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A comparative study of tooth apexification in the dog

George Pierre Citrome, DDS, MS; Edward J. Kaminski, PhD;
and Michael A. Heuer, DDS, MS, Chicago

Calcium hydroxide, collagen-calcium phosphate gel, and blood clot
were compared as inducers of periapical calcification in the immature
nonvital teeth of dogs. This investigation showed that calcium

hydroxide accelerated hard tissue bridging of the open apex

irrespective of complete resolution of initially induced inflammatory
state. Collagen-calcium phosphate gel inhibited the reparative process
of the initial inflammatory lesion leading to extensive destruction of
the periapical tissues with no evidence of apexification. Locally
induced blood clot maintained the initial inflammatory state and did
not result in hard tissue bridging of the open apex. The investigation
confirmed the use of the dog as an effective animal model for
meeting the criteria of the experimental design.

Apexification procedures to treat the
nonvital immature root canal with a
wide open apex have come into
common use in the modern clinical
practice of endodontics. Although
calcium hydroxide pastes are the
root canal filling materials most
often used to induce apexification,' '
one school of thought questions the
necessity of placing any filling mate-
rial in the root canal to fulfill this
objective. Nygaard-Ostby'* reported
that the creation of an apical blood
clot by over-instrumenting sterilized
necrotic roots caused continued api-
cal root closure. Moodnick!' pro-
posed that removing the bulk of
necrotic pulpal tissue and filling with
gutta-percha short of the apex could
provide healing at the apex. Ham
and others" have shown that both
calcium hydroxide and the induction
of a blood clot would lead to apexifi-
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cation of immature root canals in the
monkey.

Some investigators recently have
introduced new materials to provide
more predictable success. Tricalcium
phosphate ceramic material used as a
resorbable implant material to stim-
ulate apical closure has been success-
ful in experiments on monkeys'” and
cqually successful when compared
with use of calcium hydroxide in
human studies.'” However, apical
closure was not achieved with this
material in an investigation in which
dogs were used.'”

Among the newer materials, col-
lagen-calcium phosphatc gel appears
promising. In 1976, Nevins and
others' published a report on the use
of this gel as a filling material in
pulpless teeth with open apexes in
monkeys. When compared with a
calcium hydroxide paste, this sub-

stance promoted a rapid and more
physiological apexification. Several
of the teeth filled with the collagen
gel “appeared to be revitalized with
forms of hard and soft
connective tissue, including cemen-
tum, bone, and dentin derived from
lacerated remnants of uninflamed
pulp tissue.”"™ The authors con-
cluded that this material may be a
step in the direction of revitalizing
human pulpless tecth.

Aside from the contention that
several different techniques will lead
to apexification of wide open root
canal apexes, careful perusal of the
literature has disclosed several varia-
tions in the research methodology
relating to design,
choice of animal model, and inter-

various

experimental

pretation of the experimental data.
Experimental  design  includes
those conditions to be controlled



before the apexification procedures
are performed. Studies have been
done on root canals that, before the
actual  apexification  procedures,
have ranged from those in intact
healthy tecth*'*'" to thosc that have
been experimentally infected and
made necrotic.™'""" Similarly, stud-
ies have been published in which the
experimental tecth have contained
fully developed root canals in which
the apex was perforated to simulate a
blunderbuss canal'*'*'* to immature
root canals with naturally occurring
wide open apexes.’

The choice of animal model in
these investigations also is controver-
sial. Basically, three species have
been used: humans'*''H
keys,> !> and dogs."'*'+'" Mon-
kevs have been used extensively in
these studies because of the cvolu-
tionary resemblance to humans, in
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particular the resemblance anatomi-
cally to the human dentition. How-
ever, this outward resemblance may
be deceiving according to Torneck
and others® who, in 1973, studied
the effect of injury to the pulp with
oral contamination on developing
monkey incisors. In spite of filing the
walls of the root canals to remove
residual fragments of pulp tissue and
leaving the teeth open to oral sali-
vary contamination for up to 93
days, dentin and cementum were
deposited at the periapex leading to
apexification of the open apexes. The
data suggest that monkeys, when
compared with humans, have greater
recupcrative Specifically,
monkey pulpal tissue is highly resis-
tant o the effects of oral contamina-
tion; despite the presence of severe

powers.

inflammatory disease, the periapical
tissues of the monkey still allow for

repair of hard tissue in the form of

dentin, cementum, and bone.
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Several investigators have found a
close similarity in healing processes
of teeth and supporting structures
between humans and dogs.*"** In
1932, Orban neatly summarized
why dogs make ideal animal models:
“Dogs’ teeth are more sensitive to
any kind of injury than human teeth.
This may be due to a greater
permeability of hard structures, den-
tin and cementum in the dog than in
humans, and that if treatment in the
far more sensitive dog proves satis-
factory it can be expected to be
satisfactory in humans.”

A third shortcoming in some of
these studies relates to interpretation
of the experimental data with respect
to the histological evidence which is
subjective to one degree or another.
Histological cvidence of hard tissue
deposition around the apex of a root
canal can be seen in a section stained
with hematoxvlin and eosin. Howev-
cr. under these conditions it is impos-
sible to conclude objectively whether
this deposition of hard tissuc oc-
curred before, during, or after the
apexification procedure. The only
way to confirm that the deposition of
hard tissuc observed is the result of
the experiment is to label the tissue
with a biological marker before and
after the apexification procedure is
performed. The dye Procion Red,
when viewed in unstained decalci-
fied sections under ultraviolet light
and with a specific excitation filter,
has biologically marked actively cal-
cifying connective tissues.*'

An analysis of the results obtained
in this investigation has been ensured
by simulating a typical clinical situa-
tion. namely, necrotic immature root
canals; using an animal (the dog)
that is similar to humans in biologi-
cal response: and assessing hard
tissuc repair with Procion dye, a vital
marker.

In applying the foregoing princi-
ples, the purpose of this investigation
was to study histologically the effects
of various techniques to induce peri-
apical calcifications in the tecth of
dogs with incompletely
apcxes and with necrotic pulps.
Specifically, a comparison of the
standard material, calcium hydrox-

formed

ide, with collagen-calcium phos-
phate gel was made. As a control, the
induction of a blood clot without any
filling materials also was investi-
gated.

MATERIALS AND METHODS
Materials

The double-rooted premolars of
two 5-month-old bcagle dogs were
used, giving a total of 20 experimen-
tal teeth. Preliminary radiographs
showed incompletely formed roots.
Intraperitoneal injections of Procion
Brilliant Red dye (2% solution, 100
mg/kg body weight) were adminis-
tered to cach animal at four intervals
six weeks apart starting three weeks
beforc the pulpectomies, then at
three and nine weeks after the experi-
mental procedure, and shortly before
the animals were killed. Before the
apexification procedures were begun,
the pulps were rendered necrotic by
performing pulpectomies and leav-

ing them open to oral salivary
contamination for a week. The
necrotic root canals were then

debrided and treated with 1% aque-
ous parachlorophenol and scaled
with amalgam for another week.

Methods

Treatment of the open apex with
the selected procedure was per-
formed with usc of rubber dam isola-
tion and sterile techniques. Five of
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the prepared teeth were simply
instrumented beyond the apex to
induce a blood clot (this was verified
by blood seeping into the canal);
eight of the prepared teeth were
filled with a collagen-calcium phos-
phate gel prepared in the manner
described by Nevins and othrs'* and
the remaining seven teeth were filled
with a calcium hydroxide-saline
paste. All the tecth then were
double-sealed with a stop of base
plate gutta-percha followed by a
Class I amalgam filling.

All treatments were performed
with the animals under general anes-
thesia; injections of sodium pento-
barbital were uscd.

Periapical radiographs of the ex-
perimental teeth were taken at regu-
lar to monitor clinical
progress of hard tissue pathological
conditions or repair. The animals
were killed at the end of 11 weeks
when large radiolucent areas oc-
curred at the apexes of several of the
teeth. The tissues were fixed with a
saline and Formalin infusion tech-
nique according to procedures used
by Kozlowski.?* Block dissections of
the jaws were made and decalcified
The speci-
mens were embedded in paraffin.
Semi-serial sections were cut into a
thickness of 5 p at the plane of the
root apex. Alternate slides were
stained with hematoxylin and eosin.
Adjacent alternate slides were left
unstained for viewing with ultravio-
let light with use of excitation filter
BG12* and barrier filter 33* in a
Zeiss photomicroscope.*

intervals

in Perenyi’s solution.*’

Criteria

The criteria of successful treat-
ment were lack of inflammatory cells
and edema in the periapical tissues,
continuity of the fiber pattern of the
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Table 1 » Response of the periapical tissue to the experimen-
tal procedure.

Periapical tissue response*

Procedure None Mild Severe

Induction of a blood 0 1 4
clot (3T

Collagen (8) 0 0 8

Calcium hydroxide (7) 5 1 1

*Number of weth showing the response in each experimental group

f'lotal number of tecth in parenthescs

Table 2 ¢ Evidence of apexification and cementogenesis.

Apexification’

Cementogenesis*

(No. of

Procion bands)

Specimen None Evident 0-1 1-2 4

Blood clot (5)7 5 0 3 1 1

Collagen (8) 8 0 5 3 0

Calcium hydroxide (7) 0 7 0 0 7
*Number of teeth showing the response in cach experimenial group

TTotal number of tecth in parcntheses

periodontal ligament, and no resorp-
tion of cementum or dentin.

Adverse periapical reactions were
classified as being either mild or
severe inflammatory reactions. Mild
inflammation was interpreted as
being caused by the presence of
moderate populations of inflamma-
tory cells with minimal loss of the
continuity of the periodontal liga-
ment.  Severe inflammation  was
characterized by the presence of ei-
ther tissues, ab-
scesscs, or cysts concomitant with
destruction of the periodontal liga-
ment and resorption of cementum or
dentin, or both.

The criteria of successful apexifi-
cation and active cementogenesis at
the apex were evaluated by looking
for the presence of orange fluorescent
bands in the unstained sections
under ultraviolet light, because Pro-
cion dyc labels actively calcifying

granulomatous

tissues. As four injections of the

Pracion dye were administered at
six-week intervals, the number of
Auorescent lines (to a maximum of
four) were rccorded as an index of
the quantity of cementum laid
down.

RESULTS

T'he responsc of the periapical
tissues to the experimental proce-
dures with respect to inflammatory
changes and hard tissue deposition is
shown in Tables 1 and 2.

Of the five blood clot controls, the
predominant lesion was granuloma-
tous. One specimen showed only
mild inflammation, and one showed
cementogenesis (Fig 1).

All cight collagen-calcium phos-
phate gel specitmens disclosed severe
inflammatory lesions (Fig 2). Acute
abscesses, and cysts
causing extensive destruction of the

granulomas,

periapical tissues were characteristic
responses. Resorption of both cemen-
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Fig 1—A. blood clot specimen showing cementum on lateral aspect of one side of root, as well as
internal resorption of dentin vre its medial aspect. Other side of voot shows resarption of cementum
and dentin. Notice cellular invasion of rool canal space (HEF, org mag X 35). B, higher mag-
mfication of lateral aspect of roul in Figure I, A, showing detal of cementum (HFE, vrig mag
X 140). C, corresponding unstained sectton of Figure I, B. Notwce four bands of fluoresience in
cementum confirming active cementogenesis (1, 2, 3, and 4 ), and only one fluorescent band in
dentin (D)), confirming that nv new dentin has been deposited afler experimental procedures
(ultraviolet light, vrig mag X 140). D, higher mugnification of other side of 1a0t i Figure /,
A, showing resurption of hard tissues (HEE, orig mag X 140). E, comesponding unstained sec-
twn of Figure [, D, confirming resorption of cementum. Only one partial band of fluorescence can
be seen (armu ). Also notice one fluvrescent band i dentin (D)), which was present i all exper-
imenlal teeth (ultracwlel. orig mag X 140).
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Fig 2—Lefi. collagen-calcium phosphate gel specimen showing granuloma at apex and early soft Lissue nrasion of root canal space (HIL, onig mag
X 33). Center, higher magmification of left sude of root in Figure 2, left, showing extensive resorption of cementum and destruction of attachment ap-
paratus (HEE. orig mag X 100). Right, corresponding unstaned section of Figure 2. center, showing only one band of flusrescence in cementum
(arrow ). thus indicating resorption of cementum or lack of cementugenesis takimng place (ultravwolet hght. org mag X 100).

tum and dentin occurred frequently.
Destructive granulomatous soft tis-
sue invasion of the root canal space
extended to a few millimeters from
the apex of the root. No evidence of
apexification or cementogenesis was
observed (Fig 2).

Five of the seven calcium hydrox-
ide specimens showed no cvidence of
inflammation and destruction of the
periodontal supporting apparatus.
Two specimens showed inflammato-
ry changes. All specimens had apex-
ification and apical cementogenesis
(Fig 3, 4). The hard tissue bridge was
identified as cementum or amor-
phous calcified matter, or both.

DISCUSSION

To confirm that the cementogene-
sis and apexification that
observed were newly deposited, un-

were
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stained scctions were examined un-
der ultraviolet light. All of the
calcium hydroxide specimens
showed evidence of four Huorescent
bands indicating active cementogen-
esis (Fig 4, C). As the Procion dye
was injected at four intervals (the
first injection was administered three
weeks preoperatively). an untreated
control tooth should show four fluo-
rescent bands in both the cementum
and the dentin (Fig 5). A comparison
of the calcium hydroxide sections
with the unoperated control tooth, as
viewed under ultraviolet light,
showed two important features.
First, the bands of ultraviolet luores-
cence in the calcium hydroxide
sections were much more widely
spaced than in the unoperated
control specimen. This confirmed
that a quantity of cementum, greater
than normal, was being deposited

between each injection interval in
the calcium hydroxide-treated teeth
compared with the unoperated con-
trol teeth. The second important
feature was that all the experimental
teeth showed only one fluorescent
band in the dentin corresponding to
the first preoperative injection of the
dye. This showed that the expeni-
mental teeth were made necrotic; no
viable odontoblasts were left to
produce dentin.

The hard tissue bridging at the
apexes of the tecth showed under
ultraviolet light as a mass of orange
fluorescence with no neat bands
demarcating the different periods of
injection (Fig 4, D). It can be in-
ferred that the hard tissue deposition
in this area was laid down rapidly
and in a disorganized fashion. Corre-
sponding sections stained with hema-
toxylin and eosin reflected the disor-



':Flg 3—Calcrum hydroxide specimen showing
“hard tissue brdging i presence of a periapi-

cal grandoraa. Notice presence of calenm hy-
droxide crystals i rout canal space (HEE.
orig mag X 3J)
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Fig 94—, calciumn hydroxede specimen shoicing hoth cementogenests and apexification. Notice
presence of caleium hydvoade crystals both i vot canal space and i periapical area (arroie
Also natice absence of inflammation (HEE, orig mag X 33). B. higher magnification of left
side of ool in Figure 4. A, showing detut! of cementogenesis (HEE, ong mag X [40). (. cn-
responding unstaied section of Figiee 4. B, shoieing fowr wudely separated bands of fluore scence
(1. 2. 3. 4. confirming continued active cementogenests (ultrnziolet Light, orig mag X 140). 1.
higher magmfication of hard lissue hridgig i Frgure 4, A, showng detadl of calcifred Lissne
(HEL. orig mag X 140). E. conesponding unstained section of Figure 4. 1), showmg masy o)

Sluorescence confirmang actiwe calctfication i area occurring cithin relatiely short time (ultraiio-

fet Light, ong mag X [40}).

=43 r
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Fig 5—Lefl. unoperated control specimen showing intact pulp (lefl ) and intact cementum and periodontal ligament (right) (HEE, orig mag X 33),
Center, unstained section at a higher magnification of Figure 3, lefl, showing four bands of fluorescence i the dentin. confirming that dentinogenests
had not been impaired in the unoperated control specimen (ultraviolet light, orig mag X 140). Right, unstained section shown in Figure 3, cenler.

showing four narrow bands of fluorescence i the cementum as well as intact periodontal ligament (ultravilet hght, onig mag X 140).

ganized arrangcment of the tissue
(Fig 4. D).

Nevins and others"™ have deman-
strated so-called “revitalization” of
pulpless monkey teeth. The results
reported in this investigation showed
that, in the canine species, the colla-
gen-calcium phosphate gel led to
inflammatory lesions that
resulted in extenstve loss of periodon-
tal ligament as well as resorption of
hard tissues. Also, under ultraviolet
light, unstained sections showed an
average of only onc cemental band in
the periapical area instead of the
normal four as seen in the unoper-
ated control root. This confirms that
the active cemental resorption ob-

severe

servable in sections stained with
hematoxylin and eosin was taking
place. Seven of the eight specimens
showed tissue invasion of the root
canal space. Nevins and others™
found this ingrowth was an impor-
tant constituent in the revitalizing of
the pulpal tissues but this revitalized
tissue did not show any odontoblas-
tic activity. Thus, they could not
show whether this tissue was repara-
tive or degenerative. However, in this
investigation, the soft tissue ingrowth
in all but one specimen was granulo-
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matous—therefore, reactive or degen-
erative in character.

As the results show, the bload clot
control specimens showed histologi-
cal changes comparable, albeit not as
severe, with the collagen-calcium
phosphate gel specimens. One root,
however, showed evidence of periapi-
cal calcification (Fig 1A, B). Under
ultraviolet examination, four bands
of fluorescence confirmed the in-
creased activity in the cementum
(Fig 1C). The other side of the same
root, however, showed the typical
resorptive process seen in the other
specimens (Fig 1D, E).

One of the criteria in the design of
this investigation was to make the
cxperimental teeth necrotic. As these
teeth were left open to the oral envi-
ronment after the pulpectomy proce-
dures and before the filling proce-
dures, it is assumed that the resultant
bacterial contamination had caused
an initial severe inflammatory reac-
tion in the periapical areas of the
affected teeth.

In this context, the results of this
investigation have shown that the
response to induction of a blood clot
(no filling material in the root canal)
resulted in maintaining the initial

inflammatory state. However. one
specimen showed only a mild inflam-
matory response, whereas another
demonstrated carly evidence of ac-
tive cementogenesis. Perhaps if this
experiment had been performed for a
longer time, the control specimens
with blood clots would have shown
evidence of some resolution of the
mitial inflammatory process.

However, the specimens of colla-
gen-calcium phosphate gel not only
maintained the inttial inflammatory
state but, in addition, inhibited any
reparative process from occurring, as
seen in seven of the eight specimens.
All specimens were characterized by
large inflammatory lesions causing
widespread destruction of both hard
and soft tissues. As a result of the
tissue destruction, the animals had to
be killed at an early datc based on
radiographic evidence of large radio-
lucent areas surrounding the roots of
some of these specimens.

In comparison, calcium hydroxide
caused an acceleration of the repara-
tive process in the periapical area,
and, in most specimens. complete
resolution of the initial inflammatory
lesions occurred.



SUMMARY AND
CONCLUSIONS

The comparative eflects of cal-
cium hvdroxide, collagen-calcium
phosphate gel, and the formation of
a blood clot as inducers of periapical
calcifications in the immature nonvi-
1al teeth of dogs were investigated.

Central to this investigation was
the evaluation of the suitability of
the dog as an ideal animal model in
this field of study. In addition, the
vital dye Procion Brilliant Red was
evaluated as to its effectiveness as a
temporal marker to identify postop-
erative calcifications.

The following conclusions were
made from this investigation:

—Calcium hvdroxide accelerated
hard tissue bridging of the opcen apex
whether the initial inflammatory
state in the periapical area was
completely resolved or was still in
evidence.

—Collagen-calcium phosphate gel
inhibited any rcparative process of
the initial inflammatory lesion, lead-
ing to extensive destruction of the
periapical and supporting tissues,
with no evidence of apexification.

—Induction of a blood clot
resulted in maintaining the initial
inlammatory statc and did not
result in hard tissue bridging of the
open apex.

—Procion Brilliant Red dye was an
eflective temporal marker of hard
tissue calcifications.

~The dog was an effective animal
model for meeting the criteria of the
experimental design including the
availability of open apexes and a
necrotic and sensitive biological
responsc to the cffects of oral
contamination.

*Carl Zeiss. Overkocken/Wurtt, West Ger-
many.

JOURNAL OF ENDODONTICS VOL 5, NO 10, OCTOBER 1979

This study was supported in part by H.
Sicher  Foundation and Grant RR-03311
USPH-NIH.

Dr. Citrome is in private practice, Ottawa,
Canada. Dr. Kaminski and Dr. Heuer are
assistant professors, Northwestern University
Dental School. 311 E Chicago Ave. Chicago
60611. Requests for reprints should be sent to
Dr. E. J. Kaminski.

References

1. Frank, A L. Therapy for the divergent
pulpless tooth by continued apical formation.
JADA 72:87-93. 1966.

2. Michanowicz, J.P.. and Michanowicz,
A.E. A conservative approach and procedure
to fill an incompletely formed root using
calcium hydroxide as an adjunct. J Dent
Child 34:42-47, 1967.

3. Heithersay, G.S. Stmulation of root
formation in incompletely developed pulpless
teeth. Oral Surg 29:620-630, 1970.

4. Hollard. R., and others. Healing process
of teeth with wide open apices: histological
study. Bull Tokyo Dent Coll 12(4):3:33-338,
1971.

5. Cvek. M. Treatment of non-vital perma-
nent incisors with calcium hydroxide. Follow-
up of periapical repair and apical closure of
immature roots. Odontol Rev 23:27-44,
1972.

6 Klein, S.H., and Levy. B.A. Histologic
cvaluation of induced apical closure of a
human pulpless tooth. Oral Surg 38:954-959,
1974.

7. Pickoff, M.D.. and ‘I'rout, J.R. Apexifica-
tion: report of a case. ] Endod 2:182-185.
1976.

8. Steiner, J.C, and Van Hassel. H.J.
Experimental root apexification in primates.
Oral Surg 31:409-413. 1971.

9. Dylewski, J.J. Apical closure of non-vital
teeth. Oral Surg 32:82-89, 1971.

10. Torneck, C..D.: Smith, ].S.: and Grin-
dall, P. Biologic effects of endodontic proce-
dures on devcloping incisor teeth. Effects of
debridement procedures and calcium hydrox-
ide-camphorated parachlorophenol paste in
the treatment of experimentally induced pulp
and periapical disease. Oral Surg 353:341-354,
1973.

1. Ham, J.W.; Patterson, 8.8.; and Mit-
chell, D.I'. Induced apical closure of immature
pulpless teeth in monkeys. Oral Surg 33:438-
+9, 1972

12, Binnic, W H., and Rowe. AHR. A
histological study of the periapical tissues of
incompletely formed pulpless teeth filled with
calcium hydroxide. J Dent Res 52:1110-1116.
1973.

13. Nygaard-Ostby, B.N. T'he role of the
blood clot in ¢endodontic therapy. Acta Odon-
ol Scand 19(3):323-353. 1961.

14. Moodnick, R.M. Clinical correlations
of the development of the root apex and
surrounding structures. Oral Surg 16:600-607,
1963.

15. Koenigs. J.F.. and others.  Induced
apical closure of permanent tecth in adult
primates using a resorbable form of tricalcium
phosphate ceramic. J Fndod 1:102-106.
1975. '

16. Roberts, S.C.. Jr.. and Brilliant. J.1).
T'ricalcium phosphate as an adjunct 1o apical
closure in pulpless permanent weeth. ] Endod
1:263-269, 1975,

17. Mager, 'I'F.. Jr. The effects of beta
phase tricalcium phosphate on the pulp and
periapical  supporting  apparatus in dogs.
Thesis, Northwestern University, 1975

18. Nevins, A J ., and others. Revitalization
of pulpless open apex teeth in rhesus monkeys,
using  collagen-calcium  phosphate  gel. ]
Endod 2:139-165, 1976.

19. Ball, }).S. Apical root formation in non-
vital immature permanent incisors. Br Dent ]
116:166-167, 1964.

20. Torneck. D.CC; Smith, J.S.: and Grun-
dall. P. Biologic cffects of endodontic proce-
dures on developing incisor teeth. Effect of
pulp injury and oral contamination Oral
Surg 35:378-388, 1973.

21. Gottlieb, B.: Baron, S.L.: and Crook,
J.H. Endodontics. St. Louis. C. V. Mosby Co..
1950, pp 25-46.

22. Matsumiva, S., and Kitamura, M.
Histo-pathological and histo-bacteriological
studies of the relation between the condition
of sterilization of the interior of the root canal
and the healing process of periapical tissue in
experimentally infected root canal treatment
Bull 'T'okyo Dent Coll 1:1-19. 1960.

23. Orban, B. The problem of root canal
treatment. JADA 10:1384-1388, 1932

24. Kozlowski. D. The cffect of tricalcium
phosphate ceramic as a pulp capping agent
over minimal exposures in dogs. Thesis,
Northwestern University, p 28, 1976.

25 Drury, R.AB.. and Wallington. F.A.
Carleton’s histological technique. New York,
Toronto. Oxford University Press, 1967,
p 140.

297



