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ity cannot be estimated pre-operatively using radiographs but is best
done intra-operatively.16 It has been suggested that patient 
factors also have an important impact on increasing difficulty of third
molar surgery; particularly age, gender, size and ethnic background,
but only age has been previously linked with increased surgical time
and complications.2,3,4,17–20 At present the emphasis is placed on
dental variables when teaching the assessment of difficulty of third
molar surgery. For experienced surgeons it is evident that patient
variables may also have a strong bearing on the complexity of third
molar surgery and this was the impetus for embarking on this study.

The aim of this study was to investigate both patient and opera-
tive factors that may predict for the difficulty of mandibular third
molar extraction.

Method:
A total of 354 consecutive patients had unilateral lower mandibu-
lar third molar tooth removal under day case general anaesthesia
at Guy’s Dental Institute during a 4-year period (1994–1998).
These patients constituted the full spectrum of surgical difficulty
as only those with medical problems were directed for inpatient
treatment.  Ninety-six per cent of these patients had additional
extractions or procedures that were not included in the study.
Three clinical assistant grade surgeons assisted by training house
surgeons using a high-speed sterile hand piece (20,000 rpm) irri-
gated with sterile water undertook the surgery. 

A standardised anaesthetic was provided using Propofol IV
induction followed by maintenance using Isoflurane/N2O/O2 via a
Laryngeal mask. 

Factors predictive of difficulty of
mandibular third molar surgery
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Aim Historically the difficulty of third molar surgery has been
judged using radiologically assessed dental factors specifically
tooth morphology and position. This study investigated
additional factors that have a bearing on the difficulty of
extraction.
Study design A prospective study undertaken by three clinical
assistant grade surgeons who removed 354 single mandibular
third molar teeth under day case anaesthesia over the 4-year
period (1994–1998).  
Method Data relating to patient, dental and surgical variables
were collected contemporaneously as the patients were treated.
The difficulty of extraction was estimated by the surgeons
pre-operatively using dental radiographic features and compared
by the same surgeon within the actual surgical difficulty
encountered at surgery. Operation time strongly related to both
pre and post treatment assessments of difficulty and proved to be
the best measure of surgical difficulty.
Results Univariate analysis identified increased patient age,
ethnic background, male gender, increased weight, bone
impaction, horizontal angulation, depth of application,
unfavourable root formation, proximity to inferior alveolar canal
and surgeon as factors increasing operative time. Multivariate
analysis showed that increasing age (P = 0.014), patient weight
(P = 0.024), ethnicity (P = 0.019), application depth (P = 0.001),
bone impaction (p=0.008) and unfavourable root formation
(P = 0.009) were independent predictors for difficulty of
extraction. 
Conclusions Half of the six independent factors that predicted
surgical difficulty of third molar extraction were patient
variables. 

The study was designed to investigate factors associated with the
difficulty of mandibular third molar surgery in a representative

group of patients undergoing day case surgery.
Surgical removal of mandibular third molars is one of the com-

monest surgical event, recorded in the NHS costing over £20 million
a year mainly as day case or in patient procedures.1 Although previ-
ous studies have evaluated the difficulty of surgery by association
with complications,2,3 and increased operating time (Table 1)4–13

the traditional methods of estimating difficulty have been domi-
nated by dental factors evident on radiological assessment of the
dentition. This is reflected in the development of three classification
systems based on dental factors (WHARFE-Macgregor 1985, Win-
ters lines-Winter 1926 and Pell & Gregory classification 1933).7,14,15

But opinion varies and some authors believe that surgical complex-

1Senior Research Fellow, 3Professor, Department of Oral and Maxillofacial Surgery,
2Senior Lecturer, Department of Public Health Sciences, Guy’s Kings & St Thomas’
Schools of Medicine, Dentistry and Biomedical Sciences, King’s College London
Correspondence to: Mrs Tara Renton, Oral Surgery Day Case Unit, Floor 23,
Guy’s Tower, Guy’s Hospital, London SE1 9RT
email: tara.renton@kcl.ac.uk
REFEREED PAPER

Received 04.08.00; Accepted 05.02.01
© British Dental Journal 2001; 190: 607–610

Table 1 Previous studies reporting operative times for third molar
surgery

Author Year GA mean operative time (mins)

Bruce et al.4 1980 LA 8–18
< 25 yrs 8 min or 
> 35 yrs 18 min

Chye et al.5 1993 GA 52
LA 38

Vickers & Goss6 1983 GA 40

Macgregor7 1985 GA 8

Yee et al.8 1985 GA 105

Oikarenen9 1991 LA 8.2 range 3–20

Absi & Shepherd10 1993 GA 8.78 bur
7.57 chisel

Berge & 1993 LA 17.9
Gilhuus-Moe11

Berge & Boe12 1994 LA 9.8

Santamaria & 1997 LA 7.74
Arteagoitia13
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The method of surgery included both buccal and lingual flap
approaches (Fig. 1). Contemporaneous collection of data was assisted
by a specifically designed database on a local PC network. The defini-
tion and mean values that relate to the test variables are shown in 
Table 2. These are grouped into patient, dental and surgical categories.

Three methods of measuring surgical difficulty for each
mandibular third molar were used. The surgeon first judged
grades of difficulty pre-operatively using radiographic dental fac-
tors (DPTs — using impaction, application depth, angulation and
tooth morphology) this was compared with actual surgical experi-
ence recorded on the completion of surgery together with dura-
tion of operation (operating time = incision to completion of
suture for each procedure). The measures of difficulty were

assessed by the same surgeon in each case and duration of the pro-
cedure by an assistant.

Statistical analysis
Multivariate analysis was used to compare a range of variables rep-
resenting patient, dental and surgical factors. Using Stata21 these
variables were compared individually against operative time as the
outcome factor. We took all variables with a univariate P-value of
less than 0.1, in order to reduce the number of variables available for
the multiple linear regressions. Spearman’s correlation coefficient
was used to assess correlation between the difficulty assessments.
Data were given as mean (SD) and P < 0.05 was considered statisti-
cally significant.

Table 2 Definitions and distribution of  patient, dental and surgical variables

Patient variables Age Mean 28 years, range 16–63 years
Ethnic background One of nine categories (Census 1991) allocated by the surgeon

White (74%), Black African (3%), Black Caribbean (13%),
Indian (8%), Pakistani (1%) Chinese (1%)

Gender M:F 1:1.2
Height Mean 1.68 m, range 1.32–1.82 m
Weight Mean 69 kg, range 41–91 kg

Dental variables Impaction 77% hard tissue, 13% soft tissue, 10% non impacted
Angulation 28% vertical, 37% mesioangular, 13% horizontal, 22% distoangular
Depth of application Top of the alveolar crest vertically to point of application on DPT

mean 4.7 mm, range 2–18 mm
Morphology 18% wide crown (crown  width greater than 15 mm on DPT)

32% unfavourable roots ( divergent, club shape roots)
Mouth opening Interincisal distance with prop in place, mean 42 mm (SD 6.1)
Cheek flexibility Distance from the cheek retractor to the dental midline 

if <5 cm then flexibility is poor (11%).
Root proximity Distant 41%, touching 32%, crossing 27%
to inferior alveolar canal

Operative Surgeon Three senior surgeons assisted by house surgeons
Pre-operative radiographic Easy 24%, moderate 38%, difficult 28%, very difficult  6%
assessment of difficulty – 
per tooth

Post-operative record Easy 21%, moderate 45%, difficult 24%, very difficult 10%*
of difficulty – per tooth

Operative time 14.65 minutes†

*Assessed by the senior surgeon post-operatively for the mandibular molars based on the surgical experience
†Time in minutes for the removal of each mandibular molar from incision in to completion of suturing
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Fig. 1 Illustrating surgical method used and associated mean operating times
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Results
Over a 4-year study period 354 mandibular third molars were
removed in 354 patients and a summary of the variables is presented
in Table 2. The definitive measure of operative difficulty was actual
surgical experience and was recorded at the end of each case. This
strongly correlated with operating time (r = 0.58) which was
recorded independently. The correlation of pre-operative assess-
ment of difficulty with operative time was weaker (r = 0.55). Conse-
quently the factors that lead to the pre-operative underestimation of
difficulty were evaluated by discrepancies between the pre and post
surgery grading scores. The mean operative time was 14.65 minutes
and was similar for the 3 surgeons (mean = 14.79, 14.65 and 14.5
minutes) respectively. As operating time strongly correlated with
both surgical assessments and is an objective measure this was used
as the main outcome measure for evaluation of the relationship of
the variables with surgical difficulty.

Many of the factors tested were positive at the univariate level for
increased operating time (Table 3). When these were entered into a
multivariate analysis dental and patient factors were implicated in
surgical difficulty. Dental factors included increased application
depth (P < 0.001), unfavourable root formation (P = 0.009), hard
tissue impaction (P = 0.008). Patient factors included increased age
(P = 0.014), ethnic background (P = 0.019) and increased weight of
patient (P = 0.024) and surgeon (P = 0.016) were independent pre-
dictors of surgical difficulty.

Threshold values that correlated with increased difficulty of
surgery were application depth > 8 mm (P = < 0.04). When the
patients were divided into age groups, in this study, to assess where the
differences existed those patients over 30 were significantly more dif-
ficult than younger patients and the difficulty further increased as the
patients age exceeded 50 years (P < 0.05). If the weight of patient
exceeded 85 kg the difficulty would also increase markedly (P < 0.05). 

Anticipated difficulty of surgery was misjudged in 10% of
patients. In 3% of patients the surgery was easier than anticipated
and in 7% it was more difficult than expected. The pre-operatively
assessed difficulty varied between the three surgeons in that 
surgeon 1 over or underestimated the surgical difficulty more fre-
quently than surgeons 2 and 3. The most common grade of diffi-
culty was moderate. Factors predictive of underassessment of
difficulty using univariate analysis were ethnic background, tooth
angulation, bone impaction, depth of application, crown width
(exceeding 15 mm on DPT), cheek flexibility, proximity to the infe-

rior dental canal and surgeon 1. Multiple linear regression analysis
showed that surgeon 1 (P =0.015) was the only independent predic-
tive factor in underestimation of surgical difficulty (Table 3).

Discussion 
Assessment of difficulty of third molar surgery is fundamental to
forming an optimal treatment plan in order to minimise complica-
tions. A compilation of both clinical and radiological information is
necessary to make an intelligent estimate of the time required to
remove a tooth.16 Chandler et al. 1988,16 suggested that pre-operative
assessment of surgical difficulty was unreliable and the best measure
was that made during the procedure. Both measures were used in this
study but a post operative measure of difficulty correlated best with
duration of surgery, consequently both these measures were used as
end points in this study. The difficulty related to each extraction was
measured, in order to study the effect of both patient and dental 
factors that are associated with the difficulty of extraction. The inclu-
sion of bilateral extractions with varying difficulty of extraction
caused by dental factors could mask the effect of patient factors. 

The methods of estimating difficulty of extraction have been domi-
nated by dental factors evident on radiological assessment of the den-
tition. Winter14 described three imaginary lines that indicate the
depth of the tooth in bone. This method though taught to most
undergraduates is used little in daily practice. It was expanded by
Macgregor in 1985,7 to WHARFE which includes the Winters lines
along with other factors and has recently been used in several stud-
ies.17,18 Pell and Gregory15 described an alternative method of assess-
ment of difficulty, also based on dental radiographic features, but this
has recently been found to be unreliable22 and of little clinical benefit.
Classification of impacted third molars is often an attempt in defining
the degree of difficulty of removal; this is generally based on four
commonly used classifications of third molars, which are defined by
angulation,15 impacted, application depth and eruption. One study13

specifically tested14 radiographic variables in relation to surgical diffi-
culty and found that angulation, relative position of the ramus of
mandible to the third molar, application depth, follicle size, peri-
odontal ligament width and relationship to second molar were all
predictive of prolonged operating time. By assessing the periodontal
width and depth of application a variation in operative time of up to
30% could be predicted. All these studies have in common the fact
that pre-operative assessment of surgical difficulty for third molar
surgery has focused entirely on dental radiographic features. The pre-

Table 3 Results and significance of patient, dental and surgical variables in relation to operative time

IIncreased operative time Under estimation of difficulty 
Univariate Multiple linear Univariate Multiple linear 

regression regression

Patient variables Age >35 years P < 0.004 P = 0.014
Ethnic background non-Caucasian P = 0.059 P = 0.019
Gender Male
Height >1.7 m
Weight >70 kg P < 0.01 P = 0.024

Dental variables Impaction Hard tissue P < 0.0022 P = 0.008 P = 0.01
Angulation Horizontal P < 0.002 P = 0.01
Depth of application > 6 mm P < 0.002 P < 0.001 P = 0.002
Morphology Unfavourable root P < 0.02 P = 0.009  P < 0.001
Mouth opening mean < 30 mm
Cheek flexibility Limited
Crossing the Inferior P = 0.06 P < 0.013

alveolar canal

Surgical variables Surgeon P = 0.005 (1) P = 0.016 P < 0.002 P < 0.015 (1)
Method sectioning P = 0.0016
Method lingual flap P = 0.021
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sent study indicates that three out of six independent predictors of
surgical difficulty were related to patient (age, weight and ethnic
background) rather than dental factors (increased application depth
> 6 mm, bone impaction and root formation).

The minority ethnic group that had more difficult extractions
was heterogeneous but comprised of 60% black African or black
Carribean ethnicity. When this group was compared directly with
the white cohort the difference was not quite significant (P =0.059).
Also the mean operative time for white patients was 14.65 mins and
for black patients was 17.3 mins. A possible explanation for this dis-
crepancy is that this minority ethnic group may have had more
extractions under local anaesthetic, resulting in a biased more diffi-
cult group under general anaesthetic, but this was not the case in
this cohort of patients. The explanation is unclear but the incidence
of bone impaction (P = 0.017), horizontal angulation (P = 0.007),
crown width (P = 0.032) and unfavourable root formation
(P = 0.003) were significantly increased in this group when com-
pared with the white cohort. Unfavourable root morphology may
be linked to other morphological differences such as crown width,
which is found to be increased in the Black African groups.23

Another possible explanation is differences in bone density among
ethnic groups. This has been shown to be increased in the femoral
neck24 but has not been studied in the mandible.

Peterson et al.19 also linked increased bone density (measured
radiographically) to age and increased surgical difficulty which
could account for the positive relationship between increased age
and surgical difficulty in this study. Thus the common factor linking
increased age, male gender, and minority ethnic background could
be alteration in the properties of bone. When the patients were segre-
gated by age, those over 30 were significantly more at risk of difficult
extractions than younger patients and the risk increased as the
patients age exceeded 50 years (P < 0.05). If this is substantiated, the
risk of complications associated with difficult surgery will increase in
the elderly group and is evidence to support the argument for early
tooth removal.4,20,25,26 Increased patient weight was also associated
with surgical difficulty. The mechanism of action is unclear, it is pos-
sibly caused by restricted access caused by cheek thickness but a mea-
sure of cheek flexibility did not correlate with weight in this study. 

Several studies4–13 (Table 1) report a varied operative time for third
molar surgery from 7.57 to 105 minutes. Duration of surgery depends
on a number of factors including surgical difficulty, the experience of
the surgeon,27 surgical technique and how the period was measured.
The mean operative time of 14.6 minutes for unilateral mandibular
third molar removal in this study compared favourably with previous
studies. Minimal variation occurred between surgeons presumably
reflecting their similarity in grade and case mix of patients.

A prospective study25 investigated and supported the variation in
assessment of difficulty within surgeons. Edwards et al. 1998,18

found a poor correlation between the WHARFE index and the sur-
geons anticipated difficulty. Chandler et al. 1988,16 preferred to
assess difficulty during the procedure and felt that experienced sur-
geons overestimated the surgical difficulty based on radiographic
assessment. In only  12% of patients in the present study was there a
discrepancy between preoperative assessment and actual difficulty
(3% easier and 9% more difficult). One surgeon tended to underes-
timate surgical difficulty when based on radiological assessment
alone. The predictors for underassessment of surgical difficulty at
the univariate level were minority ethnic background, surgeon,
bone impaction, depth of application, crown width, tooth angula-
tion and proximity to the ID canal.

This study demonstrates that for the experienced operator where
simple dental factors may no longer pose a surgical challenge but
the presence of adverse patient factors as well as radiological 
(dental) factors determine the risk of surgical difficulty for the
removal of mandibular third molars. The implication is that the rel-
ative importance of patient factors should be made when teaching

third molar extraction technique and the emphasis removed from
dental variable assessments; for example Winter’s Lines. This paper
also highlights which individual patient and dental factors that are
pertinent to the preoperative assessment of surgical difficulty for
mandibular third molar surgery.

The authors thank our surgical colleagues in the Department of Oral & Maxillofacial
Surgery of Guy’s Dental Institute for allowing us to use their patient data.
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