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Abstract: Background: Bromelain and coumarins are recognized as safe and effective therapeutic
agents, used by individuals to treat ailments such as postoperative edema, inflammation and other
diseases. Bromelain has been proven to be well absorbed by the body after oral administration, and
it has no major side effects even after prolonged use. The purpose of this study is to evaluate the
effectiveness of bromelain and other nutraceuticals in reducing post-surgical swelling, pain and the
need of anti-inflammatory drugs in maxillofacial post-traumatic surgery. Methods: This prospective
open-label study was conducted on patients undergoing surgery for trauma of the maxillofacial
area. One hundred patients were selected and divided into two groups: one group who underwent
therapy with bromelain, Aesculus hippocastanum and Melilotus officinalis and a control group that was
not given the drug in postoperative therapy. Results: Patients in the experimental group showed
a reduction of edema in the first and second postoperative weeks, a faster complete reduction of
facial edema and a lower reduction in maximum mouth opening and needed less anti-inflammatory

therapy to control pain. Conclusions: These findings seem to provide evidence that Brovas®

may be
effective in improving postoperative edema outcomes in patients undergoing surgical treatment of

facial fractures.
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1. Introduction

The field of traumatology represents an important part of maxillofacial surgery, with
almost half of all surgical interventions occurring in the traumatology branch. The man-
agement of patients suffering from a fracture of single or multiple facial bones begins
with the correct initial evaluation, an adequate surgical intervention for the reduction and
stabilization of the fractures and a postoperative management that allows the patient to
recover as soon as possible from pre-trauma morphology and functionality, minimizing the
negative effects of the intervention [1].

For patients undergoing facial trauma surgery, there is a high rate of pre- and postop-
erative pain, worsening facial edema in the first three days, functional limitations in buccal
opening, chewing, eyelid opening, etc. (depending on the region of the facial skeleton
involved) [1].

As a result of tissue incision, skeletonization and traction forces applied to reduce
fractures, facial edema is one of the constant elements in facial trauma surgery.

Worldwide, bromelain is recognized as a safe and effective therapeutic agent, used by
individuals to treat ailments such as arthritis, sinusitis, bronchitis and inflammation [2].

There are many therapeutic benefits associated with bromelain, and an important
indication for bromelain therapy is the reduction of postoperative and post-traumatic
swelling and pain [3].
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A number of researchers have also evaluated bromelain’s anti-inflammatory effects
after third molar surgery, but the results have not been consistent [4]. A study by de
la Barrera-Nunez et al. [5] found that bromelain reduced inflammation and improved
mouth opening motion after surgery, but the results were not statistically significant. Majid
and Al-Mashhadani [6], on the other hand, reported that bromelain could significantly
reduce postoperative pain and swelling after third molar surgery. An objective of the
present study was to provide evidence-based results regarding bromelain and coumarin’s
effects on reducing postoperative symptoms and signs after facial trauma surgery. In this
study, the authors hypothesized that bromelain and coumarins could significantly reduce
postoperative discomforts.

In the present work, 100 patients undergoing surgical treatment for fractures of the
face at the maxillofacial surgery department of Ancona Hospital (Italy) were analyzed and
divided into two groups depending on whether or not they had postoperatively taken a
product specifically aimed at reducing edema, pain and most of the classic disorders of the
postoperative period.

In fact, the aim of this study is to evaluate the reduction of post-surgical edema
with or without the intake of a product characterized by high-dose bromelain, Melilotus
officinalis titrated at 20% in coumarin and Aesculus hippocastanum titrated at 20% in coumarin
(Brovas®, AGAVE group; Bologna, Italy) in patients undergoing surgery for the reduction
and stabilization of facial fractures.

2. Materials and Methods

The present work is a prospective open-label trial. One hundred patients undergoing
a procedure for the reduction and stabilization of fractures of the facial mass were included.
The patients were randomly divided into two groups (50 patients per group) through a
randomized system: group A patients who did not take the product in question in the
immediate postoperative period and for the agreed period and group B patients who took
the product immediately after the operation and for the agreed period (1 tablet, 2 times a
day for 15 days).

The inclusion criteria implemented in the present study are as follows: patients treated
surgically for fracture of the facial mass, not previously operated on for the same fractures,
compliant with medical instructions, of any age and of both sexes, patients with guaranteed
follow-up at least 30 days post-surgery and patients who were operated on in a time
window between 5-7 days after the traumatic event. However, patients who were already
treated for the same fractures, non-compliant, treated in emergency or after more than
8 days, allergic to the active ingredient of bromelain and coumarin or with alterations in
their state of consciousness were excluded from this study.

Both groups received the following general instructions: 15 days of light diet, brushing
teeth 3 times a day and 7 days of broad-spectrum antibiotic therapy, decubitus with backrest
at 30° and application of ice for 15 min alternating for the first postoperative day. This
study was conducted in an open-label manner. The VAS scale was taken as a reference
to assess pain and how many days of nonsteroidal anti-inflammatory therapy (NSAID)
were needed to control pain during the week. The surgeons collected all measurements
and clinical results before surgery, the first 24 h postoperation and seven and fifteen days
after surgery.

As far as edema is concerned, in addition to a subjective evaluation of the imbibition of
the soft tissues of the face which obviously presents possible operator-dependent variability,
some pre-established points of the patient’s face were taken as a reference divided by facial
thirds (upper, middle and lower thirds). The variations in distance between pre- and
postoperative measurements were calculated in order to objectively evaluate the presence
of more or less marked edema according to the increase in distance between two points. The
subdivision of the face into three parts is necessary, considering the extreme heterogeneity
of traumas of the facial mass. The division into three parts was carried out by taking as
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landmarks two parallel lines passing through the nasion, defining the upper and middle
thirds, and through the base of the nostrils, defining the middle and lower thirds.

Six main points were identified: point A at the level of the lateral canthus, B at the level
of the mandibular angle, C at the level of the internal canthus, D at the level of the midpoint
of the chin, E at the level of the tragus and F at the level of the base of the nasal wing.

The distances measured and analyzed were AB, BC, AD, CD and BF for the lower
third and EA, EC and EF for the middle third. For the upper third of the face, the pre and
postoperative circumference of the patient’s head at the level of the glabella was taken as a
parameter.

Additionally, the buccal opening was assessed at time 0 and after 7 and 15 days in
patients with injuries to the middle and lower thirds of the face.

3. Statistical Analysis

Statistical analysis was performed using Stata ver. 17.0 software (StataCorp, College
Station, TX, USA). The following clinical variables were analyzed in the study: age, sex, type
of facial fracture, smoking habit, pain reported via VAS scale, number of anti-inflammatories
taken and distances between pre-determined facial points.

Intergroup comparisons of the Wilcoxon-Mann-Whitney rank sum test using Fisher’s
exact p-value were used.

Cohen’s D of the VAS for pain at follow-up between groups was used for power
estimation. Setting alfa = 0.05, the computed power was 99%.

The Shapiro-Wilk test showed normal distribution for VAS for pain. The unpaired
Student’s t-test was conducted for intergroup comparisons at each timepoint for VAS
for pain.

The Shapiro-Wilk test showed non-normal distribution for many series of facial
landmarks; thus, the Mann—-Whitney rank sum test was used for comparisons.

4. Results

The present study includes patients who underwent surgery to reduce and stabilize fa-
cial fractures within and no later than 5-7 days from the injury and who had not previously
undergone surgery for the same fracture. A total sample of 100 patients were included,
divided into two groups of 50 patients each. As regards gender, 68 patients were male
and 32 were female, with a ratio of almost 2:1. The mean age of both groups is 41.42 years
(values between 15 and 80 years). The average age of group A is 39.8 years old while
that of group B is 43.04 years old. The history of cigarette smoking was similar between
the two groups with 41 non-smoking patients, 48 habitual smokers and 11 sporadic or
occasional smokers. Between smokers and non-smokers, no significant differences were
observed in the reduction of postoperative edema (Table 1).

Table 1. Distribution of age, smoking habits and average duration of surgery for the two groups.

Age

Non Missing Mean Standard Deviation Standard Error of the Mean =~ Minimum Value = Maximum Value
Age (overall) 100 41.42 15.5213 1.552 15 80
Age Group A 50 39.8 15.6622 2.2149 15 76
Age Group B 50 43.04 15.3649 21729 17 80

T Mean Group A SD Group A Mean Group B SD Group B p-Value !
Age —1.044199 39.8 15.66225 43.04 15.3649 0.2989623
Smoking Habit
Group p-Value !

Smoke A B Total
0 23 18 41
1 22 26 48
5 5 6 1 0.596
Total 50 50 100

1 “Unpaired Student’s ¢ test, two tails, non-significant Smoking habit Group” for the table “Age” and “Pearson’s
Chi2 test, non-significant” for the table “smoking habits”.
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As regards the face portion involved in the traumatic event, no differences were
reported between the two groups. Among the 100 patients analyzed, 48 came to our
attention for fractures of the lower third of the face, 38 for the middle third and 14 for the
upper third. The total surgical time averaged 50.25 min (with values ranging between 15
and 220 min) and did not differ significantly between the two groups. (51.5 min for group
A and 49 min for group B) (Table 2).

Table 2. Distribution of the portions of the face affected by trauma and average duration of surgical
operations in the two groups.

Face Portion Involvement

. Group p-Value !
Face Third A B Total
Inferior 21 27 48
Middle 21 17 38
Superior 8 6 14 0483
Total 50 50 100

Surgical time

Non Missing Mean Standard Deviation Standard Error of the Mean Minimum Value Maximum Value

Surg time (overall) 100 50.25 21.63 2.163 15 220

Surg time Group A 50 51.5 27.4094 3.876 15 220

Surg time Group B 50 49 13.8136 1.953 30 80
T Mean Group A SD Group A Mean Group B SD Group B p-Value !

Surg time 0.5759 51.5 27.4094 49 13.8136 0.566

1 “Pearson’s Chi2 test, non-significant” for the table “Face portions involved” and “Unpaired Student’s T test,
two tails, non-significant Smoking habit Group” for the table “Surgical Time”.

As regards the study of the efficacy of the medication under examination, the intake of
pain-relieving /anti-inflammatory drugs (NSAIDs) in the immediate postoperative period
was evaluated among the parameters. The number of intakes, the type of medication and
the overall duration of treatment were evaluated. Intergroup comparisons of the Wilcoxon—
Mann-Whitney rank sum test using Fisher’s exact p-value were used. The duration of
the analgesic treatment differed significantly, with lower values in group B (median: 2,
IQR: 2.3, p < 0.0001). The median of group A is equal to 4 days of anti-inflammatory
treatment while the median of group B is equal to 2 days. The main medication used as an
anti-inflammatory was ibuprofen, in 78% of cases (Table 3).

Table 3. Comparison of Wilcoxon-Mann-Whitney rank sum tests among groups in the treatment of
postoperative pain with NSAIDs.

Postoperative Treatment of Pain with NSAIDS’s

Non Missing Median 25% 75% Minimum Value Maximum Value

Analg time (overall) 100 3 2 4 1 7

Analg time Group A 50 4 3 5 2 6

Analg time Group B 50 2 2 3 1 7
z Observed Rank Sum Expected Rank Sum p-Value !

Analg time 6.506 5050 5050 <0.0001

! Wilcoxon Mann Whitney rank sum test intergroup comparison using Fisher’s Exact p value, highly statistically
significant.

In the analysis of postoperative pain, the VAS pain scale was used, with values from 0
to 10, submitted to the patient at time O (pre-operative) on the first postoperative day and
at7 (T1) and 15 days (T2) after surgery.

Cohen’s D of the VAS for pain at follow-up (T2) between groups was used for power
estimation. Setting alfa = 0.05, the computed power was 99%.

The Shapiro-Wilk test showed normal distribution for VAS for pain, except for TO.
VAS decreased significantly over time in both groups (p < 0.0001). The unpaired Student’s
t-test was conducted for intergroup comparisons at each timepoint, showing significantly



J. Clin. Med. 2024, 13,922

50f 10

lower values for group B with a value of 3.26 £ 1.26 versus the value of 2.24 £ 1.15 for
group A (p < 0.0001) (Figure 1).

VAS for pain Time
T0 T1 T2 P value!
Group A
Mean 4.92 5.44 3.26 <0.0001
SD 1.509697 1.667945 1.258603
Group B
Mean 4.84 4.94 224 <0.0001
SD 1.530106 1.596041 1.152814
P value 2 0.793 0.064  <0.0001

17 &

VAS for pain
4
1

2
I

'8

Group A Group B GroupA Group B Group A Group B
To T1 T2

Figure 1. Shapiro-Wilk test showed normal distribution for VAS for pain. ! Oneway ANOVA for
repeated measures for single group over time. 2 Unpaired Student’s t test at each time point, verified
by rank sum test.

As regards the evaluation of facial edema through the study of the various distances
between predefined facial points, the statistical analysis revealed the following overall
averages of the distances: AB difference equal to 3.181; BC difference of 18.163; AD
difference of 3.405; CD difference of 3.481; BF difference of 1.687; EA difference equal to
1.463; EC difference of 2.20; EF difference of 1.327; and CC difference of 0.623 (Figure 2).

The Shapiro-Wilk test showed non-normal distribution for many series of facial
landmarks; thus, the Mann-Whitney rank sum test was used for comparisons. Intergroup
comparison showed that the T2-TO difference was significantly lower in group B than in
control for all landmarks (CC distance difference is plotted as a separate graph as range
was on difference scale).

The mean buccal opening reported at TO was 3.7 cm for both groups. At T1, we
recorded a buccal opening in group A patients equal to 4.2 cm and in group B equal to
4.7 cm. At T2 in both groups, values of 4.9 and 5.1 cm were recorded for groups A and B,
respectively, compatible with the values prior to the traumatic event.

In group B patients, no side effects of any kind related to taking the treatment or
allergic reactions to the active ingredients contained in the product were found. The
dosage taken by patients, i.e., one tablet every 12 h, has been shown to be effective from a
therapeutic point of view and below the toxic dose of the active ingredients it contains.
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Facial landmarks over time
Group A Group B Overall
TO T2 p-value! TO T2 p-value'! TO T2 p-value'
AB Mean 11.21429 11.90476 0.99 11.175  11.73571 0.99 11.19184 11.80816 1
AB St.dev. 0.5615031 0.5643369 ' 0.5879185 0.6062724 ' 0.5711234 0.5887263
BC Mean 12.5619 13.55714 0.99 129  13.29643 0.99. 12.92041 13.40816 0.99
BC St.dev. 0.5537318 0.5045506 0.3366502  0.4484394 0.4382634 0.4859855
AD mean 12.5619 13.21905 0.99 12.34643  12.91786 0.99 12.43878 13.04694 1
AD St.dev. | 0.4153025 0.4377432 0.3706672 0.3991227 0.4009449 0.4383216
CD Mean 12.04286 12.72381 0.99 11.95357  12.45714 0.99 11.99184 12.57142 1
CD St.dev. 0.485357 0.4426113 0.4638664 0.4508664 0.47002999 0.462331
BF Mean 11.91429 12.59048 0.99 11.94643  12.50357 1 11.93265 12.54082 1
Bf St.dev. 0.5002857 0.5224029 0.6027602 0.5940957 0.555798 0.5604754
EA Mean 9.090476 9.7809952 0.99 8.825 9.26875 0.988 8.975676 9.559459 0.99
EA St.dev. | 0.36188076 0.3544277 0.6093712  0.6477846 0.4952021 0.557504
EC Mean 12 12.75714 0.99 11.75  12.24375 1 11.89189 12.53514 1
EC St.dev. 0.2190892 0.2618614 0.2943921 0.2965776 0.2802564 0.3758075
EF Mean 12.20952 12.90952 1 12.20625  12.74375 1 12.20811 12.83784 1
EF St.dev. 0.1179184 0.1609494 0.1842779 0.2189939 0.1479083 0.2032395
CC Mean 57.375 62.125 0.99 56.83333 60 0.99 57.14286 61.21429 0.99
CC St.dev. 1.767767 1.356203 ’ 2.250926  1.870829 ’ 1.925822 1.878157 '
Facial landmarks intergrup difference at follow-up Facial landmarks intergrup difference at follow-up
£ ]
T £
R T U} et
£ T i f E ] ;T n ;| N
s 1 - & I
5 g
Group A Group B o
— =
N -0 I cD ©
I sF EA =
__ Lo L Group A Group B

Figure 2. Intergroup comparison showed that T2-T0 difference was significantly lower in group B
than in control for all landmarks. ! Wilcoxon Mann Whitney rank sum test for intragroup over time
comparison (T2 < T0) using Fisher’s exact p value.

5. Discussion

The product examined in this study contains three main active ingredients: bromelain
(tit. 2400 GDU/g; 700 mg/day), Aesculus hippocastanum (370 mg/day) and Melilotus
officinalis (200 mg/day).

The sulfhydryl proteolytic enzyme bromelain is found in pineapple plants and has
many therapeutic applications. Numerous scientific studies have been conducted on this
substance because of its low toxicity, high efficiency, high availability and relative simplicity
of acquisition [7].

Despite numerous studies regarding bromelain’s biochemical characteristics, the
molecular mechanisms responsible for its activity remain largely unknown.
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An important indication for bromelain therapy is the reduction of postoperative
and post-traumatic swelling [8,9]. Previous studies have shown a correlation of this
phytotherapeutic medicine with decreases in COX2 concentration [10].

The treatment administered in this study contains bromelain in high doses, 700 mg/day,
and high concentrations, tit. 2400 GDU/d; moreover, tablets have gastroprotection, al-
lowing them to reach the intestine without being largely degraded in the stomach and
absorbing in the maximum quantity possible, ensuring an effective dose for multiple
systemic functions.

The coumarins extracted from horse chestnuts contribute to maintaining the nor-
mal functionality of the microcirculation and reduce edema. In particular, the coumarin
derivative Aesculus hippocastanum has proven anti-inflammatory properties [11].

It has been shown that natural and synthetic coumarins exhibit a wide range of
biological activities. Moreover, several coumarin derivatives have been shown to be an-
ticoagulant, antioxidant, antiangiogenic, anticancer and antibacterial. The clinical use of
certain derivatives of coumarins includes anticoagulants (warfarin, antivitamin K com-
pounds) and treatments for psoriasis (methoxsalene). Coumarins have been extensively
investigated for their potential application in the development of anti-inflammatory drugs.
Various coumarin derivatives have also been shown to inhibit inflammation via different
mechanisms [12].

Melilotus officinalis, titrated at 20% in coumarins, is a plant known for promoting the
normal functionality of microcirculation, venous circulation and drainage of body fluids.

These three active ingredients, therefore, cooperate in reducing post-surgical edema
and in relieving major post-surgical treatment ailments.

These compounds have become of importance in recent years due to their various
biological activities. Previous biological activity studies performed on coumarin derivatives
revealed that these compounds have anti-edema, antitumor, photochemotherapy, anti-
HIV, antibacterial, antifungal, anti-inflammatory, anticoagulant, triglyceride-lowering and
central nervous system-stimulating effects [12,13].

Studies comparing bromelain to diclofenac, or other NSAIDs, in controlling muscular
pain found no significant differences [7]. Another study pointed out a notable effect of
bromelain on reducing knee algesia in patients with arthritis [14]. These results are justified
by the fact that bromelain reduces pain-inducing mediators, such as bradykinin [15] and
factors (edema, debris and immune complexes).

On the other hand, it should be noted in the same studies that, despite a trend in pain
reduction on the first and third postoperative days, the results were not significant in the
statistical analysis.

Bromelain showed, through the results of this study, that it has the capacity to min-
imize postoperative trismus. Other studies have not shown the same results in terms of
medication efficacy [16,17].

Possibly, different aetiologies for trismus and edema explain different results.

In our analysis, all the limitations recognized were attributed to edema and trismus as
well as to pain [4].

In the case of lower third molar surgery, bromelain appears to reduce pain, swelling
and trismus.

Despite the limited number and quality of available studies and their high heterogene-
ity, we cannot conclude that bromelain is an effective treatment [18].

In contrast, the isolated results of the analyzed studies suggest that this might be a
promising drug. As a result, the authors propose that more randomized clinical trials with
methodological rigor and standardization be conducted to answer the question raised by
this study.

An intention-to-treat analysis was carried out, including all patients independently
from data at follow-up. A total sample of 100 patients were included in the study and
allocated into two groups (group A—control group, and group B). Groups were parallel
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and assessed longitudinally. Intergroup comparison at baseline was carried out to check
for differences in age, smoking habit, surgical time and involvement of face portion.

The subdivision of the face into three portions (upper, middle and lower face) made it
possible to study fractures involving different facial districts in a uniform and standardized
manner, while maintaining the ability to make objective any variation in facial edema in
the same district. Furthermore, the location, the extent of the fractures and the age of the
patients are comparable between the two groups analyzed.

The sample had a power of 99%, based on the post hoc Cohen'’s D for primary endpoint
(decrement of VAS for pain). The continuous series were checked for normal distribution
by means of the Shapiro-Wilk test. Where non-normal distribution was found, a non-
parametric Wilcoxon-Mann-Whitney rank sum test was implemented. Otherwise, an
unpaired Student’s t-test was carried out. For multiple timepoints comparison (i.e., VAS
for pain at each timepoint), one-way ANOVA was conducted. Categorical variables were
compared between groups using a chi-squared test.

An over-time comparison (T0 vs. T2) was carried out with an alternative hypothesis
that facial landmark distance decrease over time, though this was not significant for all
comparisons. However, it is worth underlining that pre-operative swelling should be lower
than post-surgical swelling; thus, at T2, higher values of face distance differences were
measured. In consideration of this, the real underlying hypothesis should be that at T2
swelling increases less in groups using the treatment than in control groups.

In fact, an intergroup comparison showed that the T2-TO difference was significantly
lower in group B than in the control, for all landmarks.

Compared with the control group, patients who took bromelain from the immedi-
ate postoperative period reported greater overall satisfaction. The simple act of being
discharged with a drug that reduces postoperative edema enhanced the quality of life of
the patients. Patients examined who took bromelain and coumarins reduced their use of
NSAIDs due to its anti-edema, anti-inflammatory and pain-relieving properties.

In the field of trauma surgery of the facial region, post-surgical edema is a common
complaint among patients. The typical clinical picture is completed with diffuse facial pain
and functional limitation. Patients mainly present difficulties in eyelid opening, buccal
opening, mandibular protrusion and lateral movements, swallowing and masticatory
difficulties.

Most of these symptoms resolve within 2 weeks after surgery, with the exception of
facial swelling, which may take up to 4 weeks.

To achieve complete resolution of symptoms, maxillofacial surgeons should accurately
quantify the extent and duration of postoperative edema [1].

In post-traumatic surgery of the facial area, there is an extremely heterogeneous range
of interventions based on the severity of the injury, the facial area involved and other
factors [19,20].

In maxillofacial trauma, facial edema is a constant component of the immediate
postoperative period.

Therefore, maxillofacial surgeons should establish an appropriate pharmacological
treatment and preventive physical measures immediately.

Since the product in this study contains an excellent profile of active ingredients, as
well as considering bromelain’s very low toxicity (no evidence of toxicity at dosages greater
than 3000 GDU/ gr), the authors believe the product examined in this study is an excellent
option for managing post-surgical edema and pain.

The most commonly reported side effects in the literature were stomach upset and
diarrhea, increased heart rate, hives and throat tightness even if for very high doses and,
in any case, not frequently [21]. In the present study, no side effects were reported in
short-term and distant controls.

The limitation of the study lies in the fact that it was not possible to conduct it in a
double-blind manner, despite the fact that we still obtained relevant data based on the
objective evaluation of the edema; another limitation may be that some elderly patients do
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not consistently take their medication. In our study, we did not observe this problem as we
ensured that patients regularly took the therapy; however, this problem could arise in a
larger number of subjects analyzed.

6. Conclusions

Worldwide, bromelain is recognized as a safe and effective therapeutic agent, used by
individuals to treat ailments such as arthritis, sinusitis, bronchitis and inflammation.

Bromelain has been proven to be well absorbed by the body after oral administration,
and it has no major side effects even after prolonged use. The results obtained from this
study showed a significant reduction of post-surgical edema and pain in group B compared
to the control group for trauma surgery. Furthermore, the same group of patients analyzed
took less oral painkillers than the control group.

Future prospects are represented by the increase in the population studied over the
years and the extension of the fields of application of the intake of bromelain and coumarins
in the field of orthognathic and oncological surgery.
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