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SUMMARY

Th'is study was des'igned to investigate repa'ir and possible

reattachment of princ'ipal periodonta'l fibres in areas of resorption on

anchor premolar root surfaces following rapid maxillary expansion in

man. Upper first premolar teeth were obtained from pat'ients requiring

rapid maxillary expansion and extraction of these teeth after periods

of retention varying between l4 and53?weeks. The roots of the teeth

v.,ere exami ned usi ng scann'ing el ectron mi croscopy and I i ght mi croscopy.

As a basis for comparìson with root surface topography, human

adult and fetal bone was examined in the scanning electron microscope.

These tissues demonstrated features very similar to those seen on various

root surfaces examined. Also, a number of apparent'ly normal human

premolar roots and trial tooth root specimens exhibiting resorption were

exam'ined in the scanning eìectron microscope and compared. Evidence of

periodontal reattachment was found within defects on the surface of

several of the trial specimens showing resorption.

Extensjve root surface resorpt'ion characterized the roots of

anchor premo'lars, especially on the buccal surfaces. Repair of the

resorptive defects was found to occur exclusiveìy with cellular cementum

which seemed to be generally more advanced on anchor teeth retained for
'longer periods, up to the maximum of 53? weeks retention'in this study.

The surface areas involved by resorption did not show marked progression

overall, from the shortest retent'ion period of l4 weeks to the ìongest.

This finding indicates that the advance of resorption is greatest during

expansion and in the first three months of retention.
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Periodontal fibre attachment was observed in the light

microscope on repair cellular cementum and also on resorbed dentine

surfaces. The exact nature of the attachments observed, whether

adhesive or continuous, cannot be determined without ultrastructural

study. Topographicaì1y, Sharpey fibre holes indicative of principal

periodonta'l fibre insertion were found in repair cementum. However,

these features were not numerous, or consistent in location and

presence.
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SECTTON 1-

I NTRODUCTION

Extensive root surface resorpt'ion of anchor premoìar teeth has

been shown by Barber (lgZg) and Harry (1977) to occur following rapid

maxilìary expansìon. Barber (1978) could find no evidence of attach-

ment of principaì periodontaì fibres to cellular cementum repairing the

resorptive defects. He examjned material from ten patients after fixed

retention periods of up to nine months. The area involved by resorption

on these teeth was quite extensive and consequent loss of periodontal

attachment, if proven to be permanent, could seriously impair their

functional support.

Rapid maxillary expansion is widely used by orthodontists to

correct maxillary skeleta'l base width narrowness. Heavy forces

(Isaacson and Ingram,.l964) are transmitted to the maxilìary halves via

an appliance connected to anchor teeth in the maxilla. Disruption and

hyalinizatjon of periodontal ligament have been described in assoc'iation

wjth orthodontic forces on teeth (Ry9h,1973; Storey,1973; Rygh and

Reitan,1972). Such changes could be expected to occur in the perio-

dontal ligaments of teeth used as anchor teeth for rapid maxillary

expansion. If destruction of ligament cells was extensive, periodontal

repair might be affected by progenìtor cells from bone marrow as

suggested by Ten cate (1976) and Line, Polson and Zander (1974). The

consequence of this would be ankylosis. Demonstration of root surface

repa'ir and periodontaì fibre reattachment would rule out such a

devel opment.
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Root resorption associated with orthodontic treatment apart

from apical root loss has jn the past been considered to be capabìe of

complete restitution (Giane11y and Goldman, l97l). This cannot be

assumed in the case of rapid maxilìary expansion. Indeed, the few

reports about the effects of this procedure on the tissues of the

anchor teeth jn man show damage and repair but not periodontal reattach-

ment (Barber, 1978; Timms and Moss, l97l). In add'ition, the permanent

loss of large areas of cervical acellular cementum with its marked

concentration of inserting principal periodontal fibre bundles may

significant'ly compromise the attachment and resistance to periodontal

disease of these teeth.

The scann'ing electron microscope has been found useful in

examining tooth root surfaces (Boyde and Lester,1967; Jones and Boyde,

1972; Barber, 1978) and other hard tissue surfaces (Boyde and Jones,

1972). Specific topographical features have been associated with

periodontal fibre attachment (Jones and Boyde , 1972). The use of this

instrument to attempt to demonstrate periodontal fibre reattachment ìn

areas of previous resorpt'ion on tooth roots could therefore prove

benef i ci al . Conventi onal 'l i ght mi croscopy may perm'it conf i rmati on of

the findings evaluated with the scanning electron mìcroscope.
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SECTTON 2

AIMS OF THE INVESTIGATION

I

2

To compare the mineralizing fronts of human adult and fetal

bone with those of cementum, us'ing the scanning electron

mì croscope.

To examine the root surfaces of premolar teeth used as anchor

teeth for rapi d maxi I I ary expansi on i n man, ut'i 'ì 'izi ng the

scanning electron microscope and histologic techn'iques.

Periods of fixed retention follow'ing expansion are to be

varied up to a maximum of twelve months.

The repair of root resorpt'ion and any associated periodontal

fibre reattachment are important features to be investigated

on experimental teeth. The findings may then be related to

the long term effect of rapid maxil'lary expans'ion on the

functional status of anchor premo'lar teeth.

3
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SECTÏON 3

REVIEl^l OF THE LITERATURE

Rapid Maxil I ary Expansion

The published history of rapid maxi'lìary expansion dates back to

1860. Since that time much has been written and many investigations

carried out particularly in relation to the macroscopìc clinjcal effects

of this procedure. In this review of the literature it is intended to

give an overview outlining some of the historical and cl'inical features of

th'is technique. Research related to the forces involved in rapid max'i1ìary

expansion and the tissue reactions of the teeth used as anchor units w'ill

be given more detailed attention.

Angell (1860) reported us'ing a transpalatal screw device fixed to
the premolars to expand the maxillary arch and thus increase arch length

in one patient. Activation of the appljance produced a diastema between

the upper central incisors whjch he felt indicated that separation of the

maxillae had occurred. Other workers reported us'ing similar devices

cl'inically with comparable results (Goddard, lB93; Matteson, lB93).

Monson in 1898 seems to have been the first to suggest that mouth

breathing couìd be assoc'iated with nasal stenosis, maxillary arch crowdìng

and a constricted palatal vault. He thus advocated using rap'id maxilìary

expansion to correct maxillary and nasal malformations. Such treatment

was also recommended by Brown (1903), Ottolengui (1904), willis (l9ll),
Pullen (1912), Haw'ley (1912), Mesnard (1929) and others. However, pfaff

(1905) doubted the origina'lity of Monson's (1898) proposal and stated that

in Europe the efficacy of such treatment was not well accepted. Subsequent

reports on the relief achieved, wìth rapid maxillary expansion,
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from rhino'logìc and resp'iratory ailments have been made by Griffin (1958),

Gray and Brogan (1970), Timms (1974), Gray (1975) and Brogan (1977a,

1977b). Wertz (1968) has recorded increased capacity for nasal a'ir volume

during maximum effort following rapid maxi'lìary expans'ion. This findìng

supported the work of Linder-Aronson and Aschan (1963) which showed a

lowering to normal limits of the nasal resistance to breathing which was

unchanged one year following rapid max'illary expansion in a group of ten

pati ents .

Brown (1909) reported using rapid maxillary expansion as an

adiunct to the treatment of cleft palates. More recently Grossman (.l963),

Isaacson and Murphy (196a) and Townen¿ (lgAO) have described the use of

rapìd maxillary expansion in cleft palate patients.

Early investigatìons undertaken to demonstrate the effects of

rapid maxil'lary expansion included the use of "green" skulls (Dean, lg09),

human subjects (Dean, lgll) and dry skulls (lrJright, 1912). Ketcham (1912)

reported failure to open the midpaìatal suture of a fresh cadaver and

Federspieì (19.l3) claimed to find no evidence of suture opening on retract-

ing paìatal soft tissues following expans'ion. Dewey (1913) stated that the

evidence supporting midpalataì suture opening was quest'ionable but in l9l4

he reported experiments on dogs and acknowìedged the possibility of openìng

the suture. However, he st'ill felt that rapid max'ilìary expansion was

undesirable, supportjng previously pubìished statements by Angìe. (1910)

that the great force and rapid movement associated rvith the procedure was

not physiological.

As the Angle orthodontic phi'losophies and treatment methods rose

to prominence in the United States, interest in rapid maxiìlary expans'ion

waned. However, as detailed by Thörne (1956), the rhinologicaì and
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respiratory aspects of the treatment cont'inued to receive attention in

Europe. It was not until the earìy .l950's that the technique agaìn

attracted 'interest outsi de Europe.

Quantitative studies of the effects of rapid max'illary expansion

in man have now been undertaken by many workers. Thörne (.l956, 1960),

Haas (1961), Krebs (1964), and Wertz (tOZO¡ are among many.whose published

work now gives a well documented v'iew of the skeletal and dental changes

wrought by th'is procedure. Studies in animals (Posen, Bayne and Clea11,

1963; Starnbach, Bayne, Cleall and Subtelny,1966) have also provided

valuable information about the reactions to rapid maxillary expansion at

more distant sutures and the bone and connective tissue responses (Murray

and Cleall, l97l).

Investigat'ions of the forces generated by the appliances are

notably lìm'ited. A series of reports by Isaacson, Wood and Ingram (1964);

Isaacson and Ingram (196a) and Zimring and Isaacson (1965) detai'l a unique

study carried out on four human patients designed to measure the forces

created durìng expans'ion and retention. These measurements were made

electronica'lìy, using a dynamometer incorporated into each expansion'

app'liance. The forces recorded during app'ljance activation ranged between

several pounds and 22.5 pounds. Such forces are well in excess of accepted

orthodontic forces between 50 and 400 grammes used to move teeth through

alveolar bone (Giane'lly and Goldman, l97l). Indeed, rapid maxilìary

expans'ion is considered orthopaedìc rather than orthodontic and generally

aims to correct a maxil'lary skeletal base discrepancy (Isaacson and Murphy,

1964; l¡Jertz, 'l970; Sassounl, 1972; Haas, 1973) . Zimring and Isaacson (1965)

reported that the residual loads acting on the appliances at the end of

expansion were dissipated within five to seven weeks. They felt that this

occurred predominantly by skeletal repositioning and laterin retentìon when
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lighter forces were acting, by some independent tooth movement. These

workers recommended the use of rigid retention with the appliance fixed

in situ, over-expansion to.compensate for relapse and an activation

schedule reduced after the first few days of activation from twice-daily,

producing 0.4mm open'ing, to once every day or every other day.

The design of app'liances varies as exemplified by those of Haas

(1961 ; '1970), Timms (.l968\ 1976), Biederman (.l973) and Barber (1978) .

These appliances are not intended to be removed by the patient as they are

cemented to teeth on either side of the maxjllary dental arch by the

operator. Each app'liance is capable of producing maxillary expansion when

activated correctly. Few direct comparìsons of the results obtained with

the d'ifferent designs of appliance have been reported. Hershey, Stewart

and Warren (lgZO) comparing two fixed appliance designs found statistically

s'imilar changes in first molar expansion, initial and final nasal resist-

ance, and change in nasal width in a group of seventeen patìents. Six of

these patients were treated with wire and acrylic appliances and eleven

with al I -wi re appl iances.

Recommendations for fixed retention of the expansion obta'ined vary

from two months (Krebs, 1964) to one to two years (Ketcham, 1912). Such

retentjon is generaìly obta'ined by leaving the appf iance in place. Thörne

(1956) suggested that relapse might occur following fixed retentìon periods

of less than three months. If removable retention devices alone are relied

on, Stockfisch (1969) claimed that relapse would occur. Generally periods

of retention with removab'le appliances for up to two years following fixed

retention have been recommended (Haas, l96l; Krebs, 1964; Tin¡ms, 
.l968;

1e76).
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Root resorpti on fol I owi nq rapid maxillarv exDansl0n

Despite the long history of use and invest'igation of rapid

maxil'lary expansion, there seems to be a paucity of studies examin'ing the

effects of th'is procedure on the teeth and their surround'ing tissues at a

histologìcal level. ldatson (1980) sounded a cautjonary note against

indiscpiminate dental arch expansion by orthodontic treatment, jncluding

rapi d maxi I 1 ary expans'i on . Al veol ar dehì scence , fenestrati on and root

resorption were cited as possible deleterious effects resulting from such

injudjc'ious treatment. Graber (.l969) warned that unfavourable changes

such as buccally tipped teeth, open bites and devitalized teeth could

result from misappropriate use of the pa'late-sp'litting technique as he

called it. He claimed that relat'iveìy few cases of maxillary basal

deficiency exist and that most lateral malocclusions are purely dentaì and

therefore not suitable for rapid maxillary expansion. However, Graber

(.l969) did not elaborate any diagnostic criteria or present spec'ific

examples to support these claims. In a report of an jnvest'igation of the

dental and skeletal changes assocjated with rap'id maxillary expansion in

23 pat'ients, Linder-Aronson and Lindgren (1979) found no unfavourable

skeletal and dental side effects. This statement was true for the

measurements they made and analysed but took no account of any possible

damage at a hi stol ogi cal I evel .

hjatson (1979) stated that orthodontjc tooth movement is always

associated with a degree of resorpt'ion of cementum, the dependant factors

being the amount and direction of root movement, the magnitude and

duration of the force, the age of the patient and a factor he called the

tissue stress potential. In rapid maxillary expansion the forces

generated are high and cont'inuous (Isaacson and Ingram, 1964, recorded

some as hìgh as 22.5 pounds) and directed laterally v'ia anchor teeth.
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It would seem therefore that some local tissue damage could be expected

wi th rapi d max'i 1 
'l ary expans i on .

One of the few workers to examine human tissue m'icroscopically

following paìatal suture opening was Derichswe'iler. According to Wertz

(1970), Derichsweiler (1953,.l956) found no degenerative changes in the

perìodontal ligament in his histological examjnation.

In l95B Debbane reported a study of midpalataì suture expansion

in cats. Two of the seven cats used jn the expansion experiment were

subiected to continuous expansive pressure via a sprìng de'livering force

to bands on the maxillary canine teeth. Histoiogical'ly, Debbane found no

ev'idence of root resorption ìn one of these two animals. In the other,

ground sectjons revealed act'ive resorption on the pressure side of the

canine roots associated with apparently normal alveolar bone. Intermit-

tent expansjve forces, produced by a periodicalìy reactivated round gold

wìre, in two other cats were assocjated with a histological picture of

extensìve alveolar bone and cementum resorptìon on the pressure side of

the anchor canine teeth. The remainíng three cats served as controls.

Debbane stated that light microscop'ic indicatìons were that the force was

greatest at the cemento-enamel junction. This correlated with the fact

that, in general, tooth movement was seen to be t'ipping.

Starnbach, Bayne, Cleall and Subtelny (1966) investigated some of

the effects of rapid maxillary expansion with a sp'lit acry'lic p'late having

a central expansion screw. They used five Macaca rhesus monkeys, one

serving as a control. In one animal sacrificed after two weeks expans'ion

measured as 4mm across the molars, hjstoìogical examination showed stretch-

ing of the periodontal membrane on the palatal aspect of the teeth involved.

The periodontal membranes were disorganized and contained cell-free zones
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on the buccal side. The alveolar bone was irregular with many areas of

resorpt'ion. These changes were uniform along the ful'l 'length of the roots.

A second animal, sacnificed after a 6mm expansion achieved in three months,

showed s'imjlar but more extensive changes of the buccal bone with new bone

deposition on the palatal side. The periodontal ligament elements were

less severely disrupted. Small areas of cementum resorption were seen on

some teeth. The third animal was sacrificed after a three month expansion

period followed by a three month retention period, and the fourth after an

additional three months without retention. These latter two monkeys showed

an'increasìng return to normality of the alveolar bone and periodontaì

membrane compared with the other two animals. However, periodontaì archi-

tecture was not completely re-establjshed. No mention was made of changes

in the tooth root surfaces apart from those described for the second monkey.

The expansion schedules of three months do not correlate with those used

for rapìd maxillary expansion in humans which are usually of the order of

three weeks. Thus, the apparent I ack of tooth root damage cannot be

di rectly extrapo'lated to humans.

The effects of palata'l expansion in humans was investigated by

Rinderer (1966), using records and material obta'ined from twelve patients.

The appliances he used consisted of bands on molars and premolars or

primary molars. hlire loops anchored the bands into an acrylic plate which

was constructed to avoid resting on the roof of the palate. Expansion was

obtained via a central screw given one,quarter turn twíce a day. The

total open'ing produced was not stated. After a fixed retention period of

at least three months, six unspecìfied anchor teeth from four cases were

surgically removed with surrounding bone and examjned histologically.

The light microscopic examinatjon of the anchor teeth revealed

resorption of the root surfaces on all specimens. This resorption
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penetrated variable distances into dentine and was found corresponding to

pressure zones. Deposition of tìssue, which Rinderer called secondary

cementum or osteo-cement, in areas of resorpt'ion was interpreted by h'im

as a reparative process,

From these observations Rinderer stated that "...with a

sufficiently ìong retention period that results in fixation, a favourable

situation is created for the re-establ'ishment of normal paradonta'1,

condit'ions." The evidence presented for th'is conclusion was a number of

photom'i crographs of cel I ul ar cementum partì a'l ìy ref i ì 'l i ng resorpt'ion areas

together with new alveolar bone on the opposite side of the periodontal

ligament. However, there was no indication that reattachment of princìpal

periodonta'l fibres had occurred or was occurring in such areas of resorp-

tion, nor that these areas would be fulìy repaired. Moreover, Rinderer

did not detail the amount of expansion, the period of retention, or indeed

which teeth were examìned histologically. Further, he did not specify the
'length of time that he considered to be "a sufficiently long retention

period. "

At the end of the second part of a two part article, Moss (l96ga,

1968b) reported the histological examination of teeth and adjacent alveolar

bone removed from human patients after they had been treated by rapid

maxil'lary expansion. He found microscopic areas of resorpt'ion, partially

or totalìy repaired with so-called osteodentine. Little cellular activity
was seen except at repair sites and according to Moss the periodontal

ligament and alveolar bone appeared normal. No evidence of root resorption

could be seen radìographicalìy.

The period of expansion and retention of the specimens was not

reported nor were the extracted teeth designated. Periodontal reattachment
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in repairing resorption areas was not mentjoned and no indicatìon of the

extent of the observed resorption and repair was gìven.

T'imms (1968) as part of a larger report, described the histological

examination of upper first molars removed w'ith a portìon of buccal alveolar

plate from two pat'ients'who had undergone rap'id maxillary expansion and

requìred these extractìons, presumably to complete orthodontic treatment.

This was done four months after act'ive expansion. Details of the mode of

retention for these cases were not specifjed. The expans'ion appliance

emp'loyed by Timms utiljzed silver cap splints cemented to the maxil'lary

teeth from the lateral ìncisors to the last erupted tooth and connected to

a midpalataì screw.

The teeth examined showed areas of 'root decalcification' as Timms

called it. Signs of repair were also observed but not described in detail.

0nly one photomicrograph \^,as presented and this demonstrated loss of

cementum and dentine on the pressure side of one root. No evidence of

repaìr with reattachment of principal periodontal fibres was reported.

Timms and Moss (1971) used material obtained from eight patients

who had undergone rapid maxillary expans'ion with an appliance similar to

that used by Timms ('l968). They examined histo'log'ica]ly the effects of

the expansion procedure on the teeth and their supporting tissues. The

rate of expansion was from 0.l5mm to 0.30mm per day and two to four months

fixed retention was followed by varying periods with a removable reta'iner.

The teeth for examination, either a first molar or second premolar, were

removed surgìcalìy with adjacent alveolar bone and prepared for histologì-

cal examination. The perÍods between expansion and tooth removal ranged

from 6 to 23 months.

Histologicaììy the teeth showed resorption of cementum and dentine
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on the distobuccal and mesiobuccal aspects of the roots, inc]uding the

paìata1 root of first molars. Teeth removed s'ix to seven months following

expansìon showed resorption mainly in the coronal third and trifurcation

areas of the root. All areas of resorption of dentine and cementum showed

repair taking place with so-called osteoid tissue.

In the teeth extracted one year after expansion evidence of

resorpt'ion of dentine and cementum, which was repaired with osteoid t'issue,

was seen ìn the coronal and apical thirds. However, the relationship of

the periodontal ligament to this repair cementum was not discussed or

'illustrated. Teeth removed 21,22 and 23 months following expansion showed

cementum exostoses and areas of resorption and repair in the ap'ical third.

Alveolar bone resorption and deposition was ev'idenced by reversa'l

lines. Bone deposìtion buccally was noted part'icularìy in cases one year

after expansion. The pulp showed deposition of secondary dent'ine not

attributable to any apparent patho'logical agency and in some cases develop-

ing pulp stones were seen.

Timms and Moss (1971) concluded that relapse forces act on the

teeth for some time, presumably 23 months, after the'initial .*punsiån.

Th'is was shown by reversal lines'in buccal bone and resorpt'ion and repair

at the root apices indicating l'ingual tooth t'ilting, at periods beyond 6

to 7 months and up to 23 months post-expansìon jn the retention phase.

Moss (1976) commented on the results of this study (T'imms and Moss, l97l),

sayìng that the effect of rapid expansion on the roots of teeth was no

more severe than that with orthodontic movements. He d'id not cite the

basis for this comparison wh'ich therefore was probabìy only a subjectìve

appra'isal .

Cynomolgus monkeys ìn early mixed dentl'tion were used by 0hshima
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(1972) to study the effects of slow and rapid maxil'lary expansion on the

maxilla and its tissues. He used both all-wire framework and split-

acryl'ic type appliances cemented ín place for expansion and retention of

various periods. At the end of each period, the experimental animal was

sacrifjced and rad'iographs and study models taken. Preparation for

hi stol ogi ca1 exam'ination ensued.

The resul ts of the h'i stol ogi cal exam'inati on of the m'idpal atal

suture indicated some relapse after three months retent'ion with rapìd

expansion but not wjth slow expansion. Root resorption of anchor deciduous

molars was more extensive than of permanent first molars. This resorpt'ion

was more marked in the slow expansion group. Repair of root resorptìon was

also observed but periodontal reattachment was not demonstrated or described.

Harry (1977 ) used the scanning electron m'icroscope to investìgate

root resorption in human premolar tooth roots which had been subjected to

orthodontic forces prior to extraction. In additjon, maxil'lary first
premolar teeth which had been used as anchor teeth for rapid maxillary

expansion and three months fixed retention were obtained from two patients.

Root surface resorption extending into dentine invojved large areas of the

buccal aspects of these anchor teeth. Minor resorptions were also found

on the tension side. The resorption was most extens'ive on the premoìar

roots of one of the patients whose palate did not appear to widen but

exhìbited arch expansion of dental origin only.

Further ìnvestigation of root resorpt'ion associated with rapìd

maxillary expans'ion was undertaken by Barber and reported in 1978. Ten

patients were treated orthodontical'ly, each undergoing rapid maxiìlary

expansion and variable periods of fixed retentjon from 0 to 36 weeks prior

to removal of maxil'lary first premolars in order to 'compìete treatment



3.12

with full bandìng. The extracted maxillary first premolars, which had

acted as anchor teeth during expans'ion and retention, were examined wjth

a scanning electron microscope. Comparison was made with untreated mand'i-

bular first premolars also extracted in six cases. In five patients one

upper first premo'lar was deliberately not used as an anchor unit. In

another two patients, perìods of removable retention were emp'loyed and'in

one of these a period of six weeks with no retention occurred just prìor

to extraction of one premolar, the other hav'ing been removed earlier.

These two patients came from a group of three, each of whom had one anchor

premoìar removed at two weeks following expansion. The remainìng anchor

premoìars were extracted at 16, 24 and 32 weeks.

Barber found that resorpt'ion on teeth used as anchor units

primarily involved the buccal root surfaces with the cervical one third

most severely affected. The resorption tended to be peripherally expans'ive

and relatively shallow, although often penetrating into dentine.

Increasing periods of retentjon up to nine months revealed not

only more extensjve resorptive areas but also jncreas'ing'ly greater repair

by cellular cementum deposjtion centralìy within these areas. Active

resorption persisting after nine months retention was taken to indicate

that relapse forces were still present. Important'ly, no evjdence of

princ'ipaì periodontal fibre insertion, namely Sharpey fibre depressions,

was observed in any of the repair cellular cementum.

Some areas of resorption seen on 'non-buccal' aspects of anchor

teeth were thought to be due to tension generated root damage. Limited

resorption was found on only one of the mandibular first premo'lars examined.

Th'is finding supports reports by other workers of small areas of resorption

on the roots of apparentìy normal teeth (Henry and Weinmann, l95l; Jones

and Boyde, 1972).
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Radiographic evidence of root resorptjon could be demonstrated in

only one of the ten patients expanded by Barber. In this case apicaì root

loss of 3 to 4 millimetres of an anchor premoìar was diagnosed, based on a

comparison of periapical radiographs of the anchor premolars taken prior
to expansion and iust before extractjon. Directing the central x-ray beam

mesially or distally as far as possible in the clinical situation did not

reveal the surface root damage present. Harry (lgll) had sim.ilarly failed

to reveal root surface resorption rad'iograph'ically and Black (1965) found

radiographs unreliable in detecting root resorption.

Scanninq el ectron microsco p'r c appearance of cementum in man

It is the collected work of Boyde and Jones wh'ich is prima¡ily

responsible for the current state of knowledge concerning the topography

of tooth root cementum. Forming and fractured surfaces of cementum and

Sharpey fibre bone were examined in both the organic and anorganic states

by Boyde and Jones in 1968. Their materjal was obtained from a wide

variety of mammals, including man. They found 'it profitable to examine

specimens wh'ich had been rendered anorganic to free the surface of adhering

tissue. The deorganifying process also removed the unmineralized matrix.

In the anorganic spec'imens they found that Sharpey fibres presented

either as projections above the general level of the mineraliz.ing front or

as depressions in the front. The surface texture of the anorganic prepara-

tions was found to be rougher in areas of Sharpey fibre depressions than

projections. This roughness was due to prominent nodules which Boyde and

Jones (.l968) called microcalcospherites because of a simjlarity to the

pattern seen in the mineralizing front of mammalian dentine but on a

smaller scale. This mineral pattern in dentine presumabìy refers to the

calcospherites ranging in diameter between one and 100 micrometres later
described by Boyde and Jones (1972) and not to the mosa.ic pattern of
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closely packed particles approximately 250 Angstrom units in diameter

found by Boyde and Lester (lg6Za) 'in peritubular dentine. The cement

nodules illustrated by Boyde and Jones (lg0g) appeared to be sphericaì to

fusiform'in shape and probably about r.to 1 micrometre in dìameter although

a size was not indicated.

Boyde and Jones (1968) described the Sharpey fibre project'ions in

human permanent cementum as low, rounded mounds and as flat-topped or dish-

shaped w'ith slits or holes in human deciduous cementum. Projections and

depressions did not interm'ingle but were found to occur in discrete patches

of various size and distribution. In discussing the results of thejr study

Boyde and Jones (1968) argued that Sharpey fibre projections represented

areas of comparative inactjvity where mineralization w'ithin inserting

periodonta'l fibre bundles had outstripped surrounding matrix production.

Depressions and the assoc'iated microcalcospheritic pattern indicated active

mineralization but Boyde and Jones (1968) added that jt was not possible to

distinguish areas in which matrix production was continuing or had ceased

and the mineral front had not caught up.

In Sharpey fibres with a central unm'ineralized core they somet'imes

observed dense mineralization and beading of the perìphery ind'icating

fusion of the microcalcospherites. Boyde and Jones (1968) postu'lated that

th'is sequence of mineralizat'ion prevented ion diffusion to the central part,

blockjng mineralization of the core.

Developing cementoblast lacunae observed by Boyde and Jones (1968)

showed canalicular open'ings and a fine surface pattern representing the

col'lagen fibrils of the intrinsic matrix. Cementocyte lacunae exposed in

fractured surfaces often presented a smooth homogeneous liníng w'ith

canalicular openings stìII clear. The smooth 'lining was attributed to
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perilacunar mineralization of ground substance.

Boyde and Jones (.l968) concluded from their observations of the

mineral'izing front that cementum formation is an uninterrupted process but

subject to great local fluctuation in rate.

In 1972, Jones and Boyde reported a study of human cementum

surfaces examined ìn the scanning electron microscope. They used the roots

of 220 extracted human teeth, gainìng most information from specimens with

the periodontal membrane cut back and also from anorganic prepanations. In

the former specimens they observed that most of the princìpa1 fibre bundles

entered the cementum obliquely without deviation wjthin the field of view,

often being af igned 'in rows.

In anorgan'ic preparations Sharpey fjbre projections in acellular

cementum general'ly demonstrated a hexagona'l packing pattern, being low

mounds when close-packed and dish-topped when less densely packed. The

plane of the mineralization front within each fibre was perpendicular to

the long axis of the fibre

Jones and Boyde (1972) divided the Sharpey fibre insertion areas

jnto those showing 
.l00% 

coverage and no intrinsic fibres this being

acellular cementum, areas showing 40% coverage and having intrinsic fibres

but with few cell lacunae, and areas with l5-40% coverage, intrinsic fibres

and some cell lacunae. The latter two types were consìdered to represent

cellular cementum. The peak of the Sharpey fibre insert'ion d'iameters for

these three groups combined was 6 micrometres with a majority distribution

between 4.5 and 9.5 micrometres. It was noted that there was a range of

cementum from that which had no extrinsic fibres (sometimes seen near the

root t'ip) to that which was purely mineralized Sharpey fibres with very

I ittle intrinsìc matrix component.
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In the coronal portions of newìy formed roots the Sharpey fibre

proportion of the acellular cementum allowed for no sign'ificant intrinsic

matrìx component. In older teeth further down the root this latter

component jncreased to about 40% gtv'ing the topography characteristics

similar to cellular cementum, although few cells were incorporated jn it.

The gross pattern of mineral deposition studied sh.owed 
.l00% 

Sharpey

fibre acellular cementum to have a smooth mineral front and that of resting

40% Sharpey fibre tissue to have an easiìy discernible textural pattern

indicating spaces between the mjneralized portions of the fibrils. The

m'ineralization pattern of Sharpey fibres in cellular cementum was variable

so that the mineral front appeared to be more irregular than ìn acellular

cementum.

Intrinsìc matrix exhibited a similar mineralization pattern to

that described by Boyde and Hobdell (1969a) for adult lamellar bone, the

mineralization occurring first in the collagen compartment of the matrix.

The mineral clusters were oriented in the orìgina'ì fibre axis in anorganic

specimens enabling study of the fibres' size and direction. Two groups of

intrinsic fibres were distinguished. First'ly, smaller fibres close.to

Sharpey fibre bundles and deflected to encircle them and secondly,'larger

bundles which followed straight courses for some distance.

Jones and Boyde (1972) pointed out that Sharpey fibre depressions

in the mineraliztng front in anorganic specimens were not seen in human

acellular cementum, unlike some other mammals, probably because human

acellular cementum never becomes very thick. The depressions were seen in

activeìy mineralizing cellular cementum and tissue with a low density of

cell lacunae, i.e. the 40% Sharpey fibre tissue.

Boyde and Jones (1972) stated that '50% Sharpey fibre cementum'



3.17

m'ineral i zes more rapi dly than '100% Sharpey f i bre cementum' . M'ineral i zation

spreads from new ìntrinsic matrix to the walls of the Sharpey fibres thus

delay'ing mineralization in the centre of the fibres.

Importantìy, Boyde and Jones (1972) reported that the cellular

cementum found toward the root apex of completeìy formed teeth often

contained very few cells. They stated that basically there'is no difference

between this tissue and frankly ce'llular cementum which exhibits intrinsjc

matrix fibres parallel to the surface in addjtion to Sharpey fibres which

occupy 40-60% of the total volume.

Kvam (1973a) looked at demineralized tooth root sectjons in the

scann'ing eìectron microscope and observed princ'ipal fibre bundles travers-

ing the cementum in an order'ly and parallel manner. The bundles were

widest towards the root surface, divid'ing as they approached the cemento-

dentinal junct'ion. Fibres were observed connecting the principal fibres

in a ladderlike or interlac'ing arrangement. These connectjng fibres were

derìved from the principal fìbres and extended from them at about.90o. The

principal fibres were seen to be integrated with an extensive fibrous coat

at a short distance from the root surface in the perìodontal lìgament.

Such a fibre plexus was also described by Shackleford (l97la, l97lb) and

Kvam (1972a). Shackleford beljeved that it might play a role in accommoda-

tion of the periodontal ligament to forces on the tooth. Kvam (1973a) made

no mention of the location on the root where his observations were made

stat'ing only that principal fibres constituted the major part of acellular

cemen tum.

Toda, Tojo, Takaki, Suzuki, Toda and Kasahara (1974) studying human

cementum with the scanning eìectron microscope observed three types of cell

lacunae. In type I the lacunar wall exhibited bundles of fibres of similar
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size to the intrinsic matrix fibres. These formed a network, with some

ind'ividual fibres being independent of bundles. The bundles appeared to

be arranged around the canalicular openìngs, with a slìght deposition of

homogeneous materìal. In type II the lacunar wall showed a granular or

rough surface. Small imegular openings of various size were seen. In

type Iil the wall had a smooth appearance wìth mild undulations and varjous

sizes of canaljcular openìngs. The material for I to 1.5 micrometres

around these type III lacunae was seen to be homogeneous, probably due to

the perilacunar mineralization described by Boyde and Jones (1968). The

frequency distribution of observation was I:II:III = 8:l:1. This classi-

fìcation probably represents stages in the progressive periìacunar

mineralization suggested by Boyde and Jones (1968).

Scanning electron microscopic appearance of root resorption

Boyde and Lester (1967b) examined the resorbing surfaces of

extracted or exfoliated human deciduous molar teeth using the scann'ing

electron m'icroscope and transmjssion electron m'icroscope. Signìficant

undermining of dentine was found as it was resorbed and the peritubular

dentìne was seen to project above the level of the surrounding inter-

tubular dentine. Completely sclerosed tubules were part'icularly prominent.

Frequently a zone immediately around the peritubular dentine was eroded

more deeply than the intertubular dent'ine. Boyde and Lester (lg0Z¡)

attributed the resistance of peritubular dentjne to a lower solubility of

its matrix species and/or protection exerted by its mucopolysaccharide

matrix component. Peritubular dentine they claimed to be highly mineral-

ized, with a distinct morphology and a matrjx notable by the predominance

of sulphated acid mucopoiysaccharjdes and the absence of collagen. Minute

projections in the resorbing surface were taken to be sclerosed cementocyte

canaliculi or if resorption extended into dentine, the peritubular dentine
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of sclerosed fine terminal branches of dentine tubules.

The transmission electron microscope showed the resorbing surface

of dentine and cementum to cons'ist of naked, unmasked collagen which

indicated that demineralization of the collagen was the first step in

resorption, a conclusion later supported by Boyde and Jones (1972) and

Kvam ( 1972b) .

In anorganic specimens, aggregatjons of large regularly shaped

'crysta'ls'were found to accumulate at the periphery of Howship's lacunae

this being the name given to individual resorptive depressìons. These

large 'crystals'were presumed to be formed by redepos'ition'in a different

form of the mineral component at the resorbing front. The'crystals' did

not appear to be limited in s'ize and Boyde and Lester (1967b) assumed that

they possessed no matri;<.

The edges of the resorption bays in cementum were very sharp. A

normal surface would suddenly give way to a large cavity formed by numerous

Howsh'ip's lacunae. Often an 'impression of considerable undermining was

present. The appearance of resorb'ing alveolar bone was simjlar to that of

resorbing cementum according to Boyde and Lester (1967b).

Jones and Boyde (1972) looked at human tooth root surfaces in the

scanning electron microscope and found a h'igh frequency of smal'l resorption

areas in young teeth although no figures were given. They d'id not state

whether deciduous or permanent teeth were involved. These resorption areas

were common near the root t'ip and they believed that such areas were

related to the normal establishment of occlusion of the teeth. Jones and

Boyde (1972) also found that resorption pits were often the sites of the

start of cellular cementum deposition. Large resorpt'ion bays distant from

the root apex were rare and were attributed to abnormal occlusion or related
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to the pressure side of orthodontica'lly moved teeth. Resorption bays

extend'ing ìnto thick'layers of cementum revealed a pattern of intrinsic
fibres at right angles to the Sharpey fibres a description which was not

convincingly illustrated. At the edge of resorption bays Boyde and Jones

(1972) found that intrinsic matrix removal occurred preferentia]1y to

Sharpey fibre removal. However, no jllustration was presented to support

this findìng. Thus the conclusion reached by Jones and Bóyde (1972) was

that the resorption process alters the intrinsjc matrix'in some way to

allow its removal before that of sharpey fìbres. This resjstance of

Sharpey fibres to resorption was not observed by Harry (igl7) or Barber

(re78).

Large resorption bays were seen at times to have a slight'ly raised

rim or a series of bumps formed of new, aceìlular cementum. Jones and

Boyde (1972) supposed this to be a compensatory hyperp]asia due to

increased functional demands caused by the loss of periodontal attachment.

in resorbed areas. Barber (1978) attributed a similar feature, which he

observed at the rim of a resorption area, to cementum having been under-

mined by resorption and pulled back by the attached periodontal fibres.

Jones and Boyde (1972) found that actively resorbing areas were

smooth. Areas where repair was occurring showed a serjes of spherical

mineral particle clusters at their free surface sjmilar to those seen in
pr.imary bone formation. Usualìy these m'ineral clusters were evident on

the surrounding unresorbed cementum surface also. Boyde and Hobdell (1969)

described the mineraltzing front at periosteal surfaces of pr.imary bone as

characterized by a collection of irregular mineral particles, each of about

] mìcrometre diameter, unreìated to colìagen fibres in a specific fashion.

Boyde and Jones (1972) stated that in resorbing bone surfaces the
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osteocytes were unaffected by the presence of osteoclasts and protected the

adjacent lacunar wall surface until released by removal of the surroundìng

bone. Seen in the scannjng electron microscope, the cell lacunae showed a

normal fine collagen fibre pattern or smooth perilacunar surface. Activeìy

resorbing areas in bone demonstrated Howship's lacunae with sharp edges and

those in which resorption had stopped showed shallow, poorìy defined

lacunae. Boyde (1972) pointed out that where resorption in bone had stopped

the surface tended to be smooth whereas in areas of actjve resorption

individual coììagen fibres were evident. Th'is topographical difference was

attributed by Boyde (1972) to remineralizat'ion occurring within the super-

fic'ial layer of chondroitin sulphate ground substance deposited at the

cessation of resorption. Boyde (1972) also surmised that the pattern of

initìal repair in a resorbed area in bone is similar to primary bone

mineralization. Such activity is characterized by mineral clusters with

lim'ited indication of collagen fibre presence due to the hjgh mucopoly-

saccharide content of the first repair matrix. These observations concern-

'ing resorpt'ion in bone may be relevant to cementum because of its.
simi I ari ty to bone.

Barber (1978) found that repair of resorption initially produced a

granuìar appearance on Howship's lacunae. Later stages of repa'ir occurred

with cellular cementum. Barber (1978) designated 3 types of mineral front

in repair tissue. Type I exhibjted mineral particles with a random

orientation and was found in areas where repair was incomplete but

progress'ing. Type II which was found less commonly, generally where repaìr

had re-established root outline, demonstrated elongated mineral nodules

united to reveal the fibre matrix pattern. Cell lacunae in this Type II
repair tissue were round and had a fibriì1ar pattern covering thejr floors.

A relatively homogeneous mineral front djstjnguished Type III repair
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cementum. 0ccasionally, where repa'ir was exuberant, Type I and III were

found together.

Kvam (1972c) found areas of root surface resorption on the marginal

pressure side of orthodontical'ly moved teeth in man, particuìarly in

relation to hyalinized areas of the periodontal ligament (Kvam, 1972b).

Kvam (1972c) assumed that such root resorption would be 'functionally

repaired' but presented no evidence for this other than citing Massler and

Malone (1954) who in fact made no mentjon of such a phenomenon.

Cementum: Asnects of structure in man

Morphol og'ical 'ly cementum i s of two types , acel I ul ar and cel I ul ar,

the term acellular referring to layers of cementum which have not

incorporated cells as cementocytes within their structure. A thin layer

of acellular cementum usually covers the cervical one third to two thirds

of the root. Cellular cementum is found on the remainder of the root

surface and may also be found on the surface of the acellular cementum.

The two types may occur in alternating'layers and may be seen together in

repai r ( Armi tage, 1976) .

Both acellular and cellular cementum exhibit incremental lines at

light microscopic magnifications, those of cellular cementum generally

being more wideìy spaced. According to Furseth and Mjör (.l973) and

Armìtage (1976), histochemical stud'ies indicate that these lines are highly

mineralized areas with less collagen and more ground substance than other

areas of cementum. Cementum is deposited throughout life, its width be'ing

approximateìy trìpìed between l0 and 70 years of age (Lammie, 1966;

Furseth and Mjör, 1973).

Cementum is the medium by which the collagen fìbres of the perio-

dontal ligament attach to the tooth, the embedded portions being called
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Sharpey fibres (Osborn and Ten Cate, 1976). Each Sharpey fjbre is
composed of numerous colìagen fibri'ls passing weìl into the cementum

(Armìtage, 1976). Cementum also has a role in maintaining the width of the

periodontaì ligament, the root area available for the support of the tooth

(Melcher and Eastoe, 1969) and in repair of damaged root structure

(Mel cher, I 969) .

0sborn and Ten Cate (1976) distinguished two types of cementum

based on differences between their organic matrices. This classificat'ion

parallels that of Jones and Boyde (1972). One type of cementum, termed

'predomìnant' Sharpey fibre cementum by Osborn and Ten Cate (1976), does

not contain cells. The bulk of the co'llagen fibres'in this cementum are

derived from inserting periodontal ligament fibre bundles forming Sharpey

fibres. The other type, 'partìal' Sharpey fibre cementum, usua]ly contains

cells but can sometimes be acellular. A variable percentage (40-60%) of

the colìagen content of th'is type of cementum is derived from Sharpey fibres

many of which have an unmineral'ized core. According to Osborn and Ten Cate

(1976) tfre main function of the predominant Sharpey fibre cementum is most

1ìke1y to anchor the tooth in the alveolus, thus explaining why it covers

the coronal two th'irds of the root. They also stated that growth of

cementum is most rapid in the apica'l regions in order to compensate for
active eruption of the tooth which may occur throughout life.

This concept of cementum classification based on matrjx derjvation

supports earlier work reported by Selvjg (1965) on the colìagen fibres ìn

human cementum. From an electron and light microscopic study of ground

sections and corresponding microradiogr"aphs of human teeth he pointed out

that no region of cementum intercellular matrix was free of collagen

fibrils and that the fibrils were orientated in two ways. He suggested

that there are two groups of fibrils of different origin: the sharpey
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fibre group whjch originates in the periodontal ìigament and runs at right

angìes to the surface of the cementum and another group of fibres which

run majnly para'lìe1 to the surface of the cementum and are probably la1d

down by cementoblasts. Scott (1977) described the arrangement of collagen

fibres in cementum similarly. selvig (1965) found that most of the

acellular cementum contained closely packed Sharpey fibres, from which the

matrix was derived. Th'is has been supported by a hìstologìcal investigation

using polarized light reported by Giansanti (1970). selvig (1965) also

observed fibrils irregularly arranged or para'llel to the surface in some

areas of acellular cementum. At high magnifications 'in the electron

microscope Selvig (1965) found that the surface of the acellular cementum

was often characterized by a serrated appearance. This was produced by

projections of calc'ified tissue, each of wh'ich corresponded to the insertibn

of one collagen fibril. Armitage (1976) stated that the coìlagen fibrils
of both cellular and acellular cementum were arranged in a very complex

fashion with little discernible pattern. However, he noted that relativeìy
discrete bundles of co'llagen fibrils could be seen in some areas, parti-

cularly in tangential sections and these were Sharpey fibres making up a

substantìal port'ion of cementum.

Selvig (1965) found Sharpey fibres in cellular cementum to be

mineralized only peripheraììy as opposed to intrinsic fibres which were

totally mineralized. He related this finding to the rate of cementum

mineralization and the origin of Sharpey fibres from generaìly uncalcifj-
abì e periodontal 1 i gament. Arm'itage (197.6) attri buted unmi neral i zed areas

of one to five micrometres in diameter seen in cementum to be poorly

mineralized cores of Sharpey fibres.

Listgarten (1966) found that in human cervical cementum from

comparat'iveìy young people Sharpey fibres tended to run a straight course
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to the cemento-dentinal junction. Gustafson and Persson (1957) found that

Sharpey fibres emerged from cementum and bone in a straight line. They

suggested that changes in tooth posit'ion necessitated new layers of

cementum and bone to readjust Sharpey fibre orientation at points of

emergence. Thus, forces would be directed a'long the long axis of the

fibres enabl'ing maximum resistance to be achieved.

Armitage (1976) stated that although continuing apposìtion of

cementum incorporates a larger part of the principal periodonta'l fibres,

the attachment is confined to the most superficial or recently formed

'layer of cementum. Thus, increasing thickness of cementum would not

enhance the strength of attachment. The size and number of principal

periodontal fibres and corresponding Sharpey fibres jn cementum depends

on the functional demands p'laced on the teeth. Thus, these fibres are

numerous and well developed in functioning teeth (Furseth and Mjör,1973).

In .l963 
Amazawa described cementocyte canaliculi seen in the

transmission electron m'icroscope as radiating and connecting with.one

another. He claimed that the walls of the lacunae were more h'ighly

mineralized than the rest of the tjssue. Albright and Flanagan (1962)

using the transmission electron microscope, described the presence of

unm'ineral i zed col 'l agen f i bri I s , 'in the space between cementocytes and the

walls of their lacunae.

Cementum and bone are structuralìy s'imilar but differ in that

cementum is avascular and bone is vascularized. Mineralìzation of cementum

occurs after matrix production, and apatite crystals are depos'ited with'in,

on the surface of and between coilagen fibrils (Furseth and Mjör, 1973).

The crystals have been described as thin pìate-lÍke structures measured in

hundreds of Angstrom units (Albright and Flanagan, 1962; selvig, .l965).
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Albright and Flanagan (1962) also described small cementum crystals with

a needle-l j ke shape.

An important and interesting feature of cementum is the cemento-

genesis of the cervical acellular cementum. It appears from the work of

Paynter and Pudy (1958)., L'istgarten (.l968), Lìstgarten and Kamin (1969),

Lester (1969), slavkin and Boyde (1974) and Owens (1978;.l980) that at

least the first formed acellular cementum during tooth formation may be a

product of Hertwjg's epithelial root sheath. Ten Cate has shown that human

cementum, including the first formed cementum, is an ectomesenchyma'l

derivative, bejng 1a'id down by cells differentiating from connective tissue

between the inner layer of the dental follicle and the dentine surface

(Ten cate, 1969; 1972 and Freeman and ren cate, l97l). Stahl (1971)

pointed out that both these proposed modes of cementogenesis may profoundly

influence the repair of cementum and if the ectodermal onigin was confirmed

in man, the reformation of acellular cementum as a regeneration response

following injury would be most unìikeìy. Histoìogical observations by

Stahl (1977) of repair cementum in rats have supported the contention that

regeneration of acellular cementum is limited or absent.

Tooth Root Resorption and Repajr

Henry and lrleinmann (195]) attributed the first mention of

resorption of permanent tooth roots to Bates (1856). Although the dental

profession acknowìedged resorption as a probìem, jt was not until the early

part of this century that serious investigations of the phenomenon began to

be reported. The introduction of rad'iography as a diagnostic tool in the

early 1900's enabled workers to detect resorption ín situ.

Ottolenguì (l9l4a) reported on pathological root resorption due

to lesìons and impacted teeth, and physioìogìcaì resorption of deciduous
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tooth roots, usjng radiographs of cases to illustrate his paper. In a

second article, Ottolengui (l9l4b) d'iscussed root resorption of reìmplanted

teeth, illustrated with radiographs of a case. At this time, orthodontic

treatment was not cited as a direct cause of root resorpt'ion, but caution

against movìng roots of teeth into unerupted teeth was advised.

Early histologic studies illustrating the reparative potentiaì of

cementum include Sippy (1927) using dogs, 0rban (lgz8a) using materjal of

unstated origin and Zemsky (1929) utilizing human material. These reports

clajmed that normal functjonal periodontal attachment would occur with

repair of root resorption. Indeed a number of photomicrographs reproduced

by Sippy (1927) and Orban (l92Ba)demonstrate a type of periodontal reattach-

ment associated with repair cementum. However, sippy (1927) was deaìing

w'ith experimental wounds through the full thickness of mucosa, bone, perio-

dontal l'igament and into the root structure of dogs. Such a situation 'is

not necessarìly analogous to lesions of pureìy root surface resorption'in

man. Orban (.l928a)failed to define any of the detajls of his mater.ial

including its origin, thus severeìy limiting its usefulness. The short-

comings of such earìy research meant that the pathogenesis of root

resorptìon jn man and its sequelae was not scientifically well established.

Despite this, few investìgations since have been concerned with the

ult'imate outcome of resorption of the surface of tooth roots.

Great attentjon has been focused on root resorption associated wjth

orthodontic treatment, but this has been limited main'ly to studies of the

loss of apical root length. Such root loss is acknowledged to be permanent

(Reitan, 1974). Root surface resorption on the other hand can be repaired

with cementum as has been shown by many workers, including Reitan (1974)

and Barber (1978). Unfortunately, repa'ir in thjs context has been equated

by many writers with regeneration of a normal functioning periodonta'l
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attachment. There is little pub'ìished evidence of any reattachment

following resorption, one of the few examples being a photom'icrograph of

apparent attachment to early repair cementum in tissue of unstated origin

presented by Gottf ieb in 1942.

An investigation of resorpt'ion and repaìr in human cementum was

reported in l95l by Henry and hle'inmann. They studied l5 human dentjtions

(ZA teeth) obtaìned at autopsy. Records included photographs, models and

radiographs taken prior to histoìogìc preparation. Some degree of root

resorption was demonstrated histologica'lly in 90.5% of the 261 teeth

examined, although serial sections were not available for all. The number

of resorptjon areas per tooth and per dentitìon tended to increase with age

and showed a'remarkabìe degree of bilaterality'per tooth in each arch.

The majority of resorption areas (76.8%) were found in the apical one third

of the root. Resorpt'ion areas were more numerous on the mesial and buccal

surfaces compared with the distal and lìngua'l surfaces respectively. There

was little difference in the incidence of resorption in upper and lower

teeth. Trauma and an inherent resorption potential were cited as the main

factors respons'ible for the observed lesions.

Repair was reported by Henry and hleinmann (1951) to occur with a

combination of acellular and cellular cementum, expìained by a variation

in the rate of formation. Large areas of resorption exhibited repair with

relat'iveìy rapidly formed cementum initia'|ly, whjch changed to acellular

('homogeneous') as restoration of root outline was approached. In most

areas repair was 'anatomically compìete', restoring the former root surface

outline. Periodontal reattachment to the repair tissue was not discussed.

The authors also concluded that small areas of root surface resorption

could be d'iagnosed from radiographs. This claim, however, has not been well

supported (Andreasen and Hjdrting-Hansen, 1966; Harry, 1977; Barber, 'l978).
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Accordjng to Arm'itage (1976) resorption of cementum may occur

after trauma or with excessìve occlusal forces. Scott (1977) stated that

evidence of small areas of cementum resorption may be found in about 90%

of permanent teeth , usual ly 'i n the api cal reg i on , su pporti ng ear'l i er

reports by Harvey and Zander (1959), Henry and l^Jeinmann (1951) and Jones

and Boyde (1972). Factors responsible for such resorption have been

identified only broadly. For instance Lammie (1966) stated that toxic

action, as 'in advancing periodontal disease, or pressure may cause

resorpt'ion. He also stated that mild stimuli caus'ing deposjtion of

cementum, acting with increased intensity, may cause resorption.

One of the functions of cementum is protection of the root of the

tooth (Jenkìns, l97B); Repa'ir is generalìy sajd to follow removal or

cessation of factors initiating root surface resorption (Furseth and Mjör,

1973; Scott,1977) ahd is accomplished by the formation of cellular or

acellular cementum either separately or in alternating layers (Armitage,

1976). That repa'ir can occur with cellular or acellular cementum or both

has been stated by other writers including Henry and Weinmann (1951) and

Kerr (196.l). Photom'icrographs reproduced in both these papers to

i I lustrate acel lul ar repa'ir cementum are unconv'incì ng since the I uy.", ot

cementum in question were dark'ly stained and relatively thin. In add'ition,

the apparent lack of cell lacunae in any cementum'layer of limited area in

a singìe histological section can be the result of the plane of section.

Other workers have described on'ly cellular cementum as the repair tissue

of resorbed root substance (Helldén, 1972; Reitan, 1974; Stahl,1977).

Armitage (1976) stated that repair generally tends to re-establ'ish

the former root outline (anatomic repair) but if a recess remains the

alveolar bone profile will be altered to restore normal periodontaì

ligament width (functionaì repair), as suggested by others including
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grban (1928a) and Henry and We'inmann (.l951). However, scant attention has

been paid to the reattachment of principal periodontal fibres in repaìr

cementum and 'indeed few comments have been offered. Kronfeld (1938) argued

that fol'low'ing repaìr, the organ'ism would attempt to establish a workable

funct'ional relationship between bone and tooth but presented no evidence

for this. It seems that in the literature repair has been equated w'ìth

reattachment (i.e.regeneration), desp'ite the fact that most of the photo-

micrographs publ'ished to illustrate repa'ir do not demonstrate such

reattachment.

Kurihara and Enlow (l9B0a, l9BOb) investigated the periodontal

attachment to remodelling alveolar bone in rats. They d'istinguished

three types of periodontal membrane-to-bone attachments, these beìng an

adhesive type, a continuous type and a composite of these two.

Interestingly, one photom'icrograph in their first report (1980a) shows an

adhesive periodontal attachment to a resorbed dent'ine surface from a tooth

subjected to experimental orthodontic forces. This finding was not

enlarged upon or discussed further jn these reports. The continuous and

intermediate types of attachment correlate well with the descript'ion by

Gianelly and Goldman (1971) of the mechanism of periodontal attachment

adaptations which occur during tooth movement.

Ankyìosis of a tooth may occur when the periodontal ligament is

lost and repair takes pìace with bone deposition (Ten Cate,1976). Thjs

replacement type of resorption may follow traumatic injury to a tooth

(Andreasen, 1972). The orig'in of the cells repopulating or repairing areas

of damaged periodontal 'l'igament has been cited as a major determinant for

either reconstitution of the 'l'igament or ankylosis superven'ing (Ten Cate,

1976; Line, Polson and Zander, 1974).
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Repair of the periodontal ligament and its reattachment to

cementum has been shown to occur following repìantation of exart'iculated

teeth ìn dogs and monkeys (Löe and Waerhaug, l96l) and man (Andreasen and

Hidrting-Hansen, 1966). Areas of repa'ired surface resorption associated

with a normal'ly structured periodontal ì'igament have been found in

h'istological studies of replanted, exarticulated teeth in dogs (Andreasen,

1972). In a histological study of cementum repair following apicoectomy

in man, Andreasen (lgZg) found that reattachment of collagen fibres to form

a functional periodontal ligament was associated with an eosinophi'lic

repair cementum, often of the cellular type. The presence of perìodontal

fibrous scar tissue was followed, he noted, by a marked reductjon in the

amount of the cementum repair.

The possibility of periodontaì reattachment to tooth roots has

been of interest to periodontists for some time. Skillen and Lundquist

(1937) found no connective tissue reattachment in artificially created

pockets in human material, due to epithelial proliferation. Linghorne in

1954 stated that, at that time, there was doubt whether reattachment was

possible. However, his work and that of many others (Beube, 1947;

Linghorne and 0'Connell, 1950; Morris, 1969; Listgarten, 197?; Frank,

Fiore-Donno, Cimasoni and 0gilvje, 1972; Reg'ister, 1973; Canton and

Zander,1979; cole, crigger, Bogle, Egeìberg and se'rvig, r9g0) would seem

to indicate that reattachment is possible follow'ing various treatment

procedures for periodontal disease. The literature relating to reattach-

ment associated with the treatment of periodontal disease is extensive and

has been reviewed by Burfield (1971) and Daryabegi, pameijer, Ruben and

Ricchetti (1980). In the main, consideration and experimentation has

involved only the area of attachment apparatus coronal to the alveolar

bone crest or in infra-bony pockets, often concentrating on the gìngivaì

epi thel i a1 attachment.
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The exact nature of the reattachment observed in these studies is

variable and apparently unpredictable. Stahl, Slavkin, Yamada and Levjne

(1972) and Stahl (1979) dìscussed three possible modes of connective tissue

to tooth root attachment following hea'ling, which summarize the observa-

tions of other studies in this field. Firstìy, reattachment may occur by

fibre union to residual Sharpey fibres on the tooth surface. Secondly,

connective tissue fibres may adhere to the tooth surface like a modified

periosteum or thirdly, cementum deposition with fibre insert'ion may occur

on the root surface. However, Stahl (1977) stated that since cementum

repair and reattachment had seldom been reported it must not occur

frequentìy. Experimental models for the study of the repair and reattach-

ment of periodontal tissues below the level of the alveolar bone crest

have genera'lly involved the initial destruction of overlying bone, for

example Helldén (lglZ) and Nalbandian and Frank (1980). Experimentation

of this kind is similar to that of Sippy (1927) and shows that repair and

regeneration of an apparentìy functional tooth support apparatus is

possìble under these extreme conditions.

Even though cementum is structurally similar to bone in many

respects, jt is less readily resorbed under pressure than is bone (Scott,

1977). This feature of cementum allows teeth to be moved orthodont'icalìy.

However, although the pressures used for orthodontic tooth movement are

ideally not more than 20 grammes per square centimetre of root surface

area, extensive resorption of cementum sometimes extending into dentine may

occur (Scott,1977). A number of factors have been cited by Gianelly and

Goldman (1971) as responsible, at least in part, for the resistance of

cementum to resorption. The fact that cementum is more dense than

trabeculated alveolar bone may be involved. Gianelly and Goldman (1971)

also suggested that the duration of applied forces m'ight be important since
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cementum is not immune from resorpt'ion aìtogether. Another factor might

be the cellularity of the cementum. Most root resorpt'ion is reported to

be found in the apical region of the tooth (Gianelly and Goldman, l97l),

where cellular cementum is predominant. They postulated that cementocytes

could modulate into a resorbing type of cell. This s'ituatìon would

parallel that in bone, where osteocytes may resorb bone (Pritchard, 1972;

Yaeger, l97l). Boyde and Jones (1972) however, stated that the walls of

osteocyte lacunae exposed by resorpt'ion were essential'ly identical

topographically to those exposed by fracturing bone tissue specimens.

This ìnd'icated, they said, that osteocytes were unlike]y to be involved in

resorption. Reitan (1974) stated that there was no definite evidence to

prove cementocytes' involvement in resorption. Gianelly and Goldman (l9il)
further stated that cellular cementum was less dense than acellular

cementum, presumably due to a slightly lower overall mineral content

although thjs was not specified. The implication made was that the lower

densjty of cellular cementum rendered it more susceptible to resorption.

G'ianelly and Goldman (197.|) pointed out that cementum is continuously,

though slowly, laid down throughout life and thus cementoid or pre-

cementum would always be present on the root surface. This cementoid, they

contended, is resjstant to resorption. Similar claims have been made

previously by Sicher and Weinmann (.I944) and Stenv'ik and Mjör (1970) and

later by Reitan (1974) and Rygh (1917). Rygh (19t7) proposed that as the

turnover of unmineralized surface matrix on the bone side of the perio-

dontal ligament was faster, the coì'lagen in the cementoid would be more

mature and thus better able to resist changes. stenvik and Mjör (1970)

found that odontoclasts were unable to resorb any unmineralized matrix,

including predentine.

Another proposed reason for the different responses of bone and
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cementum to pressure has been the rich vascularity of bone (Kerr, l96l;

Storey, 1973; Armitage, 1976). Bone resorption may be related to

degenerative processes produced by interference with circulat'ion in bone

(Armitage, 1976) or to pressure being more read'ily transmìtted to bone

via the vascular system (Kerr, l96l). Bien (1967) felt that the smoother

surface of cementum compared with alveolar bone accounted for the former's

lack of resorption. This contention was based on his hypothesis that

resorpt'ion is related to the format'ion of minute gas bubbles forming

oxygen concentration cells in the periodontium. These gas bubbles lodge

on the rougher alveolar bone more readi]y than the smoother cementum.

Root reso rD ti on of human Derma nent teeth related to orthodontics

Oppenheìm (l9ll) was the first researcher to closely study the

tissue reactions associated with orthodontic tooth movement. In an

experìmental histologic invest'igation of this subject, he used a baboon

with a full deciduous dentition. Passing mention was made of tooth root

resorptìon with the comment that firm conclus'ions could not be made as the

resorption seen could have been physioìogical.

In 1927 Ketcham reported apicaì root loss associated with ortho-

dontic treatment. At this time rad'iography had become widely used as an

adjunct to diagnos'is. Ketcham's report, based on rad'iograph'ic diagnosis,

created a great deal of interest and probabìy was the intpetus to much

research and reporting to follow. A further report by Ketcham in 1929

included addjtional cases from his practice and overall he found definite
apical resorption of anterior teeth in 19% of these cases. In persons not

subjected to orthodontic treatment, Ketcham put the proportìon showing

root resorption at 1%. It should be remembered when rev'iewing these early
reports that radiographic technique and 'interpretation was not standardized

nor as well developed as today. It is likely that some error was present,
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with only very obvious resorptions being discovered and reported

In a series of articles published in .1935 
and 1936,Oppenheim

di scussed the bi ol ogi cal aspects of orthodont'i c tooth movement. 't^Ji th

reference to cementum resorption, Oppenheim expressed the belief that th'is

was related both to unphysioìogical forces which exceeded the permìssible

compression of the periodontal ligament and also to the constjtut'ion of

the pat'ient. He stated that the degree of resorption was related to the

magnìtude of the force, its duration and any change in ìts d'irection.

Repaìr or fillìng in of cementum resorptìons with secondary

cementum, after removal of the apparent cause of the resorption, was

demonstrated hjsto'log'ically by 0ppenheim. l¡Jith reference to functional

regeneratìon 0ppenhejm referred to a number of works published'in German.

Euler-Mayer (.l927), he said, questioned whether the filling in of cementum

resorpt'ions and restoring of root surface contour was assoc'iated with a

full 'restitutio ad integzwm', that is a return of functional attachment.

Kronfeld (1933) however, was report.ed by Oppenheim to beljeve that the

normal function of the root surface was restored.

In a histologic and radiograph'ic study reported in 1930, Marshall

used monkeys to investìgate apicaì root resorption of permanent teeth

related to orthodontic treatment. The results for the various tooth

movements ('including rotatjon, tipping, extrusion and intrusion) showed

that root resorption occurred in most experimental teeth. Further, it was

seen that as the pressure was released repair commenced, this being

accomplished by t'issue resembììng e'ither bone or cementum but never dentine:

Often, the proxim'ity of young blood vessels to eroded areas was associated

with repair. Aìthough Marshall stated that usually the contour of the root

was rebuilt, he did not demonstrate in the pub'lished article reattachment

of periodontal- fibres to cementum, although such reattachment was assumed
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by Ketcham'in the discussion following the paper. In 1934, Marshall again

discussed root resorptìon and claimed that the state of general nutrition

was an important factor in repair.

Becks (.l936) looked at a number of patients with root resorption

which had been demonstrated radiographicalìy. He found an assoc'iation

between root resorption in patients with previous orthodontic treatment and

systemic disturbances, particular'ly endocrine disturbances such as hypo-

thyroidism. It should be pointed out that the radiographic technique and

interpretation as well as the medical diagnosis employed by Becks (1936),

whjle undoubtedly good for its day, was probably not as accurate as it
would be today. The statistical construction of Becks' study was also

open to bi as.

Stuteville (1938) histolog'ically examined extracted human premolar

teeth whìch had been subjected to various orthodontic manipu'lat'ions. From

his results he concluded that root surface resorption would occurin

virtually all cases of malocclusion corrected orthodontically. Factors

cited by Stutev'ille (1938) as'important in the production of this jnjury

were, the amount and type of force, the distance through which the force

is active and other forces, for exampìe those from occlusion. His materiaì

also showed that repair by secondary cementum occurred. He stated that

resorptions could only be seen radiographically as reduction in the length

of the root, if this occurred.

In reply to a question at the end of his paper, Stuteville (1938)

said that repair of periodontal membrane injuries was characterized

init'ially by connective tissue with fibres running paral'lel to the root

surface. He claimed that functìon would then demand arrangement as in

the normal periodontal membrane. No material was presented, however, to
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show definite reattachment of periodontal fibres to repair cementum.

In l93B Kronfeld published a paper about cementum in which he

stated that root resorption resultìng from orthodontic movement showed a

marked reparative tendency on the cessation of pressure and that therefore

it was of no practícaì s'ignificance. He claimed that repair cementum

would cover resorptive defects in cementum, dentine or enamel. However,

no evidence for reattachment of periodontal fibres to repair cementum was

presented jn the paper.

Skillen (1940) reported on tissue reactions to orthodontjc tooth

movement and trauma. He reproduced histoìogical photom'icrographs from

human material to support his discussion and'in summary said that tooth

root resorptìons, among other injuries, heaì read'ily with no apparent

functional defect. This was a subiective assessment and again no evjdence

to show periodontal fjbre reattachment was presented. As the resorption

areas shown were not extensive it is not unreasonable to suppose that no

immediate loss of function would have been detected clinical'ly even without

periodontaì reattachment in such areas.

An analysis of 76 pat'ients' radiographs taken before, during and

after orthodontìc therapy led Massler and Malone (1954) to conclude that

there ex'isted a high degree of correlation between the amount of periapical

root resorption seen before and after treatment. A radiographic study

reported by Massler and Perreault (1954) compìiments that of Massler and

Malone (1954). Massler and Perreault (1954) concluded that the root ends

of untreated, permanent teeth exhibited a definite resorptive potential,

resulting in varying degrees of apparently idiopathic resorption. The

individual resorptive potent'iai evident from these two studies could

perhaps be equated with Becks' (1936) 'systemic predisposition, to root

resorption. Although later work, for example VonderAhe (1973), has argued
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against many of the specific systemìc predisposing factors being generally

important, the concept of individual resorpt'ion potentiaì still remains

(Newman, 1 975) .

Apical root resorption and its relation to orthodontjc therapy was

studied radiographically and reported on by phiì1ips (1955). He po.inted

out that apical root resorption permanentìy and irreparabìy shortened the

tooth root, thus differing from cementum surface resorption which may occur

on the sides of the root and can repa'ir.

Importantly, Ph'i ì 'l i ps demonstrated that f or maxi ì 'lary i nci sors a

2m loss of apical root length decreased the periodontal attachment area

by 5 to'10 per cent, a 4mm loss reduced it by'15 to 25 per cent and a 6mm

loss resulted in a 30 to 40 per cent reduction of attachment area. This

findìng supports the contention of other workers that loss of crestal

alveolar bone is more harmful to the retentive apparatus of the tooth than

apicaì root loss (Jacobson,1952; Sjølien and Zachrjsson, 1973; Zachrisson,

1975,1976). such a suggestion has been based on the greater loss of

attachment area per unit of root length cervically, compared to ap'ically,

and the fact that the periodontal retentive apparatus of the tooth is
concentrated in the cervical two thirds of the root. In addition, Hemì,ey

(1941) stated that only loss of one third of the root or more was

clinically significant as only then would the lever arms of crown and root

alter relatively enough to cause concern.

Goldson and Henrikson (1975) conducted a'longitudinal radiographic

study of apica'l root resorpt'ion associated with Begg orthodontic treatment.

Forty-two first premolar extraction cases were evaluated and the results

showed no visible resorption in 23% of the teeth at the end of treatment,

less than 2mm apìca'l root loss in 48% and 2mr to one third root loss in 3%.
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The remaining teeth exh'ibited either irregular root contour, ob'lique

resorption or were unevaluable. Torque on upper central jncisors tended

to increase the incidence of resorption on these teeth. In addition,

teeth exhibitìng resorption prior to treatment showed more than the average

amount during treatment.

Reitan has extensively studied the local tissue reactions to

orthodontic movement both in animals and humans, utilizing histological

techniques. In relation to root resorption a general conclusion evoked by

a number of hjs reports (Reitan .l960, .l961, 
1969, i972,1974) is that root

resorption, both surface and apical, commonly occurs wjth orthodontjc tooth

movement genera'lly in assoc'iation with hyal inization of the periodontal

ìigament. Further, root surface resorpt'ion generaìly repairs with cellular

cementum. Factors particular'ly important to the location and extent of

root resorption would seem to be the amount, d'irection, duratjon and nature

of the orthodontic force used.

Support for these conclusions has been afforded by the published

work of other researchers'including Miör and Stenvik (.l969) and Stenvik

and Mjör (1970). Despite the w'ide-ranging 'investigat'ions by Reitan,

reattachment of principa'l periodontal fìbres in areas of repaired resorption

on tooth roots has not been g'iven much attention. The impression conveyed

by Reitan's pubì'ications is that repair of root surface resorption'implics

functional periodontal reattachment, but nowhere is this adequate'ly

demonstrated by him.

Root surface resorption on the pressure side of orthodontìcally

moved teeth was investigated h'istolog'ical ly by Wainwright (1973) .in Macaque

speciosa monkeys. One of his conclus'ions was that the stimulus for root

resorption was more likely to be related to the stresses on the root and

the tjme involved than to the density of the bone. This conclusion was
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based on the observation of a sìmilar extent of resorpt'ion on the buccal

and lìngua'l sides of tooth roots moved out through the bony cort'ical plate

and then back jnto the alveolus. Repa'ir of resorptive defects with

cellular cementum l'tas a feature but reattachment of periodontal fibres was

not demonstrated or discussed.

Apical root resorption of upper jncisors occurring during stage 2

and stage 3 of Begg orthodontic treatment has been reported by Hall (1978)

and Ten Hoeve and Mulie ('l976) respectiveìy. These workers attributed this

resorptìon to movement of the root apices against the cortìcal plate of

bone during tipping and torquing of the upper incisor teeth.

Rygh (1977) reported a transmission electron mjcroscopic examination

of teeth and surrounding tissues from Wistar rats and human subjects. The

experimenta'l teeth lvere moved orthodontical'ly with different forces for

various tìme periods prior to removal. In specimens from both sources

large multinuclear cells were seen close to the cementum surface in the

periodontal ligament at a distance from hyaiinized tissues. Interesting'ly

these cells appeared to be engaged in cementum and dentine resorption but

were not dìrectly in contact with the root surface. Cementum was seen to

be resorbed peripherally by undermining from behind its periodontal surface,

while the adiacent periodontal ligament demonstrated bundles of fibrils
'inserting almost at right angles to the root surface. t^lithin resorption

lacunae the blood vessels seemed to be in close contact with the odonto-

clasts. Under the electron microscope the odontoclast surface adjacent to

resorbing cementum appeared as a series of folds and clefts. The striated

pattern of the cementum collagen fibrils became less clear in these clefts.
Similar features were reported by Furseth (.l968) to be found during the

resorptíon of deciduous teeth.
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SECTTON 4

MATERIALS AND METHODS

Cl i n'ical phase

The major part of the material for this study was derived from

patients treated in the Orthodontic Clinic'in the Dental Department of

the Royaì Adelaide Hospita'|. These patients have been treated by the

author. Six patients who were expanded and retained as described did

not require extraction of teeth to complete their orthodontic treatment

and were thus lost to this study. Additional material was obtained from

patients undergoing sim'ilar treatment by orthodontic specialists in

private practi ce in Adel a'ide. The patìents requ'ired treatment with a

rapid maxil'lary expansion (RME) appliance to correct a maxillary base

width discrepancy. Followjng th'is active treatment, a period of

retention was necessary and final'ly removal of the upper first premolar

teeth to correct a tooth-iaw size discrepancy and allow completion of

the orthodontic treatment with full banded therapy.

The rapid maxi'lìary expansion appìiances used by the author were

of a common design and utilized a mid-palata'l expansion screw (type

600-010, Dentaurum, west Germany) set as high as practicable in the

vault of the palate, centrally between the first premolar and first
molar. The screw was attached to bands on the first premolar and first
molar each s'ide by stainless steel wire of 'l .l mm diameter passing

through the two holes for th'is purpose on each side of the screw. Each

wire to band or wire to screw contact was soldered. This provided a

rigid app'l'iance for separat'ing the maxillae as desired (Figure r ).
Patients not treated by the author were expanded using appììances and

activation schedules similar to that described for the author's patients.
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Figure 1

Occlusal view of the tYPe of
RME appliance used in this study.

Fi gure 2

The scannìng electron mìcroscope used 'in this study,
wi th i ts control pane'l and v'ideo d'isp1 ays on the I eft.
The electron optical column, E, is on the right, wìth
the specimen chamber, S, underneath.
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Activation was undertaken by the patients, following instruct'ion.

The screw was given one quarter turn (O.2mm expansion) each morning and

evening until the desired expansion was achieved. At this stage, the

screw was ligated through the keyholes and around the guidepìns with

0.012 inch ligature wire to prevent spontaneous unw'ind'ing. The appliance

was then left ín situ to provide rigìd retention. The amount of the

expansion was dictated by the degree of the skeletal base width

discrepancy and accompanying malocclusion, the aim being to overcorrect

the maxillary narrowness thus allowing for partial relapse expected

following removal of retention.

A minimum of three months fixed retention was used as a lower

limìt by the author, to prevent relapse. The upper limits of retention

time recommended for clinical practice vary considerably. For the group

of pat'ients treated by the author the length of the retention period was

determined jn each case by dental and orthodontic parameters. These

included the extent of the origina'l discrepancy and the skeletal maturity

of the patient, the amount of expansion achieved, the eruption of

permanent teeth and the timìng of further treatment. Expansion and

retention periods were therefore determined by patìent variables and were

consistent with good clinical pract'ice.

At the end of each retention period the upper first premolars

were removed to facilitate completion of the orthodontic treatment.

Extraction was performed with forceps, under local anaesthesia, with all

possible care to minjmize damage to the root surface areas of the teeth.

The teeth were placed immediately into l0% neutral buffered formosaljne

(Appendìx I). The volume of the fixative used was 400 to 600 ml in

order to ensure adequate fixation. After 24 hours the extracted premolars
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were transferred to 70% ethanol for holding, 50 ml being used for each

tooth. This regime used for material from the author's pat'ients was

followed as closely as poss'ible for the additional material. Further

preparat'ion of the specimens, a description of which begins on p.4.8'

was carried out as expediently as possible.

In this report, material will be designated by the initials of

the pat'ient from whom it came. Table I lists the pat'ients in the

author' s treatment group and gi ves detai'ls perti nent to thi s 'investi ga--

tion. The expansion across the premo'lars was determined by subtracting

the horizontal distance between the mesial developmental grooves of the

upper first premoiars on the pretreatment study models, taken iust prjor

to commencing rapid maxjllary expansìon, from the same measurement made

on study models taken at the end of the retention period. The inter-

premo'lar expansion js not listed for the additional material shown in

Table 2, as study models for these private patients were unavailable.

Pat'ients in the author's treatment group had not prevìous'ly had ortho-

dontic treatment. During expansion and retentjon none of the author's

patìents had additjonal orthodontic treatment except for M.C. In this

patient correction of an upper lateral incisor lingual cross-bjte was

achieved in l6 weeks during retention using an .016 inch upper arch wire.

As indicated 'in Tabl e 2, a number of the private pat'ients not treated by

the author had additional orthodontic therapy prior to removal of

retent'ion and extraction of the upper first bicuspids.

The bar graphs in Figure 3 show the period of retention and the

period of expansion for each pat'ient in this study. A comparison of the

two graphs shows a lack of correlation between the retention and

expansion periods.



Pati ent
Ini ti al s

Sex
M: Male
F: Female

Age at start
of expansion

(years; months)

l6r3z

l5r5z

12tsz

16k
l4t',
l2trz

l3 tL

I0ttt
ll ìg

l3rrz

M. D.

bt. J.

K.B. *

L. B.

A.S.

M. C. **

M.I. * 7

F

M

F

F

F

M

M

F

F

M

TABLE I

Pat'ients treated by the author

Period of Active
Expans i on

(weeks and days)

2?

3;

4
*

?

Period of
f i xed retent'ion
(weeks and days)

l6
17:?

20

25+

29

389

3 + 37tr*

52

53

53?

Amount of expansion
across the premol ars
to nearest half mm.

2.5

6.5

7.5+ I

21

3,

3+

7.0

8.0

7.0

ll.0
6.5

7.0

7.5

+ 3l*5

E.C.

L. H.

J.S.

3

3?

3

*

**

These patients requ'ired two applìances to achieve the desired expansion. The second appliance was inserted
for M.i. three weeks after activation of the first was stopped (shown jn retention ccilumn) and was activated
only one quarter turn per day.

For orthodontic reasons only the upper left first premolar of M.C. was extracted.

Patients from whom extracted Rl4E anchor Îirst premolar teeth were utilized in this project are l'isted by initials
with details relevant to the investigation.

Þ
('l
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Patient records

Standard pretreatment orthodontic records for each patient in

the author's group were obtained prior to the ccmmencement of treatment.

These were:

1. Complete history.

2. Study models.

3. Photographs - colour transparencìes of profììe, full

face and dentition.

4. Extra-oral radiographs - lateral cepha'logram

- orthopantomogram

- hand/wri st rad'iograph .

5. Intra-oral radiographs - left and right bitewings

- long cone periapicals of

incisors and canines.

In addition to these, long cone periapicals of first premolars with the

central x-ray beam at right angles to the tooth and an occlusal v'iew of

the anteriormaxilla were obtained. Periap'icaì radiographs of the

premolars were repeated just prior to their removal. A lateral

cephalogram was also taken at the end of the retention period for each

patì ent.

The pre- and post-expansion periapicaì rad'iographs of premolars

were masked peripherally, illuminated by variable intensity transmitted
'light from a rad'iograph v'iewer and examined under 2 to 3 tjmes

magnification provided by a hand held magn'ifying glass. An assessment

of any resorptìon of the roots of the premolars ev'ident in these

radi ographs was made.
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TABLE 2

Pat'ients not treated by the author

Pati ent
Initials

Sex
Male M

Femal e F

Age at start
of expansion

(years; months)

Period of
expans i on

(weeks ; days )

Period of
Retenti on

(weeks ; days )

T. H.

B. B.

G.B.

C. T.

R. H.

R. E.

S. l^l.

S.M.

F

F

F

M

M

F

F

F

l3 t%

l3
l5rez

l516z

14

12

l2t'"
l3

31

4+

3;

2

1+1q
3

?

4+

t4
l? + lg

17

17

31 + ttl
V2, + al

22?

23 +28

Patients from whom extracted RME anchor first premoìar teeth were utilized
in this project are listed by initials with details relevant to this
i nvesti gati on.

Features varyìng from the protocol used by the author were as follows.

B.B : Retention with expansìon appliance was changed after l0 days for
a removabìe palatal acryìic appliance.

R. H. Expansion and retention were carried out sjmultaneously wjth full
band'ing (Begg I i ghtw'ire) and the use of cl ass I I intermaxi ì l ary
elast'ics. After 24 days retention with the expansion app'l'iance,
this was removed and the first molars and premolars rebanded to
continue orthodont'ic treatment. The first premolars were
extracted after a further l7 weeks and 4 days due to anchorage
demands for the orthodont'ic treatment.

R.t. : The expansion appliance was removed 4 weeks and 2 days prior to
the extraction of the upper first premolars and no other form of
retention was used.

S .I^l. : Expansion and retention were carried out s'imultaneousìy wìth full
banding (Begg lìghtw'ire) and the use of class II intermaxilìary
elastics.

: Fixed retention of 23 weeks was followed by a period of 28 weeks
w'ith no appliances used for retention prior to removal of the
upper fi rst premol ars.

S.M
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Records for the additional pat'ients were not standardized and

were generaì 'ly unavai I abl e.

Pre aration of teeth for viewìn in the scannin el ectron
ml cros co

In'itially, trial human tooth root specimens were prepared and

examjned in the scanning electron microscope. Included in thjs group

were two upper first molars which had been subjected to headgear therapy

for 20 weeks, several untreated first premo'lar teeth from teenage

patients, a retained upper deciduous canine and an impacted, unerupted

second premolar from a 23 year old female patient. Several human bone

specìmens were prepared as a basis for comparison with cementum structure.

A piece of lingual cortical bone was obtained at an operation to remove

an impacted third molar. Fetal bone was obtained from an aborted 20

week human fetus.

These specimens were fixed and stored in 10% neutral buffered

formosaline (Appendix I). The crowns of the tooth specimens were

removed by sectioning prior to further preparation. The specimens were

rendered anorganic in 5% sodjum hypochlorite at room temperature for.24

hours, washed in distilled water and dehydrated in a series of graded

al cohol s before fi nal ai r dry'i ng. Mounti ng and coati ng of the spec'imehs

was as described on p.4.12 except for a period of 12 hours under vacuum

'in the coating unit to further dry the specimens prior to coating.

Lower first premolars from experimentaì patients T.H., M.C., S.M.,

E.C. and J.S., were prepared in the same way as the trial specimens for

viewing in the SEM. The roots were mounted vertically onto the SEM stubs

by attachìng them at the coronal transverse cut surface in a manner

similar to the trial tooth root spec'imens.
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Figure 3

Bar graph showing the total period of retention (time between
the end of expansion and extraction of the upper first
premolars) for all the experimental patients.
Bar graph showing the total period of expansion for each
patient. The order from left to right is the same as in the
top graph, illustrating the lack of correlation between the
expans'ion and retention tìmes. The amount of expans'ion 'in
millimetres for each patient treated by the author is shown
at the top of the corresponding bar.
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The roots of the upper first premolar teeth from the group of

pat'ients who had undergone rapid maxillary expans'ion were sectioned

mesiodista1ly and the lingual half so produced was sectìoned from the

crown port'ion occlusal to the cemento-enamel iunction. For most

spec'imens, the buccal half of the root was sectioned buccolingually in

the m'idline prior to cutting off the crown. This division was made to

enable histologic examìnation of one half of the buccal surface and

topograph'i ca1 exami nat'ion of the other ha'lf (Fì gure 4) . Di rect compari son

of features found us'ing each of the two techniques was facilitated in

this way. To simpfify presentation of the findings and discussion, the

buccal segments produced by sectionìng have been designated as either

mesiobuccal or distobuccal to'indicate whether they came from the mesial

or distal side of the root.

The selection of buccal segments for h'istologic or topograph'ic

examination was random. All sectioning was done with a Horico 'Thinflex'

d'isc (catalogue number 549/220) in a dental handpiece rotating at

approxìmateiy 6000 r.p.m. Durìng this procedure an assistant maintained

a stream of physìolog'ic saline over the spec'imen and the operator held

the tooth by the crown'in a specìal1y modified pair of pì'iers. fuery

effort was made to avoid touching or damag'ing the root surfaces and all

spec'imens were stored resting on gauze, in 70% ethanol, until further

preparat'ion could be carried out.

Specimens for examination in the SEM were rendered anorganìc to

facìlitate vjewing of the mineral front of the root surface. Previous

work reported by Jones and Boyde (1972), Kvam (1972a,1972b, 1973b) and

Harry (1977) indicated that little useful information would be obta'ined

by examining topographically the adhering organic coat on the root surface.
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BUCCAL

t s

SI

LINGUAL

Fi gure 4

Diagram of a transverse section through the root of an upperfirst premolar. Experimental teeth were sectioned longitudi-
naì1y in the planes ind'icated by S and S'. The resulting
segments for topographic examinatìon were mounted with tñe
sectjon edge indicated by S'S' attached to the aluminiumstub. In the SEM, the root surfaces of the segments were
viewed in the direction indìcated by the arrowi. The linesin the segment marked H illustrate the p'lane of sectionìng
for I ight microscopy. Pulp (P); Dent'ine (Of ); Cementum (õ).
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Exam'ination of the h'istologic sections of correspondìng buccal segments

enabled an appraisal of the adhering organic'layer and its interface

wìth the cementum surface.

To render the specimens anorgan'ic they were placed into 500 ml

of l0-.l3% sodium hypochlorite (Ajax Chemicals, Sydney, Austra'lia) at

room temperature. A wire basket was used to suspend the specìmens jn

the sodium hypochlorite while a magnetic stirrer was used to gently swirl

the solut'ion. Some specimens were treated in this way for l5 or 20

minutes and a number for 7r. or l0 minutes. All the specimen surfaces

appeared to the unaided eye to be similarly free of adhering organic

materjal at the end of these time intervals. Followíng th'is treatment

in sodium hypochlorite the specimens were rinsed in distilled water.

They were then transferred to another wire basket and suspended in three

'litres of disti'l'led, deion'ized water in a covered beaker. A magnetic

stirrer was used to vigorously swirl the water for 24 hours to wash the

specìmens. To reduce specimen contamination, Boyde (lgZg) suggested the

use of double distilled water, boiled and cooled to drive off dissolved

carbonates just prior to use for specimen washing. In this project, no

sìgnificant specimen contamination attributable to the water used for

washing was observed 'in the scanning electron microscope when either

boiled, double dìstilled, or unboiled distilled, deionized water was used.

Dry'ing of the specimens was carried out after washing, bV transfer to

70% alcohol for half an hour then 100% alcohol for one hour, followed by

air drying in a covered container.

When dry, specimens were mounted onto aluminjum SEM stubs using

fast set 'Araldite' epoxy resin (CIBA-Geigy Ltd., Australia). The

specimens were then coated with either go1d, or carbon followed by gold-
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palIad'ium in the majority, using respectively a Mini coater (model MCE

200, Commonwealth Scientific Company, A'ìexandria, Virg'inia) or a model

DV-502 coat'ing unit (Denton Vacuum Inc., U.S.A. ). Coat'ing thickness was

20-30 nanometres.

To determine whether any useful information could be obtained by

exam'inìng organic, decal cified spec'imens, the buccaì segments of two

non-experimental fìrst premoìar roots from orthodontic pat'ients were

p'laced in formic formate solutÌon (Appendìx I) for 24 hours. In addition

the lingua'l and mesiobuccal segments of the left first premolar from

patìent K.B. were sim'ilarly treated for 48 hours and the d'istobuccal

segment of the right premolar from patient S.M. completely decalcified jn

this way, taking 3 weeks. These specimens were washed, dehydrated,

mounted and coated for viewing in the SEM as described previous'ly. It
was found that little useful informat'ion was obtained by examjning these

specìmens in the SEM even when viewed from the cut edge as the dent'ine,

cementum and periodontal tissue appeared relatively amorphous, lacking

in d'istinctive and recognizable features.

Several of the specimens p'laced in sodium hypochlorjte for 7'!-, or

l0 minutes were examined and recorded in the SEM and then placed jn

150 ml of 5% sodium hypochlorite solution in a sealed glass container

for 48 hours. During this time most of the metal surface coating became

detached from the specimen surface in flakes and sheets. At the end of

the 48 hour period, washing, dehydrating, mounting and recoating for

examìnation in the SEM was effected as described prev'ious1y. This

repreparation procedure was carried out to determjne if differences in

surface details could be found with a short and long deorganifying period

and the results will be included in Section 5. The cementum surface was
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rendered more friable by this second preparation, resulting in increased

crack'ing and areas of cementum flaking off, problems similar to those

encountered by Harry (1977). Artefactual damage to the root surface thus

occurred but was kept to a minimum by careful handling of the spec'imens.

After dry'ing and prior to coating one specimen was left over-

night in a closed glass dish together with 4 ml of 4% osmium tetroxjde

in an open receptacle. This was done to assess the effect of this

procedure on specimen charging in the SEM. Dr K. Bartusek, Officer-in-

charge of the Electron Opt'icaì Centre, suggested the use of osmium

tetroxide in this way, as he had found that jt somet'imes reduced the

charging of bìo'logicaì specimens in the SEM. The specimen surface was

rendered black but coating was not interfered with. There was no

notjceable reduction ìn charging of th'is specimen. In general , although

chargìng did occur, part'icularly at sharp pojnts and ridges on the

specimens, this was not a prob'lem. The charg'ing d'id not obscure

topographìca1 detail and interpretation was not interfered w'ith.

Examination and record'ing jn the SEM

Examinat'ion and recording of prepared and coated specimens was

carried out ìn a scann'ing electron m'icroscope (Siemens Autoscan, ETEC

Inc., U.S.A.) operated at five, ten or twenty kilovolts (Figure 2). An

accelerating voltage of 5kV was often used for examinat'ion and record'ing

of spec'imens at 1ow magnifications, to reduce charging. At higher

magnifications the defjnition possible w'ith low accelerating voìtages

was poor. Another way to reduce the effects of charging is to use back-

scatter electron imaging. To achieve this the specìmen had to be

horizontal and raised considerably in the specimen chamber to approximate

the detector. The qua'lìty of the detector in the chamber was poor and
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consequently th'is imag'ing mode was not used extensively.

To facil'itate viewing, an additional specimen stage attachment

was sometimes uti I i zed ( Fi gure 5) . Thi s was parti cul arly useful for

specimens, usuaily whole roots, mounted vertically with the coronal end

attached to the stub. However, the configuratìon of the stage attachment

restricted the degree of freedom withjn the specimen chamber. This

restriction occasionally compromised the optimum workìng distance and

limited the lateral travel and rotation of the specimen possìble within

the instrument. For this reason, experimental segments were mounted

with the proximal cut face (F'igure 4) attached to the stub to allow

max'imum freedom and ìmage definition in the SEM. Mounting in thìs way

restricted the observation of prox'ima1 surfaces. Demarcation between

buccal or linguaì and proximaì surfaces was difficult because of the

curved nature of the roots. In th'is study, the buccal and linguaì

surfaces have been defined as the portions of the root surface seen

clearly when segments were examined directly in the SEM.

The inter-radicular surfaces of bjfid rooted premolars could not

be observed in the SEM except for those from pat'ient T.H. The buccal and

1ìngual roots of the rìght premolar of patient T.H. were mounted vertjcalìy

permitting visual ization of the inter-radicular root surfaces. The entire

left premolar of patient r.H. was examined histologìcally. The histo-

logical sect'ions of buccal segments allowed observation of the lingual

facing surface of buccal roots where roots were bifid. In fact, the

only completely bífid roots were those of pat'ient T.H. The axial extent

of bifurcation of other experimental roots was about l-, mm for the premolars

of patient R.H., I to 2 mm for E.C.,2 to 3 mm for B.B. and G.8., 3 to 4 mm

for L.H. (right premolar only), 4 to 5 mm for L.B. and M.C., and 5 to 6 mm
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for J.s. All other premolars were comp'letely single rooted, although

general'ly having the normal cross-sectional configuratìon of upper fjrst
premolars, with 'long buccol'ingual dimension and a central mesiodistal

constriction (see Figure 4).

Visualization of detail within depressions on a surface was

improved by using the derivative ampìification facil'ity of the sEM

controls. This method enhances the contrast due to fine detail and

suppresses gross contrast by eìectronicalìy amp'lifying a band of

frequencies preferentially. The result'ing'images lack the three

dimensional effect seen in normal scanning modes, but fine surface

features are more easiiy discernjble. Utjlizing derivatìve amplification

for recording necessitated manual setting of the dark level control to

achieve correct exposure of the film.

Ilford FP4:ASA 125 (.l20 size) film was used for recordìng

(processìng details given in Appendix v) with a Sjnger Graflex camera

mounted over the recording screen of the instrument. All photographic

parameters were kept constant by the instrument. Data automatically

recorded below each negative frame were from left to right, the specimen

to negative linear magnifjcation, acceìerating voltage, working distance

(distance from the final lens aperture to the spec'imen surface in mjlli-
metres), date and frame number. A magnification scale bar was recorded

above these. The operator also recorded the tilt angle of the specimen

and the condenser lens current. An error of up to 10% in the magnifica-

tion factor could be expected due to the caljbration of the instrument.

All magnification figures for illustrations herein presented are the

instrument magnìfication used. Some variation from th'is stated magn'ifì-

cation has occurred in a number of illustrations due to slightly different
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photograph'ic enlargement. However, the scale bar recorded automatica'lly

in the SEM has been printed with the illustrations where possible, or

reproduced on the photograph. Composite pictures were made by photo-

graphìng prìnted montages with Ilford Pan F film (see Appendix V for

processing deta'ils) which was then used for print'ing the final illustration.

Three dimensional imaq'inq

Stereopair photographs were taken with the SEM by'photograph'ing

an area of the spec'imen and then tilt'ing it through five to ten degrees

about the Y axis of the specìmen stage in the evacuated chamber of the

instrument. Maintenance of the same field during tilting was achieved by

using the X axìs stage drive while vìsualizing in the televìsion monitor

to provide completely real-time'imagìng not possible on the long decay

screen monitor. Refocusing was ach'ieved with the Z axis screÌ,'J micrometer

to retain the same magnification. Prints of stereopair photographs were

examined in a Geoscope (Stereo Aids, l,rlestern Australia) which afforded a

60% field over'lap. Height and depth perception was facilitated jn th'is

way, mak'ing'interpretation of topographical features easier. However, it
was found by the author that there was not a problem of optically confusing

depressions and mounds on the specimen with the two-d'imensìonal image

presented by a single photograph (Figure 6). This was because the

spec'imens were always oriented'in the SEM chamber in the same way so that

with experience features of negative or positive contour were not

misinterpreted or confused. Stereopaìr photographs were used to establ'ish

th'is. In addition, the true contour of some features, whether negative or

pos'itìve with respect to the surrounding surface, could be checked by

viewing them in profìle after rotating the spec'imen in the chamber.

Focusing on the extremes of surface features and noting the work'ing

distance for these limits, or the Z micrometer setting if this was used

to focus at a constant work'ing distance, aìlowed distinctjon of raised
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and depressed areas. Larger features could also be checked by viewing

the spec'imen with a binocular dissecting microscope.

Con tou r lo

It was felt that hard copy contour plots and profile plots of

selected areas could be useful aids in this investigation. Instruments

for mak'ing contour plots of surface topographicaì features from stereo-

pair photographs are used extensively in map making. Thus, an attempt

was made to produce contour plots from stereopair photographs taken with

the SEM. This was done in conjunction with workers at the South

Australìan Department of Lands Mapping Branch at Net'ley. Aerial photo-

graphy for map makìng genera'l'ly uses stereopa'irs taken by a lateral camera

shift. The main differences apart from thìs are the lack of an absolute

pìane of reference, or reference features of precisely known dimensions,

and unknown parallax factors with photographs taken in the microscope.

Also, scaling errors introduced by tilting the specìmen may produce

inaccuracies'in plot measurements. As a test specimen, the head of a

draw'ing pin with a raised three-pointed star was mounted on an SEM stub

and stereopair photographs of this recorded in the SEM (Figure 7).

Stereopair negatives were used to model the specimens in an analytical

pìotter (Zeiss Planicomp C'|00 interphased with a Hewlett Packard H.P. 1000

computer). From this model, a hard copy plot (Figure B) was made of the

surface of the drawing pin specimen, us'ing the base of the three-pointed

star as an arbitrary absolute pìane of reference and the corners of the

negatives as fiducial points. The system was scaled using the scale bar

on the negatives. The plot gave the highest po'int in the centre of the

star as 0.6 mm. Direct measurement with a vern'ier caliper ind'icated that

it was in fact approximately 0.6 mm. However, a foreshortening d'istortion

is clearly evident in the plot which could conceivably lead to dimensional
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Figure 7

SEM stereopair of drawing pjn head. Xl0

/o

a{
oo

t
t
n
?
o
?

Eú

v

oo

ro!.o ¡ ll

F'igure 8

Contour plot of drawing pin head.
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errors. It would seem that the tilt of the spec'imen in the SEM was

responsìble for this. l^lithìn the SEM specimen chamber, tilt of the

specìmen relative to the electron beam and collector is necessary to

achi eve a cl ear pì cture , part'i cuì arìy i n the secondary el ectron imag'ing

mode. A number of attempts were made to obtain a similar plot from

stereopaìr negatives of an area of root surface topography, using the

analyti cal pl otter. These urere unsuccessf ul because of the d'iffi cul ty

of establishing proper reference parameters, partìcularly an absolute

plane of reference. It was felt that such problems could eventually be

overcome but that plotting inaccuracy and distort'ion would still be

present, limit'ing the usefulness of any results. It was possible to model

a root surface stereopair in a manually set-up plotter comronly used for

mapping. However, despite the fact that a plot could be made, the viewìng

model for plotting was far from perfect and the result rather crude. It

is not suggested that this technique should be dismissed. l^lith further

developments and refinement wh'ich were unable to be pursued in this

project, useful results could emerge.

As a further means of exam'ining spec'imens coated for the SEM,

Nomarsk'i epÍ -'i I I umi nati on was tri ed. Thi s technì que was found to be

unsu'itable, however, as the spec'imen surfaces urere curved and too

irregular. These specimen characteristics precluded the production of

the col our f i el ds assocì ated wi th smal 1 changes 'in I evel s on rel at'iveìy

flat surfaces, for whìch the Nomarsk'i system is generally used.

Estimation of are a S of resorption

The total area of resorption observed on the buccal surface of

experimental root segments in the SEM was estimated in the followìng way.

Low power composìte photographs of the buccal surfaces, which included the

proxìmal surface as seen from the buccal aspect, v,,ere recorded and printed.
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From these prints, the spec'imen was cut out w'ith scissors leaviíìg no

border and the resulting compos'ite photograph weighed. The areas of

resorptì on ('incl ud'ing those i n various stages of repai r) were then cut

out from the composìte picture us'ing sc'issors and the portions of the

photograph correspond'ing to resorption were we'ighed. The rat'io of the

'total we'ight' to the 'resorbed weight' gave an est'imate of the relative

amount of surface area involved by resorpt'ion for each specimen. The

results of these calculations are presented in Sectìon 5.

Preparat'ion of specimens for hi stologi c examinat'ion

To evaluate the histologic preparation technique and various

staining methods, non-experimental teeth were first prepared for

exam'ination. Specìmens used were one intact upper premo'lar root and two

buccal half root specìmens from upper premolars. The specimens were

washed for one hour, after fixat'ion in l0% neutral buffered formosaline

They were then transferred to 50 ml of decalc'ifying med'ium (either

'Decal', EDTA or formìc formate) which was changed every two days. The

contajners were agitated gent'ly by hand four times daiìy. Decalcificatjon

at room temperature was compìete at one week for the intact root in

'Decal' (Mega Chemical Corporation, U.S.A.). The half root specimens

took three weeks to decalcify, one in EDTA and one in formic formate

(formulae given in Appendix I). The end point of decalcification was

determined by radiograph'ing the specimens using a Phillips Oralìx X-ray

mach'ine (64kV; exposure time 0.4 seconds).

At the compìetion of decalcification, the spec'imens were washed

in running tap water for one hour and placed in 5% sodium suìphate

neutraliz'ing solution overnìght. They were then washed in running tap

water for one hour, passed through a serjes of graded alcohols and double
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embedded jn cello'idin and paraffin (Appendix II). Following this the

specimens were blocked in paraffin jn a "Tissue Tek II Tissue EmbeddÍng

Centre" (taU-let< Products, Division Miles Laboratories Inc., Napovììle,

Il'linoìs).

The blocked specimens were sectioned at B micrometres on a Leitz

rotary mìcrotome, and the sections flattened by floating on a warm water

bath before being transferred to geìatinized slides (Appendix III). The

intact root specimen was sectioned longitudinally'in a buccol'ingual

direction and the half root spec'imens were sectioned transverseìy. The

specimen decalcified in formic formate was easier to section without

foldjng or curling, compared with the other two decalcification methods

which were trìed. The tissue integrity was well preserved by formic

formate decal ci fi cati on .

Stains used were Pollack's trichrome; hleigert,s haematoxylin and

van Gieson; a modification of Lillie's stain for collagen (Savìlle

Bradbury); Ehrlich's haematoxylin and eosin; and Mayer's haemalum, celestin

blue and van Gieson (see Appendix IV for detaìls). 0f these only the

Saville Bradbury stain was not found to be consistently useful because the

depth of colour was d'ifficult to control and often tended to obscure detail.

This stain was therefore not used extensively. Pollack's trichrome was

found to demonstrate collagen fibres well and was thus very useful for

investigating attachment of periodontal soft tissue to the root surfaces.

However, this stain did not show cell nuclei clearìy and imparted a

slightly blurred appearance to sections even when properly focused. This

characteristic may have been associated with the section thickness, but

was not noticed with the other stains used. The mounting medium used was

P'ix (di butyl phthal ate i n xy1 ene ) .
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Specimens for histological preparatr'on from the experimental

teeth represented ìongjtudinal quarter sections of the entire root except

for the left premolar of patìent T.H. which was prepared in toto. These

spec'imens were decalcified jn the formic formate solution and sectioned

longìtudinally jn a buccol'ingual d'irection.

Ground sections were prepared from some experimental specimens as

follows. Specimens were dehydrated by passing through 70%, 90% and 'l00%

alcohol spending two days in each, then drained on tissue paper to absorb

surface alcohol and immersed in uncatalysed Biopot resìn (Science Aids,

Australìa) in a small uncovered plastic box. This was subjected to

increasing vacuum over half an hour and then left overnight in vacuum.

Seven drops of catalyst were added to the resin the next morning and the

specìmen was removed while the resin and cata'lyst were stirred carefully,

to m'inimize air incorporation. Full polymerization in air tnlas compìete

in several hours. At this point the resin block could be removed from

the pìastic box and reduced to a suitable sjze around the specimen wjth a

hacksaw. The specimens were then sectioned longitudinaìly in a bucco-

linguaì direction on an Isomet low speed saw (Buehler, U.S.A.). The

resulting sections were of the order of 200 micrometres thick.

The cut sections were mounted onto glass slides with biopot res'in

and reduction of the section thickness was done by hand on increasingly

fine grades of wet and dry emery paper (grades 180,220,320, 400, 600)

with continuous water flow. The resulting section thickness was estimated

at 20 micrometres. They were then passed through 95% and two changes of

100% alcohol , brought to xylene and final'ly coversl'ips were affixed with Pix.

The number of ground sections obtainable from each specimen was

limited to 3 or 4 because of the unavoidable losses assocìated with the
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technìque. The information derived from the ground sections was similar

to that which was obta'inable from paraffin embedded sections. Thus only

four buccal segments were used for ground section preparation, the

remainder of the histological spec'imens being paraffin embedded and

sectìoned using the microtome. Ground sections were prepared from the

following segments: dìstobuccal of the right premolar from patìents C.T.,

S.l^1., B.B. and mesiobuccal of the left premolar from patient R.E.

Recordinq of histoloqic sections

Black and wh'ite photographìc recording of paraffìn embedded and

ground t'issue sectìons was conducted on a Zeiss Axiomat microscope (West

Germany) using a ZG (green) filter. Ilford FP4 pìate film (4" x 5" ASA

125) was used and processed in the same way as the FP4 film used for

recording w'ith the SEM (Appendix V). For colour recordìng a number of

films were used (listed in Appendix V) with a blue and dydmium correction

filter. It was necessary to vary the ASA sett'ing on the Ax'iomat to

correct the automatìc exposure for the colour films. In these cases

setting the ASA at 50-75% of the stated film rating achieved the

necessary i ncrease in exposure t'ime. Kodak photomi crography f i'lm

(N0.2483, ASA l6) gave margina'lly the best result of the three colour

films used (Appendix V). Colour prints were produced using the

Cibachrome A (Ilford) print system.

In addition to ord'inary transmitted light, phase contrast,

darkfield illumination and poìarized light were used for examining the

paraffin embedded and ground sections. Various effects were obta'inable

with each of these but for consistency of interpretation ordinary

transmitted lìght proved superior for the assessment and photographic

recording of the sectjons.
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Preparation of DA raffin sections for viewìnq 'in the SEM

A number of selected paraffin sections were reprepared for

examinat'ion in the SEM after recording ìn the light microscope. The

coverslips and embedding medium were removed by dissolving 'in xylene.

The sections r,.,ere then passed through three changes of 100% alcohol

spend'ing one hour in each and air dried'in a covered container. The

glass slide was cut back around the sect'ion as much as poss'ible and the

section was mounted onto an aluminium SEM stub with 'Arald'ite' epoxy

resìn (CIBA-Geigy Ltd., Australia). Coating for and recording 'in the

SEM were as described previously.
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SECTION 5

FINDINGS

Scanni nq el ectron mi crosco p'l c (SEM) appearance of human bone

The bone specimens from the l'ingual cortical plate presented a

surface characterized by large round vascular open'ings. The diameter

of vascular openìngs ranged between fifty and two hundred micrometres.

Calcified 'intrjnsic matrix bundles were arranged in an orderìy fash'ion

with some interlacing evident due to fibrils pass'ing from one bundle to

another. The m'ineral'ization of the intrinsic matrjx bundles generaìly

appeared to be smooth and uniform (Figure 9). The matrjx fjbre pattern

was retained in the anorganic state by the mineral crystals laid with'in

'i r.

Some areas of the adul t corti cal bone sect'ion, parti cu'larly

close to the vascular openings, had numerous Sharpey fibre holes

(Fìgure l0) most of which were between four and seven micrometres'in

d'iameter. A number had central projections. Forrn'ing osteoblast cell

lacunae were characterized by round or oval outlines, canalicular

open'ings in their bases and a diameter of ten to fifteen micrometres.

Close ìnspectìon of the floors of these lacunae often showed a fjne

f i bri'll ar pattern.

Several areas of resorption were observed (Fjgure 9). Some of

the resorptive Howship's lacunae were considered to be repairing as

the lacunar rims were sìightiy rounded and the floors had a granular

appearance at high magnifjcation ind'icating remineralizing activity.
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Adult cortical bone showing mineralized intrinsic
matrix (M) and resorptive Howship's lacunae (H).
Scale bar : l0 micrometres. X200
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Adult cortjcal bone with numerous cjrcular Sharpey
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The fetal or primary bone specimens were long bones taken from

the lower limb of a twenty week fetus. The surface vvas seen to be

dominated by numerous openings which had a d'iameter of about 100 m'icro-

metres. These were vascu'lar open'ings and were generally associated with

short longitudinal furrows.

Fetal osteoblast cell lacunae were sim'ilar to th'ose seen in the

adult bone specimens, having a circular or ovoid outline, with canali-

cular openings'internally and a fine fibrillar or nodular network on

the'ir walls and floors.

There was generally no evidence of an ordered intrinsic matrix.

The mineral clusters and particles had a random orientat'ion as seen in

Figure 1l except around a few of the vascular openings where the

pattern was more ordered and sìm'ilar to adult bone.

SEM appearance of normal premol ar roots

The normal premo'lar roots examined were obtained from adolescent

pat'ients prior to orthodontic treatment. The arrangement of topo-.

graphìcal features was found to be similar in all specimens. in the

cervical one half to two thirds of the root the surface was composed of

close-packed, low Sharpey fibre mounds (F'igure l2). These structures

were generally round, oblong or hexagonal in outline and were three to

e'ight micrometres in diameter. In a limited area at about the mid-root

reg'ion of one spec'imen, less dense'ly packed d'ish-topped Sharpey fibre

mounds were found (Figure 13). The surface'in this area had a rough

granular texture and a few cell lacunae were observed in the region.
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Figure 1 I

Mi neral i zi ng front of fetal bone show'ing
random arrangement of mineral nodules
some of which are beginning to coalesce.
Scalebar : l0micrometres. X2000
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Typical cìose-packed Sharpey fibre mounds

from cervical acellu ar cementum.
Scalebar : l0micrometres. X900

Fi gure 12

F'igure l3

Dish-topped Sharpey fìbre mounds from the
mid-root area of one specìmen. Granular
surf ace suggests sl ow mineral i zi ng act'iv'ity.
Scalebar : lOmicrometres. X.l000
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A number of small areas of resorption were found, particuìarly

in the cervical one third and close to the apex of the roots examined.

These lesions were usually discrete but sometjmes occurred in groups.

Various stages of act'iVe resorption and repa'ir Were found in these

defects. The repair tissue had the appearance of mineralìzing

cel I ul ar cementum (F'igure l4) .

The ap'ical regions of the teeth were covered by cellular

cementum having a topography which at Iow magn'ifications was undulating

and irregu'lar when compared w'ith the cervical areas. The arrangement of

the surface features in these apical regions was variable within each

specìmen. Limited areas of Sharpey fibre mounds similar to those seen

in more cerv'ical locations could be found but with a number of cell

lacunae evident. The mineral front of the cellular cementum varied

from discrete mjneral nodules with no apparent orientat'ion (Figure l5)

to a more continuous surface exhibiting matrix orientation (Figure l6).

Occasionally, relatjvely flat, featureless areas occurred.

Sharpey fibre depress'ions or holes with a diameter of four to

Seven m'icrometres Were noted 'in cellular cementum, general ly close to

the apìces. The dens'ity of these depressions in areas of the surface

where they were found varied considerably. In some regions they were

close-packed and in other areas more w'idely dispersed with cell lacunae

also evident. Figure l6 shows an area of such close-packed princ'ipaì

periodontal fibre insertion sites with an intervening continuous nodular

surface exhibitìng orientat'ion around the holes. Cell lacunae could be

distinguished by their'larger s'ize of I to l5 micrometres diameter,

generally ovo'id shape and saucer-lìke bases wìth canalìcular openings
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Figure I 4

Resorptive defect in an area of Sharpey
fibre mound acel lular cementum. Repa'ir
tissue within the defect is mineralizing
cellular cementum. Xl60
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Fi gure I 5

Surface of act'ively
mi neral i z'ing cel I ul ar
cementum.' Cemento-
bl ast 'lacuna (C) . X2000

Figure l6

Sharpey fibre holes
in a surface showing
orientat'ion of the
mi neral 'i zed i ntri nsi c
matri x. Xl 600
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present. The floors of cell lacunae exhibìted either a homogeneous,

nodul ar, or fibri I I ar pattern.

The lower first premolars from experimental pat'ients did not

show any changes attributable to the orthodontic manipulations in the

upper arch. Their overall topography was similar to that described

above for normal tooth roots and conformed to genera'l descriptions by

Barber (1977), Boyde and Jones (1968) and Jones and Boyde (1972).

Root resorption patterns not associated with RME

The two upper first molars examined were from a female patìent.

She was ten years of age at the start of headgear treatment, which was

aimed at moving the upper first molars distally five to sìx millimetres

to correct thejr relationship to the lower molars. This treatment was

cont'inued for twenty weeks. Information concerning the force used

was not available. These first molar teeth were removed for orthodontic

reasons twenty months after the cessation of headgear therapy.

Macroscopic 'inspect'ion of the extracted teeth confirmed the radiographic

dìagnosis that the distobuccal root of the left first molar was almost

completely resorbed and that of the right first molar was partìa'l'ly

resorbed, probably due to 'imp'ingement on the unerupted second molar

crowns.

The remain'ing buccaì root portion of the left first molar and

distobuccal root of the right first molar were prepared for examìnation

in the SEM. The surfaces of the spec'imens appeared rough and uneven

particularly on the buccal and distal aspects. Extensive resorptìve
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excavations on the surface v'rere evident under low magnificatio.n. Much

of the resorption was repairing with cellular cementum (Figure 17).

At higher magnification, much of the surface, particularly

within the resorption areas, was dominated by a profus'ion of randomly

oriented particles. These were either néedle-like or cigar-shaped, a

few micrometres long and sometimes formed stellate or brush-like

patterns (Figure iB). Originally it was thought that these particles

represented mineralization crystals. However, examination of later

specimens led to the conclusion that they were an artefact. The

particles were possibly crysta'ls deposited by the formalin fixative in

which the teeth had been kept for some tìme, or more likely sodium

hypochlorìte crystaìs left on the surface by inadequate washing of the

specìmens after treatment to render the tooth anorganic. Repreparation

in sodium hypochlorjte, washing for 24 hours and recoating ìargeìy

el i mi nated these partì cl es .

An upper lateral incisor which had been undergoing root

resorption was examined in the SEM. The resorption was detected

radiographically subsequent to trauma and the tooth was removed to

- allow orthodont'ic closure of the space. The patient was a"female aged

eighteen and three quarter years. Examination of the root of the tooth

in the SEM revealed extensive resorpt'ion in the apical region, a ìarge

.'area of resorption in the cervical one third of the root and. several

smaller excavations. None of these areas as seen in the SEM was

' cons'idered to be actively resorbing. Repair appeared to have super-

vened with tissue resembling mineralizing cellular cementum (Figure l9).
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Fi gure 17

Sl owly mj neral i z'ing repaì r cel I ul ar cementum
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d'istobuccal root of an uPPer righ
subjected to headgear treatment.
Scal e bar : l0 mi crometres.

la
ps
nf
tf

cel I ul ar
I acunae

rom the
irst mol ar

xl 00

å

(



5.12

\t

IJG-

F'igure I B

Y
ir

Artefact crystalline structures on the surface
and with'in a depression, as seen on an

inadequate'ly washed specimen. X1000
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An unerupted upper second premolar removed for orthodont'ic

reasons from a twenty-three year old female patìent was examined in

the SEM. Coating with goìd-palladium created a matt, poorly l'ight-

reflect'ing surface making gross surface topography easier to assess

with the unaided eye. Following coating an extensive shallow

excavat'ion involving one side of the root was ev'ident. The root itself

was short and bl unt ap'ical ly.

In the SEM, the extensive excavation on the root presented a

surface suggesting a state of early repair. Some parts had mineral

clusters on the surface. Howship's lacunae'were not numerous and had

rounded edges and granular surfaces indicating mineralizìng act'ivity.

Some areas of the excavation appeared to have completed repair but were

at a lower level than the surroundjng unaffected cementum. These areas

had a relatively f'lat, featureless topography. Few cell lacunae were

evident anywhere. A number of other small resorpt'ive defects were

also found on the root surface (Fìgure 20).

The cementum surround'ing areas of resorption had a relatively

featureless topography. Generally, a surface of low close-packed

mounds wjthout cell lacunae predominated. However, towards the apex a

flatter topography was more common (nigure 20).

An upper deciduous canine, removed for orthodontic reasons

from the same patient as the unerupted second premolar,was also examined.

Radiographical'ly, the root of thjs tooth appeared to be'intact except

for some resorpt'ion on its distal aspect. In the SEM an extensive

resorptive excavation was found on the d'istal surface of the root of
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Fi gure I 9

Mi neral i zj ng repai r cel I ul ar cementum i n a

resorpt'ive defect on an upper lateral 'incisor.
Cementoblast lacuna (C). X400

Fìgure 20

Flat surface topography of ap'ical cellular
cementum from an unerupted second premolar.
A small area of resorption (R) can be seen.

x500
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this tooth. t^lithin the excavation no evidence of active resorpt'ion was

observed and Howship's lacunae appeared onìy around the periphery. The

edges of these lacunae were rounded and their surface texture suggested

remineraliz'ing activity. The greater part of the surface within the

excavation featured closely packed irregular projections (F'igure 2l).

In some areas a mineralized fibre pattern'in the plane of the surface

was seen and in these areas cell lacunae were more common than

elsewhere, a'lthough still not numerous. The fibres formed groups

arranged at varying angles in relat'ion to each other (Figure 2l).

In the apical region on unresorbed surfaces a l'imjted number

of raised annular projectjons with central depressions varying in

d'iameter from a few micrometres to seven or e'ight micrometres occurred,

adjacent to areas of relatively flat surface topography. These

projections were thought to represent principal periodonta'l fibre

insertions in which penipheral mineralization had proceeded beyond the

general level of the surrounding m'ineral front.

The observations made on these non-experimental tooth roots

suggested that the topographìcal presentation of resorpt'ion and repair

on root surfaces is essentially similar in varying situations. Repair

tissue was cons'istently cellular cementum in these specimens. in

addition, some evidence for periodontal fibre insertion in repair

cementum was found on the deciduous tooth. Findings from the

experimental premolars corroborated these early observations.
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Figure 21

Surface within a large area of previous
resorption on a retajned upper deciduous
canine. Cell lacunae (C) which are
beginning to cover over can be seen in
an area showing mineralized intrinsic
matrix bundles (M). Close-packed,
i rregu'l ar projecti ons ( P ) whì ch domi nate
much of the surface are probab'ly
associated with periodontal fibre
i nserti ons. X200
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EXPERIMINTAL ANCHOR PREMOLAR ROOTS

The total patient group of l8 from which material for this

study was derived has been d'ivided into three subgroups (Table 3).

The division into these subgroups has been made on the basis of the

total time span of the retention perìod fol'lowing rapid maxillary

expansion in each case. The aim of this arbitrary divisjon was to

simpìify the presentation of the findings and discussion to follow.

In add'ition to a description of observations made in relation to root

resorption and its repaìr on each of the specimens, salient and unusual

features seen'in apparently unaffected areas, desjgnated as'normal'

'in this report, of the tooth roots examined will be included in this

section. The results of the scanning eìectron microscop'ic examination

will be presented first, followed by those of the light microscope

h'istological study. A number of pertinent and supportive observations

from the 'light microscope examìnation have been included with the

findings from the SEM.

Group I

Patient T.H.

Both upper first premolars from pat'ient T.H. had a bifid root

pattern. The roots of the ìeft premolar were decalcified intact and

examined histologicaì'ly. The buccal and lingual roots of the right

premo'lar were examined jndividually in the SEM.

Well defined areas of resorption were not extensive and
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TABLE 3

Thìs table shows the bucca'l segments which were examined in the SEM

Pati ent Total Retentìon Buccal Segment Examined in the SEM

Peri od (weeks ) LèftTremol ar Ri qht Premol ar

Group l.
TH*

BB*

MD

GB*

cT*

I^lJ

Group 2.

KB

RH*

RE*

SI^J*

LB

AS

Patients retained for less than 20 weeks.

l4
14]
l6
17

17

17 u,

t(*

DB

DB

MB

Buc

DB

Buc

MB

MB

MB

MB

Buc

Pat'ients retained for a total period between 20 and 30 weeks.

20

21

21+

221

25+

29

Patients retained for more than 30 weeks.

MB *.**

MB

DB

DB

DB

MB

DB

MB

MB

MB

MB

MB

MB

MB

DB

DB

DB

DB

MB

389

40:?

t

DB

DB

DB

MB

MB

MB

5l

LH

JS

52

53

æ?

Mesiobuccal ; DB: Distobuccal ; Buc: Entire buccal surface.

* Patients not treated by the author.

** Total spec'imen exami ned hì s to1 ogi cal ly.
*** The distobuccal section vvas fully decalcified and left organic

for examination in the SEM.

The buccal segments not examined in the SEM were examined
hi stolog'icaì ly.

All lingual surfaces except ** were examined in the SEM.
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occurred mainly on the buccal aspects of both roots although some small,

distinct areas of resorption were seen on every surface of each root.

Resorpt'ive actìvity seemed to be mainly in the apica'l half to two

thjrds of each root but some was noted cervically. The areas of

resorption al1 appeared to be repairing. Numerous cell lacunae occurred

in the repa'ir mineralizing front of densely packed mineral clusters

(Fìgure 22), presenting a topography s'imilar to that seen on some normal

cellular cementum surfaces considered to be act'ive1y forming. However,

in the repair cellular cementum no principal periodontal fibre jnsertion

sites could be ident'ified. Howship's lacunae were found only at the

edges of the resorpt'ive defects, which were often undermined and

generaìly well rounded.

Pat'ient B.B.

The buccal segments of the first premolars taken frorn tile

patient B.B. were extensively affected by resorpt'ion (Figure 23). In

both segments resorpt'ion had extended well onto the prox'ima1 surfaces.

The lesions were generally large, particularly on the left premolar.

0n this specimen the area affected by resorptìon appeared to be

continuous from the cervical one third to the ap'icaì extremity and

this was confirmed by the histologìcal examination of the mesiobuccal

spec'imen from the same root. The mesiobuccal segment of the right

premoìar had'numbers of small areas of resorption with diameters of

the order of several hundred micrometres in addjtion to larger but

separate defects.

Howship's lacunae, with sharp outlines and smooth floors, were

found at the periphery of the larger lesions and dominated some of the
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Figure 22

Patient T.H., retentjon period l4 weeks.

An area of previous resorptìon repairìng wìth cellular cementum.
The arrow indicates a cell lacuna enlarged below. Buccal
surface, buccal root.
Scale bar: 100 micrometres. XBO

Cell lacuna (C) from the above illustration. The surrounding
surface of discrete mineral particles suggests rapìd
mi neral i zati on .

Scale bar: l0 m'icrometres. X2700

{

Above:

Bel ow:
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A
Fi gure 23

Patient B.B. Retention period l4] weeks.

A: Right premolar, mesiobuccal segment sho\^,-
ing numerous areas of resorption (R).

B: Left premolar, distobuccal segment with a
I arge, conti nuous area of resorpti on ( R) .
The outlined area is shown in F'igure
24. xlO
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smaller lesions. In genera'l repair was the major feature of the

resorptive defects and in places had attained the level of the

surrounding surface. 0n both specimens repair tissue presented a

s'imilar topography, hav'ing a flat surface interrupted by ceì1 lacunae

and roughly parallel cracks, these probably being dry'ing artefacts

( F'igure 24) .

In an area close to the apical extent of the ìeft premolar

specimen a field of close-packed circular depressions was observed

(Figure 25). It seemed lìkely from the adjacent histologicaì sections

that this was an area of repa'ired resorptìon. The depressjons in this

area were interpreted as sharpey fibre holes on the basis of their

d'iameter being four to seven micrometres and the'ir close packing. In

addjtion, a lack of canalicular openings internally distinguished

them from cementoblast cell lacunae.

The lingual root surfaces of both premolars demonstrated

resorpt'ive defects in the apical one th'ird and to a lesser degree the

middle one third (Figure 26). The extent of these lesions was minor

compared w'ith that seen on the buccal aspects but repa'ir activity was

similar.

Patient M. D.

The mesiobuccal segment of the right premolar showed extensive

surface resorption along the entire length of the root. The areas of

resorpt'ion were large and virtually continuous in the apìcal half. In

the cervical half a ìarge area of resorption and several smaller areas

were noted. Repa'ir was not a prominent feature anywhere, Howship's
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Figure 24

Repa'ir cellular cementum (CC) with a flat topography in an area
from Figure 238. Some Howship's lacunae (H) remain at the
periphery of the resorptive defect which is bordered by
acellular cementum.
Scale bar: 100 micrometres. X90

A cell lacuna typical of the repair cementum shown above.
The surface suggests lack of mineraljzing activity.
Scale bar: ì0 micrometres. X2300
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Fi gure 25

Patient 8.8., left premolar, buccal surface.
A surface dominated by Sharpey fibre depress'ions jn an area,
possib'ly previously resorbed, near the apex.
Scal e bar: l0 mi crometres. X400

Stereopair of the area outlined above. Tilt difference
80. X2800

2
I

Above:

Bel ow:

I
'È.

-,{

t
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Fi gure 26

Minimal areas of resorpt'ion (R) on the I ingual
segment of the right premolar from patient B.B.
typify the amount of damage general'ly encountered
on ljnguaì surfaces in this study. Xl0
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lacunae dominating the defects. These findings were confirmed by the

hi stol og'i cal secti ons . The Howshi p ' s ì acunae genera'l ly had smooth

floors and sl'ightly rounded edges (Figure 27). Resorpt'ion lvas

relatìvely shallow although penetrat'ing ìnto dentine, but isolated

'punched-out' pockets of deeper resorption were found within the larger

areas. It was di ffi cul t to def injte]y judge the status of Howship's

lacunae as resting or resorbing but resorptive activ'ity seemed to be

occurring at the perìphery of the les'ions, evidenced by sharper margins

of the Howship's lacunae.

Repair tissue was not advanced with respect to restoring the

defects and appeared to be s I owly mì neral 'i zi ng cel I ul ar cementum,

having a relativeìy homogeneous surface due to confluence within the

mineral front.

The l'ingual surface exhibited only m'inor resorptive act'ivìty

near the apex and one area cervically. The pattern of resorption and

repaìr lvas similar to that noted on the buccal aspect. The apex.did

not appear to have been blunted or shortened by resorpt'ion.

The distobuccal segment of the ìeft premolar was extensively

resorbed only in the apicaì half. The cervical half of this specìmen

had a number of small, d'iscrete lesions. The pattern of resorption and

repair rntas similar to that described for the rìght premolar, except

that large areas of Howship's lacunae on the'left premolar had rounded

edges suggestìve of ear'ly repair.

The lingua'l surface of the 'left premolar was affected by

resorption in a relatively mìnor way. The left and right l'ingual
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Figure 27

Patient M.D., retention period l6 weeks.

Howship's lacunae bordering ceìlular cementum
in the apical half of the right premolar.
The Howship's lacunae in the lower area of
the illustration have sharp margins and
smooth floors'indjcating active resorption.
Cel I lacunae (C). X300
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surfaces were similar in the gross distrìbut'ion and extent of resorpt'ion.

However, the apex of the left tooth on the'lingual surface appeared to

have been blunted slightly by resorption as Howship's lacunae dominated

the apical extremity.

Patient G.B.

The mes'iobuccal segments of both upper premo'lars from pat'ient

G.B. were examìned in the SEM. Large areas of resorption were seen

along the entìre length of both specimens extend'ing onto the mesjal

aspect in each. Repair t,las the dominant feature of most defects but

open Howsh'ip's lacunae at the periphery were also frequently observed.

The pattern of the repair tissue was more variable than that

described for patient B.B. and generally did not present such a flat

topography. The mineral front of the repair t'issue was composed of

cjrcular or fusiform particles having an apparent'ly random distribution

around surface depressions (Figure 28). The mjneral particles were

usually d'iscrete but in some areas demonstrated varying degrees of

coalescence to produce a more continuous although nodular surface

topog raphy.

The lingual surfaces were much less affected by resorpt'ion, but

demonstrated sjmjlar features of repair as d'id the buccal surfaces of

these teeth. In an area of shallow resorption on the lìngua1 surface

close to the apex of the right premo'lar, a number of holes were

observed in resorb'ing Howship's ìacunae (Figure 29). These holes were

2 to 3 m'icrometres 'in d'iameter wi th rol 'l ed peripheri es , ci rcul ar on

the outs'ide and crenated or folded on the 'inner margins. It was felt
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Above:

Bel ow:

Fi gure 28

Patient G.B., retention period l7 weeks. Left Premolar.

Typì cal surface of m'ineral i z'ing repai r cel I ul ar cementum
from the buccal surface. Cell lacunae (C). X700

Enìargement of the outlined area, w'ith holes which are
poss'ibly Sharpey f i bre hol es . X3000
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Fi gure 29

Patient G.8., rìght premolar, linguaì surface.
sharpey fibre holes exposed by resorpt'ion confined withincellular cementum near the apex, an unusual observation
in the SEM. X2000

Figure 30

A cementocyte lacuna
(C) exposed by
resorpt'ion presents a
smooth surface between
canal i cul ar openi ngs .

l-rom the same area as
Fìgure 29. X1200
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that these holes represented principal periodontal fibre tracts rather

than dent'inal tubule open'ings as the resorption appeared to be confined

to cementum at this level. In addit'ion these openings were wider than

dentinal tubules and were similar to some Sharpey fibre holes seen on

intact cementum surfaces elsewhere (Figure 56). Cementocyte cell

lacunae exposed by resorption were occasiona'lly seen (Figure 30) and

these had a smooth surface between their canalicular open'ings.

Cementoblast and cementocyte cell lacunae were jdentified

topographica'l'ly by their size which varied from l0 to l5 micrometres'in

diameter, cìrcular to ovo'id shape and the presence of canalicular

openings. Smaller circular depressions were also found jn the mineral

front of the r"epa'ir tissue on these specimens (Figure 28) but their

distribution and occurrence did not follow any definable pattern. It
was not possíb'le to view the walls and floors of all of these depressions

or holes but it was assumed that some were cell lacunae being covered

over. Many, however, because of the well rounded shape, close proximity

to each other, size and lack of observable canalicular openings were

thought to represent principaì periodontal fibre insertions sjtes.

Patient C.T.

On'ly the distobuccal segment of the right first premoìar from

patient C.T. was prepared for histologìc examination. The remaining

segments were exam'ined in the SEM. The buccal surface of the left
premoìar exhibited extensive resorption along'its entire length except

for the cervical one quarter (Figure 3l). The mesiobuccal segment of

the right premolar, however, was affected only in its apical half to

one third. The pattern of resorption and repaìr was sjmilar to that



5.32

È.

't

Fi gure 3'l

Patient C.T., retention period l7 weeks.
Left premol ar.
Extensive resorption evident on this full
buccal segment exempìifies the area of
root surface involved by resorption on
spec'imens in this study. XlO
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described for other specimens in this group. The mineral front of

repair cellular cementum observed, showed a range from discrete mineral

clusters without orientation to a more homogeneous surface.

The lingual surfaces of both teeth exhibited only minor

resorpti ve damage both cervì ca'l 1y and api cal 1y. I n the api ca'l regi on

of the'left premolar lingual surface, circu'lar depressions of 4 to 7

mìcrometres diameter were observed (Figure 32) which were clearly

distinct from cell lacunae, having a central open'ing from which radjated

spoke-like extensions connected to the outer marg'in. These features

were considered to be Sharpey fibre depressions present'ing an unusual

type of topography.

Patient W.J.

The entire buccal half of the right premolar from W.J. was

examined in the SEM. The apex appeared to have been blunted sfight'ly

by resorptjon. Two large resorption areas and a number of smaller

areas were seen on the buccal surface (Figure 33). Repair was a feature

of the larger defects with resorption appearìng to cont'inue around their

peripheries and also apically on the root. The smaller defects appeared

to be continuing to resorb. The repair tissue was cellular cementum.

having a coarse fibrous surface texture arranged around circular

depressions most of which were identified as cell lacunae (F'igure 34).

A number of the holes observed may have represented Sharpey fibre

depressions but could not be definiteìy identified as such because

their internal topography cou'ld not be seen.

The right buccal section was orig'inal'ly prepared with l0 minutes
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Fi gure 32

Patient C.T., ìeft premolar, lingua'l surface.
Sharpey fibre depressions (0) of an unusual
configuration within normal cellular cementum.
Cell lacuna (C). X700



ì 7f weeks , r'ight premol ar.

Resorptìon (R) is evident over
the length of the buccal surface
and appears to have bl unted the
apex. Area outl'ined is shown in
Figure 34. XlO
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F'igure 33

Patient hl.J., retention period

Fi gure 34

The extent of repair
w'i th cel I ul ar cementum
(CC) in the area out-
lined 'in Figure 33 can
be seen. X50
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exposure to sodium hypochlorite (10-13%). After examination jn the

SEM, repreparation by exposure to 5% sodium hypochlorite for 48 hours

followed by drying and recoating was undertaken. Most of the originaì

conductive coating was removed by re-exposure to sod'ium hypochlorite.

The repreparat'ion increased the surface cracking due to drying and

rendered the specimen more fragìle and prone to damage and flaking of

the surface w'ith I ight knocks.

The surface topography was changed little by repreparat'ion in

some places, possib'ly where the first coating was not removed. Figure

35 shows two djfferent cell lacunae from the same area of repair

cementum in the large cervical resorpt'ion area. The fine fibrous

texture seen prior to repreparation was lost after this procedure, due

to increased deorgani fi cation. Simi'lar'ly the normal acel I ul ar mound

cementum became smoother in appearance after repreparation. Whether

the organic matrix removed by repreparation \^,as mineralized to any

degree is uncertain.

The I 'ingual surface exhi b j ted rel ati vely mi nor resorpt'ion , thi s

being most extensive in the ap'icaì region. The pattern of resorption

and repair was sim'ilar to that on the buccal surface.

The distobuccal segment of the left premolar had an uneven,

undulat'ing surface over most of ìts length. Resorpt'ion areas bounded

by Howship's lacunae were observed (Figure 36), but these were smaller

and fewer jn number than on most of the other specimens in this group.

The reason for the uneven surface was the presence of areas of cellular

cementum some of which were found in the cervical half of the spec'imen.

As this portion of the root is usually covered by ace'llular Sharpey
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Figure 35

Two different cell lacunae from the same area
of repair cementum are illustrated before
(above, X2500) and after (be1ow, X2000) specimen
repreparation. The fine fibrous surface texture
has been removed by repreparati on.
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Figure 36

Patient t,.l.J., retention period l7? weeks.

Normal acellular cementum (AC) can be seen
falling away at the periphery of a resorptive
defect ( R) . Repai r wi th sl owly mi neral i zi ng
cellular cementum (CC) is occurring centrally
in the defect, a common finding in th'is study.
A number of cell lacunae are ind'icated by
arrows. Left premoìar, buccal surface. Xll0
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fibre mound cementum it was considered 1r'kely that exuberant cellular
cementum here represented a repair response. Sharpey fibre depressions

were found in some areas of the exuberant cellular cementum on the

root surface.

Resorption was not prominent on the linguaì surface of the left
premolar. One area in the cervical one third demonstrated two paralle'l

ridges of cellular cementum approximately 500 micrometres ìong and 50

micrometres wide in a circumjacent surface of cellular cementum with

Sharpey fibre holes. This total area was surrounded by normal acellular

Sharpey fibre mound cementum and could thus have been a repair response,

which had compìete'ly restored a resorptive defect,or a pro'liferat.ive

response to tension on the lingual side. The cellular cementum in the

ap'ical region of the lingual surface (Figure 37) exemplified the

similarity of this tissue with human lamellar bone.
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Fi gure 37

A surface of normal cellular cementum
demonstrating the similarity of this
tissue to adult lamellar bone. The
intrinsic matrix (M) forms an inten-
weaving pattern. Cell lacunae (C),
Area of resorption (R). X200
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Group 2

Patients in the second group were retaÍned for periods varying

between 20 and 30 weeks.

Patient K. B.

The left first premolar of patient K.B. was part'ially decalci-

fied jn form'ic formate for 48 hours prior to sectioning. This was done

to assess whether additional information about reattachment of the soft

tissue periodontal fibres could be obtained in thjs way wjthout

deorganification. It was found that this method afforded no useful

information, even when the segment was examined from the flat sectioned

face.

The right first premolar exhibited areas of resorption along

its entire mes'iobuccal segment. The surface of the Howship's lacunae

and unaffected cementum was dominated by spherical structures as

i I I ustrated i n F'i gure 38. The ubi qui tous di stri but'ion of these nodul es

suggested that they were an artefact, but no reasonabìe exp'lanat'ion for

their depos'ition could be proposed. Indeed, they closely resembled

structures seen in a small number of other repaìring resorption areas

and on some areas of mineralizing acellular cementum found by Barber

(1977) and also found occasionally jn this study. Barber (1977)

desìgnated these structures as mineral calcospherites "building up" the

surface, but apparently did not encounter them common'ly. The s'ize of

the nodules was about I micrometre jn diameter and their shape was

sphe¡ica] . They were not found on any other specimen in such profus'ion

and the ì'ingual surface of this tooth which was virtualìy unaffected by
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Figure 38

Patient K.B. , retentì on perì od 20 weeks.

This nodular mineralizing topography, seen on the buccal
surface of the right premolar, was not commonly encountered
in the present study.
Above: In an area of resorption. X1000
Below: 0n normal acellular cementum. Xll00
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resorption did not exhib'it them at all. The nodules did not comespond

precìseìy to the description by Boyde and Hobdell (1969b) of the mìneral

part'icles at periosteal surfaces of primary bone or to the microcalcos-

pherites in cementum illustrated by Boyde and Jones (1968). The former

particles were irregular and about l/3 micrometre in diameter and the

latter more fusiform in shape.

The right first premolar mesiobuccal segment was reprepared 'in

5% sod'ium hypochlorite, recoated and examined again. Repreparation

el'iminated the spherical surface nodules found previousìy. Repair

tissue observed in the resorptive defects was found to be cellular

cementum having a flat surface topography between ceì1 'lacunae,

indìcating a s'lowly mineralizing surface.

Patient R.H.

The compos'ite view of both the djstobuccal and l'ingua'l segments

of the left premolar shown in Figure 39 illustrate the extensive

resorption found on the buccal as compared with the lingual surfáce.

The right premolar was similarly affected by resorpt'ion except in the

middle one third of the mesiobuccal segment where on'ly two small

defects were observed.

The topography of repair cellular cementum was variable and

i nd'i cated di fferi ng rates of mi neral i zati on both w'ithi n di fferent

resorptive defects (F'igure 40) and occasionally within the same defect.

In'large areas of repair the more central surfaces lvere suggestive of

slower mineralization, having a more confluent mineral front.

0n al1 specimens in this investigat'ion, at low magnification,
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Fi gure 39

Patient R.H., retention period 2l weeks. Left premo'lar.

A: Distobuccal segment showing extensive resorption (R).
A and C refer to the areas shown in Figure 40. XlO

B: Lingua'l surface showing small areas of resorption (R).
Arrows indicate an area of exuberant cellular cementurn
in a surface of normal acellular cementum. XlO
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Figure 40

Comparison of repair cementum topography in d'ifferent
areas of resorpt'ion from the same specimen. A and C

show areas of resorption from the locatjons 'ind'icated

a

1n
(cc
B,
and

Figure 39. Detail of the repair cellular cementum
) topography is shown in B and D respectively. In
a flat topography suggests no mineralizing activity
in D a nodular surface indicates active mineralization
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))

Cell lacunae (C), Nult'iple Howship's lacunae (H), Normal
acel I ul ar cementum (A) .
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Howship's lacunae often appeared smooth but at higher power were seen

to have a granu'lar textured surface (Figure 4l). The small holes within

the Howshi p' s l acunae were probab'ly denti nal tubul e open'ings aì though

they d'id not demonstrate the resistance of perìtubular dentine to

resorption as reported by Barber (1978), Boyde and Lester (lg0Zb), and

Boyde and Jones (1972).

The extent of repair w'ithin resorpt'ive areas on the specimens

from patìent R.H. was variable. It is possible that some defects may

have completely repaired making theiridentification in the SEM as areas

of previ ous resorpti on d'if f i cul t. Sharp demarcati on of d'ifferent

surface topographìes such as exuberant cellular cementum surrounded by

normal Sharpey fibre mound acellular cementum in the cervical half of a

spec'imen may be indicative of such repaired areas or of a proliferative

response to tension when found on the ìingual sjde (Figure 39).

Sharpey fibre depressions providing evidence of periodontal

fibre insertion into repair cementum were found in a number of locations.

The position of the prev'ious resorption on the root djd not influence

the occurrence of these depressions. Sharpey fibre depressions were

generalìy found ìn repaìr cellular cementum which appeared to be

rapidly mineralizing. An example of such depressions is shown in

Figure 42, taken from repair tissue at the edge of a large cervical

resorption area on the buccal aspect of the right premolar. Cell

lacunae were not numerous in areas of Sharpey fibre depressions.

Patient R.E.

The pattern of resorption was similar on both first premolars

from this patient. The buccaì segment spec'imens exhibited ìarge areas
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Fi gure 41

Patient R.H., right premo'lar, lingual surface.
Howsh'ip's'lacunae seen at low magnification in the SEM

often showed a smooth surface similar to this. X300

H'igher magnification revealed a granular textured surface
in Howship's lacunae. Small holes (f) are probably dentinal
tubule openings as the resorption illustrated had penetrated
cementum. X2600

Above:

Bel ow:
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Figure 42

Depressions (D) in the mineral front of
repa'ir cel I ul ar cementum from a l arge
cervical resorptìon area on the buccal
surface of the right premoìar. Pat'ient
R.H. These depress'ions resemble principa'l
fibre bundle insertion sites. X1500
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of resorpt'ion in the cervical and ap'ical one third but l'ittle apparent

damage 'in the middle one third. The lingual sunfaces were almost

unaffected by resorpt'ion, minor defects being observed only 'in the

cerv'ical and api ca'l areas.

Repaìr wìth cellular cementum had advanced to various levels

in most of the resorption areas observed. Howsh'ip's lacunae dominating

the perimeter of large resorptive defects had smooth or fine'ly granular

floors and sharp to slightly rounded outlines. The topography of the

repa'ir tissue was generally characteristic of slowly mineralizing

cellular cementum (Figure 43). The cell lacunae had smooth surfaces

between canalicular openings and the surrounding mineral front was

confluent. A small number of repairing areas appeared to be more

rapi dly mi neral ì zi ng as shown by d'iscrete m'ineral nodul es whl'ch were

arranged 'in an apparentìy random fashion between cell lacunae

(F'igure 43). The internal surfaces of cell lacunae reflected the

activ'ity of the mineral front also (Figure 43).

The unaffected cementum surface, both l'ingual and buccal, on

the teeth from pat'ient R.E. were dominated by acellular cementum except

'in limited areas of the ap'ical one quarter where cellular cementum

prevai'led. The type of acellular surface demonstrated by Figure 44,

with mounds of irregular outlìne separated relatively evenly by a

fibrous textured surface, was dominant'in the cervical two thirds of

these teeth. This type of surface v'/as not uncommon on other teeth in

this investigation, and as such has been considered to be a normal

manifestation of acellular Sharpey fibre mound cementum.
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Above:

Below:

Fi gure 43

Patient R.E. , retention period 2l I weeks. Right premolar.

Cell lacunae (C) from repaÍr tissue iìlustratjng different
surface topographies suggestive of different rates of
mi neral'izati on.

Slow or resting mineralizing activity is ind'icated by a
confluent surface. X1700

Discrete mineral part'icles indicate actjve mineralization.
xl 700
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Fi gure 44

Acellular cementum topography typical of the cervical
two thirds of the premolars from patìent R.E. Raised
areas are separated by a surface with a fibrous
texture which is probab'ly cementum matrix. X500
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Patient S.W.

The buccal surface of first premolars from pat'ient S.W. showed

the effects of resorption most extens'ive1y'in the apical half. The

ìingual surfaces were large'ly unaffected except for the apical regìon

where minor resorptive activity was apparent.

0n the buccal specimens, repaìr by cellular cementum was

relatively more extensive in area than on specìmens retained for'

shorter time pe¡iods, but exhibited a similar range of topography.

ExtensiVe areas of open Howship's lacunae occurred only'in the ap'ical

region of these first premo'lars. Repairin many areas appeared to be

close to re-establishing root contour and in a number of areas had

slightly exceeded the surroundìng surface level (Figure 45). hlhere no

Howship's lacunae remained to define an area as previously resorbed, a

number of features could be used to detect repa'ired defects. Firstly,

discrete, well defined areas of cellular cementum surrounded by normal

acellular cementum were likely to be repaìred resorpt'ion areas'

particularìy if the levels of the cellular cementum and surround'ing

cementum differed slightly. In addition, examination of the sectioned

edge of the root segment in the SEM revealed a characterjstic reversal

line at the limit of resorption, where the plane of section passed

through the lesjons. The area of cellular cementum in Figure 45 was

des'ignated as repair by both the preceding criteria.

Fìgure 46 shows Howship's lacunae near the apex of the left

premo'lar on the buccal surface. The edges of the resorptive lacunae

seen in this figure are rounded over by a nodular depos'it thought to be

due to mineralizing activity. Such a deposit was not commonly observed
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Figure 45

Patient S.ld., retent'ion
period 22? weeks.

Repai r cel lul ar cementum
(CC) has slightly exceeded
the level of adjacent
acel I ul ar cementum (AC) .

Buccal surface of the left
premoì ar. X400

Fi gure 46

The marg'ins of these
Howship's lacunae (H) are
rounded by a nodul ar
deposit in a manner not
frequently encountered.
This depos'it probably
represents mi neral'izi ng
acti vi ty. Xl 000
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in this study. Limited surfaces within resorptive defects elsewhere on

this specimen also showed a nodular deposit similar to that observed on

the right premolar of pat'ient K.B.

Patient L.B.

The mesiobuccal segment of the left first premolar was

extensively resorbed in the apica'l one third and two large areas of

resorption were found in the cervical half. Repair was occurring by

apparent'ly slowly mineralizing cellular cementum which was not advanced

within any of the large resorptive areas. The Howship's lacunae

generaìly had slightly rounded edges with smooth floors making a

defìnitive interpretation of their state of activity difficult. Along

the sectioned edge, exuberant cellular cementum was found (Fjgure 47)

adjoining acellular Sharpey fibre mound cementum in the cervical half

of the root. l^lithin this cellular cementum Sharpey fibre holes were

found (Figure 48). It is poss'ible that this tissue was repair cementum.

Although examination of the sectioned edge did not show a resorptive

reversal line at the level of this feature, histoìogicaì examination of

the d'istobuccal segment revealed extensive resorpt'ive lesions correspond-

ing to this cellular cementum observed topographically. Histologically,

repair cellular cementum in these resorptive defects appeared to have

nearly re-established root contour and thus the cellular cementum

observed adjacent to the section edge at this level in the SEM probab'ly

represents exuberant repair tissue at the margin of areas of repaired

resorpti on .

Afterinitial recording in the SEM this specjmen was treated

with 5% sodi um hypochl ori te for 48 hours, dehydrated and recoated wi th
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Fi gure 47

Patient L.8., retention peri od 251 weeks. Left premo'lar.

Three areas of resorpt'ion (R) and a region of exuberant
cellular cementum (CC) can be seen adiacent to the section
edge (E). The arrows in the resorption area at the top of
the illustration indicate small areas of resorption in the
slowly mineralizing repair cementum in this lesion. The
normal acellular cementum (AC) exhibits surface cracks due
to drying. X50
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Fi gure 48

Sharpey fibre depressions (D) from the
exuberant cellular cementum along the
sect'ion edge seen in Figure 47.
Scale bar: l0 m'icrometres. X3100
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carbon and gold-pa'lladium. Subsequent examination in the SEM revealed

that large areas of acellular cementum in the cervical region had

flaked off leaving a featureless surface exposed. Some of the rema'inìng

acellular cementum exhibited cracking while other areas appeared sjmilar

to those seen prior to repreparation. Needle shaped, crystal-lìke

artefacts'identical to those seen on an early test specimen (Figure lB)

were found dispersed over the entire surface, including the exposed

section edge of the specimen. This re'inforced the ínterpretation of

these as artefacts, probably sodium hypochlorite crystals. The main

topographical features were otherwise unaltered by repreparation.

The lingua'l surfaces of both premolars were ìargely unaffected

by resorption. Both apices appeared blunted but only the right tooth

exhibited resorptive Howship's lacunae at the apex.

The mesiobuccal segment of the right premolar showed more

extensive resorption than seen on the left but only'in the apical region

were large areas with open Howship's lacunae found. Elsewhere repair

was well advanced, generally occurring w'ith rapidly mineral'iz'ing

cellular cementum especially at the advancing periphery of repa'ir tlssue.

Root contour was nearly re-established in many areas and in some the

repaìr was beginning to over-contour the surface (Figure 49).

Recognition of such areas as repair was afforded by fol'lowing the

outlines of resorptive areas, jndicated by Howship's lacunae persisting

at the periphery of the lesions in some locations. F'igure 50 shows

Sharpey fibre depressions found in the repair cementum seen in Fjgure 49.
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F'igure 49

Repa'ir cel I ul ar cementum (CC) begi nni ng
to cover normal acellular cementum (AC)
in the middle third of the buccal surface
of the right premolar, pat'ient L.B.
Arrow shows the area from whìch Figure 50
'is taken. Xl00



5 .59

A

t,:.t¡
tãr,I t,!¿

T

t

D

A

B

Fi gure 50

Patient 1.8., right premolar, mesiobuccal segment.

Sharpey fibre depressions at the periphery of the
repair cellular cementum shown in Figure 49.
Such depressions were not a common finding in
repair tissue and most often occurred at the
rapidly mineralizing periphery as illustrated
here. The depression marked D is shown in B at
hìgher magnìfication. X2000

This Sharpey fìbre depression shows djstinct
mi neral part'i cl es i n i ts wal I and a smal I
project'ion (e) from the floor. X7000
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Patient A.S.

Both premolars from this patient were domjnated by cellular

cementum in their ap'ical halves. This was sharply demarcated from the

cervical acellular cementum and had the characteristic rough surfaced

appearance at low magnification. In some locations, partìcu1ar'ly

towards the mid-root area, the cellular cementum appeared to be

mineraliz'ing over acellular cementum. This was demonstrated by islands

of acellular cementum surrounded by apparently exuberant cellular

cementum.

Histologícaì examination of the mesiobuccal segment of the left
premolar showed an area of resorption in the mid-root region repa'iring

with cellular cementum. The repair tissue was exuberant, overcontouring

the root surface and covering adjacent acellular cementum (F'igure 5'l ).

Such repair activìty may expla'in in part the topographic observation

of cellular cementum covering acellular cementum. In addítion, normal

cellular cementum could be observed covering acellular cementum at the

coronal extremity of the cellular cementum, in histologìcal sections.

The light microscope examination confirmed that repair was well adv.anced

on the specìmens from pat'ient A.S.

In the SEM, the ìingual surfaces showed little sign of resorptive

damage. The distobuccal segment of the left premolar was not as heavi'ly

affected by resorption as the mesjobuccal segment of the right tooth.

Active resorption was found at the apex in both teeth and at the

periphery of resorptive defects. Repair was generaì1y well advanced

with cellular cementum and in some areas had overcontoured the root

surface (F'igure 52). The topography of repair cellular cementum was



Fi gure 5l

Patient 4.S., retention peri od 29 weeks.

H'istologic appearance of exuberant repai
has overcontoured the surface and covere
(AC). Dentine (0). Left premolar, mesi
Stain: Haematoxylin and eosin.
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r cellular cementum (CC) which
d adjacent acellular cementum
obuccal segment.

x1 00

Figure 52

Topograph'ic appearance of an area of exuberant repair cellular cemen-
tum (CC) from the distobuccal segment, left premo'lar, Patient A.S.

A: Resorpt'ive Howsh'ip's lacunae can be seen at R. Normal acellular
cementum (AC). X60

B: Area of repair cementum outlined and arrowed in A with a cell lacuna
(C) and depressions (arrowed) which may be Sharpey fibre depressions.
Surface subgests lack of mineralizing activity. X300
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Above:

Bel ow:

Fi gure 53

Patient A.S. , left premo'lar, buccal surface.

The I evel of repa'i r w'ith cel I ul ar cementum (CC) 'is apparent
in th'is view from the section edge (E). The scalloped reversal
ljne (l-) can be seen. Normal acellular cementum (AC). Xl00

The surface of the repair tissue shown above is illustrated.
The mineral part'icìes have coalesced but no matrix pattern 'is

evident. A slow or resting state of tissue apposition is
indicated. Celì lacunae (C). X600



5 .63

variable, exhibiting a range from that suggesting rapid mineralization

(Figure 53) to surfaces apparently more slowly mineralizing (Figure 52).

Features poss'ibìy representing principal periodontal fibre bundle

insertion sites such as those seen in Figure 52 were not common.

Viewing the specimens from the sectioned edge demonstrated the extent

of resorption and repair in defects transected by sectioning (Figure 53).
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Group 3

Patient M.C.

For orthodontic reasons only the left fìrst premolar of patient

M.C. was removed. The lingual section had a wide, open ap'ical foramen,

approximately 500 micrometres in diameter, indicating cont'inuing root

devel opment.

The distobuccal segment showed several large areas of resorption

in the cervical and middle thirds and some smaller areas apicaìly.

Repair with cellular cementum had extended to the marg'in of most defects

although few areas had re-established root contour. Rapid mineral'ization

sign'ified by random, discrete mineral nodules was found at the edge of

repair tissue in some lesions. In some locations Howship's 'lacunae were

seen at the periphery of resorptive lesions. An interest'ing repaìr

tissue topography was found in a resorptive defect in the apìca'l region

(Figure 54). The topography of this repa'ir tissue was similar to the

unaffected cementum surface immed'iately coronal to the defect. In

addition, this repair tissue resembled the appearance of some areas

found w'ithin normal cellular cementum with periodontal fibre bundle

insertion sites on the linguaì surface (Figure 54). Interestingly,

comparison of the repair tissue topography with normal acellular

cementum revealed a reversed type of similarity between the two surfaces

(Figure 54) the mounds of the acellular cementum corresponding to the

depressions jn the repair tissue. It is possible, that some of the

depress'ions seen in the repa'ir tissue were periodontal fibre bundle

insertion sites.
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A

B

Fi gure b4

A comparison of repair tissue topography with normal tissue
from the same tooth root. Pat'ient M.C., retention period
389 weeks.

A: An area of resorption (R) on the buccal surface jn the apical
å. Section edge, E. Xl00

B: Mineral front of the repa'ir tissue from the lesion shown in A.
Depressions (D) resemble Sharpey fjbre holes. X1300

C: Sharpey fibre depressions (D) in normal ap'ical cementum on the
'l 'ingua'l surface. The surf ace nodul es i nd j cate mi neral i zi ng
acti vi ty. Xl 400

D: Normal cervical acellular cementum from the buccal surface
show'ing Sharpey fibre mounds (M) separated by a fìbrous
textured surface. Xl 500

Scal e bars : l0 m'i crometres .
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Patient M. I.

The lingual surfaces of both first premo'lars were apparently

unaffected by resorption. In contrast, the buccal segments of both

teeth showed many resorptive defects aìong the'ir entire lengths. The

distobuccal segment of the ìeft premolar exhibited smaller areas of

root surface resorption than the mesiobuccal segment of the right tooth.

The level of repair w'ithin the defects was generally more advanced on

the left tooth. Repa'ir was by cellular cementum and followed the

pattern described for other specimens. Features interpreted as Sharpey

fibre holes were observed in some locations in repair tissue, but as

found on other specimens these topographical indications of fibre

bundle jnsert'ions were not a numerous or consistently distrìbuted feature.

Patient S.M.

Thìs patient has been included in Group 3 because the time from

the end of expansion to the extraction of the first premolars was 5l

weeks. However, fixed retention was in pìace for onìy the first 23

weeks of this period after which no appfiances were used until removal

of the first premolars 28 weeks later.

Both the ìinguaì surfaces had a resorptive defect of several

hundred micrometres in djameter in the cervical region but on'ly that

on the left tooth was repa'iring.

The mesiobuccal segment of the right premolar showed some active

resorption areas on the mesial proximal surface at about mid-root level.

Resorption on the buccal surface was found apicaììy and in the middle

area adjacent to the section of the specimen. By viewing the

mid-buccal sectìon edge, the extent of repair in these areas of
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resorption could be seen. Repair was well advanced in genera'|, having

re-establ'ished root contour in some p'laces and overcontoured in others.

Aga'i n, cel I ul ar cementum appeared to be the excl usi ve repa'ir ti ssue ,

only varying 'in its rate of mineralization. Holes possìbly representìng

fibre bundle insertions in the mineral front were found in repair t'issue

which had matched the level of the surrounding root surface.

The distobuccal segment of the ìeft premolar had a large area

of resorption cerv'ically with smaller areas c'lose by. The ap'ical two

thirds was dominated by an area of well demarcated uneven cellular

cementum adjacent the section edge (Figure 55). By viewing the section

edge'it could be seen that this cellular cementum was actuaìly repair

tissue 'in an extensive resorptive defect. This finding was confirmed

by the histolog'ica'l examination of the distobuccal segment. No Howship's

lacunae remained at the periphery of the repa'ir tissue which had

apparently completely filled the lesion. Few Sharpey fibre holes were

evident, but one area of normal cementum close to the apex had principa'l

fibre insertion sites of an interesting configuratìon (Figure 56j.

These sites were slit-like openings with crenated'inner marg'ins and

rolled peripheries and resembled Sharpey fibre tracts exposed by

resorption which were observed elsewhere (Figure 29). Repair in the

obvious cervical resorption areas was not as advanced as on the right

tooth but exhibited a range of topographies indicating sìowly to

rapidly mineralizing cellular cementum. In some areas, apparent fibre
'insertion sites were found (Figure 57). Figure 58 illustrates the

earìy rapidly mineral'izing repair of a small cervical resorption area

on this specimen.
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Fi gure 5S

Patient S.M., retention period 5l weeks.

Distobuccal segment of the left premolar
wi th obvi ous resorpt'ion cervì cal 1y. The
area (R) delineated by arrows was
determined to be repair tissue by examining
the section edge, although no evidence of
the previous resorption was found on the
root surface. XlO
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Fi gure 56

Pat'ient S. M. , I ef t
premol ar.
Unusual Sharpey fjbre
holes or depressions
i n normal api ca'l
cel I ul ar cementum on
the buccal surface.
The outlined area is
enì arged below. Cel I
lacuna (C). X600

The configuration of
the Sharpey fibre
depress'ions (D) f rom
the area outlined
above resembl e those
in Figure 29 which
were exposed by
resorpt'ion . X2600

!'
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Figure 57

Sharpey fibre depressions (D) found in
an area of repair tissue 'in a cervical
resorption area.

Left premolar, patient S.M.

Scale bar: l0 micrometres. X1500

1.^

f

a''

D

ç
a>

r'

OD
-t \

fl

.¡

J

f'
F4>'

e

A tî

,'

'r.è
-.- Á

t-



5. 7t

a

i., r._

D 10,0

È

-U

i q.i

{.,í
a€.

Above:

Bel ow:

F'igure 58

Pati ent S. M. , 'left premol ar, buccal surf ace.

Two small areas of resorption in the cervical region.
Acellular cementum surrounds the defects. X300

The areas outlined above are shown at higher magnifi-
cation to illustrate the mineralizing front of this
early repair. In B a cell lacuna is marked C. X1600
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Patient E.C.

As with other experimental teeth in thìs study, the l'ingual

surfaces of the first premolars from patient E.C. were little affected

by resorptìon (Figure 59). The lingual surface of the right premolar

exhibited a number of unusual features in the cervical half. By viewing

these features in profile it could be seen that they were elongated

protuberances angled slightly away from the root surface (Figure 60).

Their topography suggested rapid mineralization and the surround'ing

surface resembled areas of cellular cementum with few distingu'ishab'le

cell lacunae but many depressions possibly representing periodontal fibre

bundle 'insertion s'ites (Figure 60). These unusual topograph'ica1 features

in an area of normal acellular cementum may have been produced as a

response to tension on the lingual s'ide. Interpretatjon of these features

as a reparative response cannot be unequ'ivocally substantiated. However,

this possibility should not be dismissed ent'ire'ly. Much of the acellular

cementum surface on both linguaì specimens did not display typ'ical mounds

and appeared to be mi neral'i zi ng , i nd'icated by a nodul ar surface.

The buccaì segments of both teeth were heav'ily affected by.

resorption (Fjgure 59). Repair in most of the defects had extended to

the margins, with only a few Howship's lacunae evident at random

locations periphera'lly (Figure 6'l). In limited areas of some repa'ir

surfaces, holes attributed to inserting periodontal fibre bundles

occurred (Figure 6l). As in other specimens, these depressions were

not predominant and did not exhibit a predictable pattern of occurrence

except that they tended to be found towards the lateral extent of

repa'ir ti ssue and i n more rapi dly mi neral'izi ng surfaces.
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A
F'igure 59

Patient E.C., retention period 52 weeks. Left premolar.

Numerous areas of resorpt'ion (R) along the length of the
mes'iobuccal segment, sti I I evident 'l year after expansìon
although repair was general ly extensìve. XlO

One small resorptive defect (R) on the ìingual surface.
The apical foramen (F) can be seen in this segment. XlO

B

A

B
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Fi gure 60

Patient E.C., r'ight premolar, lingua'l surface.
Projections (P), seen in the cervical third, wh'ich are possìbly
an unusual response to tension. Surfaces from regìons A and B

are shown below. X60

The surface in A was typ'ical of the body of the proiections and
indicated mineralizing actìvity. X1600
The surface immediateìy surrounding projectjons, seen in B,
resembles Some non-mineralizing cellular cementum surfaceé seen
in this study. X1600
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Fì gure 6'l

Patient E.C., left premolar, buccal surface.
Repa'ir cellular cementum (CC) viewed from the section edge (E).
A'lthough root outline is not restored, repair has extended
well on to the margin of the lesion. Normal acellular cementum(AC). xroo

The surface of the repair cementum ìllustrated above, with
possjbly Sharpey fibre depressions (D). X1700

â.
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Pat'ient L. H .

The pattern of resorption and repa'ir described for other

specimens 'in this th'ird group was repeated for Patjent L.H. The

l'ingual surfaces were vìrtually unaffected while the buccal segments

showed extensive resorptìon, with repa'ir extending to the periphery of

most defects and re-establish'ing root contour in some areas (Figure 62).

The root surface spec'imens for examination 'in the SEM from

this patient were prepared by exposure to l0% sod'ium hypochlorite for

only 71e mìnutes. This left a surface topography which was essentially

similar to other specimens exposed to sodium hypochlorite for longer

periods, but w'ith a fìne fibrous texture (Figure 63). The buccal and

'lingual segments from the left premolar were examined, recorded and

then reprepared in 5% sodium hypochlorite for 48 hours. During thìs

period the conductive coating flaked off the surface and after drying

and recoating'it was found that the fibrous texture had been removed

from the surface without any gross topograph'ical changes having occurred

(Figure 63).

Not all areas exhibìted a fine textural coating ìnit'ial1y as

can be seen from F'igure 64. Th'is shows the central reparative tissue

in a cervical resorptìve defect on the buccal surface of the left tooth.

The repaìr tissue surface is homogeneous except for circular open'ings

about 5 mìcrometres in diameter some of whjch may represent fibre

bundle insertion sites. Towards the edge of this repair tissue discrete

mi neral partì cl es were observed , suggest'ing more rap'i d mi neral i zat j on .

In another resorptive defect on the buccal surface a small area of

resorpt'ion of cellular cementum repair tissue was noted, an uncommon

f i ndi ng 'i n thi s study.



5.77

Fi gure 62

Patient L.H., retention period 53 weeks.
Left premolar, buccal surface.
Resorpti on area repa'i red wi th cel I ul ar
cementum (CC). Root contour is close
to being re-established except at the
periphery. The surface of the repair
tissue is confluent around cell lacunae
suggest'ing a I ack of m'i neral i zi ng acti vi ty.
The surrounding surface is acelìular,
Sharpey fibre mound cementum.

Scale bar: 100 micrometres. Xl50
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Figure 63

Patient 1.H., left pre-
mol ar, bucca'l surf ace.

Repair cementum, which
does not appear to be
active'ly mineral i zi ng,
from an area of resorption,
prior to specimen reprep-
aration. A fine fibrous
texture is evident on the
surface. Cel I I acuna (C) .

Other depress'ions are most
Iikely Sharpey fibre depres-
sions. Compare D with
simi I ar features 'in

Figure 32. X1800

Same area as that illustrated
above, after spec'imen re-
preparation. Gross features
remain the same but the
fibrous texture has been lost.
Compare D with Sharpey fibre
depressions in F'igures 29 and
56 and with D above. Th'is
comparison suggests that
organ'ic t jssue imparted a

radiating spoke-1ike appear-
ance to these depress'ions .

x1 800
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Fi gure 64

A resting surface in the central area of repair
cellular cementum from a cervical resorptive
defect on the buccal surface of the ìeft premolar,
patient L.H. Repair in the defect was well
advanced and this central area demonstrates a
homogeneous surface between depressions which
resemble Sharpey fibre holes. X1200
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The linguaì surface of the right premoìar displayed Sharpey

fibre depressions sjmilar to a number described and illustrated

(Figure 32) on the linguaì surface of the ìeft premolar of patient C.T.

Patient J.S.

Acellular cementum, generally with typical Sharpey fibre mounds,

predominated over the cerv'ical three quarters of the maxil'lary first
premolars from patient J.S. The ap'ices of both teeth were square in

outljne but did not appear to have been resorbed as Howship's lacunae

were not in evidence at the apex. The lingual surfaces of both teeth

showed a number of small resorptive areas along their length and the

left tooth had a large resorptive area in its apical third. Repa'ir

was occurring except in some of the smaller areas.

The buccal segments both had a similar distribution of

resorpt'ion, wi th a I arge cerv'i cal area and smal I er areas j n the mi ddl e

and ap'i ca'l reg'ions . Repai r was general ly weì I advanced ( Fi gure 65 )

vrith cellular cementum, demonstrat'ing a range of topographies

paralìel'ing that described for repair tissue on other specìmens.

Features possibly representing fìbre bundle jnsertion sites were

occasional'ly found in repair cementum, particularly at its advancing

periphery. The size, relative proximity and lack of canalicular

openings in these holes indjcated that they were not cell lacunae.
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I

Patient J. S.

Fi gure 65

retention period 53? weeks.

Repair cellular cementum (CC) has over-
contoured the surface adjacent the section
edge (E) and almost completely filled a
neighbouring resorptive defect. Left
premolar, mid-root region of the buccal
surface. X70
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Areas of resorption

Table 4 sets out the estìmated area of resorpt'ion on the buccal

root segments observed in the SEM. Generally, segments from both the

left and right premolars of patients were examined in the SEM. In

these cases, the area of resorption on both premolars has been

averaged and this figure used as the estjmate for that patient.

Figure 66 illustrates these results graph'ica'|1y, showing a lack of

association between the period of retention and the area of resorption.

The group averages presented in Table 4 point to the fact that

signìficant variation in the area of resorption did not occur with

the retentìon periods used 'in this study. In addition, no defin'ite

age or sex relationship with the area of resorption could be established.
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TABLE 4

Estimate of the area of resorption on the buccal surface of experimental

premolar root segments observed in the SEM, to the nearest round figure.

Pati ent % area of resorpt'ion

Group I

Group 2

T.H.

B. B.

M. D.

G. B.

c. T.

hI. J.

K. B.

R.H.

R. E.

S.W.

12

37

45

l6
22

17

Average* 25

3t

26

17

28

24

19

Average 24

Group 3

S. M.

24

22

25

30

23

l6

Average 23

L.B.

A. S.

M. C.

M.I.

E. C.

L. H.

J. S.

* Average for Group I excluding patient M.D. is 21%.
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AREA

OF
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PATIENTS IN THIS STI'OY

F'igure 66

Bar graph dep'icting the area of resorption,
observed on the buccal segments of spec'imens
viewed in the SEM, as a percentage of the
total. segment area seen. Retention periods
are in order from left to right : longest
to shortest.
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HISTOLOGICAL EXAMINATION

The experimental tooth segments examined hjstologically may be

ascerta'ined from Table 3, as all buccal segments not examined in the

SEM were sectioned for study in the light microscope. One experimental

tooth, namely the left premolar from pat'ient T.H.,was left intact for

h'istological preparation. The lingual surfaces of all other anchor

premolars were assessed in the SEM.

The ground sections clearJy demonstrated the Tomes' granular

layer in the dentine adjacent to the cemento-dentinal iunction (Figure

67). As the ground sections were relativeìy thick and unstained, soft

tissue elements could not be resolved well and it was found that phase

contrast and dark field illumination did not improve the clarity of

these features. Resorptìon was readily apparent and Was seen to vary

considerably in depth of penetration a'lthough the p'lane of section in

relation to a resorbed area must be considered as jnfluencing this

observation. As a means of study'ing repairin root surface defects,

ground sections were not found to be useful and the technique was

abandoned for the majority of this study. However, methods of mechanical

reduct'ion to produce thinner ground sections and stajning of the result-

ing sections could prove more valuable but were not undertaken in this

s tudy.

The majority of histolog'ica'l specìmens were paraffin embedded,

sectioned and stained as described 'in Section 4. The observat'ions made

in the light microscope were found to directly compliment the findings

from specimens examined in the SEM.

Acellular cementum covered the cervical half to two-thirds of

all sections. The remaining portion of the root surface in each case was
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F'igure 67

An area of resorption (R) penetrating dentine (9):
îo*ði;-g"anuiu" iayer (t),' Rcellular cementum (Ac)'

Patient C,T., right premolai'. Retention period l7
weeks.

Ground section. X100
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covered by cellular cementum, having an irregular surface in comparison

to the straight periodontal surface of the acellular cementum. The

th'ickness of cellular cementum was quite variable unlike the acellular

cementum which formed a uniform covering on the cerv'ical end of the

roots. The plane of sect'ion affected the thickness of cementum seen,

partìcularly the apicaì cellular cementum, as the sections approached

the prox'ima1 side of the root. In some cases sections eventuaìly were

taken through cementum only, because of the curvature onto the prox'imal

surface. Thus, observations on cementum thickness and depth of

penetrat'ion of resorption must be rat'ionalized with respect to the

p'lane of section variable. This variable affected the apical structures

to a greater extent so that a relatively uniform thickness of cervical

acellular cementum was maintained in sections for examination.

The histological picture of acellular and cellular cementum was

characteristic. In addition to unifonn thickness and a stra'ight smooth

periodontaì surface, acellular cementum d'isplayed closely packed hori-

zontal striations these being the Sharpey fìbres of inserting prìncipal

periodontal fibre bundles. The Sharpey fibres appeared to branch, forming

the matrjx of the acellular cementum (Figure 68). Verticaììy arranged and

paraìle1 incremental lines could sometimes be discerned in acellular'

cementum at low magnìfication, unlike those in cellular cementum which

were not evenìy spaced or straight. Cellular cementum was also defined by

the presence of cementocyte lacunae, the number of which was variable.

Sharpey fibre tracts could be seen in some locations in cellular cementum

but were never a dominating feature (see Fi gure 72).

Extensìve resorpt'ion was a feature of all buccal segments

investigated histological ly, corresponding d'irectly with observations
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Fi gure 68

Patient T.H., retention period l4 weeks.

Retained periodontal fibres (F) can be seen
inserting into normal, unaffected acellular
cementum (AC) to form its matrix.
Histologìca'l section from the left premolar
examined in the SEM. X300
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in the SEM. The ax'ial extent of resorpt'ion varied considerably but

generaìly involved dentine. The overall impression was that the

resorption was lateral'ly rather than axìa1'ly expansive and in no specimen

was ìt considered that pulp exposure had occurred or would occur.

Marked undermining was evident in many areas of resorption

(F'igure 69). Although accurate measurement of the extent of resorption

observed histologica]1y was not possjble, there d'id not seem to be

greater resorption either in surface area or depth of penetrat'ion in

those specimens retained for longer periods.

Repair activity was a feature of the maiority of resorptive

areas. Where repa'ir was observed it was always with cellular cementum,

although the number of cementocyte ceìl lacunae was variable. Indeed,

in some sections it appeared that the tissue between incremental lines

in repair tissue was acellular, but examination of serial sect'ions

revealed cementocytes within the tissue layer. The incremental ljnes

observed 'in repair cellular cementum (Figure 70) indicated that its

deposition was phasic in nature.

The extent of repair within resorption areas varied both on the

same tooth and between different teeth. However, a generaì trend towards

proport'ionately more repair in longer retained specìmens was noted

(Figure 7l). Thus overall, repa'ir was closer to completely filling in

resorptive lesions in the 'longer retained specimens, although isolated

areas in specimens retained for the shorter periods 'in this study were

completeìy repaired. A tendency towards exuberance of repa'ir tissue

was apparent and a number of repair areas were overcontoured and

occas'ionally repair cellular cementum covered the adiacent previously

unaffected root surface.
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AC

Figure 69

An area of resorption partially repaired wjth
cellular cementum. The undermining character
of the resorption is demonstrated by the island
of unresorbed acellular cementum (UA). The out-
line of the resorptive excavation is indjcated
by arrows. Dentine (0), Acellular cementum (AC).

Left premolar, patient R.H., retention period
2l weeks.
Haematoxylin and eosin. Xl70

'tû,1'
'-!+åTl --
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F'igure 70

Patient J.S., retention period 53? weeks.

Repair cellular cementum (CC) with incremental
I'ines c'learìy visible indicating the periodic
nature of jts apposition. Repair has nearly
re-established root contour.
Denti ne ( D) , Acel I ul ar cementum ( AC ) .
We'igert'shaematoxylin and eosin. Xl60
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A

B

c

Fi gure 7l

Four levels of resorption and repair are illustrated.
Resorpt'ion and ear'ly repair. Patient 8.8., left
premo'l ar. Retent j on peri od I 49 weeks .

Haematoxylìn and eosin. X250

Resorption (R) and further repair. Patient R.H.,
'l ef t premo I ar. Retenti on peri od 21 weeks .
Haematoxylin and eosin. Xl90

Repair re-establishing root outline. Patient J.S.,
left premolar. Retention period 53? weeks.
Wiegert's haematoxylin and van Gieson. Xl60

Exuberant repair beg'innìng to cover adjacent cementum.
Patient S.M., left premolar. Retention period 5l weeks.
Haematoxyl in and eosin. Xl00

Repair cel ìular cementum (CC), Dentine (0). Normal
acellular cementum is indicated by white-on-black arrows.

D
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In the apical areas of some specimens where the cellular cementum

was thjck, characteristic scalloped reversal lines wíthin cementum

indicated that resorption had occurred within cementum on1y. Often these

areas of resorption were repa'ired restoring root outline (Figure 72) and

in some instances overcontouring the surface.

Periodontal soft tissue ulas best reta'ined in more deeply pene-

trating incompletely repaired lesions (Figure 7l ). shallow expansive

areas of resorption and completely repa'ired areas did not retain soft

tjssue to a marked extent. It appeared from the tjssue retained on the

surface of repa'ir cementum that there was continuity of the fibrous

matrix of the cementum and periodontal tìssue. However, the pattern of

orientation of the fibres was often para'lle1 to the surface and d'istinct

prìnc'ipal fibre bundles directed horizontal1y or obliquely away from the

surface were not in evidence genera'lìy. Some repair cementum did display

fibres and fibre bundles at rìght ang'les to the surface, particuìarly

where repair was less advanced (Figures 73 and74). An assessment of the

entire course of such fibres was not possìble due to the disruption

caused by tooth extraction. F'ibres attached to repaìr cementum did.not

produce close-packed fibre tracts as seen in acellular cementum even

where root outline was re-established

Importantly, the type of repair tissue did not differ over the

ìength of the root. Thus large areas of resorbed cervical acellular

cementum were rep'laced with cellular cementum. The repair cellular

cementum was entirely similar to the normal cellular cementum seen on

the tooth roots examined.

The pre-cementum on the surface of repair cementum showed

fl attened cementobl ast cel I nucl ei . Very few mul ti nucl eate cel I s were
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Figure 72

An area of repaired resorption within cellular
cementum (CC) wfrich displays indistinct Sharpey
fibre tracts (arrowed) in some locat'ions.
Resorptive reversal ìine (L), Dentine (0).
Left premolar, patient L.B. Retention period
25T weeks.

Pol I ack' s tri chrome. Xl 80
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Fi gure 73

An area of resorption, repairing with cellular
cementum (CC). Fibres (F) appear to attach to
the surface of the repair tissue. The resorptive
reversal line is 'indicated by arrows. Dentine (0).

Patient 4.S., right premolar, retention period
29 weeks.

Pollack's trichrome. X200
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F'igure 74

Topograph'icaì view of the
repairing resorptìon area
seen in Figure 73 from an
adjacent section. Re

cellular cementum (CC
airp

)
Dentine (D), Periodontal
fibres ( F) .
Scal e bar: 100 m'i crometres .

xt 40

Area outlined above showing
fjbres (F) inserting into
repair cellular cementum (CC).
Two cell lacunae, C, are
evjdent, one on the surface
of the mineralìzing repair
ti ssue. Xl 700
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observed in or adjacent to resorbed areas. Next to the surface of

unrepaired resorbed areas, round to oval cell nuclei were often

promìnent and sometimes close together but not discernibly in multi-

nucleate cells although ceì'l outlines were not distinct. It was possible

that these cell nuclei belonged to active odontoclastic cells. An

interesting observation on many of the "raw" resorbed dentine surfaces

was the presence of fibre bundles extending at right angles from the

surface (Figure 75 and 76).

The lingual facing surface of the buccal section of bjfjd rooted

specimens, seen jn histological sections, revealed that resorption

occurred on these surfaces. This resorption was never extensive and was

usually limited to the apicaì one third area which in most cases was the

limit of the furcatjon. The pattern of repair in these areas was the

same as that on the buccal surfaces.

The entire left premolar of patient T.H. was sectioned and

examined histo]ogìcaìly. The premolars of this patient were the only

compìete1y two-rooted experimental teeth in this study. Extensive

resorption of the buccal facing aspect of the lingua'l root had been'

repa'ired wi th cel I ul ar cernentum. Resorpti on on the buccal surf ace of

the buccal root had occurred at the mid-root and apjcal areas but

repaìr was well advanced.

In a number of spec'imens, fragments of alveolar bone were found

attached to the root surface by retained periodontal soft tjssues.

These adherant bone fragments were found ìn the crestal regìon (F'igure

76) and in two cases were associated with resorptive defects in the

middle to apical th'ird of the roots.
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Figure 75

An area of resorpti on showi ng round to oval
nuclei adiacent to the resorbed surface.
Fibre bundles (F) extend from the surface.
Dentine (O), Acellular cementum (AC).

Pati ent M. D . , retent'i on peri od I 6 weeks .

Right premolar.

Wiegert's haematoxylin and van Gieson. X250
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Fi gure 76

Patient M.D., retention perìod l6 weeks. Left
premol ar.
A sliver of crestal alveolar bone (B) retained
adjacent to an extensively resorbed surface.
Fibres (F) extend from the resorbed dentine (0).
Repa'ir with cellular cementum (CC) has commenced
at one location.
Weì gert' s haematoxyl i n and van Gi eson . X250
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RADIOGRAPH IC ASSESSMENT

Standard ìong cone periapical rad'iographs of the upper first

premolars were obtained prior to expans'ion and again iust before

extraction for all patients treated by the author. None of the later

radiographs demonstrated the root surface resorption which was found

topographically on these teeth. A comparison of the two radiographs

in each case revealed no discernible changes for patients J.S., E-.C.,

M.D., A.S. and K.B. 0f the remainder, patient L.B. exhibited minor

apica'l root loss of the order of 2mm or less for both roots of the

right premolar and the palatal root of the left tooth (Figure 77).

These teeth al so exhi bi ted a sl 'ightly wi dened periodonta'l 'li gament

space,asdidtherightpremolarofpatientM.I.,andindistinctlamina

dura in the radiographs taken iust prior to extraction. Minor ap'ical

resorption was also apparent on the right premolar of W.J. and on both

roots of the left premolar of M.C. Some surface irregularity and

w'idening of the periodontal ligament space was detected on both roots

of the right premolar of L.H.
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Figure 77

Pat'ient L.B. , retent'ion peri od 25T weeks .

Long cone periapical radiograPh
upper first premolars prior to
above, and at the end of retent
Only minor apical root loss, in
the arrows , 'is evi dent on the r

s showi ng
expansì on
ion below.
di cated by
adi ographs .
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SECTION 6

DISCUSSION

The human fetal and adult bone specimens examjned presented a

range of topographical features sim'ilar to that seen in areas of normal

cellular cementum on the tooth roots examined. These similarities point

to cellular cementum be'ing a tissue like bone in many respects and,

importan¡y, di spl ayi ng topographi cal d'ifferences i n 'its mi neral f ront

which relate to its rate of formation. The reasons for the d'ifference

between the pattern of mineralization in fetal and adult bone are

thought to include the speed of formation of matrix, the organìzatìon of

the collagen, the proportion of mucopolysaccharide and the rapidity of

calcification and its relationship to the matrix (Boyde,1972; Boyde and

Jones,1972). Boyde (1972) pointed out that there appeared to be a

spectrum of bone types from frankly fetal bone to adult lamellar bone.

He stated that rest'ing surfaces of fetal bone could be difficult to

distinguish from resting adult bone surfaces and this was borne out by

the bone specimens examined in this study. Normal and repair cellu.lar

cementum surfaces observed in this study exhibited a wide varìety of

topographical patterns which could be described as part of a spectrum

virtually 'ident'ical to that proposed by Boyde (1972) for bone.

Acellular cementum would appear to be unique in that it is

formed almost entirely by mineralized Sharpey fibres w'ith very little

intrinsic matrix (Boyde and Jones,1972; Jones and Boyde,1972; Jones

and Boyde,1974; Kvam, 1973a). Furseth (1974) proposed the presence of

an intrinsic matrix component in acellular cementum, based on the

fjnding of fibres arranged at dìfferent angles in human acellular
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cementum seen in the transm'ission electron mìcroscope, a finding

supported by Selvig (1965). In the present study, observations of

histolog1c sect'ions prepared for and exam'ined jn the SEM showed that

branching of inserting principal fibre bundles formed the matrix of

acellular cementum. Although Sharpey fìbre mounds have been demonstrated

on bony surfaces (Boyde,1972; Russell and Kapur,1977), bone tissue

hav.ing a purely extrinsic matrix has not been described and therefore

acellular cementum, unlike cellular cementum, has no counterpart 'in bone.

Other surface features dìsplay'ing d'istinct similarity in bone

and cementum were the cell lacunae, Sharpey fibre depressions or holes

and resorption lacunae. Both osteoblast and cementoblast cell lacunae,

designated blast cells ìn this study because of thejr position in the

surface and not beneath i t, d j spl ayed simj I ar j tìes 'in s'ize, shape and

presence of canalicular openings. The lacunar surfaces showed a uniform

texture particularly in areas of slow or resting m'ineralization

(designated as Type III lacunae by Toda et a1,1974) and a fibrillar

(Type I, Toda et al,1974) or nodular (Type II, Toda et a1,1974)

pattern in actively mìneralizing surfaces.

The Sharpey fibre depressions seen in the adult bone examined

were S'imilar to many observed in cementum. In the bone specìmens in

th'is, study these depress'ions probably represent tendon j nserti on si tes

from the medial pterygoid muscle. The Sharpey fibre depressions jn

cementum were variable in their interna'l patterns, depend'ing on the rate

and state of formation of the surrounding mineralization front, and were

found onìy in cellular cementum. These principa'l periodontal fibre

bundle insertion sjtes were not numerous jn cellular cementum overal'1,

but did tend to occur together in limited areas often w'ith few cell
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lacunae. The range of appearance of Sharpey fibre depressions in

cementum found in this study is supported by the collected'illustrations

of these features presented by other workers (Boyde and Jones, l968;

Jones and Boyde,1972; Harry,1977; Barber, l97B). The unusual princìpal

fibre insertion s'ites with crenated or spoke-1ike inner configurat'ion

(Figur"es 29 and 32), encountered on,a few specìmens, cìose'ly resemble

some Sharpey fibre depressions seen topograph'ically by Boyde and Jones

(1968) in rat cementum, Boyde and Jones (1972) in human Sharpey fibre

bone , Harry (1977 ) 'i n human cementum and h i stol ogi cal ly by Seì v'i g

(.l965) in human cementum.

0ccasionally w'ithin Sharpey fibre holes central proiectìons were

observed sjmilar to those shown by Russell and Kapur (1977) in Sharpey

fibre holes of bone adiacent to a subperiosteal implant. These

projections may represent calcification within individual fibres or

fibrils as described by Selvig (196a) or may simply be detached mineral

structures which had fallen into the holes during specimen preparation.

The latter explanation seems more likely as the overalf impression was

that Sharpey fibres in cellular cementum tended to mineraljze from the

periphery inwards as proposed by Boyde and Jones (1972).

The relative pauc'ity of Sharpey fibres in cellular cementum

contrasts with the cervical acellular cementum which is dominated by

Sharpey fibre mounds and suggests that the role of cellular cementum jn

the mechanical support of the tooth is l'imited. The main function of

cellular cementum is likely to be in adaptation to changing phys'iological

demands, tooth drift and eruption. Support for this contention js

provìded by the process of continual appos'ition of cementum described by

numerous writers 'including Gottlieb (1942 and 1943), Kerr ('196]) and
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Arm'itage (1976). This phenomenon appears to occur most rapidly on the

cellular cementum (Furseth and Mjör,1973) as evidenced by its greater

thickness compared with acellular cementum, a feature which was observed

histologìcaìly'in this study. Stallard (1963) found that stimu'lating

the eruption rate of molars in experimental mice resulted in an increased

rate of cellular cementum formation and in some areas addition of

cellular cementum over previously uniform acellular cementum. This

finding further supports the role of cellular cementum proposed here.

The relatively homogeneous surface of acellular cementum generally

seen in the SEM suggests a surface either resting or mineralizìng only

very slowly. In addition, cellular cementum was sometimes found to be

covering over acellular cementum at the latter's apical extremity. A

further indication of the function of cellular cementum is the temporal

sequence of its formation in relation to acellular cementum which forms

injtially prior to the tooth erupting Ínto functional occlusion.

Idiopath'ic resorption areas described by Henry and Weinmann (1951) and

Jones and Boyde (1972) were cited as occurring most frequently'in the

apical areas of the teeth, a fact which may be interpreted as beíng

consistent with the proposed function of cellular cementum in this reg'ion.

A few areas of normal acellular cementum observed on some

experimental specimens were characterized by the presence of spherical

nodules, ranging in diameter between '-o and I micrometre. An extreme

example \,vas found on a specimen from patient K.B. (Figure 38). Such

nodules were also found occasiona'lly in relation to normal cellular and

acellular cementum and resorptive lacunae in early repair. Barber (.l978)

described and illustrated similar features on acellular cementum and in

resorptive excavatjons. He concluded that the nodules u,ere mineralizing
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calcospherites but djd not often encounter such even'ly proportioned

spherica'l particles in any location. General'ly in th'is study, the mjneral

front of depository ceìlular cementum d'ispìayed cìgar-shaped or fusiform

part'icles with an uneven surface and occasionally structures which

appeared to be formed of distjnct clusters of smaller mineral particles

similar to mjcrocalcospherites described by Jones and Boyde (1972).

Various degrees of confluence between part'icles were found to occur in

d'ifferent surfaces, possibly relatìng to the rate of mineralization at

the time of extraction. It is apparent that the presentation and

configuration of mìneral nodules on surfaces in this study varied

considerably but conformed overall to descrjptions and illustrations by

Boyde and Jones (1968), Jones and Boyde (1972) and Barber (.l978).

It was interesting to note that repreparation of the right

premoìar mesiobuccal specimen from patient K.B. removed the densely packed

spherica'l structures leaving a relativeìy homogeneous surface texture

overall. That these particles were an artefact was suggested by theìr

profuse nature on this specimen and no other,includjng the ìingual segment

of the same root. However, the parti cles' simi I arity to mineralizing

nodules elsewhere 'indicated that they were calcospherites. Some reslrva-

tion must therefore be held about conclusions regarding surface activity

based on the presence and appearance of mineralizing nodules and partìcìes

seen topographìca1ly. It would appear that small variations in the

technique of specimen preparation for examination in the SEM have d'ifferent

effects on the spec'imens, part'icularly where discrete partìcìes may be on

the surface and easi'ly removed by preparation. This variat'ion is probabìy

most critical for rap'idly forming surfaces where separate mineral particles

occur largely unrelated to the collagen matrix (Jones and Boyde,1972).

In fact, Boyde and Sela (lgZg) have described mineral particle clusters
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and detached calcospherites recovered from sodium hypochìorite solutions

used to deorganify various an'imal dental and osseous tissues.

Evidence that surfaces rendered anorganic and examined in the

SEM do not necessarily represent the outermost layer of the mineral front

is prov'ided by comparìson with transmission electron microscope studies.

Selvig (1965) demonstrated hydroxyapatite crystals with dimensions not

greater than 400 x 200 x 20 Angstrom units at the surface of cellular and

acellular cementum on human teeth, a finding which he equated with

continuous cementum apposition. It is apparent that such small, discrete,

initial mjneralization crystals would probably be 'lost during specimen

preparation and even'if they were not, the'ir resolution jn the SEM would

be difficult. Thus specimens prepared for topograph'ical examination must

be considered as demonstrating relat'ively gross features which remained a

part of the surface after specimen preparation.

The assessment of the state of resorptive lacunae as actively

resorbìng, rest'ing or beginning to remineralize js all the more tenuous

'in the I i ght of thi s d'iscussi on. Jones and Boyde (1972) i n¿l cated that

early repair occur's with clusters of mineral particles on the surface.

However, it is apparent that these may be lost during specìmen preparation.

In addition, repreparation of some specimens in this study indicated that

a short deorganìfication period may leave a fine reticular fjbrous coating

on the surface in places, which can be removed by further treatment in

sodium hypochìorite. This finding is further evjdence of the different

results obta'inable with slightly d'ifferent times of preparation. Jones

and Boyde (1972) stated that active resorptjon on tooth roots is

characterized by smooth Howship's lacunae. contrast'ingly, Boyde (lg7z)

stated that initial remineralization occurring in ground substance of
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resorbed bone surfaces would produce a smooth surface. Boyde and Lester

(1967b) proposed that demineralization was the first stage 'in resorption.

Presumably then, resorption might be characterized topograph'ically by a

sl'ightly rough or textured surface as illustrated by Kvam (1972b,1972c).

Based on the results of slightly vary'ing preparation times found'in this

study therefore, the commonly observed appearance of Howsh'ip's lacunae

with a fine, uneven texture at high magnifications cannot be related

unequjvocally to active resorption or repair.

Boyde and Jones (1968) alluded further to the difficulty of

interpreting surface activity topographically. They drew attention to

the similarity of surfaces on whjch matrix production was proceedìng and

those on which ìt had stopped but mineralization had not been completed.

The static'frozen'image, seen in the SEM, of the dynamic surface of

cementum must obviously be interpreted w'ith caution. The resolution

afforded by the l'ight microscope is insufficient to clarify these uncertain

interpretations made topographicalìy. Ultrastructural ìnvestìgatìon must

be used on undecalcified tissue to define more accurately the precise

activity at the cementum surface. However, it seems that lhe overall

pattern of resorption and repair on specimens in this'investigat'ion can be

faithfully interpreted us'ing the topographical and histological techniques

empl oyed.

A few areas of resorption were found on the adult bone specimens

examined. These areas were characterized by aggregations of Howsh'ip's

lacunae which were essentially similar to those in resorption areas on the

tooth roots examined. The main difference was that the resorption observed

on bone was much shallower and was not associated w'ith reparative tissue.

This difference may be related to the physìo'logical homeostatic functìon
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and remodelling characteristic of bone.

The upper lateral incisor examined in the SEM had a number of

areas of prev'ious resorption. In some locations repa'ir activity within

these areas resembled mineral'izing prìmary bone. Within the resorption

areas repair had produced mounds ín some pìaces and saucer-like

depress'ions with raised rims in others. It is possible that these

features represent principal periodontal fibre insertjon sites, partì-

cuìarly the depressions resembling dish-topped Sharpey fibre project'ions

described by Jones and Boyde (1972). Thìs fìnding ind'icates that perio-

dontal fibre reattachment can occur in an area of previous resorption on

a non-experimental tooth.

Flat, featureless cementum surface topography was seen in a

number of places on the root of the unerupted upper second premo'lar

examined. This surface suggested a resting, uniformly mineralized tìssue

and the paucity of topographical features indicated either absent or

reduced principal periodontal fibre insertions. The Sharpey fibre mounds

which did occur were generaliy very ìow probabìy due to a lack of

functional st'imulatjon, as Stern (1964) proposed that the calcified

projections associated with insertjng periodontal fibres were formed in

response to functjonal pull.

[.lithin the resorptive excavation on the deciduous canine examined,

areas of closeìy packed irregu'lar projections indicated periodontal fibre

attachment. Repair was dominant within the resorptive excavation but

general'ly appeared to be inactive although root outline was not

re-established. A topography very similar to adult lamellar bone was

found in some places in repa'ir tissue, cons'isting of a few cell lacunae

in a surface dominated by mineralized bundles with preferred orientations.
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The bundles interchanged fibres with each other. Furseth (1968) noted

areas of cellular cementum repair associated with resorpt'ion on human

deciduous teeth. A number of photomicrographs published by Furseth (1968)

suggest a type of periodontal attachment to resorbed dentine and repair

cementum on decjduous teeth, although he did not specifically discuss

this.

In the experimental premolar series a striking feature was the

extensive surface resorpt'ion particularly affecting the buccal surfaces.

Such root surface damage had been expected, based on the previous report

of Barber (1978) who found s'imilar resorptive lesjons on RIvIE anchor

premo'lars. In addition some resorption was also found on the lingual

surfaces, generaìly in the apìca1 reg'ion. This latter finding may be

explained by a tendency for the anchor teeth to tip durìng expansion and

retention and possibly by tension on the lingual side, as suggested by

Barber (1978). Tensìon generated resorption may occur in the same way

that excessive orthodontjc extrusive forces may cause apical resorption

via stretched fibre bundles (Reitan, 1969). By comparison, features

which cou'ld poss'ibly have been a proìiferative response to tension were

also observed on some lingual surfaces. In support of thjs interpreïation,

Reitan (1969) stated that cellular cementum formation could be elicited

on the tens'ion si de of, orthodonti cal ìy rotated teeth. Thus , i t i s possi b]e

that different tjssue reactions on the root surface may be generated by

essentially the same stimulus, although the evidence for this'is purely

circumstantial and requires more detajled investigation.

The fact that resorption also continued from the buccal onto the

proximal surfaces ìs hardly surprising since the root surface is curved

and pressure buccally wi'lì also be directed against the buccal aspect of
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the prox'imaì surfaces. In addition, a rotated tooth will present a

greater proportion of one proximaì surface buccally when in situ. 0f the

patjents treated by the author, onìy M.I. and J.S. had sl'ight rotations

of their first premolars result'ing ìn more of the anatom'ical mesial

surf aces bei ng d'irected buccal 1y.

The domìnant feature of most areas of resorptìon was found to be

repaìr. One important observation made in all the experìmental material

was that repa'ir was always by cellular cementum. This find'ing was

substantiated by the light microscope histologjcal examination.

Topographìca11y, designation of the repair tissue as cellular cementum

was based on the presence of cementoblast cell lacunae in the mjneral

front and the similarity of the repair tissue w'ith cellular cementum

observed on normal root surfaces. In the light mìcroscope, cementocyte

lacunae w'ithin repair t'issue indicated that it was cellular cementum.

In some hjstological sections, tissue between 'incremental lines displayed

no cell lacunae but observation of serial sections revealed this to be an

effect of the plane of the section only. In no instance, either iopo-

graphically, or in the light microscope, was repair tissue found

resembling the acellular cementum which domìnated the cervical half to

two thirds of each root spec'imen examined.

The incremental lines in repair cellular cementum indicate the

phasic nature of its deposition. These lines are produced when collagen

matrix product'ion slows temporarily but mineralization proceeds. Thìs

fact points again to the difficulty of assessing the state of activity of

cementum surfaces examined in the SEM,as evidence of continuing minerali-

zat'ion may be lost during specimen preparat'ion.

0n the buccal surfaces, the resorpt'ion was not predominant 'in any
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one location overall. Thus, middle, apical and cervical areas of the

buccal surfaces were Severely affected by resorption. Dentine was

generally ìnvolved in the resorption but the main d'irect'ion of advance-

ment of establ'ished I esi ons appeared to be ci rcumferenti al expans'ion.

This was evidenced by the large areas of root surface destroyed by

resorption and the absence of puìpal involvement, which was confìrmed in

the light m'icroscope, suggesting'lìmited axial penetration. An impress'ion

gaìned from the experimental series was that often, small areas of

resorpt'ion would coalesce to form larger areas.

Undermining of the surface by resorptìon was also a feature. This

could relate to the resistance to resorpt'ion of normal root surface

cementoid or pre-cementum, suggested by numbers of wrjters (Furseth and

Mjör, .|973; Re'itan, 1969, 1974). Rygh (1977 ) also po'inted out that the

periodontal l'igament collagen adjacent to cementum is more mature than

that adjacent the alveolar bone and as such is more resistant to degrada-

tion. However, he stated that thjs mature collagen adjacent to cementum

would disappear in some places after hyaì'inization thus removjng ä poss'ible

protectìve barrier against root resorption.

Mineralized dent'ine may be more susceptible to resorpt'ion than

cementum due to the lower mineral content and tubular structure of the

former tissue. This proposed differential suscept'ibility to resorption

of dentine and cementum may also be greater near the cemento-dentinal

junct'ion because of the Tomes' granu'lar layer and interglobular dentine

in this area. The Tomes' granular'layer has been attributed to inter-

gìobuìar dentine which consists of spaces of deficient mineralizatjon

w'ith'in the dentine (Mjör, 1973). Another suggestion is that Tomes'

granuìar ìayer represents random loopìng of the dentinal tubules in the
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first formed dentine (Osborn and Ten Cate, 1976). In additjon, a

structureless hyaline layer has been described between cementum and

dentine and recent work indicates that this js a product of the root

sheath cells which acts as a'glue'between cementum and dentine (Osborn

and Ten Cate, 1976). Thìs layer would also be hypomineralized. The

intermediate cementum at the cemento-dentinal junction in premo'lars and

molars is another hypomineralized layer (0sborn and Ten Cate, 1976)

which together wìth those described above could account in part for the

undermin'ing character of root surface resorpt'ion as this would proceed

more readily along these layers.

The very nature of root surface resorption being undermining may

partia'lly explajn its peripheral rather than ax'ial expansjve nature seen

on anchor premolars. It seems reasonable to assume that the heavy forces

used in expansion create'large areas of hyalinization in the periodontal

ligament on the buccal pressure side. Reìtan (1969) stated that the

magnitude of the force essentially determines the duration of hyaìinized

areas, which are also termed cell-free zones. Therefore the hyalìnized

areas produced by rapid maxillary expans'ion would probably be of long

duration, as the force levels are continual]y within the heavy orthopaed'ic

range during expans'ion and for some weeks afterwards (Isaacson and Ingram,

.l964; Zimring and Isaacson, 1965). These forces are much greater than

normal orthodontic tooth moving forces (Gianeily and Goldman, l97l) and

apparently do not produce significant tooth movement or alveolar bone

resorptìon in the time perìod during which they are present. It js also

apparent, however, that these forces produce extensive resorption of root

structure. This root resorption is most l'ikely to be initiated adjacent

to the hyalinized zones of the periodontal ligament. Progress of the

resorpt'ion by undermining wouìd then proceed in a manner sìmilar to that
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described by Reitan (1969) in relation to alveolar bone during some types

of orthodontic tooth movement and Rygh (1977) in relation to tooth roots

following experimental orthodontic manipulation in rats. Such root

resorption would progressiveìy relieve the compression in the hyalin'ized

areas. However, because of the curved and somewhat irregu'lar nature of

the root surface, the pressure would be distributed around the periphery

of resorptive excavations which would thus tend to expand at their

extremities. The central areas of these lesions in this case would not

be under pressure and thus free to repair. Although th'is sequence of

events is theoretìcal, it fits well with the results observed in this

study.

The total area involved'in resorption on the buccal aspect of

anchor premolars showed some variatìon between antimeric teeth and also

different patients. However, no time-related trend could be seen in the

material overall. Indeed, patient J.S. (retained for 53Ç weeks) djsplayed

a smaller total area of resorpt'ion (.l6%) than patients with much shorter

retent'ion periods (average for Group I was 25%). It should be pointed out

that the light microscopic examination confirmed this finding which

topograph'ica'l1y may have been obscured by repair concealìng areas of

previous resorption.

Barber (.1978) in his study of root resorption folìowing RME in man

indicated that active resorption was continu'ing up to 36 weeks after

expansion and during fixed retention. This assessment was based on the

presence of open, sharply defined Howship's lacunae at the borders of

resorption areas, a findìng confirmed jn the present study. Barber (1978)

'interpreted this apparent continued resorption to indicate the presence

of a s'ignificant relapse force. Rejtan (1964), based on a study 'in dogs,
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concluded that once root resorption was started by strong continuous

orthodontìc forces, much 1ìghter pressure could ma'intain or increase the

resorpt'ion process. If Reitan's (lg0+) contention is true in humans, the

magnitude of the force cont'inuing the resorption process in Barber's

(1978) material might have been relat'ively small and possib'ly not capable

of causing significant relapse of the expansion.

Interestingly, a subjective assessment of Barber's (1978)

illustrations leads to the conclusion that the extensjon of resorption

was most signifìcant between the end of expansion and three months into

retention. As the shortest period of retention in the present study was

l4 weeks, the apparent lack of correlation between the retent'ion period

and the amount of resorption is thus supported by Barber's (.l978) work.

Although it is likely that some resorption occurs after about 3

months retentjon, the presence of open Howsh'ip's lacunae should not be

taken to inciicate a definite and significant ongoìng resorptive process.

Timms and Moss (1971) found areas of resorption and repa'ir jn the apical

third of teeth extracted after retention periods of 21,22 and 23 months.

However, they did not discuss the amount of either repair or resorption.

Further evidence that active resorption slows sign'ificantly

after about 3 months retention was prov'ided by the extent of repair.

A trend to increased filling of resorptive defects over the span of

retentjon periods studied was evident. Repair was observed'in its

early stages to commence centra'lìy within the lesions and graduaìly to

expand peripheralìy with new repair tissue as well as continu'ing to

build outwards on previously deposited repair cementum. This trend of

an increasing proportion of repair tissue with longer retention periods
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resulted'in very few open Howship's lacunae on the longest retained

spec'imens. It should be apprec'iated that th'is time sequence of events

'in repair has been assessed from observìng the patterns on the d'ifferent

specimens in this study.

The conclusion that the presence of open Howship's lacunae

indicate active resorption and thus a re'lapse tendency (Barber,1978)'is

unsati sfactory on two grounds. Fi rst'ly, resorption shows onìy reì ati ve'ly

minor advances after 3 months retention and secondly, repa'ir progressively

restores the resorptive defects during a period when active periphera'l

extension of the resorption has been claimed to be present (Barber,1978).

Inherent in this line of reasonìng also is a questioning of the topo-

graphical indications of active resorpt'ion and early repa'ir as discussed

previousìy. The differentiation of active and resting Howshìp's lacunae

does not seem possible on a topographic bas'is because of their similar

surface features. The possibility that a surface may be resorbed but not

repairing (i.e. resting) should be considered. Such a situation must

prevail at some stage to form a reversal line between a resorbed surface

and repair tissue and is analogous to the formation of jncremental lines

in cementum due to the periodic nature of its formation.

From the information ga'ined in this investjgation'it appears that

signìficant relapse forces may operate for up to 3 months after RME.

Beyond this time in retention, strong relapse forces directed agaìnst the

buccal root surfaces of anchor teeth are probably not present. Zimring

and Isaacson (1965) found that residual loads acting on the expans'ion

app'liance dissipated wjthin five to seven weeks durìng initial retention.

Any continuing resorption could be maintained by light and diminishing

medially d'irected forces. Occlusal forces may even be enough to perpetuate
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the small amount of ongoing resorption which probably occurs, as generally

the teeth are held in an over-corrected posit'ion, often resultiñg in

abnormal occlusal relationships. Haas (1980) pointed out that persistence

of forces tending to collapse the expanded maxillae during fixed retention

could result in "...the maxillae moving through the stabilized teeth"

The fact that this does not appear to occur supports the proposa'l that

residual loads and relapse forces are dissipated well within the first 3

months after expansion. How then does relapse occur? It would seem from

studies by Thörne (.I960) and Krebs (.l964) that apical base and nasal cavity

width gains during expansion are in reality not lost. Reports of the

re'lapse which can occur over a'long term (Stockfisch, 1969; Timms, 1976;

Linder-Aronson and Lindgren, 1979) generally relate to the dental arch

alone. Some loss of dento-alveolar width should be expected because of

the dental over-correction during expansion and possìb'ly because some

buccal tooth tÍpping may occur during RME. However, the recommendatjon

of a safe minimum period of retentjon based on the results of this studi

would be unwise. Previousìy, recommendations for retention periods have

varied up to several years (T'imms, 1976; T'imms and Moss, 1971) with the

least being three months (Thörne, 1956).

The histological examination in the lìght microsiope revea'led

very few distinct multinucleate odontoclastic cells in relation to

resorbed surfaces. A similar lack of these cells was reported by

.0ppenheim (1942) in relation to root resorption associated witì ortho-

,dontic treatment Ín human material and by Furseth (1968) in relation to

'the resorption of human deciduous teeth. It'is possible that the apparent

absence of multinucleate odontoclasts reflects a resting state at the

termination of resorptive activity. 0n the other hand it may be that

a proportion of the round and oval nucl.ei often observed adjacent to
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resorbed surfaces in the histological study may belong to uninucleate

odontoclasts or indeed to multinucleate cells with indistinct cell out-

lines. It seems more likely however that these nuclei beìong to cemento-

blasts. The flattened or fusiform nuclei also observed on resorptive

surfaces and repair cementum are probably associated with fibroblast type

cells or frank cementoblasts. Fibrob'last-like or osteoblast-like cells

have been described in close proxim'ity to osteoclasts at resorbing bone

surfaces by Heersche (.l978) and Kurihara and Enlow (1980a). Heersche

(1978) ascribes to these cells a col'lagen phagocytic role but Kurihara and

Enlow (1980a) suggest that they are secretory and involved in the produc-

tion of an adhesive attachment to resorbed alveolar bone. To help resolve

the questjon of the nature of the cells observed in this jnvestigation

ultrastructural and stereologic study is required.

Stern (1964) proposed that cementoblasts may be jnvolved in

cemento'lysis as well as cementogenesjs and fibri'llogenesis and Gianel'ly

and Goldman (1971) postulated that cementocytes might be converted into

resorbjng cells in some circumstances. Cementocyte lacunae exposêd by

resorpt'ion were rareìy observed in this study probably because resorption

had generally penetrated through cementum into dentine. The configuration

of exposed cementocyte lacunae suggested that they were not involved in

resorption. A sìmilar fjndìng and conclusion was arrived at by Boyde and

Jones (1972) in relation to osteocytes. However, this conclusion cannot

be considered unequivocal as cells which modulate to undertake resorption

would probably create Howship's lacunae, so that topographica'l'identifica-

tion of the original cell type would not be possible.

In this study, a precise analysis of the area of resorption on

each specjmen was neither possible nor warranted. The number of patients
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from whom specimens were obtained would invalidate statist'ical analys'is

because not only were retent'ion t'imes different for each patient, a major

consideration jn the study protoco'I, but age, sex, skeletal and dental

maturation and the amount of expansion varied considerably. Importantly,

however, the results showed that large areas of root surface were

involved by resorpt'ion 'in every specimen examjned. Previous stud'ies of

root resorption associated with orthodontic treatment have concentrated

on ap'ical root loss because it can be readily detected on radiographs.

In this study, a'lmost no apìcal root loss was detected. Gianel'ly and

Goldman, (1971) stated that moderate root shortening was probably

"harmless" in the'long term, confirm'ing the impression gained from the

earlier work of Phillips (1955). However, Reitan (1969) stated that only

apicaì root Ioss could "imperiI the stab'ifity and normal function of the

tooth" when compared to surface resorption in the cervical and middle

areas of the tooth. Reitan assumed that the repair of resorptive defects

which he observed on root surfaces was sufficient indication that

regeneration of a normal functioning supportive periodontal attachment

would occur. This assumption is invalid, particularly in areas where

so-called 100% Sharpey fibre acellular cementum has been lost.

The extent of surface resorpt'ion observed on spec'imens in this.

study could hard'ly be termed insignificant. In relative terms the

estimated areas involved on individual teeth conservatively equate with

a one millimetre loss of crestal alveolar bone support around the entire

tooth or a two millimetre ap'ica'l root loss. In terms of tooth attachment,

the apicaì region of the tooth is probably far less'important than the

cervìcal half to two th'irds, as discussed prev'iously. Thus, as resorption

affected the cervical as much as the apical areas,the comparison with

loss of alveolar bone support is more valid. Although the loss of one
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millimetre of crestal bone may seem small, Jacobson (lgSZ) and Sidl'ien

and Zachrisson (1973) pointed out that the'long-term sign'ificance of such

reductjon ìs not well established but is probably greater than a similar

degree of apica'l root loss. Also, the effect of extensive resorption of

the root surface close to the cervical extent of the attachment apparatus

has not been investigated at all. Consideration should be gíven to the

fact that an intact, horizontally or obl'iquely orientated fibre system

may play a role in resisting the apical migrat'ion of the ep'ithelial

attachment in periodontal disease. It is salutory to realise that despite

the extensive research into the clin'ical effects of Rl4E no work has been

done to elucidate the long-term functional status and indeed survival of

the anchor teeth.

The fact that the surface resorptìon generated during expansion

and retention on anchor premolars may be deleterious to their function

and survival is obvious. To ass'ist in determining the s'ign'ificance of

this resorption the exact nature of the repa'ir which has been observed

to be a s'ignificant and progressive feature of the resorpt'ive defects must

be studied. This investigatìon has y'ielded a number of important findings

in relation to repair. The first of these is that the repair t'issue

observed was always cellular cementum, regardless of the location on the

root of the resorpt'ion. This repa'ir cel lul ar cementum appeared topo-

graphically and histoìog'ica'l1y identical wjth normal apica'l cellular

cementum, dìsplaying a similar range of surface features indicative of its

rapid'ity and state of formation. Earìy repa'ir and tissue at the periphery

of areas of advancing repair displayed the characteristjcs of rapid

mineralization, namely randomly orientated, discrete mineral nodules.

The surface of later more advanced repair tissue, found initially centrally

in the lesions, was more homogeneous and sometimes displayed a fibre
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pattern i nd j cat j ng a sl ow'ly mi neral i zi ng or rest'ing surface. 0n 'longer

retajned specimens part'icular]y, repair was often exuberant, over-

contouring the surface in relation to the surrounding leve'l and sometimes

covering normal cementum at the edge of the defect. A'functional'type

of repair as described by Orban (l92Ba), Gottlieb (1928) and Armitage

(1976) was suggested in a small number of resorption areas by retaìned

fragments of alveolar bone which were observed in the light microscope.

Generally, however, repair would appear to progress toward ful'ly restoring

root contour.

Importantly, Sharpey fibre depressions in repair cementum were

sparse and inconsistent in their presence. hJhere they did occur they were

general'ly in groups and often towards the advancing edge of repair. In

fact their distribution and occumence was not unlike that'in normal

apical cellular cementum. No Sharpey fibre mounds were observed at all

on repair tissue. The significance of these findings is twofold. Firstly,

the proposal that cervical acellular cementum is unique and cannot be

reformed (Slavkin,1976; Stahl,1977) is supported for the circumstances

prevai'l'ing in this study. Secondly, jf as seems likely jt is the cervjcal

100% Sharpey fibre acellular cementum wh'ich ìs primarily responsible for

tooth attachment (Selvig, 1965), the resorption observed in this study.

could result in the support for the tooth being seriousìy conpromised

indefinitely. It is prudent to point out here that contemporary concepts

of tooth support propose that the colìagen fibres of the periodonta'l

ligament prov'ide attachment for the tooth to alveolar bone and only

participate in the cushioning of the functioning tooth (Melcher and Walker,

1e76) .

The l'ight microscopic examination of the histological sections
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gave rise to a number of interesting observat'ions. Resorbed and

unrepaired dentine often exhibited fìbre bundles at right angles to its
surface. The fibres from these bundles interming'led with the periodontal

fibres not far from the root surface. Disruption of the periodontal

ligament due to extraction makes definite 'interpretation of fibre
direction and pattern difficult and so conclusions about the perìodontal

attachment must be guarded. However, it'is possible that as dentjne is

resorbed, part of its fibre matrix js reta'ined and serves as an ongoing

source of direct attachment. This would parallel the situation of

continuous attachment to alveolar bone during orthodontic tooth movement

(Gianelìy and Goldman,1911) and also Kurihara and Enlow,s (l9B0a) Type I

continuous attachment to resorptive and depository alveolar bone surfaces.

Kraw and Enlow (1967) pointed out that the continuous attachment seen jn

areas of resorbing alveolar bone was not identical to that provided by

inserting princjpal periodontal fibres forming Sharpey fibres in bone.

Kurihara and Enlow (1980a) also described adhesjon of periodontal

fibrils to resorptive alveolar bone surfaces which they designated Type

III (discontinuous) attachment. They 'illustrated, using one low power

photomicrograph, a Type III attachment'in an area of resorbed dentine

from a rat. This dentine attachment was not discussed in the text of

thejr report and no convincing evidence was presented that it involved

the initial secretion of a "strandlike material" by ligament cells as

they cl a'imed.

Isolated illustrations of a possible fibre attachment to resorbed

or resorbìng dentine have occurred elsewhere in the literature. (grban,

1928a; Azuma, lg70; Dragoo and sullivan,1973). However, the significance
and even the existence of such periodontal attachment to tooth surfaces
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in areas of active resorption has received neg'ligib'le attention and

comment. It is interesting to note in the context of a continuing

perìodontal attachment that Rygh (1973) has shown that the cont'inu'ity

between fibrils and cementum is not disrupted by hyalinization of the

periodontaì ligament due to orthodontic forces except where foci of

heavy pressure or prolonged hya'lìnization occur.

The existence of a direct attachment to resorb'ing dentine could

explaìn the occurrence of Sharpey fibre depress'ions observed occasionally

in the advancing repair tissue. Mineralization may proceed around the

attach'ing fibre bundles, initially forming surface depressions sjmilar to

Sharpey fibre holes. Later, as repa'ir progresses outwards the depressions

may be mineralized as the fibres become'incorporated as cementum matrix.

Although Sharpey fibre depress'ions, suggesting principa'l perio-

dontal fibre insertions, Were not a feature of repair surfaces and

part'icuìarly more advanced repair, reattachment as a possibility is not

precluded. Indeed, observation jn the ljght microscope suggested that

fibres were attached to repair cementum. It is difficult to establish

the precise nature of this fibre attachment at the light microscopic. level

even using po'larized 1ìght. The magn'ification and resolution afforded by

the transmission electron microscope is necessary to clarify the relation-

ship of fibres to the repair tissue surface.

The poss'ibil ity exists of the attachment being an adhes'ive type

simjlar to that described by Stahl, Slavkin, Yamada and Levine (1972) and

Kunihara and Enlow (1980a). Importantly however, whether the attachment

observed in the'l'ight microscope was direct or adhesive in nature, the

orientation of the periodontal fibres adjacent to most repaìr tjssue

espec'ia1ly the more advanced areas, appeared to be para'l1el to the root
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surf ace verti cal ly wi thout hori zonta'l 1y or obl 'iquely d'irected princi pal

fibre bundles. Although this assessment is based on observation of the

dìsrupted periodontaì ligament tissues adhering to the root surface, it
matches descriptions of periodontal reattachments by Orban (1928b);

Lìnghorne and 0'Connell (.l950); Morris (lg0g); Stahl et al (1972); and

Stahl (1977). A vertical]y orìentated fibre attachment would be unlikely

to provjde the same mechanical attachment and support for the tooth as

the normal horizontal and obliquely directed fibres (Orban, l92Bb).

However, in the long term, with normal functional stimulation, the fibres

involved in reattachment may be reorientated as suggested by Stahl et al

(1972). In this study there was no evidence of any such adaptations of

attachment occurring and this could conceivably be related to the altered

functional stimulation of the anchor teeth due to the fixed rigid

retention of the expans'ion .

The large areas of root surface involved by resorption suggest

that signifìcant amounts of periodontal ìigament are hyalinized by the

expansion procedure. The effect of this hyalinization on the peniodontal

ligament may have a bearing on the pattern of repa'ir observed, part'icuìarly

in the early stages. It is surprising that ankylosis did not seem to

occur during repaìr on any specimen. Ten cate (1976) suggested that a

critical factor for the production of ankylosis was the number of lìgament

celìs, capable of regenerating a new lìgament,which rema'in after perìodontaì

iniury. He proposed that if the number of these cells was insuffjcient,

repopulation from the adjacent bone marrow could result in the formatjon

of bone tissue and anky'losìs, a sequel also suggested by Melcher (1970)

and Line, Polson and Zander (1974). Apparentìy therefore, despite the

large areas of hyaìinization and thus loss of cells caused by RIr4E and

retention, the periodontal 'l'igament is capable of repairing itself.
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l,Jhether regeneration'in the strictest sense occurs has not so far been

demons trated.

Certain patients in this study were of part'icular interest

because their expansion and retention regimes were slightly different

to the majority (see Table 2). 0n specimens from these pat'ients the

amount of resorption and its pattern of distribut'ion was found to be

essentially the same as on other specimens. However, repair tissue

seemed to be slightìy further advanced towards restoring the defects on

the roots from patients 8.8., R.H. and S.M. when compared to other roots

removed at simi l ar peri ods af ter expans'ion. This subjective appra'isal

suggests that more normal functional stimulation assocjated wjth removable

retainers or no appliance retention may hasten the repaìr process to a

small degree. A study invo'lving a ìarger, matched population is necessary

to test th'is proposal which is, however, supported by Reitan (1969). He

found that repair cementum formation occurred more rapidly on teeth

provided with physiologìc stimulation after orthodont'ic movement.

Pat'ient M.D. js of interest because of the large area of resorption

compared to other specimens jn this study. Patient M.D. was a female of

advanced skeletal age wh'ich mitigated against an orthopaed'ic expansìon.

Expansion was assessed clinically as being mainly dento-alveolar rather

than skeletal and for this reason was not pro'longed. A relat'ive'ly smal I

'interpremolar width Íncrease of 2.5 mm associated with a total appììance

activation of 5.0 nrn was achieved. The forces attendant to RME were,

however, still present and probab'ly higher than normal because of the lack

of a skeletal response. It is not surprising therefore that a greater

amount of resorptjon was observed on specìmens from this pat'ient. Ljttle
repaìr was found, probably because the high forces persisted for much
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'longer than normaì, perpetuating ìarge areas of hyalinization which

virtually precluded cementum repaìr. It seems that skeletal and local

tissue responses to RME may be affected by the physìologic maturity of

the pat'ient, as patient M.D. was the most skeletally mature of the author's

group jn this study. Indeed, a clinical impression expressed by Sims

(1980) is that RME patients in the age group up to about 14 years require

s'ignificantly less time in retention to achieve stability than do older

pat'ients. A large matched and controlled patient samp'le is required to

test Sims' (.|980) proposal which could be related to the amount and

duratjon of relapse forces following RME which in turn would influence

the extent and timing of root resorpt'ion and repa'ir. A case simìlar to

patient M.D. was cited by Harry (1977) who found resorpt'ion involvìng

about one thjrd of the buccal root surface of an anchor premo'lar from an

RI4E patient who exhibited arch expansion of dental origin only. This

degree of resorption was more extensive than that found by Harry (1977)

on another anchor premo'lar root from a patient who demonstrated skeletal

expansion with RME.

The estjmated area of resorptìon on the buccal surface of the

buccal root of patient T.H. examined in the SEM was markedly lower than

other spec'imens in this study. If the buccal surface of the linguaì root

was included in the assessment of the area of resorption, the percentage

figure for th'is patient would approach more c'lose'ly that determined for

other specimens. From the histological investigatìon of the antimerjc

premolar it was evident that extensive resorpt'ion had occurred on the

buccal aspect of the lingual root but was virtualìy comp'letely repaired

with cellular cementum.

It is sa'ìutory that'in nejther this study, nor those of Harry
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(1977) or Barber (.l978) was the extensive root surface resorption which

was djscovered in the SEM detected on rad'iographs. Henry and Weinmann

(1951), on the other hand, claimed that a resorptìon area 0.734mm long

and 0.104 mm deep, the average size of les'ions found in the'ir investiga-

tion, could be readiìy seen on a radiograph under ideal conditions.

Although these workers performed a l'imited investigation on extracted

teeth to arrive at this conclusion, the in situ equiva'leni was not

demonstrated. Indeed, the 'ideal situation' would seem to be the

critical factor as pointed out by Black (1965). In a rad'iographic study

of root resorption Black (1965) found that the position of small

resorption areas were critical to their projection on the image. He

also found no correlation between resorption observed histologically and

that seen radiographicalìy. These find'ings support the conclusion that

radiographs are of doubtful use in demonstrat'ing the surface resorption

found in this study.
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SECTTON 7

CONCLUS I ONS

2

The active and resting mineralìzing fronts of human tooth root

cellular cementum are similar and in some cases indistinguishable

from such fronts which occur in human adult and fetal bone.

Descrjptions of cellular cementum as being very like bone are

thus justified. Indeed, the mechanism of mineralization of these

tissues is probably essentially the same, apparent topographical

differences being due to rate of formation or functional demand.

Forces causing extensive tooth root resorption, associated with

rapid maxillary expansion in man, appear to be most signifìcant

for up to three months during fixed retention following expansion,

in skeletally immature patients.

Repair of root surface resorption was always by cellular.

cementum indicating that typical cervical acellular cementum is

not regenerated 'in the circumstances attendant to RME.

Periodontal fibre attachment to resorbed dentine and repair

cementum does occur although a description of its exact nature

requ'ires further study at the ultrastructural level.

Routine periapical rad'iographs do not show evidence of the

extensive root surface resorption found on anchor premolar

tooth roots following RME and retent'ion.

3

4

5
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SECTION B

APPENDIX I

F I X AT I O N

NEUTRAL BUFFERED FORMOSALINE : FORMULA

40% Formaldehyde

Disti I led water

Sodi um di hydrogen
phosphate

Disodi um hydrogen
orthophosphate

200m1

I 800m1

8.09m

1 3.09m

DECALCIFYING MEDIA : FORMULAE

EDTA decal ci fyi ns medium

500m1 water

add 37.59m PVP (poìyv'inyl pyrro'l i done) and di ssol ve.

add 509m EDTA.

Formi c/formate decal ci fyi nq medi um

Water l650ml

Sodi um formate 68gm

Formi c acid 340m1
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APPENDIX I I

TISSUE PROCESSING AND EMBEDDING

After neutralization in 5% sodium thiosulphate the decalcified sections

were treated according to the following stages.

l. Wash in running water for I hour then jn a 37oC oven:-

2. Pl aced in 70% al cohol overn'i ght.

3. 80% alcohol for I hour.

4. 90% alcohol for I hour.

5. 95% alcohol for I hour.

6. Three changes of absolute alcohol for I hour each.

7. One part absolute alcohol, I part methy'l salicyiate for I hour.

8. Methyì sal i cy'l ate wi th 0. 5% celrl oi di n for 2 days .

9. Methyì salicylate with 1% celloidin for 2 days.

10. Methyl salicylate 2/3 with paraffin wax l/3 for I hour.

I I . Methyl saì'i cyl ate I /2 with paraff in wax I /z f or I hour.

12- Methyl salicylate I /3 with paraffin wax z/3 for I hour.

13. Two changes of paraffin wax for Z hours each.

14. Further change of paraffin wax overnight.

Then vacuum in clean paraffin wax at 60oC for l5 minutes and block using

Tissue Tek II Embedding Centre.
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APPENDIX III

3

PREPARATION OF GELATINIZED SLIDES

soak clean slides in dichromate cleaning solution, wash in

running tap water for at least 6 hours and then rinse thoroughìy

in distilled water.

2. Allow slides to drain for 2 to three seconds.

Dìp into a subbing soìution prepared as follows:-

(a ) Di ssol ve compì etely 'in 1 I i tre of warm di sti I 'led water,

5gm U. S . P. ge'lat'in or Knox unfl avoured gel ati n .

(b) Add 0.5gm chrome alum.

(c) Cool and filter through Whatman No. I filter paper.

(d) Store at 5oc for 48 hours.

After slides have been d'ipped into subbing solution, set

vertical]y in racks in a dust free atmosphere and allow to dry.

Dichromate Cleaning Solution

Formul a.

. Potassi um di chromate 'l00gm

Conc. suì phuri c ac'id l00ml

Distilled water to make up to I litre.

Made up as fol I ows: -

Dissolve the potassium dichromate in 3/4 total volume of water,

add the sulphuric acid slowly while stirring constantìy and make

up to I litre w'ith distilled water.

4
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APPENDIX IV

STAINING TICHNIQUES

POLLACK'S TRICHROME

Formul a.

Acid fuchsin

Ponceau 2R

Li ght green , SF yel I owi sh

Orange G

Phosphotungst'ic ac'id, C. P.

Phosphomolybdic acid, C.P.

Glacial acetic acid

Al cohol , 50% to make

0.5 gm

1.0 gm

0.459m

0.759m

ì.5 gm

'l .5 gm

3.0 gm

300.0 ml

Made up as fojlows:-

Fìrst, the glacial acetic acid is added to the alcohol. 0f

this acidified alcohol, 50m1 portions are prepared in four

beakers: in the first beaker, acid fuchsin and ponceau 2R

are dissolvedi in the second, lìght green; in the thir.d,

orange G and phosphotungstic acid; and in the fourth,

phosphomo'lybdic acid. The rest of the acidified alcohol is

used to rinse out the beakers and to make up the volume.

All the ingredients dissolve easily except for the

phosphomolybdic acid, which will dissolve after s'l.ight

warming of the beaker.

The mixture is then filtered and ready for use.

(After Luna, 1968).



8.5

blEIGERT'S HAEMATOXYLIN AND VAN GIESON

Staining Procedure: -

l. Bring sections to water.

2. Flood with Pollack's trichrome for 30 seconds.

3. Ri nse w'i th tap water.

4. Dehydrate through alcohols and mount.

l,le'i gert' s Haematoxyl i n Formul a.

(a) Haematoxylin lgm

Absolute alcohol l00ml

(b) 30% aqueous solution

of ferric chloride

Di st'i I I ed water

Hydroch'l ori c aci d

4ml

I 00ml

lml

Mix equa'l parts of (a) and (b) immediate'ly before use

(add (b) to (a)).

Solut'ion (a) should be allowed to ripen for one week

prior to use.

(After Cul I ìn9, I 974) .

Van Gieson Formula.

Acid fuchsin, 1% aqueous

Picric acid, saturated aqueous

Ready for use. (After Luna, 1968).

2. 5ml

97.5m1



Staining Procedure: -

Bring sections to water.

l,leigert's haematoxyìin solution for l0 minutes.

tJash in distilled water.

Van Gi eson' s sol ut'i on for I to 3 mi nutes .

Dehydrate in alcohols and mount.

(After Luna, l96B).

SAVILLE BRADBURY a modi f i cati on of Li I I i e's stai n for co1 'lagen

Staining Procedure:-

l. Bring sections to water.

2. Mordant 2 minutes in saturated aqueous picric acjd.

3. Wash in water 30 seconds.

4. Stand 2Þ.minutes in l% ponceau 2R (Brilliant crystal

Scarlet) in 1% Acetic acid.

5. Rinse in water.

I

2

3

4

5

8.6

Mordant 4 minutes in l. s% fewic chroride solutíon (fresh).6.

7.

B.

9.

10.

lt.
12.

13.

Wash in water.

Stain in 0.1% methyl blue in l% acetic acid for

Ri nse in 1% acetone for 30 seconds.

Dehydrate in 100% acetone for 30 seconds.

Acetone - xyìene 50:50 for 30 seconds.

Clear in xylene.

Mount sections.

mi nute.



8.7

EHRLICH'S HAEMATOXYLIN AND EOSIN

Ehrl ich's Haematoxylin Formula:

Haematoxyl i n crysta'ls

Alcohol , 95%

A¡monium or potassium alum

Di sti I I ed water

G'lyceri ne

Glacial acetic acid

4.09m

200 .Oml

6.09m

200.0m.|

200. Oml

20.0m1

Made up as fol I ows:

Dissolve the haematoxylin jn the alcohol and the

alum in the dist'illed water and mix. After these are

in comp'lete solution add the glycerine and acetjc acjd.

(After Luna, l96B).

Eosin Stock Solution:

Eosin Y, water soluble ì.Ogm

Distilled water Z0.0ml

Dissolve and add:

Alcohol , 95% 80.0m1

Eosin Working Solution:

Eosin stock solution ì part

Al cohol , 80% 3 parts

Make working solution just before use and add 0.5m1

of glacial acetjc acid to each l00ml of stain.

(After Luna, I 968) .
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Staining Procedure:-

1. Bring sections to water.

2. Leave in Ehrlich's haematoxylin solution overnight.

3. Place in running water for 5 minutes.

4. Differentiate i n 0.2% acid-alcohol (Hcl in 70% aì cohol )

5. Place in running water for 5 minutes to blue.

6. Flood with eosin for 3 minutes.

7. t^Jash in water quickly.

8. Dehydrate in alcohols and mount.

MAYER'S HAEMALUM, CELESIN BLUE AND VAN GIESON

Mayer's Haemal um Formul a:

Haematoxyl i n

Distilled Water

Ammonium or potassium alum

Sodium iodate

Ci tric acid

Chl oral hydrate

(After Cu11ing, 1974).

ì.09m

I 000m1

50.09m

0.29m

'l 
.Ogm

50.09m

Made up as follows:-

Dissolve the haematoxylin in the distilled water. Add

the alum and shake to dissolve. Then add the sodium iodate,

citric acid and chloral hydrate and shake until dissolved.
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Celestin Bl ue

Made up as fol I ows : -

Dissolve the 2.59m of iron alum in 50ml of distjlled
water overnight at room temperature, and to this add 0.Z5gm

of celestin blue. Boil for 3 minutes and filter when cool.

Add 7ml of gìycerine.

Van Gi eson as for Weigert's haematoxy'lin and van Gjeson.

Staining Procedure:-

l. Bring sections to water.

2. Stain with celestin blue for 3 to five minutes.

3. Rinse in tap water.

4. Flood with Mayer's haemalum for 5 minutes.

5. Wash in tap water for 3 minutes.

6. Flood with van Gieson for 3 minutes.

7. Rinse in tap water.

8. Dehydrate through alcohols and mount.
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APPINDIX V

FILM PROCESSING

Ilford FP4: ASA ]25. .l20 size roll film and 4" x 5" pì ate fi lm.

Develop for 3r,mtnutes in Ilford ID2 diluted l:3 wjth water.

2. Wash in tap water once.

3. Fix for 5 minutes ìn Ilford Hypam Rap'id Fixer diluted l:4 with water.

4. Wash in running tap water for l0 minutes.

Ilford PAN F : ASA 50. 35mm roll , black and white film.

l. Develop for 4r, minutes in und'iluted Ilford Microphen developer.

2. Wash in tap water once.

3. Fix for 5 minutes in llford Hypam Rapid fixer diluted l:4 with water.

4. Wash 'in running tap water for l0 minutes.

COLOUR FILMS used for recording histological sections.

l. Kodak Photomicrography (No. 2483). ASA 
.l6.

Processed by Kodak Australia (Melbourne). Process E4.

2. Kodak Ektachrome 200 Daylight.

3. Kodak Ektachrome 64 Daylight.

2,3, processed by Group Colour (Gilberton, Adelajde) using E6 process.

4. Fujicolor F-II colour print film, ASA 100.

BLACK AND WHITE PRINTS

Papers used: Ilford, Ilfospeed photograph'ic paper (med.ium wt)

numbers I to 5.

Processìng:

l. Develop ìn Il fospeed paper developer diluted l:9 with water.

2. t^lash qui ckly in running tap water.

3. Fix for 2 minutes in Ilfospeed paper fixed d'iluted l:3 with water.

4. Wash in swir'l'ing tap water for 5 minutes.
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