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Background: To investigate the association between operation time and serious postoperative symptom
severity (PoSS) in patients following the surgical removal of mandibular third molar (M3M), independent of
the degree of impaction.

Methods: A retrospective hospital-based observational study was carried out at the Stomatology Hospital
of Tianjin Medical University. The operation time was recorded and divided by quartiles (Q1-Q4).
The primary outcome was PoSS. Clinical, demographic and radiologic variables were also recorded. A
descriptive bivariate analysis was performed. Associations were analyzed using the adjusted multivariate
logistic regression. The association between time and impaction status was also tested. Potential nonlinear
associations were evaluated with the restricted cubic spline. P values of <0.05 were considered as statistically
significant.

Results: A total of 321 patients met our inclusion criteria (114 men and 207 women). The mean operation
time was 16.0 minutes (range, 1.1 to 40.5 minutes). The odds ratio (OR) and 95% confidence interval (CI)
were determined after multivariate adjustments for the risk of serious PoSS per 5-min incremental increase
in operation time (OR 1.201, 95% CI, 1.005-1.434). The multivariable-adjusted ORs (95% CI) of PoSS
across the categories of operation time were as follows: 1.00 (reference), 1.765 (0.770-4.045), 2.567 (1.047-
6.293), and 3.085 (1.180-8.064) (P for trend =0.027). The test of interaction effect was not significant (all P
for interaction >0.05). No evidence of a nonlinear association was observed (P for nonlinearity=0.117).
Conclusions: Operation time was significantly and positively associated with a high risk of serious PoSS

independent of impaction status in patients who underwent the surgical removal of M3M.
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Introduction

Extraction of the mandibular third molar (M3M) is a widely
performed procedure with several possible postoperative
complications (1). These morbidities may aggravate
the body’s stress response and prolong the recovery (2).
The postoperative symptom severity (PoSS) has been
proposed and proved to be a reliable, valid, and responsive
measurement for assessing health outcomes after the
removal of the third molars (3,4). It has been often used
to evaluate PoSS after M3M removals (5,6) and has been
attracted much attention in recent years. PoSS has been
associated with demographic and surgical variables (7,8).
Difficulty and complications related to the procedure have
been discussed in the literature (9,10).

The classification of impaction status for M3M is mainly
based on local anatomy and radiographs (11). Several
classification systems have been proposed for evaluating
the difficulty index for impacted M3M (12,13). All these
classifications illustrate the relationship between radiological
anatomy and surgical difficulty. The Pell and Gregory (P-
G) classification (14) and the Winter classification (15) also
consider the main risk factors for postoperative morbidity
and complications (16-18). Recent research has shown that
the P-G classification is a risk factor for PoSS (8). The
ramus relationship/space available to third molars and the
degree of bone impaction may be the reason for extended
operation time and serious postoperative symptoms.
Additionally, operation time has also been shown to be a
predictor of postoperative symptoms and is used as a proxy
measure for extraction difficulty (7,16). Recent research has
shown that the relationship between the M3M position,
operation time, and surgical difficulty may be influenced by
radiological factors such as the P-G level classification (12).
These findings suggest a possible association between
operation time and PoSS. However, results from previous
studies remain unclarified and relatively sparse. Evidence
for the relationship between operation time and PoSS in
patients with different P-G classifications is still lacking.

Recently, several regression models have been proposed
to evaluate the surgical time of M3M extraction (19,20).
However, most of these observational studies may have
been biased because prognostic factors were unequally
distributed between patients who were exposed or not
exposed to an intervention. Although the effectiveness and
clinical role of time have been partly discussed, it would be
preferable that adjusted or stratified analysis was used to
create prognostically homogeneous groups and to combine
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the effect estimates across the groups. Moreover, it would
be much more informative to measure the non-linear
relationship between time and postoperative symptoms.

Therefore, we hypothesized that the operation time may
be independently associated with PoSS among different
impaction status classifications after adjustment and
stratification for confounders. The aim of our study was to
examine the association between operation time and PoSS
at different degrees of impacted in patients with M3M
removal.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2340).

Methods
Study design

In accordance with the research purpose, a hospital-based
retrospective observational study was carried out using a
self-reported questionnaire in Tianjin, China. Adults who
had surgical extractions of M3Ms between May 2016 to
June 2017 at the Department of Oral and Maxillofacial
Surgery were eligible. Patient recruitment complied with
the following inclusion criteria: indication for M3Ms
surgery under local anesthesia and good health without
systemic diseases. Patients with systemic diseases or
behavior disorders, the absence of the mandibular second
molar, and who were unable to respond to questionnaires,
were excluded. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).
The study was approved by institutional committee (No.:
TMURMEC2018110). Informed consent was taken from
all the patients.

Study variables

The primary independent variable was surgery operation
time. We defined the operation time as the duration from
the start of the incision to the end of the wound suture. It
was further categorized into equal quartiles (Q1-Q4). The
reference group was defined as <8.43 minute.

Response variable

The primary outcome measure for the study was the total
PoSS. The PoSS included seven subscales for evaluating
the oral health-related quality of life (HRQOL) after
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M3M removal. The definition of PoSS was assessed
using the postoperative symptom severity scale (PoSSe)
questionnaire (3). The PoSSe score was calculated from the
self-reported questionnaire items as follows:

Full PoSSe score = eating scores + speech scores +
sensation scores + appearance scores + pain scores + sickness
scores + interference scores.

The PoSSe score was recorded when the sutures were
removed 7 days after surgery. We divided patients into the
high-risk and low-risk groups according to the median
value of their full PoSSe scores. Patients with full PoSSe
scores > median were classified into the high-risk group,
which was assigned a value of 1; while patients with full
PoSSe scores < median were classified into the low-
risk group, which was assigned a value of 0. Higher total
PoSSe scores represent serious PoSS (3). Our sample size
calculation was determined by our primary objective (binary
outcome), based on 10 outcome events per variable (EPV)
investigations (21).

Control of confounders

Data were collected using a standardized form for each
operation. The designated recorder was present at each
operation. The covariates used in this study were classified
as follows: (I) demographic data; (II) anatomical and
radiographic variables that have been reported in previous
literature; and (III) surgical operation-related factors.

Panoramic radiographs were used to classify the M3M
according to the P-G classification system (14,22). This
system classifies the teeth based on the amount of tooth
covered by the anterior border of the ramus (Class I-11I)
and the impaction depth, relative to the adjacent tooth
(Positions A, B, or C).

Anthropometric parameters were recorded using a
standard protocol. The following confounders were
recorded: patient variables [sex, age, body mass index (BMI),
mouth opening, smoking status, and pre-surgery symptoms]
and tooth-related variables (the Winter classification,
number of roots, root curvature, and root morphology).
The degree of mouth opening and tooth-related variables
have been described in previous research (7,8,19). Patients
were asked whether they had any history, symptoms, or
signs of pericoronitis. Pre-surgery panoramic radiographs
were used to evaluate tooth-related variables and P-G and
Winter classifications. Furthermore, the root curvature
was classified into two categories in accordance with the
measured angle between the tooth length axis and the
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tangent of the curved root. Root morphology was defined
as conical, spherical, and bifurcation, as described by Qiao
et al. (7). To address potential sources of bias, Kappa values
were used to assess consistency (Kappa =0.72, P<0.05),
which indicating high consistency.

According to the standard operating procedures, local
anesthesia was administered under the same conditions
using either 2% lidocaine and 4% articaine. A contra-
angle high-speed turbine (NSK Ltd., Tokyo, Japan) and
a tungsten steel crack needle drill (NSK Ltd.) were used
for conventional rotary osteotomy. The flap design was
categorized as no flap, relaxing incision, triangular flap.
The surgical procedure was recorded as elevator/forceps
alone, bone removal or tooth sectioning, bone removal and
tooth sectioning according to the degree of impaction of
the M3M. Surgical experience was defined as the number
of years since the completion of residency, which was
categorized as 0-5, 5-10 or >10 years. We completed all
protocols under the same environments to address potential
sources of bias. Patients were given the usual postoperative
instructions immediately after the surgery. Antibiotics
and anti-inflammatory drugs were prescribed (usually
cefuroxime 250 mg 2 times daily for 3 days and ibuprofen
60 mg three times daily for 3 days).

Data management and statistical analysis

Data were collected using a standardized form for each
operation. All data were entered into EpiData, version
3.1 (The EpiData Association, Odense, Denmark), and
then transferred to SPSS (Version 25.0), and R, version
4.0.1 (R Foundation for Statistical Computing, Vienna,
Austria) for statistical analyses. Distributions of continuous
variables were assessed for normality using the Shapiro-
Wilk (n<2,000) tests. The distributions of all continuous
variables were not normal in our study. Categorical
variables were presented as percentages and continuous
variables as medians (25%, 75% quantiles). The differences
among categories regarding PoSS were examined using the
Kruskal-Wallis (comparison of >2 groups) for continuous
and ordinally distributed variables and the Chi-squared
test was used for categorical variables. For further analysis,
the presence of severe symptoms was used as a response
variable and the operation time was used as independent
variable. Logistic regression analysis was used to examine
the association between the duration of surgery and
the presence of serious symptoms after adjustment for
potentially confounding factors. Interactions between the
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Enrolled for eligibility of participants
(n=352)

Y

28 participants were excluded from
studies due to declined to participant

and lost to follow up

Y

329 participants were considered for
inclusion

8 participants were further excluded:

Y

missing data and serious intraoperative

complications

Y

statistical analysis

321 participants included in the

Figure 1 Study participants’ selection flowchart in observational final analysis.

duration of operation and potential confounders were tested
by the addition of cross-product terms in the regression
model. We also used restricted cubic splines with three
knots to flexibly model the association of operation time
with PoSS. Adjusted odds ratios (ORs) with 95% confidence
intervals (CIs) were also constructed. Nominal, two-tailed
P values were used. P values less than 0.05 were considered
statistically significant.

Results

In our study, there were a total of 321 patients who met
the inclusion criteria and were eligible to enroll (Figure I).
The mean (SD) operation time for these patients was
16.1 (9.4) minutes. Of the participants, 35.5% (114 of 321)
were males, in whom the mean (SD) operation time was
16.4 (8.5) minutes; and 64.5% (207 of 321) were females, in
whom the mean (SD) operation time was 15.9 (9.8) minutes
(Table 1). The overall presence of serious postoperative
symptoms was 48.3% (155 of 321). The PoSS in the
quartile categories of operation time (<8.33; 8.34-14.83;
14.84-22.12; >22.13 minutes) was 27.7%, 36.7%, 44.3%,
33.8% in men and 72.3%, 63.3%, 55.7%, 66.3% in females,
respectively. Baseline characteristics of the study population
for total samples and subgroups according to the categories
of operative time are shown in 7uble 1.

The multivariable-adjusted ORs (95% CI) of PoSS for
per-5min incremental in operation time were as follows:
1.241 (1.098-1.403) in the crude model, 1.219 (1.070-1.388)
when adjusted for impaction as determined by the P-G
classification, and 1.201 (1.005-1.434) when additionally
adjusted for other confounders (Table 2).
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In the crude model, when comparing the operation
time’s highest quartile to the lowest quartile, time was
significantly associated with serious PoSS (OR 3.278; 95%
CI, 1.724-6.235; P for trend <0.001) (7able 2). In analyses
adjusted for impaction status (measured by the P-G
classification), the adjusted OR for serious PoSS was 3.031
(95% CI, 1.551-5.923) in individuals with operation time in
the top quartiles compared to those in the bottom quartiles
(P for trend =0.001) (Table 2). After additional adjustments
for demographic, radiographic, and operative variables,
the operation time remained significantly associated with
serious PoSS (OR 3.085; 95% CI, 1.180-8.064; P for trend
=0.027) (Table 2).

When we analyzed operation time in association with
PoSS across subgroups of risk factors, we detected no
significant subgroup interactions. The interactions between
the P-G ramus classification, the Winter classification, flap
design, surgical procedure, experience, and operation time
in the models were not statistically significant (all P for
interaction >0.1) (Figure 2).

Analyses using the restricted cubic spline suggested a
dose-response association between operation time and the
PoSS OR (Figure 3). The risk of PoSS started to increase
(P for non-linearity =0.117). The predicted OR of PoSS
per 5 min incremental increase was 1.201 (95% CI, 1.18-
1.26). Regarding the non-linear relationship between the
operation time and PoSS, the plot showed a substantial
increase in the risk within the surgical duration range.

Discussion

Our analyses found that operation time was significantly
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Table 1 Baseline characteristics of the study population for total samples and subgroups according to categories of operation time (Q1-Q4)*

Operation time (min)

Characteristic Total P
<8.33 (Q1) >8.34, <14.83 (Q2) >14.84, <22.12 (Q3) >22.13 (Q4)

Sample size (n) 321 83 79 79 80 NA

Gender, No. (%) 0.170
Male 114 23 (20.2) 29 (25.4) 35 (30.7) 27 (28.7)
Female 207 60 (29.0) 50 (24.2) 44 (21.3) 53 (25.6)

Age, No. (%) 0.924
<25% 131 36 (27.5) 31 (23.7) 33(25.2) 31 (23.7)
>25% 190 47 (24.7) 48 (25.3) 46 (24.2) 49 (25.8)

BMI, No. (%) 0.332
<18.5 93 23 (24.7) 25 (26.9) 19 (20.4) 26 (28.0)
18.5-24.9 115 37 (32.2) 26 (22.6) 30 (26.1) 22 (19.1)
>25 113 23 (20.4) 28 (24.8) 30 (26.5) 32 (28.3)

Root morphology, No. (%) 0.208
Conical 217 49 (22.6) 58 (26.7) 57 (26.3) 53 (24.4)
Spherical 23 5(21.7) 5(21.7) 4(17.4) 9 (39.1)
Bifurcation 81 29 (35.8) 16 (19.8) 18 (22.2) 18 (22.2)

Root curve, No. (%) 0.401
Normal 244 67 (27.5) 62 (25.4) 59 (24.2) 56 (23.0)
Abnormal 77 16 (20.8) 17 (22.1) 20 (26.0) 24 (31.2)

Root number, No. (%) 0.479

Single root 87 29 (33.3) 22 (25.3) 19 (21.8) 17 (19.5)
Double roots 216 51 (23.6) 51 (23.6) 55 (25.5) 59 (27.3)
>three roots 18 3(16.7) 6 (33.3) 5(27.8) 4 (22.2)

Pre-symptom, No. (%) 0.781
Yes 98 27 (27.6) 22 (22.4) 22 (22.4) 27 (27.6)
No 223 56 (25.1) 57 (25.6) 57 (25.6) 53 (23.8)

Smoke, No. (%) 0.137
Yes 233 67 (28.8) 52 (22.3) 54 (23.2) 60 (25.8)
No 88 16 (18.2) 27 (30.7) 25 (28.4) 20 (22.7)

P-G class, No. (%) 0.058
| 82 26 (31.7) 20 (24.4) 23 (28.0) 13 (15.9)
Il 181 47 (26.0) 49 (27.1) 40 (22.1) 45 (24.9)
1] 58 10 (17.2) 10 (17.2) 16 (27.6) 22 (37.9)

Table 1 (continued)
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Table 1 (continued)
Operation time (min)
Characteristic Total P
<8.33 (Q1) >8.34, <14.83 (Q2) >14.84, <22.12 (Q3) >22.13 (Q4)
P-G Vertical, No. (%) <0.0001
A 241 74 (30.7) 68 (28.2) 49 (20.3) 50 (20.7)
B 55 7(12.7) 8 (14.5) 21(38.2) 19 (34.5)
C 25 2(8.0) 3(12.0 9 (36.0) 11 (44.0)
Winter class, No. (%) <0.0001
Mesioangular 80 49 (61.3) 15(18.8) 10 (12.5) 6 (7.5)
Vertical 155 28 (18.1) 46 (29.7) 43 (27.7) 38 (24.5)
Horizontal 83 4(4.8) 18 (21.7) 25 (30.1) 36 (43.4)
Distoangular 3 2 (66.7) 0(0.0) 1(33.9) 0(0.0)
Flap design, No. (%) <0.0001
No flap 35 19 (54.3) 10 (28.6) 5(14.3) 1(2.9)
Relaxing incision 73 44 (60.3) 17 (28.3) 8(11.0) 4 (5.5)
Triangular flap 213 20 (9.4) 52 (24.4) 66 (31.0) 75 (35.2)
Procedure, No. (%) <0.0001
Elevator/forceps alone 80 60 (75.0) 14 (17.5) 4 (5.0) 2 (2.5)
Bone removal/tooth 111 19 (17.1) 34 (30.6) 36 (32.4) 22 (19.8)
sectioning
Bone removal + tooth 130 4(3.1) 31 (23.8) 39 (30.0) 56 (43.1)
sectioning
Experience, No. (%) 0.008
>10 years 146 38 (26.0) 32 (21.9) 36 (24.7) 40 (27.4)
5-10 years 115 38 (33.0) 31 (27.0) 29 (25.2) 17 (14.8)
<5 years 60 7(11.7) 16 (26.7) 14 (23.3) 23 (38.3)
Mouth open (cm), median 4.224 4.254 4.278 4115 0.171
(IQR) (4.119, 4.329) (4.150, 4.359) (4.168, 4.389) (3.998, 4.237)

*, continuous variables are presented as median (IQR). Kruskal-Wallis test were used to compare continuous variables across operation
time quartiles. Fisher chi-square test was used to test the association of categorical variables with operation time quartiles. NA, not
available; median (IQR), medians (interquartile range) (25-75% quantiles); BMI, body mass index; root morph, morphology of root; root
curve, curvature of root; root number, number of root; pre-symptom, preoperative symptoms of mandibular third molar; P-G class, Pell
and Gregory classification; Winter class, Winter classification; mouth open, the opening of mouth.

and positively associated with serious PoSS, independent
of several risk factors, even adjustment for the P-G ramus
classification. These results help to clarify the relationship
between the operation time and PoSS.

Some studies have shown that prolonged operation time
increases the likelihood of complications, and possibly
results in postoperative symptoms (23). Several studies
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have also reported an association between impact status
and postoperative complications (24-26). Current evidence
support that operation time is strongly associated with
the difficulty of the surgery (27). Phillips ez 4/. showed
that an increase in the risk of prolonged recovery for
HRQOL outcomes and delayed clinical outcomes after
third molar surgery (28,29). In general, insufficient space
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Table 2 Adjusted odds ratios (95% confidence interval) for the categories of the operation time with postoperative symptom®

Operation time (min)

N

Model 1°, OR (95% ClI)

Model 2°, OR (95% Cl)

Model 3', OR (95% ClI)

Time (per 5 min increase)®

Time (quartile)
<8.33 (Q1)
8.34-14.83 (Q2)
14.84-22.12 (Q3)
20213 (Q4)

P for trend®

321

83
79
79
80

1.241 (1.098-1.403)

1.00 (Reference)
1.827 (0.966-3.456)°
2.354 (1.245-4.453)
3.278 (1.724-6.235)

<0.001

1.219 (1.070-1.388)

1.00 (Reference)
1.803 (0.947-3.434)
2.378 (1.229-4.602)
3.031 (1.551-5.923)

0.001

1.201 (1.005-1.434)

1.00 (Reference)
1.765 (0.770-4.045)
2.567 (1.047-6.293)
3.085 (1.180-8.064)

0.027

? multivariate logistic regression analysis was used to sequentially adjusted for covariates; °, P for trend, P for linear trend was calculated
by modeling the median of the operative time for each quartiles as a continuous variable; °, continues variables; ¢, crude model; °, adjusted
for impaction status (Pell-Gregory’s classification). Adjusted odds ratios (95% confidence interval) (all such values); ', additionally adjusted
for gender, age, BMI (body mass index), Winter classification, number of root, curvature of root, and morphology of root, preoperative
symptoms of mandibular third molar, smoking status, flap design, surgery procedure, experience, mouth opening. OR, odds ratio; Cl,
confidence interval.

Characteristics N OR (95%Cl) P
Gender

Male 114 1.014(0.950,1.082) =+ 0.684
Female 207 1.051(1.005,1.100) W 0.031
Interaction 0.35
Smoke,No(%)

Yes 233 1.032(0.991,1.075) = 0.128
No 88  1.041(0.960,1.129) w (0.332
Interaction 0.285

Pell-Gregory ramus classification,No(%)

| 82 1.121(0.995,1.263) +—— 0.061
1] 181 1.068(1.016,1.122) w  0.009
1] 58 0.911(0.805,1.031) +=+  0.138

Interaction 0.109
Winter classification,No(%)

Mesioangular 80 1.127(0.982,1.293) —=—0.089
Vertical 155 1.036(0.983,1.093) w0182
Horizontal 83 0.973(0.900,1.052) w=  0.493
Interaction 0.158
Flap design,No(%)

No flap 35 1.063(0.789,1.432) —=—>0.686
Relaxing incision 73  1.284(1.030,1.600) —=0.026
Triangular flap 213 1.021(0.982,1.061) = 0.304
Interaction 0.418
Surgical procedure,No(%)

Elevator/forceps alone 80  1.331(1.040,1.702) —0.023
Bone removal/tooth sectioning 111 1.000(0.933,1.072) = 0.999
Bone removal+tooth sectioning 130 1.035(0.985,1.087) = 0.176
Interaction 0.139
Experience,No(%)

>10 years 146 1.038(0.983,1.095) W 0.181
5~10years 115 1.054(0.976,1.139) w4 0.182
<5years 60 1.070(0.977,1.172) v~ 0.144
Interaction 0.566

T

0.80.951.11.25

Figure 2 Forest plot of interaction stratified by subgroup analysis baseline characteristics for association between operation time and severity
postoperative symptom (PoSS). OR, odds ratio; CI, confidence interval.
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Odds Ratio (95% ClI)

10 20 30
Operation time

Figure 3 Restricted cubic spline analysis of the association between
operation time and PoSS. The middle solid line indicates the point
estimates of odds ratios and the shaded part indicate the lower and
upper limits of the corresponding 95% confidence intervals. The
horizontal dashed line is at odds ratio =1. Three knots were used
for the restricted cubic spline analysis. The non-linear association
was not observed (P for non-linearity =0.117). CI, confidence

interval.

available in relation to the ramus means greater trauma and
complications during the surgery. Since studies have shown
that the severity of postoperative symptoms is related to the
P-G classification (8), we first adjusted for this confounder.
Our results are consistent with those of a previous study (29).

It is well known that many factors contribute to
postoperative symptoms and prolonged recovery (28). We
subsequently additionally adjusted for sex, age, BMI, the
Winter classification, number of roots, root curvature, root
morphology, pre-symptom, smoking status, flap design,
operation procedure, experience, and mouth opening.
The results of our study show that comparing the top and
bottom quartiles, the risk PoSS increased by 2.031 times
when adjusted for the P-G classification (OR 3.031, 95%
CI, 1.551-5.923). After adjusting for the confounding
factors (such as the P-G classification), the independent
effect of operation time on the severity of PoSS was
quantified. This result indicates that operation time may
independently increase the risk of PoSS. After a similar
multivariable adjustment for demographic and surgical
characteristics, the effect of operation time on the risk of
PoSS in patients with M3M extraction was weakened. This
indicates that multi-factor adjustments played a role in
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controlling the confounding factors. Our study implied that
longer surgical times may dictate a more aggressive pain
regimen, including the use of opioids.

Interaction analyses was revealed evidence of the
association between time and PoSS. Subgroup analysis of
the multivariable-adjusted model shows that the relationship
between time and PoSS is reasonably credible in different
subgroups, indicating that the result is stable and reliable
(Figure 2).

In addition, we used the restricted cubic splines to
flexibly model and visualize the relationship between
operation time and PoSS. The restricted cubic spline
analysis did not indicate a non-linear association between
operation time and PoSS (P for nonlinear trend =0.117).
This demonstrates that the longer the operation time,
the more serious the postoperative symptoms. Thus,
minimizing the operation time is also a possible strategy
for reducing postoperative symptoms. In terms of surgical
difficult, several classification systems have been proposed.
Further studies based on these classification systems will
further confirm the relationship between operation time
and PoSS.

Limitations

There are some limitations to the interpretation of the
results. First, due to the limitations of a retrospective
study, possible selection bias and the single-center sample
population, may have been present in this research. Second,
self-reported questionnaires are subjective indicators,
which may be more prone to information bias and/
or recall bias. Replication of these studies is required
to enhance the generalizability and external validity of
study findings. Third, although we adjusted for several
potential confounding factors where appropriate, residual
confounding from other unmeasured factors may remain.

Conclusions

In conclusion, the operation time is independently
associated with PoSS in patients who underwent M3M
removal. Minimizing the duration of surgery would not
only improve the postoperative recovery but also maximize
patient satisfaction.
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