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INTRODUCTION

2

The destructive effect of cold on living tissues has been
known for centuries.

One of the earliest therapeutic applications

of cold involved its anesthetic properties.

Napoleon's surgeons

amputated limbs painlessly on soldiers who had lain in the snow
1, 2
for some time.
Researchers have long explored the potential
therapeutic usefulness of cooling or freezing parts of the body
to produce controlled physiologic inhibition, anatomic
3
destruction, or anesthesia.
Cryogeny is the science of producing and usinq extreme cold.
3
The prefix CRYO-derives from the Greek KRYMOS (icy cold).
Cryosurgery, or the clinical use of freezing procedures, is
distinct from the cold applications used to reduce fever or
swelling and to alleviate pain.

It also differs from the

moderate reduction in temperature effected by hypothermia or
refrigeration of the body or a limb for therapeutic or surgical
3,
procedures.
Several theories of freeze injury have been proposed.

Cell

injury theories are based on the formation of intra- or
extracellular ice crystals, with a resultant concentration of
solutes and damage to cellular membranes.

Extracellular exchange

between intracellular organelles is attended with subsequent
5-11
cellular injury.
Cryosurgery may produce three types of reactions:
adhesive effect,

(a) an

(b) an inflammatory reaction, and (c) necrosis.

3

The results depend upon a time-temperature relationship.
Temperatures which can be obtained with some of the common
refrigerants are:

-78° C with carbon dioxide, -195° C with

12
liquid nitrogen, and -81° C with Freon.
The rate and degree of freezing as well as the rate of
thawing are important in cell survival or death.

Rapid freezing

wi th slow thaw!ng or slow freezing with rapid thawing reduces
10, 11, 13-17
prospects for tissue survival.
Significantly

18-21
more tissue damage has been shown with a double freeze.
The efficiency of heat exchange depends upon the closeness
of contact between the tissue and freezing instrument probe.
Improved tissue contact with an increase in heat exchange
surface has been demonstrated with the use of an

10, 19, 21
interface.

The extent of tissue injury is sharply

defined and can be accurately measured since there is a sharp
demarcation betv/een nonviable and viable cells at the periphery
20-24
of the lesion.
The medical surgical specialties have used the necrotizing
effect of freezing to destroy the organic portion of tumors and
12, 13, 25-29
to shrink hypertrophic tissues and organs.
Cryotherapy has been used in dentistry primarily for
17, 19, 20, 21, 30
treatment of oral tumors.
There are, however,
23
reports of its use in treatment of intraoral leukoplakia
and
31
32
trigeminal neuralgia.
In 1967, Odrich
reported a reduction

k

in periodontal pocket depths following cryotherapy.

Removal of

hyperplastic gingival tissue with cryosurgery has been
33-36
reported.
In 1969, ultrastructural changes in mice oral
37
epithelium following cryosurgery were reported.
A histologic
study of the reaction of human gingiva to freeze injury was
38
reported in 1971.
In cryotherapy, many variables must be considered:
(a) temperature, (b) treatment time, (c) relationship of
temperature and treatment time, (d) pressure of the instrument
on the tissue, (e) surface character of the tissue (wet or dry),
(f) condition of the tissue (healthy or pathologic),
(g) vascularity of the tissue, (h) rate of freeze (fast or slow),
(i) rate of thaw (fast or slow), (j) relationship of rates of
freeze and thaw, and (k) single freeze or double freeze.
The majority of reported studies on the use of cryotherapy
in the oral cavity have been of a clinical nature.

A search of

the literature disclosed a definite lack of histologic information
on the effects of cryotherapy on human gingiva.
This study was performed to determine the histological
effects of controlled freezing on clinically healthy human gingiva.

6

I.

HISTORY OIF CRYOGENICS

In 1665, Boyle published a monograph on the influence of
39
cold on living tissue.
This was a general study which lacked
exact determination of temperatures.

In 1787 Spallanzani

described the effects of temperatures to -24° C . on insects, fish,
amphibians, reptiles, birds and mammals.

He posed the problem
39
of so-called “supercooling11 as distinct from freezing.
One of the earliest reports of therapeutic freezing was
by Arnott in 185 1.

He reported “freezing" the inside of the

stomach in the treatment of cholera.

In another study, he used

a mixture of ice and salt to produce temperatures of approximately
-20° C.

The mixture was placed in direct contact with the skin.

This produced immediate whitening and hardening and was
interpreted as freezing.

Superficial applications of several

minutes duration with a temperature of -22° C. were successfully
used for the treatment of headache, erysipelas, pruritis pudendi
and pruritis ani, impetigo, neuralgia, tic doloureux, lumbago,
chronic rheumatism, acne and as a local anesthetic.

Arnott also

reported treatment of advanced cervical cancer in which the
freezing mixtures provided immediate relief from pain, reduction
and ultimate cessation of hemorrhage, and recession of the lesion
39
following repeated applications.
In 1865, Cooke described the use of ice in treatment of
breast carcinoma.

He noted that it was a powerful agent and in

7

some instances the entire breast may slough.

His documentation

12
was fragmentary and unclear.
The first reported use of cryotherapy in treating chronic
cervicitis was by Openchowski in 1883 .

He used cold water

12 , 39
circulating through the vagina.

In 1897 Molisch described

microscopic intracellular ice formation in amebae.

On thawing

the amebae had a sponge-like appearance with protoplasmic spaces.
15
He felt these represented sites of previous ice formation.
In

1898 Tripler devised a method of producing liquid air in quantity.
In 1899 White reported the use of this cryogen in treating skin
27
lesions.
Carbon dioxide was used as a cryogen on skin lesions by
25
Juliesburg in 1905.
In 1907 Pusey developed a practical method
of making carbon dioxide "snow" and suggested use of this cryogen
25 , ^0
in place of liquid air.
In 1929, Irvine and Turnacli ff
25
reported the use of liquid oxygen in dermatology.
In 1930 Lortat-Jacobs and Solente published a monograph on
cryotherapy.

Its primary emphasis was on secondary inflammation
15
resulting from frost-bite observed during World War I.
In 19^0 L.W. Smith employed reduced temperatures, without

freezing, to produce tumor regression in accessible tumors.

This

was done on the basis that neoplastic cells in tissue culture
suffer a lethal interference with their metabolism at temperatures
around 23

o

C.

39

In 19^2 F.E. Hall used specially developed

8
equipment to deliver the refrigerant Freon to the cervix.

One

of the major developments in his equipment was a rapid method of
25
offeasting the applicator.
Cooper's revolutionary closed system liquid nitrogen
12, 27
apparatus was described in 1961.
Although used primarily
for neurological cryosurgery, it was suitable for treating skin
lesions.

It had the advantage over the currently used methods

in being capable of producing tissue necrosis to deeper and more
reproducible levels.

In 1965, a cryosurgical system was designed

and refined for use in the office practice of dermatology.
II.

12

MECHANISMS OF FREEZING

11
Meryman

has presented a discussion on the mechanism of

freezing which to date has not been improved upon:
Essential to an understanding of the rules of freezing and
thawing are the general concepts of ice-crystal nucleation and
growth.

It is these 2 phenomena that will interact to determine

crystal size, a factor of obvious significance in any biological
freezing.

The single most important and fundamental concept in

biological freezing is that freezing represents nothing more than
the removal of pure water from solution and its isolation into
biologically inert foreign bodies, the ice crystals.

All the

biochemical, anatomical, and physiological sequelae of freezing
are directly or indirectly the consequences of this single

11
physical event.

9

The ultimate crystal size is immediately dependent on the
crystal nucleation rate and the crystal growth rate.

Both of

these rates are temperature dependent, and their control is
primarily a problem in heat exchange which, in turn, depends
upon the thermal and geometric characteristics of the specimen,
the temperature and characteristics of the coolant, and the
nature of the specimen-coolant interface.

Once crystallization

has been completed, there remains yet another factor,
recrystallization, the growth of large crystals at the expense
of smaller which can radically alter the state of affairs even

11
after the solid state has been achieved.
Crystal nucleation:
A crystal nucleus is an aggregation of molecules that may
grow to form a larger crystal.

Two mechanisms for the formation

of nuclei are presumed to exist.

The first, homogenous

nucleation results from random fluctuations in the density and
configuration of water molecules.

A nucleus is said to be of

critical size when it has an equal chance of growing or
diminishing.

The size of a critical nucleus is strongly

temperature dependent.

As the temperature is reduced below the

freezing point, the critical size becomes smaller.

Generally,

the probability of homogenous nucleation is very low until
rather extreme degrees of supercooling are attained, when the
probability rises sharply within the range of a few degrees to

10

very high values.

This sharp rise in nucléation rate effectively

11
limits the temperature to which supercooling can be carried.
The second means for the formation of crystal nuclei is
called heterogenous nucléation, and is considered to be the
result of catalysis by inclusions that presumably provide a
substitute nucleus about which further crystal growth may take
place.

The probability for heterogenous nucléation is quite poor

near the freezing point, so that relatively small volumes can
be easily and repeated 1y supercooled.

Since homogenous

nucléation is virtually impossible until extreme degrees of
supercooling are obtained, heterogenous nucléation is undoubtedly

11
the dominant mechanism in all freezing of large volumes.
Crystal size:
Ultimate crystal size will be inversely proportional to the
population density when crystallization is complete.

Crystal

size is almost completely dependent on the number of nuclei

11
formed.
If heat is removed from the specimen no faster than it can
be supplied by a few growing crystals, the over-all temperature
will fall to and remain at the freezing point, at which the
probability of further nucléation is at a minimum.

Under these

conditions, a very few initial crystals can grow to completion
without the formation of additional nuclei.

If removal of heat

is rapid, new nuclei will be formed at a rate comparable to the

11

degree of supercooling attained through the discrepancy between
heat removal and the supply of latent heat and internal energy.
Thus, with increasing rates of heat loss, increasing numbers of
crystals are formed.

Crystal size is ultimately a function of

11
the rate of cooling.
Rate of Freeze:
Rate of freezing is defined as the rate of advance of a
freezing boundary in a linear direction through medium.
considered the controlling factor in crystal size.

It is

Specimen

characteristics will influence the rate of freezing in the
following manner:

(a) the internal heat and the rate at which

it may be removed from the unfrozen interior, (b) the amount and
rate of production of heat from the freezing boundary, and
(c) the efficiency of conduction of heat from these two sources
through the frozen volume plus the removal of heat from the

11
frozen volume itself.
Another factor to consider is recrystallization which is
growth in the solid state of large crystals at the expense of
smaller ones.

It results primarily from surface energy

differences between large and small crystals and to differences

11
in free energy due to internal strain.
At very low temperature, recrystallization is relatively
slow and equilibrium is approached while the crystals are quite
small.

At temperatures near the melting point, recrystallization

12

is rapid and crystals may grow to nearly visible size in less

11
than an hour.
Freezing ?n Cellular Biological Systems;
With slow freezing in tissue, crystal nucleation is
generally confined solely to the extracellular spaces.

Rapid

freezing refers to rates of cooling that are sufficiently high

11
to cause intracellular crystal growth.
Slow freezing:
With the formation of an extracellular crystal nucleus and
its subsequent growth, extracellular osmotic pressure is
increased, apd water is withdrawn from the cell and is ultimately
added to the growing crystal.

The increased concentration of

the medium surrounding the crystal lowers the freezing point
and hence the local temperature, permitting a lowering of the
temperature in advance of the freezing boundary.

New nuclei form

here, effectively widening the freezing boundary without increasing
the numerical density of the crystals.

The result is the

development of a few large crystals that have incorporated all
available free water and have relegated the saturated solution
of electrolytes, carbohydrate, protein, and other cell
constituents, with their "bound" water, to the crystal

11
interfaces.
In most, if not all, soft tissue cells there is no gross

13

membrane rupture by slow freezing.

Even though it is frozen for

long periods of time, upon thawing the water is reimbibed by the
cells and their immediate histological appearance is often
undistinguishable from the normal.

Many cells show complete

recovery provided that exposure has not been of excessive
41
duration.
Extracellular crystal formation is not per se a
uniformly lethal factor.

The lethal factor, a direct result of

crystal formation, is the exceedingly high concentration of
electrolyte resulting from the removal of water from solution.
Since this is a biochemical factor, it shows both time and

11
temperature cjependency as well as species differences.
Not only is there temperature dependence because of the
slowing of chemical rates with reduced temperature, but between
0° C. and about -10° C., only part of the freezable water is
removed from solution.

This is because of both freezing point

lowering and the variable degree of binding water.

Lowering

the temperature increases the amount of water frozen from as
little as 50 to 60% at the freezing point to more than 90% at
42
-10° C.
A wide variability exists in the response of different
41, 43
tissues to freezing.
While epidermal and muscle cells
can withstand mild freezing for an hour or more, erythrocytes
45
seem to succomb instantly. Lovelock
considers -5° C. as the
lowest temperature to which mammalian cells may be frozen and

still survive.

The increase in concentration, as temperature

is lowered to about -10° C ., has far more influence on the rate
of biochemical injury than the opposing effect of lowered
temperature in reducing biochemical rates.
With rapid freezing, nuclei appear uniformly throughout
the specimen, forming crystals that are predominantely
intracellular.

If the intracellular crystal size exceeds that

of the cell which contains it, the result is obvious.

In

addition to the lethal potential of intracellular crystal growth,
rapid freezing also creates a dehydration with the same potential
for denaturation as that responsible for injury following
slow freezing.

Studies have shown that very rapid thawing is

11
essential to survival after rapid freezing.
There are reports of a phenomenon which has been termed
“thermal shock" wherein rapid change in temperature above
freezing results in destruction.

This may be due to differential
kk
thermal expansion between structural components of the cell.
Wolstensholme and Haene have presented a graphic
illustration of the mechanism of freezing injury which
39
illustrates this phenomena very clearly (Fig. 1,2).

15

III.

THEORIES OF FREEZE INJURY

Cell injury theories are based on the formation of
intracellular or extracellular ice crystals, with a resultant
concentration of solutes and damage to cellular membranes.
Extracellular exchange of ions and exchange between intracellular
organelles is attended with subsequent cellular injury.
5
Luyet and Gehenio in 1939 performed studies with water.
They described water as existing in k physical states at different
temperatures:

gas, liquid, crystalline, and glass (vitreous).

Crystallization takes place only in a limited range of
temperatures, ()elow which water is too inert to crystallize.

The

more dilute the solution, the more difficult it is to reduce to
the vitreous state.

This is due to the high velocity of

crystallization of water.

Theoretically, it is possible to avoid

cell damage by bypassing the crystalline state with rapid freezing
directly to the vitreous state.

Accordingly, it would be possible

to preserve the vitality of protoplasm by rapid cooling and
warming, while slow cooling and warming may cause cellular death.

6
Asahina

attributed the formation of intracellular or

extracellular ice as the cause of injury in living cells.

If

intracellular freezing occurs, it is the result of inoculation
by an extracellular ice crystal.

The extracellular freezing

probably causes injury of dehydration to the protoplasm.

This

16

alters the interaction of the protoplasmic protein and the
surrounding water.

He did not observe the survival of cells

after intracellular freezing.
7
Trump et al theorized that injury by freezing in mammalian
cells may be attributed to alterations in membrane systems.

They

found extensive morphological and biochemical changes in all
cytoplasmic organelles, including the plasma membrane,
mitochondria and endoplasmic reticulum.

Changes in plasma

membrane may be reflected by abnormal permeability or transport,
in the ribosomes and endoplasmic reticulum by altered protein
synthesis, and in the mitochondria by defective ATP synthesis
and respiration.

8
Stowel 1 et a 1

noted nuclear changes under various conditions

of freezing and thawing.

Minimum damage to the nucleus was

observed with rapid freezing from 0 to -100° C.

Slow thawing

resulted in slight clumping of chromatin and some shrinkage with
an increased affinity for basic dyes.
from the pre-frozen state.

This was hardly discernable

If the nuclei were thawed slowly,

there were areas of displaced nucleoplasm and structural changes
in the nuclear membrane.

Most frequently this was a seperation

of the inner and outer layers.
9
Mazur attributed cell damage to ice crystal formation of
solute concentration and dehydration, or a combination of the two.
He described a cell as a compartment in which the intracellular

17

solution is seperated from the external solution by a semi
permeable membrane.
freezing damage.
phenomena:

This compartment plays an important role in

Cells cooled below 0^ C. are subject to three

(a) fall in temperature, (b) ice crystal formation,

and (c) removal of liquid water raising the concentration of
the solute.

Rapid chilling to temperatures above or below 0° C.

may damage permeability barriers, perhaps lipoprotein complexes
in the cell membrane.
10

Karow and Webb

presented a theory based on alterations

of intracellular and extracellular water to explain the
mechanisms of cellular damage by freezing.

Their concepts were

based on recent developments in the knowledge of the physical
chemistry of water and on histological studies of frozen
tissues.

According to their theory, bound water in the form of

lattices is essential to cell integrity, especially protein
structure and function.

Death in freezing seems to occur

primarily as the result of extraction of bound water from vital
cellular structures.

The extracted water, incorporated into

growing ice crystals leaves proteins dehydrated and denatured.
During rapid freezing, intracellular ice formation consumes not
only the free water, but also portions of the bound water,
thereby weakening the lattice structures.

Rapid freezing can

physically derange the membranes and promote their denaturation
with subsequent breakdown.

If the lattice structures are left

18

intact during freezing, intracellular ice formation does not
result in death.
In addition to the effects of dehydration, toxic
concentration of electrolytes, and the direct physical effect
of intra- and extracellular crystals on the cell membrane, there
are at least three other known mechanisms of cellular damage
from freezing.

These are dénaturation of lipid-protein

10
complexes, thermal shock, and vascular stasis.

*»5
Lovelock

has demonstrated that, in addition to the

relatively macroscopic damage produced in cells by the growth
of ice crystals, freezing can cause direct damage to the
molecular constituents of living cells.

Lipid-protein complexes

such as exist in cell membranes are held together by weak
association forces which are inherently unstable.

Freezing is

sufficient to denature these sensitive lipid-protein complexes
of the cell, thus damaging or destroying the cellular membrane.
The loss of phospholipid as a result of freezing renders the
cell membrane permeable to ions so that it slowly swells and
bursts.

This lysis of the cell may occur during the freezing or

thawing stage.

Lovelock postulates that not only the principal

cell membrane, but also the lesser membranes of the cell such as
those of the nucleus, mitochondria, microsomes, and others may
suffer irreversible damage during freezing as a result of
denaturation of lipid complexes.

19

Thermal shock refers to cell injury due to the temperature
change rather than to the direct effect of freezing.

A rapid

temperature change may damage the cell in some instances even
before freezing levels are reached.

The mechanisms of cold

shock may be due to the varying coefficients of expansion in
membranes resulting from heat exchange in various components
45
of the cell.
46
Kreyberg
has pointed out that, in addition to the
specific effect of freezing on cells and their immediate
environment, one must consider the reaction of the local,
organized tisspe in situ during freezing and subsequent thawing.
The critical temperature for consistent production of tissue
damage is somewhere between -10 and -20° C.

Furthermore, the

development of vascular stasis is a factor of special
significance to tissue damage after freezing.

He adds this to

the list of direct physical factors culminating in cellular
damage and death as a result of biological freezing.
For living tissue to be frozen, heat must be removed at a
significantly faster rate than it can be supplied by the normothermic perfusing blood.

Tissue may be cooled below 0° C.

without necessarily producing necrosis, although some cells are

11
more sensitive than others.
Since irreversible damage to living cells of mammalian
origin is dependent upon electrolyte concentration, it is

20

possible for some tissues to become partially frozen without
9, 16
ultimate necrosis. This may be termed supercooling.
However,
when tissue freezes completely, electrolyte concentrations are
elevated to destructive levels.

While supercooled tissue may be

rewarmed without damage, physical trauma or temperature
fluctuation may trigger ice crystallization with attendant
necrosis.

Supercooling is promoted by rapid, even cooling.

Similarly, supercooled tissue should be warmed as rapidly as
possible above the freezing point to avoid damage.

However,

further warming is not necessary and may even cause tissue

16
damage.
Freeze-thaw survival or induced injury usually is assessed
soon after thawing in cryobiological investigations.

Such

injury may be latent in character and, while escaping detection
during initial tests of vital functions, may be manifested after
thawing when affected cells become altered sufficiently to
reflect their earlier undetected injury. This is the concept of
]h
15
latent injury.
Sherman
concluded that the damage occurs
in the mitochondria, endoplasmic reticulum and Golgi complex.

hi
Mazur

states theoretically that the rates of change in

temperature during cooling and warming should affect cell
survival , and, in practice, often have profound effects.

Cooling

velocity determines whether the water in a cell will leave the
cell during cooling and freeze externally, or whether it will
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freeze within the cell.

Whether ice forms extrace 11u 1ar1y or

intrace 11u 1arly can greatly influence cell survival.
is usually lethal;

the former may be innocuous.

The latter

When cells are

cooled rapidly enough to freeze intrace 1lularly, survival becomes
dependent on warming velocity, with slow warming being more
harmful than rapid.

This observation has been interpreted in

terms of the effects of warming velocity on crystal form and
size.

Although slow cooling can prevent injury from intracellular

freezing, it can augment injury from dehydration or solute
concentration.

A cooling rate of 1° C. per minute has been

shown to be optimum for many cells.

This rate appears to be

rapid enough to minimize injury from solute concentration and
dehydration, and yet slow enough to minimize the likelihood of
intracellular freezing.

However, 1° C. per minute is far

too slow to be optimum for unprotected mammalian red blood cells,
and may be too rapid for large masses of cells and for organs.

18
Hardenbergh and Rambottom

attempted to determine whether

"double freeze" experiments in the laboratory could coroborate
field observations on the severity of freeze-thaw-freeze
injuries.

They studied four procedures:

1) single 3-minute

freeze, slow thaw in air at room temperature, 2) single 3minute freeze, fast thaw in hot water at 43° C ., 3) single 6minute freeze, fast thaw, and 4) two 3-minute freezes with fast
thaws, 45 minutes apart.

The results showed:

1) significantly
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more tissue loss in mouse feet which experienced two 3-mi nute
freezes than in feet which were kept continuously frozen for 6
minutes, 2) no difference in tissue survival between rapidly
thawed feet frozen continuously for 3 minutes and those frozen
continuously for 6 minutes, 3) more tissue loss in slowly thawed
3-minute freezes than in rapidly thawed 3~minute freezes, and k)
more tissue loss in slowly thawed 3-minute freezes than in rapidly
thawed 6-minute freezes.

It was concluded that a double freeze

showed significantly more damage than a continuous 6-minute
freeze.

This re-emphasizes the observation that in many instances

the process of freezing and thawing contributes more to the damage
of livinq tissue than the time spent in the frozen state.
2 0 , 21
Gage and Koepf
state that rapid freezing, unassisted
thawing and repetition of freezing are important facets of the
technique thought to insure maximal cell death.
19
Emmings et al
stated the efficiency of heat exchange
depends upon the closeness of contact between the tissue and the
probe.

The probe may be either inserted into the tissue or it

may be applied to the surface of the lesion.

Improved contact

with the tissue was attained by using a viscous water soluble
lubricating jelly as a filler between the probe surface and
tissue.

They also felt repeated cycles of freezing and thawing

are potentially more destructive than a single freezing of long
duration.
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Gage

employed rapid freezing and slow thawing followed by

refreezing in the treatment of 25 tumor patients.

Surface contact

of the probe with sufficient pressure to slightly indent the
tumor was less traumatic than insertion of the probe into the
tissues.

In freezing firm tissue or hard tissue like bone, heat

transfer was lessened and freezing efficiency was increased by
placing lubricating jelly about the probe tip.
22

Haas and Taylor

studied two types of cooling elements.

One was flat and circular.

When it was applied to the surface

of an organ or tissue, discrete circular lesions were produced.
The diameters can be varied from 2 to 2.5 mm by using cooling
elements of comparable diameters.

The depths of lesions can be

varied 1 to 13 mm by varying the time during which the flat
circular surface of the cooling element is in contact with the
tissue.

The second type of cooling element was a needle , which

can be inserted into the tissue.
instrument were cylindrical.

Lesions produced by this

The volumes of injured tissue were

sharply defined and could be accurately measured.

Necrosis of

cells was uniform throughout the lesions and there was a sharp
demarcation between nonviable and viable cells at the periphery.
They concluded that organs and tissues could be topographically
inactivated in a controlled quantitative manner.
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Marchetta et al

observed that the necrotic lesion produced

as a result of freezing was directly related to the size of the
probe, the probe temperature, and the length of application.
Differences in results were attained with a hemispherical probe
and a flat square adapter probe.

These differences were

explained on the basis of greater compressed vasculari ty and
the slightly greater pressure usually exerted when attempting
to get full surface contact of the flat adapter.

28
Cooper

found that virtually all living tissue subjected

to a temperature of -20° C. or less for 1 minute or longer will
undergo cryogenic congelation and necrosis.

The muscular walls

of large arteries seem to form a singular exception to this
finding and have proved to be remarkably resistant to the effects
of freezing.

Although major arteries may be frozen solid

during application of extreme cold, thrombosis does not take
place.

The frozen blood within the large vessels is lysed during

thawing and normal arterial circulation is re-established.
Capillaries and small arterioles and venules undergo necrosis
along with the adjacent tissue when they are subjected to
application of extreme cold.

IV.

MEDICAL USES OF CRYOTHERAPY

The mildest type of tissue reaction in cryosurgery is an
4
Cryoextraction
adhesive effect as used in cataract extraction.

25

depends upon a freezing fusion between the tip of the instrument
and the cataract.
-15

This can be achieved with temperatures between

C. and -60° C.

When the tip of the instrument is too cold

(below -100° C,), the ice crystals are too small to cause the

it
cataract to adhere to the cold tip.
48
Croll and Croll
stated that cryoextraction provides a
method of achieving and maintaining a secure grasp of the lens as
a single unit and eliminates concern about rupture of the capsule.
Elimination of the likelihood of capsule rupture materially
reduces the number and severity of complications in cataract
removals.
The second type of tissue reaction produced in cryosurgery
is an inflammatory reaction, as utilized in the operative
4
procedures for retinal detachment.

49
Rubinstein

discussed cryopexy for retinal detachment.

By

its use one is able to eliminate the main complication of full
thickness scleral buckling using synthetic material while
producing chorio-retinal adhesion at the site.

Cryopexy was

used at temperatures of ~50° C. to -70° C. for 6 to 10 seconds.
Of 15 detachment cases, only one was unsuccessful.

He observed

that retinal cryopexy does not necrotize the sclera and does
not cause hemorrhage.
The most severe reaction in cryosurgery is the necrotizing
effect used for the destruction of tumors.

Nearly all surgical
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specialties employ the necrotizing property of freezing to destroy
benign and malignant tumors and also to shrink tissues and organs
that have hypertrophied.
The effect of freezing on large arteries and veins in doqs
50
was studied by Gage et al.
Long-term observations showed how
well freezing was tolerated by large blood vessels.
function as a blood conduit was undisturbed.
devitalized vessel wall never occurred.

Vascular

Rupture of the

They noted that blood

vessels were difficult to freeze while blood flowed within them.
The absence of hemorrhage, aneuryism formation, and thrombosis
was also quite note-worthy for cryosurgical considerations.

Small

blood vessels were more susceptible to occlusion, perhaps because
the increased muscular content of the wall permitted greater
damage, or perhaps because the thickened intima affected flow to
a greater extent than in larger arteries.

In general, blood

vessels were remarkably resistant to structural change after
freezing.

Collagen and elastic fibers were barely damaged and

preserved the structure of the devitalized vessel wall, whether
the artery was of the elastic or muscular type.

The results

suggest that cryotherapeutic techniques could be used in the
treatment of certain tumors around critical blood vessels
supplying vital organs.
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In 1961, Cooper and Lee

described an instrument which

could produce a limited, controlled region of cooling or freezing

of biologic tissue.

A particularly significant aspect of this

instrument is that except for the tip of the cannula, the entire
length of the cannula is insulated by heat from an electrically
conductive copper wire with a large temperature coefficient of
resistance.

This instrument can safely produce a spherical,

limited lesion of consistent size deep within the brain (as in
cryothalamectomy).
52
House
reported the cryosurgical treatment of Meniere's
disease in 69 patients.

Forty-eight patients were relieved of

vertigo and demonstrated no further significant hearing loss.
Tinnitus was relieved or improved in about half of the patients.
He concluded that this procedure would be ideal during the
compensated form of Meniere's disease when permanent changes are
minimal and when there is greater opportunity to create an
equalizing pressure shunt within the inner ear.
53
Barton
reported three cases of malignant neoplastic
disease of the nasopharynx treated with cryosurgery.

Lesions

were treated with the probe maintained at -170° C. for 5 minutes
He concluded that the results were promising although the follow
up period had been only 9 to 15 months.
The cryosurgical destruction of diseased tonsils and
adenoids is supported by the discovery that lymphoid tissue
responds to freezing more rapidly than the adjoining muscular
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54
or bony structures.
In over 40 cryosurgical procedures,
54
VonLeden
concluded that cryotonsi1lectomies and/or
cryoadenoidectomies are particularly valuable in patients with
blood dyscrasias or other constitutional diseases.

In patients

with superficial carcinomas, VonLeden felt it was essential to
employ the full power of the cryogenic system (-180° C. to
-196° C.) for a period of 10 or more minutes.
55
Zacarian and Adham
discussed the use of cryotherapy on
76 patients with a total of 106 skin malignancies.

There was

1 basosquamous carcinoma, 3 lesions of Kaposis hemorrhagic
sarcoma, 5 patients with carcinoma in situ, 16 with epidermoid
carcinoma, and 81 with basal cell carcinoma.

They utilized a

copper disc immersed in liquid nitrogen and applied directly to
the lesion, without pressure, and left on the tissue from 120
seconds to 150 seconds.

Destruction of the neoplasms was

accomplished clinically with a single treatment.

This was a

preliminary report of 9 months duration.
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Ostergard and Townsend
reported a study of 20 patients
with chronic cervicitis treated with cryotherapy.

A specially

developed cervical probe was applied directly to the cervix.

The

operating temperature (-60° C.) was used for 60 to 120 seconds.
Ninety-five percent of the patients were cured with one treatment.
28

Cooper
freezing.

described the pathology of lesions produced by
Variations in size or shape of the lesion may be
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produced by variations in blood supply or proximity to large
blood vessels.

However, the extent of the lesions is primarily

dependent upon the freezing temperature and, to a lesser extent,
on the location of the lesion or the time of exposure to the
freezing temperature.

The lesions produced are essentially

hemostatic, sharply circumscribed and delimited from the
surrounding normal tissue by a band of 1 mm or less in size.

In

the probe temperature range of -20 to -100° C ., the frozen lesion
has reached 80% of its eventual size within the first 30 seconds.
If freezing periods up to 5 minutes are studied, there is only
an additional 202 growth in the size of the lesion.
is extended gradually in the form of the tip.

The lesion

He has found

that virtually all living tissue subjected to a temperature of
-20° C. or below for 1 minute or longer will undergo cryogenic
congelation and necrosis.

To obtain necrosis of neoplastic

tissue one must be certain that all of the tissue has reached
a temperature of at least -20° C.

There is a greater danger of

insufficient freezing of neoplastic tissue than of inadvertently
freezing adjacent normal tissue.

Each visible site within the

cancer is frozen and thawed twice, with overlapping of the frozen
zones within the tumor to assure adequate exposure of tumor
tissue to cryogenic temperatures.

Pre-operative and post

operative biopsies of the frozen sections of the tumor allow one
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to follow the effect of cryogenic congelation, and the freezing
therapy is repeated at weekly intervals until all visible tumor
tissue has become necrotic.
Cryotherapy and curettage of bone tumors in 2 patients was
29
discussed by Gage and Erickson
in 1968. The tumors were exposed
at operation and curetted prior to freezing.

Curettement left a

cavity in the bone, which was then filled with lubricating jelly
or saline and frozen by multiple applications of the cryoprobe.
Efficient heat transfer requires close contact between a large
area of probe and bone.
obtain.

This is usually quite difficult to

The jelly or saline provided a conducting medium and

increased probe-bone contact area.

Effect of freezing was judged

by inspection as the frozen tissues turned white.

Temperatures

used were -160° C. to -180° C. for three to five minutes.

They

concluded that cryotherapy, in combination with curettement is
another attempt at conservative treatment of bone tumors.

V.

CRYOTHERAPY IMN DENTISTRY

Cryotherapy in dentistry has been used primarily in the
treatment of benign lesions and oral tumors.

In 1965 Gage et al

discussed the use of cryotherapy treatment for cancer of the lip
and oral cavity.

They concluded that deliberate therapeutic

freezing has a localized destructive effect.
frozen area are sharply limited.

The margins of the

Because of the sharp gradient

17
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in heat loss, adjacent tissues are not harmed.

The therapy

produces local necrosis.
30
In 1966 Emmings et al

froze the mandibles of dogs in situ

and noted freezing produced complete devitalization of the frozen
areas.

In one week, there was a sharp demarcation between dead

and living bone.

In one month specimens, the necrotic marrow

had been replaced by fibrous tissue.

In 2 month and 3 month

specimens, increased trabecular subperiosteal bone formation was
seen and osteogenesis was present along the entire periosteal
surface of the nonvital segment.

The mechanisms of cellular

injury within the frozen region are known to be dependent on
the rate of temperature changes, ice crystal formation,
biochemical breakdown and interruption of blood supply.

This

experiment suggested that the last factor may be important in
vivo.

Important factors in subsequent repair were the continuity

of the devitalized matrix with living bone and the reestablishment
of blood supply.

All of the new bone growth was initiated from

the adjacent vital bone.

The clinical significance of the

experiment lies in the possibility that sacrifice of bone might
be avoided in the treatment of tumors.

The obvious advantage

of conservation of bone is the preservation of continuity,
avoiding the disability that attends bone excision.
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In 1967 Emmings et al
reported on the use of cryotherapy
in the treatment of benign lesions such as hemangioma, mixed
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tumor of the palate, papillary epithelial hyperplasia,
hyperkeratosis and leukoplakia.

They noted that repeated cycles

of freezing and thawing were potentially more destructive than a
single freeze of long duration.

They observed no ill effects

from the exposure of bone to oral fluids, although some surface
erosion occured until soft tissue covered bone.

21
Gage

reported use of liquid nitrogen in the treatment of

25 patients with squamous cell carcinoma.

He noted that all

types of cells were devitalized by rapid freezing and slow
thawing.

Vascular stasis occured in the thawed tissues after

freezing and fnicroci rculatory failure deprived all cells in the
area of any possibility of survival.
structural changes.

The fibrous stroma resisted

Therefore, necrotic tissue with considerable

fibrous content required many days for removal.

He noted that

large blood vessels appeared to be resistant to the cryogenic
injury.
In 1968 Gage and Koepf
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studied the ability of freezing to

completely destroy cancer and achieve a cure.

They used liquid

nitrogen at a temperature between -160° C. and -180° C.

As the

tissues turned white and hard during freezing, the progress of
treatment was judged by inspection and palpation.

Twenty-nine

patients with squamous cell carcinoma of the oral cavity were
treated.

A single treatment, with multiple applications of the

probe, sufficed in 18 of the 29 patients.

Repetition of therapy
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after about 3 weeks was necessary in the remaining patients when
persistent tumor was found in some areas.

One-third of these

patients required repetition of treatment.

The unexpected

survival of tissue may be due to the tissue temperature not being
cold enough.

Though frozen, there may still be cell survival at

temperatures of -20° C. or even colder.

Unexpected survival

may also be due to irregular freezing because of proximity of
major blood vessels or perhaps even due to varied tolerance of
cells.

They state the best way to avoid unexpected cell survival

is to pay close attention to the mechanics of freezing and
carefully refreeze all areas immediately after thawing.

Careful

attention was given to the formation of a wide solid bond between
tissue and probe to create the best possible circumstances for
extraction of heat from the tissue.
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In 1970 Cherry
reported the treatment of 4 squamous cell
carcinoma patients with liquid nitrogen at a temperature of
-107° C . for 2 to 3 minutes.

The lesions were located on the

gingiva, oropharynx, floor of the mouth, uvula, and soft palate.
There were no clinical manifestations of recurrence of the tumors
in 14, 5, 15, 10 months respectively.
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In 1971 Emmings et al
reported a case in which they
combined curettage and cryotherapy for treatment of an
ameloblastoma.

Curettage was used to determine the extent of and

to remove the bulk of the tumors.

Freezing was then used to

destroy all living tissue, along with the infiltrating tumor, in
an area around the tumor bed.

The extra margin of devitalization

produced by freezing, which destroys remnants of tumor within
apparently normal bone, represents an improved chance of cure.
Freezing was used to amplify the therapeutic effectiveness of
curettage.
23
Sako et al

evaluated cryosurgery in the treatment of

intraoral leukoplakia in 30 patients.

Several patients required

more than one treatment because of small residual areas around
the margins.

Most of the treated areas of 1.5 cm or less healed

within two weeks.

Patients were followed for varying periods from

one to one and one-half years.

Two patients had recurrences in

the areas treated; both had moderately extensive lesions.

When

healing was completed, the treated area was covered with normal
mucosa and the area was quite pliable.

They considered the results

quite satisfactory in both localized and generalized lesions.
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In 1969 Dorsey
reported 9 cases in which cryosurgery was
used in the treatment of trigeminal neuralgia.

It was hoped that,

by freezing the nerve root and ganglion, the small pain fibers
would be permanently damaged, but the large fibers (required for
touch), although temporarily rendered dysfunctional, would regain
their formal faculty.

Thus permanent dysesthesias would be
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avoided, but permanent abolition of pain would be achieved.

He

utilized -40° C. applied for 3 minutes to the posterior portion
of the ganglion and also in the immediate retro-Gasserion area on
that portion of the root corresponding to the division involved.
Periods of post-operative follow-up ranged from six months to
more than three years.

There was no loss of corneal sensation,

no motor paralysis, minimal paresthesias, and in only one patient
was there recurrence of pain.
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In 1970 Krashen
discussed the use of cryotherapy for
treatment of herpes simplex.

In his study, 127 patients were

treated by application of a CO2 stick for 6 to 10 seconds three
times in quick succession, with complete thawing between each
application.

This resulted in the cessation of vesicular

formation when treatment was applied at the onset of the prodromic
symptoms.

Recovery occured within 24 to 48 hours when treatment

was applied not later than the third day after the appearance of
vesicles.

In all but 2 instances a single treatment was enough

to stop the morbid process.
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In 1967 Odrich and Kelman

studied the effect of cryotherapy

on diseased periodontal tissues of 12 patients.

64 pockets,

ranging from 4 to 10 mm in depth, were treated.

Pockets were

measured before freezing and then 6 weeks later.

Measurements

were made from the gingival margin to the base of the pocket.
No fixed point on the tooth surface was used as a reference
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point.

Applications were for approximately one minute and were

repeated in all cases.

Pocket reduction was achieved in

approximately 75% of the trials.

Preliminary root planing and

subgingival curettage was performed prior to freezing.

No

conclusions can be drawn concerning how much of this reduction
was due to gingival shrinkage and how much was due to attachment
or adhesion of the soft tissue wall to the tooth.
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Amaral et al
used liquid nitrogen at the temperature of
-195.8° C. in the treatment of inflammatory papillary hyperplasia.
They applied a cotton tipped applicator soaked with liquid
nitrogen to the involved surface under slight pressure for 12-30
seconds.

The lesions were excised after freezing.

Two to four

treatments at weekly intervals resulted in complete involution of
the pathology.
Cryogenic removal of palatal hyperplastic tissue in 2

3*t
patients was reported by Gabriel

in 1969.

He used 2

applications of 1 minute duration with a probe temperature of
-65° C . to -75° C .

A slow thaw technique was used to allow

tissues to return to normal temperatures.

In both patients

treated, removal of the hyperplastic tissue was considered
satisfactory.
Cryogenic gingivoplasty on 3 patients was reported by
35
Hoffman.
Satisfactory interproximal contour of gingival tissue
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resulted following two 60-second applications several minutes
apart.

He did note, however, that at the time of treatment an

ulceration was present in one area from a previous Vincent's
infection.

It was treated in the same manner as all other areas.

After a week, the ulceration was still present with no noticeable
change, thus indicating failure in this area.
36
Sanders
reported the cryogenic treatment of 2 patients
with dilantin gingival hyperplasia.

He utilized two 1-minute

treatments at -60° C. with a rapid thaw after freezing.

Eight to

nine days post operatively, incomplete healing and epi theli zation
were observed.

Some residual hyperplastic tissue remained.
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In 1971 Walker

presented a case report on the treatment of

dilantin gingival hyperplasia with cryotherapy.

He utilized

-65° C . over the maxillary right central, lateral and cuspid
areas, and -A0° C. over the maxillary left central, lateral and
cuspid areas.

Two 1 minute applications with a rapid thaw were

used on each area.

He observed a significant reduction in

tissue, but no significant difference between the right and left
s ides.
23
Sake et a 1
introduced thermocouples submucosal 1y to
monitor tissue temperature.

The cooling agent was liquid

nitrogen at a temperature of -196° C.

Thermocouple readings of

the submucosal tissue were usually in the range of zero to
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-10° C ., well above the -20° C. temperature necessary for
28

cryonecros1 s .
The effect of lowered temperatures on dental tissues was

61
studied by Langeland et al .

Temperatures were measured directly

in the device used and by the insertion of thermi sters at various
locations.

The device contained a circulating fluid which had a

temperature of -22° C.

The device was capable of lowering the

gingival surface temperature to 6° C ., on the bone under the
gingival mucosa to 10.5° C ., and in the pulp to 11° C.

No tissue

damage was caused at these transferred temperatures of the oral
mucosa, submucosa, alveolar bone or the dental pulp.

Severe pulp

tissue destruction was caused by a probe at -160° C. applied
directly to the tooth surface for 3 minutes.

In this part of

the study they did not measure the temperature of the pulp.
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Heitman et al

recorded the temperature within the tooth

pulp when low temperatures (-65° C .) were applied for 1 minute
on the external surface of the attached gingiva in dogs.

When

the tissue appeared normal, the procedure was repeated.

Pul pal

temperatures were measured by means of bead thermisters.

The

temperature span between different teeth in the same dog and in
different dogs was quite wide and appeared to be influenced by
the surface that was frozen.

The pul pal temperature drop ranged

from a minimum drop of 3° C. to a maximum drop of 37° C . with an
average temperature drop for all teeth falling to 22.8° C.
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Freezing the labial surfaces produced the greatest temperature
drop in both the canines and the molars, followed by the distal
and mesial surfaces, respectively.

In almost all cases the

second freeze and thaw produced a lower temperature than the first
freeze and thaw.
24
Marchetta et al

studied the controlled destruction of

the oral mucosa membranes of dogs.

They used a hemispherical

probe (0.9 cm) at -80° C. and -120° C. and a square flat probe
adapter (1.5 x 1.5 cm) with corrected temperatures of -33° C. and
-48° C. for 15, 30, 45, and 60 seconds on the buccal mucosa.

The

dorsum of the tongue was treated only with the square flat adapter
at -48° C. and -70° C. for 15, 30, 45, and 60 seconds.

To check

the temperature of the adapter surface, its temperature was
measured with a thermocouple with the probe settings at -60° C.,
-80° C., and -120° C.

Ten measurements were made at each

temperature and the results averaged.

The corrected temperatures

were -33° C., -48° C., and -70° C. respectively.

They found that

the temperature of the mucosa and submucosa immediately under the
probe was directly related to the probe temperature and length of
application.

The lowest temperature recorded was in the groups

treated for 60 seconds at -120° C.
-30° C. to -70° C.

This was usually in the range

With the square adapter probe at -33° C. and

on application of 15 seconds, the tissue temperature as recorded
under the probe was in the range of 0° C . to + 8° C.

Edge
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temperatures were in the range of 15 ° C . to 25° C ., indicating
that rapid heat exchange in the oral mucosa prevented ice ball
formation laterally in the application periods ranging up to 60
seconds.

They concluded that cryosurgery with appropriate

temperatures and treatment time can be used to selectively destroy
the epithelium of the oral mucosa membranes without causing
extensive necrosis of the submucosa and underlying muscular
tissues.

No adverse reactions of surrounding structures such as

teeth, salivary glands ducts, and mandible were noted with the
temperatures and time intervals used.
In 1969, ultrastructural changes in the oral epithelium of
37
mice following cryogenic surgery were reported by Whittaker.
A cryogenic probe ("70° C.) was applied to the undersurface of
the tongue for 1 minute.
a similar area.

Control animals were sham operated on

Mice from both groups were killed at times

ranging from immediately to 3 hours post-operatively.

The

sublingual epithelium was excised, processed and stained for
examination in the electron microscope.

In the epithelial cells

of the experimental animals, the perinuclear space was widened
and contained membrane-bounded spherical inclusions containing
electron dense particles the same order as ribosome particles.
These bodies were also found in the widened cisternae of the
endoplasmic reticulum.

They appeared to arise by budding of the

endoplasmic reticulum.

Swelling and degeneration of the

i»1

mitochondria were evident with widening of the intercellular
spaces that contained cell debris.

In animals killed at 2-3

minutes post-operatively, cytoplasmic detail was lost and rupture
of cell and nuclear membranes was seen.
operatively cell destruction was severe.

Three hours postThe rapid onset of

damage suggests that the initial changes are due to direct
physical injury rather than resulting from delayed effects such
as vascular stasis.
In 1971 a histologic study of the reaction of human gingiva
38
to freeze injury was reported by Mayers et al.
Gingival
papillae were frozen at -50° C. with moderate pressure for 2
minutes.

Results showed a superficial type of injury affecting

the epithelium.

The underlying lamina propria showed no

significant histological changes other than vasodilatation and
leukocytic infiltration.

The freeze injury within the epithelium

progressed from the superficial to the deep layers and was
complete at 12 hours.

At 18 hours early healing was observed with

peripheral epithelium migrating across the boundary between the
fixed necrotic epithelium and underlying connective tissue.
Multinucleated epithelial cells were noted near the wound edge at
12 hours.

It was hypothesized that these cells may have arisen as

a result of a minimal sublethal freeze injury.

Although some

multinucleated epithelial cells were still present within the

newly formed epithelium, healing appeared complete at ^8 hours.
On the basis of this study the following conclusions were made:

1 ) the single application of a cryogenic probe at -50° C . to
clinically normal gingiva for a period of 2 minutes produced a
superficial type of injury primarily affecting the epithelium,

2 ) the depth of penetration of the freeze was not measured, but
the tissue affected by the extreme cold appeared to be confined to
an area immediately beneath the frozen probe, and 3 ) the
inflammatory reaction associated with this injury is extremely
mild, consisting of only vascular changes without a pronounced
inflammatory cel 1 infiltration.

I•
1.

MATERIALS

Biopsy specimens:
Six human subjects, 3 males and 3 females, 19-2A years of

age, were utilized in this study.

The subjects were selected

from patients undergoing dental treatment in the Creighton
University School of Dentistry.
Six interdental papillae on each subject were selected as
experimental sites.

An adjacent untreated interdental papilla

was used as a control.
2.

Instrument used:
The Kelm^n Cryopexie Unit (developed by Frigitronic

Laboratories in conjunction with Kelman and Shea) was used in
this study (Fig. 3).
freon.

It is both cooled and defrosted by liquid

Cooling is produced by the principle of liquid gas

expanding in a vacuum.

Warming is accomplished by flooding the

applicator tip with warm liquid gas at room temperature.

Liquid

freon flows through nylon tubing and is delivered into a hollow
tip by a hermetically sealed three-way fluid metering valve in
response to finger pressure.

As the valve closes, a small

micro-orifice meters the required amount of liquid freon into
the hollow tip.

The freon expands, cooling as it does so.

The

latent heat of vaporization of the freon is supplied by the
latent heat of fusion (tissue freezing) of the lesion area.

When

the valve is opened by release of finger pressure, the freon gas

escapes through a silicone exhaust tube and slow warming occurs.
For rapid defrosting, the finger switch is partially depressed
and liquid freon at room temperature floods and warms the hollow
tip.

Tip temperatures from -35° C . to -70° C. can be pre-selected

by adjusting a selector dial on the console.

The unit has

enough power to create freezing even in a wet field.

The

surgical tip used was an Odrich Dental (Oral) Cryostylet
(Figs. 4, 5).
3.

Interface:
A water soluble lubricant (Baker Dental surface fixer) was

applied to t(ie tissue prior to freezing.
k.

Solutions used in staining biopsy specimens:
a.

Harris Hematoxylin

b.

Eos in-Orange G

c.

Picro-Ponceau with Hematoxylin (Van Gieson Substitute,
nonfading)

II.
1.

METHODS

Selecting and obtaining healthy human gingiva:
The selected experimental and control sites consisted of

facial interdental papillae with abnormal architecture requiring
a surgical plastic procedure.
(a)

These were selected from:

saucer-shaped facio-1 ingual deformities, (b)

crater

formation resulting from acute necrotizing ulcerative gingivitis,

and (c)

hyperplastic interproximal tissue resulting from chronic

periodontitis.
To assure that the tissue specimens were clinically free
from local irritants and inflammation, the following standardized
procedure was followed for each subject:
Root planing and subgingival curettage were accomplished
for each subject to remove local irritants and reduce
inflammation.

All subjects were instructed to follow indicated

oral physiotherapy procedures.

This consisted of either the

Modified Roll Technic or the Bass Technic of brushing, or a
combination pf the two.

The use of dental floss and disclosing

tablets was demonstrated.

All subjects were instructed to brush

and floss at least twice daily.

All subjects were monitored

periodically by the investigator prior to and during the
experimental periods to assure that they were following
prescribed oral physiotherapy and maintaining the tissue in a
healthy state.
2.

Freezing Procedure:
In an attempt to determine if there are differences between

single and double freeze treatment, the subjects were divided
into 2 groups of three each (Fig. 6 ).
single one minute treatment.
treatments.

Group One was given a

Group Two was given two one-minute

The following procedure was used in the controlled freezing
of the experimental sites:
The tissues were dried with gauze sponges and compressed air.
A water soluble lubricant was applied to the dried tissue to act
as a controlled interface.

Temperatures used were:

“50° C ., -60° C. (Figs. 7, 8 , 9)•
tissue with “light pressure.“

-A0° C .,

The probe was held on the

“Light pressure" was the pressure

required to hold the probe in contact with the tissue and produce
slight blanching.

This was determined by visual inspection.

The principle of rapid-freeze and slow-thaw was used.
Once the probe was held on the tissue, freon was allowed to flow
thru the instrument.

When the pre-selected temperature was

reached on the console (Figs. 7, 8 , 9), the treatment time was
commenced.

This temperature was maintained throughout the

treatment period.

In Group One, the probe was abruptly removed

from the tissue at the end of the treatment.

The tissue was

allowed to slow thaw from the temperature of the oral cavity.
The time required for the tissue to appear clinically thawed
was recorded on Form #1.

In Group Two, the second treatment was

given shortly after the clinical appearance of thawing, following
the first treatment.

The second treatment was performed in the

same manner as the first treatment.
was recorded on Form #1.
Group One.

The time between treatments

The tissue was allowed to thaw as in

The rate of thaw following the second treatment was

also recorded on Form #1.

3 . Biopsy procedure:
A total excision biopsy technique was utilized to obtain
biopsy specimens.
Biopsy specimens were obtained at 0 hour (shortly after
thawing of tissue), 2k hours, 72 hours, 5 days, 10 days, and 21
days.
The tissue was excised under local anesthesia which consisted
of one half to two cubic centimeters of a two percent solution of
Xylococine solution with 1:100,000 concentration of epinephrine.
Anesthesia was achieved through nerve block or by injecting the
solution into the mucobuccal fold.

In every case the sample

specimen was removed in an area as far removed as possible from
the site of injection of the anesthetic.
To obtain the biopsy specimen an Orban knife was used to
negotiate the incision.

The cut was angled approximately k$° to

the long axis of the tooth and along an imaginary line from the
height of the marginal gingiva of the teeth on each side of the
papilla (Figs. 10-13).

A firm incision was made to avoid tearing

the tissue and to produce a level incision.

As the blade was

placed interproximally, it was directed with a sawing motion
bilaterally to resect the tissue immediately continguous to the
teeth (Figs. 1A-17).

The specimens were removed from their

respective sites, oriented on a piece of tinfoil, and immediately
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immersed in a container of liquid nitrogen.
stored at -22

o

The specimens were

C. until histologic sections were made.

A record

of each biopsy was maintained on Form #2.
4.

Histological Method:
A.

Sectioning
1.

Each specimen was embedded in ice on a chuck and
oriented to obtain bucco-1ingual sections.

The

specimens were handled with cold forceps which were
kept in the cryostat (Upshaw Cryostat, Model 1500).
2.

Serial sections were cut on the cryostat at 10 microns.

3 . Sections were placed on a slide and immersed in 10 %
cold (cryostat temperature) formalin for one hour.
4.

The slides were rinsed once in two different bottles
of cold distilled water.

5.

Every other section was stained with Picro-Ponceau
and hematoxylin and Hematoxylin and Eosin.

B.

Staining Procedure:
The stains used to evaluate histologically the effects of
controlled freezing on human gingiva included the
followi ng:
1.

Harris Hematoxylin

2.

Eosin-Orange G

3.

Picro-Ponceau with Hematoxylin (Van Gieson Substitute,
nonfading) .
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1.

Harris Hematoxylin was prepared immediately before use by
63
the following method:
Dissolve 1.0 gm hematoxylin in 10 ml. ethyl alcohol.
Dissolve 20 gm potassium or ammonia alum in 200 ml. water and
boil.

Add hematoxylin and boil 1/2 minute.

mercuric oxide.

Cool rapidly.

Add 0.5 gm

Add a few drops of glacial

acetic acid to keep away metallic lustre and brighten nuclear
structure.
2.

Eos in-Orange G (counter stain) was prepared immediately
63
before use by mixing the following:
U

eosin Y.C.I . **5380, in 35% ethyl alcohol

10.0 ml

Orange G.C.I. 16230, saturated solution in
35% ethyl alcohol (approximately 0.5 gm
per 100 ml
35% alcohol

5.0 ml
*»5.0 ml

Procedure (for Hematoxylin and Eos in-Orange G):
1.

Place section in Hematoxylin for 5 minutes.

2.

Rinse in running water for 5 minutes.

3 . Place section in Eosin-Orange G for 2 minutes.
**.

Rinse in 35% alcohol for 30 seconds.

3.

Place sections in absolute alcohol for 5 minutes.

6 . Clear sections in xylene for 5 minutes.
7.

Mount section in Permount (Fischer).
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This results in stained tissue sections with blue nuclei and
pink to rose cytoplasmic structures.

3.

Picro-Ponceau was prepared immediately before use by
63
mixing the following:
Ponceau S, C.l. 27195, 1% aqueous

10.0 ml

Picric acid, saturated aqueous

86.0 ml

Acetic acid, 1% aqueous

A.O ml

Procedure (for Picro-Ponceau with Hematoxylin):
1.

Place section in Hematoxylin and overstain for 15
mi nutes.

2.

Rinse in continually running water for 15 minutes until
slides are deep blue.

3.

Stain in Picro-Ponceau 3~5 minutes.

4.

Rinse for a few seconds in distilled water and check
under microscope.

Continue to stain and destain or

differentiate in water until nuclei are sharp.
5.

Dip several times in 70% alcohol to remove picric acid.

6.

Dehydrate in 2 changes of 95% alcohol for approximately

3

minutes to insure complete removal of excess picric

acid.
7.

Place in absolute alcohol for 2 minutes.

8.

Place in xylene for

9.

Mount section in Permount (Fischer).

3

minutes to remove all the alcohol.
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This results in stained sections with brown to brownish or
bluish black nuclei , red collagenous and reticular fibers, and
yellow elastic fibers, muscle fibers, erythrocytes, and
epitheli a .

54

CONTROL
The control specimen (FIG. 18) consisted of gingival
(stratified squamous) epithelium and the underlying supporting
connective tissue.

The ratio of epithelium to connective tissue

was relatively constant in all specimens but the overall actual
size of the specimens differed slightly.
The surface epithelium consisted of a superficial layer of
cells of varying thickness in which two types could be
distinguished.

One was parakeratotic and was composed of

flattened cells with pyknotic nuclei and indistinct plasma
membranes.

The other was nonkeratinized and was composed of

flattened, spindle shaped cells in which the nuclei were either
of normal size or slightly pyknotic.
distinct plasma membranes.

Many of the cells had

The staining of the cytoplasm resembled

that found in the underlying layers.
A distinct granular layer was not present immediately below
these superficial layers.
Beneath the superficial

layer was a multilayered component

composed of cells with irregular polyhedral shapes, which appeared
to be slightly separated from one another.
cells appeared to be centrally located.

The nuclei of these

As these cells approached

the surface their shapes changed from polyhedral to squamous.
Also the more superficial cells of this layer were not stained as
intensely as the deeper cells.
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The most inferior layer of the epithelium consisted of
cuboidal or columnar shaped basal cells.

These cells contained

very large distinct round or oval nuclei which were intensely
stained, and occupied a large portion of the cells.
of these individual cells were not distinct.

The borders

This layer of cells

exhibited many rete pegs or ridges extending into the subjacent
connective tissue.

The arrangement of these rete pegs varied

slightly from one control specimen to another.
The supporting tissue consisted of dense collagenous
connective tissue in which fiber bundles were oriented
perpendicular to the overlying epithelium.

An occasional dilated

capillary was seen in the connective tissue papillae.

Chronic

inflammatory cells (lymphocytes, mononuclear leukocytes, and
plasma cells) were dispersed in the connective tissue.

This

infiltration varied slightly from one control specimen to another.
Numerous fibroblasts and fibrocytes were seen in association with
the connective tissue fiber bundles.

No edema or disruption of

fiber bundles was noted in the connective tissue of any control
specimens.
EXPERIMENTAL GROUP ONE
Subject 1, -40° C ., 1 minute, 1 application:
None of the specimens exhibited histologic changes at any of
the time intervals in the epithelium or underlying connective

r
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tissue when compared with the control specimen.

Subject 2, -50° C ., 1 minute, 1 application:
No histologic changes were noted in any of these specimens
at any of the time intervals when compared with the control
specimen.

Subject 3, -60° C ., 1 minute, 1 application:
a)

Zero Hour:

This specimen exhibited no histologic changes in the
epithelium or underlying connective tissue when compared with the
control specimen.
b)

Twenty-four Hours:

The entire epithelium (FIG. 19) was disrupted down to and
including the basal cell layer.
intraepithelial vesicles.

This was evidenced by numerous

In some places the epithelium appeared

to be separated from the underlying connective tissues.

There

was a decrease in staining intensity beneath the parakeratotic
layer.

The individual cells were swollen and the nuclei

indistinct.

A distinct basal cell layer was not present.

Numerous

polymorphonuclear leukocytes and lymphocytes could be seen within
the epithelium.

In the subjacent connective tissue papillary

capillaries were dilated and engorged with polymorphonuclear
leukocytes and a few mononuclear leukocytes.

The connective

tissue immediately beneath the epithelium exhibited no other
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alterations with the exception of a widely dispersed infiltration
of polymorphonuclear leukocytes, lymphocytes, and occasional
macrophages.
c)

Three days :

The previously disrupted area was completely covered with
stratified squamous epithelium (FIG. 20) which had a
parakerati ni zed surface layer of cells.
formation was seen.

Irregular rete peg

Polymorphonuclear leukocytes, lymphocytes,

and plasma cells could be seen dispersed throughout the underlying
connective tissue, but they were not as numerous as in the 2k hour
specimen.

Occasional dilated capillaries were noted within the

connective tissue.

Proliferation of fibroblasts was evident at

this time.
d)

Five, Ten and Twenty-one days :

These specimens appeared histologically similar to the
control specimen.
EXPERIMENTAL GROUP TWO
Subject 1, ~k0° C., two 1 minute applications:
a)

Zero Hour:

No histologic changes were noted in this specimen when
compared with the control specimen.
b)

Twenty-four Hours:

The superficial cells (FIG. 21) of the spinous layer of the
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epithelium appeared to be slightly swollen.

Many of the cells

had swollen nuclei and indistinct plasma membranes.

The basal

cell layer and underlying connective tissue were not affected at
this time.
c)

Three, Five, Ten, and Twenty-one days:

These specimens appeared histologically similar to the
control specimen.

Subject 2, -50° C ., two 1 minute applications:
a)

Zero Hour:

This specimen exhibited no histologic changes in the
epithelium or underlying connective tissue when compared with
the control specimen.
b)

Twenty-four Hours:

The superficial portion (FIG. 22) of the spinous layer was
slightly altered.

The majority of cells appeared swollen and a

lesser number, in addition, exhibited indistinct plasma membranes.
The swollen cells also exhibited occasional hyperchromatic nuclei.
Immediately beneath this portion of the epithelium were numerous
multi nucleated cells.

The deeper cells of the spinous layer

and the basal cell layer were not altered.

Some superficial

capillaries in the subjacent connective tissue were dilated and
contained polymorphonuclear leukocytes.
noted in the connective tissue.

Ho other changes were
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c)

Three, Five, Ten and Twenty-one Days :

These specimens could not be distinguished histologically
from the control specimen.

Subject 3, -60° C ., two 1 minute applications:
a)

Zero Hour :

This specimen (FIG. 23) appeared similar to the control with
the exception of the cells immediately beneath the parakeratotic
and superficial spinous layers.

The plasma membranes of these

cells were indistinct, the cytoplasm pale-staining, and the
nuclei exhibited pyknosis and karyolysis.
apparent.

Acanthosis was not

The deeper layers of cells retained normal morphology

and staining characteristics.

The basal layer was not disrupted

and the arrangement of rete pegs was maintained.

The underlying

connective tissue was not altered when compared to the control
specimen with the exception of some superficial capillaries which
were dilated.
b)

Twenty-four Hours :

The layers of the surface epithelium (FIG. 2h) were destroyed
and replaced by a meshwork of fibrin, debris, necrotic cells and
connective tissue.

The remaining epithelial cells were edematous

and exhibited indistinct plasma membranes.
pale staining and shrunken.
layer or rete pegs.

The nuclei were

There was no evidence of a basal cell

There was no evidence of epithelial
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regeneration at this time.

The connective tissue fiber bundles in

the papillae immediately in this area appeared as isolated clumps
of hyalinized tissue surrounded by a meshwork of polymorphonuclear
leukocytes, lymphocytes, mononuclear leukocytes, and necrotic
tissue.

The deeper portion of the connective tissue was widely

infiltrated with lymphocytes and mononuclear leukocytes.

Dilated

capillaries with enlarged endothelial cells protruding into the
lumen and containing numbers of polymorphonuclear leukocytes and
lymphocytes were observed.

There was no proliferation of

fibroblasts at this time.
c)

Three Days:

The surface of the wound area (FIG. 25) was still covered
by an inflammatory exudate consisting of coagulated blood, strands
of fibrin, large numbers of necrotic polymorphonuclear leukocytes,
lymphocytes, and necrotic connective tissue.

There was evidence

of epithelial regeneration at the margins of the wound area.

The

epithelial cells of this area were slightly enlarged and exhibited
staining typical of stratified squamous epithelium.

An epithelial

wedge of basal or spinous cells seemed to have migrated between
the necrotic surface and the underlying connective tissue.

Many

inflammatory cells, lymphocytes, mononuclear leukocytes, and
macrophages, were widely dispersed throughout the connective
tissue.

Polymorphonuclear leukocytes were still present but not

as prominent as was seen at 2k hours.

There were numerous
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dilated capillaries with enlarged endothelial cells protruding
into the lumen.

Proliferation of fibroblasts was evident at this

time.

d)

Five Days:

The wound area (FIG. 26) was completely covered with
epithelium which had the appearance of stratified squamous
epithelium.

Rete peg formation was now evident and the surface

of the epithelium was parakeratinized.

Numerous inflammatory

cells were scattered throughout the connective tissue but were
not as prominent as in the twenty-four hour and 72 hour specimens.
An occasional dilated capillary was seen in the connective tissue.
e)

Ten and Twenty-one Days:

Histologically, the ten and twenty-one day specimens appeared
similar to the control specimen.
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FIGURE 1.

Proposed Mechanism of Freezing Injury

Intracellular Freezing

(a)

large crystals
I
protrude thru
membrane
I
irreversible holes
i
loss of cell contents
on thawing
I
death of cell

(b)

smal 1 ^crysta1s
few small holes
in membrane

_L
slow thawing

crystals growth

death as in (a)

l
slow loss of
cel 1
contents
1
death of cell

_L
rapid thawing
1
lipid layer
mob ile,
coalesces
across small
holes
1
semipermeabi1?ty
of cell retained

FIGURE 2.

Proposed Mechanism of Freezing Injury

Extracellular Freezing

Cell collapse on dehydration

Plasma membrane stretched

Holes form in lipid layer

2-membrane-protein layers contact via holes in

lipid

Covalent (S-S) bonds attach the 2 protein layers
irreversibly, fixing lipid holes

Loss of cell contents on thawing

Death of cell
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FIGURE 3.

Photograph of Kelman Cryopexie Unit
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FIGURE k.

Photograph of Odrich Dental
tip (2x) . Side view

(Oral) Cryostylet

FIGURE 5•

Photograph of Odrich Dental (Oral) Cryostylet
tip (2x). Bottom view

P
■

r
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FIGURE 6.

Chart illustrating grouping of subjects

SUBJECT

TEMPERATURE

LENGTH OF
APPLICATION
(TREATMENT TIME)

NUMBER OF
APPLICATIONS
(TREATMENT)

Group One
o
o

1

-60° C

1 min.

1

O

3

O

Subject

1 min.

o

2

1

LA

Subject

1 min.

O

1

"T

Subject

Group Two

2

Subject

3

O

Subject

0
0

1

1 min. + 1 min.

2

-50° C

1 min. + 1 min.

2

-60° C

1 min. + 1 min.

2

-d1

Subject
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FIGURE 9.

Photograph o f u n i t s e l e c t o r d ia l

s e t a t -60° C.

70

FORM #1
RECORD AND DATA FOR EACH SPECIMEN

1.

Date

2.

Time of freezing

3.

Temperature

4.

No. of applications

5.

Area (papilla location)

6.

Biopsy no.

7.

When biopsy will be taken

8.

Rate of thaw

9.

Time between treatments

10.

Rate of thaw following second treatment
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FORM #2
RECORD AND REPORT
Biopsy No. _______________________________
Patient'1s Name
Age

Sex

1s Address
Patient'
Patient's Phone __
Date of Biopsy ___
Time of Biopsy ___
Location of Biopsy:

Histologic (Microscopic) Report:
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FIGURE 10.

Photograph of biopsy site. The interdental papilla
between the cuspid and bicuspid is the area of
biopsy.

FIGURE 11.

Photograph illustrating mesial extent of biopsy
incision. The Orban knife is located on the
gingival margin approximately at the middle of
the cuspid.
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FIGURE 12.

Photograph illustrating distal extent of biopsy
incision. The tip of the Orban knife is placed
on the gingival margin approximately at the
middle of the bicuspid.

FIGURE 13.

Photograph illustrating inferior extent of biopsy
incision. The inferior limit of the biopsy was in
attached gingiva.

■
I

FIGURE 14.

Photograph illustrating Orban knife initiating
biopsy incision. Note that incision was initiated
in attached gingiva. Also note that the knife
was inserted at approximately 45 degrees to the
long axis of the teeth.

FIGURE 15-

Photograph of biopsy incision and specimen prior
to removal from site. The mesial, distal and
inferior limits of the specimen are quite visible
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FIGURE 16.

Photograph of biopsy site after removal of biopsy
specimen. The wound area had a scalloped
appearance indicating that the specimen was thicker
in the middle than at its limiting borders.

FIGURE 17•

Photograph of biopsy specimen (2x) .
triangular appearance of specimen.

Note
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FIGURE 18 (A).

Photomicrograph of a control gingival biopsy,
Note epithelial and connective tissue relati on
and ratio of epithelium to connective tissue in
the specimen.
(Hematoxylin and Eos in
original
magnification, x50).
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FIGURE 18 (B).

Photomicrograph of a control gingival specimen.
Higher magnification of (A). Note the distinct
basal cell layer, arrangement of rete pegs,
dense arrangement of connective tissue and the
chronic inflammatory cells widely dispersed in
the connective tissue.
(Hematoxylin and Eosin;
original magnification, xl00) .
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FIGURE 13.

Photomicrograph of biopsy specimen twenty-four
hours after a one-minute application of -60 C.
Note intraepithelial vesicle formation.
Individual epithelial cells and the basal layer
are very indistinct.
(Hematoxylin and Eosin;
original magnification, xlOO).
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FIGURE 20.

Photomicrograph of biopsy specimen three days
after a one-minute application of -60 C.
Epithelium has completely covered the previously
disrupted area. Note irregular rete peg
formation.
(hematoxylin and Eosin; original
magnification, x50).
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FIGURE 21.

Photomicrograph of biopsy specimen twenty-four^
hours after two one-minute applications of -b0 C.
Many of the epithelial cells appear edematous
and exhibit indistinct plasma membranes. Also
note edematous appearance of many nuclei.
(Hematoxylin and Eosin; original magnification,
x430) .
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FIGURE 22 (A).

Photomicrograph of biopsy specimen twenty-four
hours after two one-minute applications of
-50° C. Note alteration of superficial portion
of epithelium which is sharply demarcated from
remainder of epithelium.
(Hematoxylin and
Eosin; original magnification, xlOO).

82

FIGURE 22 (B).

Photomicrograph of biopsy specimen twenty-four
hours after two one-minute applications of
-50° C. Higher magnification of (A). The
superficial epithelial cells are edematous,
exhibit indistinct plasma membranes ; also
occasional hyperchromatic nuclei are seen.
Immediately below this altered epithelium note
numerous multinucleated cells. A dilated
capillary is seen containing polymorphonuclear
leukocytes.
(Hematoxylin and Eos in; original
magnification, x430).
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FIGURE 23 (A).

Photomicrograph of biopsy specimen at zero hour
after two one-minute applications of -60 C.
The cytoplasm of superficial epithelial cells
is pale-staining. (Hematoxylin and Eosin;
original magnification, x100) .
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FIGURE 23 (B).

Photomicrograph of biopsy specimen at zero hour
after two one-minute applications of -60° C.
Higher magnification of (A). Superficial
epithelial cells exhibit indistinct plasma
membranes, pale-staining cytoplasm and nuclei
exhibit pyknosis and karyolysis. A dilated
capillary is also seen. Hematoxylin and Eosin;
original magnification, x430) .
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FIGURE '¿k (A).

Photomicrograph of biopsy specimen twenty-four
hours after two one-minute applications of
-60° C. Remnants of necrotic epithelium can be
seen on the surface of the injured area. Note
clumping appearance of connective tissue fiber
bundles on the surface of the injury and presence
of inflammatory infiltrate.
(Hematoxylin and
Eosin; original magnification, xlOO).
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FIGURE 2k (B).

Photomicrograph of biopsy twenty-four hours
after two one-minute applications of -60° C .
Higher magnification of (A). The isolated
clumps of connective tissue appear hyalinized
and are surrounded by leukocytes and necrotic
tissue and debris.
(Hematoxylin and Eos in ;
original magnification, x430) .
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FIGURE 25 (A).

Photomicrograph of biopsy specimen three days
after two one-minute applications of -60 C.
Surface of wound area is still covered with
strands of fibrin, necrotic cells and tissue
and inflammatory cells. Note concentration of
leukocytes at the surface. The epithelium has
begun to proliferate at the edges of the injury.
(Hematoxylin and Eosin; original magnification,
x50) .
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i

FIGURE 25 (B).

Photomicrograph of biopsy specimen three^ays
after two one-minute applications of -60 C .
Higher magnification of (A). Note the
appearance of a wedge of enlarged epithelial
cells at the edge of wound between the necrotic
surface and connective tissue. There still
exists an Inflammatory infiltrate widely
dispersed throughout the connective tissue.
(Hematoxylin and Eos In; original magnification,
x430) .
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FIGURE 25 (C).

Photomicrograph of biopsy specimen three days
after two one-minute applications of -60 C.
Higher magnification of connective tissue in (A).
Note the two dilated capillaries. One is
engorged with leukocytes and in the other, the
endothelial cells are enlarged and it contains
a large mononuclear cell. Numerous fibroblasts
can also be seen. The inflammatory infiltrate
is widely dispersed throughout the connective
tissue.
(Hematoxylin and Eosin; original
magnification, x430) .
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FIGURE 26.

Photomicrograph of biopsy specimen five days
after two one-minute applications of -60 C. The
wound area is covered with epithelium. There is
evidence of rete peg formation. Note also
decrease of inflammatory infiltrate in the
connective tissue.
(Hematoxylin and Eosin;
original magnification, x100).

DISCUSSION
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No irreversible histologic changes were observed at any of
the time intervals used when gingival tissues were subjected to a
single treatment of -k0° C . or -50° C.

This does not imply that

transient or reversible cellular changes could not have occurred.
Two previous studies have shown that there may be a
temperature gradient between the actual probe temperature and the
tissue temperature attained during the freezing procedures.
2k
Harchetta
found that when a probe with a read-out temperature of
-120° C. was applied for 60 seconds, the actual tissue temperature
61
attained was in the range of ~30 C. to -70 C. Langeland
stated that although his instrument had a read-out temperature of
-22° C. after 60 seconds, the lowest tissue temperature attained
was 9° C .

Thus it is possible that a 30° to 90° temperature

gradient could exist.

Therefore, the possibility exists that the

tissue temperature of the specimens subjected to -A0° C. and
-50° C . may not have reached 0° C. and consequently ice formation
did not occur.
The technique of rapid freeze and slow thaw was used in this
study.

Rapid freezing will produce predominantly intracellular

ice crystals and a dehydration, both of which lead to
11
dénaturation.
Slow thawing will allow the intracellular crystals
to grow, causing further dehydration and rupture of plasma
11,18
membranes and cytoplasmic organelles.
In the case of the
-k0° C. and -50° C. treated tissues, rapid temperature change may
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not have occurred and therefore denaturation and derangement of
10,11
membranes did not result.
Another possibility is that
extracellular freezing may have taken place without significant
dehydration of the cytoplasm, or disturbance in extracellular
exchange of ions, or exchange between intracellular
9,11,16
organelles.
Upon thawing, the water may have been
reimbibed by the cells and their immediate histological appearance
41
would be indistinguishable from the normal.
Also, the thickness
of sections (10 microns) and the staining results in this study
may not have been precise enough to detect such fine changes, if
they had occurred.
At 24 hours, the specimens subjected to a single treatment of
, o
-60 C. exhibited degenerative changes in the epithelium, including
the basal layer.

This would suggest that this temperature was

severe enough to produce changes discernible under the methods
used in this investigation.

The injury was limited primarily to

the epithelium and was considered minimal because complete
regeneration of the epithelium had occurred by the third day.

It

was not possible to determine at exactly what time cytoplasmic
and nuclear changes had occurred.
24
Marchetta
showed that the temperature immediately under
the probe is directly related to the probe temperature and length
33
of application. Mayers et al
used -50 C. with a 2-minute
application and moderate pressure.

They noted indistinct plasma

3b

membranes and deeply-staining, shrunken, and fragmented nuclei
thirty minutes after freezing.
utilizing -70

In an ultrastructural study

C,, cytoplasmic detail was lost and rupturing of

nuclear membranes was seen within 2-3 minutes. Cell destruction
37
was severe at three hours.
It may be assumed from these
studies that early degenerative cellular changes are dependent
upon the temperature and length of application.
Possibly a single one-minute treatment of -60° C. would have
produced earlier detectable changes if more pressure had been
applied to the tissue.

A greater amount of pressure may produce

a localized ischemia within the tissues.
compression of the blood vessels.

This would be due to

As a result of this localized

ischemia, a more rapid and greater local heat exchange may take
place enhancing the formation of ice crystals within the tissues.
In this study gingival tissues subjected to two one-minute
applications of -40° C. and -50° C. did not disclose any
histologic changes until 2b hours.

The extremely superficial

injury noted at this time may have been due to a small temperature
change within the tissue and to the limited depth of a lethal
freezing temperature.

The superficial epithelial cells may have

been exposed to a lethal temperature whereas the deeper underlying
cells were not.
Histologically there appeared to be a greater degree of
degenerative cellular changes in the tissue treated with ~50° C.
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Also multi nucleated cells were noted within the epithelium of
38
this specimen. In an earlier study,
multi nucleated cells were
also observed within the epithelium following a single treatment
with -50° C.

It was concluded that the origin of these cells may

have been the result of chromosomal damage to basal cells.
minimal

The

insult may have altered the chromosomes in some of the

basal cells, with the resultant nuclear aberrations.
i o
o
In spite of a double-freeze procedure, -AO C. and -50 C.
produced only a superficial epithelial injury which was healed by
the thi rd day.
The superficial epithelial cells of specimens subjected to
two one-minute applications of -60° C. exhibited pyknotic and
karyolytic nuclei and ruptured plasma membranes within a matter of
minutes.

This early finding may be due to the temperature applied

and the fact that a double treatment was used.

The second

application of cold may have potentiated initial cellular damage
caused by the cellular temperature produced.

The early cellular

changes observed would be indicative of intracellular ice crystal
formation.

This type of freezing has been shown to be most lethal.

If intracellular crystal size exceeds that of the cell which
contains it, the result would obviously be cell death.
Destruction of the cellular structures is usually apparent
a short time after cells frozen intracellularly are thawed.

Cells

common 1y show vacuolization or swelling of the cytoplasm, and in

r
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addition, a change in the color of vitally stained cells is
4l
usually observed.
Intracellular ice formation is instantly fatal to many
living cells even at high subzero temperatures at which none of
the cells are injured when the freezing is only extracellular.
Therefore, it is possible that, in intracellular freezing,
mechanical factors should be considered, in addition to those

6
factors involved in purely extracellular freezing.
Another view is that the lethal factor, a direct result of
crystal formation, is the exceedingly high concentration of
electrolytes resulting from removal of water from solution.

Since

this is a biochemical factor, it shows both time and temperature
dependency.

Lower temperatures would lower the chemical rates of

the metabolic systems within cells.

In addition to the lethal

potential of intracellular crystal growth, rapid freezing also
creates a dehydration with the same potential for denaturation as
11
that responsible for injury following slow freezing.
It has also been suggested that thermal shock or the injury
to the cell due to the rapid change in temperature, may be a
mechanism of cellular damage.

A rapid change in temperature may

damage the cell in some instances even before freezing levels are
reached.

Thus, the factor of thermal shock may well account for

the increased lethal effect of rapid, as opposed to slow, freezing.
The mechanism of cold shock may be due to varying coefficients of

97

expansion in membranes resulting from heat exchange in various
components of the cell.
At twenty-four hours, more extensive tissue destruction was
observed in specimens subjected to two one-minute applications of
-60° C .

The entire epithelium was necrotic and an acute

inflammatory reaction was established in the superficial portion
of the underlying connective tissue.
The early degenerative changes observed indicate that an
immediate lethal injury was produced by two one-minute
applications of -60° C.

This injury was more severe than the

injuries produced by double applications of either -k0° C. or
-50° C.

This was also evidenced by the inflammatory changes

observed in the connective tissue.

Complete healing was not

observed until the tenth day after freezing.
It is possible that there may be a critical temperature
which must be applied to or attained within the gingival tissues
before irreversible cellular changes will occur.
may be in the vicinity of -60° C.

This temperature

In this study the effects of a

specific temperature applied to the tissues were potentiated by
double freezing procedure.

18-21
Clinical studies

have been reported which showed that a

double freezing procedure will produce more tissue damage than a
single freezing procedure.

These observations appeared to be

confirmed histologically in this study.

SUMMARY
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The purpose of this study was to study histologically the
effects of controlled freezing temperatures on human gingival
tissues.
Six subjects, 3 male and 3 females, ages 19-24, were divided
into two groups of three each.

Six interdental gingival papillae

were selected as experimental sites on each subject.

In each

group, the selected papillae of Subject 1 were frozen at -40° C .,
Subject 2 at ~50

C ., and Subject 3 at -60° C.

Subjects in

Group One received a single one-minute application of the freezing
temperature.
applications.

Subjects in Group Two received two one-minute
The Kelman Cryopexie unit was used to obtain the

freezing temperatures, employing the technique of rapid freeze
and slow thaw.

The cryogenic probe was held on the tissue with

light pressure during the freezing procedure.

Biopsy specimens

were obtained at 0 hour, 24 hours, 12 hours, 5 days, 10 days, and
21 days.

Serial sections were cut at 10 microns, alternate

sections were stained with either Picro-Ponceau and Hematoxylin
or Hematoxylin and Eosin, and studied histologically.
No histologic changes were observed when gingival tissues
were subjected to a single application of -40° C ., or -50° C.
single application of -60° C. produced a superficial epithelial
injury which was observed at twenty-four hours.
injury was observed by the third day.

Repair of this

A
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Superficial epithelial injuries were observed at 2k hours
following a double application of -k0° C. and -50° C.

These

injuries were also healed by the third day.
Degenerative changes in the epithelium were observed
histologically within a few minutes following a double application
of -60° C.

Complete healing of this injury was not observed until

the tenth day.
Several theories were discussed to explain the responses
observed in the tissues following the application of freezing
temperatures.

It was hypothesized that the application of

pressure with the probe would enhance the lethal effects of
freezing temperatures.

Also, it was hypothesized that a critical

freezing temperature must either be applied to or attained within
the tissues before irreversible cellular changes will occur.
The following conclusions were made on the basis of this
study :
1)

Variable responses were produced in clinically healthy
gingiva following the application of -40° C ., ~50° C .,
and -60° C.

2)

Single applications of -k0° C ., -50

C ., and -60° C.

produced reversible changes in the tissues.
3)

A double application of -^0° C. and -50° C. produced
reversible changes in the tissues.
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h)

Only the double application of -60° C. produced
irreversible degenerative changes in the tissues.
Complete healing of the injury was observed by the tenth
day.

5)

Double applications of freezing temperatures produce
more injury to gingival tissues than single applications
of the same temperatures.

6)

The extent of injury was not measured, but the tissue
affected by the freezing temperatures appeared to be
confined to the area immediately under the probe.

7)

Under the methods utilized in this study it was not
possible to determine exactly which cellular components
were initially altered by the freezing temperatures.
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ABSTRACT

no

A HISTOLOGICAL STUDY OF THE EFFECTS
OF CONTROLLED FREEZING ON HUMAN GINGIVAL TISSUE

Anthony Edward Plotzke, D.D.S.
Creighton University School of Dentistry
Omaha, Nebraska

This investigation was undertaken to obtain histologic
information on the effects of controlled freezing temperatures
on human gingival tissues.
groups of three each.

Six subjects were divided into two

In each group, six interdental gingival

papillae pf Subject 1 were frozen at -40° C., Subject 2 at -50°
C., and Subject 3 at -60° C.

Subjects in Group One received a

single one-minute application and those in Group Two a double
one-minute application of the freezing temperature.

Biopsy

specimens were obtained at 1, 24, and 72 hours and 5, 10, and 21
days.

Alternate serial sections were stained with either

Hematoxylin and Eosin or Picro-Ponceau and Hematoxylin.
A superficial epithelial injury observed 24 hours after a
single application of -60° C. was repaired by the third day.
Injuries observed 24 hours following a double application of
-50° C. were repaired by the third day.

A few minutes after a

double application of -60° C. degenerative changes were observed
in the epithelium.
necrotic.

At 24 hours the entire epithelium was

Repair of this injury was observed by the tenth day.

