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Introduction

Peripheral nerves control our muscles and 
transmit somatosensory information to 
the central nervous system. If an injury to 
the face or limbs severs a peripheral nerve, 
we lose these functions. In contrast to the 
largely degenerative processes after spinal 
cord lesions, axons are able to regenerate 
in the peripheral nervous system (PNS). 
The cell somata of PNS neurons are not lo-
calized in the periphery but in the ventral 
horn of the spinal cord (motorneurons), 
the dorsal root ganglia (sensory neurons), 
or in the sympathetic chain ganglia close 
to the spinal column (neurons of the au-
tonomic nervous system). Neurons in-
nervating the face are found in brain stem 
nuclei. Thus, if peripheral nerve fibers are 
cut, the nerve cells activate a growth pro-
gram such that their axons can regener-
ate, provided they find a growth permis-
sive substrate. For this reason, peripher-
al nerves can be surgically repaired after 
lesions. When the gap between disrupt-
ed nerve stumps is too large, the surgeon 
transplants an autologous nerve that is 
taken from elsewhere in the patient; often 
the sural nerve is used for this purpose. 
Yet, since this operation results in sensory 
loss at the donor site, alternatives for au-
tologous nerve transplantation have been 
investigated for more than 25 years. One 
approach is the development of artificial 
implants made of natural or synthetic ma-
terials (. Box. 1).

Regeneration in the 
peripheral nervous system

A look at the processes of peripheral nerve 
regeneration reveals the requirements that 
artificial nerve constructs must meet in 
order to substitute autologous transplants 
(. Fig. 1). Peripheral nerve injury causes 
degeneration of the distal nerve stump, re-
ferred to as Wallerian degeneration. Since 
axons are disconnected from their cell so-
mata, they will eventually die. The cyto-
skeleton and cell membranes of neurites 
break up into their molecular constituents, 
Schwann cells, the peripheral glia cells, 
shed their myelin, and the debris is re-
moved by macrophages. At the same time, 
the severed axons in the proximal nerve 
stump form growth cones and activate a 
physiological program of regeneration. In 
a growth permissive environment, e.g., if 
the connection to the distal nerve stump 
is maintained, axons elongate in contact 

with longitudinal structures of perineu-
rium and proliferating Schwann cells, the 
so-called bands of Büngner [22]. Regener-
ation reaches velocities of several millime-
ters per day. Injured peripheral nerves, es-
pecially the basement membranes that are 
formed by the glia cells, provide an excel-
lent growth substrate for axonal regener-
ation. Subsequently, the Schwann cells re-
myelinate the regenerated axons. Axonal 
growth is stimulated by various paracrine 
factors, which are mainly secreted by the 
Schwann cells as well [2]. If axons reach 
their peripheral targets they may form 
new synapses or end organs, and function 
can be restored.

Requirements for artificial 
nerve implants

This description illustrates the functions 
that artificial implants must fulfill, if they 
are to allow successful nerve regenera-

Box 1: Nerve implants

Autologous nerve transplants are considered the gold standard in the clinical therapy of nerve injury. 
Disadvantages are the necessity of a second operation and loss of sensory function at the donor site.

Nonautologous grafts are derived from tissue of another conspecific, xenotransplants are from 
another species. Immunosuppression is necessary. Using freeze-thaw cycles, chemical treatment or 
radioactive irradiation, implants can be rendered cell-free to reduce their immunogenicity. However, 
this treatment also damages the extracellular matrix (ECM).

Transplants from other tissues that have been investigated include muscle fibers, tendons, blood 
vessels, and submucosa of the small intestine.

Artificial implants may consist of natural materials. Most frequently, ECM proteins are used, espe-
cially laminin, collagen, and fibronectin. Other natural materials for the construction of nerve bridges 
are hyaluronic acid, fibrin, and the polysaccharides agarose, alginate, and chitosan (derived from 
chitin by deacetylation). Structures can be improved by cross linking or the combination of different 
substances.

Artificial implants made from synthetic materials are well suited for peripheral nerve repair be-
cause their chemical and physiological properties can be designed in a controlled manner. The most 
important materials are listed in . Box. 2, their structures are depicted in . Fig. 3a.
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Fig. 1 8 Peripheral nerve regeneration. a Neurons of the PNS are located in 
the ventral horns of the spinal cord (motor neurons), the dorsal root ganglia 
(sensory neurons) or the sympathetic chain ganglia (autonomic nervous 
system). Axons are myelinated by Schwann cells. b After nerve injury, myelin 
sheaths and axons degenerate distal to the lesion site. Schwann cells pro-
liferate; macrophages remove the debris of degenerating fibers. c At the le-
sion site neurons form axonal growth cones, and axons are able to regener-
ate along longitudinal bands of glia and ECM. Subsequently, Schwann cells 
re-myelinate the new axons

Fig. 2 9 Construction strat-
egies for artificial nerve 
implants. a Hollow tubes 
for the connection of sev-
ered peripheral nerves are 
the basis of most implants. 
b Artificial nerve bridge 
consisting of several emp-
ty tubes attached to each 
other [10]. c With direction-
al freezing, gels are pro-
duced that contain orient-
ed channels to receive re-
generating fibers [3]. d Par-
allel microfibers on films 
are arranged within the lu-
men of a tube implant [5]. 
e Electrospun fibers can be 
collected in three-dimen-
sional arrays and contained 
in hydrogels within tubu-
lar nerve implants (Rum-
man and Mey, unpublished 
data)
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tion in vivo [6]. In general, the implant-
ed construct must be biocompatible, that 
is, it does not induce inflammatory reac-
tions and is not rejected or encapsulated 
by scar tissue. In addition to biochemi-
cal signals, mechanical properties are im-
portant here because irritation of the tis-
sue, e.g., due to stiffness of the material, 
may cause inflammation. Swelling of the 
implant would reduce its lumen, there-
by, exerting pressure against the regener-
ating fibers [7]. Furthermore, it is desir-
able that the bridge between nerve stumps 
remains in the body until axonal regen-
eration is completed. Then, however, the 
material should be gradually degrad-
ed without the release of toxic products. 
The implanted structure should be per-
meable for the exchange of gases, water, 
and biological signals such as hormones 
or neurotrophins. Blood vessels that nor-
mally supply the nerve might be induced 
to grow. The central function of the im-
plant remains: the guidance of regenerat-
ing axons from the proximal to the distal 
nerve segment. Consequently, the growth 
cones have to recognize physical guidance 
structures, which promote axonal elonga-
tion by activating specific receptors on the 
cell membrane. Similar molecular interac-
tions should allow migration of Schwann 
cells from the host into the nerve bridge. 
Schwann cells are indispensable not only 
for the process of axonal regeneration but 
also for the subsequent myelination and 
maintenance of physiological function.

Bioengineering strategies for 
artificial nerve implants

Hollow tubes

The type of implant which has been test-
ed by far most often in vivo is the hollow 
tube. In the simplest case, the tube consists 
of only one material, e.g., chitosan, colla-
gen (natural materials, . Box. 1), or sili-
con, PLA, PLGA, and PCL (synthetic ma-
terials, . Box. 2). Hollow tubes are also 
the only nerve guide design that is used 
in clinical studies [18]. In animal experi-
ments, grafts are primarily tested as bridg-
es of the rat sciatic nerve. In these exper-
iments, the nerve lesions rarely exceed 
20 mm. Frequently, empty tubes serve 
to assess the biocompatibility of the ma-
terial or as basis and reference structures 
for more complicated constructs. The lu-
men can be structured with gels, fibers, or 
scaffolds, or the material can be modified 
chemically to provide biological signals.

Structured implants: gels, 
fibers, and scaffolds

Mechanical guidance structures in the 
interior of artificial nerve bridges are in-
tended to provide a surface for the attach-
ment of growth cones and thereby direct 
elongation towards the peripheral end of 
the implant. The construction of three-di-
mensional guidance structures remains a 
technical challenge (. Fig. 2). Different 
strategies are illustrated here with the ex-
ample of electrospun nano- and micro-
fibers. Using the method of electrospin-

ning, parallel fibers of diameter from less 
than 100 nm to more than 5 µm can be 
produced from various synthetic poly-
mers. These fibers have a high surface to 
volume ratio and mimic aspects of bio-
logical fibers in the nerve [21]. Since they 
can provide a growth substrate for migrat-
ing Schwann cells and regenerating axons, 
electrospun fibers are the basis of many 
artificial implant designs.

In one study microfibers of poly(glycolic 
acid) had been incorporated in a chito-
san tube. This implant was used to bridge 
30 mm long gaps in the sciatic nerve of 
beagles. The dogs, which were investigat-
ed after 6 months, recovered function of 
the operated nerves. Skeletal muscles were 
re-innervated, and the artificial constructs 
were completely degraded within the half 
year time frame of the study [24]. A differ-
ent research team stacked films of paral-
lel fibers consisting of poly(acrylonitrile-
co-methylacrylate) inside a polysulfone 
tube. These constructs were implant-
ed in rats to bridge sciatic nerve gaps of 
17 mm. Sixteen weeks after surgery tar-
get muscles were found to be innervat-
ed again, and regeneration of sensory and 
motor nerve fibers could be demonstrat-
ed [13]. In another study, electrospun fi-
ber films were used to subdivide a nerve 
conduit in two or three longitudinal com-
partments (. Fig. 2d). In the rat, sciatic 
nerve gaps of 14 mm could be bridged in 
3 months [5].

An alternative to electrospun fibers 
consists in the fabrication of gel scaffolds 
with longitudinal channels (. Fig. 2c). A 
promising technique to achieve this goal 
is controlled freeze drying of collagen 
suspensions. When solvent freezes from 
one side of the solutions collagen is dis-
placed to the side, thus resulting in longi-
tudinal walls of orientated guidance chan-
nels. With this method, three-dimension-
al constructs were produced, seeded with 
Schwann cells and are now being tested in 
animal experiments [3].

Most likely, the development of suit-
able physical structures will not be suffi-
cient to reach artificial implants that are 
as good as autologous nerve transplants. 
Chemical functionalization of the implant 
material with biological signals might 
achieve this.

Box 2: Synthetic materials for artificial nerve bridges

Poly(α−hydroxy acids) (. Fig. 3a). For nerve regeneration poly(hydroxy acids) are spun to fibers 
that can be functionalized with natural proteins or peptides. The most important examples are 
poly(lactic acid) (PLA, with stereoisomers PLLA, PDLA), poly(lactic-co-glycolic acid) (PLGA), poly(ε-
caprolactone) (PCL), and poly(hydroxybutyric acid) (PHB). Fibers and tissues consisting of these 
materials have multiple applications in tissue engineering, e.g., as scaffolds and suture materials.

Polyethylene glycol (PEG; . Fig. 3a). This polymer, which is non-adhesive to cells, is used to pro-
duce gels, matrices, or serves as a linker for proteins. From PEG the star-shaped NCO-poly(ethylene 
glycol)-stat-poly(propylene glycol) (sPEG) with a backbone of 80% ethylene oxide and 20% propyl-
ene oxide is synthesized. The reactive isocyanate end groups provide a basis for covalent modifica-
tion (. Fig. 3d).

Hydrogels, e.g., poly(2-hydroxyethyl methacrylate) (pHEMA), have a very high water content af-
ter polymerization. They can be used to make scaffolds with structured channels or to encapsulate 
functional molecules such as neurotrophins.

Non-degradable polymers that have been used in nerve implants include silicone, 
poly(urethane), poly(tetrafluoroethylene) (PTFE), and oxidized poly(pyrrole). The electrically con-
ducting polymer poly(pyrrole) is interesting for neural applications because electrical stimulation 
can influence axonal growth.
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Abstract
Axonal regeneration is possible in the pe-
ripheral nervous system. Therefore, nerve le-
sions can be cured by suturing the dissoci-
ated nerve stumps or by grafting an autol-
ogous nerve. Since nerve transplantations 
cause a sensory deficit at the donor site, it 
is desirable to develop artificial implants for 
nerve regeneration. Artificial implants have 
to promote and guide axonal growth, the mi-
gration of Schwann cells and must not cause 
inflammation. Hollow tubes as nerve bridges 
are already used in the clinic. However, with 
these it is not possible to achieve nerve re-
generation over distances much longer than 
30 mm. For this purpose, a number of natu-
ral and synthetic materials have already been 
tested. Biocompatible tubes are being devel-
oped which contain orientated fibers or gels 

with longitudinal channels. In addition, arti-
ficial guidance materials are endowed with 
specific biological functions. Most frequent-
ly, extracellular matrix proteins or synthet-
ic peptides that activate integrin receptors 
are coupled to the materials. Other approach-
es use gradients of neurotrophins or incorpo-
rate living cells. In the long run, a major goal 
of research is to develop cell-free artificial im-
plants which allow a similar degree of regen-
eration as is possible with autologous nerve 
transplants.

Keywords
Peripheral nerves · Nerve regeneration · Bio-
compatible materials · Bioprosthesis · Elec-
trospinning

Künstliche Implantate für die Regeneration peripherer Nerven

Zusammenfassung
Da im peripheren Nervensystem axonale Re-
generation möglich ist, lassen sich Verlet-
zungen durch Vernähen durchtrennter Ner-
ven oder durch Nerventransplantationen hei-
len. Für Transplantationen verwendet man 
sensorische Nerven, z. B. den N. suralis. Da an 
der Entnahmestelle ein sensorischer Funk-
tionsverlust entsteht, sind künstliche Ner-
venimplantate wünschenswert. Sie sollten 
die axonale Regeneration und die Migration 
von Schwann-Zellen fördern und dürfen ke-
ine Entzündungsreaktion hervorrufen. Leere 
Röhren zur Verbindung von Nervenstümpfen 
werden schon heute klinisch eingesetzt, es 
ist allerdings nicht möglich, mit diesen Brück-
en Distanzen >30 mm durch Regeneration zu 
überwinden. Um das zu erreichen, wurden 
eine Reihe natürlicher wie synthetischer Ma-
terialien getestet und verschiedene Konstruk-
tionsstrategien erprobt. Verwendet werden 

biokompatible Röhren mit interne Leitstruk-
turen, für die parallele Fasern durch Elektros-
pinnen oder longitudinale Kanäle durch Ge-
friertrocknung von Gelen hergestellt werden. 
Daneben werden Implantatmaterialien mit 
biochemischen Funktionalitäten verseh-
en; dies sind vor allem Proteine der extrazel-
lulären Matrix oder kurze synthetische Pep-
tide, die zelluläre Integrine aktivieren. Andere 
Ansätze verwenden Gradienten neurotroph-
er Faktoren oder inkorporieren regeneration-
sfördernde Zellen. Fernziel ist jedoch die Ent-
wicklung zellfreier künstlicher Nervenbrück-
en, die eine genau so gute Regeneration er-
möglichen, wie sie in autologen Nerventrans-
plantaten erreicht werden kann.

Schlüsselwörter
Periphere Nerven · Regeneration · Biomateri-
alien · Bioprothesen · Elektrospinnen

Functionalization with molecules 
of the extracellular matrix

The purpose of functionalization is to acti-
vate endogenous cells (neurons, Schwann 
cells, endothelial cells) by the implanted 
material in a way that promotes nerve re-
generation (. Fig. 3b,c,d). Two funda-
mental approaches can be distiguished, 
(1) presentation of molecules of the extra-
cellular matrix (ECM) and (2) controlled 
release of soluble growth factors.

The use of ECM molecules from the 
PNS is suggested because axons regen-
erate naturally along the basal lamina of 
Schwann cells. Thus, ECM proteins or 
peptides are coupled to synthetic polymers 
either by blending, adsorption, or covalent 
binding [15]. This should promote cells 
to migrate into the artificial implant and 
close the gap between the nerve stumps. 
The main components of the basement 
membrane are laminins. Laminins are tri-
meric proteins (α-, β- plus γ-chain) that 
have long been used to coat cell culture 
dishes, and therefore these are most often 
selected. Collagen is a major component 
of the ECM of peripheral nerves. Thus, 
electrospun fibers of collagen blends with 
synthetic polymers also induce axonal 
growth and Schwann cell migration [21]. 
Instead of whole ECM proteins, which are 
extracted from biological material, specif-
ic peptide sequences from laminin, fibro-
nectin, or collagen can be synthesized [6, 
23]. Their design was made possible by 
the knowledge of specific amino acid se-
quences in the ECM which bind to inte-
grin receptors of Schwann cells and neu-
rons. These peptides are adhesive because 
of the intracellular connection of integrins 
to the cytoskeleton. In addition, they acti-
vate a number of signal transduction cas-
cades in the cells [9]. So far, peptides with 
the amino acid sequences RGD, YIGSR, 
IKVAV, and longer versions of those have 
been successfully applied. We showed, for 
instance, that covalent binding of GRGDS 
to electrospun nanofibers of PCL im-
proves their ability to guide axonal growth 
[14]. Several functionalization strategies 
with ECM molecules are also being test-
ed in vivo: the interior surface of a chito-
san tube was modified with various lam-
inin peptides. As an artificial bridge of 
the rat sciatic nerve, the tube with one of 
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these sequences promoted regeneration to 
a similar degree as a transplanted nerve, 
although not as good as autologous im-
plants do [23]. In addition to ECM pro-
teins, the cell adhesion molecules (CAM, 
an important example for nerve regenera-
tion is L1) constitute another group of sur-
face bound signals that can induce axonal 
growth. These transmembrane proteins, 
which are exposed on cell membranes and 
not parts of the ECM, are also being con-
sidered for functionalization [26].

In conclusion, the chemical function-
alization of synthetic materials with ECM 
molecules was an important step in the 
development of artificial implants with 

biological activities. Such signals are al-
ways fixed to surfaces. Apart from these, 
peripheral nerve regeneration in vivo de-
pends on a number of small proteins that 
are usually secreted from Schwann cells or 
the neurons themselves.

Controlled release of 
growth factors

To study such factors in vivo the implant-
ed devices are filled with a solution of 
the growth factor or, in a more sophisti-
cated manner, with carriers that gradu-
ally release the active molecules. The lat-
ter method allows a better regulation and 

can be used to produce gradients, to at-
tract axonal elongation toward the distal 
end of the implant. Several problems have 
yet to be solved. For instance, the biolog-
ical activity should be present for a long 
time (several weeks to months), especial-
ly in the case of longer nerve lesions. Al-
so, sterilization should be possible without 
compromising the function of the signals 
[7]. The effect of growth factors was stud-
ied in several experiments. In one study, 
40 mm nerve gaps in the peroneal nerve 
of rabbits could be repaired in a time of 
2 months using glial growth factor (GGF) 
[19]. This was one of the largest gaps that 
could so far be bridged successfully with 
artificial implants. In a different study, the 
glial derived neurotrophic factor (GDNF) 
was released from electrospun fibers. 
These fibers were lining the inside of im-
planted tubes, which supported function-
al regeneration over 15 mm in the sciatic 
nerve of rats [4]. Growth factors have also 
been combined with ECM proteins. Dod-
la and colleagues devised an agarose gel 
to apply a gradient of nerve growth factor 
(NGF) and laminin. Both gradients had a 
positive effect on nerve regeneration [8]. 
Since, unfortunately, there are few stud-
ies that would compare different strate-
gies of functionalization, it is at this mo-
ment not possible to decide which mol-
ecules should be preferred in the future 
and which, while having effects in vitro, 
are less suitable.

Implantation of cells with 
the artificial nerve bridge

The closest thing to real nerve transplants 
are artificial constructs that are pre-seed-
ed with growth-promoting cells. These 
cells may derive from the host organism 
itself or from cultures. They are intended 
to release physiological signals, many of 
which may be unknown and, thus, can-
not be mimicked with chemical modifi-
cation of the implant material.

Best suited for this purpose are 
Schwann cells because they naturally pop-
ulate the PNS. As alternatives for Schwann 
cells, olfactory ensheathing cells, mesen-
chymal stem cells or genetically modified 
cells are being tested [20]. The majority 
of studies on PN regeneration have used 
Schwann cells. They support nerve regen-
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eration in various ways, for instance, by 
forming the bands of Büngner that serve 
as guidance structures for axonal growth 
cones. In addition, Schwann cells synthe-
size ECM molecules and secrete sever-
al growth factors, including neurotroph-
ins, CNTF, GDNF, and TGFβ [2]. Unfor-
tunately, the implantation of foreign cells 
is not without complications. First, the pu-
rity of the Schwann cell primary culture is 
essential because it must not be contami-
nated with fibroblasts. Second the source 
of the cells is an issue. Heterologous trans-
plantation between inbred strains of mice 
and rats is less of a problem, but this 
would require immune suppression in 
humans. For a potential therapy of CNS 
lesions, one strategy is already the prepa-
ration of olfactory ensheathing cells from 
the human olfactory epithelium. In many 
physiological respects, these glial cells 
are similar to Schwann cells [12]. Perhaps 
this will be explored as a possibility to al-
so produce better implants for peripheral 
nerves. Nonetheless, because of the fun-
damental difficulties of immune rejection 
when foreign tissues are implanted, we 
consider the development of cell-free ar-
tificial nerve bridges as important.

Clinical studies with 
artificial nerve implants

To date, several types of tubes are already 
approved for implantation in humans 
[18]. They have been tested with several 
hundreds of patients. NeuraGen, consist-
ing of type I collagen, is produced by In-
tegra Neuroscience (http://www.integra-
ls.com). In the largest study so far, Neura-
Gen implants were used mostly for bridg-
ing sensory nerves of the arms. A total of 
26 patients were evaluated quantitative-
ly to assess functional recovery of nerve 
transmission. In 45% of the patients, an 
improvement of sensory functions was 
observed [25]. Neurotube is a PGA im-
plant, produced by Synovis Life Technolo-
gies Inc. (http://www.synovismicro.com). 
It has been tested in several clinical stud-
ies. In one of these, a group of 24 patients 
received Neurotube implants for lesions of 
nerves innervating the hand, while autol-
ogous nerves were transplanted in 74 pa-
tients. Lesions ranged between 2 mm and 
12 mm. Rehabilitation training was per-

formed in all cases. Although 18 patients 
had complications due to the implants, 
about 9/10 of the grafts resulted in suc-
cessful regeneration [27]. The third ar-
tificial implant is Neurolac, produced by 

Polyganics Inc. (http://www.polyganics.
com). It consists of a PLA/PCL blend. So 
far, two clinical studies have been pub-
lished with a total of 36 patients. While 
in the first report from 2003, no nerve re-
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generation was found, the second study 
reported functional regeneration simi-
lar to results with autologous nerve trans-
plants [1].

Another type of nerve bridge has been 
developed in Japan, but so far is not ap-
proved in the US or Europe. This structure 
consists of PGA implants with collagen 
scaffolds. In the most recent study from 
2007, excellent recovery was achieved in 
two patients who suffered injuries to the 
facial nerve [11].

Problems and perspectives

In contrast to long distance connections 
within the CNS such as the optic nerve or 
spinal cord, peripheral nerves already pro-
vide an area of successful projects for neu-
ronal tissue engineering (. Fig. 4). A fair 
number of biocompatible materials have 
been developed, which offer great poten-
tial for therapies of peripheral nerve in-
jury. Nevertheless several issues present 
technical or scientific challenges today.

Standardized efficiency control: Many 
experiments with different biomateri-
als are not compatible because different 
cell cultures, animal models, or criteria of 
success were used. In general, we observe 
that a considerable proportion of publica-
tions with innovative materials use poor 
standards when it comes to the biologi-
cal tests. Inflammatory reactions, effects 
on gene expression and long-term results 
are rarely investigated. Clearly, systematic 
comparisons of the different materials for 
artificial nerve conduits are needed.

Structured three-dimensional im-
plants: So far most studies of PN regen-
eration in vivo have only implanted hol-
low tubes, where axons start to grow on 
the inner surface of the implant. Thus, a 
major technical challenge is the construc-
tion of three-dimensional nerve bridges 
with internal structures that guide axonal 
growth and migration of the endogenous 
Schwann cells. Promising approaches are 
the integration of microfibers in parallel 
orientation [13, 16] and the production of 
orientated channels in collagen gels [3].

Biomimetic functionalization of im-
plants: With the use of proteins and pep-
tides derived from ECM of the PNS, arti-
ficial implants already mimic the signals 
that regenerating axons encounter natu-

rally in lesioned peripheral nerves. How-
ever, the targeted use of factors that spe-
cifically activate Schwann cells, sensory or 
motor neurons is still in its infancy. In ad-
dition to the selection of the right molec-
ular signals, it remains a challenge to find 
the specific temporal and spatial patterns 
of activity that promote axonal growth 
through the entirety of an implant and in-
to the target tissue. Neurotrophic signals 
might be required for several months and 
with increasing gradients towards the dis-
tal end of the implant.

The thirty millimeter mark: Most ani-
mal studies demonstrate that peripheral 
nerve regeneration through artificial im-
plants can cover distances of up to 30 mm 
but not beyond. Since larger gaps must oc-
casionally be bridged in cases of human 
nerve injury, the usefulness of future con-
structs will be judged by their ability to 
support regeneration over long distances, 
and here experiments with the rat sciat-
ic nerve come to their limits. We are con-
vinced that results from basic research on 
mechanisms of axonal growth in com-
bination with engineering methods like 
electrospinning, freeze-drying, and chem-
ical functionalization will result in further 
progress with the development of artificial 
nerve implants. There is hope that these 
approaches will provide the neurosurgeon 
with suitable cell-free implants that can be 
stored and used on demand.
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