restoration of function. 

Methods: The recommendations are based on an assessment of all 
the evidence revealed by a systematic search of the literature, as 
well as on the expertise of the multiprofessional guideline group. 

Results: Only a few publications contain high-quality evidence. 
This version of the guideline contains a more detailed discussion of 
war injuries, iatrogenic injuries, MR neurography, and specific 
 treatments than the previous version. As for the different methods 
of nerve replacement, a comparison of autologous transplantation 
versus the use of conduits and tubes revealed no significant 
 difference between these two methods on the mBMRC scale, and 
minimal superiority of autologous transplantation with respect to 
two-point discrimination. As for the use of nerve transfers when 
nerve reconstruction is not feasible or unlikely to succeed, nerve 
transfer yielded slightly better results than proximal reconstruction 

for elbow flexion, but the difference did not reach 
statistical significance (mBMRC ≥ 3: RR 1.16, 95% 
confidence interval [1.02; 1.32]). The treatment of 
neuromas with targeted muscle reinnervation was 
superior to the classic approach in decreasing both 
stump pain (MD 2.0 +/- 2.8) and phantom limb pain 
(MD 3.4 +/- 4.03). 

Conclusion: The delayed or improper treatment of 
peripheral nerve lesions can lead to severe 
 impairment. Timely diagnosis, the use of appropriate 
treatments in conformity with the guidelines, and 
 interdisciplinary collaboration among specialists are 
all  essential for optimizing the outcome. 
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The cutoff date for the literature search was 31.07.2023, 
whereas no start date was specified. 

The methodology was in line with the “Cochrane hand-
book for systematic reviews of interventions.” The litera-
ture search was carried out in MEDLINE with pre-defined 
medical subject headings (MeSH) terms (3) and in the 
Cochrane Central Register of Controlled Trials using the 
terms “nerve trauma“ and “nerve injury” (eFigure). The 
 inclusion criteria are presented in the eMethods.

For all other statements and recommendations, the 
 Oxford levels of evidence used in the previous version (4) 
have been retained. 

Results
Epidemiology
From a collective of 110,667 trauma patients at a European 
trauma center between 2012 and 2020, 5026 (4.54%) nerve 
lesions were identified (1). Despite their relative rarity, 
nerve lesions are of significant medical, social, and health 
economic relevance, since they predominantly affect 
people of working age (39.9 years) (1) and the recovery is 
long and associated with sick leave of 11–1 109 days (2). 
 It is not uncommon for complete recovery not to be 
achieved—30% of affected individuals with work-related 
nerve injuries receive a work disability pension of at least 
20% (2).

Nerve injuries in fractures
Peripheral nerve injuries are more common in certain 
fractures. According to their anatomical course and criti-
cal vascular supply, one sees in particular lesions of the 
axillary nerve, the radial nerve, and the peroneal nerve 
 resulting directly from fractures (5).

Iatrogenic nerve injuries
In a large case series, 17.4% of peripheral nerve lesions 
were of iatrogenic origin. In 94% of the cases, a surgical 
procedure was the cause (6). Major procedures, such as 
osteosynthesis, herniotomy as well as knee, hip, and 
shoulder surgery bear the highest risk at 45%. Minor pro-
cedures, such as lymph node biopsies from the triangle of 
the neck and varicose vein surgery, were the cause of 
nerve lesions in 27% and neurosurgical procedures in 15% 
of cases. Non-surgical measures such as injections, punc-
ture, positioning, and dressings were responsible for 4% of 
iatrogenic lesions (7). 

Iatrogenic injury is the most common cause of lesions 
in some nerves. In large collectives of patients, 25.2% of 
treated sciatic nerve lesions (8), 60% of femoral nerve 
lesions (9, 10), and 94% of accessory nerve lesions were of 
iatrogenic origin  (11). 

Some nerves are more at risk during surgery than 
others due to their course (12). A large case series showed 
that the median (21.3%), accessory (18%), radial (15.6%), 
and peroneal (11.5%) nerves are those most frequently 
 affected (13). The largest German case series to date 
 revealed similar findings (1, 7). Radial nerve palsy is par-
ticularly common in humeral osteosynthesis (14). The 
incidence of radial nerve damage as a result of plate osteo-
synthesis of the distal humeral shaft was between 5.1 and 
16% (15–18). Iatrogenic nerve injuries are often not 
 noticed immediately (19) (Table).

Nerve lesions in children
Common causes of nerve injuries in childhood include 
cuts or lacerations (68.1%), followed by falls (14.6%), road 
traffic accidents (5.6%), and iatrogenic nerve injuries 
(1.4%) (1, 20). In the case of traumatic injuries, the finger 
nerves are most frequently affected at almost 50% (1), 
 followed by the median nerve (14.8%)—mostly as a result 
of cuts, and less frequently due to supracondylar fractures 
or elbow dislocation (20, 21). Injuries to the ulnar and 
radial nerves are also common, usually caused by direct 
trauma, fractures, or elbow dislocation. Injuries to the 
lower extremity nerves are significantly less common  (20, 
22).

Nerve lesions due to combat injuries and 
gunshot wounds
The extent of an injury from a projectile depends on the 
body region affected and the kinetic energy delivered to 
the tissue, which derives from the velocity of the pro -
jectile. Therefore, a distinction is made between low- and 
high-velocity projectiles. On the upper extremity, one can 
assume that gunshot wounds that cause fractures and vas-
cular injury also cause nerve lesions. Soft tissue damage 
and tissue contamination are relevant issues in the case of 
high-speed projectiles. Splintered bone fragments can 
cause additional nerve damage. Fragment dislocation, 
swelling, and scarring also contribute to the pattern of in-
jury and are frequently found in the area of the radial 
nerve on the humerus or the peroneal nerve on the fibula 
(23–28). The risk of infection is particularly high in the 
case of high-velocity projectiles. Infection management 
involving repeated procedures to clean the wound usually 
precludes nerve reconstruction in the first instance. The 
defects caused by debridement may require extensive soft 
tissue reconstruction—only after this is secondary nerve 
reconstruction possible  (25, 28–31).

Table

Risk of iatrogenic nerve injuries in relation to the nerve and type 
of procedure

LNB, lymph node biopsy

Type of procedure

LNB in the lateral triangle of the neck

Repositioning and osteosynthesis for humeral 
fractures

Kirschner wire osteosynthesis of elbow
fractures in children

Open and endoscopic carpal tunnel release, 
shunt procedures, treatment of supracondylar 
humeral fractures in children and distal radial 
fractures in adults

Artificial hip joint, dorsal approach for 
 acetabulum fractures, intragluteal injections

Knee procedures, positioning injuries

Vascular interventions in the inguinal and pelvic 
region

Nerve

Accessory 
nerve

Radial nerve

Ulnar nerve

Median nerve 

Sciatic nerve

Peroneal nerve

Femoral nerve

Frequency

13–18%

5.1–16%

1.1–4%

16–21.3%

0.09–9%

0.2–26.2%

0.21–2.6%
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Recommendations on the diagnosis of peripheral 
nerve injuries
The number of studies on diagnostic issues is largely inad-
equate and the level of evidence of low. Only for instru-
ment-based diagnostic methods is there a larger number 
of publications. 

Careful history-taking (grade A recommendation) and 
the earliest possible clinical examination (grade A recom-
mendation) are crucial to distinguishing a peripheral 
nerve injury from spinal, cerebral, or other functional 
 disorders. The lesion should be comprehensively de-
scribed (in terms of functional sensitivity, motor function, 
anatomy/morphology, etiology) and reference made to 
the current classifications (British Medical Research 
Council [BMRC] and Seddon/Sunderland) (grade B rec-
ommendation). With regard to instrument-based diag-
nostic methods, neurography yields important in-
formation on the pathomechanism (neurapraxia without 
structural damage to the axons versus axonotmesis in -
volving axonal damage but intact sheath structures) after 
as little as 1 week and shall be carried out in the first few 
weeks if there is diagnostic uncertainty (grade A recom-
mendation). To differentiate between neurapraxia and 
axonotmesis, needle electromyography shall be per -
formed at 2 weeks in the case of uncertainty (grade A 
 recommendation). 

Imagining techniques are gaining in importance. In 
cases of diagnostic uncertainty, neurosonography should 
be used preoperatively in order to more precisely define 
the location and severity of a nerve lesion and to ease 
decision-making regarding the further surgical procedure 
(grade B recommendation). MRN is able to visualize nerve 
lesions at the fascicular level and should be used in 
equivocal cases to localize and assess cause and severity 
(grade B recommendation). Compared to sonography, it 
can show deep and proximal nerve structures as well as 
patterns of muscular denervation, while nerve structures 
can also be identified in hematomas and soft tissue in-
juries. This enables treatment decisions to be made with 
significant time savings (22) (avoiding disadvantageous 
watch-and-wait intervals).

Recommendations on the treatment of 
peripheral nerve injuries
The time aspect takes highest priority in the treatment of 
peripheral nerve injuries. This is supported not only by a 
handful of studies with moderate quality of evidence but 
also, and most importantly, by clinical experience (32, 33). 
Nerve damage requiring surgical treatment should under-
go appropriate microsurgy as soon as possible in order to 
achieve early and optimal reinnervation (grade B recom-
mendation). Open injuries require immediate treatment, 
while closed injuries with proven discontinuity should be 
reconstructed within 1–2 weeks. Closed injuries without 
discontinuity and for which neurolysis is indicated, as well 
as adjuvant procedures if necessary, should be operated 
within 2–6 weeks.

Technical aspects
For all nerve suture or nerve reconstruction procedures, 
sufficient optical magnification devices and appropriate 
illumination should be available (microscope or loupes), 

as well as microsurgical instruments and suture material. 
Devices for intraoperative neurophysiological testing, 
such as nerve stimulators to test muscle response to 
 stimuli or to record nerve action potentials, are recom-
mended (grade A recommendation). In the case of 
 primary and secondary nerve sutures, tension-free co -
aptation of the nerve ends shall be ensured. 

If tension-free coaptation is not possible, nerve re -
construction must be performed. In addition to classical 
autologous transplants, a variety of autologous or alter-
native conduits are also available. An analysis of the 
quantitative data (eResults) shows a trend towards autolo-
gous transplants, particularly in the case of mixed nerves. 
For pure sensory nerves, alternative transplants are avail-
able as an option. 

In the case of partial nerve transection, split repair should 
be performed under certain conditions and based on strict 
indication criteria (grade B recommendation).

Various clinical situations
If a nerve shows clinical signs of dysfunction and has an 
open injury along its course, one can assume in the first 
instance that it is involved, and immediate exploration 
shall be undertaken (grade A recommendation). If pri-
mary treatment cannot be performed, for example, in the 
case of gunshot wounds, insufficient experience and 
equipment, or there are concomitant injuries, secondary 
treatment (delayed repair) should be carried out within 
3–6 weeks, once a non-irritated, non-infected revision 
area has been achieved and assuming blood supply is 
good and the diagnosis has been confirmed—if follow-up 
checks are needed, these should be at the earliest possible 
time, but within 6 months at the latest (grade B recom-
mendation). In the case of closed/blunt injuries or stretch 
injuries, a detailed neurological assessment should be 
 carried out if nerve dysfunction is present and, where 
necessary, nerve exploration performed depending on the 
clinical, electrophysiological, and/or imaging findings 
and course (grade B recommendation). In the event that 
osteosynthesis is required for bony injuries close to the 
nerve, reliable nerve visualization with corresponding 
documentation of the findings should be undertaken 
(grade B recommendation). If regeneration does not 
occur, the further treatment concept should be deter-
mined within 6 months of the trauma, but as early as pos -
sible, and surgical nerve exploration should be considered 
(recommendation grade B). In cases of intraoperative 
nerve injury, reconstruction shall be performed by an ex-
perienced surgeon, ideally during the same procedure or 
after a few days (grade A recommendation).

The role of the distal nerve transfer
Nerve transfer enables the reinnervation of the affected 
musculature by transferring sacrificable motor fascicles 
from a healthy donor nerve near the target muscle to the 
motor branches of the damaged nerve, thereby converting 
a proximal lesion into a distal lesion.

The advantages of this method include a shorter re -
innervation distance and reduced reinnervation times, 
while at the same time clearly defining which donor 
motor (more rarely, sensory) fascicles are assigned to 
which recipient fascicles. Nerve transfers should be used 
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when nerve reconstruction is not feasible or unlikely to 
succeed. They can also be used as a complementary end-
to-side technique (grade B recommendation). Nerve 
transfers should be planned in such way that the co -
aptation site is as close as possible to the target muscle, 
and timed so that reinnervation of the target 
muscles—taking into account the time elapsed since the 
trauma and the distance that still needs to be grown 
through—can take place within 12 to at most 18 months 
(grade B recommendation). The donor nerve must be a 
sacrificable branch and have a largely suitable number of 
motor axons and function that is as synergistic with the 
recipient nerve as possible (grade B recommendation). 
Anatomically narrow areas in the recipient nerve can be 
decompressed in order to improve reinnervation (grade 0 
recommendation). The quality of the evidence is greatly 
reduced by the quality of the included studies, the con-
siderable variability in follow-up times, and the widely 
varying group sizes. Therefore, a trend towards better out-
comes following nerve transfer can only be reported for 
the reconstruction of elbow flexion (muscle strength 
 according to the British Medical Research Council 
[mBMRC] ≥ 3, relative risk [RR] 1.16 [1.02; 1.32] (eResults).

Salvage options
Motor replacement surgery by means of tendon transfer 
can be performed if reinnervation of the affected muscle 
is not feasible or has been unsuccessful (grade B recom-
mendation) (see eResults). 

Neuromas: prevention and treatment
Symptomatic neuromas can be treated surgically using 
various reconstructive or ablative strategies. Decisions in 
this regard need to be made on a case-by-case basis  (grade 
0 recommendation).

For macro-amputations, a special form of nerve 
transfer has been established whereby the blind-ending 
nerve stumps are placed on a motor nerve branch leading 
to a muscle that is still intact (targeted muscle reinner-
vation). This enables highly selective reinnervation of in-
dividual areas of the muscle and increases the number of 
signals that can be individually controlled and captured 
for prosthetic fitting. Lower neuroma rates and a reduc-
tion in phantom pain have been observed as a secondary 
effect (eSupplement).

Postoperative follow-up care
Pharmacological treatment to improve nerve regen -
eration cannot be recommended (grade 0 recommen-
dation). Electrotherapy and (laser-)photostimulation can 
be used as a complementary treatment option for nerve 
lesions with axonal damage (axonotmesis or neurotmesis) 
(grade 0 recommendation). For neuropathic pain, guide-
line-compliant pain medicine treatment shall be given 
(grade A recommendation). Pain-relieving components of 
occupational therapy and physiotherapy should be used 
(mirror therapy, transcutaneous electrical nerve stimu-
lation [TENS]; grade B recommendation).

In the case of nerve injuries and following nerve recon-
struction, concomitant occupational therapy and physio-
therapy shall be provided as soon as possible after trauma 
or surgical reconstruction (recommendation grade A). 

This includes targeted sensory re-education (mirror ther-
apy, graded motor imagery program, sensitivity training; 
grade B recommendation) and interventions to improve 
motor functions (mirror therapy, electrical muscle stimu-
lation, motor function training; grade B recommen-
dation). 

Discussion
The frequently problematic or incomplete healing of pe-
ripheral nerve injuries can only be reduced by a guideline-
compliant combination of early diagnosis and correct 
treatment measures. An interdisciplinary collaboration 
between all specialist areas is of paramount importance 
for the best possible restoration of function. This litera-
ture analysis shows that the need for research remains 
high. 
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eBox 1

Specialist societies participating in the German clinical 
practice (S3) guideline on “The treatment of peripheral 
nerve injuries”
• German Society for Orthopaedics and Trauma Surgery (Deutsche 

 Gesell schaft für Orthopädie und Unfallchirurgie, DGOU) 

• German Society of Hand Surgery (Deutsche Gesellschaft für Handchirurgie, 
DGH) 

• German Society of Neurosurgery (Deutsche Gesellschaft für Neuro -
chirurgie, DGNC) 

• German Society of Plastic, Reconstructive, and Aesthetic Surgeons 
 (Deutsche Gesellschaft der Plastischen, Rekonstruktiven und Ästhetischen 
Chirurgen, DGPRÄC) 

• German Neurological Society (Deutsche Gesellschaft für Neurologie, DGN)

Other participating societies/associations
• German Society for Clinical Neurophysiology and Functional Imaging 

 (Deutsche Gesellschaft für Klinische Neurophysiologie und Funktionelle 
Bildgebung, DGKN)

• German Working Group for Hand Therapy (Deutsche Arbeitsgemeinschaft 
für Handtherapie, DAHTH)

• German Association of Occupational Therapy (Deutscher Verband 
 Ergotherapie, DVE)

• German Association for Physiotherapy—central association of physio -
therapists (Deutscher Verband für Physiotherapie, ZVK) 

• German Pain Society (Deutsche Schmerzgesellschaft e.V., DGSS)

eBox 2

PICO questions for the areas with relevant develop-
ments since the publication of the previous version
• Outcomes when using vein-muscle grafts, tubes, or allografts for 

mixed/motor nerve injuries

• Outcomes when using vein-muscle grafts, tubes, or allografts for 
sensory nerve injuries

• Outcomes of distal nerve transfer compared to tendon transfer

• Outcomes of neuroma treatment following surgical ablation techniques 
(nerve in vein, nerve in muscle, nerve in bone, centro-central 
coaptation, end-to-side [ETS] coaptation)

• Outcomes of neuroma treatment following surgical reconstruction 
techniques (TMR, RPNI, NTT)

NTT, new target transfer; PICO, patient, intervention, control, outcome;  
RPNI, regenerative peripheral nerve interface; TMR, targeted muscle reinnervation
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eFigure

Flowchart of the literature search for the assessment of the patient, intervention, control, 
outcome (PICO) questions—summarized for the six questions. Details can be found in the 
guideline report (3). Identification: literature screening at the title and abstract level by two 
independent reviewers; duplicates were discarded. Selection: screening of full texts for 
study design by two independent reviewers. Inclusion: final selection of included 
 publications in collaboration with the clinical experts.

Publications identified in 
the databases (n = 1515)

Additional publications 
from other sources (n = 522)

Publications after the 
removal of duplicates

Abstracts screened 
(n = 1651)

Publications excluded  
(n = 1528)

Full-text analysis for 
exclusion criteria  (n = 398)

Full texts excluded 
(n = 375)

Studies included in the 
qualitative synthesis  (n = 23)
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S tudies that met the following criteria  
were included: ∙ Publication date up to and including 31.07.2023; start date, open∙ In English, French, or German∙ Patients with traumatic or iatrogenic nerve lesions∙ Randomized controlled studies, controlled prospective and retro-

spective observational studies as well as meta-analyses and 
systematic reviews of non-controlled observational studies∙ Interventions according to the specific PICO question (PICO: 
patient, intervention, control, outcome)∙ Any type of improvement in functional outcome as an endpoint 
in the treatment research questions: no restrictions regarding 
follow-up period.
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Results
Technical aspects
The management of mixed nerve injuries was evaluated in 
two systematic reviews and one randomized controlled 
study (RCT). Considerable methodological deficiencies 
were found in the evaluated studies, meaning that the re-
liability of the evidence was deemed to be very low. A 
Cochrane review of controlled trials (e1) showed no sig-
nificant difference in mean values between autologous 
transplants and alternative transplants for the endpoints 
motor recovery (muscle strength according to the British 
Medical Research Council [mBMRC] grading) at 18 
months, sensory recovery (according to sBMRC sensory 
grading) at 24 months and a functional outcome measure 
(Rosen model) at 5 years. However, the sample size of the 
studies was very small, with 11 and 28 patients, respec -
tively. The relative risk (RR) for complications (7.15, 95% 
confidence interval: [1.74; 29.42]; five studies with 213 pa-
tients) and implant removal (7.61 [1.48; 39.02]; five studies 
with 256 patients) is increased. An older review of 33 ob-
servational studies with 311 subjects found an advantage 
in favor of alternative interposition grafts (RR 1.28 [1.04; 
1.57]) for a combined motor and sensory outcome accord-
ing to BMRC grading (dichotomized ≥ M4S3, follow-up 
period of 1–240 months). The RCT conducted by Ahmad 
(e2) with 18 study participants showed no significant 
 difference in mBMRC grading at 9 months and a minimal 
effect in the two-point discrimination in favor of autolo-
gous interposition grafts. In summary, the trend should be 
towards using an autologous transplant for reconstruc-
tion. 

For pure sensory nerve defects, a total of 10 studies 
(three systematic reviews, one RCT, six controlled studies) 
were included. Due to methodological deficiencies, the 
reliability of the evidence is once again very low here. For 
sensory regeneration, there was no significant difference 
between autologous transplants and alternative trans-
plants in terms of the endpoint of the sensory BMRC 
 grading ≥ S3+ (29 [review of eight studies, 86 patients, 
 follow-up time of up to 12 months], e3–e6 [281 patients in 
total, follow-up time of 6–12 months]) or the static two-
point discrimination ≤ 6 mm (e7 [15 studies, 152 patients, 
12-month follow-up]). For chitosan-based conduits (e8 [22 
study participants, 12-month follow-up]), vein conduits 
(e9 [19 patients, 27-month follow-up]), and muscle-in-vein 
conduits (e10 [31 patients, 31-month follow-up]), the data 
on dynamic and static two-point discrimination also show 
no significant difference to autologous transplants. The 
abovementioned Cochrane review (e1) only reports data 
on complication rates (five studies, 213 subjects, RR 7.15 
[1.74; 29.42]) or device removal (five studies, 256 patients, 
RR 7.61 [1.48; 39.02]) for pure sensory nerves. Böcker et al. 
(e8) also describe an increased rate of transplant removal 
with alternative conduits: two study participants, RR 1.4 
[0.06; 30.23]. However, this result is not significant due to 

the small number of cases. This is in contrast to the review 
by Mauch et al. (e3 [eight studies, 136 subjects]), who 
found a lower, albeit non-significant, complication rate 
(RR 0.53 [0.1; 2.8]) for alternative transplants.

The role of distal nerve transfer
For the comparison of proximal nerve reconstruction 
using distal nerve transfer, four systematic reviews on 
 brachial plexus injury were found, for which the level of 
reliability of the evidence was low due to methodological 
weaknesses of the studies evaluated. Garg et al. (e11 [31 
studies, 356 patients]) found a trend towards better out-
comes at 12 months following nerve transfer for elbow 
flexion (mBMRC ≥ 3, RR: 1.16 [1.02; 1.32]), whereas Texa-
kalidis et al. (e12 [nine studies, 490 subjects]) saw no sig-
nificant difference in elbow flexion at 24–37 months 
(mBMRC ≥ 3, RR 1.1 [0.97; 1.24]). Ali et al. (e13 [71 studies, 
3187 patients]) found comparable outcomes for the elbow 
at 30–44 months (mBMRC ≥ 3, RR 0.96 [0.9; 1.01]). That 
study showed a slight advantage for distal nerve transfer 
in shoulder abduction (RR 1.17 [1.09; 1.25]) (e13), as did the 
study by Garg et al. (e11), particularly when two nerves 
were transferred (31 studies, 82 subjects, mBMRC ≥ 3 at 12 
months, RR 1.62 [1.22; 2.22]). For axillary nerve injuries 
and assessment of shoulder abduction, Koshy et al. (e14 
[10 studies, 66 patients]) found a trend towards a better 
outcome with autologous transplants at 18–24 months 
(mBMRC ≥ 3, RR 0.87 [0.78; 0.97]). However, the quality of 
the evidence must be deemed low due to the studies in-
cluded. In the case of musculocutaneous nerve lesions, 
the retrospective case-control study by Bhandari et al. 
(e15) with 20 study participants showed no significant dif-
ference between the two groups at 24–36 months (mean 
difference in mBMRC grading of 0.29 [0.44; 0.0]). The sys-
tematic review by Klifto et al. (e16) of peroneal nerve 
lesions included a total of 144 studies with 1284 patients. It 
also included case series, thereby precluding a direct com-
parison of the various treatment forms. From the out-
comes reported in the individual studies, a global function 
score (from 0–3) is defined, into which the results are 
transferred. For the comparison between proximal nerve 
reconstruction and distal nerve transfer, data is available 
for a total of 358 individuals, of which, however, only 21 
belong to the nerve transfer group. The difference in effect 
size (median 0.54, [0.99; 0.0]) supports distal transfer, but 
is not significant. The quality of the evidence is greatly 
 reduced by the quality of the included studies, the con-
siderable variability in follow-up times (6–372 months), 
and the widely varying group sizes.

Salvage options
Klifto et al. (e16) also compared distal nerve transfer with 
tendon transfer for lesions of the peroneal nerve. They 
evaluated the data of 192 patients, of which only 21 
 belonged to the nerve-transfer group. The difference 
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 between the two groups was not significant (mean differ-
ence in function score, 0.2 ± 0.96). Here again, the quality 
of the evidence is greatly reduced by the quality of the in-
cluded studies, the considerable variability in follow-up 
times (6–372 months), and the widely varying group sizes.

Neuromas: prevention and treatment
An RCT ([e17] [30 patients, 12-month follow-up]) com -
paring targeted muscle reinnervation (TMR) with the 
standard treatment of neuroma excision and muscle 
burying for painful stump neuromas found a greater 
mean reduction in stump pain (median ± standard 
 deviation, 2.0 ± 2.8) as well as phantom limb pain 
(M 3.4 ± 4.03) in the TMR group. However, the differences 
were non-significant. The quality of the evidence is 
 reduced by the low case number.




