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How Well Do Clinicians Estimate Third
Molar Extraction Difficulty?

Srinivas M. Susarla, AB,* and Thomas B. Dodson, DMD, MPH†

Purpose: The goals of this study were to measure surgeons’ abilities to estimate third molar (M3)
extraction difficulty and to identify variables associated with errors in estimates of difficulty.

Materials and Methods: To address our research purpose, we implemented a prospective cohort
study and enrolled a sample of surgeons who remove M3s. Predictor variables were categorized as
either surgeon or subject specific. The primary outcome variable was the error in estimating
operative difficulty. Preoperative and postoperative estimates of difficulty were obtained using a
100-mm visual analogue scale. Error was defined as the difference between preoperative and
postoperative estimates of extraction difficulty. Appropriate univariate, bivariate, and multivariate
statistics were computed.

Results: The sample was composed of 15 surgeons who operated on 82 subjects having 250 M3s
(53.2% mandibular) extracted. The mean level of surgical experience was 8.8 � 11.1 years. The mean age
of the subjects was 26.2 � 10.7 years; 57.3% were female; and 72.0% were white. The mean preoperative
and postoperative estimates of difficulty were 44.3 � 23.4 and 39.6 � 24.7 mm, respectively. The mean
absolute and actual differences between preoperative and postoperative estimates were 15.7 � 13.6 and
4.8 � 20.2 mm, respectively. We identified several demographic and anatomic variables statistically
associated (P � .05) with error in estimating difficulty.

Conclusions: Our models indicate that errors in the estimates of difficulty were related to demographic
(age, gender, ethnicity, snoring) and anatomic (cheek flexibility, mouth opening) variables, with little or
no dependence on radiographic variables or surgical experience.
© 2005 American Association of Oral and Maxillofacial Surgeons
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he extraction of third molars (M3s) is a ubiquitous
urgical procedure that has been estimated to account
or 50% of the cost of all oral surgical procedures.1,2

escriptions of indications for removal, postoperative
omplications from removal, and factors associated
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ith difficulty of removal for M3 extractions pervade
he literature; however, there are few studies that
xamine the ability of the clinician to estimate diffi-
ulty, and fewer still that quantitatively examine fac-
ors associated with inaccurate estimates of diffi-
ulty.3-21

The purposes of this study were to measure errors
n the surgeons’ estimates of M3 extraction difficulty
nd to identify risk factors associated with the mag-
itude and direction, that is, overestimation or under-
stimation, of the errors. For this study, we defined
rror as the difference between the preoperative and
ostoperative estimates of M3 extraction difficulty.
e hypothesized that the error in estimating difficulty
ould be inversely correlated with surgical experi-

nce; that is, as surgical experience increased, the
rror would decrease. In addition, we hypothesized
hat there existed a set of identifiable variables that
re associated with a surgeon’s ability to estimate
ccurately M3 extraction difficulty. Our specific aims
ere to measure the surgeon’s preoperative and post-
perative estimates of M3 extraction difficulty using a
isual analog scale (VAS), to compute error based on

he difference between the preoperative and postop-
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192 ESTIMATION OF THIRD MOLAR EXTRACTION DIFFICULTY
rative estimates, and to identify surgeon- or subject-
pecific variables associated with errors in estimates.

aterials and Methods

STUDY DESIGN/SAMPLE

The study methods have been previously described
n detail.3 In brief, we enrolled a sample of surgeons
erived from the population of surgeons who extract
3s in the Oral and Maxillofacial Surgery Unit, Mas-

achusetts General Hospital, Boston, MA. The study
ubjects were derived from the population of patients
resenting to the study surgeons for extraction of M3s

n the Oral and Maxillofacial Surgery Unit. The project
as approved by the Human Studies Institutional Re-

iew Board at Massachusetts General Hospital.

STUDY VARIABLES—PREDICTORS

The predictor variables, that is, risk factors or ex-
osures that may be associated with error in estimates
f difficulty, were divided into 2 groups: surgeon and
ubject specific. Surgical experience was the surgeon-
pecific variable and was defined as the number of
ears since completion of an Oral and Maxillofacial
urgery residency program—surgeons who had com-
leted residency training were assigned experience
cores of 0 or more, whereas those still in training had
cores of less than 0.

Subject-specific variables were classified as demo-
raphic, anatomic, and operative. The demographic
ariables were gender, age, ethnicity (white, black,
ast Asian, south Asian, Hispanic/Latino, Pacific Is-
ander/Hawaiian, Native American, or Alaskan Na-
ive), and a history of snoring or sleep apnea.

Anatomic variables were divided into subject- and
ooth-specific variables. Subject-specific anatomic
ariables were body mass index (kg/m2), working
aximal incisal opening (MIO [mm]), and cheek flex-

bility (mm). Working MIO and cheek flexibility were
easured as previously described.3

The tooth-specific anatomic variables were posi-
ion, morphology, angulation, and arch location.
ooth position was specified using Winter’s classifi-
ation.4 Tooth morphology was defined as favorable
r unfavorable.5 Arch location was the maxilla or
andible.
Operative variables were anesthetic technique, op-

ration type, number of teeth extracted, and extrac-
ion difficulty. Anesthetic technique was classified as
ocal, local with N2O sedation, or deep sedation/
eneral anesthesia. The operations used for extraction
ere classified as surgical or nonsurgical for erupted

eeth and soft tissue, partially bony, or fully bony for
mpacted teeth. The total number of teeth extracted

anged from 1 to 4. c
Extraction difficulty was measured by asking the
perating surgeon to estimate difficulty. Difficulty
as measured using a 100-mm VAS; scores ranged

rom 0 (easiest procedure possible) to 100 (most
ifficult procedure possible).6 Operating surgeons re-
orded their estimates of M3 extraction difficulty for
ach tooth extracted both before and after the oper-
tions. To reduce bias, surgeons were blinded as to
heir preoperative estimates when making their post-
perative estimates and the same observer (S.M.S.)
easured the estimate scores from the VAS in all

ases. We previously showed a statistically significant,
ositive correlation between extraction time and the
urgeon’s VAS estimate of difficulty (r � 0.68, P �
01).3,7

Anatomic variables specific to mandibular teeth
ere ramus and occlusal position (Pell-Gregory clas-

ification), tooth angulation, root proximity to the
nferior alveolar nerve (IAN) canal, and panoramic
adiographic evidence of an intimate anatomic rela-
ionship between the M3 root and the IAN canal.
sing the values for Winter’s classification, Pell-Greg-
ry occlusal classification, and Pell-Gregory ramus
lassification, we calculated a composite index for
andibular M3 position, based on Pederson.3,8-10 The

nstance of visualization of the IAN during extraction
as recorded as the mandible-specific operative vari-

ble.

STUDY VARIABLES—OUTCOMES

The primary outcome variable was error in esti-
ates of difficulty. For analytical purposes, error was

efined as the difference between surgeons’ preoper-
tive and postoperative estimates of difficulty. Error
as computed 3 different ways, yielding 2 continuous

rror measures (ie, the absolute and actual error) and
binary measure (ie, accuracy). We assessed the

verall magnitude of error by computing the absolute
alue of the difference between preoperative and
ostoperative estimates. In addition to the magnitude
f the error, we were interested in whether the error
as an overestimation or an underestimation of the
ifficulty. As such, we computed the actual value of
he difference between the preoperative and postop-
rative estimates. For the actual error, a positive value
ndicated an overestimation of difficulty, whereas a
egative value indicated an underestimation of diffi-
ulty. For both outcomes (absolute and actual), a
ifference of zero corresponded to a “perfect” esti-
ation of difficulty. Because our VAS was 100 mm in

ength, each 1-mm change on the scale corresponded
o a 1% change; thus, our outcome variables are mea-
ures of percent error.

In addition to our continuous measures of error, we
reated a binary variable—accuracy. We defined an ac-

urate estimate as one in which the error estimate was



w
e

a
c
l
r
s
G
t
a
v
s
b
a
a
s
f

R

m
7
e
1
7
w
t
u
e
s
t
p
w
�
d

a
a
1
t
w
t
e
d
�
w
0
7
(

v
T

e
t
t
e
s
b
n
a
v
c
a
c

m
a
s
t
o
w

e
i
t
r
(
w
(
n
e
s
g
r
s
g

t
m
i
e
fl
n
m
b
a
c
t
t
a
s
I
m
s

o
a

SUSARLA AND DODSON 193
ithin 1 SD of the mean estimated error. An inaccurate
stimate was defined as being outside 1 SD.

DATA MANAGEMENT AND ANALYSES

Detailed methods of data collection, management,
nd analyses have been described in an earlier publi-
ation.3 Data were collected using a standardized col-
ection sheet for each operation where the designated
ecorder (S.M.S.) was present. These data were sub-
equently entered into a statistical database (SPSS
raduate Pack 11.0; SPSS Inc, Chicago, IL). Descrip-

ive statistics were computed for each study variable,
nd bivariate statistics were computed for each study
ariable with each outcome. The criterion for inclu-
ion in the multivariate models was set at P � .15 for
ivariate analyses. All variables meeting this criterion,
s well as biologically relevant variables, such as age
nd gender, were included in the multivariate regres-
ion models, where P � .05 was used as the criterion
or statistical significance.

esults

Between June and August 2002, 15 surgeons with a
ean surgical experience of 8.8 � 11.1 years (range,
to 36 years) treated 82 subjects having 250 M3s

xtracted. The mean age of the subjects was 26.2 �
0.7 years (range, 15 to 65 years), 57.3% were female,
2.0% were white, and the mean body mass index
as 24.4 � 4.7 kg/m2. The average M3 extraction

ime was 6.9 � 7.6 minutes (range, 0.4 to 44.3 min-
tes), and each subject had an average of 3.1 M3s
xtracted (range, 1 to 4). The teeth included in the
tudy were approximately evenly distributed by den-
al arch and position within each arch. The mean
reoperative and postoperative estimates of difficulty
ere 44.3 � 23.4 mm (range, 2 to 100 mm) and 39.6
24.7 mm (range, 1 to 100 mm), respectively. The

escriptive statistics are summarized in Table 1.
The mean absolute and actual errors (defined as the

bsolute and actual differences between the preoper-
tive and postoperative estimates of difficulty) were
5.7 � 13.6 mm and 4.8 � 20.2 mm, respectively. In
erms of accuracy, 71% of the estimates for all teeth
ere considered accurate, that is, within �1 SD of

he mean error estimates. Of note, the actual value of
rror estimates followed an approximately normal
istribution (skewness � �0.4 � 0.2; kurtosis � 0.9

0.3) (Fig 1). For maxillary teeth, 66.7% of estimates
ere within 1 SD of the mean (skewness � �0.4 �

.2; kurtosis � 0.5 � 0.4). For mandibular teeth,
3.7% of the estimates were within 1 SD of the mean
skewness � �0.4 � 0.2; kurtosis � 1.3 � 0.4).

The bivariate relationships between the predictor
ariables and errors in estimates are summarized in

able 2. Using the absolute and actual differences in m
stimates, we developed 3 multivariate models: 1) all
eeth, 2) maxillary teeth alone, and 3) mandibular
eeth alone. For all teeth, using the absolute differ-
nce in estimates as an outcome, the bivariate analy-
es demonstrated that gender, ethnicity, cheek flexi-
ility, and surgical experience were statistically or
ear statistically significantly, that is, P � .15, associ-
ted with absolute error. For all teeth, in the multi-
ariate model (Table 3), age, gender, ethnicity, and
heek flexibility were statistically significant (P � .05)
nd surgical experience was near statistical signifi-
ance (P � .08).
For all teeth, using the actual difference in esti-
ates as an outcome, age, snoring, mouth opening,

nd surgical experience met the criterion for inclu-
ion in the multivariate model (P � .15) (Table 2). In
he multivariate model (Table 4), snoring and mouth
pening were statistically significant, whereas age
as near statistical significance (P � .07).
For maxillary M3s alone, using the absolute differ-

nce in estimates as an outcome, age, gender, ethnic-
ty, cheek flexibility, tooth morphology, procedure
ype, and surgical experience met the statistical crite-
ion for inclusion in the multivariate linear regression
Table 2). Gender, ethnicity, and procedure type
ere statistically significant in the multivariate model

Table 3). Tooth morphology was near statistical sig-
ificance (P � .08). When the actual difference in
stimates was used as an outcome (Table 2), age,
noring, mouth opening, tooth morphology, and sur-
ical experience were statistically significant in biva-
iate analyses. In the multivariate model (Table 4),
noring, mouth opening, tooth morphology, and sur-
ical experience were statistically significant.
Table 2 summarizes the bivariate relationships be-

ween the set of predictors and absolute error esti-
ates for mandibular M3s. The variables selected for

nclusion in the multivariate model were age, gender,
thnicity, body mass index, mouth opening, cheek
exibility, root proximity to the inferior alveolar ca-
al, procedure type, and surgical experience. In the
ultivariate model (Table 3), age, gender, ethnicity,

ody mass index, mouth opening, cheek flexibility,
nd surgical experience were all statistically signifi-
antly associated with operating time. When the ac-
ual difference was used as an outcome, age, snoring,
ooth morphology, procedure type, anesthesia type,
nd the instance of visualization of the IAN were
tatistically significant in bivariate analyses (Table 2).
n the multivariate model (Table 4), snoring, tooth
orphology, and IAN visualization were statistically

ignificant.
When using accuracy of estimates as the binary

utcome, for all teeth, the predictor variables associ-
ted with inaccurate estimates were gender, body

ass index, ethnicity, mouth opening, and cheek
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Table 1. DESCRIPTIVE STATISTICS FOR STUDY VARIABLES (ntotal � 82 PATIENTS; ktotal � 250 TEETH)

Sample size n � 82 patients and k � 250 third molar
Demographic variables

Mean age* (n � 82) 26.6 � 10.7 (15 to 65)
Gender† (female) (n � 82) 47 (57.3)
Ethnicity† (white) (n � 82) 59 (72.0)
Snoring† (Yes) (n � 80) 27 (33.8)
Apnea† (Yes) (n � 80) 0 (0.0)

Anatomic variables
Third molar location† (k � 250)

Maxilla 117 (46.8)
Tooth† (k � 250)

Maxillary right third molar 54 (21.6)
Maxillary left third molar 63 (25.2)
Mandibular left third molar 70 (28.0)
Mandibular right third molar 63 (25.2)

Body mass index* (kg/m2) (n � 80) 24.4 � 4.7 (16.9 to 36.1)
Mouth opening* (mm) (n � 80) 39.6 � 6.2 (27 to 55)
Cheek flexibility* (mm) (n � 78) 48.7 � 7.2 (28 to 69)
Winter’s classification† (k � 250)

Vertical 160 (64.0)
Mesioangular 57 (22.8)
Horizontal 12 (4.8)
Distoangular 21 (8.4)

Tooth morphology† (k � 246)
Favorable 206 (83.7)
Unfavorable 40 (16.3)

Pell-Gregory ramus classification†‡ (k � 133)
Class 1 24 (18.0)
Class 2 100 (75.2)
Class 3 9 (6.8)

Pell-Gregory occlusal classification†‡ (k � 133)
Level A 49 (36.8)
Level B 64 (48.1)
Level C 20 (15.0)

Mandibular position composite score*‡§ (k � 133) 5.5 � 1.5 (3 to 9)
Angulation (°)*‡ (k � 131) 67.9 � 33.6 (0 to 180)
Root proximity to inferior alveolar nerve canal†‡ (k � 133)

Distant 75 (56.4)
Touching 42 (31.6)
Crossing 16 (12.0)

Panoramic radiographic evidence†‡ (k � 132)
Loss of cortical outline 48 (36.4)
Narrowing of canal 4 (3.0)
Deviation of canal 5 (3.8)
Darkening of root 1 (0.8)
No evidence 74 (56.1)

Operative variables
No. of teeth extracted* (k � 250) 3.1 � 1.1 (1 to 4)
Extraction time* (min) (k � 250) 6.9 � 7.6 (0.44 to 44.3)
Procedure type (k � 250)†

Erupted, nonsurgical 56 (22.4)
Erupted, surgical 8 (3.2)
Soft-tissue impacted 48 (19.2)
Partial bony impacted 49 (19.6)
Full bony impacted 89 (35.6)

Anesthesia type† (k � 250)
Local 47 (18.8)
Local � N2O 38 (15.2)
General 165 (66.0)

Inferior alveolar nerve visualized†‡ (Yes) (k � 131) 6 (4.6)
Surgical experience* (yr) (k � 250) 8.8 � 11.1 (�7 to 36)
Preoperative estimate of difficulty* (mm) (k � 250) 44.3 � 23.4 (2 to 100)
Postoperative estimate of difficulty* (mm) (k � 250) 39.6 � 24.7 (1 to 100)
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SUSARLA AND DODSON 195
exibility. In the multivariate logistic regression
odel, gender, age, ethnicity, mouth opening, and

heek flexibility were statistically significantly associ-
ted with inaccuracy; body mass index was near sta-
istical significance (P � .08) (Table 5). Similar anal-
ses for maxillary teeth revealed that gender and
thnicity were significantly associated in bivariate
nalyses and gender was statistically significant in the
ultivariate analysis (Table 5). For mandibular teeth,

ariables associated with inaccurate estimates in biva-
iate analyses were gender, age, body mass index,
ooth angulation, mouth opening, and cheek flexibil-
ty. In the multivariate analysis, gender, age, body

ass index, and cheek flexibility were statistically
ignificantly associated with inaccuracy (Table 5).

iscussion

The ability of surgeons to estimate the difficulty
f M3 extractions has, to date, not been quantita-
ively established using multivariate linear regres-

Table 1. DESCRIPTIVE STATISTICS FOR STUDY VARIABLE

Outcome variables
Absolute difference in estimates (mm) (k � 250)
Actual difference in estimates (mm) (k � 250)
Accurate estimate–yes (k � 250)

*Data for continuous variables are reported as mean � SD (rang
†Data for categorical variables are reported as n or k (%).
‡For mandibular teeth only (kmand � 133).
§ For calculation of mandibular position composite score, see R

usarla and Dodson. Estimation of Third Molar Extraction Diffic

FIGURE 1. Distribution of actual error values.
(
usarla and Dodson. Estimation of Third Molar Extraction Diffi-
ulty. J Oral Maxillofac Surg 2005.
ion models. The use of such modeling may be
aluable in identifying factors associated with the
ccuracy of surgeons’ predictions. The purposes of
his study were to measure the error of surgeons’
stimates of M3 extraction difficulty and to identify
isk factors associated with errors in these esti-
ates. We hypothesized that surgical experience
ould be related to error in estimates. Specifically,

s surgical experience increased, the difference in
he preoperative and postoperative VAS difficulty
stimates would approach zero. Except for 2 of the
odels, that is, actual differences for maxillary

eeth and absolute differences for mandibular M3s,
urgical experience was not statistically signifi-
antly associated with error. In addition, we hy-
othesized that we would identify one or more
ariables associated with absolute or actual errors
n estimates. The variables that we identified are
ummarized in the next section of the discussion.

The multivariate model for all M3s suggests that the
bsolute magnitude of a surgeon’s error in estimates
ill be statistically equal to zero. Factors that alter the

stimate were age, gender, ethnicity, and cheek flex-
bility. The absolute percent error in estimating diffi-
ulty increases with minorities, that is, �0% for
hite, �1.7% for black, �3.4% for east Asian, �5.1%

or south Asian, and �6.8% for Hispanic/Latino, and
heek flexibility, that is, �0.31% error in esti-
ates/mm change in cheek flexibility. Absolute error

n estimating difficulty decreases with age (�0.13%
er year) and gender (�5.4% if female). Absolute
rror also decreases with increasing surgical experi-
nce (�0.13% per year), but this value is not statisti-
ally significant.
The multivariate model for all M3s, using the actual

ifference in estimates as an outcome, shows that
urgeons have a tendency to underestimate the diffi-
ulty of extraction (constant � �17.2), but this value
as not statistically different than zero (P � .07). If a
atient snores, the actual error in estimates increases
�8.7% versus nonsnorers). The actual error in esti-
ates also increases as mouth opening increases

tal � 82 PATIENTS; ktotal � 250 TEETH) (Cont’d)

15.7 � 13.6 (0 to 66)
4.8 � 20.2 (�66 to 56)

174 (70.7)

e 3.

Oral Maxillofac Surg 2005.
S (nto

e).

eferenc
�0.56%/mm).
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196 ESTIMATION OF THIRD MOLAR EXTRACTION DIFFICULTY
The multivariate model for maxillary M3s indicates
hat surgeons will have an absolute baseline error of
7.5%; however, this value was not statistically differ-
nt than zero (P � .08). Factors that increase the
agnitude of the percent error were ethnicity (�0%

or white, �2.1% for black, �4.2% for east Asian,
6.3% for south Asian, �8.4% for Hispanic/Latino)

nd procedure type (�0% for nonsurgical, erupted;
1.8% for surgical, erupted; �3.6% for soft tissue

mpacted; �5.4% for partial bony impacted; �7.2%
or full bony impacted). Gender was associated with a
ecreased magnitude of error (�6.8% if female). Us-

ng the actual difference in estimates as an outcome,
nd modeling for maxillary M3s, snoring (�9.9% for
norers versus nonsnorers) and mouth opening
�0.64%/mm) increased the percent error, whereas
ooth morphology (�20.2% for favorable morphol-
gy) and surgical experience (�0.40% per year) de-

Table 2. BIVARIATE ANALYSES* OF STUDY VARIABLES

Outcome Variable

All Teeth
(k � 250)

Absolute Error‡ Actu

emographic variables
Age*¶ .20 �
Gender*¶ �.01
Ethnicity* .03
Snoring* .23 �

natomic variables
M3 Location .87
Body mass index* .57
Mouth opening* .40 �
Cheek flexibility* �.01
Winter’s class .99
Tooth morphology* .51
Tooth angulation� NA
Pell-Gregory ramus class� NA
Pell-Gregory occlusal level� NA
Mandibular position score� NA
Root Proximity to inferior alveolar

nerve canal*� NA
Panoramic radiographic evidence� NA
perative variables
No. of teeth extracted 0.55
Procedure type* 0.24
Anesthesia type* 0.78
Inferior alveolar nerve

visualization*� NA
Surgical experience* �0.01

*Some or all of the P values for these variables met the criteria (
†Bivariate analyses were conducted using either Pearson correla

ANOVA; categorical variable versus extraction time).
‡Absolute error in estimates � Abs [preoperative estimate � po
§Actual error in estimates � Preoperative estimate � postopera
�Applicable to mandibular teeth only.
¶Biologically relevant variables, included in all multivariate mod

usarla and Dodson. Estimation of Third Molar Extraction Diffic
reased the percent error. d
Our multivariate models for mandibular M3s
howed that the baseline estimate or constant in the
odel was statistically equivalent to zero for both the

bsolute and actual models. The absolute magnitude
f percent error in estimates is increased by age
�0.42% per year), ethnicity (�0% if white, �2.0% if
lack, �4.0% if east Asian, �6.0% if south Asian,
8.0% if Hispanic/Latino), and cheek flexibility

�0.49%/mm). The absolute magnitude of error is
ecreased for females (�5.5% versus males), body
ass index (�0.63% per kg/m2), mouth opening

�0.49%/mm), and surgical experience (�0.23% per
ear). Factors that increase the actual value of error in
stimates, tending toward overestimation of difficulty,
re snoring (�11.2% versus not snoring) and tooth
orphology (�10.1% with favorable morphology).
isualization of the IAN decreases the actual value of
rror in estimates, tending toward underestimation of

S VALUE OF THE ERROR

P Value

Maxillary Teeth
(k � 117)

Mandibular Teeth
(k � 133)

Absolute Error‡ Actual Error§ Absolute Error‡ Actual Error§

.08 �.01 �.01 .04
�.01 .86 .10 .26

.11 .86 .03 .74

.81 �.01 .16 .01

NA NA NA NA
.35 .21 .10 .92
.68 �.01 .13 .18
.06 .34 �.01 .31
.65 .72 .96 .59
.13 .02 .16 .04

NA NA .72 .87
NA NA .39 .80
NA NA .75 .39
NA NA .41 .82

NA NA .07 .62
NA NA .26 .91

0.57 0.40 .25 .67
0.03 0.91 .12 .03
0.31 0.50 .85 .10

NA NA .89 .02
0.08 0.01 .03 .84

5) for inclusion in the multivariate models.
ontinuous variable versus extraction time) or analysis of variance

ative estimate].
imate.

Oral Maxillofac Surg 2005.
VERSU

al Error§

.01

.48

.73

.01

.80

.35

.01

.16

.87

.41
NA
NA
NA
NA

NA
NA

0.40
0.36
0.28

NA
0.13

P � .1
tion (c

stoper
tive est

els.
ifficulty (�17.5 % if IAN visualized).
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SUSARLA AND DODSON 197
Using a binary measure of accuracy (0 � accurate,
� inaccurate) as an outcome, our multivariate mod-

ls showed that variables associated with inaccurate
stimates were demographic and nonradiographic an-
tomic variables. All 3 binary logistic models show
hat, at baseline, surgeons’ estimates will be accurate.
or all teeth, the probability of a surgeon’s estimates
eing inaccurate increases with male gender, age,
inorities, decreasing body mass index, decreasing
outh opening, and increasing cheek flexibility. The

inary logistic model for maxillary teeth indicates that
urgeons’ estimates will have a higher probability of

Table 3. MULTIVARIATE MODELS USING ABSOLUTE ERR

Sample Set

All Teeth
(k � 250)

Coefficient P Value

onstant �1.2 .85
ge† �0.13 .02
ender† �5.4 �.01
thnicity† 1.7 .02
ody mass index† ‡ ‡
outh opening† ‡ ‡
heek flexibility† 0.31 �.01
ooth morphology ‡ ‡
oot proximity to inferior
alveolar nerve canal§ NA NA

rocedure type ‡ ‡
urgical experience �0.13 .08

*Absolute error in estimates � Absolute value of the preoperativ
†Some or all of the values for these variables were statistically s
‡Did not meet inclusion criteria (P � .15 or “biologically releva
§Applicable to mandibular teeth only.

usarla and Dodson. Estimation of Third Molar Extraction Diffic

Table 4. MULTIVARIATE MODELS USING ABSOLUTE ERR

Sample Set

All Teeth
(k � 250)

Coefficient

onstant† �17.2
ge �0.26
ender 1.6
noring‡ 8.7
outh opening‡ 0.56
ooth morphology‡ §
rocedure type §
nesthesia type §

nferior alveolar nerve visualization� §
urgical experience‡ �0.09

*Actual error in estimates � Preoperative estimate �postoperati
†A positive value for the coefficient indicates an overestimatio

ifficulty.
‡Some or all of the values for these variables were statistically s
§Did not meet inclusion criteria (P � 0.15 or “biologically relev
�Applicable to mandibular teeth only.
usarla and Dodson. Estimation of Third Molar Extraction Difficulty. J
eing inaccurate if the subject is male. For mandibular
eeth, the binary logistic model indicates that the
robability of inaccuracy increases with male gender,
ge, decreasing body mass index, and increasing
heek flexibility.
Estimates of extraction difficulty and risk factors

ssociated with extraction difficulty have historically
ndicated tooth position, as specified by angulation,
mpaction depth, and Pell-Gregory classification, and
perative variables, such as surgical experience as
ssociated with difficulty of extraction.3,5,7-9,11-21 Our
odels indicate that the error in estimating difficulty

S AN OUTCOME

Maxillary Teeth
(k � 117)

Mandibular Teeth
(k � 133)

Coefficient P Value Coefficient P Value

17.5 .08 21.1 .16
�0.09 .52 0.42 �.01
�6.8 �.01 �5.5 .03

2.1 .03 2.0 .05
‡ ‡ �0.63 .02
‡ ‡ �0.49 .02

0.20 .20 0.49 �.01
�9.0 .08 ‡ ‡

NA NA �1.7 .35
1.8 .02 �0.22 .81

�0.14 .19 �0.23 .03

ate � postoperative estimate.
nt in the multivariate model (P � .05).
bivariate analyses.

Oral Maxillofac Surg 2005.

S AN OUTCOME

Maxillary Teeth
(k � 117)

Mandibular Teeth
(k � 133)

Coefficient P Value Coefficient P Value

4.8 .77 �20.1 .14
�0.35 .10 �0.16 .45
�1.4 .71 0.85 .81

9.9 �.01 11.2 �.01
0.64 .02 § §

�20.2 .01 10.1 .02
§ § �1.1 .44
§ § 0.44 .86
§ § 17.5 .04

�0.40 .01 § §

ate.
ifficulty, while a negative value indicates an underestimation of

nt in the multivariate model (P � .05).
bivariate analyses.
OR* A

e estim
ignifica
nt”) in
OR* A

P Value

.07

.07

.54
�.01
�.01

§
§
§
§
.42

ve estim
n of d

ignifica
ant”) in
Oral Maxillofac Surg 2005.
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198 ESTIMATION OF THIRD MOLAR EXTRACTION DIFFICULTY
f extraction was predominantly influenced by demo-
raphic factors such as gender, ethnicity, and the
ncidence of snoring and by nonradiographic ana-
omic factors such as body mass index, cheek flexi-
ility, and mouth opening. Most surprisingly, how-
ver, surgical experience does not appear to be
elated to percent error in estimates for the majority
f our models. Our models indicate that inexperi-
nced surgeons will have a greater tendency to over-
stimate the difficulty of maxillary M3s and have a
reater absolute magnitude of error in their estimates
f difficulty for mandibular M3s.
The prevalence of demographic and nonradio-

raphic anatomic variables as associated with inaccu-
ate estimates may be consistent with the notion that,
hile surgeons use a plethora of factors when esti-
ating the difficulty of an extraction, radiographic

nd operative factors, such as procedure type, may be
onsidered as the most important. Because these fac-
ors are considered the most important by surgeons,
nd the instructors who trained them, we hypothe-
ize that instances where estimates are inaccurate are
ess likely to be dependent on these factors. Instead,
naccurate estimates are, in our models, related to
actors that surgeons may not use, consciously or
nconsciously, when estimating difficulty. It may be
recisely because surgeons do not use or underuse
hese factors that they are associated with inaccurate
stimates. In addition, surgical experience does not
ppear to play a significant role in the ability of a
urgeon to accurately estimate operative difficulty.
his may be consistent with a hypothesis that expe-
ienced surgeons consider factors in estimating diffi-
ulty that are precisely the same factors inexperi-
nced surgeons will use and factors neglected by
xperienced surgeons in estimating difficulty will also
e neglected by inexperienced surgeons.
In this study, extraction difficulty was estimated both

Table 5. MULTIVARIATE ANALYSES OF PREDICTOR VAR
(0 � ACCURATE, 1 � INACCURATE)

Sample Set

All Teeth
(k � 250)

Coefficient P Value

onstant �0.66 .72
ender* �1.4 �.01
ge* 0.03 .05
thnicity* 0.33 .02
ody mass index* �0.07 .08
ooth angulation NA NA
outh opening* �0.07 .03
heek flexibility* 0.07 �.01

*Some or all of the values for these variables were statistically si

usarla and Dodson. Estimation of Third Molar Extraction Diffic
reoperatively and postoperatively by 15 practitioners
ith various levels of clinical experience. We examined
he relationship between both the absolute and actual
alues of the difference between preoperative and post-
perative estimates, looking for variables associated
ith increased percent errors in estimates, in both mag-
itude and direction. We have successfully identified a
umber of factors that are associated with changes in
he magnitude and direction of the percent error in
stimates. Although these factors vary according to the
ype of tooth being extracted, a general observation is
hat demographic and anatomic (nonradiographic) fac-
ors have a more profound effect on both the magnitude
nd direction of error in estimating difficulty, whereas
adiographic anatomic variables and operative variables,
ncluding surgical experience, exert little or no influ-
nce on either the magnitude or direction of the error.
urther investigations will examine the factors that sur-
eons themselves consider important in estimating dif-
culty, in an attempt to establish a hierarchy of factors
sed in estimating difficulty, so as to refine our interpre-
ation of variables associated with inaccurate estimates.
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