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EFFECT OF CO2 MILLIWATT LASER ON PERIPHERAL NERVES:
PART I. A DOSE-RESPONSE STUDY

THOMAS MENOVSKY, M.D.,*

MARIUS VAN DEN BERGH WEERMAN, and

JOHAN F. BEEK, M.D., Ph.D.

In order to explore further the role of laser for microneural
repair, the effect of CO2 laser irradiation on intact rat sciatic
nerves was investigated. In total 40 rat sciatic nerves were
exposed to 12 different combinations of laser power (50, 100,
and 150 mW) and pulse duration (0.1 to 3 s) normally used
for CO2 laser-assisted nerve repair. The results were evalu-
ated 24 hr after surgery with functional toe-spreading test
and light microscopy. Irradiations of 50 and 100 mW for up to
1 s exposure time per pulse resulted in almost no deficit in
motor function, while 100 mW power with prolonged expo-
sure times and 150 mW power resulted in a significant de-
crease in motor function. Light microscopy showed signifi-

cant focal injury to the epi/perineurium and the subepineunal
nerve fibres proportional to the laser energy applied to the
nerve, consisting of Wallerian degeneration and thrombosis
of blood vessels. In conclusion, a power of 50–100 mW in
combination with a pulse duration of 0.1–1 s produced no or
minimal thermal damage with no or a negligible loss of motor
function. Therefore, combinations of power and pulse dura-
tion above these thresholds are considered less suitable for
CO2 laser nerve repair.

© 1997 Wiley-Liss, Inc.
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The CO2 milliwatt laser has been used experimentally, and
occasionally clinically, for repair of transected peripheral
and cranial nerves for a decade.1,2Although very promising,
laser-assisted nerve repair (LANR) still needs to be opti-
mised to be effectively and safety used in clinical practice.
Many factors influence the results of LANR, the most im-
portant being the total energy of laser irradiation applied to
the nerve.

Not much information could be gained from the litera-
ture on the exact action of laser on peripheral nerve tissue.
Unlike the brain, in which the action of laser irradiation has
been studied extensively,3–7 there are almost no data on the
extent of damage of peripheral nerves after laser irradiation.
In a previous study, we have determined the CO2 laser
settings that produce the greatest bonding strength.8 In order
to further explore the role of CO2 milliwatt laser for repair
of peripheral nerves, this study was designed to investigate
the thermal damage of rat sciatic nerve irradiated by a CO2

mW laser at different powers and exposure times. The re-
sults were evaluated 24 hr after irradiation by means of the
functional toe spreading test and light microscopy.

MATERIALS AND METHODS

A total of 40 female Wistar rats were used in the ex-
periments. The rats (weighing 200–300 g) were housed a
maximum of six to a cage and were kept during the experi-
ment under conventional laboratory conditions. General an-
aesthesia was achieved using an intraperitoneal injection of
ketamine, xylazine, and atropine mixture (9:5:1) in a dosage
of 0.15 m 1/100 g.

In each rat, the right sciatic nerve was exposed by a
modified dorsolateral incision.9 Under an operating micro-
scope, the nerve was prepared free and isolated from the
surrounding tissue by a plastic sheet. The diameter of the
sciatic nerve ranged between 0.9 and 1.1 mm (average 1
mm). Circumferential irradiation of the nerve with the CO2

laser was performed at various laser settings as summarised
in Table 1. For each setting (n4 4) the total number of
pulses applied to each nerve was between 8 to 10. These
laser settings have been previously evaluated for their bond-
ing strength in an in vitro study.8 For 50 mW power, expo-
sure times were limited to 2 and 3 s, as below these expo-
sure times no bonding of the nerves could be achieved. The
untreated left nerve was sham operated and served as a
control. After the procedure, the fascia of the hamstring
muscles was closed with 6-0 Dexon sutures and the skin
was closed with 4-0 Dexon sutures. The same person carried
out all surgical procedures.

The CO2 laser was used in conjunction with an operat-
ing microscope and a joystick micromanipulator. The laser
was operated in a continuous wave mode using an electrical
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shutter and a foot-switch to control the pulse duration. A
spot size of 320mm was used.

The motor function of the nerves was examined 24 hr
after surgery using a modified version of the ‘‘toe-spreading
test’’ as described by others.10–12 In short, the toe-
spreading, defined as the distance from the first to the fifth
digit, from both hind legs was measured from walking
tracts. The relative toe-spreading of the right foot was cal-
culated with the untreated left foot as a control. A 100%
motor function loss will result in a relative toe-spreading of
30%, whilst no motor function loss will result in a relative
toe-spreading of 100%. For each measurement, at least four
footsteps were recorded.

The rats were sacrificed 24 hr after surgery by an over-
dose of intraperitoneal Nembutal and the nerves were care-
fully dissected. The nerves were fixed in Karnovsky’s fixa-
tive, post-fixed in osmium tetroxide 1%, stained with uranyl
acetate, dehydrated in acidified 2,2-dimethoxypropane, and
embedded in Epon. After hardening, semi-thin cross-
sections were cut (1.25mm) and stained with Toluidine
blue.

RESULTS

Macroscopic Changes

Observation of the nerve during irradiation showed
gradual changes in appearance of the tissue, which are sum-
marised in Table 1. Little macroscopic effect was elicited
from the 50-mW power groups at 2-s exposure time. In
contrast, vaporisation, ablation, and perforation of the epi/
perineurium were observed in the 150-mW power groups at
irradiations with 2.0 and 3.0 s. The 100-mW power groups
showed brown discoloration and some degree of shrinkage
of the irradiated area (approximately proportional to the
irradiation time).

Toe-Spreading Test

The results of the toe-spreading test are presented in
Figure 1. Irradiations of 50 and 100 mW for up to 1-s
exposure time per pulse resulted in negligible or no deficit
in motor function of the nerves. Irradiations with 100 mW
with prolonged exposure timer (>2 s pulse duration) and

irradiations with 150 mW power resulted in significant de-
crease in motor function.

Light Microscopic Changes

Several pathological reactions ranging from total de-
struction of a part of the nerve to minimal changes were
observed, strongly related to the used level of power and
exposure duration. The most severe reaction, occurring at
150 mW for 2- and 3-s exposure time, consisted of ablation
and perforation of the epi- and perineurium and carbonised
and coagulated tissue in which the cells and the tissue struc-
ture were not recognisable. More towards the centre of the
nerve, massive Wallerian degeneration with endoneurial oe-
dema was observed (Fig. 2). In this region, the blood vessels
were thrombosed and the injured axons were retracted away
from their myelin sheaths and Schwann cells. No inflam-
matory cells were seen. Only in the central part of the nerve,
a few normal axons and myelin sheaths were observed to-
gether with intact blood vessels. The extent of the thermal
damage was approximately 500mm including the thickness
of epi/perineurium.

At lower powers (50 mW for 3.0 s and 100 mW for 0.5
and 1 s), the thermal damage was much more confined to
the sub-epineurial axons (Fig. 3). The pathological changes
consisted of two relatively thin layers. In the outer zone
(±120mm), located directly sub-perineurially, the nerve tis-
sue was oedematous and the nerve fibres had darkly stained
cytoplasm. The second zone (±150mm), located more to-
wards the centre, was also oedematous but the myelin
sheaths were thin and separate layers of the myelin sheaths
were intruding into the axoplasm. Moreover, enlarged and
empty endoneurial tubules were seen. Both the inner and
outer zones were undergoing Wallerian degeneration, but
inflammatory changes were not found. The vessels were

Table 1. Experimental Protocol of Laser Parameters and
Summary of the Macroscopic Observationsa

Power (mW)

Exposure time per pulse (s)

0.5 1.0 2.0 3.0

50 x x 1–2 2–3
100 2–3 3–4 4 4–5
150 3–4 5 5–6 6

a0 = no observable effect; 1 = drying; 2 = shrinkage; 3 = whitening; 4 =
caramelization (slightly browning); 5 = carbonization; 6 = vaporization. x = not
performed.

Figure 1. Motor function based on the toe-spreading of the hind legs
of rats after irradiation with the CO2 laser at different laser settings.
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thrombosed and the perivascular space was enlarged. The
epineurium was oedematous and fibroblasts showed dark
pyknotic nuclei. The thickness of the total thermal damage
was approximately 300mm, including the epineurium. The
central part of the nerve was undamaged.

At 50 mW for 2.0 s and 100 mW for 0.5 s, the thermal

damage was slightly less than in the 100-mW group for 0.5
and 1 s, despite the absence of macroscopical changes dur-
ing the laser irradiation. The thickness of the thermal dam-
age was approximately 120mm. The pathological changes
were the same as described at 50 mW for 3.0 s and 100 mW
for 0.5 and 1 s but less pronounced (Fig. 4).

Figure 2. Severe thermal damage of nerve tissue at 150 mW for 3-s laser exposure. A: Total (small arrowhead) and subtotal (large
arrowhead) vaporization of epi- and perineurium with carbonisation. Only in the very center of the nerve are normal axons present (Toluidine
blue × 45). B: Two different zones of thermal damage. Edematous nerve fibers with darkly stained axoplasm (arrowhead) and nerve fibres
in which myelin sheaths are thin and retracted in the axoplasm. Note also the thrombosed vessels (small arrow) (Toluidine blue, ×125).
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In all groups, morphological changes proximal from the
irradiated area were not seen. In the distal nerve, Wallerian
degeneration was not yet seen. Sham-operated nerves
showed no pathological changes and were identical to un-
operated nerves.

DISCUSSION

In microsurgery, optimal results are only achieved when
techniques are constantly refined and developed. In a pre-
vious study, we investigated the in vitro tensile strength of
laser-assisted nerve repair using the CO2 mW laser without
addressing the damage to nerve and nerve functions. In the
present study, we have investigated the thermal damage and
nerve function of peripheral nerves irradiated with a CO2

mW laser at settings that were found to give the highest
tensile strength in vitro. A survival time of 24 h was chosen
because thermal damage to biological tissue is assumed to
be complete.13 After 24 hr only further re-organisation is
expected to take place. Since this study focussed on thermal
damage, the nerves were not transected prior to laser irra-
diation. Reactions resulting from the traumatic division only
would have hampered the assessment of the tissue reaction
caused by laser irradiation. No reaction resulting from only
exploration and mobilisation was found in the sham-
operated sides, as was expected.14

Due to its desirable properties of low tissue penetration,
the CO2 laser (l 4 10.6 mm) is at this moment the most

frequently used system for microsurgical laser-assisted
nerve repair. As the CO2 laser energy is mostly absorbed at
the tissue surface, at short pulse duration it is expected to
cause minimal damage within the substance of the nerve.
There are only two previous studies on the effects of CO2

laser irradiation on intact peripheral nerves. Richmond re-
ports no histological, behavioural, or neurological deficit
following CO2 laser irradiation of intact rat sciatic nerves at
a power of 70–80 mW and a pulse duration of several mi-
croseconds.15 Myers et al. did find thermal damage in rat
sciatic nerve irradiated with a CO2 laser at relatively high
power for tissue welding of 5 W for 0.25 and 0.5 s, using a
relatively large spot size of 2 mm (energy densities of 0.4
and 0.8 J/m2 at 0.25 and 0.5 s pulse duration, respec-
tively).16 Wallerian degeneration and perivascular and sub-
perineurial oedema marked the nerve injury 2 days after
irradiation.

In this study, the pathological changes of the nerve tis-
sue consisted of specific alterations, dependent on the en-
ergy delivered. At high powers, there was total destruction
of the nerve with only a small centre in which healthy nerve
fibres could be observed. At lower powers, a small zone of
sub-epineurial Wallerian degeneration with oedema, swell-
ing of vascular structures, damaged endothelial cells, and
vascular occlusion was seen. The central part of the nerve
was undamaged. Minimal damage was seen at a power of
100 mW and pulse duration of 1 s (at a spot size of 320mm,
resulting in an energy density of 3.5 J/m2 per pulse). This

Figure 3. Subepineurial zone of thermal damage at 100 mW for 1 s laser exposure. Note Wallerian degeneration in the nerve 24 hr after
irradiation (large arrow). In the outer zone, there is swelling of affected fibers with darkly stained acoplasm and attenuated myelin sheaths
(large arrow). In the inner zone some empty endoneurial tubules (small arrows) are seen together with disintegrating myelin sheaths
(Toluidine blue, ×501).
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result compares favourably to the results of Myers et al.16

who found extensive damage at lower energy densities.
Several aspects of this study are of importance. First, the

absence of macroscopic changes during laser irradiation
does not necessarily mean that the nerve is uninjured. For
example, at 50 mW power, where only slight macroscopic
changes were observed, there is still an area of damaged
nerve fibres noted on histological sections. On the other
hand, significant changes during laser irradiation such as at
100 mW for 1 s (Table 1) did not result in extensive histo-
logical damage to the nerve nor in severe functional deficit.
Second, at powers with short exposure times the relative
amount of nerve tissue injured is minimal and irradiation at
these powers leads to hardly any neurological dysfunction.
In other words, segmental demyelination does not necessar-
ily lead to the development of severe nerve function loss.
Finally, at 100 mW for 1 s (which are the laser settings
which produced the greatest tensile strength in vitro8) only
sub-epineurial damage was present with normal preserva-
tion of the nerve structure, including the vasculature in the
middle of the nerve. Consequently, these laser settings are
very suitable for future experiments on laser-assisted nerve
repair. Further experiments are warranted.
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