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Objective: To monitor wound healing following surgical extraction of wisdom teeth using
the novel Inflammatory Proliferative Remodeling (IPR) Scale.
Methods: A prospective study design was used. Participants included 94 otherwise healthy

Key words: adult patients undergoing surgical extraction of a wisdom tooth at a tertiary medical centre
Inflammatory Proliferative Remodel- from June 2018 to June 2019. The IPR Scale was completed by two resident surgeons in oral
ing Scale and maxillofacial surgery at three time points after the procedure, corresponding to the

three phases of wound healing. Mean subscale and total scores were calculated. Patients
graded their preoperative anxiety, intraoperative pain, and pain during follow-up on a

Surgical extraction
Wound healing scale
10 cm visual analog scale, and the findings were correlated with the IPR Scale scores.
Results: Mean IPR total score (range 0—16) was excellent (14.43 + 1.45). Mean scores by heal-
ing phase were as follows: inflammatory 6.35 + 1.34 (range 0—8); proliferation, 4.56 + 0.8
(range 0-5); remodeling, 2.83 + 0.51 (range 0—3). There was a positive correlation between
mean preoperative anxiety level (5.9 + 3.6) and intraoperative pain perception (2.4 + 2.4;
P=0.65) and a negative correlation between mean preoperative anxiety level and IPR Scale
scores for each healing phase. Two cases were complicated by abscesses which resolved
with treatment.
Conclusion: The IPR Scale is a promising tool for the effective evaluation of the wound heal-
ing process following wisdom tooth extractions. Relaxation methods and behavioural
adaptation might help to lower patient anxiety and thereby improve oral wound healing.
© 2021 The Authors. Published by Elsevier Inc on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction to identify early signs and symptoms of complications in the

soft tissue and perform timely interventions to ensure a good

The healing response is an essential phylogenetically primi-
tive defence mechanism." Injuries of any kind initiate a com-
plex series of proximate and often overlapping biological
events directed toward restoring tissue integrity.* All tissues
follow an essentially identical pattern consisting of three
main phases: inflammatory, proliferation, and remodeling.
The specific characteristics of each phase, however, may dif-
fer by tissue type.' Disturbed wound healing may be due to
the surgical procedure itself or the type of wound and has
many clinical manifestations. The informed surgeon is able
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outcome and favourable progression of wound repair. There-
fore, wound healing scales may be useful in this setting.»
Nevertheless, wound healing scales are infrequently used
in oral surgery and have been investigated mainly in split-
mouth studies of patients after tooth extraction. A recent
review described eight wound healing scales designed for
oral and maxillofacial surgery.®> The most often cited was
Landry’s Healing Index”* which measures five clinical out-
come parameters: tissue colour, bleeding on palpation, pres-
ence of granulation tissue, incision margin (epithelialisation
and connective tissue exposure), and suppuration. Scores
range from 0 (poor healing) to 5 (excellent healing).>* Other
scales included: the Early Wound Healing Index (EHI),>°
which divides the quality of healing into five levels according
to flap closure, presence of fibrin, and partial or complete
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necrosis of the interproximal tissue; the visual analogue scale
(VAS) Cosmesis Scale””®; Wound Evaluation Scale (WES)*’;
and Three-Score VAS Categorical Scale.® However, in none of
them did the outcome parameters correlate with the wound
healing phases, including Landry’s Index which has under-
gone several modifications for this purpose,” ** and in none
was the ideal oral wound healing process defined.

To counter this problem, the Inflammatory Proliferative
Remodeling (IPR) Wound Healing Scale (Table 1)° was
developed to assist surgeons in monitoring postoperative
oral mucosal wound healing. The scale is divided into three
subscales corresponding to the three phases of wound
healing, and each is rated at the appropriate time point
during follow-up,’ yielding three subscale scores and a
total score. The outcome parameters of the subscales
depend on the biological events that occur during that spe-
cific phase.

¢ The inflammatory phase (days 3—5 postoperatively) is char-
acterised by vasoconstriction of the injured vasculature
with aggregation of circulating platelets that adhere to
each other to form a fibrin plug. This results in haemostasis
which sets the stage for provisional matrix foramtion.
Once haemostasis is secured, vascular permeability is
increased, allowing blood plasma and other cellular media-
tors of healing to pass through the vessel walls by diapede-
sis. The corresponding clinical manifestations include
swelling, redness, heat, and pain.

e The proliferative phase (14 days postoperatively) is charac-
terised by the formation of pink granulation tissue contain-
ing inflammatory cells and by collagen secretion. The
corresponding clinical manifestations include re-epitheli-
alisation, pink tissue colour and scar formation."* Dysregu-
lation of this phase may cause excess collagen and scar
contracture.

e The aim of the remodeling phase (6 weeks postoperatively)
is to balance matrix degradation (removal of weaker type II
N-collagen) with matrix formation (replacement with
stronger type I collagen). Homeostasis of the collagen fibres
and the extracellular matrix of the scar is regulated by ser-
ine proteases and matrix metalloproteases. The corre-
sponding clinical manifestations are normal tissue colour
and scar formation."® Any disruption of this orderly bal-
ance can lead to excess or inadequate matrix degradation
and result in either a keloid scar or wound dehiscence.

As part of the IPR Scale evaluation, patients rate their level
of anxiety before the procedure and level of pain during the
procedure and follow-up on a VAS.

Surgical extractions are defined by the American Dental
Association as ‘surgical removal of an erupted tooth requiring
elevation of a mucoperiosteal flap and removal of bone and/
or section of tooth’.’* Tooth extraction is one of the most
common procedures in dentistry in general and oral surgery
in particular.’ Surgical extraction may be necessary in cases
of tooth impaction in bone and/or soft tissue, tooth decay
below the bone level, insufficient remaining clinical crown,
tooth or root fracture, presence of periapical lesions or dis-
ease, and other conditions according to the discretion of the
practitioner.*?

Surgical extraction of impacted wisdom teeth involves
ostectomy and surgical injury to the soft tissue, leading to
pain and edema as part of the normal inflammatory
response.’* Potential complications include bleeding, infec-
tion, nerve damage, and jaw fracture.” The risks are influ-
enced by background factors such as patient age, gender, and
health status, according to the American Society of Anes-
thesiologists,16 in addition to clinical factors such as bone
density, tooth position, degree of impaction, and surgeon
experience.’

Table 1 - Characteristics, timing, and scoring of the IPR Wound Healing Scale

T/Phase Score
Parameter Score 0 Score 1 Total score
Inflammatory T: 3—5days Bleeding, spontaneously Yes No /8
or on palpation
Granulation tissue Yes No
Haematoma Yes No

Tissue colour
Incision margins

Suppuration Yes

Edema VAS (1-10) VAS 6-10

Pain VAS (1-10) VAS 6-10
Proliferative T: 14 days Re-epithelialisation Partial

Tissue colour

Redder or whiter than opposite side tissue
Incomplete flap closure/fibrin clot/partial
necrosis/complete necrosis

Redder or whiter than opposite side tissue

Like the opposite side tissue
Complete flap closure/fine
fibrin line
No
VAS 1-5
VAS 1-5
Complete /5
Like the opposite side tissue

Scar Scar wider than 2 mm/contour No scar/scar less wide than
irregularity 2 mm/contour regularity
Suppuration Yes No
Pain VAS (1-10) VAS 6-10 VAS 1-5
Remodeling T: 6 weeks Scar Scar wider than 2 mm/contour No scar/scar less wide than /3

irregularity
Tissue colour
Pain VAS (1-10) VAS 6-10

Total process

Redder or whiter than opposite side tissue

2 mm/contour regularity
Like the opposite side tissue
VAS 1-5
/16
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The aim of this study was to monitor the postoperative
wound healing process following surgical wisdom tooth
extraction using the IPR Scale.

Methods
Patients and setting

A prospective study was performed in the Department of Oral
and Maxillofacial Surgery of a tertiary medical centre in Israel
from June 2018 to June 2019. The protocol was approved by
the institutional Helsinki Committee (approval number 0431-
18-RMC). Participants included otherwise healthy consecu-
tive patients aged 18 years or more who were diagnosed with
a partial bony impacted wisdom tooth based on panoramic
X-rays and underwent surgical extraction. Exclusion criteria
were diabetes mellitus, smoking habit (cigarettes or other
materials), and steroid intake. All eligible patients who agreed
to participate in the study signed an informed consent form.
Demographic and clinical data were obtained at enrolment.

Extraction procedure

Extractions were performed by a resident in oral and maxillo-
facial surgery. Local anaesthesia of the inferior alveolar, lin-
gual, and buccal nerves was induced by infiltration of 2-3
capsules of lidocaine hydrochloride 2% and epinephrine at a
ratio of 1:100,000. The surgeon evaluated patient pain percep-
tion prior to the start of the procedure by tapping the tongue,
lower lip, chin, and gums around the relevant tooth. A trian-
gular partial Neumann flap was raised to gain access to the
tooth.”® Closure was performed by buccal flap advancement,
and the entire surgical area was covered due to flap mobilisa-
tion. Suturing was performed with 3—0 catgut sutures.

After the extraction, patients were prescribed amoxycillin
(Moxypen®) 500 mg three times/day for 7 days or, for those
sensitive to penicillin, clindamycin 300 mg three times/day
for 7 days. Additionally, patients were instructed to rinse
with chlorhexidine 0.2% mouth rinse two times/day for
10 days, and in the event of acute pain, to take an analgesic
(dipyrone 500 mg or paracetamol 500 mg) three times/day for
up to 7 days.

Wound healing evaluation

At the time of surgery, two second-year residents in oral and
maxillofacial medicine asked each patient to describe their
preoperative anxiety level (registered before anaesthesia was
induced) and intraoperative pain level (registered after anaes-
thesia was induced) by marking the appropriate place along a
10 cm line drawn on a sheet of paper.

During follow-up, the IPR Scale was used to monitor the
wound healing process. Patients were requested to present at
the clinic at 3-5 days, 14 days, and 6 weeks after the extrac-
tion day, corresponding to the three phases of wound healing
(inflammatory, proliferative, and remodeling, respectively;
Table 1). At each visit, the surgeon used the appropriate sub-
scale to evaluate the wound. Each clinical manifestation
was scored 0 or 1, yielding three subscale scores ranging from

0-8, 0—5, and 0—3, accordingly. The surgeon also took a clini-
cal photo of the wound with a smartphone camera and sub-
mitted it for evaluation by two experts in oral and
maxillofacial surgery (Figures 1—4). During the visits, patients
again rated their pain level on the VAS. At the end of follow-
up, the total score of the IPR Scale was calculated (0-16),
where 0—4 indicated poor healing, 5-10 acceptable healing,
and 11-16 excellent healing® (Table 1). The subscale scores
were given different weights in the calculation of the total
score commensurate with their importance to the healing
process. The inflammatory phase was considered the most
important because inflammation can endanger the subse-
quent series of biologic events leading to early wound heal-
ing.! The remodeling phase carried the least weight because
it can continue for several years and basically involves main-
tenance of stability.?

Statistical analysis

Statistical analysis was conducted using SAS software, ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA). Continuous varia-
bles are presented as means and standard deviations, and
categorical variables as numbers and percent. Student t-test
was used to compare continuous variables between groups
and Fisher exact test or chi-square test, as appropriate, was
used for categorical variables. Two-sided P values < 0.05 were
considered statistically significant.

Results

The study group included 94 patients (42 male 52 female) of
mean age 45.5 + 20.6 years (range 18—87). The mean operative
time was 21.6 + 13.4 minutes (median, 20 minutes; Table 2).
Sixty-six patients attended the first follow-up visit, 43 the sec-
ond, and 18 the third (Figure 5); the corresponding dropout
rates were 30%, 54%, and 81% (Figure 6).

Fig. 1-Clinical appearance after impacted tooth extraction,
inflammatory phase (first follow-up visit).
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Fig. 2-Clinical appearance after impacted tooth extraction,
inflammatory phase (first follow-up visit).

Fig. 3 -Clinical appearance after impacted tooth extraction,
proliferative phase (second follow-up visit).

Fig. 4-Clinical appearance after impacted tooth extraction,
proliferative phase (second follow-up visit).

Table 2 - Self-reported VAS scores for preoperative anxiety,
intraoperative pain and procedure timing in 94 patients
undergoing tooth extraction

Parameter No Mean SD Median Range
Anxiety VAS 88 5.9 3.6 6 1-10
Pain VAS 90 24 24 1 1-10
Timing (minute) 83 21.6 13.4 20 10-60

IPR, Inflammatory Proliferative Remodeling; VAS, visual analogue
scale.

The mean VAS score was 5.9 & 3.6 for preoperative anxiety
and 2.4 + 2.4 for intraoperative pain (Table 2). There was a
positive correlation between preoperative anxiety and intra-
operative pain (P =0.65).

The mean total wound healing score on the IPR Scale was
14.43 + 1.45, which is considered excellent. The mean wound
healing scores for the three subscales (phases) were as fol-
lows: inflammatory phase, 6.35 + 1.34; proliferative phase,
4.56 + 0.8; and remodeling phase, 2.83 £ 0.51 (Figure 7). There
was a negative correlation between the mean preoperative
anxiety score on the VAS and the IPR Scale scores at each
healing phase (inflammatory phase: r = —0.12, P = 0.34; prolif-
erative phase: r=—0.02, P =0.86; remodeling phase: r = —0.13,
P=0.64).

The effect of patient sex and age on IPR Scale scores, for
both the subscales and the total, and on patient anxiety and
pain was investigated. The results are shown in Table 3. Com-
parison by sex yielded a significant between-group difference
in the inflammatory phase, with female patients having a
lower wound healing score than male patients (4.56 + 0.97 vs.
6.18 &+ 1.33, P=0.003 with the t-test and P =0.02 with the Wil-
coxon signed rank sum test). To evaluate the effect of age, the
study group was divided into two groups: 18—25 and 26
—87 years. There were no significant between-group differen-
ces in any of the subscale scores or the total score.

Two cases were complicated at the first follow-up (inflam-
matory phase) by the formation of an abscess requiring surgi-
cal drainage and a second course of antibiotics. Both
resolved, and the patients showed proper healing at the sub-
sequent follow-up visit (proliferative phase).

Discussion

Several studies have used indexes or scales to evaluate the
wound healing process after extractions.>>'° The IPR Scale
solves many of the problems of prior wound healing scales,
including the lack of a standardised definition of ideal wound
healing, failure to distinguish among the different phases of
the wound healing process, and lack of correlation between
the wound healing parameters applied and the wound healing
phases.’ The scale is intended to help surgeons decide if and
when to intervene in the healing process, according to the spe-
cific phase — inflammatory, proliferative, or remodeling.

As part of our evaluation, patients rated their anxiety and
pain at different time points. The findings confirmed that oral
surgery provokes high levels of anxiety before the procedure
and this may affect pain perception during the procedure.
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Fig. 5-Fourteen of the 94 patients attended all three follow-up visits (orange). Of the remaining patients, 52/80 attended the
first, 29/80 the second and 4/80 the third (blue).
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Fig. 7 - Patient wound-healing scores on the IPR Scale. IPR, Inflammatory Proliferative Remodeling; I, Inflammatory; P, Prolif-
erative; R, Remodeling.
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Table 3 - Effect of sex and age on scores of the IPR Scale in 94 patients undergoing tooth extraction

Characteristic Total score Wound healing phase
Inflammatory Proliferation Remodeling

Patient sex

Male 9.39+5.15 6.88 £0.97 4.56 £0.89 2.9+0.32

Female 8.68 +4.15 588+ 1.7 4.56 £0.75 2.75+0.71
Patient age

18-25 years 10.0 +4.84 6.18 £1.62 4.67 £0.71 2.83+041

26-87 years 8.73+4.55 6.28 £1.62 4.53+0.83 2.83+0.58

Eli et al.”® reported similar results in a study of 60 patients
undergoing implant insertion wherein there was a significant
relationship between state anxiety and pain perception at all
time points evaluated: immediately before surgery, immedi-
ately after surgery, and four weeks postoperatively.

In our study, a negative correlation was found between
VAS anxiety scores and IPR Scale scores, indicating that the
more anxious the patient before the extraction, the lower the
IPR Scale scores in all three phases. This finding supports the
direct influence of anxiety on oral wound healing following
extraction. It is well recognised that psychological stress can
activate the hypothalamic-pituitary-adrenal and the sympa-
thetic-adrenal-medullary axes, leading to enhanced glucocor-
ticoid and catecholamine production, which can in turn
directly affect several components of the healing process. Sig-
nificant evidence from animal and human studies indicates
that physiological stress responses can specifically impair the
inflammatory phase.”® Of 193 healthy students who under-
went a surgical procedure resulting in a 3.5 mm wound on
the hard palate, those reporting high levels of depressive
symptoms were almost 3.6 times more likely to be classified
as slow healers than low dysphoric students.”’ Greater clini-
cian awareness of the association between psychological fac-
tors and wound healing might lead to more patient referrals
for instruction in relaxation methods and behavioural
adaptation, making the process easier for both patient and
surgeon.

We found no effect of patient age on the wound healing
process. However, comparison by sex revealed that female
patients had significantly lower wound healing scores than
male patients. These results are in line with the study of
Engeland et al.”” who evaluated 212 patients 7 days after sus-
taining a 3.5-mm circular wound on the oral hard palate.
They found that the mucosal wound healing process was
slower in women than men (P =0.008) regardless of age, sug-
gesting that sex hormones play a role in oral mucosal wound
healing, favouring men.

In the present study, there was a considerable dropout
rate at the second and third follow-up visits. To our knowl-
edge, there are no studies of tooth extraction in which follow-
up was extended to 6 weeks. Given the good results on the
PRI Scale, we assumed that the dropout rates were high later
into follow-up because healing had already largely occurred,
and the patients felt no need to attend subsequent clinic vis-
its. Telecommunication technologies offer an increasingly
popular solution for high follow-up attrition rates, and they
may be adapted for use in wound healing to appropriately
monitor outcomes according to relevant scales.”® Systematic

reviews have shown that patients find the use of interactive
videos acceptable in diverse medical contexts.”* The advan-
tages include increased accessibility of specialist expertise,
less need for travel, reduced waiting times,”* and cost- and
time-saving for both patients and the healthcare system. In
cases of surgical wounds, videos allow for direct visualisation
by the clinician which is essential for diagnosis, treatment,
and follow-up.

Future studies are needed to test the IPR Scale for wider
applications in oral mucosal surgery so that clinicians will be
able to identify wound healing patterns and specific modifiers
that may promote or inhibit the healing process following
surgical procedures.
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