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Abstract: Background: Bleeding control is considered one of the general foundations of any surgical
procedure, including tooth extractions. In this scenario, hemostasis can be achieved using collagen
membranes and sponges. Lumina Coat® collagen membrane, made of freeze-dried bovine type-1
collagen, and Hemospon® sponge, made of freeze-dried porcine gelatine, both absorbable, are
widely used in dentistry and have been scientifically proven to help with post-extraction hemostasis.
Objective: This prospective split-mouth clinical study aimed to compare and describe the bleeding,
soft tissue healing, and pain control after tooth extractions using the Lumina Coat® membrane or the
Hemospon® sponge. Methods: Thirty-two alveoli were included in this study. After the extractions,
the sockets were filled with two types of material: Hemospon® collagen sponge (control group) and
Lumina Coat® collagen membrane (test group). The participants were assessed after 30 minutes, 24,
and 48 hours to examine the bleeding and then instructed to return after 7 days for clinical assessment
of soft tissue healing and suture removal. The appraisal of the soft tissue healing and bleeding used
scores from 0 to 3; pain control was assessed using the VAS pain analog scale. The data obtained was
expressed as the mean and standard deviation. The data was analyzed using Prism 9 (GraphPad
software). Results: In the more extended postoperative period, the pain scores were lower in both
groups. The initial scores for the Lumina Coat group were 2.20, while the Hemospon group had an
average score of 2.80. At 7 days, both groups had an average score of 0.25 (p>0.05). The bleeding
scores were higher in both groups in the early postoperative periods; Lumina Coat group had an
average bleeding score of 1.35, whereas the Hemospon group had an average score of 1.65, and went
through a reduction until the 24 hours, evolving to complete cessation of bleeding after this period.
There was a statistically significant difference between the Lumina Coat group (average 0.75) and
Hemospon (average 1.20) at 30 minutes post-operatively, where a significant decrease in the bleeding
score was observed in the Lumina Coat group. Both groups' healing scores were higher in the initial
postoperative period, reducing after 7 days. There was a statistically significant difference between
the Lumina Coat group (average 0.35) and Hemospon (average 0.80) at 2 days post-operatively,
where a significant decrease in the healing score was observed in the Lumina Coat group.
Conclusion: Both materials were effective for controlling pain, bleeding, and providing soft tissue
healing. However, the Lumina Coat group had positive results compared to Hemospon in reducing
bleeding and healing scores.
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1. Introduction

Tooth extractions are the most common surgeries performed by dental surgeons. However, post-
operative complications such as bleeding, pain, changes in soft tissue healing, and alveolitis can
occur. They can be pretty recurrent and detrimental to the success of the surgical treatment. In an
attempt to minimize or prevent the occurrence of such complications, a constantly seeking to develop
strategies and biomaterials that improve bleeding control and promote tissue healing [1-3].

Recent advances in biotechnology have resulted in the development of topical hemostatic agents
currently available to dentists. These agents are absorbable topical hemostatic, such as collagen
membranes and sponges.* Although their mechanism of action is not entirely known, they are
believed to act more physically than chemically on the coagulation cascade [4-6].

Lumina Coat® is one of the most commonly used membranes for cell exclusion/segregation and
control of minor bleeding. It is a malleable scaffold made from sterilized type-1 collagen of bovine
origin. The mode of action of Lumina Coat? is fully understood. It is related to forming a mechanical
matrix that facilitates coagulation [7,8] without affecting the blood clotting mechanism. Lumina
Coat® is reabsorbed over 2 to 4 weeks [9,10]. Also, because it is hygroscopic,'! absorbs moisture and
blood at the application site. It is noted that the membrane can absorb its weight in fluid, which has
significant implications for its hemostatic action. The absorption of blood serves to concentrate
platelets and other key clotting factors, while the resultant gel-like formation enhances the
mechanical barrier, preventing further blood loss. This dual action—concentration of coagulation
elements and physical obstruction—produces a synergistic effect that significantly improves
hemostatic outcomes. This action concentrates platelets and clotting factors and causes the membrane
to gel, which provides an additional mechanical hemostatic action [7,11,12].

Hemospon® gelatine sponge also consists of a gelatine (100% collagen) of porcine origin
indicated for local hemostasis. Its mechanism of action is the same as that of Gelfoam® and other
similar materials widely used in dentistry [13-15]. A previous study in rat dental alveoli [6] evaluated
sites filled with Gelfoam® compared to Hemospon®, it concluded that both hemostatic agents were
similar in terms of the biological events that occurred in the gingival mucosa and alveolar repair
throughout the experimental period and that, after 7 days, the Gelfoam® sponge was still present in
the dental alveolus in small quantities. In the Hemospon® group, only residues were found [8,16].

Concerning the use of gelatins, which have already been widely used in surgical procedures,
there have been rare reports of complications, usually associated with the formation of abscesses or
granulomas.[10,17] The use of gelatin-based agents like Hemospon® extends beyond mere
hemostasis; they have demonstrated substantial effectiveness in facilitating surgical procedures. A
systematic review of hemostatic agents indicates that gelatin-thrombin matrix sealants, which share
similarities with Hemospon®, are associated with enhanced hemostatic outcomes and reduced
operative times when conventional methods yield inadequate results.[13] Moreover, the effective
hemostatic properties of gelatin sponges stem from multiple mechanisms, primarily promoting
platelet aggregation and initiating the coagulation cascade.[18] These properties are critical in
contexts where rapid hemostatic action is paramount, as noted in studies that underscore the
reduction of bleeding times during surgical interventions.[19] The increasingly accepted safety and
utility of gelatin sponges make them a favorable choice among surgeons dealing with various surgical
challenges, supporting their extensive use in clinical settings.

A recent randomized controlled clinical [20] study using a porcine collagen sponge (Ateloplug®)
compared it to sockets without any filler (blood clot’s cascade). The authors concluded that
implanting a collagen sponge after the extraction of impacted lower third molars reduced the initial
postoperative complications and improved the initial healing of the soft and periodontal tissues.[21]
This article aims to evaluate pain rates, amount of analgesic use, bleeding, and scar characteristics in
patients through analyses of patients in a split-mouth study.

2. Materials and Methods
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This study was submitted and approved by the Human Research Ethics Committee of Centro
Universitario de Santa Fé do Sul (85397324.4.0000.5428) and followed the Declaration of Helsinki
(1964, updated 2024).

2.1. Patient Selection

For this study, sixteen (16) were selected who had two teeth with an indication for extraction (32
dental alveoli). Two experimental groups were carried out on each participant: 8 alveoli filled with
Lumina Coat® and 8 alveoli filled with Hemospon® after extraction. Two surgeons confirmed the
extraction indication through clinical and radiographic examination. All research participants (LLLS
and FPPF) were informed in advance of the physical and psychological criteria required for
participation in this study.

2.2. Eligibility Criteria

The participants in this study should met the following clinical requirements: (1) indication for
the extraction of 2 upper or lower teeth (split-mouth); (2) over 18 years old; (3) indication for tooth
extraction was not due to periodontal disease; (4) did not have any systemic disease that could
influence the alveolar repair process or bleeding; (5) agreed to the procedures to be carried out in the
study; (6) signed an informed consent form. Otherwise, the participants were excluded from this
study.

2.3. Experimental Design

After the study participants had been selected according to the inclusion criteria, all the
individuals underwent careful history-taking, clinical diagnostic examination (screening), and
radiographic examination. At this time, clinical data on oral health conditions around the region of
the extracted teeth were obtained using standardized intraoral photographs.

All biosafety protocols were followed during the surgical procedure. After intraoral antisepsis
of the oral cavity with 0.12% chlorhexidine and extraoral antisepsis with topical povidone-iodine
(PVPI), local anesthesia was performed with mepivacaine (adrenaline 1:100,000). Subsequently, the
indicated extraction technique (extraction via alveolar) was performed, consisting of a careful
syndesmotomy, coronal-root sectioning, and luxation with forceps and extractors. After extraction,
the alveoli were filled with a collagen membrane (Lumina Coat® Critéria, Sao Carlos, SP, Brazil) or
Hemospon® collagen sponge. Then, the edges of the flap were reapproximated and delicately
sutured with 5/0 polypropylene thread in simple interrupted stitches.

In the postoperative period, amoxicillin 500 mg every 8 hours for 7 days or azithromycin 500 mg
every 24 hours for 3 days (in case of penicillin allergy) was prescribed to prevent infection at the
surgical site; nimesulide 10 mg every 12 hours for 3 days was prescribed to control inflammation and
pain. The sutures were removed after 7 days.

After 30 minutes, 24 and 48 hours, and 7 days after extraction, a control was performed to
measure the clinical aspects, hemostasis, pain control, and the amount of analgesic medication
required in the postoperative period. The step-by-step surgical procedure and follow-up are
illustrated in Figure 1.
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Figure 1. Surgical procedure performed on patients in the Lumina Coat® and Hemospon® groups.
Patient 1. (A) Preoperative X-ray; (B) Preoperative view; (C) View 30 minutes after extraction; (D)
View 7 days after extraction. Patient 2. (E) The immediate postoperative period after extraction of the
second lower molar; (F) 7-day postoperative control; (G) Surgical appearance after 7 days. Patient 3.
(H) The immediate postoperative period after extraction of the second upper molar; (I) 7-day post-
operative control; (J) Surgical appearance after 7 days.

2.4. Post-Operative Assessment (Clinical Evaluation, Bleeding, Pain, and Soft Tissue Healing)

The appointments for the post-operative evaluation were carried out by the same examiner and
always at the same time (LLLS). At the end of the surgical procedures, all the research participants
were kept in the clinic for at least 30 minutes to check the local bleeding situation. Then, they were
assessed for soft tissue healing, the pain analog scale, and the consumption of analgesics after 24 and
48 hours, 1 week. Pain was analyzed using the Visual Analogue Scale (VAS),[22] with 0 representing
no pain and 10 being the most severe pain, along with a graphic rating scale. The patient also recorded
and reported the number of analgesics consumed.

Bleeding was analyzed 30 minutes, 24, and 48 hours after the alveolar suture was completed.
Bleeding was assessed using scores ranging from 0-3, with 0: no bleeding, 1: minor bleeding when
touching; 2: immediate bleeding in the probing, and 3: bleeding along the gingival sulcus at the
slightest touch, according to the Muhlemann Classification.[23]

According to Brancacio et al.,[24] soft tissue healing was analyzed using scores 0-3: 0 = complete
closure without fibrin; 1 = complete closure with fibrin; 2 = incomplete closure of the alveolus
(dehiscence); and 3 = incomplete closure with signs of necrosis.
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The data obtained was expressed as the mean and standard deviation. The D’Agostino &

Pearson test was used to assess data normality. The data will be analyzed using Prism 9 software

(GraphPad software). The variable time (30 minutes, 24 hours, 48 hours, and 7 days) were compared

using non-parametric repeated measures ANOVA using the Friedman test; pain, bleeding, and soft

tissue healing by Mann-Whitney test (U). Significant levels were found for p<0.05.

3. Results

The means, medians, and standard deviations (SD) obtained from the clinical analyses of

pain, bleeding, and soft tissue healing are shown in Table 1 and Figures 1, 2, and 3. All participants

completed the study (no dropout), and no post-operative complications were observed.

Table 1. Results of the comparisons between times and groups of the clinical parameters pain,

bleeding, and healing.

. Comparing
Groups Lumina Coat Hemospon
Groups
Median + Median *
Clinical Parameter Mean + SD Mean + SD p-value *
11Q I1Q

Start 2.20+1.58 2+2 2.80+1.772 3+2.25 0.257

30 min 2.60+1.432 2+225 2.60+1.432 2+2.25 1.000

Pain 24hours 1.05+0.95® 1+2 1.20£1.11° 1+2 0.724
48 hours 0.40+0.60¢ 0=+1 0.75+0.91 ¢ 05=+1 0.233

7 days 0.25+0.44 ¢ 0+0.25 0.29+0.31¢ 0+0.22 0.722

Start 1.35+0.992 1+£1 1.65+0.88 1.5+1 0.249

30 min 0.75+0.44° 1+0.25 1.20+0.62° 1+1 0.015

Bleeding 24hours 0.20+0.41° 00 0.40+0.60¢ 0=+1 0.273
48 hours 0+0¢ 0+0 0+0d 0+0 1.000

7 days 0+0¢ 0+0 0+0d 0+0 1.000

Start 0.80+0.832 1+£1.25 1.00+0.8042> 1£2 0.429

1 day 0.80+0.832 1+1.25 1.15+0.752 1+1 0.168

Healing

2 days 0.35+0.49°® 0=+1 0.80+0.70° 1+1 0.034

7 days 0+0¢ 0+0 0.05+0.22¢ 0+0 0.342

3.1. Pain

In the more extended post-operative controls, the pain scores were lower in both groups. The

initial scores for the Lumina Coat group were 2.20, while the Hemospon group had an average score

of 2.80. At 7 days, both groups had an average score of 0.25. There was no statistical difference
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between the groups in any experimental period. The means and standard deviation of the pain scores
can be seen in Table 1 and Figure 1.

, . \, Groups
Pain <= Lumina Coat
‘ <~ Hemospon
1 ]‘\'\ ~_|
| [

Initial 30 minutes 24hours 48 hours 7 days
Period

Figure 1. Mean and standard deviation (m + SD) of the clinical pain parameter scores. Statistical tests:
Mann-Whitney (U) test (p<0.05).

151 [ N
\\\\\=,k
l N Groups
Bleeding 1.0 - N < Lumina Coat
I \\ <~ Hemospon
I AN
\
0.5 1 N\
‘I‘ |
1
0.0 "
Initial 30 minutes 24 hours
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Figure 2. Mean and standard deviation (m = SD) of the scores for the clinical parameter of bleeding.
Statistical tests: Mann-Whitney test (U). Symbols: * statistically significant difference between the
groups in the same period. (p<0.05).
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Graph 3. Mean and standard deviation (m + SD) of the clinical healing parameter scores. Statistical
tests: Mann-Whitney test (U). Symbols: * statistically significant difference between the groups in the
same period. (p<0.05).

3.2. Bleeding

The bleeding scores were higher in both groups in the early postoperative periods. The Lumina
Coat group had an average bleeding score of 1.35. In contrast, the Hemospon group had an average
score of 1.65, and went through a reduction until the 24 hours, evolving to complete cessation of
bleeding after this period. There was a statistically significant difference between the Lumina Coat
group (average 0.75) and Hemospon (average 1.20) at 30 minutes post-operatively, where a
significant decrease in the bleeding score was observed in the Lumina Coat group. The means and
standard deviation of the bleeding scores can be seen in Table 1 and Graph 2.

3.3. Healing

The healing scores were higher in both groups in the initial post-operative periods and fell until
the 7-day period. There was a statistically significant difference between the Lumina Coat group
(average 0.35) and Hemospon (average 0.80) at 2 days post-operatively, where a significant decrease
in the healing score was observed in the Lumina Coat group. The means and standard deviation of
the healing scores can be seen in Table 1 and Graph 3.

4. Discussion

The literature shows that various post-extraction complications, such as periodontal tissue
recession and damage,[25] trismus, postoperative pain, swelling, [26,27] and suture dehiscence,
accompanied by delayed repair, still represent an inconvenience for the patient’s post-surgical
recovery. This study suggested an alternative to the collagen sponge to reduce postoperative
comorbidity and improve patient comfort. The results showed that using collagen membranes after
tooth extraction reduced initial bleeding and accelerated the healing of periodontal soft tissues.
Maffei et al. [3] concluded that the collagen membrane group had lower pain than the control group
(soft tissue from the palate).

Collagen is biocompatible, generates minimal reaction from adjacent tissues, and causes low
immunogenicity. [28] The contamination of a material with periodontal bacteria,[29] can raise
concerns with the exposition on the oral cavity.[30] In addition, collagen materials have properties
such as promoting clot and wound stabilization, hemostasis, chemotaxis of periodontal ligament and
gingival fibroblasts. Various materials and methods have been proposed and investigated to reduce
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post-surgical complications.[31] Collagen sponges are commonly used as an adjunct to alveolar
healing, protection of the palate, and controlling intra-surgical bleeding.

The collagen membranes utilized in clinical practices possess diverse structures and thicknesses,
contributing differently to facilitating cellular processes such as cell migration and tissue integration.
Thicker membranes have been indicated to restrict the migration of soft tissue cells more effectively,
highlighting the significance of membrane properties in guided tissue regeneration (GTR).[32] The
ideal collagen membrane must balance mechanical resistance against soft tissue compression while
maintaining sufficient malleability to assist in clinical application, reinforcing its role as more than a
passive barrier, actively engaging with the regenerative processes initiated by osteoblasts and other
cell types. [33]

In the context of postoperative pain management following dental procedures, the application
of collagen-based products shows potential benefits. Evidence indicates that their usage can
significantly reduce pain levels compared to procedures where these materials are not implemented,
confirming their clinical effectiveness.[34] However, the results should be interpreted with caution,
mainly due to the absence of a proper negative control group in some studies, which complicates the
assessment of these agents’ impact on pain levels postoperatively.[35] Additionally, research
corroborates the utility of collagen sponges in mitigating pain in various contexts, including post-
extraction alveoli and donor sites for grafts, emphasizing their versatility and therapeutic significance
in pain control.[36]

Postoperative bleeding, a concern in surgical practice, can be addressed through effective
hemostatic techniques, including the use of sutures, anesthetics with vasoconstrictors, and pre-
surgical planning for patients prone to clotting difficulties.[37] It is essential to recognize that some
patients may experience incomplete clotting, leading to persistent bleeding issues..[38] Collagen
demonstrates hemostatic properties primarily through interactions that activate platelets and foster
their aggregation within the wound environment, as shown in studies comparing various collagen
products.[39] For instance, research demonstrated that the Lumina Coat application effectively
reduced bleeding scores significantly, underscoring its superior efficacy compared to alternatives like
Hemospon in specific clinical scenarios,[35] such as observed in this study.

The role of collagen membranes extends to maintaining the structural integrity of soft tissues
post-extraction, preventing collapse and subsequent epithelial invasion into the healing alveolus.
This maintenance enables the infiltration and colonization of appropriate cell types, promoting better
graft integration and healing while reducing infection risk due to potential food debris entry during
recovery.[40] Studies have shown consistency in the beneficial healing outcomes associated with
collagen products, confirming their crucial contribution to periodontal healing, supported by
evidence from various literature reviews.[36]

Collagen degradation dynamics involve the action of metalloproteinases secreted by
macrophages and fibroblasts, which influence the membrane's barrier capacity and could lead to
increased inflammation or early exposure to the oral environment. Properly managing collagen
exposure is critical, as it can accelerate degradation and heighten inflammatory tissue reactions.[41]
The absence of early membrane exposure in the present study illustrates effective handling and
application techniques, which are vital to optimizing the clinical success of collagen-based
interventions.

The hemostasis caused by collagen results from interactions and activation of platelets, as well
as positive modulation of their adhesion and aggregation. In the present study, using Lumina Coat
reduced the bleeding score after 30 minutes compared to Hemospon. In a study [42], the use of
collagen membranes in wounds healed by the second intention prevented total postoperative
bleeding in 80% of cases, and the remainder, despite slight bleeding, did not require any hemostatic
maneuvers.

A collagen sponge/membrane acts as an extracellular matrix, increasing coagulum
revascularization and fibroblast activity and promoting alveolar repair. It prevents the soft tissue
from collapsing, preventing the invasion of epithelial cells. Maintaining the space allows colonizing
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cells, such as bone cells, and prevents food from entering the recovering alveolus, which would be a
source of infection. In the present study, the use of Lumina Coat showed results consistent with the
reviews by Bunyaratavej and Wang,[43] Sbricoli et al.,[44] and Mizraji et al.,[45] promoting significant
improvement in periodontal healing. The positive effect of collagen biomaterials was also observed
in the maintenance of the thickness and dimensions of the soft tissue when used in post-extraction
sockets.

During breaking down the fibrous skeleton formed after clot removal, collagen is degraded by
metalloproteinases released by macrophages, neutrophils, and fibroblasts. Early degradation of the
collagen barrier can influence its barrier capacity, and bacterial contamination of the alveolus post-
extraction can worsen the clinical outcome. In some cases, unintentional exposure of the collagen
membrane in the oral cavity increases its degradation rate, which is associated with an increase in
the inflammatory reaction of the adjacent tissue. In this study, no patient was exposed to the
membrane or collagen sponge early.

Despite the positive results, some limitations must be considered. All patients received the same
drug therapy, but medication adherence could vary from patient to patient. The short follow-up
period may also be a limitation when considering the long-term success of the therapy; however, it
is sufficient to assess changes in the initial bleeding and repair processes. The combination of
membranes and collagen sponges was not explored; therefore, some authors showed less resorption
of the ridge and maintained greater thickness of the adjacent soft tissue, which was not investigated
in this study. New randomized clinical studies looking at these combinations, as well as
biomodifications using growth factors and bioactive molecules, could cover clinical protocols and
make them more predictable.

5. Conclusion

The absence of deleterious results in post-extraction healing indicates that both materials,
Lumina Coat and Hemospon, are effective as biomaterials for controlling pain, bleeding, and
providing soft tissue healing. However, the Lumina Coat showed positive results when compared to
Hemospon in reducing bleeding and healing scores. Clinically, reducing bleeding and healing time
is relevant when choosing a biomaterial.
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