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Molar apicectomy with amalgam root-end
filling: results of a prospective study in two
district general hospitals
C. M. Wesson1 and T. M. Gale2

Aim To determine the five-year success rates, site or sites of failure,
prognostic indicators and lower lip morbidity associated with molar
apicectomy using amalgam root-end filling.
Design Multicentre, prospective study.
Setting The departments of oral and maxillo-facial surgery in two district
general hospitals.
Method  One thousand and seven molar apicectomy procedures,
combined with amalgam root-end filling were expedited during the
period 1974-1995. A five-year review of each operated tooth was carried
out or attempted between 1979–2000.
Results  Of the 790 (78%) operated molars successfully reviewed at 
5 years or later 451 (57%) exhibited ‘complete healing’ and 39 (5%)
‘uncertain healing’. Three hundred (38%) were classified as ‘unsatisfactory
healing’ (failures), and these included 12 which were assumed to be of
periodontal origin. Whilst longitudinal root fracture, perforation and/or
infection in the furcation, periodontal disease or a non-restorable crown
accounted for treatment failure and often the need to remove teeth
subsequently, the study probably pointed to the apical ends of the roots
rather than the furcation as being the major sites at which ‘unsatisfactory
healing’ occurred. Mandibular first molars attracted the highest ‘complete
healing' rate (60%) and mandibular second molars the lowest (46%).
'Good' root canal treatment (RCT) at the outset improved the prognosis of
a root-end filling (REF) whilst the absence of RCT compromised it. Cystic
change pointed to a better prognosis than apical granulomatous change
as did a deep compared with a shallow ‘bone cuff’. Disease at the furcation
suggested a worse prognosis. Teeth which showed ‘complete healing’ at 1
year had a 75% probability of maintaining this outcome at 5 years.
Sensory disturbance of variable duration occurred in the lower lip
following 20-21% of mandibular molar procedures. In the majority of
cases (79-80%) this had remitted within 3 months. A permanent deficit
occurred in 8 patients (1%) where the apicectomy could definitely be
incriminated as causative. Four were associated with first molar
apicectomy and four with second molar apicectomy.
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Conclusions  Molar apicectomy with amalgam root-end filling attracts an
overall ‘complete healing’ rate at 5 years of 57%, the results being best
with mandibular first molars and worst with mandibular second molars.
The prognosis is also better where there is 'good' initial orthograde root
filling, an associated radicular cyst as compared with granulomatous
change and where the buccal sulcus is deep rather than shallow. It is worse
when orthograde root filling is absent and when there is disease in the
furcation. ‘Complete healing’ at 1 year can be expected to be maintained at
5 years in 75% of cases. The commonest site of subsequent periradicular
rarefaction seems to be ‘apical’ whilst failure at the furcation is probably
comparatively rare. There is a threefold increase in the occurrence of
permanent lower lip sensory impairment following second molar surgery
in comparison with first molar surgery, the overall incidence being 1%.

In recent years there have been important innovations in the prac-
tice of endodontic surgery. In particular, the early part of the last
decade saw the introduction of the surgical microscope to the spe-
ciality (providing, for example, sharper visibility of apices and
isthmuses).1 At the same time the development of ultrasonic tips
for root-end preparation combined with miniaturized instruments
allowed, inter alia, easier access, improved cavity preparation prior
to root end filling (REF) and reduced bevelling.2 Meanwhile, the
emergence of some new REF materials, including dentine-bonding
composite3,4 and notably, mineral trioxide aggregate,5 has seemed
also to hold out the prospect of an advance. Whilst the data report-
ed in this paper concerning the comparative success rates of
apicectomy with amalgam REF associated with the different
molars, the probable sites of failure and the risks of damage to the
inferior dental nerve (IDN) in mandibular molar apicectomy con-
tinue to have relevance, our overall outcomes seem to belong to a
technique which has now been largely superseded, although long-
term, large-scale evidence for this is as yet mostly lacking. Never-
theless, it is to be observed that gaining access for the surgical
microscope to the mandibular second molar is extremely difficult
if not impossible6 and a similar problem can be experienced with
the palatal roots of maxillary molars.7

Previous reports of the outcome of apicectomy with amalgam
REF on molars have been scarce and usually restricted to a low num-
ber of cases.8–10 However, there have been numerous large studies of
the efficacy of the procedure on anterior and premolar teeth, yield-
ing an average success rate of only 50-70% with results widely
spread on either side of these figures.11–13 One molar study by Rud 

● Molar apicectomy with amalgam root-end filling attracted an overall 5-year ‘complete healing’ rate of 57%.
● The results were best with mandibular first molars and worst with mandibular second molars. The prognosis was

also better if there was ‘good’ orthograde root filling in situ at the outset, an associated radicular cyst rather than
apical granulomatous change and where the buccal sulcus was deep rather than shallow. It was worse when
orthograde root filling was absent and when there was disease at the furcation.

● The apical ends of the roots were commoner sites of failure than the furcation. Purely lateral failure was not seen.
● The significant complication was impaired sensation in the lower lip following mandibular molar apicectomy.

This occurred for a variable period in 20–21% of cases. A permanent deficit followed in 1%. There was a three-
fold increase in the frequency of the latter after second molar apicectomy compared with first molar apicectomy.

● ‘Complete healing’ at 1 year was maintained in 75% of cases at 5 years.
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et al. using amalgam did review many more cases than previous
investigators. This confirmed a level of success within this range,
finding a ‘complete healing' rate of 61–62% in 203 cases at 1 year.3

It may be true that, because of the excellent results usually to be
anticipated from modern RCT,13 resort to the surgical option is
now less required in the management of periapical inflammation/
infection than formerly, although it continues to have a role espe-
cially when the apical end of an infected root canal is not accessi-
ble to orthograde instrumentation. Nevertheless, failure can occur
in any tooth which appears well root-treated on a radiograph14

and orthograde re-treatment does not attract the same level of suc-
cess as initial RCT.15 Traditionally, in connection with molar teeth
specifically, the perception has tended to be that the outcome of
RCT here is likely to be worse than for other teeth. In fact some
studies have confirmed this16–19 but others have not.20–23 What is
evident, however, is that molar RCT has become more widely prac-
tised in recent years and, in consequence, the number of molars
being orthograde root-filled has now actually outstripped the
number of anterior teeth so treated (Table 1).24 The backup option
of molar apicectomy may therefore need to be increasingly con-
sidered in the future.

MATERIALS AND METHODS
In 1974, in an attempt to access specifically the molar apicectomy
with amalgam root-end filling more thoroughly with regard to its
efficacy, sites of failure, prognostic indicators and morbidity, 
a prospective study was set up in the departments of oral and maxil-
lo-facial surgery at two district general hospitals: the Queen Eliza-
beth II Hospital, Welwyn Garden City and the Luton and Dunstable
Hospital. A form for the recording of information was prepared
and duplicated setting out as many parameters as possible and
pre-operative, intra-operative and post-operative data were noted
when and after this treatment was instituted. Pre-operative assess-
ment and treatment planning were carried out by the first author
only and involved a determination of symptomatology, physical
signs, the absence or presence and degree of periodontal disease,
type of coronal restoration and radiographic details. The latter
covered the presence or absence of RCT and, if present, an evalua-
tion of its quality (root fillings short of the apices by more than
2 mm were regarded as incomplete21 but we found satisfactory
obturation of furcal canals more difficult to assess). In addition,
the radiographs were examined for, in particular, the presence of
rarefaction periapically, laterally or at the furcation. Surgery was
carried out mainly by the first author or at least under his supervi-
sion. Intra-operative findings which were noted included the
presence or absence of periradicular disease — its site and (provi-
sional) nature (confirmed subsequently by histology) and a
naked-eye estimation of the distance in mm of the surgical cavity
from the alveolar crest prior to closure (the remaining buccal/
palatal cortical bone being termed ‘the bone cuff') (Figs.1,2). 
In the case of upper molars, an average figure was arrived at for

buccal and palatal aspects. If the ‘bone cuff' was deficient at any
point then this value was entered as zero. Post-operatively, the
initial objective was to review patients at 1 week, 1 year and 5
years and to obtain a periapical radiograph at these stages, noting
any symptomatology and physical signs as well as radiographic
data. In the case of lower molars, if a sensory deficit was reported
in the lower lip post-operatively patients were monitored (almost
always by the first author).

By 1995 1,007 procedures had been carried out and all operated
teeth had been included in the study. One-week review presented
few problems but many patients did not respond to a routine 1-
year recall. In cases where longer-term follow-up proved still more
difficult (as it very frequently did) a determined effort was made by
the first author between 1979–2000 to contact each patient by
telephone and invite them at the 5-year post-operative stage or
later for assessment (general dental practitioners and/or general
medical practitioners and the Family Health Services Authority
were often essential in locating patients). If it proved impossible
for patients to return for review, GDPs were approached and their
co-operation solicited in connection with the collection of the nec-
essary data and the securing of a periapical radiograph. The latter
was then inspected subsequently by the first author.

Molar apicectomy is very suitable for day-case surgery and
almost invariably nasal endotracheal anaesthesia, which makes
access more straightforward, was used. Only three mandibular first
molars and one maxillary first molar were operated upon using
local analgesia.

In this study all molar roots were apicected and only 16 were
not root-end filled because they appeared to be well-obturated at
operation. Twelve were palatal and four were mandibular second
molar roots. The procedure involved the use of burs and a slow-
speed, straight handpiece with water cooling. Magnification was
not employed. Although the hope was always to preserve as much
tooth substance as possible a steep angle of resection (40° to the
long axis of the root on average) was often necessitated to allow
access for root-end cavity preparation and filling especially with
second molars (Figs. 1,2). This could result in a minimal ‘bone cuff'
(1 mm) over mandibular second molars in particular, or might
sometimes mean no ‘cuff' at all in the case of palatal roots (the lat-

Table 1 Number of anterior v molar RCTs carried out in the General Dental
Services of England and Wales from 1985–2003
Date Total RCTs Anteriors % Molars %

1985 1,192,930 412,750 35 373,270 31

1991/92 1,270,268 423,058 33 425,410 34

1995/96 1,195,899 352,087 29 437,940 37

1999/00 1,181,179 321,277 27 440,013 37

2000/01 1,129,683 311,252 28 428,574 38

2001/02 1,114,755 300,892 27 424,035 38

2002/03 1,085,749 288,996 27 418,009 38

Data supplied by the Dental Practice Board

Fig.1 Illustration of the approach to the root-end filling of a lower molar. 
Note the obliquity of root section and the retention of the teeth in occlusion
— both to facilitate access
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Chi-square tests except where stated. Values of Chi-square corre-
sponding to a probability level of < 0.05 were considered to be
statistically significant.

RESULTS
Outcomes at 5 years or later were classified into five cohorts and
these are presented in Tables 2 and 3 (Rud et al.'s criteria for
assessing radiographic healing following apical surgery were
used26). The reasons for loss of patients to full 5-year follow-up are
analysed in Table 4.

Data collected post-operatively at or after 5 years
The following parameters were recorded at the outset and the
extent to which these were associated with success or failure then
quantified at 5 years (or later):

Age
Five hundred and three cases were in the under 45 age group and
251 were in the 45 years or over group (in 36 cases the data on
age were lost). In the under 45 group 298 (59%) emerged as ‘com-
pletely healed', 23 (5%) as ‘uncertain' and 182 (36%) as ‘unsatis-
factory' whilst in the 45 years or over group 147 (59%) showed
‘complete healing', 14 (6%) were ‘uncertain' and 90 (36%) ‘unsat-
isfactory'.

Sex
There was a preponderance of females, 502 (64%) compared with
288 (36%) males. Two hundred and ninety four females (59%)
emerged as ‘completely healed', 20 (4%) as ‘uncertain’ and 188
(37%) as ‘unsatisfactory' whilst 160 males (56%) showed ‘complete
healing', 19 (7%) were ‘uncertain' and 109 (38%) ‘unsatisfactory'.

Type of molar
The results in relation to the different molars are displayed in 
Table 5.

The presence of good orthograde RCT
Only 264 of our sample had initially received ‘good' RCT and we
operated upon 502 with either poor or no RCT, this being a reflec-
tion of our lack of a specialist endodontist (in 12 cases data on RCT
were missing). Of those with ‘good' RCT 161 (61%) showed ‘com-
plete healing' whilst in 95 (36%) periradicular healing was judged
to be 'unsatisfactory' and in 8 (3%) ‘uncertain' (Table 6).

ter were almost always approached palatally). Zinc-free high cop-
per, silver amalgam (Vivadent), mechanically mixed, was used as
the root-end filling material. Orthopantomographs (OPGs) and
Kodak C58 Ultraspeed periapical radiographs (using a freehand,
bisecting angle technique) were regarded as mandatory with the
exception that pre-operatively an OPG alone was sometimes
viewed as acceptable for lower molars — not least as providing an
indication of the relationship between the IDN and the mandibular
molar apices. An illuminated radiographic viewing box equipped
with a separate spotlight facility corresponding to the size of a
periapical film, and excluding extraneous light, was used to assess
intraoral radiographs. Evaluation was carried out by a single
observer (the first author).

In those cases where the mandibular second molar was
deemed to be too close to the IDN (ie where they appeared to be
in contact on the OPG or within 0.5 mm of that situation) apicec-
tomy was not recommended. Likewise, treatment was not carried
out if a tooth appeared to be longitudinally fractured or if there
was evidence of a perforation in the furcation. In practice, this
latter complication was only very rarely concluded to have
supervened if rarefaction changes were absent at this site. On the
other hand, when there was a radiolucency in the furcation only
with no evidence of an inflamed or non-vital pulp we assumed,
even when there was no periodontal probing defect, that the
problem was periodontal rather than endodontic in origin and
therefore again excluded such patients from the study. However,
in those cases where there was evidence of rarefaction both at the
periapex and furcation — often in obvious continuity — apicecto-
my was not necessarily considered inappropriate because of the
possibility that apical disease had extended coronally and thus
the furcation had perhaps become secondarily involved.25 Teeth
with advanced periodontal disease (more than 3 mm pocket
depth) and the medically compromised patient were, as a rule,
not regarded as candidates for this procedure. A 5-day course of
antibiotics (usually Amoxil) was routinely prescribed post-oper-
atively and started 1-hour pre-operatively. Chlorhexidine
mouthwash and analgesics were also provided following surgery
and sutures were removed at 1 week. 

The data from all proformas were coded and collated on a
Power Macintosh microcomputer using the Statview package.
All planned tests and associations between pre-, inter-, and post-
operative variables and outcome status were computed using

Table 2  5-year healing cohorts following molar apicectomy with amalgam
root-end filling (n = 790) (cf. Rud et al.26)

1. Complete periradicular healing 451 (57%)
Here there were no symptoms, no physical signs and
complete radiographic healing.

2. Uncertain  periradicular healing 39 (5%)
Here there were no clinical features but the radiograph
revealed periapical rarefaction of up to 1 mm width
involving one or more roots.

3. Unsatisfactory periradicular healing (failure) 288 (36%)
See Table 3.

4. Combined periradicular and periodontal failure 9 (1%)
Here failure was assumed to be due mainly to periodontal
breakdown but unsatisfactory periradicular healing was also
present:
(i) Tooth removed 8
(ii) Tooth retained 1

5. Periodontal failure only 3 (0.4%)
Here there was periodontal breakdown but 'complete
periradicular healing' with retention of the tooth.

Fig. 2 Illustration of the palatal approach to the root-end filling of the palatal
root of an upper molar. Note that the mouth is opened as wide as possible to
facilitate access
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The absence of orthograde RCT
Absence of RCT was confirmed throughout the study period in the
case of 20 teeth. All of these showed periradicular rarefaction. In
17 (85%) this was exclusively periapical and in 3 (15%) both at the
furcation and periapex (Table 10).

The presence or absence of radiological changes
The data here are set out in Table 7. A radicular ‘cyst' was histolog-
ically confirmed and was understood as a pathological cavity hav-
ing fluid or semi-fluid contents which was not created by the accu-
mulation of pus but which was frequently lined by epithelium.27

Depth of buccal/palatal ‘bone cuff'
The intra-operative findings vis-à-vis the depth of the buccal/
palatal ‘bone cuff' prior to closure (Figs. 1,2) are shown in relation
to the 5-year healing cohorts in Table 8.

One-year versus five-year data
It proved possible to review only 339 (43%) of the 790 molars at 
1 year and the data for these comparing the 1-year with the 5-year
healing cohorts are presented in Table 9.

Unsatisfactory healing (failures)
Three groups could be identified here and these are analysed 
in Table 3. One hundred and seventy four molars were removed

within 5 years of the apicectomy whilst 18 had undergone 
re-apicectomy and 8 interceptive RCT. Re-apicectomy attracted
‘complete healing' in only 4 cases (22%) whilst, in contrast, inter-
ceptive RCT was followed by this outcome in 6 (75%).

Lower lip morbidity
Between 1974 and 1999 a total of 770 mandibular molars under-
went apicectomy with root-end filling (601 first, 164 second, 
5 third). These included not only those teeth in the main
1974–1995 study (n = 530), but also those within this period which
had been lost to full 5-year follow-up, where nevertheless data on
lower lip morbidity had been obtained earlier (n = 130), together
with those patients operated between 1995-1999 and therefore not

Table 5 Five-year healing cohorts and toothtype (n = 790)
Tooth n 'Complete 'Uncertain 'Unsatisfactory 

healing' healing' healing'

Mandibular first molar 419 252 (60%) 19 (5%) 148 (35%)

Mandibular second molar 106 49 (46%) 6 (6%) 51 (48%)

Mandibular third molar 3 1 (33%) 0 (0%) 2 (67%)

Maxillary first molar 225 130 (58%) 13 (6%) 82 (36%)

Maxillary second molar 36 19 (53%) 1 (3%) 16 (44%)

Maxillary third molar 1 0 (0%) 0 (0%) 1 (100%)

Totals 790 451 (57%) 39 (5%) 300 (38%)

Table 6 Number and percentages of teeth with ‘good’ initial orthograde
root fillings in the different 5-year healing cohorts
5-year cohort 'Good' root filling (n = 264)

‘Complete healing’ 161 (61%)

‘Uncertain healing’ 8 (3%)

‘Unsatisfactory healing’ 95 (36%)

Table 7 The influence of the presence or absence of preoperative
radiographic rarefaction on healing at 5 years following molar apicectomy
(n = 778) (Periodontal failures excluded (n = 12)
Pre-operative Healing outcome at 5 years
groups expressed as percentage of numbers initially
Classification of initial involved in each group
involvement by radiographic (actual numbers in brackets)
rarefaction: its presence or
absence, distribution and 'Complete 'Uncertain 'Unsatisfactory
nature n healing' healing' healing'

A. Apical, non-cystic
rarefaction only 454 57% (261) 7% (30) 36% (163)

B. Apical, non-cystic 
rarefaction with rarefaction 
at the furcation 50 40% (20) 6% (3) 54% (27)

C. No periradicular 
rarefaction 242 62% (149) 2% (5) 36% (88)

D. Cystic rarefacton 28 71% (20) 4% (1) 25% (7)

E. Non-cystic rarefaction
at the furcation only 1 100% (1) 0 0

Inadequate data 3 3

Totals 778 451 39 288

Table 8 Resulting 5-year cohorts in relation to the intra-operative vertical
depth of the  'bone cuff(s)' (n = 790) (see Figs.1,2)
Depth of Totals 'Complete 'Uncertain 'Unsatisfactory 
cuff (in mm) healing' healing' healing'

0 89 41 (46%) 5 (6%) 43 (48%)

1 95 45 (47%) 5 (5%) 45 (47%)

2 374 207 (55%) 15 (4%) 152 (41%)

3 or more 165 126 (76%) 3 (2%) 36 (22%)

Not recorded 67 32 11 24

Table 3 Unsatisfactory periradicular healing (failure) (n = 288)
(periodontal failures excluded (n = 12))

Presumed sites and/or nature of failure during the 5-year post-operative period:

a) In association with tooth removal (n = 174) or exploration prior to 
re-apicectomy (n = 18)
1. Poor apical seal only (with or without

macroscopic ‘apical' infection) 35
2. Poor apical seal and macroscopic furcation infection 2
3. Macroscopic furcation infection only 2
4. Non-restorable crown 11
5. Root fracture 21
6. Obvious perforation in the furcation 7
7. Unknown 114

b) In association with tooth retention and no interceptive oral surgical
treatment (n = 88)
1. No periradicular radiographic rarefaction

(but with clinical features) 12
2. Radiographic rarefaction at the furcation  

only (with (n = 4) or without clinical features (n = 4) 8
3. Radiographic rarefaction at the furcation and ‘apical'

sites (with (n = 3) or without clinical features (n = 4) 7
4. Radiographic ‘apical' rarefaction only (with n = 27) or

without clinical features (n = 34) and exceeding  
1 mm width. 61

c) In association with tooth retention and interceptive RCT (n = 8)
1. Poor apical seal only 7
2. Radiographic rarefaction at the furcation only 1

Table 4 Classification of reasons for loss to full follow-up of molars at 
5 years (n = 217)

1. Tooth extracted by GDP:   a) before 5 years 9 (4%)

b) after 5 years (ie follow-up delayed) 57 (26%)

2. Emigration of patient 15 (7%)

3. Death of patient 4 (2%)

4. Patient too debilitated to attend 2 (1%)

5. Refusal of review appointment 25 (12%)

6. Refusal to allow radiography 4 (2%)

7. Patient untraceable 55 (25%)

8. Residential data lost 31 (14%)

9. Inadequate records 15 (7%)
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recalled for 5-year follow-up (n = 110) although they had been
seen post-operatively in the interim. There were 32 teeth with
missing data and therefore 738 mandibular molars available for
evaluation (582 first, 152 second and 4 third).

No third molar procedures were associated with a post-opera-
tive sensory deficit and analysis of the remaining 734 first and sec-
ond molars revealed that there was a range of 151 (20%) to 157
(21%) within which sensory disturbance occurred. This was
because 12 of the apicected teeth associated with this complication
belonged to 6 patients where adjacent first and second molars had
been operated upon together and here only one procedure may
have compromised the IDN (Fig. 3). Moreover, this range of totals
could involve an overestimate because in 18 concomitant other
procedures had been carried out and these could have compro-
mised the IDN instead (removal of impacted wisdom teeth, impact-
ed premolars or retained roots and premolar apicectomies).

The duration of lower lip sensory disturbance following either
first or second molar apicectomy is presented in Fig.4 where two
categories have been omitted:

1. The above six pairs of adjacent molars where separation into
tooth type in terms of resulting nerve morbidity was impossible
(in three of these a deficit was present for up to 1 week, in one up
to 1 month and in two up to 3 months).

2. Procedures which were known to have resulted in lower lip
morbidity post-operatively but where its duration was
unknown because the patients were subsequently lost to 
follow-up. There were 13 in this group. Two involved second
molars (last seen at 1 week and 1 year respectively) and 11
were carried out on first molars (eight being last seen at
1 week, one at 3 months and two at 1 year).

Because the actual numbers shown in Fig. 4 do not include the
above two categories the percentages expressed are in relation to
565 first and 144 second molar procedures. Depending on whether
one or both teeth in the six pairs were associated with compromise
of the IDN, there was a minimum of 120 (79%) or a maximum of
126 (80%) cases where the lower lip sensory deficit was found to
have remitted within 3 months. In ten (1%) it was known to have
persisted for more than 2 years and therefore was regarded as per-
manent. Analysis of these disclosed that four patients experienced
paraesthesia/hypersensitivity with normal or increased response to
pin prick whilst in two patients there was complete loss of response
to pin prick. Two patients reported numbness of the lower lip more
than 2 years following surgery but declined to return. The two
remaining patients had complete loss of sensation to pin prick sub-
sequent to 2 years but both these had simultaneously undergone
the removal of deeply impacted teeth (one wisdom and one second
premolar) and it must remain doubtful whether the apicectomy
procedure was responsible for the deficit.

Of the eight patients with permanent sensory disturbance where
the apicectomy could definitely be regarded as causative, four (1%)
underwent first molar apicectomy and four (3%) second molar
apicectomy.

DISCUSSION
Radiographic evaluation
It is acknowledged that the radiographic results reported in this
paper must be viewed with caution. In particular, given the
quest for evidence-based dentistry and the emphasis on the need
in research for multiple examiners of endodontic radi-
ographs,28,29 the follow-up radiographic data recorded here
(depending as they do on only one periapical radiograph and
upon observation by only one examiner (the first author) with-
out measuring intra-observer variation), are not as accurate as
they could have been. These shortcomings need to be borne in
mind when interpreting the results.

Site(s) of failure
Whilst root fracture (n = 21), a non-restorable crown (n = 11) and
periodontal disease (n=12) could account for early removal in a
minority of cases, it emerged that either the ‘apical' ends of the
roots or the furcation were the most likely pathways for the leak-
age of toxins and/or microbes in molar apicectomy (n = 256)
(Table 3). Purely lateral failure was not observed.

Estimates for the frequency of communications between the
pulp chamber and the periodontium vary widely in the literature.
Some workers have reported a high incidence30–34 whilst others,
in contrast, have been unable to confirm this.35–39 Nevertheless, it
is plainly important for this possible site of failure to be properly
sealed at the time of RCT.39,40 In our study, GDPs were encouraged
to arrange for RCT post-operatively where it had not been expe-
dited beforehand and in fact we identified only 20 teeth where
this had been absent throughout the study period (Table 10).
Whilst all of these showed periradicular rarefaction (reinforcing
the importance of RCT) none revealed rarefaction at the furcation
only — although we recognise that detection of disease at the tri-
furcation in its earlier stages is problematic if not impossible.
Thus our data suggest that the primary location for failure in
molar apicectomy is probably ‘apical' — such that numbers in the
sub-categories (ii) and (iii) of Table 10 were too small to permit
statistical analysis.

Table 10 Sites of 'unsatisfactory healing' at 5 years in cases without RCT
(n = 20)

i.   Periapical rarefaction only: 17
ii.  Rarefaction at the furcation and 'periapex': 3
iii.  Rarefaction at the furcation only: 0

Table 9 Comparison of healing cohorts at 1 and 5 years (n = 339)
Healing cohorts at 1 year Healing cohorts at 5 years

Subsequent 3 healing cohorts emerging 
at 5 years from each 1-year cohort

'Complete' 'Uncertain' 'Unsatisfactory'

'Complete' 198 (58%) 148 (75%) 10 (5%) 40 (20%)

'Uncertain' 79 (23%) 49 (62%) 8 (62%) 22 (28%)

'Unsatisfactory' 62 (18%) 17 (27%) 1 (2%) 44 (71%)

No deficit

Deficit

Sensory deficit of variable
duration followed in 
one fifth of mandibular
procedures (see Fig. 4)

79-80%
(581-587 procedures)

20-21%
(151-157 

procedures)

Fig. 3 Pie chart showing overall incidence of lower lip sensory deficit –
analysis of 738 mandibular molar procedures
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Current laboratory studies have highlighted two ‘apical' routes
which toxins/microbes might take to reach the periodontium from
an infected canal: on the one hand, sectioned dentinal tubules are a
probable avenue.41,42 Furthermore their contribution to lack of heal-
ing will almost certainly have been increased by the steep bevel we
often found necessary to achieve adequate access — resulting
inevitably in a sharp rise in their number (Figs. 1,2).43 On the other
hand, and leaving aside the controversy over the disadvantages of
amalgam in terms of its toxicity,44–47 it has been shown that this fill-
ing material is probably subject to significant leakage, especially
initially.12,48–50 In our study the situation will have been compound-
ed by the frequent difficulty we experienced in securing a bloodless
field despite our use of high-speed suction. This too was related to
poor access which could also create problems in allowing satisfacto-
ry amalgam condensation.

Should all molar roots be included in the surgical procedure?
In our project the view was taken that all molar roots should be
apicected and root-end filled. In some molar apicectomy studies, cli-
nicians have avoided surgery on one or more roots 
(eg the palatal root of upper molars).8,10,51 It may have been that
effective RCT/re-RCT of such roots was seen as a more practicable
option instead, or that an existing orthograde root filling was asso-
ciated with an uncompromised periapex and seemed to be providing
satisfactory obturation suggesting that surgical intervention was
unnecessary. However, it needs to be recalled that an orthograde
root filling which appears well-executed on a standard periapical
film may have gross shortcomings revealed if radiographs are taken
in a mesio-distal direction on teeth subsequently extracted.52 Like-
wise, at the histological level, it has been noted in teeth which have
been removed later that the satisfactory pre-extraction radiographic
appearance of an orthograde root filling cannot guarantee that a
root canal has been adequately obturated.53 Therefore when molars
are undergoing apical surgery, if the complete orthograde filling and
obturation of any of the root canals, as advocated, for example, by
Pitt Ford et al. in connection with single-rooted teeth,54 cannot be
assured, then that root should be included in the surgical procedure
even when there is no periradicular rarefaction on the radiograph. 

COMPLICATIONS
Historically, apicectomy on molar teeth has tended to be avoid-
ed because of the risk of damage to the IDN (in the case of

mandibular molars) or of antral complications (in the case of
maxillary molars) as well as doubts as to its efficacy and prob-
lems with access. Two previous studies of mandibular molar
apicectomy have recorded the incidence of lower lip morbidity.
In one, 39 procedures resulted in three instances (8%) of a 
sensory deficit — lasting at most 6 months, although the identi-
ty of the tooth associated with this complication was not made
clear.10 In the other, 726 procedures resulted in post-operative
paraesthesiae in 26 patients (4%) with this complication being
reported after 1 year in only one patient, although again the
tooth involved was not indicated.4 In our study, whilst no
mandibular first molars were omitted on the grounds of 
proximity to the IDN, very rarely mandibular second molars
could be excluded for this reason. Nevertheless our data point-
ed to the conclusion that the proportion followed by a perma-
nent sensory deficit was significantly higher for mandibular
second molars (3%) than for first molars (1%) (Fisher's exact
test P < 0.05). The actual risk ratio for mandibular second
molars was 3.8 (95% Confidence Interval 1.2 to 12.1: P = 0.02)
(Fig. 4).

With regard to antral problems following maxillary molar
surgery, the intention to record this complication was aban-
doned early because of difficulties in measurement and because
of its seeming extreme rarity. 

PROGNOSTIC CONSIDERATIONS
Rud et al. showed in their study of (predominantly) anterior
teeth that a successful outcome at 1 year tended to be main-
tained with only very mild diminution subsequently.11 Our
results were not so impressive. We found that the prognosis for
teeth associated with ‘complete healing' at 1 year was only a
75% probability of continuing in the same cohort at 5 years
whilst the outcome for those with ‘unsatisfactory healing' at 1
year meant a similar probability of 71% remaining in this failure
category (Table 9).

However, a major objective of the project was to identify any
indicators which could point at the outset to either a good or bad
prognosis. We assumed that longitudinal root fracture, perfora-
tion in the furcation, rarefaction in the furcation in isolation
(and not of periodontal origin) or gross periodontal disease were
suggestive of a hopeless outcome and any teeth so involved
were excluded. We then evaluated the following factors:
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Age
Age was not a significant predictor of outcome in our patients 
(χ2 [dfl] = 0.05, P = 0.82). Some studies of anterior apicectomy
have reported similarly55,56 although Harty et al. found that those
under 45 did significantly better.57

Sex
Sex likewise was not a significant predictor of outcome (χ2[dfl]
= 0.561, P = 0.45).

Molar type
There was a significant correlation between ‘complete healing' and
molar type (P < 0.05) (Table 5). Post-hoc cell contributions were
greatest for mandibular first and second molars and suggested that
mandibular first molars attract the best ‘complete healing' rate
(60%) whilst mandibular second molars have the worst ‘unsatisfac-
tory' healing rate. The latter had a ‘complete healing' rate of 46%.
The results for maxillary first and second molars fell between these.

The presence or absence of orthograde RCT
There was a correlation between the presence of ‘good' RCT and suc-
cess (Table 6). This is in line with those animal and human studies
which have suggested that good preliminary orthograde root filling
of single-rooted teeth improves the prognosis of a REF. Such studies
have inferred furthermore that lack of good RCT compromises (or is
likely to compromise) the outcome.54,58,59 We were able to confirm
this latter conclusion in the case of 20 teeth where RCT was absent
throughout the study period and where in all instances periradicular
rarefaction supervened, involving the periapex alone in the majority
(Table 10).

The presence or absence of periradicular rarefaction
We found that the prognosis for teeth with initial periapical, non-
cystic rarefaction and that for teeth with no rarefaction did not differ
significantly (Table 7) (in particular, both groups registered 36%
‘unsatisfactory healing'). Our results here therefore did not agree
with those authors who have noted that single-rooted teeth with ini-
tial periapical rarefaction attract a poorer prognosis following apical
surgery than those with no rarefaction at all or only widening of the
lamina dura (ie those which would now be placed in the ‘uncertain'
cohort).56,57,60–62 However, our data did point to a worsening of the
prognosis when the furcation was involved at the outset, although
this did not reach a level of statistical significance (Table 7).

Whilst we acknowledge that we did not routinely measure the
precise size of all periapical areas, we did, on the basis of naked-eye
observation, record the presence of a presumed ‘cyst' — ie where an
associated radiolucency was judged to have a diameter of 1 cm or
more,63 but this was always checked histologically. Surprisingly,
although our results did not reach a level of statistical significance,
we found that cystic disease attracted a better prognosis than apical,
non-cystic rarefaction (71% ‘complete healing' compared with 57%)
(Table 7). The explanation for this was not clear although others
have recorded similarly in connection with (mainly) single-rooted
teeth.64–67 Nevertheless some authors report that area size (and
therefore cystic change) has no effect on prognosis56,62,68 whilst, in
contrast, others have concluded that there is a better outcome when
there is granulomatous as compared with cystic involvement.60,61 In
fact our diagnostic and surgical method vis-à-vis presumed radicu-
lar ‘cysts' has now been overtaken by the work of Nair et al. 69–72

who have demonstrated on the basis of much more stringent clinical
and histological evidence, and following Simon73 that there needs to
be a drastic reduction in their perceived number in comparison with
the much higher figures often published to date (42–55%74–76). They
calculate that the true incidence of self-sustaining radicular cysts
among periapical lesions is only 9% (interestingly, in our study they
constituted an even smaller minority (4%)).

Depth of sulcus
As the depth of the ‘bone cuff' at closure increased the proportion
of successes increased whilst that of failures decreased. This was
highly significant (χ2 test for trend [dfl] = 25.9, P < 0.0001)
(Table 8). Thus it is probably not unreasonable to expect that, in
the absence of marginal bone loss, the proportion of those 'com-
pletely healed' will increase as the depth of the buccal sulcus
(assumed to be a reflection of the height of the buccal bone cover-
ing the root) increases.77

Deficiencies in the seal afforded by a coronal restoration were
not amongst the parameters recorded in this study. It was assumed
that if shortcomings were present they would be rectified by the
practitioner, if not before, then after surgery. There can now be lit-
tle doubt that the quality of the fit of a coronal restoration will
affect the prognosis of endodontically treated teeth.78,79
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