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Abstract
Background: The objective of the present study was to compare the efficacy of different doses of methylpredniso-
lone on postoperative sequelae and quality of life (QoL) following surgical removal of mandibular third molars 
(SRM3).
Material and Methods: Fifty-two patients (16 men and 36 women, mean age 25.9 years, range: 18-39) with bilateral 
impacted mandibular third molars were randomly allocated into intraoperative muscular injection of either 20mg, 
30mg, 40mg methylprednisolone or saline injection. Baseline measurements were obtained preoperatively and 
compared with assessment after one day, three days, seven days and one month. Pain and trismus were estimated 
by visual analog scale score and interincisal mouth opening, respectively. Subjective assessment of QoL included 
Oral Health Impact Profile (OHIP-14). Descriptive and generalized estimating equation analyses were made and 
expressed as mean values with a 95% confidence interval.
Results: Methylprednisolone revealed no significant differences in pain, trismus and QoL compared with placebo. 
Higher prevalence of postoperative pain and worsening in QoL were observed with increased age (P=0.00). 
Smoking and increased time of surgery decreased mouth opening in the early healing phase (P=0.00).
Conclusions: The present study revealed no significant improvement of methylprednisolone on postoperative se-
quelae and QoL following SRM3 compared with placebo.
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Introduction
Swelling, pain and trismus are common sequelae fol-
lowing surgical removal of mandibular third molars 
(SRM3) (1). Synthetic corticosteroids display anti-in-
flammatory properties including reduction in vascular 
dilatation, liquid transudation and edema formation (2), 
and therefore widely used to control or diminish the 
inflammatory response associated with SRM3 (3,4). 
Systematic reviews and meta-analyses have evaluated 
efficacy of corticosteroids to diminish postoperative 
sequelae following SRM3 with conflicting conclusions 
(3,5,6). Thus, no evidence-based recommendations for 
optimal administration route, dose and therapy duration 
of corticosteroids have been provided (3).
Comparable efficacy of corticosteroids on postoperative 
sequelae following SRM3 with different administration 
route have previously been reported (7-10), whereas 
diminished swelling, pain and trismus have been de-
scribed with higher doses of corticosteroids (11,12). 
These results are in contrast to a systematic review 
concluding that higher doses of corticosteroids do not 
necessarily cause a proportionally decrease in swell-
ing, pain and trismus (3). However, studies comparing 
different doses of corticosteroids following SRM3 are 
limited and no evidence-based recommendation for op-
timal dose has previously been provided (3,13). There-
fore, the objective of this double-blind randomised con-
trolled trial was to assess the efficacy of different doses 
of methylprednisolone on pain, trismus and quality of 
life (QoL) compared with placebo following SRM3.

Material and Methods 
- Study design
A double-blinded, split-mouth, randomised controlled 
trial was carried out at the Department of Oral and 
Maxillofacial Surgery, Aalborg University Hospital, 
Denmark between March 2018 and January 2019. The 
study protocol was approved by the Danish Health 
and Medicines Authority, Research Ethics Commit-
tee and the Danish Data Protection Agency. Approval 
no.: 20170016. The study was performed in accordance 
with Good Clinical Practice (GCP), Declaration of Hel-
sinki II and Consolidated Standards of Reporting Tri-
als (CONSORT) statement. Oral and written informa-
tion were provided and written informed consent was 
obtained prior to enrolment. Patients were recruited 
by personal contacts, public invitation by Facebook or 
scheduled for SRM3 prior to orthognathic surgery. Par-
ticipation was voluntary and patients could at any given 
time withdraw.
- Power calculation
The sample size was determined using an expected dif-
ference of 20mm in visual analog scale (VAS) score 
between placebo and treatment on the first postopera-

tive day and a standard deviation of two. The VAS score 
difference of 20mm in pain assessment after SRM3 was 
selected based on previous studies evaluating identi-
cal parameters (14,15). Sample size was calculated us-
ing Clincalc.com (http://clincalc.com/stats/samplesize.
aspx, assessed 9th March 2017). Analysis revealed that 
16 patients per group would be necessary to provide 
statistical power of 0.80 with an alpha value of 0.05. 
Sample size was increased to 26 SRM3 to compensate 
for possible dropouts and covariates.
- Study population
The inclusion criteria were:
1. Bilateral symmetrical impacted mandibular third molars
2. Indication for removal of mandibular third molars
3. Age between 18 and 40 years
The exclusion criteria were:
1. Infections and inflammatory symptoms in the oral 
cavity at the time of surgery
2. ASA score 3 or above
3. Previous maxillofacial trauma
4. Craniofacial clefts or syndromes
5. Known allergy to methylprednisolone and other inac-
tive ingredients
6. Systemic bone disease (i.e. arthritis) or diabetes mellitus
7. Active acne vulgaris, viral, and fungal infections
8. Psychological disease
9. Pregnancy and breastfeeding
10. Systemic medications
11. Failure to follow-up
Panoramic radiograph was used to categorize the posi-
tion of M3 according to Pell and Gregory system and 
Winters as well as the surgical difficulty level of the M3 
classification.
- Randomization
The pharmacy at Aalborg University Hospital, Denmark 
distributes Methylprednisolone in 40mg solution for 
injection. The following four groups were therefore in-
vestigated: I: placebo (isotonic saline solution), II: 20mg 
methylprednisolone, III: 30mg methylprednisolone and 
IV: 40mg methylprednisolone. A computer-aided ran-
domization scheme was fabricated by the pharmacy 
including randomization numbers and allocation group 
for each M3. A trained assistant nurse prepared syringes 
containing the different mixture of isotonic saline solu-
tion and doses of methylprednisolone. The concentration 
of methylprednisolone from the pharmacy was 40mg/
mL. All syringes contained 1.05mL of clear liquid. 
Therefore, the syringes containing 20mg methylprednis-
olone contained 0.5mL of 40mg/mL methylprednisolone, 
the syringes containing 30mg methylprednisolone con-
tained 0.75mL of 40mg/mL methylprednisolone, and the 
syringes containing 40mg methylprednisolone contained 
1mL of 40mg/mL methylprednisolone. Patients, surgeon, 
dental assistant or assessor were not informed about al-
location group or solution of syringes.
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- Surgical procedure
SRM3 was performed by an experienced surgeon 
(MKL) using a standard technique. Patients under-
went SRM3 (left or right) at first visit, while the other 
M3 was removed after 58.8 days (range; 8-157 days).
All patients received prophylactic analgesic, 400mg 
ibuprofen and 1,000mg paracetamol, one hour before 
surgery. Inferior alveolar nerve and lingual nerve were 
anaesthetized with 5.37mL (range: 5-10mL) 20mg/mL 
mepivacaine hydrochloride and 5µg/mL adrenaline. 
Injection preceded by aspiration of placebo or methyl-
prednisolone was performed immediately after appli-
cation of local anaesthesia in the ipsilateral masseter 
muscle. The ala-tragal line, the posterior border line 
of masseter and the mandible border line were used as 
landmarks for injection of placebo or methylpredniso-
lone. An incision from the anterior border of the as-
cending ramus of the mandible to the distal part of the 
lower first molar was performed. The mucosal flap was 
elevated and bone around the M3 was removed with a 
round burr under irrigation with 0.9% saline solution. 
If necessary, the M3 was sectioned with a fissure bur 
before the tooth was elevated. Extraction socket and 
surround bone was irrigated with 0.9% saline solution 
before suturing.
All patients received postoperative instructions includ-
ing mouth rinse with 0.12% chlorhexidine three times a 
day, 400mg of ibuprofen three times a day and 1,000mg 
paracetamol four times a day.
- Data collection
Data was collected by the same assessor (MKL). Base-
line measurements were obtained preoperatively (T0) 
and compared with postoperative assessment after 
one day (T1), three days (T2), seven days (T3) and one 
month (T4), respectively.
Pain was evaluated using VAS score obtained preop-
eratively (T0) and compared with the postoperative 
score at T1, T2, T3 and T4, respectively. Patients were 
instructed in the use of a 100-mm VAS scale with 0 in-
dicating no pain and 100 indicating worst imaginable 
pain. Patients marked on a line the point that they felt 
represented their level pain. VAS score was measured 
to the nearest mm using a ruler from left to the point 
marked by the patient.
Trismus was measured as maximum distance (mm) be-
tween upper and lower incisal edges. Baseline measure-
ments were obtained preoperatively (T0) and compared 
with postoperative measurements obtained at T2, T3 
and T4, respectively.
QoL was evaluated by oral health impact profile-14 
(OHIP-14). Instructions for completing OHIP-14 were 
explained, before patients completed OHIP-14 by them-
selves, to prevent being influenced by the surgeon or 
nurses opinions and wills. OHIP-14 was filled-out pre-
operatively (T0) and compared with OHIP-14 at T3 and 

T4. Patients were specifically instructed to complete the 
OHIP-14 questionnaire separately for the correspond-
ing M3, if there was overlap in the postoperative pe-
riod with regard to completing OHIP-14 questionnaire 
after SRM3 in the right or left side, respectively. The 
response format of OHIP-14 was as follows: All the 
time=4; Very often=3; Fairly often=2; Sometimes=1; 
Never=0. The OHIP-14 score was calculated as a sum of 
all 14 questions ranging from 0 to 56, with higher scores 
indicating poorer oral health related QOL.
Postoperative complications were registered at T2, T3 
and T4.
- Statistical analysis
Excel (version 2013, Microsoft, Redmond, Washing-
ton) and R (version 3.6.1, Missouri, USA) was used for 
data management and statistical analysis. Difference in 
VAS, trismus and OHIP-14 were analyzed with a gen-
eralized estimating equation analysis, GEE analysis. 
Results were adjusted for age, sex, smoking and time 
of surgery. P values of less than 0.05 were considered 
significant.
Descriptive analysis of secondary categorical vari-
ables including smoking habits, anatomical position 
of M3 and infection rate was analysed using Fishers 
exact test.

Results
- Study population
Fifty-two patients (16 men and 36 female) aged between 
18 and 39 years (25.9±6.0 years) were included for sta-
tistical analysis. One patient did not participate in the 
follow-up phase and was excluded from the analysis. 
There were no statistical significant differences between 
the study groups with regard to smoking (P=0.836), an-
atomical position or surgical difficulty level (P=0.660) 
and time of surgery (P=0.330) (Table 1). Mean surgical 
time was 9.42 minutes (±5.18). Patients with smoking 
habits included cigarette smokers only.
Postoperative instructions were followed by all patients. 
Two patients (1.9%) experienced bleeding within the 
first hours after SRM3. None of the included patients 
needed additional prescriptions of analgesics. Swell-
ing, discomfort, tenderness and halitosis were reported 
sporadically. No serious postoperative complications or 
neurosensory disturbances were observed.
- Pain
Mean VAS score was 6.27±13.98 (T0), 45.58±24.41 (T1), 
36.88±25.26 (T2), 21.00±20.35 (T3), and 2.24±6.59 (T4). 
There were no significant differences in VAS score be-
tween different doses of methylprednisolone compared 
with placebo at any time point (Table 2). Patients re-
ceiving 30mg methylprednisolone reported a tendency 
to diminished pain compared with placebo or 20mg and 
40mg of methylprednisolone at any time point (Table 2 
and Fig. 1).
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Variable Level Placebo 
(n=26)

20 mg (n=26) 30 mg (n=26) 40 mg (n=26) Total 
(n=104)

Sex, n (%) Male 8 (30.8) 8 (30.8) 8 (30.8) 8 (30.8) 32 (30.8)
Female 18 (69.2) 18 (69.2) 18 (69.2) 18 (69.2) 72 (69.2)

Age, years mean (sd) 24.62 (4.97) 26.81 (6.52) 25.62 (6.17) 26.65 (6.28) 25.92 (5.99) 
median 24.00 25.50 23.00 24.00 24.00
[Q1,Q3] [21.00, 26.75] [22.25, 30.00] [21.00, 29.00] [22.25, 30.00] [21.00, 29.00] 

min 18.00 18.00 18.00 18.00 18.00
max 38.00 39.00 39.00 39.00 39.00

Smoking, n (%) No 24 (92.3) 24 (92.3) 22 (84.6) 24 (92.3) 94 (90.4)
Yes 2 (7.7) 2 (7.7) 4 (15.4) 2 (7.7) 10 (9.6)

Anatomical position (Winter), 
n (%)

1 10 (38.5) 8 (30.8) 10 (38.5) 5 (19.2) 33 (31.7)
2 6 (23.1) 8 (30.8) 4 (15.4) 10 (38.5) 28 (26.9)
3 5 (19.2) 4 (15.4) 8 (30.8) 6 (23.1) 23 (22.1)
4 5 (19.2) 6 (23.1) 4 (15.4) 5 (19.2) 20 (19.2)

Anatomical position (P&G 
transversal), n (%)

1 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0) 1 (1.0)
2 26 (100.0) 24 (92.3) 26 (100.0) 26 (100.0) 102 (98.1)
3 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0) 1 (1.0)

Anatomical position (P&G 
vertical), n (%)

1 7 (26.9) 5 (19.2) 9 (34.6) 8 (30.8) 29 (27.9)
2 18 (69.2) 18 (69.2) 16 (61.5) 16 (61.5) 68 (65.4)
3 1 (3.8) 3 (11.5) 1 (3.8) 2 (7.7) 7 (6.7)

Time of surgery (minutes) mean (sd) 9.27 (3.79) 8.77 (3.90) 9.04 (5.87) 11.73 (6.77) 9.70 (5.30) 
median 9.50 7.00 6.00 9.50 8.00 
[Q1,Q3] [6.00, 10.00] [6.00, 10.75] [5.25, 10.00] [8.00, 15.75] [6.00, 11.25] 

min 5.00 5.00 4.00 4.00 4.00 
max 18.00 20.00 30.00 31.00 31.00

P&G, Pell & Gregory; n, number of wisdom teeth; Q1, first quartile; Q3, third quartile; sd, standard deviation

Esti 95% CI se P
Placebo Ref.

Time T1-T0
20mg -0.53 [-16.15;15.10] 7.972 0.947
30mg -11.77 [-27.88;4.34] 8.221 0.152
40mg -0.88 [-15.94;14.18] 7.684 0.909
Time T2-T0
20mg 9.14 [-4.05;22.34] 6.733 0.175
30mg -3.19 [-17.80;11.42] 7.454 0.669
40mg 1.32 [-13.01;15.65] 7.311 0.857
Time T3-T0
20mg 10.34 [-1.56;22.23] 6.069 0.0885
30mg -4.90 [-16.71;6.90] 6.024 0.4156
40mg 6.35 [-6.28;18.97] 6.441 0.3245
Time T4-T0
20mg 7.08 [-1.60;15.77] 4.432 0.110
30mg -1.72 [-12.99;9.55] 5.751 0.765
40mg 5.19 [-3.60;13.98] 4.485 0.247

CI, confidence interval; Esti, estimate; M3, mandibular third molar; se, standard error; VAS, 
visual analog scale.
Third molars allocated to placebo (saline solution) were used as reference for the other 
groups. Estimated value reveal differences in VAS score of pain in millimeter with different 
doses of methylprednisolone compared with placebo at different time points.

Table 1: Baseline characteristics, anatomical position of mandibular wisdom teeth and time of surgery in the four groups and total.

Table 2: Pain assessed by VAS before removal of M3 (T0) compared with one day (T1), three 
days (T2), seven days (T3) and one month (T4).
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Fig. 1: Boxplot of VAS.

Patients with increased age revealed a significant higher 
VAS score after seven days and one month (P=0.01). 
The VAS score increased continuously by 1.3mm after 
seven days and 0.53mm after one month, when patient’s 
age increased with one year. Males presented with a 
significant higher VAS score of 5.83mm compared with 
females after one month (P=0.02).
- Trismus
Mean mouth opening was 50.76±5.85 (T0), 32.49±9.55 
(T1), 38.07±9.44 (T2), 21.00±20.35 (T3), and 50.43±6.82 
(T4). There were no significant differences in trismus 
between different doses of methylprednisolone com-
pared with placebo at any time point (Table 3).
A significant difference was assessed in mouth open-
ing between smokers and non-smokers after three days 
and seven days (P=0.00). Mouth opening was reduced 
in smokers by 6.29mm (T3) and 7.76mm (T4) compared 
with non-smokers. A significant difference in mouth 

opening was seen with an increased time of surgery af-
ter three days (P=0.04). Mouth opening continuously 
decreased by 0.37mm, when time of surgery increased 
by one minute.
- Quality of life
Mean OHIP-14 score was 7.89±7.94 (T0), 16.06±12.13 
(T3), and 5.77±8.22 (T4). There were no significant 
differences in QoL between different doses of methyl-
prednisolone compared with placebo at any time point. 
In each group, there were significant differences in the 
sum of OHIP-14 score between T0 and T3 (P=0.00). 
Though, no significant differences were seen in QoL 
between placebo and different doses of methylpredniso-
lone (Table 4).
A significant difference in OHIP-14 score was observed 
with an increased age, after seven days (T3) (P=0.04). The 
OHIP-14 score increased continuously with 0.56 after 
seven days, when patient’s age increased with one year.
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Time T2-T0 T3-T0 T4-T0
Esti 95% CI se P Esti 95% CI se P Esti 95% CI se P

0mg Ref. Ref. Ref.
20mg 1.23 [-3.71;6.16] 2.517 0.626 -2.20 [-7.38;2.98] 2.642 0.405 -0.40 [-3.28;2.47] 1.468 0.784
30mg 1.44 [-3.99;6.87] 2.771 0.604 -0.75 [-6.18;4.69] 2.772 0.788 -0.93 [-3.44;1.57] 1.280 0.466
40mg 2.74 [-2.53;8.01] 2.690 0.308 0.62 [-4.86;6.09] 2.795 0.825 0.24 [-2.84;3.32] 1.573 0.880

CI, confidence interval; Esti, estimate; se, standard error;
The group receiving 0mg methylprednislone/placebo is used as reference for the other groups. The estimated value shows how many mm the 
incisal distance has increased or decreased compared to 0mg methylprednislone/placebo at different time points.

Time T3-T0 T4-T0
Esti 95% CI se P Esti 95% CI se P

Placebo Ref. Ref.
20mg -1.06 [-6.77;4.66] 2.918 0.717 2.09 [-2.64;6.81] 2.410 0.386
30mg -1.89 [-8.34;4.56] 3.291 0.566 -0.03 [-3.67;3.60] 1.854 0.987
40mg -2.37 [-7.99;3.25] 2.867 0.408 1.19 [-2.26;4.65] 1.761 0.498

CI, confidence interval; Esti, estimate; M3, mandibular third molar; OHIP-14, oral-health impact profile; se, standard error.
Third molars allocated to placebo (saline solution) were used as reference for the other groups. Estimated value reveal 
differences in trismus in millimeter with different doses of methylprednisolone compared with placebo at different time 
points.

Discussion
Comparison of different doses of corticosteroids on 
postoperative sequelae and QoL following SRM3 has 
previously been assessed in few studies (16,17). Submu-
cosal and peroral administration of prednisolone were 
associated with improved recovery and less worsening 
in QoL compared with placebo (16). The efficacy of dif-
ferent doses of corticosteroids compared with placebo 
is conflicting and conclusions from the present study 
seems to be in accordance with previous studies, in-
dicating no significant improvement in postoperative 
sequelae and QoL with a single intraoperative intra-
muscular injection of corticosteroids compared with 
placebo following SRM3 (16,17). Moreover, higher dos-
es of corticosteroids seem not to cause a proportionally 
improvement in postoperative sequelae and QoL.
Pain has been reported as the worst postoperative se-
quelae following SRM3 (18). Thus, intensity of pain 
during the first postoperative day was chosen as the pri-
mary outcome measure of the present study. VAS is a 
validated, subjective measure for assessment and analy-
sis of postoperative pain (18). The present study demon-
strated no significantly difference in VAS score of pain 
following SRM3 with different doses of methylpred-
nisolone compared with placebo on the first postopera-
tive day, which is in agreement with previous studies 
(11,12). Moreover, VAS score of pain significantly in-
creased with higher age, which is also in accordance 
with previous studies (19,20). Perception of postopera-
tive pain correlated with gender have previous been as-

sessed revealing that females seems to be at higher risk 
of postoperative pain (21,22). In the present study, males 
disclosed a significantly higher VAS score of pain com-
pared with females after one month. Increased time of 
surgery has previously been reported to increase risk 
of pain(18). However, this could not be substantiated in 
the present study. In conclusion, a single dose of meth-
ylprednisolone seems not to diminish VAS score of pain 
compared with placebo following SRM3.
Trismus following SRM3 is common (1). The present 
study demonstrated no significantly difference in tris-
mus following SRM3 with different doses of methyl-
prednisolone compared with placebo, which is in agree-
ment with previous studies (23,24). However, a recent 
published study revealed a significantly improvement 
in mouth opening following SRM3 with submucosal 
administration of 40mg methylprednisolone compared 
with placebo (12). Moreover, peroral administration of 
8mg dexamethasone (approximate: 40mg methylpred-
nisolone) has demonstrated a significantly improvement 
in postoperative mouth opening compared with 4mg 
dexamethasone (approximate: 20mg methylpredniso-
lone) (11). Trismus may therefore been diminish with 
the use of higher doses of corticosteroids, which should 
be investigated in further studies. In the present study, 
smokers demonstrated significantly diminish mouth 
opening compared with non-smokers after three days 
and seven days, which is in accordance with previous 
studies (25,26). However, degree of smoking was not 
categorised and ranged from rarely to more than 20 cig-

Table 3: Trismus results (difference between before surgery and T2, T3 and T4).

Table 4: OHIP-14 score before removal of M3 (T0) compared with seven days (T3) and one month (T4).
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arettes daily, which affect the reliability of the present 
result. Moreover, no significantly difference in mouth 
opening has previously been reported among smokers 
compared with non-smokers following SRM3 (27). In the 
present study, increased time of surgery demonstrated 
a significantly reduction in postoperative mouth open-
ing, which is in accordance with a previous study (26).
Deterioration in QoL is common following SRM3 (28). 
The present study revealed no significant differences 
in QoL as evaluated by OHIP-14 following SRM3 with 
different doses of methylprednisolone compared with 
placebo. A recent randomised controlled trial has dem-
onstrated improved QoL with submucosal and peroral 
administration of 40mg prednisolone (approximate: 
32mg methylprednisolone) compared with placebo 
(16). Moreover, submucosal and intramuscular admin-
istration of 4mg dexamethasone (approximate: 20mg 
methylprednisolone) has revealed a positive effect on 
QoL compared with placebo (16). These results are in 
contrast to the present study and illustrates that QoL 
might be improved with a lower dose of corticosteroids. 
In the present study, OHIP-14 score was significantly 
increased with higher age after seven days, indicating 
deterioration in QoL with increasing age. These results 
is in accordance with previous studies (28,29). Females 
are reported to have a higher risk of poor recovery and 
worsening in QoL after SRM3 compared with males 
(26). However, gender seems not to influence QoL in 
the present study. Increased time of surgery is reported 
to influence QoL (28), which is in contrast to results of 
the present study. In conclusion, methylprednisolone 
seems not to diminish QoL compared with placebo fol-
lowing SRM3. Though, increasing age seems to be as-
sociated with deterioration in QoL.
Adverse effects following use of corticosteroids de-
pends on doses and duration (30). Adverse effects to a 
single dose of corticosteroids after SRM3 have never 
previously been reported (7,13), which is in accordance 
with the present study.
The present study has several limitations including 
small sample size, dissimilar gender distribution, smok-
ers as well as non-smokers included and no systemati-
cally registration of the used analgesics. The surgical 
procedures and data assessment were conducted by the 
same investigator, though decoding of allocation groups 
were revealed after data processing. Moreover, patient’s 
perception of recovery and oral health-related quality of 
life is influenced by socioeconomic status, educational 
background and level of daily physical, which were 
not assessed in the present study. Consequently, con-
clusions drawn from the results of this study should be 
interpreted with caution and further randomised con-
trolled trials including larger patient samples, homog-
enous study groups and comparison of higher doses of 
corticosteroids are needed before definite conclusions 

can be provided about the influence of corticosteroids 
on postoperative sequelae and QoL following SRM3.
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