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Abstract
Objective The aim of this study was to evaluate and compare early postoperative discomfort and wound healing outcomes
between patients who underwent periodontal surgery with and without enamel matrix derivative (EMD), using retrospective
questionnaires and postoperative clinical examinations.
Materials and methods All enrolled patients filled out the self-report questionnaire after suture removal. The severity and
duration of subjective pain and swelling were evaluated using visual analog scale (VAS) scores and wound healing parameters
(dehiscence/fenestration, spontaneous bleeding, persistent swelling, and ulceration). Chi-squared tests, two-tailed independent t
tests, analysis of variance, and multiple logistic regression analysis were performed to identify significant differences between the
two groups (surgery with EMD and surgery without EMD).
Results The severity of pain and swelling did not differ between patients who underwent surgery with and without EMD, but the
durations of pain (P < 0.001) and swelling (P = 0.019) were significantly lower in patients who underwent surgery with EMD.
Multivariate analysis with adjustment for confounding variables showed that wound healing outcomes including dehiscence/
fenestration, spontaneous bleeding, and ulceration did not differ significantly between the two groups, and only persistent
swelling showed significant differences (odds ratio 4.03, 95% CI 1.17–13.78; P = 0.026).
Conclusions No difference was observed in the severity of early postoperative discomfort and wound healing outcomes between
patients who underwent surgery with and without EMD, but shorter durations of postoperative pain and swelling were evident in
patients who underwent surgery with EMD.
Clinical relevance Adjunctive EMD used in periodontal surgery has clinical advantages for reducing the durations of postoper-
ative pain and swelling.
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Introduction

Postoperative discomfort is a complex emotional and sensory
experience, and the process of soft and hard tissue wound
healing is also multifactorial [1, 2]. Postoperative discomfort
and delayed wound healing are known to be influenced by a
combination of emotional, clinical, and iatrogenic factors such

as stress, anxiety, previous experience, surgery method, sur-
gery time, and the surgeon’s operative experience and skill
[3–5]. Periodontal soft and hard tissue damage during surgical
treatment and manipulation directly stimulates the nociceptor
terminals in the peripheral tissue and releases inflammatory
cytokines and chemokines, which are the major causes of
early discomfort and delayed wound healing after periodontal
surgery [5, 6].

Periodontal disease is a representative oral inflammatory
disease and is a known risk factor for various systemic dis-
eases [7–9]. Patients with periodontal diseases must be treated
with antimicrobial, non-surgical, surgical, or combined ap-
proaches; most patients with severe periodontal disease re-
quire surgical treatment [10]. Proper wound healing and a
reduction in the severity and duration of postoperative
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discomfort play a crucial role in increasing patient compli-
ance, facilitating long-term supportive periodontal therapy,
and obtaining positive treatment outcomes and prognosis of
chronic periodontal disease progression [11]. Therefore, vari-
ous periodontal surgical techniques and procedures are grad-
ually being developed tominimize discomfort and periodontal
tissue damage as much as possible [12, 13].

Periodontal surgery with adjunctive enamel matrix deriva-
tive (EMD) is a conventional treatment modality for periodon-
tal regeneration, mainly for deep intrabony defects and gingi-
val recession [14, 15]. EMD induces and promotes new at-
tachment and regeneration, including the adhesion, migration,
proliferation, and differentiation of cells in periodontal tissues
[16, 17]. In addition, amelogenin, a major component of
EMD, exerts synergistic antibacterial effects on periodontal
pathogenic bacteria, such as Porphyromonas gingivalis and
Prevotella intermedia, and facilitates soft and hard tissue
wound healing [18, 19].

Although adjunctive EMD used in periodontal surgery im-
proves soft and hard tissue wound healing and reduces post-
operative discomfort, such as pain and swelling, few clinical
trials have evaluated its clinical effectiveness [20, 21]. A dou-
ble-masked, split-mouth, placebo-controlled, randomized
study demonstrated the positive effect of topically applied
EMD on the early periodontal soft tissue wound healing, ac-
cording to the proportion of a visual analog scale (VAS) score
reported by patients [20]. Tonetti et al. found that soft tissue
densities in subjects treated with EMD were significantly
higher than those in the control group within 6 weeks postop-
eratively [21]. These findings indicate an earlier gain in soft
tissue density following the application of EMD and an en-
hancement in both subjective and objective outcomes.

The purpose of this study was to evaluate and compare
early postoperative discomfort and wound healing outcomes
between patients who underwent periodontal surgery with and
without EMD, using retrospective questionnaires and postop-
erative clinical examinations.

Material and methods

Patients

A total of 365 patients who underwent comprehensive peri-
odontal surgery were recruited from the Department of
Periodontology at Daejeon Dental Hospital, Wonkwang
University from January 2017 to December 2017, and only
one surgical site (premolar and molar region, including single
or multiple defects) per patient was enrolled. The following
inclusion criteria were applied: (1) age ≥ 20 years, (2) male or
female with/without smoking history, (3) being healthy or
having well-controlled systemic conditions or illnesses, (4)
severe chronic periodontitis (surgical site with pocket probing

depth [PPD] > 5 and clinical attachment loss [CAL] > 3 mm),
(5) completed pre-surgical treatment (scaling and root plan-
ning) at the surgical site, and (6) surgical site including two-/
three-wall intrabony defect and/or class I/II furcation involve-
ment. The following exclusion criteria were established: (1)
being a pregnant or breastfeeding female; (2) etiological peri-
odontal surgery completed within 6 months at the same site;
(3) surgical site including one-wall intrabony defect and/or
class III furcation involvement; (4) horizontal and/or vertical
defects with full probing depth and apical involvement includ-
ing those with a hopeless prognosis; (5) signs of clinical in-
fection including fistulae, suppuration, fever, severe pain, and
swelling at the surgical wound site; and (6) periodontal sur-
gery including gingivectomy, hard and soft tissue augmenta-
tion, and peri-implant treatment.

The study was approved by the Institutional Review Board
(IRB) of Daejeon Dental Hospital, Wonkwang University (ap-
proval no. W1807/001-001). All enrolled patients provided
written fully informed consent in accordance with the IRB
guidelines, and the study was conducted in accordance with
the Declaration of Helsinki and the Guidelines on Good
Clinical Practice [22]. Because this study was designed as a
retrospective case-control study, it was written according to
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE).

Study design

This retrospective case-control study was conducted using
G*Power software, version 3.01 (Franz Faul, Christian-
Albrechts-Universität Kiel, Kiel, Germany). To detect the me-
dium effect size of Cohen’s f = 0.5, with α = 0.05 and power
β = 0.8, 128 participants (each sample group size = 64) were
required [23]. Out of 365 patients who underwent surgery
with and without EMD, 118 were excluded for the following
reasons: periodontal surgery completed within 6 months at the
same site (n = 11), full probing depth and apical involvement
(n = 40), signs of clinical infection (n = 6), and periodontal
surgery including gingivectomy, hard and soft tissue augmen-
tation, and peri-implant treatment (n = 61). Finally, from the
247 remaining eligible patients, 184 were assigned to two sex-
matched groups (patients who underwent surgery with EMD
[n = 92] and without EMD [n = 92]) using the Statistical
Analysis System (version 9.4, SAS Institute, Cary, NC,
USA) (Fig. 1).

Surgical procedure

All periodontal surgery was performed by one board-certified
periodontist (JHL). Patients were administered an antibiotic
(netilmicin 50 mg/2 mL) and analgesic (diclofenac 90 mg/
2 mL) injection 30 min before periodontal surgery and pro-
vided with the following postoperative medication and
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mouthwash to be used for 5 days after periodontal surgery:
antibiotics (amoxicillin 500 mg tid), analgesics (ibuprofen
200 mg tid), and antimicrobial rinse (GUM Activital,
Sunstar, Osaka, Japan). The local anesthetic used was 2%
lidocaine HCl with 1:100,000 epinephrine (Yuhan, Seoul,
South Korea), and the full-thickness flap was elevated mini-
mally to expose horizontal and/or vertical bone loss by using
#12, 15, and 15c blades and an Orban knife (Hu-Friedy,
Chicago, IL, USA). Granulated tissues were removed, and
the exposed root surface was carefully debrided by hand
(standard and mini Gracey curettes; Hu-Friedy) and using
ultrasonic instruments (KaVo, Biberach, Germany). Patients
who underwent surgery with EMDwere only subjected to root
conditioning with tetracycline (Chong-Kun-Dang, Seoul,
South Korea) at a concentration of 50 mg/mL; the solution
was applied to the exposed root surfaces and defects for 2 min
using cotton pledgets. Subsequently, EMD (Straumann®
Emdogain, Straumann, Basel, Switzerland) was applied ac-
cording to the manufacturer’s instructions, as follows. The
opened flap was repositioned, and tension-free primary flap
closure was achieved using modified horizontal mattress and
interrupted sutures with a non-absorbable polytetrafluoroethylene
monofilament (Biotex®, Purgo, Seongnam, South Korea). After
2 weeks, sutures were removed, and all patients were instructed
to use soft tooth cleaning in the surgical area. Routine clinical
follow-up of prophylaxis were scheduled at 3, 6, and 12 months.

Self-reported questionnaire and clinical examination

All enrolled patients filled out the self-report questionnaire
after suture removal. The severity of subjective pain and
swelling during the 2 weeks after periodontal surgery was
evaluated using a 100-mm VAS score, ranging from 0
points (no pain and swelling) to 10 points (worst pain
and swelling imaginable). The durations of subjective pain
and swelling were also investigated. During suture removal

and postoperative clinical examination, wound healing pa-
rameters including dehiscence/fenestration, spontaneous
bleeding, persistent swelling (swelling was still observed
2 weeks after periodontal surgery), and ulceration were
evaluated by one investigator (JHL) using a dental mirror,
explorer, and community periodontal index probe (0.5 mm
in diameter).

Statistical analysis

Each patient was considered as statistical unit. Chi-squared
tests, two-tailed independent t tests, and one-way analysis
of variance were used to identify significant differences in
categorical and continuous sociodemographic (sex, age,
residence area, and smoking and drinking status), clinical
(surgical arch, defects, PPD, CAL, recession, full-mouth
bleeding on probing score [FMBS], full-mouth plaque
score [FMPS], and operation time), and comorbid (hyper-
tension and diabetes mellitus) characteristics of patients
who underwent surgery with and without EMD. The odds
ratios (ORs) and 95% confidence intervals (CIs) were cal-
culated in the patients who underwent periodontal surgery
with and without EMD using multiple logistic regression
models while adjusting for sociodemographic, clinical, and
comorbid factors. In all assessments performed in this
study, a P value < 0.05 was considered statistically
significant.

Results

Baseline characteristics of patients

The 184 patients included based on the inclusion and ex-
clusion criteria comprised 102 (55.4%) men and 82
(44.6%) women with a mean age of 49.9 years (range, 22

Fig. 1 Patient-based retrospective
case-control study design and
flowchart of the inclusion and
exclusion criteria applied to all
patients who underwent peri-
odontal surgery with and without
enamel matrix derivative (EMD)
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Table 1 Sociodemographic,
clinical, and comorbidity
characteristics of patients who
underwent periodontal surgery
with and without enamel matrix
derivative (EMD)

With EMD (n = 92) Without EMD (n = 92)

Variables Total No. % Total No. % P value

Sex

Male 51 56.0 51 56.0 0.882

Female 41 44.0 41 44.0

Age group (years)

20–29 20 21.7 15 16.3 0.928

30–39 13 14.1 17 18.5

40–49 18 19.6 17 18.5

50–59 11 12.0 12 13.0

60–69 18 19.6 18 19.6

70–79 12 13.0 13 14.1

Residence areaa

Urban 80 87.0 82 89.1 0.820

Rural 12 13.0 10 10.9

Smoking status

Non-smoker 76 82.6 76 82.6 0.939

Current smoker (<2 0 cigarettes) 7 7.6 8 8.7

Current smoker (≥ 20 cigarettes) 9 9.8 8 8.7

Drinking status

0–1 times/week 50 54.3 55 59.8 0.593

2–4 times/week 41 44.6 35 38.0

5–7 times/week 1 1.1 2 2.2

Surgical arch involvement

Maxilla 46 50.0 51 55.4 0.554

Mandible 46 50.0 41 44.6

Intrabony defectb

Two-wall defect 51 55.4 57 62.0 0.995

Three-wall defect 32 34.8 34 37.0

Furcation involvementc

Class I furcation involvement 17 18.5 18 19.6 0.872

Class II furcation involvement 39 42.4 42 45.7

Clinical parameters (surgical site, mean ± SD)

PPD (mm) 6.3 ± 1.8 6.4 ± 1.5 0.455

CAL (mm) 7.0 ± 1.9 7.2 ± 1.4 0.510

REC (mm) 0.7 ± 0.7 0.8 ± 0.9 0.617

FMBS (%) 25.1 ± 8.5 23.1 ± 11.2 0.331

FMPS (%) 24.7 ± 8.8 24.9 ± 7.8 0.780

Operation time (min) 40.5 ± 15.1 40.5 ± 15.1 43.3 ± 10.9 43.3 ± 10.9 0.166

Comorbid disease

Hypertension 12 13.0 14 15.2 0.832

Diabetes mellitus 11 12.0 10 10.9 1.000

P values were calculated using the chi-squared and two-tailed independent t test

SD standard deviation, PPD pocket probing depth, CAL clinical attachment loss, REC recessions, FMBS full-
mouth bleeding on probing score, FMPS full-mouth plaque score
a Classified with a cutoff of 50,000 residents
b Number of patients classified based on the most severe intrabony defect at the surgical site
c Number of patients classified based on the most severe furcation involvement at the surgical site
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to 75 years). No statistically significant difference was ob-
served in sociodemographic, clinical, or comorbidity fac-
tors between patients who underwent surgery with and
without EMD. Those aged 60 to 69 years (n = 36)
accounted for 19.6% of the eligible patients, 162 patients
(88.0%) resided in urban areas, 152 were non-smokers, and
105 drank alcohol 0–1 times/week. Periodontal flap sur-
gery was performed almost equally for the maxilla (n =
97, 52.7%) and the mandible (n = 87, 47.3%). Baseline
periodontal defects (number of patients with the most se-
vere intrabony defects and/or furcation involvements) and
clinical parameters (including average PPD, average CAL,
average recession, full-mouth bleeding on probing score,
and full-mouth plaque score) at the surgical site were not
significantly different between the two groups. Operation
times for patients who underwent surgery with and without
EMD were 40.5 ± 15.1 min (mean ± standard deviation)
and 43.3 ± 10.9 min, respectively, and no statistically sig-
nificant difference was observed between the groups.
Hypertension and diabetes mellitus also showed no statis-
tically significant difference between the groups (Table 1).

Postoperative discomfort

Severity of pain (VAS value difference [Df] = 0.18, 95% CI =
− 0.53–0.97; P = 0.614) and swelling (Df = 0.32, 95% CI = −
0.34–1.00; P = 0.341) did not differ between patients who
underwent surgery with and without EMD, but the durations
of pain (Df = 1.09, 95% CI = 0.51–1.68; P < 0.001) and swell-
ing (Df = 0.54, 95% CI = 0.08–0.99; P = 0.019) were signifi-
cantly lower in patients who underwent surgery with EMD
than in those who underwent surgery without EMD (Fig. 2).

Wound healing outcomes

Among the patients who underwent surgery with EMD,
dehiscence/fenestration occurred in 7 patients (7.6%), sponta-
neous bleeding occurred in 13 patients (14.1%), persistent
swelling occurred in 5 patients (5.4%), and ulceration oc-
curred in 5 patients (5.4%). Among patients who underwent
surgery without EMD, dehiscence/fenestration occurred in 9
patients (9.8%), spontaneous bleeding occurred in 19 patients
(20.7%), persistent swelling occurred in 15 patients (16.3%),
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Fig. 2 Comparison of early postoperative discomfort between patients
who underwent surgery with and without enamel matrix derivative
during the 2 weeks after periodontal surgery. (a, b The severity of
subjective pain (evaluated using a 100-mm visual analog scale) and

swelling, respectively. c, d The durations of subjective pain and swelling,
respectively. Statistically significant differences between the two groups
were determined using a two-tailed independent t test (*P < 0.001;
**P < 0.05)



and ulceration occurred in 7 patients (7.6%), respectively. No
statistically significant differences were observed in any clin-
ical complications between the two groups, except persistent
swelling which had a higher frequency in patients who
underwent surgery without EMD (P = 0.006) (Table 2).

As indicated in Fig. 3, in a multivariate analysis of con-
founding variables that were considered to affect wound
healing outcomes, including sex, age, smoking status, and
surgical arch and segment, dehiscence/fenestration (OR =
0.64, 95% CI = 0.15–2.59; P = 0.533), spontaneous bleeding
(OR = 1.24, 95% CI = 0.47–3.27; P = 0.661), and ulceration
(OR = 1.21, 95% CI = 0.25–5.82; P = 0.805) did not differ
significantly between patients who underwent surgery with
and without EMD, and only persistent swelling was clearly
significant (OR = 4.03, 95% CI = 1.17–13.78; P = 0.026).

Discussion

From the perspective of uncomplicated and rapid soft tissue
wound healing after tissue damage during surgery, new capil-
lary ingrowth and revascularization are crucial prerequisites
for the early formation of granulation tissue, supply of nutri-
ents and oxygen, growth factors, and pro- and anti-
inflammatory cytokines and chemokines including interleukin
(IL)-1β, IL-6, and tumor necrosis factor α [24]. Conversely,
defective or absent angiogenesis may lead to delayed wound
healing, such as dehiscence/fenestration, spontaneous bleed-
ing, persistent swelling, and ulceration, and also increase the
severity and duration of postoperative discomfort [25, 26].

Little research has been conducted on the perception of
postoperative discomfort associated with periodontal regener-
ation, and discomfort following periodontal surgery has not
yet been clearly established. Postoperative discomfort is most
likely to occur as soon as the local anesthetic effect disappears;
the maximum severity of pain and swelling occurs at 24 to
48 h, and most of the pain and swelling reduces or is

eliminated within 1 to 2 weeks after periodontal surgery [5,
27]. Early reduction in postoperative discomfort, within 1–
2 weeks, is considered to be the main cause of retention and
stabilization of blood clots, which protects the periosteum and
denuded tissue and promotes revascularization and angiogen-
esis [28].

This study showed that the durations of pain (Df = 1.09,
95% CI = 0.51–1.68; P < 0.001) and swelling (Df = 0.54,
95% CI = 0.08–0.99; P = 0.019) were significantly lower in
patients who underwent surgery with EMD than in those
who underwent surgery without EMD. In a multivariate anal-
ysis of confounding variables that were considered affecting
wound healing outcomes, including sex, age, smoking, and
surgical arch and segment, only persistent swelling for more
than 2 weeks was clearly significant (OR = 4.03, 95% CI =
1.07–13.78; P = 0.026) [29–31].

We also compared the duration and severity of early post-
operative discomfort according to sex and age (between those
aged 20–49 years and 50–79 years) but did not find any sig-
nificant difference between patients who underwent surgery
with and without EMD (data not shown). These results are in
contrast to previous findings, which indicated that females and
younger people have lower thresholds of pain and higher pain
sensitivity than males and elderly people [32]. Generally, be-
cause the severity of pain after periodontal surgery is not so
severe as to exceed the threshold, no significant difference is
considered to exist according to sex or age. None of the en-
rolled patients who underwent surgery with and without EMD
showed critical or infectious signs such as fistulae, suppura-
tion, or persisting severe pain and swelling. These findings are
consistent with previous studies showing that the overall inci-
dence of postoperative pain and infection is low and the se-
verity is also mild [11, 33].

EMD has been used widely in clinical practice without
severe side effects, but its biological and underlying mecha-
nisms are still not fully understood [34]. EMD, which interacts
with periodontal ligament mesenchymal stem cells, has been
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Fig. 3 Comparison of early
wound healing outcomes between
patients who underwent surgery
with and without enamel matrix
derivative in multivariate logistic
regression analysis adjusted for
sociodemographic (sex, age,
residence area, and smoking and
drinking status), clinical (surgical
arch and segment, and operation
time), and comorbidity
(hypertension and diabetes
mellitus) factors. Data are odds
ratios (95% confidence intervals)
and P values (*P < 0.05)



suggested to increase intracellular adenosine 3′,5′-
monophosphate (cyclic AMP) levels and autocrine produc-
tion, which initiates regeneration processes including osteo-
genesis, dentinogenesis, and cementogenesis [35]. Yuan et al.
reported that EMD stimulates angiogenic factor production of
periodontal ligament progenitors in animal models, thereby
directly and/or indirectly promoting angiogenesis, thereby im-
proving induced wound healing after periodontal surgery [36].
Schlueter et al. also hypothesized that EMD stimulates micro-
vascular endothelial cell proliferation and chemotaxis and
thereby further promotes wound healing and tissue remodel-
ing [37].

The vascular endothelial growth factor (VEGF) family,
including angiotensin II, insulin-like growth factor, epider-
mal growth factor, platelet-derived growth factor, and
transforming growth factors (TGF) α and β, plays a critical
role in increasing and promoting angiogenesis [38, 39].
Van der Pauw et al. reported that when EMD was applied
to periodontal soft tissue, the production of VEGF, partic-
ularly TGF-β1, increased 3-fold. Schlueter et al. also
showed that the secretion of TGF-β1 by periodontal liga-
ment cells also increased 2.5-fold to 3.8-fold [37, 40].
Therefore, a reduction in the duration of pain and swelling
and improved early wound healing outcomes after adjunc-
tive application of EMD are considered to be closely relat-
ed to improvement in the production and secretion of
TGF-β1 and sequentially promoting angiogenesis and
revascularization.

This study had some limitations. First, posthoc sample
size calculations were performed and efforts were made to
reduce the selection bias by enrolling an equal number of
sex-matched patients, but the present study could not be
free from the fundamental limitation of potential inherent
bias. Due to the retrospective nature of this study,

intraexaminer and interexaminer reliability and repeatabil-
ity could not be assessed. Therefore, results may be sub-
jectively biased and should be interpreted cautiously.
Second, the sample included only patients who underwent
periodontal surgery without bone grafting. Further research
is necessary to evaluate the postoperative discomfort and
wound healing outcomes including implant treatment and
soft tissue augmentation with bone grafting. The other ma-
jor limitation was the potential for memory bias in patients
with pain and swelling. Because the memory of discomfort
is highly subjective and not always reliable, it is considered
to be more circumspect, and caution is required in
interpreting the results.

Despite the limitations, this study revealed that no signifi-
cant difference was present in the severity of early postopera-
tive discomfort and wound healing outcomes between patients
who underwent surgery with and without EMD, but that the
durations of postoperative pain and swelling were shorter in
patients who underwent surgery with EMD, which is a clear
clinical advantage. Additional prospective clinical trials with
large samples of patients who underwent surgery with EMD
are therefore recommended to elucidate and clarify the posi-
tive effects of EMD, such as reduced discomfort and acceler-
ated wound healing.
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Table 2 Surgeon-observed
wound healing in patients who
underwent surgery with and
without enamel matrix derivative
during suture removal and
postoperative clinical
examination

With EMD (n = 92) Without EMD (n = 92)

Variables Total no. % Total no. % P value

Dehiscence and/or fenestration

No 85 92.4 83 90.2 0.793

Yes 7 7.6 9 9.8

Spontaneous bleeding

No 79 85.9 73 79.3 0.071

Yes 13 14.1 19 20.7

Persistent swelling

No 87 94.6 77 83.7 0.006

Yes 5 5.4 15 16.3

Ulceration

No 87 94.6 85 92.4 0.765

Yes 5 5.4 7 7.6

P values were calculated using the chi-squared test. Italics denotes statistical significance (P < 0.05)
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Informed consent All enrolled patients provided written fully informed
consent in accordance with the IRB guidelines, and the study was con-
ducted in accordance with the Declaration of Helsinki and the Guidelines
on Good Clinical Practice.
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