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Abstract 

Background: Surgical removal of impacted mandibular third molars is frequently associated with postoperative 
morbidity, particularly facial swelling and pain. The extent to which surgical difficulty and operative time influ-
ence these outcomes remains incompletely understood. Objective: To objectively evaluate postoperative facial 
swelling and pain following impacted mandibular third molar surgery and to investigate their association with 
surgical difficulty and operative time. Methods: This prospective observational study included 45 patients who 
underwent surgical extraction of impacted mandibular third molars between September and December 2025. 
Surgical difficulty was assessed preoperatively using a modified Pedersen difficulty index and categorized as low, 
moderate, or high. Facial swelling was measured using standardized linear facial measurements obtained at base-
line and on postoperative days 2 and 7. Pain intensity was assessed using a 10-cm Visual Analog Scale (VAS) on 
postoperative days 1, 2, and 7. Associations between surgical variables and postoperative outcomes were ana-
lyzed using Spearman correlation and multivariable linear regression. Results: The mean operative time was 28.4 
± 8.6 minutes and increased significantly with surgical difficulty (p < 0.001). Facial swelling peaked on postoper-
ative day 2 and decreased significantly by day 7 (p < 0.001). Surgical difficulty was positively correlated with 
swelling on day 2 (r = 0.52, p = 0.001) and pain on postoperative days 1 (r = 0.46, p = 0.002) and 2 (r = 0.41, p = 
0.006). Operative time was also positively associated with swelling and pain during the early postoperative pe-
riod. Multivariable regression identified surgical difficulty (β = 0.42, p = 0.002) and operative time (β = 0.31, p = 
0.021) as independent predictors of post-operative swelling. Conclusions: Postoperative swelling and pain fol-
lowing impacted mandibular third molar surgery are significantly influenced by surgical difficulty and operative 
time. Preoperative difficulty assessment may help predict postoperative morbidity and improve patient counsel-
ing and treatment planning. 
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Introduction 

Tooth impaction belongs to one of the most com-
mon developmental conditions, in which a tooth 
fails to erupt into its normal functional position 
within the dental arch due to obstruction by sur-
rounding bone, soft tissue, or adjacent teeth (1). 
Among impacted teeth, mandibular third molars 
and maxillary canines represent the most fre-
quently affected teeth that require surgical inter-
vention to prevent or manage associated complica-
tions (2, 3). Impacted teeth are associated with a va-
riety of pathological and functional consequences, 
including recurrent pericoronitis, dental caries af-
fecting adjacent teeth, periodontal defects, root re-
sorption of neighboring teeth, odontogenic cysts 
and tumors, malocclusion, and, in some cases, 
chronic pain or infection (2, 3). These conditions 
may compromise oral health, impair function, and 
increase the complexity of future treatment if left 
untreated. Consequently, surgical removal is often 
recommended when impacted teeth present symp-
toms, pathological changes, or a substantial risk of 
future complications. Surgical removal of impacted 
teeth is therefore one of the most commonly per-
formed procedures in oral and maxillofacial surgery 
(4), and it is frequently followed by postoperative 
complications such as facial edema, pain, trismus, 
and, less commonly, infection or delayed wound 
healing (5). 
 
During the early recovery period, this postoperative 
morbidity can significantly impair oral function, aes-
thetic appearance, and overall quality of life (6). The 
intensity and duration of these symptoms vary 
widely among patients, suggesting that multiple pa-
tient-related and surgery-related factors influence 
postoperative outcomes. Previous studies have in-
vestigated postoperative morbidity following im-
pacted tooth surgery (7-10), with particular empha-
sis on pharmacological interventions aimed at re-
ducing pain and swelling, such as antibiotics (8), cor-
ticosteroids (9), and non-steroidal anti-inflamma-
tory drugs (10). Other investigations have focused 
on specific surgical variables, including flap design, 
tooth sectioning, and operative time (11, 12). How-
ever, many of these studies rely predominantly on 
subjective assessment methods or lack standard-
ized, objective measurement protocols for postop-
erative edema. Furthermore, the role of surgical dif-
ficulty, determined by anatomical position, depth of 
impaction, and proximity to surrounding structures, 
has not always been systematically incorporated 
into study designs. 

 
The surgical difficulty of impacted tooth removal is 
a critical determinant of intraoperative trauma and 
postoperative recovery (13). Several difficulty indi-
ces, such as the Pedersen index and its modifica-
tions, have been proposed to estimate the complex-
ity of extraction based on preoperative radiographic 
and clinical findings (14, 15). Nevertheless, the rela-
tionship between quantified surgical difficulty, 
standardized operative techniques, and objectively 
measured postoperative edema and pain remains 
insufficiently explored in prospective clinical set-
tings. 
 
Objective assessment of postoperative outcomes is 
essential for generating reproducible and clinically 
meaningful data (16). Linear facial measurements 
have been shown to provide reliable and non-inva-
sive quantification of postoperative facial swelling 
(17), while the Visual Analog Scale (VAS) remains a 
validated and widely accepted tool for pain assess-
ment (18). The combined use of these objective 
measures, alongside standardized surgical proto-
cols and difficulty scoring systems, allows for a more 
accurate evaluation of factors influencing postoper-
ative morbidity. Therefore, the aim of the present 
study was to objectively assess postoperative 
edema and pain following the surgical treatment of 
impacted teeth and to evaluate their association 
with operative duration and degree of surgical diffi-
culty. By employing standardized objective assess-
ments and a structured difficulty classification, this 
study seeks to provide clinically relevant evidence 
that may contribute to improved surgical planning 
and optimized postoperative management strate-
gies in impacted tooth surgery. 
 
Materials and methods 

2.1 Ethical Approval 
 
This prospective observational study was conducted 
in accordance with the principles of the Declaration 
of Helsinki and was approved by the Institutional 
Review Board of the University Dental Clinical Cen-
ter of Kosovo (Approval No. 284/2). Written in-
formed consent was obtained from all participants 
prior to enrollment. 
 
2.2 Study Design and Setting 
 
The study included a prospective cohort of patients 
undergoing surgical removal of impacted mandibu-
lar third molars between September and December 



Postoperative swelling and pain following impacted mandibular third molar surgery 

 

Swiss Dental Journal SSO – Science and Clinical Topics  19 

2025. All procedures were performed at a single 
oral surgery clinic under standardized clinical condi-
tions by five experienced oral surgeons following an 
identical surgical and postoperative management 
protocol. 
 
2.3 Study Population 
 
A total of 45 consecutive patients scheduled for sur-
gical extraction of at least one impacted mandibular 
third molar were prospectively recruited. 
 
Patients were eligible for inclusion if they presented 
with at least one impacted mandibular third molar 
indicated for surgical removal, were classified as 
American Society of Anesthesiologists (ASA) physi-
cal status I or II, had preoperative panoramic radio-
graphs suitable for surgical difficulty assessment, 
were willing to attend postoperative follow-up visits 
on days 1, 2, and 7. 
 
Patients were excluded in the presence of acute 
pericoronitis, abscess formation, or active infection 
at the surgical site; systemic conditions known to af-
fect wound healing or inflammatory response (in-
cluding uncontrolled diabetes mellitus, immunode-
ficiency, or autoimmune diseases); current use of 
corticosteroids, immunosuppressive medications, 
or long-term nonsteroidal anti-inflammatory drugs; 
previous radiotherapy or chemotherapy involving 
the head and neck region; pregnancy or lactation; 
or inability to complete postoperative assessments 
reliably. 
 
2.4 Sample Size Calculation 
 
The sample size was calculated a priori using 
G*Power software version 3.1 (Heinrich-Heine-Uni-
versity Düsseldorf, Germany). The calculation was 
based on the primary objective of detecting a signif-
icant correlation between surgical difficulty and 
postoperative facial swelling following impacted 
mandibular third molar surgery. 
 
Assuming a moderate correlation coefficient (r = 
0.40), a two-tailed significance level of 0.05, and a 
statistical power of 80% (β = 0.20), the required 
minimum sample size was calculated as 47 partici-
pants. Patients were prospectively recruited during 
the predefined study period, and 45 patients com-
pleted all study procedures and postoperative eval-
uations and were included in the final analysis. The 
final sample therefore remained slightly below the 
initially calculated requirement. 

2.5 Preoperative Assessment and Surgical Difficulty 
Classification 
 
All patients underwent preoperative evaluation us-
ing panoramic radiography. Surgical difficulty was 
assessed using Pedersen difficulty index (14), which 
incorporates three radiographic parameters: tooth 
angulation, depth of impaction, and relationship of 
the impacted tooth to the mandibular ramus. The 
scoring system consisted of three radiographic pa-
rameters. Tooth angulation was categorized as me-
sioangular (1 point), horizontal/transverse (2 
points), vertical (3 points), or distoangular (4 
points). Depth of impaction was classified according 
to the Pell and Gregory system as Level A (1 point), 
Level B (2 points), or Level C (3 points). The relation-
ship of the impacted tooth to the mandibular ramus 
was categorized as Class I (1 point), Class II (2 
points), or Class III (3 points). The cumulative diffi-
culty score was calculated by summing the scores of 
the three parameters, with total scores ranging 
from 3 to 10. 
 
Based on the total score, impacted mandibular third 
molars were classified as minimally difficult (3–4 
points), moderately difficult (5–7 points), or very 
difficult (8–10 points). For the purposes of statistical 
analysis and clinical interpretation, these categories 
were referred to as low-, moderate-, and high-diffi-
culty extractions, respectively. 
 
All panoramic radiographic assessments and surgi-
cal difficulty classifications were performed by ex-
perienced oral surgeons involved in the study. 
A total … 
 
2.6 Surgical Protocol 
 
All surgical procedures were performed under local 
anesthesia using a standardized technique.  A trian-
gular mucoperiosteal flap (modified Ward’s inci-
sion) was routinely used to provide adequate access 
to the impacted tooth. Following flap reflection, 
bone removal was performed using a sterile round 
surgical bur mounted on a low-speed handpiece un-
der continuous copious sterile saline irrigation. Os-
teotomy was limited to the amount of bone re-
quired to expose the crown and facilitate tooth re-
moval while minimizing unnecessary bone loss. 
 
Tooth sectioning was performed when indicated ac-
cording to tooth position and surgical accessibility. 
Following extraction, the surgical site was irrigated 
thoroughly with sterile saline solution to remove 
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bone debris and soft tissue remnants. Wound clo-
sure was standardized using interrupted 3-0 silk su-
tures, ensuring primary soft-tissue adaptation with-
out excessive tension. Operative time was recorded 
in minutes from the initial incision to completion of 
wound closure. 
 
2.7 Postoperative Management 
 
All patients received identical postoperative instruc-
tions and pharmacological management. Postoper-
ative pain control consisted of Ibuprofen (400-600 
mg every 6 hours as needed for pain for the first 3-
5 postoperative days). Postoperative antibiotics 
were prescribed in the presence of clinical signs of 
infection, purulent discharge, significant postopera-
tive infection-related swelling, fever, or other sys-
temic or local signs suggestive of infection. When in-
dicated, patients received Amoxicillin 500 mg three 
times daily for 5 days. Patients allergic to penicillin 
received Clindamycin 300 mg four times daily for 5 
days. Patients were instructed to rinse with 0.12% 
chlorhexidine gluconate twice daily beginning 24 
hours after surgery for seven days. 
 
Cold compresses were recommended intermit-
tently during the first 24 hours after surgery. Pa-
tients were advised to maintain adequate oral hy-
giene while avoiding direct trauma to the surgical 
site, consume a soft diet during the initial postoper-
ative period, refrain from smoking and alcohol con-
sumption, and avoid strenuous physical activity for 
several days following surgery. 
 
2.8. Facial Swelling Assessment 
 
Postoperative facial swelling was assessed using the 
method described by Gabka and Matsumura (19). 
Linear measurements were obtained using a flexible 
measuring tape between the tragus and pogonion, 
tragus and lateral canthus, and gonion and lateral 
canthus. 
 
Measurements were recorded preoperatively 
(baseline) and on postoperative days 2 and 7. For 
the assessment of postoperative swelling, the 
change in each linear measurement from baseline 
was calculated as the postoperative measurement 
minus the corresponding pre-operative baseline 
measurement and expressed in millimeters. These 
baseline-adjusted swelling increments were used 
for correlation and regression analyses. 
 

2.9. Pain Assessment 
 
Postoperative pain intensity was assessed using a 
10-cm Visual Analog Scale (VAS), where 0 repre-
sented no pain and 10 represented the worst pain 
imaginable. Patients recorded pain scores on post-
operative days 1, 2, and 7. 
 
2.10 Statistical Analysis 
 
All statistical analyses were performed using SPSS 
version 22 (IBM Corp., Armonk, NY, USA). Descrip-
tive statistics were calculated for demographic, sur-
gical, and clinical variables. Continuous variables are 
presented as means and standard deviations, 
whereas categorical variables are reported as fre-
quencies and percentages. 
 
Changes in facial swelling across follow-up visits 
were analyzed using repeated-measures analysis. 
Associations among surgical difficulty, operative 
time, postoperative swelling, and pain scores were 
evaluated using Spearman’s rank correlation coeffi-
cients. To identify independent predictors of post-
operative swelling on postoperative day 2, a multi-
variable linear regression model was constructed in-
cluding surgical difficulty, operative time, age, sex, 
and postoperative antibiotic use as explanatory var-
iables. Postoperative antibiotic use was entered as 
a binary covariate (yes/no) to account for its poten-
tial influence on postoperative inflammatory out-
comes and its potential association with surgical 
complexity. Potential multicollinearity among the 
independent variables was assessed using tolerance 
and variance inflation factor (VIF) values. Tolerance 
values >0.20 and VIF values <5 were considered in-
dicative of acceptable levels of multicollinearity. 
Linearity and homoscedasticity were assessed by 
visual inspection of standardized residual-versus-
predicted value plots. Model performance was eval-
uated using the coefficient of determination (R²). 
Statistical significance was set at p < 0.05. 
 
Results 

A total of 45 patients undergoing surgical removal 
of impacted mandibular third molars were included 
in the study. The study population comprised 15 
males (33.3%) and 30 females (66.7%). The largest 
age group was 20–29 years (44.4%), followed by pa-
tients aged ≤19 years (22.2%) and 30–39 years 
(22.2%), while 5 patients (11.1%) were aged ≥40 
years. According to the modified Pedersen difficulty 
index, 18 cases (40.0%) were classified as low 
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difficulty, 17 (37.8%) as moderate difficulty, and 10 
(22.2%) as high difficulty. Postoperative antibiotics 
were prescribed to 9 patients (20.0%), whereas 36 
patients (80.0%) did not receive antibiotic therapy. 
Antibiotic administration was more frequent among 
patients undergoing moderate- and high-difficulty 
procedures. The overall mean operative time was 
28.4 ± 8.6 minutes (Table 1). 
 
Table 1. Demographic and Surgical Characteristics of study pop-
ulation (n = 45). 

Variable Category n (%) / Mean ± SD  
(standard deviation) 

Sex 
Male 15 (33.3%) 

Female 30 (66.7%) 

Age group (years) 

≤19 10 (22.2%) 
20-29 20 (44.4%) 
30-39 10 (22.2%) 
≥40 5 (11.1%) 

Surgical difficulty 
Low 18 (40.0%) 

Moderate 17 (37.8%) 
High 10 (22.2%) 

Operative time (min) – 28.4 ± 8.6 

 
3.1. Operative Time and Surgical Difficulty 
 
Operative time varied according to surgical difficulty 
(Table 2). Low-difficulty extractions required a 
mean operative time of 20.8 ± 4.3 minutes, whereas 
moderate- and high-difficulty procedures required 
28.7 ± 5.9 minutes and 40.2 ± 7.1 minutes, respec-
tively. One-way analysis of variance demonstrated 
statistically significant differences among the three 
difficulty categories (p < 0.001). A significant posi-
tive correlation was observed between total Peder-
sen difficulty score and operative time (Spearman's 
r = 0.60, p < 0.001) (Table 3). 
 
Table 2. Operative Time According to Surgical Difficulty. 

Surgical difficulty n Operative time (min), Mean ± SD 
Low 18 20.8 ± 4.3 
Moderate 17 28.7 ± 5.9 
High 10 40.2 ± 7.1 
p-value  <0.001 

 
 

Table 3. Correlation Between Surgical Variables, Postoperative 
Swelling, and Pain. 

Variables Surgical difficulty Operative time 
Swelling Day 2 r = 0.52* r = 0.44* 
Swelling Day 7 r = 0.18 r = 0.15 
VAS Pain Day 1 r = 0.46* r = 0.38* 
VAS Pain Day 2 r = 0.41* r = 0.35* 

*Statistically significant (p < 0.05) 
 
3.2. Postoperative Facial Swelling 
 
Facial swelling increased significantly on postopera-
tive day 2 compared with baseline measurements 
and subsequently decreased by postoperative day 7 
across all anatomical landmarks examined (Table 4). 
The absolute linear facial measurements increased 
from baseline to postoperative day 2 and subse-
quently approached baseline values by postopera-
tive day 7. The mean tragus–pogonion distance in-
creased from 116.8 ± 2.4 mm at baseline to 121.6 ± 
3.1 mm on postoperative day 2 before decreasing 
to 117.4 ± 2.5 mm on day 7 (p < 0.001). Similarly, the 
mean tragus–lateral canthus distance increased 
from 120.4 ± 3.6 mm to 125.9 ± 4.2 mm on day 2 
and decreased to 121.1 ± 3.7 mm by day 7 (p < 
0.001). The goni-on–lateral canthus measurement 
increased from 115.6 ± 3.2 mm at baseline to 121.3 
± 3.9 mm on day 2 and decreased to 116.2 ± 3.3 mm 
on day 7 (p < 0.001). For correlation and regression 
analyses, postoperative swelling was defined as the 
change from the preoperative baseline measure-
ment for each anatomical landmark. Correlation 
analysis demonstrated significant positive associa-
tions between surgical difficulty and baseline-ad-
justed postoperative swelling measured on day 2 (r 
= 0.52, p = 0.001). Operative time was also positively 
correlated with swelling on day 2 (r = 0.44, p = 
0.003). No statistically significant correlations were 
observed between these variables and swelling 
measurements obtained on postoperative day 7 (p 
> 0.05) (Table 4). 
 
 

Table 4. Absolute Facial Linear Measurements at Baseline and Postoperative Follow-up (n = 45). 
Measurement site Baseline (mm) 

Mean ± SD 
Postoperative Day 2 (mm) 

Mean ± SD 
Postoperative Day 7 (mm) 

Mean ± SD 
p-value† 

Tragus–Pogonion 116.8 ± 2.4 121.6 ± 3.1 117.4 ± 2.5 <0.001 

Tragus–Lateral Canthus 120.4 ± 3.6 125.9 ± 4.2 121.1 ± 3.7 <0.001 

Gonion–Lateral Canthus 115.6 ± 3.2 121.3 ± 3.9 116.2 ± 3.3 <0.001 

 
 
3.3. Postoperative Pain (VAS) 
 
Mean postoperative pain scores progressively de-
creased throughout the follow-up period (Table 5). 
The mean VAS score was 4.8 ± 1.2 on postoperative 

day 1, decreasing to 3.2 ± 1.0 on day 2 and 0.9 ± 0.6 
on day 7. Correlation analysis demonstrated signifi-
cant positive associations between surgical diffi-
culty and pain intensity on postoperative day 1 (r = 
0.46, p = 0.002) and day 2 (r = 0.41, p = 0.006). 
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Operative time was also positively correlated with 
VAS pain scores on day 1 (r = 0.38, p = 0.011) and 
day 2 (r = 0.35, p = 0.018). No significant associa-
tions were observed between surgical variables and 
pain scores on postoperative day 7 (p > 0.05). When 
stratified according to surgical difficulty, mean VAS 
scores on postoperative day 1 were 3.9 ± 0.9 for 
low-difficulty cases, 4.8 ± 1.0 for moderate-difficulty 
cases, and 6.1 ± 1.1 for high-difficulty cases (p < 
0.001). 
 
Table 5. Postoperative Pain Scores (VAS) Over Time. 

Time point Mean ± SD 
Day 1 4.8 ± 1.2 
Day 2 3.2 ± 1.0 
Day 7 0.9 ± 0.6 

 
3.4. Multivariate Regression Analysis 
 
Multivariate linear regression analysis was per-
formed to evaluate factors associated with 

postoperative swelling on day 2 (Table 6). Postoper-
ative antibiotic use was included as an additional co-
variate because antibiotic prescribing may have 
been influenced by surgical complexity and may in-
dependently affect postoperative inflammatory 
outcomes. After adjustment for surgical difficulty, 
operative time, age, sex, and postoperative antibi-
otic use, surgical difficulty remained significantly as-
sociated with postoperative swelling (β = 0.39, SE = 
0.12, p = 0.002), while operative time also remained 
significantly associated with swelling (β = 0.28, SE = 
0.13, p = 0.038). Postoperative antibiotic use was 
not independently associated with postoperative 
swelling (β = 0.17, SE = 0.09, p = 0.071). The overall 
model explained 41% of the variance in postopera-
tive swelling (R² = 0.41; adjusted R² = 0.34; overall p 
< 0.001).  
 
 

 
 
Table 6. Multivariate Regression Analysis for Predictors of Postoperative Swelling on Day 2. 

Predictor β coefficient Standard Error p-value Tolerance VIF 

Surgical difficulty 0.42 0.11 0.002 0.64 1.56 
Operative time 0.31 0.14 0.038 0.65 1.54 
Age 0.09 0.07 0.28 0.90–0.98 1.02–1.11 

Sex 0.06 0.08 0.41 0.95–0.99 1.01–1.05 
Postoperative anti-
biotic use 0.17 0.09 0.071 0.86 1.16 

Model statistics: R² = 0.41; adjusted R² = 0.34; overall model p < 0.001. 
 
 

Discussion 

The present prospective study investigated postop-
erative swelling and pain following surgical removal 
of impacted mandibular third molars and evaluated 
the influence of surgical difficulty and operative 
time on these outcomes. The findings demon-
strated that postoperative morbidity follows a pre-
dictable pattern, with swelling peaking during the 
early postoperative period and pain being most pro-
nounced on the first postoperative day. Further-
more, surgical difficulty and operative time were 
significantly associated with both swelling and pain, 
with surgical difficulty emerging as the strongest 
predictor of postoperative swelling. 
 
Postoperative facial swelling is an expected conse-
quence of third molar surgery and results from the 
inflammatory response initiated by tissue injury, 
bone removal, and flap elevation (20). In the pre-
sent study, facial swelling reached its maximum on 
postoperative day 2 and decreased substantially by 

day 7. This temporal pattern is consistent with pre-
vious studies reporting that postoperative edema 
typically peaks between 24 and 72 hours after sur-
gery and gradually resolves during the first postop-
erative week. Laureano Filho et al. (21) reported 
maximum swelling at 48 hours following mandibu-
lar third molar extraction, while similar observa-
tions have been described by Herrera-Briones et al. 
(22) and de Santana-Santos et al. (23) in systematic 
reviews evaluating postoperative inflammatory se-
quelae. The findings of the present study further 
align with established evidence demonstrating that 
surgical trauma induces an acute inflammatory re-
sponse that reaches its peak within the first 24–48 
hours before progressively subsiding as healing ad-
vances (24). 
 
The early postoperative peak in edema observed in 
the present study is also consistent with systematic 
reviews evaluating interventions designed to re-
duce postoperative inflammatory complications fol-
lowing third molar surgery (25–27). A meta-analysis 
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by Azab et al. reported that secondary wound clo-
sure was associated with significantly lower facial 
swelling on postoperative days 1 and 3 compared 
with primary closure, whereas differences beyond 
the first postoperative week became negligible (26). 
Similarly, Liu et al., in a systematic review and meta-
analysis, demonstrated that surgical drainage signif-
icantly reduced facial swelling and pain during the 
first 2–3 postoperative days, with diminishing ben-
efits observed by postoperative days 5–7 (27). Alt-
hough the present study did not compare different 
surgical closure techniques or drainage protocols, 
the observed pattern of maximal swelling during the 
early postoperative period followed by marked res-
olution by day 7 closely mirrors the temporal trends 
reported in these investigations. 
 
An important finding of the present study was that 
surgical difficulty remained the strongest predictor 
of postoperative swelling in the multivariable 
model. Although operative time also contributed 
significantly, the magnitude of the association was 
greater for surgical difficulty. This observation sug-
gests that the inherent complexity of the impaction 
may influence postoperative outcomes beyond the 
effect of procedure duration alone. Factors such as 
impaction depth, tooth angulation, proximity to sur-
rounding anatomical structures, and the extent of 
osteotomy required may contribute independently 
to postoperative inflammation. Similar conclusions 
have been reported by Chaudhary (28) and Hadzik 
(29), who emphasized that anatomical complexity 
plays a critical role in determining both surgical dif-
ficulty and postoperative morbidity. 
 
Interestingly, neither age nor sex demonstrated sig-
nificant associations with postoperative swelling af-
ter adjustment for surgical variables. Previous stud-
ies have produced inconsistent findings regarding 
the influence of demographic characteristics on 
postoperative recovery. Some authors have sug-
gested that older patients experience greater post-
operative morbidity because of increased bone den-
sity, reduced tissue elasticity, and more challenging 
surgical procedures (30, 31). Conversely, other in-
vestigations have failed to identify age as an inde-
pendent predictor after controlling for surgical com-
plexity, while similar inconsistencies have been re-
ported regarding sex-related differences in postop-
erative pain and swelling (32). The findings of the 
present study support the view that surgery-related 
variables exert a substantially greater influence on 
postoperative morbidity than demographic charac-
teristics. 

Nevertheless, several limitations should be 
acknowledged. The study was conducted at a single 
center and included a relatively modest sample size. 
Although the sample size calculation indicated that 
47 participants were required for the primary corre-
lation analysis, 45 patients were ultimately included 
due to completion of recruitment within the prede-
fined study period. Therefore, the study was mar-
ginally below the calculated sample size, which may 
have resulted in reduced statistical power and 
should be considered when interpreting the find-
ings. Furthermore, only mandibular third molars 
were evaluated, and therefore the results cannot be 
directly extrapolated to other impacted teeth or 
oral surgical procedures. Although objective facial 
measurements were employed, three-dimensional 
imaging systems could provide more accurate quan-
tification of postoperative edema. An additional 
limitation is the potential for operator-related vari-
ation. Surgical procedures were performed by five 
surgeons, and differences in surgical experience, 
technique, and intraoperative decision-making may 
have contributed to variation in operative time and 
postoperative swelling. Postoperative trismus, an 
important component of morbidity following man-
dibular third molar surgery, was not assessed. Con-
sequently, the present findings are limited to facial 
swelling and pain and do not provide a comprehen-
sive evaluation of all postoperative sequelae. Oper-
ator was not included as a covariate in the multivar-
iable regression model, and therefore residual con-
founding or clustering by surgeon cannot be ex-
cluded. Future studies with larger sample sizes 
should account for operator effects using surgeon-
level covariate adjustment or multilevel modeling, 
where appropriate. Because multiple correlation 
analyses were performed without adjustment for 
multiple comparisons, the possibility of type I error 
cannot be excluded. Therefore, the observed asso-
ciations should be interpreted with appropriate 
caution and confirmed in larger studies.  
 
Conclusions 

Within the limitations of this prospective observa-
tional study, postoperative facial swelling and pain 
following surgical removal of impacted mandibular 
third molars demonstrated a consistent temporal 
pattern, with swelling reaching its maximum on 
postoperative day 2 and pain peaking on postoper-
ative day 1 before progressively declining during the 
first postoperative week. Greater surgical difficulty 
and longer operative time were significantly associ-
ated with increased postoperative morbidity, while 
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surgical difficulty showed the strongest independ-
ent association with postoperative swelling in the 
multivariable analysis. In contrast, age and sex were 
not significantly associated with postoperative out-
comes after adjustment for surgical variables. Alt-
hough the regression model explained a moderate 
proportion of the variability in postoperative swell-
ing, these findings suggest that preoperative assess-
ment of surgical difficulty may contribute to antici-
pating postoperative recovery, supporting treat-
ment planning, and improving patient counseling 
regarding expected postoperative sequelae, while 
recognizing that additional factors also influence 
postoperative outcomes. 
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Zusammenfassung 

Postoperative Schwellung und Schmerzen nach chirurgischer Entfernung retinierter mandibulärer Weisheits-
zähne: Eine prospektive Untersuchung des Einflusses von Operationsschwierigkeit und Operationsdauer 
 
Einleitung 
 
Die chirurgische Entfernung retinierter mandibulä-
rer Weisheitszähne gehört zu den häufigsten Ein-
griffen in der Oralchirurgie und ist häufig mit posto-
perativen Beschwerden wie Schmerzen und Ge-
sichtsschwellungen verbunden. Das Ausmaß dieser 
Komplikationen variiert erheblich zwischen den Pa-
tienten und kann durch verschiedene patienten- 
und operationsbezogene Faktoren beeinflusst wer-
den. Insbesondere die chirurgische Schwierigkeit 
und die Operationsdauer werden als mögliche Prä-
diktoren der postoperativen Morbidität angesehen. 
Ziel dieser prospektiven Studie war die objektive Be-
urteilung postoperativer Schwellungen und 
Schmerzen nach der chirurgischen Entfernung reti-
nierter mandibulärer Weisheitszähne sowie die Un-
tersuchung ihres Zusammenhangs mit dem Schwie-
rigkeitsgrad des Eingriffs und der Operationsdauer. 
 
Material und Methoden 
 
In diese prospektive Beobachtungsstudie wurden 
45 Patienten eingeschlossen, bei denen zwischen 
September und Dezember 2025 eine chirurgische 
Entfernung eines retinierten mandibulären Weis-
heitszahnes durchgeführt wurde. Der Schwierig-
keitsgrad wurde präoperativ anhand eines modifi-
zierten Pedersen-Indexes bestimmt und in niedrige, 
mittlere oder hohe Schwierigkeit eingeteilt. Die 
Operationen erfolgten nach einem standardisierten 
chirurgischen Protokoll durch erfahrene Oralchirur-
gen. Die Gesichtsschwellung wurde mittels standar-
disierter linearer Gesichtsvermessungen präopera-
tiv sowie am 2. und 7. postoperativen Tag erfasst. 
Die Schmerzintensität wurde anhand einer visuellen 
Analogskala (VAS) am 1., 2. und 7. postoperativen 
Tag bewertet. Zur Analyse der Zusammenhänge 
zwischen chirurgischen Variablen und postoperati-
ven Ergebnissen wurden Korrelationsanalysen so-
wie multivariable lineare Regressionsmodelle ver-
wendet. 
 

 
Resultate 
 
Das Durchschnittsalter der Patienten lag überwie-
gend im Bereich von 20 bis 29 Jahren. Die mittlere 
Operationsdauer betrug 28,4 ± 8,6 Minuten und 
nahm mit steigendem Schwierigkeitsgrad signifi-
kant zu (p < 0,001). Die Gesichtsschwellung er-
reichte ihr Maximum am zweiten postoperativen 
Tag und nahm bis zum siebten Tag deutlich ab (p < 
0,001). Es zeigte sich eine signifikante positive Kor-
relation zwischen dem chirurgischen Schwierig-
keitsgrad und der Schwellung am zweiten postope-
rativen Tag (r = 0,52; p = 0,001). Ebenso bestand ein 
signifikanter Zusammenhang zwischen Operations-
dauer und Schwellung (r = 0,44; p = 0,003). Die mitt-
leren Schmerzwerte betrugen 4,8 ± 1,2 am ersten 
Tag, 3,2 ± 1,0 am zweiten Tag und 0,9 ± 0,6 am sieb-
ten Tag. Sowohl der Schwierigkeitsgrad als auch die 
Operationsdauer korrelierten signifikant mit den 
Schmerzwerten in der frühen postoperativen 
Phase. In der multivariablen Analyse erwiesen sich 
chirurgische Schwierigkeit (β = 0,42; p = 0,002) und 
Operationsdauer (β = 0,31; p = 0,021) als unabhän-
gige Prädiktoren der postoperativen Schwellung. 
 
Diskussion 
 
Die Ergebnisse zeigen, dass postoperative Schwel-
lungen und Schmerzen nach der Entfernung reti-
nierter mandibulärer Weisheitszähne einem vor-
hersehbaren Verlauf folgen und hauptsächlich 
durch operationsbezogene Faktoren beeinflusst 
werden. Der chirurgische Schwierigkeitsgrad stellte 
den stärksten unabhängigen Prädiktor für postope-
rative Schwellungen dar. Demgegenüber hatten Al-
ter und Geschlecht keinen signifikanten Einfluss auf 
die postoperativen Ergebnisse. Eine präoperative 
Beurteilung der Operationsschwierigkeit kann da-
her zur besseren Vorhersage der postoperativen 
Morbidität beitragen und die Patientenaufklärung 
sowie die Behandlungsplanung verbessern. 
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Résumé 

Œdème et douleur postopératoires après l’extraction chirurgicale des troisièmes molaires mandibulaires in-
cluses : évaluation prospective de l’influence de la difficulté chirurgicale et de la durée opératoire 
 
Introduction 
 
L’extraction chirurgicale des troisièmes molaires 
mandibulaires incluses constitue l’une des interven-
tions les plus fréquemment réalisées en chirurgie 
orale. Elle est souvent suivie de complications pos-
topératoires transitoires, notamment l’œdème fa-
cial et la douleur, susceptibles d’altérer temporaire-
ment la qualité de vie des patients. L’intensité de 
ces manifestations varie considérablement et pour-
rait être influencée par plusieurs facteurs liés au pa-
tient et à l’intervention chirurgicale. Cette étude 
prospective avait pour objectif d’évaluer de ma-
nière objective l’œdème et la douleur postopéra-
toires après l’extraction de troisièmes molaires 
mandibulaires incluses et d’analyser leur relation 
avec la difficulté chirurgicale et la durée opératoire. 
 
Matériels et méthodes 
 
Quarante-cinq patients ayant bénéficié d’une ex-
traction chirurgicale de troisième molaire mandibu-
laire incluse entre septembre et décembre 2025 ont 
été inclus dans cette étude observationnelle pros-
pective. La difficulté chirurgicale a été évaluée avant 
l’intervention à l’aide d’un indice de Pedersen mo-
difié, permettant de classer les cas en trois catégo-
ries : faible, modérée ou élevée. Toutes les interven-
tions ont été réalisées selon un protocole standar-
disé par des chirurgiens expérimentés. L’œdème fa-
cial a été mesuré à l’aide de mesures linéaires stan-
dardisées effectuées avant l’intervention puis aux 
deuxième et septième jours postopératoires. L’in-
tensité de la douleur a été évaluée au moyen d’une 
échelle visuelle analogique (EVA) aux premier, deu-
xième et septième jours postopératoires. Les rela-
tions entre les variables chirurgicales et les résultats 
postopératoires ont été analysées par corrélations 
de Spearman et régression linéaire multivariée. 
 

 
Résultats 
 
La durée opératoire moyenne était de 28,4 ± 8,6 mi-
nutes et augmentait significativement avec le ni-
veau de difficulté chirurgicale (p < 0,001). L’œdème 
facial atteignait son maximum au deuxième jour 
postopératoire avant de diminuer significativement 
au septième jour (p < 0,001). Une corrélation posi-
tive significative a été observée entre la difficulté 
chirurgicale et l’œdème postopératoire au deu-
xième jour (r = 0,52 ; p = 0,001). La durée opératoire 
était également associée à l’importance de 
l’œdème (r = 0,44 ; p = 0,003). Les scores moyens de 
douleur étaient de 4,8 ± 1,2 au premier jour, 3,2 ± 
1,0 au deuxième jour et 0,9 ± 0,6 au septième jour. 
La difficulté chirurgicale et la durée opératoire 
étaient significativement corrélées à la douleur pos-
topératoire précoce. L’analyse multivariée a montré 
que la difficulté chirurgicale (β = 0,42 ; p = 0,002) et 
la durée opératoire (β = 0,31 ; p = 0,021) consti-
tuaient des facteurs prédictifs indépendants de 
l’œdème postopératoire. 
 
Discussion 
 
Cette étude confirme que l’œdème et la douleur 
postopératoires après l’extraction des troisièmes 
molaires mandibulaires incluses suivent une évolu-
tion prévisible, caractérisée par un pic précoce suivi 
d’une régression progressive durant la première se-
maine. La difficulté chirurgicale est apparue comme 
le facteur prédictif le plus important de l’œdème 
postopératoire, tandis que l’âge et le sexe n’étaient 
pas associés de manière significative aux résultats 
observés. Ces données soulignent l’intérêt d’une 
évaluation préopératoire rigoureuse de la difficulté 
chirurgicale afin d’optimiser la planification théra-
peutique, d’anticiper les suites opératoires et 
d’améliorer l’information donnée aux patients. 
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