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The CO2 laser as a surgical instrument has been used for microsurgery in

the aerodigestive tract in both experimental animals and humans.1’2’3’4 In

contrast to the ruby and neodymium lasers, the CO2 laser is almost comple tely

absorbed by biologic tissues. CO2 laser tissue destruction is entirely a

• thermal process and has an extraordinary hemostatic effect.2 In one study2

segmental resections of the canine tongue and soft palate were carried out

with no bleeding unless a vessel greater than 0.5 mm was sectioned; and even

these vessels could be secondarily coagulated by the laser. In a recent

study ,5 the ventral surface of the tongue of a dog was exposed to CO2 laser

impacts. There was no bleeding and short term follow up (3 weeks) indicated

that healing was progressing normally.

The purpose of this investigation is the following:

1. To study the CO2 laser and to establish baseline data of the

response of various oral tissues to the laser.

2. To evaluate the feassbility of the use of the CO2 laser in

incision, excision and wound debridement.

Method and Material:

A C02 laser sys tem* and a rhesus monkey were used in this initial study.

The animal was placed under IV anesthesia using 8 mg. of pentobarbita]. and

2.5 mg of Sernylan** per Kg. of body weight. The tissue surface to be

exposed was held perpendicular to the incident laser beam and the laser

* Coheren t Medical , Palo Alto, Ca.
** BlO—CEUTIC Laboratories Inc. St Joseph, Mo.

I

I 
,

- /

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ 
__ _ _  -



2

focused to a 2 u~ spot using a 400 n~ focal length lens.

Each tissue surface was exposed using the following schedule:

5 Watts 10 Watts 20 Watts

Ventral Surface 4 Impacts 4 Impacts 4 Impacts
of Tongue

Labial Mucosa 4 Impacts 4 Impacts 4 Impacts

Gingiva 4 Impacts 4 Impacts 4 Impacts

All exposures were 0.5 sec. in length.

The animal was sacrificed immediately post exposure. The tissues were

harvested and fixed in 1OZ buffered formalin. The following staining pro-

cedures were done on each specimen: 1. Hematoxylin and Eosin (H&E) 2. Massons

Trichrome 3. Periodic Acid Schiff (PAS).

The tissues were evaluated using light microscopy for effects on the

epithelium, collagen, and the basement membrane. The diameter and depth of

the impacted site was measured with a filar micrometer attachment on the

microscope. A determination of the size and extent of damage to the re-

maining tissues was made using light microscopic changes (i.e — vacuolation

in cells, intracellular edema, nuclear changes, coagulation of tissue proteins

and carbonization).

Results:

Clinical Impressions —

At the time of impact, a small puff of smoke and/or steam was seen.

This was easily controlled by a suction device. In addition, the more loosely

bound tissues (Ventral surface of the tongue and labial mucosa) demonstrated

a slight shrinkage or an apparent drawing toward the center of the impact

area. This did not seem to occur as readily in the gingiva. There was never

any evidence of bleeding during the entire experimental period.
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Immediately post impact, the base of the crater appeared rather flat.

The margins of the crater were slightly raised and were light brown due to

tissue charring. There was also a small amount of debris on the crater

floor. The margin of the crater was surrounded by a halo of blanched tissue

approximately 1 mm. in width.

Histologic Findings —

The mean width and depth of the tissue void (crater) caused by the CO2

laser are given in table 1. In table 2, the mean values represent the extent

of the microscopic alteration of the tissue remaining at the lateral and deep

margins of the crater.

The tissue changes are characterized by the following:

1. Gingiva — 5 Watts

Epithelium — Vacuolization of the superficial layers, detachment

and laminated shredding of keratin, basal cell degeneration and

separation from the lamina propria are the chief features. In

some foci the epithelium is very thin (1—2 cell layers) but

appears intact in all sections (Fig. 1,2,3).

Connective Tissue — While there is no change in the superficial

lamina propria evident in the H&E sections, the Masson Stain reveals

a very thin layer (0.005 sin) of altered connective tissue at the

tips of the dermal papillae. A PAS stain (Fig. 4) reveals the

presence of the basement membrane which appears to be more dense

or darker staining in the area of laser impact.

2. Gingiva — 10 Watts

Epithelium — the epithelium is completely lost in the central part

of the crater. At the crater edges the changes seen are vacuole

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ••.
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formation, keratin separation, prickle cell shrinkage and basal cell

degeneration characterized by pyknotic nuclei and marked vacuoliza—

don of the cytoplasm. These changes become less intense as one

proceeds to the periphery of the impact site. The epithelial

• r emnants remaining at the periphery of the crater appear to tip

inward toward the void (Fig. 5).

Connective Tissue — Several small occluded vascular channels are

• seen immediately below the surface. The connective tissue papillae

are grossly intact. However, both the Masson and H&E stains reveal

altered collagen characterized by a homogenized, glassy appearance

(Fig. 6). The basement membrane with intensified PAS staining is

for the most part, present throughout the sections.

3. Cingiva — 20 Watts

Epithelium — There is complete loss of the epithelium in the crater

area. The changes at the margin are similar to those noted above.

Connective Tissue — The base appears relatively flat with complete

loss of the connective tissue papiflae (Fi g. 7).  The basement

membrane is also lost in this area but remains intact beneath the

epitbelium at the periphery of the crater. The intensified staining

characteristic of the basement membrane persists in the PAS sections.

The glassy homogenization of the collagen fibers and occluded vessels

are also seen.

4. Tongue — 5 Watts

Epithelium — There is complete loss of the epithelium in the center

of the crater . At the periphery of the crater the epithelia]. cell

walls are damaged so that the remaining epithelium has the appearance

L~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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of a confluent mass of coagulated material with elongated , thin

pyknotic nuclei. There is no orthokeratin layer present in this

tissue.

Connective Tissue — The basement membrane appears intact and stains

more intensely with PAS in the area of laser exposure than in un—

exposed area. There is loss of the small, distinct collagen fibers

and replacement with homogenous confluent bundles. The connective

tissue papillae are grossly intact (Fig. 8).

5. Tongue — 10 Watts

Epithelium — There is complete loss of the epithelium across the

area of impact. The parakeratin material at the periphery is

separating and lifting off the prickle cell layer. The basal cells

of the rete ridges immediately adjacent to the void are shrunken,

vacuolated and have lost their attachment to the basement membrane.

Connective Tissue — The connective tissue papillae of the lamina

propria are present. The basement inembrance covering them for the

most part remains intact. There is homogeneous coagulation of the

collagen bundles.

6. Tongue — 20 Watts

Epithelium — At the periphery, the epithelium is vacuolated , some

shedding of the parakeratin is present and the basal cells demon-

strate small cytoplasmic vacuoles and pyknotic nuclei. There is

separation of the epithelium from the underlying connective tissue

at the crater margin. No epithelium remains in the central crater

area.

I~~ 
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Connective Tissue — The crater base is irregular with the center

appearing convex when viewed from the surface (Fig. 9). The

peripheral areas of the crater base immediately beneath the edge

of the remaining epithelium seem to plunge deeper into the connective

tissue than the crater center . This accounts for the microscopic

convex appearance of the floor of the crater . The basement membrane

is lost in the center but again appears more prominent with the PAS

stain beneath the remaining epithelial cover. Several muscle fibers

are involved at the base of the crater and large steam vacuoles

may be seen within the fibers (Fig. 10). The remaining muscle sub-

stance surrounding the vacuoles appears glossy and homogenous.

Numerous occluded vessels are present along with a rather large

diameter nerve fiber upon which the principal effect seem to be loss

of the myelin sheath surrounding the individual fibers (Fig. 11,12).

7. Labial Mucosa — 5 Watts

These specimens were lost in tissue processing.

8. Labial Mucosa — 10 Watts

Epithelium — All epithelium is lost in the area of the crater. At

the periphery, the basal layer of the remaining epithelium is the

most severely affected portion exhibiting the changes previously

described.

Connective Tissue — The basement membrane remains essentially

intact throughout the impact area. The dermal papillae, although

not normally as frequent or as pronounced as in the gingiva, remain

microscopically visible. Homogenized collagen with occasional

occluded vessels are noted (Pig. 13, 14).



______

7

9. Labial Mucosa — 20 Watts

Epithelium — No epithelium remains in the central portion of the

crater. At the periphery,  steam vacuoles, basal cell changes, loss

of connective tissue attachment and occasional carbonization are

present.

Connective Tissue — Homogenization of collagen, small vessel occlus-

ion and obliteration of the dermal papillae characterize the changes

noted in the specimen. In addition, no basement membrane is seen

in the crater center.

Carbonization of varying amounts was noted in all sections of every power

density.

Discussion:

It may be seen from Table 1 that the depth of the void caused by the

laser beam is quite consistant between the various tissue sites at the same

power output. As the power output increases, of course, the depth of pentra—

tion is greater. This reflects the very similar water content of the soft

tissue and increased power density at the site. There is much greater

variation (Table 1) in the width of the crater than in the depth. Table II

also shows a much larger variation in the lateral tissue changes as opposed to

the deep tissue changes noted in the histopathologic specimens. The author

attributes this variation to a combination of factors including: 1. Slight

lateral movement of the activated laser by the operator. 2. Slight movement

of the animal. 3. Minor deviation from the focal plane of the laser beam

which will produce a slightly larger area of impact.

These factors may account for variation in lateral tissue changes but

they would not have an appreciable effect on the deep tissue changes since

the slight lateral movements would not cause the beam to be removed from the

• . 
. .
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deep area of tissue contact. This is substantiated by the low standard

deviation of the depth and base effects seen in tables 1 and 2 respectively.

The histopathologic changes seen in our material are not appreciabl y

different from those of other investigators.2’5’6 However , we have found

only one previous report in the literature of the effects of the CO2 laser

on the basement membrane . Mihashi and others5 note in their transmission

electron micrographs that the basement membrane is missing. In our study

the basement membrane was consistently present at 5 watts , intermittent at

10 watts and missing at 20 watts as revealed by the PAS stain.

The epithelial portion of the mucous membrane was either intact, albeit

thin, or intermittently absent in the 5 watt exposures. The connective

tissue elements at 5 watts showed a very slight effect on the collagen.

At 10 watts, the epitheliutn is completely missing from the crater base

but the derma l papillae are fre.~uently preserved. There is more extensive

alteration in the connective tissue. Glassy homogenization of collagen,

occluded vessels and steam vacuoles are seen.

No epithelium is present in the base of the crater at 20 watts. The

deruia l papillae are gone and steam vacuoles, homogenized collagen and

occluded vessels are seen in the crater base.

The base of the crater occasionally presents a convex appearance when

viewed from the surface. It appears that the effect of the laser beam in

these instances is more intense at the intersection of the lateral and deep

walls of the crater than in the center. These effects would seem to be

contrary to the expected effect of the wave front, ie. deeper in the center

of the crater rather than at the edges. This unusual appearance of the base

of the crater only occured at 20 watts in the labial mucosa and the ventral

surface of the tongue. It also has been previously reported in the literature

in the ventral surface of the tongue.5 It is our belief that this is a result

_ _ _  _ _ _ _ _  ~~~:
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of the shrinkage of the tissue due to the heat coagulation of the collagen.

As the collagen is coagulated, it shrinks more intensely in the center and

draws the more loosely bound surrounding tissues toward the center. This

causes the edges of the crater base to appear to extend more deeply into the

underlying tissues than the center. Hence, the seeming convexity of the

crater base. In the gingiva where the lamina propria is more tightly bound to

the supporting bone, this phenomenon did not occur. Compare figures 7 and 9.

• It has been noted that during all of the surgical procedures , there

was no bleeding. This appears to be related to the shrinkage and coagulation

of both the vessels per se and the connective tissue surrounding them.

Carbonization of tissue elements occured in all specimens but we were

unable to adequately quantify the material so that any useful information

might be obtained from it.

There was no evidence of either inflammation or healing in any of our

material due to the immediate sacrifice interval.

An examination of the crater depth in Table 1 suggests that when the

time remains constant, each 5 watt increase of the power output causes

approximately 0.1 mm of additional tissue to be vaporized.

It is the opinion of the author that the lack of hemorrhage, ease and

speed of laser manipulation and predictable tissue effects definitely

militate in favor of further investigations in the area of laser excision

and wound debridement. 
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Abstract

Three different oral mucosal sites were exposed to the CO2 surgical laser.

Although nearly every laser exposure caused the loss of the epithelium and

penetration of the lamina propria up to 0.5 mm ., no bleeding occurred.

Histologic changes included shredding of keratin, vacuole formation and basal

cell degeneration in the epitheliusi. Glassy homogenization of collagen and

• vascular occlusion characterize the alterations in the connective tissue. These

changes were consistent for each of the three tissues examined. Within the

limits of the experimental procedure, it appears that the laser vaporizes

an additional 0.1 mm. of tissue for each 5 watt increase in power when the

time of exposure remains constant.
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Legends for Illustrations

Fig. 1. Gingiva, 5 watts. Tissue changes characterized by vacuole formation

(Fig. 2) and shredding of keratin (Fig. 3) in the superficial epithelium and

basal cell degeneration and separation from the lamina propria in deep

epithelial. layers. (H&E: Magnification X120).

Fig. 2. Gingiva, 5 watts. High power photomicrograph demonstrating vacuole

formation in the superficial layers of the epithelium (upper left in photo)

and basal cell degeneration and epithelial separation. (H&E; Magnification

X300).

Fig. 3. Gingiva, 5 watts. High power photomicrograph demonstrating shredding

and vacuol.izatjon in the keratin layer and basal cell degeneration and separa-

tion from the lamina propria by the epithelium. (H&E; Magnification X300).

Fig. 4. Gingiva, 5 watts. A photomicrograph of a PAS stained specimen

which demonstrates the intense staining character of the basement membrane.

(PAS ; Magnification X300).

Fig. 5. Gingiva, 10 watts. Lower power photomicrograph of the impact site.

The left edge of the photograph is in the center of the crater. The epithe—

h um is completely lost in the center of the crater but the connective tissue

papillae remain (Fig. 6). The epithelial changes include vacuohization,

keratin shredding and epithehial separation. The epithehium near the crater

edge appears to “lean” toward the void. (H&E; Magnification X46).

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .!g • - •~~~~~ --- - -
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Fig. 6. Gingiva, 10 watts. Photomicrograph of the tissue in the base of the

crater. The connective tissue papillas remain while all the epithelial

covering is lost. At the surface vacuoles are noted, but beneath the surface,

small, occluded vessels and homogenized, glassy collagen can be seen extending

to a depth of 0.11 mm (See Chart 2) .  (H&E; Magnification X285).

a

Fig. 7. Gingiva, 20 watts. The center of the crater is to the left. At

the base of the crater note the flat appearance with the loss of the dermal

papihlae. At the crater edge the papillae remain. The epithelial changes

are vacuohization, keratin shreeding and separation from the lamina propria.

The depth of the altered connective tissue gradually decreases from the center

to the periphery of the impact area. (H&E; Magnification Xl0O).

• Fig. 8. Tongue , 5 watts. The epithelial covering is completely lost in the

crater center but the connective tissue papillae remain. (H&E ; Magnification

XlOO) .

Fig. 9. Tongue, 20 watts. A low power photomicrograph demonstrating to

convex appearance of the base of the laser crater. (Masson. Magnification

X40) . (See also Figures 10, 11 & 12) .

Pig. 10. Tongue , 20 watts. A high power photomicrograph from the surface

of the crater base seen in Fig. 9, demonstrating the steam vacuole formation

within the muscle fibers. (Masson . Magnification X640).

Fig. 1], . Tongue , 20 watts. A high power photomicrograph of a nerve fiber

taken from normal tissue in Fig. 9. Note the dark rings of myelin surrounding

the axons and the fibrihler character of the collagenous connective tissue

supporting the nerve fiber. (Masson . Magnification X640).
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Fig. 12. Tongue , 20 watts. A high power photomicrograph of a nerve fiber

i ediately beneath the surface of the crater base seen in Fig. 9. The

surrounding connective tissue has a homogenized, glassy appearance. By com-

parison with the normal nerve seen in Fig. 11, one should note the lack of

staining ability of the myelin sheath and numerous pyknotic nuclei of the

supporting Schwann cells. ( Masson. Magnification X640).

Fig. 13. Labial Mucosa, 10 watts. A low power photoinicrograph providing

an overview of the impact area. The gradation of the tissue changes may be

seen as one proceeds from the center to either edge. (See Fig. 14). (H&E;

Magnification X48).

Fig. 14. Labial Mucosa , 10 watts. A high power photomicrograph of the

central area of the crater base demonstrated in Fig. 13 in which may be

seen dermah papil].ae at the surface and shrunken occluded vessels within

the homogenous, confluent collagen in the lamina propria. (H&E; Magni—

fication Xi.60).
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Fig. 1. Gingiva , 5 watts. Tissue changes characterized by vacuole formation

(Pig. 2) and shredding of keratin (Fig. 3) in the superficial. epithehium and

basal cell degeneration and separation from the lemm a propria in deep

epithelial layers. (}I&E: Magnification X120).
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Fig. 2. Gingiva, 5 watts. High power photoonicrograph demonstrating vacuole

formation in the superficial layers of the epitheliuni (upper left in photo)

and basal cell, degeneration and epithelia]. separation. (H&E; Magnification

X300).

I~~i ..
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 



r~w~

. e- ~~~~~~~~~ ‘ ~~~~~~~~ 
,. ‘ . . — -

~~~~~~~~~~~

.:~ #):.~y ~~~~~ ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5 -’  - ‘V

~~~~ 
~~~~~~

~~~~~~~~~~~~~~~~~~~~~ “ .~ ~~~~~~~~~~ 

~~~~~~ ~~~~~~~~~~~~~~ 
-

~~~~~~~~~~
-

~~~~~~~~~~~~~~~~~~~
-
~~~~~ - -

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•~~~~

s

%
~~~~~~~~l~~~~

Fig. 3. Gingiva, 5 watts. High power photoonicrograph demonstrating shredding

and vacuolization in the keratin layer and basal cell degeneration and separa-

tion from the lainina propria by the epithe].ium. (B&E; Magnification X300) .

~~~~~~ : ~~~~~~~~~~~~~~~~~~ •



—
.
, 

- 

- 

— - 
- -

. . -

Fig. 4. Gingiva, 5 watts. A photomicrograph of a PAS stained specimen

which demonstrates the intense staining character of the basement membrane.
(PAS ; Magnification X300)
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Fig. 5. Gingiva, 10 watts. Lower power photomicrograph of the impact site.

The left edge of the photograph is in the center of the crater. The epithe—

hum is completely lost in the center of the crater but the connective tissue

papillae remain (Fig. 6). The epithelial changes include vacuolization,

keratin shredding and epithehial separation. The epithehium near the crater

edge appears to “lean” toward the void. (H&E; Magnification X46).
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Fig. 6. Gingiva, 10 watts. Photomicrograph of the tissue in the base of the

crater. The connective tissue papillae remain while all the epithehial

covering is lost. At the surface vacuoles are noted, but beneath the surface,

small occluded vessels and homogenized, glassy collagen can be seen extending

to a depth of 0.11 (See Chart 2). (H&E; Magnification X285).
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Fig. 7. Gingiva, 20 watts. The center of the crater is to the left. At

the base of the crater note the flat appearance with the loss of the dermal

papihlac. At the crater edge the papihlae remain. The epithelial changes

are vacuolization , keratin shreeding and separation from the lamJ.na propria.

The depth of the altered connective tissue gradually decreases from the center

to the periphery of the impact area. (H&E ; Magnification XlOO) .
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Pig. 8. Tongue , 5 watts. The epithelial covering is completely lost in the

crater center but the connective tissue papillae remain. (H&Z ; Magnification

X100).
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Pig. 9. Tongue, 20 watts. A low power phototnicrograph demonstrating to

convex appearance of the base of the laser crater. (Masson. Magnification

X40). (See also Figures 10, 11 & 12).
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Fig. 10. Tongue, 20 watts. A high power photomicrograph from the surface

of the crater base seen in Pig. 9, demonstrating the steam vacuole formation

within the muscle fibers. (Masson. Magnification X640).
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Fig. hi. Tongue, 20 watts. A high power photomicrograph of a nerve fiber

taken from normal tissue in Fig. 9. Note the dark rings of myelin surrounding

the axons and the fibril.].er character of the coi.lagenous connective tissue

supporting the nerve fiber. (Masson. Magnification X640).
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Fig. 12. Tongue , 20 watts. A high power photomicrograph of a nerve fiber

inmediately beneath the surface of the crater base seen in Fig. 9. The

surrounding connective tissue has a homogenized , glassy appearance. By com-

parison with the normal nerve seen in Fig. 11, one should note the lack of

staining ability of the myelin sheath and numerous pyknotic nuclei of the

supporting Schwann cells . ( Masson . Magnification X640) .
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Pig. 13. Labial Mucosa, 10 watts. A ].ow power photomicrograph providing

an overview of the impact area. The gradation of the tissue changes may be

seen as one proceeds from the center to either edge. (See Fig. 14). (K&E;

Magnification X48).
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Fig. 14. Labial Mucosa, 10 watts. A high power photomicrograph of the

central area of the crater base demonstrated in Fig. 13 in which may be

seen dermal papillae at the surface and shrunken occluded vessels within

the homogenous, confluent collagen in the latnina propria. (M&E; Magni-

fication X160).
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