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A Prospective Clinical Evaluation
of Biodegradable Neurolac Nerve
Guides for Sensory Nerve Repair

in the Hand

Mariëtta J. O. E. Bertleff, MD, Marcel F. Meek,
Jean-Phillipe A. Nicolai, Groningen, the Netherlands

Purpose: Our purpose was to study the recovery of sensory nerve function after treatment of
traumatic peripheral nerve lesions with a biodegradable poly(DL-lactide-�-caprolactone) Neurolac
nerve guide (Polyganics B.V., Groningen, the Netherlands) versus the current standard reconstruc-
tion techniques.
Methods: Thirty patients with 34 nerve lesions were included in this randomized, multicenter trial.
Results: Both groups were comparable considering their demographics. After a small learning
curve the nerve guide could be implanted easily. There were more complications in the experi-
mental group but none of them was directly device related. Recovery of sensibility in the nerve
guide group was at least as good as in the control group.
Conclusions: These results indicate that the Neurolac nerve guide is suitable for the repair of
transected peripheral nerves in the hand. (J Hand Surg 2005;30A:513–518. Copyright © 2005 by
the American Society for Surgery of the Hand.)
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he most serious form of nerve damage is complete
ransection and subsequent loss of nerve function.
uch a nerve defect has to be restored surgically
ecause spontaneous recovery of the nerve function
s not likely to occur. The present standard surgical
reatments are (1) direct end-to-end suturing or (2)
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arvesting a donor nerve elsewhere from the body
nd restoring nerve continuity with the graft in case
he defect is too large for end-to-end suturing. Both
echniques have considerable drawbacks. In the case
f direct end-to-end suturing tension may be intro-
uced, which negatively affects the quality of nerve
egeneration.1,2 If an autologous nerve graft is used
hen a nerve transplant has to be harvested; this
esults in donor site morbidity such as numbness,
ainful neuroma, and scar formation.1,3,4 The use of
n artificial nerve guide that can be implanted easily
recludes the necessity of such a graft. It is assumed
hat the nerve conduit will guide the outgrowing
erve fibers from the proximal to the distal stump and
hat it has a protective function by preventing neu-
oma formation and the ingrowth of fibrous tissue.1,3

lso, a nerve guide facilitates growth factors neces-
ary for optimal nerve regeneration to remain locally

resent and leads to the formation of a microenvi-
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onment optimal for nerve regeneration.2,5–7 After
he nerve guide has accomplished its function it
egrades and is resorbed. The Neurolac nerve guide
Polyganics B.V., Groningen, the Netherlands) is
omposed of poly(DL-lactide-�-caprolactone) and
ill start to degrade after several weeks. After 1 year

t is degraded completely.8 After many years of ex-
erimental research with the Neurolac tube a clinical
rial was started.8–10 The purpose of this study was to
valuate the experience with the Neurolac nerve
uide to treat sensory nerve defects in the human
and, distally from the wrist, in terms of adverse
vents and sensory nerve recovery.

atients and Methods
tudy Design
his blind, randomized, multicenter clinical investi-
ation was designed to evaluate the performance and
afety of a Neurolac nerve guide for the treatment of
eripheral nerve defects up to 20 mm in the hand. In
control group the patients were treated with the

urrent standard repair. All procedures were coordi-
ated and performed under supervision of one hand
urgeon in each of the 5 participating hospitals.

thical Considerations
he study was performed according to the Declara-

ion of Helsinki and in agreement with the guidelines
or conducting a clinical investigation as outlined in
he European Harmonized Standard, EN540. Before
ach patient participated in the study written in-
ormed consent was obtained. The written approval
f independent local medical ethics committees was
btained.

atient Selection
etween August 2002 and March 2003, 30 patients

igure 1. Patient age, gender, and randomization. E, exper-
mental group receiving nerve guide; C, control group receiv-
ng standard treatment.
ere enrolled in the trial. All patients between the
ges of 18 and 75 years with a nerve injury distal to
he wrist were included. Exclusion criteria were neu-
opathy (eg, resulting from diabetes, alcoholism),
out, collagen vascular disease, or the use of immu-
osuppressive drugs. Patients who met the inclusion
riteria were randomized into 1 of the 2 groups.
andomization was performed in the operating room
fter exploration of the wound. The nerve defect
ength was measured to determine into which stratum
length � 4 mm, length � 4 to ’ 8 mm, or length �8
o � 20 mm) the nerve lesion was allocated. Each
roup had its own randomization according to the
efect called 04, 08, or 20. If more sensory nerves in
he hand were transected then 1 primary nerve defect
as selected. All other nerve defects that met the

nclusion criteria were treated by the same method.
n this period 17 patients received 21 Neurolac nerve
uides and 13 patients were in the control group in
hich end-to-end suturing was performed. The age

nd gender of both groups were well matched (Fig.
). The overall health status of the patients was good:
ccording to the American Society of Anaesthesiol-
gy (ASA) classification 28 patients (93%) were
SA I and 2 patients (7%) were ASA II, equally
ivided between both groups (Table 1). Twenty-six
atients had an injury of a proper ulnar or radial
igital nerve; the other 4 patients had an injury of 1
f the common digital nerves in the palm of the hand.
our patients had more than 1 transected nerve, all of
hom were in the Neurolac tube group. There were
o patients with more than 2 transected nerves. No
atients needed repair with an autologous nerve
ransplant.

urgical Technique
ccording to the hospital protocol a single dose of

ntibiotics was given before surgery. The injured
erve was dissected under tourniquet control. The
ap length (distance between the proximal and distal
tumps) was measured with the fingers fully ex-
ended; this was performed before and after dissec-
ion of the nerve ends. After measuring the gap

Table 1. Demographics

Characteristic Experimental Control

Male (%) 76 75
Mean age (y) 43 38
Alcohol (U/d) 1 1
Diabetic patient (n) 1 1
ASA 1 (%) 94 92

ASA 2 (%) 6 8
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ength one of the nurses in the operating room
pened a blinded envelope to randomize the patient
nto the Neurolac nerve guide group or the control
roup. Primary suturing was performed with an 8-0
r 9-0 nonabsorbable (Ethilon) suture. It was up to
he surgeon to decide to use a nerve graft in case the
ap length was too large. If the patient was selected
or the Neurolac nerve guide group then the diameter
f the nerve was measured and the appropriate tube
as selected and cut to the right size. Both nerve

nds were pulled into the tube for 4 to 5 mm and each
tump was fixed with 1 or 2 epineural 8-0 nonab-
orbable sutures (Fig. 2). Because the nerve guides
re transparent it was possible to ask the surgeon to
easure the gap between both stumps after the su-

uring procedure; this was zero in the control group.
inally the wound was closed in the usual manner
nd the hand and/or fingers were splinted with plaster
uring the first 2 postoperative weeks to immobilize
he joint to prevent kinking, compression, and/or
xtrusion of the nerve guide. In case of a combina-
ion of nerve and tendon injury then a dynamic
laster splint was applied, allowing restricted mobi-
ization of the joint for the first 2 weeks to a maxi-
um of 60° of flexion if the tube was positioned over
joint.

valuation of Recovery and Sensibility
n every patient the distance was measured from the

igure 2. Suture technique. (Top) The needle goes from out-
ide the tube into the lumen, (middle) then an epineural stitch
s performed. After this, (bottom) it goes from inside the tube
o outside, pulling the nerve end into the tube and making a
not.
evel of the nerve injury to the fingertip.
The evaluation of sensory recovery took place at 3,
, 9, and 12 months after the surgical procedure.
etween the participating hospitals it was agreed to
easure sensibility on a fixed point, which was the

rossing point of a line drawn from the base of the
ailbed and a line drawn at the midcentral line.
ensibility was tested by using a noninvasive com-
uter-assisted force transducer that measures static
nd moving 1- and 2-point discrimination (Pressure-
pecified Sensory Device; Sensory Management Ser-
ices, Lutherville, MD).11 Patients were checked
outinely for any adverse events such as foreign-body
esponses, inflammation, swelling, infection, bleed-
ng, delayed wound healing, painful scar formation at
he nerve reconstruction site, extrusion of the nerve
uide, pain and local irritation around the nerve re-
onstruction site, allergic reactions, and/or remaining
ypersensitivity in the reinnervated area.

tatistical Analysis
ata were analyzed statistically by an independent
ata management office (Trial Coordination Centre,
roningen, the Netherlands). The Wilcoxon test, t

est, chi-square test, and Fisher’s exact tests were
sed.

esults
he operating time in the experimental group was
omparable to the control group (79 vs 82 minutes)
Table 2). If we look at just the time needed for the
erve repair procedure then the repair took longer in
he experimental group. The time needed for primary
nd-to-end repair was 13 minutes (n � 13) and the
ime needed to place the nerve guide was 27 minutes
n � 21). Both groups also were comparable when
dditional injuries were considered (Table 2). There
ere 19 patients with associated tendon injury, 17
atients also had a laceration of the digital artery, and

patients were treated for fractures of the hand.
here were 4 patients who had nerve injury to 2
ngers, all of whom were in the experimental group.
n the experimental group there were a few more
atients with a gap of 8 mm or more (Fig. 4). After

Table 2. Associated Injuries

Type of Injury

No. of Patients

Experimental Control

Bony injury 2 3
Artery 8 9

Tendon injury 10 9
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he nerve endings were sutured into the nerve guide
he gap length remained unchanged, which meant
here was still an average gap of about 6 to 8 mm
etween the 2 nerve stumps (Fig. 5). There was 1
atient in the control group and there were 3 patients
n the experimental group with wound healing prob-
ems. In only 2 patients were wound problems di-
ectly at the site of the nerve repair but a direct
elationship was not certain. Debridement of the
ound and removal of the nerve guide were neces-

ary in only 1 of these patients. Two patients in the
xperimental group needed a second surgery because
f rupture of the repaired tendon and tenolysis. Sen-
ory recovery overall was good. As can be seen in
igure 3 the average distance from the level of injury

o the fingertip was the same, which makes compar-
son of the sensory testing results possible. The mov-
ng tests scored better as expected. There was no
ignificant difference between both groups (Fig. 6).
he results of the 2-point discrimination test showed

he same pattern (Fig. 7).

iscussion
he concept of the nerve guide is not new.3–5,12 For
everal years many articles about the topic have been

igure 3. Distance between level of nerve lesion and finger-
ip.

igure 4. Division of patients after randomization based on

ap length. s
ublished and the value of the guide as a replacement
or an autologous nerve graft has been estab-
ished.4,7,8,13 Weber et al14 published their results
fter using a polyglycolic acid nerve guide in small
efects (�4 mm) compared with end-to-end sutur-
ng. Despite this, using the nerve guide still is not
ommon practice.

After many years of research considering the
afety and optimal composition of the device we
resent the results of our clinical trial with the Neu-
olac tube.7–9,13 This tube differs from other nerve
uides in that it is composed of polylactide caprolac-
one, which does not degrade as quickly as the polyg-
ycolic acid tube. In addition the degradation prod-
cts are less acidic, which may cause less damage to
he surrounding environment. Another advantage is
hat this tube is transparent, so the position of the
erve stumps can be checked after suturing and the
urgeon can confirm that no blood clots are between
he stumps, preventing growth of nerve fibers. There
s a small learning curve in how to handle the tube in
he best, most comfortable way. Placing the tube in
arm water before suturing and using a suture with a

igure 5. Gap length before and after dissection of the nerve
tumps and after implantation of the nerve guide (gap length
easured through the nerve guide) or control treatment.

igure 6. Sensory recovery by sensory testing measurement
uring follow-up examination. Y-axis, pressure in g/mm2

pplied needed for the patient to feel; x-axis, months after

urgery. 1ps, 1 point static; 1pm, 1 point moving.
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utting needle facilitates the surgery. A gap (mean, 8
m) remained in the nerve guide group because the

tumps are drawn into the tube for only a few milli-
eters. This does not seem to affect the outcome and
ight be responsible for a better outcome after 12
onths because of a lack of tension on the repair or
positive neurotrophic effect.15–17 Although there is
o consensus on when to use a nerve graft it was
urprising to discover that a nerve transplant was not
sed as often as expected even though there were
atients with a preoperative gap of 20 mm. It seems
hat surgeons prefer to perform the end-to-end coap-
ation with the finger flexed to release tension instead
f using a graft, thereby preventing two neuror-
haphies. The time needed for performing the end-
o-end neurorrhaphy was shorter than the suturing
rocedure of the tube. This may be explained partly
y the learning curve. There were more wound heal-
ng problems in the nerve guide group, most proba-
ly caused by more severe lesions. The treating sur-
eon did not consider any of the lesions to be device
elated. The nerve guide is well accepted by the
mplantation site. After implantation no hindrance

igure 7. Results of 2-point discrimination. Y-axis, distance
aused by the presence of the tube was reported.
The results of the Neurolac trial show that han-
ling and implantation of this nerve guide are good
nd that our results are promising. Whether the use of
he Neurolac nerve guide when compared with end-
o-end repair is beneficial because of the lack of
ension and the simplicity of the procedure remains
o be seen. Our results indicate that nerve gaps of 2
m can be treated with a nerve guide instead of a
erve graft but further research considering this topic
nd longer defects needs to be performed.

The authors would like to thank Dr. Auke de Boer, Dr. Peter Houpt,
r. Berend van der Lei, and Professor Marco J. P. F. Ritt for coordinating

he trial in their hospitals, and Jan Bart B. Hak, PhD, for his guidance and
elp.
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