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Introduction

Traumatic injuries to the peripheral nerves are clinically 
presented with changes of sensation and mobility as well as 
pain. Anatomically, the most serious type of injury is the 
severance of the nerve, known as neurotmesis, involving 
the total loss of function. In this situation, surgical repair is 
necessary to guide the regeneration.12

Nowadays, conventional alternatives for the treatment of 
neurotmesis are the direct suture of the stumps and nerve 
grafting.1,18 In small gaps, one may flex a joint to be able to 
mobilize the stumps and perform a direct repair. However, 
this technique may lead to scar contracture and joint stiff-
ness.4 The interposition of autogenous graft has been devel-
oped to bridge the defect, making a connection between the 
stumps possible and allowing axonal growth in an environ-
ment that is adequate for biological regeneration. This tech-
nique is recommended when there is loss of a nerve segment 
and the direct suture without tension is impossible. 
Nevertheless, harvesting a nerve for grafting may lead to 
scarring, the formation of neuroma, and loss of function of 
the donor area as well as an increase in surgery and anesthe-
sia time.6

The search for techniques that could guarantee the 
peripheral nerve growth through hollow tubes has existed 
since the 19th century.10 Since that time, many different 
types of materials have been used, such as fragmented tubes 
of decalcified bone, veins, arteries, and different types of 
tubes made of silicon, polyglycolic acid, collagen, and 
caprolactone.19

The neurotube of caprolactone is a hollow tube, and its 
walls are made of a synthetic polymer, which is semiperme-
able, flexible, transparent, and bioabsorbable. All these fea-
tures together are of great interest for manufacturing a 
substitute for nerve grafts.9,13,23 It has been preferably used 
for the repair of sensitive nerves of small diameter in gaps 
that are less than 3 cm in length.6,24
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Our goal was to clinically evaluate the results of the sur-
gical treatment of the peripheral nerve injuries in which 
neurotubes composed of caprolactone were used instead of 
nerve grafts.

Materials and Methods

Between 2010 and 2014, 14 patients were operated on with 
the use of the neurotube of caprolactone. The product used 
was the Neurolac®, which is manufactured by the Dutch 
company Polyganics Innovations.

All volunteers were informed of the research and gave their 
written consent to participate in the study. The research project 
was submitted to and approved by an independent ethical com-
mittee, respecting the institutions guidelines and the interna-
tional agreements for scientific experiments with human 
tissues, including the Declaration of Helsinki (1964) and their 
following recommendations until Fortaleza/Brazil (2013).

All patients underwent brachial plexus block and had a 
tourniquet wrapped around their arm. After identifying the 
injuries, the neuromas and the gliomas of all stumps were 
excised under the microscope. The distance between the gaps 
was measured after the preparation of the nerve ends. Only 
gaps less than 2 cm were eligible for the repair with the neuro-
tube. The only exception was patient 9, who presented a 2.5-
cm gap of the radial sensory nerve at the level of the left wrist.

The neurotubes of caprolactone selected were 1.5 mm in 
diameter for the digital nerves and 2 mm for the sensory 
nerves at the wrist. The tubes were soaked in a warm saline 
solution to make them more flexible and facilitate manipu-
lation and suture. The stumps were inserted in the tubes and 
advanced 1 to 3 mm on each side with the use of 7-0 poly-
propylene U-shaped stitches. The skin was closed with 
Nylon stitches, and the limbs were immobilized with a cast. 
The stitches and the cast were removed after 15 days.

We registered data from the history of each patient and 
the evolution of each case. The pain was measured using the 
visual analog scale. The physical examination started with 
the inspection of the hands and the evaluation of the scars, 
skin hydration and sweating, allergic and inflammatory 
reactions, hypersensitivity in the innervated area, and 
mobility. Then, we carried out the monofilament test, the 
Semmes-Weinstein test, and the static 2-point discrimina-
tion test. Both hands were examined to compare the oper-
ated side with the opposite side.

All data were organized in tables to compare with previ-
ous studies. Because of the small number of cases, no statis-
tical tool was used; instead, we only describe the findings of 
the research.

Results

Three men and 11 women comprised the 14 patients who 
underwent surgery with the use of the neurotube of 

caprolactone. All presented injuries to the digital nerves or 
the sensory branches of the radial or the ulnar nerve. One 
man did not want to participate and was excluded. One 
woman was contacted, but she did not show up for the eval-
uation and was excluded as well. Three patients including 1 
man and 2 women presented with worsening pain during 
the postoperative period and were submitted to revision sur-
gery. As the goal of this article is to evaluate the clinical 
results of the repair using the neurotube, we included these 
3 cases, considering them as treatment failures.

Table 1 contains information regarding the identification 
of the participants. In this table, we highlight the following: 
The average age was 44 years, with a standard deviation of 
12 years; there existed a female and Caucasian predomi-
nance; and only 1 patient was left-handed. Associated dis-
eases, medications, and the occupations of all patients are 
also listed in Table 1, but we did not observe any relation of 
these characteristics with the prognosis.

Table 2 shows the data related to the injury and the obser-
vations of the patients concerning the treatment. The aver-
age time between the injury and the surgery was 8 months, 
and the standard deviation was 9 months. The average fol-
low-up time was 2 years, with a standard deviation of 9 
months. Severance of the nerve with a knife was the most 
common type of injury. The digital nerves were the most 
frequently affected. There were 2 cases of injuries to the sen-
sory branch of the radial nerve: 1 case of injury to the dorsal 
branch of the ulnar nerve and 1 case of injury to the radial 
dorsal digital nerve for the thumb. The injuries occurred at 
the proximal third of the fingers in 4 cases, at the middle 
third in 5 cases, and at the wrist level in 3 cases. Two patients 
presented associated injuries to the flexor tendons, and 
another one had a fracture of the phalanx.

Table 2 also shows that 10 patients had complaints related 
to the treatment. Among them, 1 patient showed loosening 
of the stitches of the surgical wound, which was treated with 
a longer period before the removal of the stitches and dress-
ings for 25 days. Another patient complained about the stiff-
ness of the operated finger and claimed the necessity for 
physical therapy to handle the problem. The majority of 
patients complained about changes in the sensation in the 
operated region. These complaints varied from a discomfort 
related to pain from contact, shock sensation, and numbness. 
Both patients who presented injuries to the sensory branches 
of the radial and the ulnar nerve stated the incapacity of 
wearing wristwatches due to the local discomfort. The domi-
nant side was affected in 5 cases. All patients were referred 
to a specialized hand therapy service for rehabilitation. 
However, the patients identified by the numbers 4, 6, 7, 8, 
and 9 did not attend the therapy. They all stated the lack of 
need for physical therapy and carried out some exercises at 
home by themselves.

The physical examination is presented in Table 3. Data 
from the patients identified by the numbers 10, 11, and 12 
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were not included because these patients were submitted to 
other surgeries after the implantation of the neurotube. The 
analogical visual scale showed an average level 2 of pain, 
with a standard deviation of 1.7. Only patient 6 presented cold 
intolerance; variations in the temperature did not cause dis-
comfort to the others. Patient 3 showed a small degree of 
extension loss of the proximal interphalangeal (PIP) joint of 
the finger. Patient 5 showed full range of motion of the PIP 
joint, but the distal interphalangeal (DIP) joint was stiff and 
there was a “shock” sensation when the region was tapped. 
Patient 4 presented with a hypertrophic scar and subcutaneous 
adherence as well as flexion contracture of the PIP joint and 
discomfort when touching the innervated area. Patient 6 com-
plained of touch discomfort in the innervated area. Patient 7 
exhibited inflammatory reaction of the operated area, with 
redness, swelling, and increase of temperature 1 year after sur-
gery. She was treated with nonsteroidal anti-inflammatory 
drugs (NSAIDs), and the signs of inflammatory reaction dis-
appeared. Besides, she complained of hypersensitivity when 
touching the innervated area. Patient 9 had the same com-
plaint, but in the dorsal area of the wrist proximal to the neu-
rotube. None of the patients showed any disturbance regarding 
skin hydration or sweating or any allergic reaction.

Concerning the functional tests, Table 3 shows that on 
the normal side, 5 patients identified a pressure of 0.07 g 
(green monofilament) and 4 patients identified the pressure 
of 0.4 g (blue monofilament). On the operated side, only 2 
patients identified the green monofilament, whereas the 
others identified the blue one. Among them, 6 patients were 
able to identify the same pressure on both sides, except 

patients 1, 8, and 9, who showed a decrease in the percep-
tion of pressure.

Still concerning the functional test, the static 2-point dis-
crimination test exhibited an average 4-mm value on the 
normal side and an average 6-mm value on the operated 
side. Except for patient 3, all of the patients had a decrease 
in the capacity of discriminating 2 points on the operated 
side compared with the contralateral side.

Discussion

In 1990, Mackinnon and Dellon17 were the first authors to 
study the regeneration of nerves in monkeys using bioabsorb-
able tubes. They suggested that the use of polyglycolic acid 
tubes was an alternative for the repair of gaps up to 3 cm. Since 
1993, several authors have published experimental studies that 
compare the reconstruction with autologous graft with neuro-
tubes composed of caprolactone for the repair of sciatic nerve 
gaps in rats.7,8,15,16,22 The nerve regeneration with the use of the 
synthetic tube provides more and wider nerve fibers with func-
tional results similar to the use of grafts. The direct repair pro-
vides better anatomic, sensory, and motor results.

Weber et al26 presented a random, prospective study in 
humans that compared the clinical results of the nerve repair 
in 3 groups: direct repair, autologous graft, and neurotube of 
polyglycolic acid. They concluded that the best sensory 
results were found in the neurotube group. Besides, in gaps 
less than 3 cm, the results of the neurotube group were bet-
ter than the nerve graft group because of the lack of morbid-
ity in the donor area.

Table 1. Demographic Information.

Patient No. Gender Age, y Profession Ethnicity Associated diseases Medicine usage Dominant hand

 1 F 44 Teacher Brown — — R
 2 F 56 Machine 

operator
White — — R

 3 F 25 Administrative 
assistant

White — — L

 4 F 33 Environmental 
management

Brown Ankylosing spondylitis Methotrexate R

 5 M 57 Ironmaster Black Hypertension Hydrochlorothiazide, 
losartan

R

 6 F 61 Retired 
caseworker

White Hypertension Enalapril R

 7 F 27 Dentist White — — R
 8 F 37 Businesswoman White — — R
 9 F 46 Merchant White Hypothyroidism Thyroxine R
10 F 43 Student White Bronchitis Cortisone R
11 M 54 Merchant Brown — — R
12 F 45 Sales consultant White Rheumatoid arthritis, 

hypothyroidism, 
hypertension, 
nephrolithiasis, 
endometriosis

Hydroxychloroquine, 
methotrexate, 
levothyroxine

R
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Bushnell et al3 presented a series of 9 cases evaluated after 
the repair with the use of a neurotube of collagen. They 
showed sensory results and complications very similar to our 
study. They considered that 8 patients had good or excellent 
results in the 2-point discrimination test and also observed 
that only 3 patients showed a decrease of sensation in the 
monofilament test. Lohmeyer et al14 used collagen tubes in 
12 patients with small gaps of the digital nerves. They classi-
fied the results as follows: 4 excellent, 5 good, 1 bad, and 2 
without sensation. In 2010, Wangensteen and Kalliainen25 
published a retrospective series of 126 nerves operated with 
the use of collagen tubes. Among them, 64 were followed up 
and described. The study demonstrated that 45% of them 
showed an improvement of the nerve function after the sur-
geries, but 11 underwent revision procedures.

In our series, only 3 patients had a decrease of pressure 
in the Semmes-Weinstein test, yet they were able to identify 
the blue monofilament. We have to consider that the blue 
monofilament is referred to the pressure identified on the 
normal side of the exam of 4 patients.

The 2-point discrimination tests showed that the results 
in our series were considered good and excellent by the 
American Society for Surgery of the Hand (ASSH) crite-
rion. All patients showed the return of protective sensation, 
except for the 3 patients who presented complete treatment 
failure.

In our series, there were 3 patients who needed revi-
sion surgery a few months after the implantation of the 
neurotube due to local pain. In 2 of these cases, the neu-
roma and glioma were excised, and an autologous graft 
was interposed. In patient 11, we only performed a neu-
rolysis because the nerve was adequately connected to the 
stumps within the neurotube. The other 2 patients per-
sisted with initial complaints and bad sensory results. The 
possibility of this type of failure must be addressed with 
the patient before the operation because besides being 
theoretically plausible, it has been experienced and 
described by other surgeons.11

In a Chiriac et al series,5 28 nerves were operated with 
caprolactone tubes. The authors did not consider the results 
favorable regarding the use of this neurotube and did not 
recommend it. They considered the results to be satisfactory 
only in 6 cases and the rate of complications to be high. We 
highlight the fact that they operated patients with injuries to 
the ulnar, median, musculocutaneous, and digital nerves. 
Some nerve gaps were up to 25 mm with associated injuries 
to tendons, arteries, and bone in smokers. Such associations 
may have had an influence on the results that were different 
than the ones that we had. As described in our results, few 
patients showed associated injuries, the injuries affected 
small-diameter sensory nerves, and the gaps were less than 
20 mm in length. Probably the selection of less serious inju-
ries may have contributed to a lower incidence of complica-
tions in this series.

The randomized prospective study described by Bertleff 
et al2 compared the results of 21 nerve injuries repaired with 
caprolactone tubes with a control group of 13 patients who 
underwent direct repair or nerve graft. The results were con-
sidered satisfactory for the tube group in injuries shorter 
than 20 mm. It is important to consider that the studies that 
compared the direct repair with the neurotube may be mis-
taken due to fact that the suture may have been done under 
tension or after bending the joint. Such factors may be rel-
evant concerns to the sensitivity of the results because it is 
known that those strategies provide worse results.4 Hence, 
we believe that in prospective studies, the neurotubes must 
be compared with the grafts instead of the direct repair.

Regarding the physical features of the caprolactone tube, 
we can highlight the fact that the transparency clearly facili-
tates the operative procedure because it allows us to inspect 
the stump of the nerve inside the tube to verify the distance 
between the stump and the extremity of the tube. However, 
the caprolactone neurotube is harder than the tubes of polyg-
lycolic acid and collagen. Such feature makes the manipula-
tion of the tube during the surgery more difficult. Immersing 
the tube in a warm saline solution improves the flexibility 

Table 3. Examination.

Patient 
No.

Pain 
scale Observed alterations

Monofilament 
test (normal side)

Monofilament test 
(operated side)

Two-point 
discrimination 
(normal side)

Two-point 
discrimination 
(operated side)

1 4 — Green Blue 3 4
2 0 — Green Green 4 5
3 0 Mobility Green Green 4 4
4 1 Scar, hypersensitivity, mobility Blue Blue 2 3
5 3 Hypersensitivity, mobility Blue Blue 4 7
6 4 Hypersensitivity Blue Blue 4 9
7 2 Hypersensitivity, 

inflammatory reaction
Blue Blue 5 8

8 0 Hypersensitivity Green Blue 6 9
9 0 Hypersensitivity Green Blue 6 8
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and therefore facilitates the suture. It seems that more flexible 
tubes have a better accommodation in the finger and allow an 
earlier mobilization. The patients noticed some sort of dis-
comfort in the operated area with the tube because the tube is 
clearly palpable in the subcutaneous tissue. The discomfort 
seems to be more important when it is placed across a finger 
joint. Hernandez-Cortes et al11 and Chiriac et al5 reported 
cases of tube extrusion after being placed across the joint in 
the proximal area of the thumb. Likely, the greater mobility 
of this area, which was associated with the hardness of the 
tube, favored the bad results. In their report, the authors sug-
gested that the inflammatory process created by the degen-
eration of the tube might have influenced the failure of the 
surgery. Only patient 7 had an exacerbated inflammatory pro-
cess. The fact occurred 1 year after the surgery and was 
resolved with NSAIDs, which was followed with a good 
result after the treatment. The tube of caprolactone is differ-
ent from the tube of polyglycolic acid in that it does not suffer 
a degradation process that is as quick as the latter; also, the 
degradation product is not so acidic, and therefore, it is less 
harmful to the surrounding tissues.19,21

Often, the decrease in the time of surgery is used as an 
argument to favor the use of neurotubes as it reduces the 
time necessary to harvest the nerve graft. We did not mea-
sure this time, but our experience with the surgeries does 
not prove it to be a relevant vantage because the manipula-
tion of the tube for suture also takes some operative time.5 
Bertleff et al2 also made this observation and verified a dif-
ference of a few minutes between the operative times.

The postoperative follow-up time of our patients varied 
between 5 and 40 months, with an average time of 2 years. 
We considered this time to be adequate for evaluation 
because all cases involved only sensory nerve injuries in the 
distal end of the upper limb. After this period, most likely, 
the nerve was already healed, the tube degraded, and the 
scar stable.

The time elapsed between the injury and the surgery was 
too long. In some cases, it was longer than a year, such as in 
patients 5, 10, and 11. The delay in repairing an injury is 
considered critical for the motor nerves due to the effects of 
the prolonged denervation in the muscle. Concerning the 
sensory nerves, good results have been reported even after 
several years have elapsed since injury. We could perform 
the surgeries 8 months after the injuries on average, and it 
did not seem to influence either the onset of complications 
or the bad results.

The repair of a nerve with the use of the caprolactone 
neurotube has been proven to be beneficial. Nevertheless, a 
residual loss may be verified in experimental studies20 as 
well as in humans, according to the reported series. In our 
experience, hypersensitivity in the operated region associ-
ated with a discomfort related to touching was a very preva-
lent complaint, even for the patients who presented good 
results regarding protective and touch sensation.

During the nerve repair postoperative follow-up period, 
we observed that there is a difference between the way doc-
tors and patients perceive the quality of the results. This 
series clearly showed that in spite of the fact that the objec-
tive tests classified the results as good or excellent, the 
patients complained of an uncomfortable sensation in the 
operated region, pain, restriction of daily activities, and sen-
sory alterations. Furthermore, some patients whose cases 
were classified as a complete failure in terms of their results 
had similar complaints to patients whose tests were classi-
fied as good. This type of evaluation, owing to its subjectiv-
ity, is difficult to compare with others. Future studies could 
develop a questionnaire that is focused on the perception of 
the patient to facilitate comparison with medical guide 
classifications.
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