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Abstract Background/Objectives: Chlorhexidine digluconate (CHX) is widely regarded as the gold 
standard for oral mucosa antiseptic treatments but has been associated with delayed healing, scar 
formation, microbiome alterations, and fibroblast toxicity. Tocopherol, with its ability to accelerate 
tissue healing and minimal side effects, has emerged as a potential alternative. This randomized 
clinical trial aimed to compare the efficacy of topical tocopherol acetate and 0.2% chlorhexidine in 
managing postoperative pain and wound healing following oral cavity biopsies. Methods: Seventy-
seven patients undergoing oral biopsies were divided into two groups: the test group (tocopherol 
acetate) and the control group (0.2% chlorhexidine). Pain was assessed using VAS scores on days 1 
and 6 postoperatively, and wound healing was evaluated through measurements of the biopsy site's 
height and width from standardized photographs analyzed with ImageJ. Painkiller use was also 
documented. The study followed CONSORT guidelines, with ethical approval from the Padua Ethics 
Committee and registration on ISRCTN. Results: No significant differences were found between the 
groups in VAS scores, wound dimensions, or painkiller use (p>0.05). However, significant pain 
reduction within each group was observed (p<0.0001). Conclusions: Tocopherol acetate showed 
comparable efficacy to chlorhexidine, suggesting it could be a viable alternative for postoperative 
care in oral surgery 

Keywords: biopsy; oral cavity; chlorhexidine; tocopherol; pain; healing; ImageJ.  
 

1. Introduction 

Biopsy is "the observation of organ or tissue fragments taken from a living being" [1]. It is a term 
that encompasses different techniques, all of which allow microscopic visualization of tissue pieces. 
About 5-15% of the general population presents oral mucosal abnormalities. Most of these lesions are 
clinically and biologically benign, but some may be precancerous. The clinical signs of oral 
malignancies are well known, but the challenge is to distinguish them from benign lesions. The lack 
of clinical experience in differential diagnosis can lead to delays in oral cancer diagnosis. Moreover, 
some precancerous lesions may be present in mucosae that appear clinically normal during a clinical 
examination [2]. 

For this reason, biopsy is considered an indispensable examination for the correct 
etiopathogenetic framework, differential diagnosis, and prognosis, and the subsequent planning of 
adequate therapeutic treatment [3–5]. There are two types of biopsy that can be performed, the choice 
of which is based on the diagnostic hypothesis. When this is doubtful or confirmation of the 
presumptive diagnosis is needed, an incisional biopsy will be chosen to obtain a definitive diagnosis, 
which is only possible through histopathological investigation, and which will guide the most 
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appropriate therapeutic choice. When the diagnostic hypothesis is oriented towards an undoubtedly 
benign lesion, an excisional biopsy will be chosen [3]. 

Regarding the management of the biopsy site, it is usual to prescribe chlorhexidine digluconate, 
an antiseptic effective against a wide variety of bacteria, including gram-positive and gram-negative. 
It is considered a gold standard drug in the antiseptic treatment of oral mucosae, and among oral 
antiseptics, 0.2% or 0.12% chlorhexidine is the most widely used [3,6]. It has been incorporated into 
various oral products at various concentrations and formulations. It was the search for greater 
product stability or the minimization of side effects that led manufacturers to create more and 
different formulations [7]. 

Chlorhexidine can cause irritation as it is a very effective antibacterial substance against plaque, 
but with cytotoxic effects. It has been shown that after rinsing, chlorhexidine remains in the oral 
cavity for 11 hours and is still detectable after 24 hours [8,9]. Long-term daily use of chlorhexidine is 
not recommended due to its numerous undesirable side effects [10–12] which may prevent its 
prolonged use. 

From a cytogenetic point of view, an in vitro study [8] has shown that CHX significantly reduces 
the cell adhesion capacity of fibroblasts and keratinocytes. In particular, gene expression of various 
matrix components and cell adhesion receptors was found to be downregulated in cells washed with 
CHX. However, an in vivo cytogenetic investigation [7] did not observe statistically significant 
differences regarding cell proliferation and cell death (chromatin condensation, karyorrhexis, 
pyknosis, and karyolysis) or alterations of the oral mucosa. 

Various studies have investigated the scar healing produced by CHX. A recent in vitro study [9] 
has shown that the use of chlorhexidine in the oral cavity applied during the 24 hours following oral 
surgery induces a reduction in cell proliferation, increases collagen deposition, expression of pro-
apoptotic molecules and markers for fibroblasts, thus promoting tissue healing with scar formation. 

Similarly, from the results of their in vitro study, Mariotti and Rumpf [13] hypothesized that 
chlorhexidine used in surgical sites before wound closure could presumably have severe toxic effects 
on fibroblasts and negatively affect wound healing. 

On the contrary, the rat study by Hammad et al. [14] found that the use of 0.2% chlorhexidine-
containing gel on excisions including epithelium and connective tissue did not have a negative effect 
on wound healing compared to other agents. However, in a study on rats [15], it was shown that 
chlorhexidine rinsing influences wound healing on standardized open muco-osseous lesions; 
increasing the concentration of chlorhexidine (0.1%, 0.2%, 0.5%) caused a delay in wound healing. In 
particular, on hamster oral mucosa [16], application to exposed connective tissue leads to vascular 
alterations (not present if applied to tissue without solution of continuity). 

The study by Arduino et al. [17] evaluated wound healing by comparing treatment with 0.2% 
CHX, 0.12% CHX, and no treatment. Wound healing seemed better in patients treated with 0.2% 
CHX, especially compared to those treated with 0.12% CHX. 

The difference in results could be due to the different study model (in vitro, in vivo on animals, 
in vivo on humans) or because chlorhexidine behaves differently based on the chosen model (for 
example, in the oral cavity, a portion binds to bacteria and a portion precipitates [18]). 

The use of chlorhexidine in the post-operative period is based on the concept that it can reduce 
the bacterial load of the area subjected to surgery [19]. Analyzing the effects of CHX from a 
microbiological point of view, it seems to cause an alteration of the microbiome (increase in firmicutes 
and proteobacteria) leading to a decrease in salivary pH and buffering capacity, accompanied by an 
increase in lactate and glucose levels in saliva, according to an in vivo study [20]. After the use of 
CHX, lower concentrations of nitrites were found in saliva and plasma, followed by a tendency to 
increase systolic pressure. 

It prevents the oxidation of polyunsaturated fatty acid membranes by acting as a stabilizer and 
reduces free radicals. Its power has been thoroughly investigated; in particular, Traber and Atkinson 
[21] state that tocopherols are likely to influence the properties of cell membranes by modulating 
receptors and signaling pathways that depend on the presence of lipids in specific regions of the 
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membrane. The specific vitamin function of α-tocopherol would therefore be to protect long-chain 
polyunsaturated fatty acids, thus maintaining adequate levels for cell signaling processes. 

The formation of free radicals can occur within our body following events such as intense 
radiation or ischemia and subsequent reperfusion [22,23]. 

Furthermore, tocopherol has complex interactions through the eicosanoid system leading to an 
inhibition of prostaglandin synthesis, a decrease in PGE2 synthesis probably because it inhibits the 
release of arachidonic acid through the inhibition of phospholipase A2, an inhibition of lipoxygenase 
function in platelets with interruption of production of thromboxanes A2 and B2 with anti-
inflammatory effect. On the other hand, it increases the production of prostacyclin and the function 
of lipoxygenases in granulocytes [24–26]. 

From an in vitro study, tocopherol seems to accelerate cell proliferation in tissue healing 
processes, increasing the synthesis of bFGF (basic fibroblast growth factor) and type I collagen, 
produced by gingival fibroblasts and periodontal ligament fibroblasts, in the 24 hours following 
surgery [27]. 

Tocopherol acetate-based products are already used in many anatomical districts, especially on 
the skin, but also on nasal, genital-perianal, ocular mucosa, and in the external auditory canal [28–
30]. A peculiar characteristic of using α-tocopherol acetate oil as the main phase is the absence of a 
vehicle in which the active ingredient is dissolved. This results in greater chemical and 
microbiological stability of the compound and a reduction in the risk of adverse reactions due to 
excipients [31]. 

Ruiz-Tovar and Llavero [30] compared treatment with tocopherol acetate and glyceryl trinitrate 
in chronic perianal ulcers, observing that tocopherol led to better healing, with significantly less 
recurrence than in the group treated with glyceryl trinitrate; pain measured by visual analog scale 
was also perceived in significantly lower amounts in the group treated with tocopherol acetate. 

Vitamin E also seems to be effective in the treatment of digital ulcers in systemic sclerosis, 
leading to better healing with less perceived pain compared to the standard of care used in the 
treatment of this type of lesion [32]. 

It is also already used in the oral cavity. An in vivo study has shown that when applied topically 
in the oral cavity on chemotherapy-induced mucositis, it made wound healing faster [22]. 

Cohen et al. [33] in 1991 compared a 5% tocopherol gel, 0.2% chlorhexidine, and placebo gel for 
the treatment of periodontal disease and plaque onset. As this is a pathology mainly induced by the 
accumulation of bacteria and consequent biofilm creation, the use of chlorhexidine proved more 
effective. 

Bacci et al. [34] tested tocopherol acetate comparing it with a placebo in patients with lichen 
planus. No statistically significant differences emerged in terms of VAS and length of lesions in the 
oral cavity, but it was effective in decreasing the overall affected area of the lesions and in the 
Thongprasom scale score. 

It has also been shown that, when used clinically, it has no side effects [25,35–37]. 

2. Materials and Methods 

The purpose of this randomized clinical trial is to evaluate the efficacy of topical tocopherol 
acetate compared to 0.2% chlorhexidine in managing postoperative pain and the quality of surgical 
wound healing in patients undergoing oral cavity biopsy. 

The null hypothesis is that there are no differences between the two groups in terms of pain 
variation and wound healing quality. 

2.1. Trial Design 

This single-center, simple randomized, non-blinded, controlled, parallel-group study was 
designed according to the updated CONSORT guidelines for reporting parallel group randomized 
trials [38]. The study was conducted at the Dental Clinic of the Padua University Hospital. 90 patients 
scheduled for oral mucosal biopsy were enrolled between January 2022 and July 2024. 
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Initially, a control group with no treatment was chosen. Since chlorhexidine treatment is the gold 
standard and the most commonly prescribed treatment, it was decided to assign chlorhexidine 
treatment to the control group. 

The methodological variation was registered on ISCTRN. 

2.2. Participants 

All surgical procedures were performed by the same examiner (A.B.). To induce local anesthesia, 
articaine hydrochloride 40mg/ml with adrenaline 5μg/ml was used. A 15 blade mounted on handle 
3 or 5mm punch was used. The suture was performed with interrupted stitches using 3.0 or 4.0 
polyglycolic acid suture (Polysorb™, Covidien, Dublin, Ireland). Where suturing was not possible 
for anatomical reasons, regenerated oxidized cellulose was used (Tabotamp®, Ethicon, NJ, USA). 
Photographs were taken before and at the end of the procedure with the aid of a millimeter 
periodontal probe to standardize and analyze the images with ImageJ (Wayne Rasband, US National 
Institute of Health, Bethesda). 

For participant assignment, simple randomization was used with a coin toss by an examiner 
(C.B.) different from the examiner performing the surgical procedure (A.B.). The randomization list 
was kept in another building in a locked cabinet that could only be opened by the examiner who 
performed the randomization (C.B.). Another examiner (C.N.) enrolled the participants by 
performing the implementation. The examiner who performed the randomization (C.B.) 
communicated the assignment group to a fourth examiner (C.M.) at the end of the surgical procedure. 
Recruitment ended because the predetermined time limit was reached. 

Inclusion criteria were: 

• Patients scheduled for oral cavity biopsy at the University of Padua Dental Clinic  
• Patients able to read and understand the information sheet and express informed consent 
• Patients who, after being informed in detail about the treatment usage methods, adhered to the 

administration scheme 
• Exclusion criteria were: 
• Underage patients 
• Patients on antiangiogenic therapy 
• Patients on immunomodulator therapy 
• Patients with known hypersensitivity to the device 

Patients were given post-operative instructions as per the normal clinical practice of the clinic 
(no vigorous rinsing, no hot or hard foods, no ice application) and to take standard analgesic therapy 
(paracetamol 1000mg every 8 hours or ibuprofen 600mg every 6 hours) if necessary. They were also 
instructed to complete, on the first and sixth post-operative days, two sheets with an identification 
code with the representation of VAS-D. 

Patients assigned to the test group TG (tocopherol acetate) were instructed to perform three 
topical applications per day of tocopherol acetate (Vea Filme OsHulka S.r.l., Rovigo) for 7 days after 
oral biopsy, spreading the gel on the lesion until it was covered. It was specified that it was not 
necessary to massage and it was advisable to avoid touching the area even with the tongue for at 
least 1-2 minutes to promote the formation of the protective film. Patients assigned to the control 
group CG (chlorhexidine digluconate) were instructed to perform three topical applications per day 
of spray containing 0.2% chlorhexidine for 7 days after oral biopsy. 

Patients were re-evaluated by examiner C.N. on the sixth post-operative day, performing suture 
removal, photography with millimeter probe, collecting VAS-D recording, and noting adverse 
effects. The areas subjected to surgical intervention were divided into two subgroups: 

• Attached gingiva: attached gingiva, retromolar trigone, edentulous ridge 
• Loose mucosa: buccal mucosa, tongue, floor of mouth, lips, retrocommissure 

2.3. Outcomes 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 January 2025 doi:10.20944/preprints202501.0285.v1

https://doi.org/10.20944/preprints202501.0285.v1


 5 of 20 

 

The primary outcome was pain reduction from the first to the sixth post-operative day, 
measured on a visual analog scale, VAS-D, which corresponds to the visual representation of the 
amplitude of pain perceived by the patient and consists of a predetermined line 10 cm long, where 
the left end corresponds to no pain, and the right end to the worst possible pain. The patient is asked 
to mark on the line a sign that represents the level of pain experienced. At the 6-day check, VAS-D 
recordings (completed by the patient on the first and sixth day) were collected, and the numerical 
score was realized using a graduated scale placed on the back of the millimeter ruler (rounding down 
to .49 and up from .50). 

The secondary outcome was to evaluate the quality of wound healing by measuring the height 
and width of the post-operative site photographed immediately after surgery and on the sixth post-
operative day (photos analyzed and standardized with ImageJ). 

The tertiary outcome was the variation of VAS-D in patients who took painkillers compared to 
patients who did not take them. 

The outcomes were not changed during the trial. 
Other factors were also considered: sex, age, smoking habit. 

2.4. Sample Size 

As there was no a priori information on the degree of difference expected to be found, a 
minimum number of 30 patients per group was taken with a two-year enrollment window. At the 
end of the enrollment period, the study was terminated with a number of 77 patients randomized at 
the end of implementation. The minimum number of participants had been reached, but the patients 
were not sufficient for a 1:1 randomization. 

2.5. Blinding 

It was not possible to conduct the trial blind for patients due to the obvious difference in 
formulation and consistency (gel vs liquid) and taste of the product. The professional (A.B.) who 
provided the care, the subject who collected the data (C.N.), the outcome evaluator (A.B.), and the 
statistician (M.C.) who analyzed the data were kept blinded. 

2.6. Statistical Methods 

Numerical variables were summarized as median and interquartile range (IQR), while 
categorical variables as absolute and relative frequency (percentage). Changes from day 1 to day 6 in 
VAS and wound dimensions were compared between the two groups (tocopherol acetate vs. 
chlorhexidine digluconate) with the Mann-Whitney test, and the effect was calculated as the 
difference of medians with 95% bootstrap confidence interval. The occurrence of complications was 
compared between the two groups with Fisher's test, and the effect was calculated as risk ratio with 
95% confidence interval. The analysis was performed according to the "intention-to-treat" approach. 
Since 7 patients (9%) did not follow the prescribed therapy, a "per protocol" analysis of outcomes was 
also performed to provide more information to the reader. As exploratory analyses, the variation of 
VAS stratified between those who took and those who did not take painkillers, and the variation of 
wound dimensions between smokers and non-smokers were investigated. Furthermore, the 
association between sex and painkiller intake was investigated with the Chi-Square test. A p<0.05 
was considered statistically significant. The limited sample size suggests caution in interpreting the 
results. Statistical analysis was performed with R 4.3 (R Foundation for Statistical Computing, 
Vienna, Austria). 

3. Results 

Of the total of 90 patients evaluated for eligibility by two examiners (C.N. and C.M.), 7 patients 
did not meet the inclusion criteria (4 underage patients, 2 patients taking immunomodulators, 1 
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patient taking antiangiogenics), 6 did not agree to participate in the trial. 77 patients were 
randomized, of which 51 women and 26 men. 

 

Figure 1. Participant flowchart according to CONSORT diagram [38]. ΔH and ΔW: Changes from day 1 to day 
6 in wound dimensions were compared between the two groups (tocopherol acetate vs. chlorhexidine 
digluconate) with the Mann-Whitney test, and the effect was calculated as the difference of medians with 95% 
bootstrap confidence interval. 

The median age was 62 years (IQR 55-73); 40 patients were assigned to the test group (tocopherol 
acetate) and 37 to the control group (chlorhexidine digluconate). Table 1 shows the characteristics of 
patients in individual groups.  

Table 1. Characteristics of the patients. 

 
Test group  

(n=40) 
Control group (n=37) 

sex, n (%): 
women 

men 

27 (68%) 24 (65%) 
13 (32%) 13 (35%) 

27 (68%) 24 (65%) 

 
64 (54-74) 

 
61 (56-70) 
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age, years: 
median (IQR) 

  

mucosal site, n 
(%): 

attached 
loose 

18 (45%) 18 (49%) 
22 (55%) 19 (51%) 

painkillers, n (%) 
 

14 (35%) 
 

8 (22%) 

smoker, n (%): 
no 
yes 
ex  

26 (65%) 26 (70%) 
9 (23%) 4 (11%) 

5 (12%) 7 (19%) 

Of these, 5 patients in the test group and 2 patients in the control group did not take the 
treatment, reporting at the 6-day check that they did not consider it necessary due to absence of pain 
or because they had forgotten to apply the treatment; of the 5 patients in the test group, 1 patient also 
missed the check-up, so only pain was recorded via the VAS-D scale which led to a subsequent check; 
for the other 6 patients, pain was still recorded via VAS-D at 1 and 6 days and wound dimensions 
were measured. 

Painkiller intake was similar between women (15/51, 29%) and men (7/26, 27%) (p=0.99). 
Regarding the primary outcome, the analysis of VAS variation from day 1 to day 6 is reported 

in Tables 2–4. VAS decreased from day 1 to day 6 both in those treated with topical tocopherol 
(p<0.0001) and in those subjected to usual treatment (p<0.0001). In general, however, the variation in 
VAS was not statistically different in the two treatment groups (Table 2). The same results were 
confirmed using the "per protocol" approach (Table 2bis).  

Table 2. Change in VAS from day 1 to day 6. 

 
Test group  

(n=40) 
Control group 

(n=37) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

VAS day 1: median (IQR) 2 (1; 4) 2 (0; 4)   
VAS day 6: median (IQR) 0 (0; 1) 0 (0; 0)   

Variation in VAS: 
median (IQR) 2 (1; 3) 2 (0; 4) 0 (from -1 to 1) 0.99 

Table 2. bis. Change in VAS from day 1 to day 6 (“per protocol approach”). 

 Test group  
(n=35) 

Control group 
(n=35) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

VAS day 1: median (IQR) 2 (1; 4) 2 (0; 4)   
VAS day 6: median (IQR) 0 (0; 1) 0 (0; 1)   

Variation in VAS: 
median (IQR) 2 (1; 3) 2 (0; 4) 0 (from -1 to 1) 0.99 

Figure 2 shows the graphical representation of VAS variation from day 1 to day 6 in the two 
groups. 
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Figure 2. Box plot of the change in VAS from day 1 to day 6 in the two groups. 

3.1. VAS Stratified Between Those Who Have and Those Who Have not Taken Painkillers 

Even when stratifying between those who took and those who did not take painkillers, the 
variation in VAS was not statistically different in the two treatment groups (Tables 3 and 4). 

Table 3. Change in VAS from day 1 to day 6 in those who have not taken painkillers. 

 
Test group 

(n=26) 
Control group 

(n=29) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

VAS day 1: median (IQR) 2 (0; 4) 2 (0; 4)   
VAS day 6: median (IQR) 0 (0; 0) 0 (0; 0)   

Variation in VAS: 
median (IQR) 2 (0; 3) 2 (0; 3) 0 (from -1 to 2) 0.83 

Table 4. Change in VAS from day 1 to day 6 in those who have taken 
painkillers. 

 Test group  
(n=14) 

Control group 
(n=8) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

VAS day 1: median (IQR) 5 (2; 8) 4 (2; 5)   
VAS day 6: median (IQR) 0 (0; 3) 0 (0; 1)   
Variation in VAS: median 

(IQR) 2 (1; 6) 2 (2; 4) 0 (from -4 to 3) 0.92 

3.2. Quality of Wound Healing 

Regarding the secondary outcome, the analysis of wound healing quality in terms of dimensions 
(height H and width W) is reported in Tables 5 and 6. In general, the variation in dimensions (height 
and width) was not statistically different in the two treatment groups (Tables 5 and 6). The analysis 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 January 2025 doi:10.20944/preprints202501.0285.v1

https://doi.org/10.20944/preprints202501.0285.v1


 9 of 20 

 

was not performed on patients who did not show up for follow-up as it was not possible to collect 
the data. The same results were confirmed using the "per protocol" approach (Tables 5bis and 6bis). 

Table 5. Change in height from day 1 to day 6 (information not available in 10 patients). 

 Test group  
(n=37) 

Control group 
(n=30) 

Median difference (95% 
bootstrap confidence 

interval) 
P value 

Height at day 1: 
median (IQR) 6.7 (5.1; 8.0) 6.4 (5.4; 7.3)   

Height at day 6: 
median (IQR) 4.0 (2.3; 5.6) 3.5 (2.4; 4.8)   

Variation in height: 
median (IQR) 2.2 (0.8; 4.9) 2.7 (1.2; 4.1) -0.5 (from -1.6 to 1.7) 0.91 

Table 5. bis. Change in height from day 1 to day 6 (“per protocol” approach). 

 
Test group  

(n=33) 
Control group 

(n=28) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Height at day 1: median (IQR) 6.7 (5.1; 8.1) 6.4 (5.4; 7.3)   
Height at day 6: median (IQR) 4.2 (2.3; 6.0) 3.5 (2.4; 4.8)   

Variation in height: median (IQR) 2.0 (0.8; 4.9) 2.5 (1.0; 4.2) -0.5 (from -2.4 to 
1.0) 

0.85 

Table 6. Change in width from day 1 to day 6 (information not available in 10 patients). 

 Test group  
(n=37) 

Control group 
(n=30) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Width at day 1: 
median (IQR) 

2.5 (1.5; 6.6) 2.2 (1.4; 3.5)   

Width at day 6: 
median (IQR) 

1.7 (1.1; 3.9) 1.4 (1.1; 2.0)   

Variation in width: 
median (IQR) 

0.4 (-0.1; 2.7) 0.7 (0.2; 1.5) -0.2 (from -0.9 to 
0.6) 

0.71 

Table 6. bis. Change in width from day 1 to day 6 (“per protocol” approach). 

 
Test group  

(n=33) 
Control group 

(n=28) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Width at day 1: median 
(IQR) 

2.5 (1.5; 6.5) 2.4 (1.4; 3.9)   

Width at day 6: median 
(IQR) 

1.7 (1.1; 3.9) 1.5 (1.1; 2.2)   

Variation in width: 
median (IQR) 

0.5 (-0.2; 1.6) 0.7 (0.2; 1.5) -0.2 (from -1.1 to 
0.5) 

0.56 

Figure 3 shows a graphical representation via Tukey box plot of the variation of H and W in the 
two groups, and Figure 4 compares the initial and final values of H and W in the two groups. 
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Figure 3. Box plot showing the change in H and W in the test group and in the control group. 

 
Figure 4. Box plot showing the initial and final values of H and W in test group and control group. 

3.3. Quality of Wound Healing Stratified Between Smokers and Non-Smokers 

Even when stratifying between smokers and non-smokers, the variation in dimensions was not 
statistically different in the two treatment groups (Tables 7–10). The analysis was not performed on 
patients who did not show up for follow-up and were simultaneously smokers or non-smokers. 

Table 7. Change in height from day 1 to day 6: non-smokers (information not available in 8 patients). 

 Test group  
(n=24) 

Control 
group 
(n=20) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Height at day 1: median (IQR) 6.6 (5.1; 7.3) 6.4 (5.4; 7.3)   
Height at day 6: median (IQR) 3.1 (2.0; 5.4) 2.8 (2.4; 3.9)   

Variation in height: median 
(IQR) 

2.4 (1.1; 4.4) 2.9 (1.3; 4.7) -0.5 (from -2.1 to 
1.6) 

0.63 

Table 8. Change in width from day 1 to day 6: non-smokers (information not available in 8 patients). 
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 Test group  
(n=24) 

Control group 
(n=20) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Width at day 1: 
median (IQR) 

2.9 (1.2; 5.8) 2.2 (1.2; 3.0)   

Width at day 6: 
median (IQR) 

1.6 (0.9; 3.3) 1.4 (1.1; 1.7)   

Variation in width: 
median (IQR) 

0.6 (-0.2; 2.8) 0.6 (0.1; 1.4) 0.0 (from -1.1 to 
1.8) 

0.86 

Table 9. Change in height from day 1 to day 6: smokers (information not available in 2 patients). 

 
Test group  

(n=14) 
Control group 

(n=11) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Height at day 1: 
median (IQR) 

6.9 (5.6; 9.8) 6.3 (5.7; 7.1)   

Height at day 6: 
median (IQR) 5.2 (4.0; 6.7) 4.9 (2.5; 5.2)   

Variation in height: 
median (IQR) 1.7 (0.7; 5.2) 2.6 (0.9; 3.3) 

-0.9 (from -2.4 to 
3.8) 0.65 

Table 10. Change in width from day 1 to day 6: smokers (information not available in 2 patients). 

 
Test group 

(n=14) 
Control group 

(n=11) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Width at day 1: median 
(IQR) 

2.5 (1.9; 
6.6) 2.1 (1.6; 5.4)   

Width at day 6: median 
(IQR) 

2.7 (1.3; 
5.6) 2.0 (1.1; 3.0)   

Variation in width: 
median (IQR) 

0.4 (0.1; 
1.0) 0.9 (0.5; 1.8) 

-0.5 (from -1.8 to 
0.5) 0.38 

3.4. Quality of Wound Healing: Comparison Between “Attached” and “Loose” 
Comparing the wound healing quality between "attached" and "loose" sites, the variation in 

dimensions was statistically different in the two sites (Tables 11 and 12). In particular, a greater 
reduction in height was observed for the "loose" site and a greater reduction in width for the 
"attached" site. 

Table 11. Change in height from day 1 to day 6. 

 
Attached gingiva 

(n=32) 
Loose mucosa 

(n=35) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Height at day 1: 
median (IQR) 6.2 (5.1; 6.8) 6.9 (5.6; 8.0)   

Height at day 6: 
median (IQR) 4.1 (2.4; 5.2) 3.1 (2.3; 5.2)   
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Variation in 
height: median 

(IQR) 
1.4 (0.5; 3.6) 3.2 (.9; 5.1) -1.8 (from -3.4 to -

0.2) 0.008 

Table 12. Change in width from day 1 to day 6. 

 
Attached gingiva 

(n=32) 
Loose mucosa 

(n=35) 

Median difference 
(95% bootstrap 

confidence 
interval) 

P value 

Width at day 1: 
median (IQR) 5.5 (2.8; 7.1) 1.5 (1.1; 2.2)   

Width at day 6: 
median (IQR) 2.6 (1.3; 4.8) 1.3 (1.1; 1.8)   

Variation in 
width: median 

(IQR) 
1.3 (0.6; 3.2) 0.1 (-0.5; 0.7) 1.1 (da 0.6 a 2.7) <0.0001 

3.5. Adverse Effects 
No complications occurred in the test group (0%), whereas three complications were identified 

in the control group (8%). These complications were recorded as burning sensation (n=2), and in one 
patient (n=1), a submucosal effusion on the external skin at the cheek level was observed, which at 
the 6-day follow-up was already in the healing phase. The difference was not statistically significant 
(Table 13). The same results were confirmed using the "per protocol" approach (Table 13bis). 

Table 13. Adverse effects. 

 Test group 
(n=40) 

Control group 
(n=37) 

Risk ratio (95% 
bootstrap 

confidence 
interval) 

P value 

Adverse effects, n (%) 0 (0%) 3 (8%) 0.15 (from 0.01 to 
2.94) 

0.11 

Table 13. bis. Adverse effects (”per protocol” approach). 

 Test group 
(n=35) 

Control group 
(n=35) 

Risk ratio (95% 
bootstrap 

confidence 
interval) 

P value 

Adverse effects, n 
(%) 

0 (0%) 3 (9%) 0.16 (from 0.01 to 
3.16) 

0.24 

4. Discussion 
The results of this trial have demonstrated a non-significant difference between the two 

treatments compared, tocopherol acetate and chlorhexidine digluconate 0.2%, in alleviating pain at 
the oral biopsy surgical site in the post-operative period (p-value 0.99). Thus, the null hypothesis was 
confirmed. The maximum pain recorded at day 1 post-operative was a value of 10 in two patients 
(n=1 patient in the test group who had the lip as the surgical site and n=1 patient in the control group 
who had the palate as the surgical site); the maximum pain recorded on the sixth day was 8 (n=1 
patient in the test group who had the attached gingiva as the surgical site). Unexpectedly, the use of 
painkillers did not improve post-operative pain, resulting statistically not different between those 
who took them and those who did not. It could also be hypothesized that some patients take analgesic 
therapy to prevent post-operative pain and not effectively as treatment. It is interesting to note how 
pain was perceived equally by women and men. It should be emphasized that in both groups, pain 
decreased significantly. 
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To analyze the photos taken immediately after the procedure and at 6 days, the ImageJ software 
was used. This program standardizes images based on a known length measurement and has been 
used by several authors to analyze digital images [34,39–41]. The photos were all taken with a 
millimeter periodontal probe before the intervention, after the intervention, and at 6 days. The photos 
used were those taken after the intervention and at 6 days. To try to minimize error in the evaluation 
of wound healing, it was decided to compare the sites also based on the anatomy of the region where 
the biopsy was performed, namely in loose mucosa (buccal mucosa, tongue, floor of mouth, lips, 
retrocommissure) (Figure 5) or attached (vestibular attached gingiva, retromolar trigone, edentulous 
ridge) (Figure 6) for their different extensibility. 

 
Figure 5. A biopsy in the loose mucosa (buccal mucosa) in the immediately post-op and at day 6. 

 

 
Figure 6. A biopsy in the attached mucosa (palate) in the immediately post-op and at day 6. 

Figures 7–12 show the process of analyzing photos through ImageJ. 

 
Figure 7. ImageJ splash screen when opening the program. 
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Figure 8. With the "straight" instrument, the fifth starting from the right, the measurement of 1mm is drawn on 
the periodontal probe. 

 

Figure 9. Using "analyze">"set scale" you configure the known length. 
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Figure 10. In the window that appears, enter the “known distance” and the “unit of length”, then 1 mm. 

 
Figure 11. With the "straight" instrument you go to trace the measurement on the lesion and through 
"analyze">"measure" you get the desired measurement in millimeters. 
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Figure 12. Through the window that appears, the measurement taken in the set unit of measurement is displayed 
in "length". 

In the present study, however, no significant differences were recorded in the variation of 
wound size in terms of height and width between the two treatments. Statistically significant 
differences emerged in the measurement of the variables ΔH and ΔW referring to sites differentiated 
into loose mucosa and attached mucosa. This result finds explanation in the fact that lesions in loose 
mucosa were all sutured with one or more interrupted stitches, so they appeared in the post-operative 
period wide in height (5.6; 8.0), but with edges approximated in width (1.1; 2.2), thus at 6 days the 
decrease in height was statistically significant (2.3; 5.2), while a small solution of continuity remained 
at the suture level (1.1; 1.8). Therefore, the width does not vary. This does not happen for the attached 
mucosa where the height does not vary significantly as the lesion still remains wide looking at the 
before (5.1; 6.8) and after (2.4; 5.2), with the edges not being approximated. The variation is only 1.4. 
The width decreases significantly compared to the "loose mucosa" site, but overall it is still wider: 5.5 
mm (2.8; 7.1) in the post-operative period and 2.6 mm (1.3; 4.8) at 6 days for attached mucosa 
compared to 1.5 mm (1.1; 2.2) and 1.3 (1.1; 1.8) respectively for loose mucosa. 

So overall, loose mucosa seems to heal better than attached mucosa. 
This allows us to observe, however, that tocopherol treatment is not worse than chlorhexidine 

treatment, which represents the gold standard. 
For this study, it was chosen to treat the test group with tocopherol and the control group with 

chlorhexidine. After choosing "no treatment" as the control group, it was decided to change the 
treatment using chlorhexidine, which represents the gold standard [3,42] as it is usually used after 
oral surgery. 

There is no consensus in the literature regarding the effects of chlorhexidine in the oral cavity. 
While some studies claim that it causes irritation, pigmentation, taste alteration, and oral microbiome 
alteration in addition to reduced cell proliferation having toxic effects on fibroblasts [8–11,13,20], 
others state that it does not lead to cellular alteration or cytogenetic damage, nor does it cause a 
negative effect on wound healing [7,14,17]. However, it is considered a gold standard drug in the 
antiseptic treatment of oral mucosae [3]. 

Tocopherol acetate has long been widely used on the skin [29,32] and more recently also on 
mucosae [28,30,34]. In this study, it was decided to use tocopherol due to the absence of side effects 
described in the literature [23,35–37], also due to the formulation of the product used which has 
acetate oil as the main phase, having no excipients and thus fewer triggers for the appearance of side 
effects [31], and for the benefits described both in vitro [27] and in vivo [25]. 

The biopsy procedure was chosen as the surgical procedure to compare tocopherol acetate and 
chlorhexidine because it is a standard procedure with comparable results, usually performable in a 
short time and which does not cause severe pain in most cases, as might be the case with third molar 
surgery. 
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Unexpectedly, there are few studies in the literature, insufficiently in-depth, about the use of 
vasoconstrictor in the biopsy procedure. The study by Margarone et al. [43] in 1985 histologically 
investigated various artifacts created during the biopsy sampling. Here, the use of 2% lidocaine with 
1:100,000 epinephrine is mentioned, reporting that if hemostasis is necessary, infiltration can be used 
deeply relative to the lesion or infiltration after biopsy sampling. The study by Avon and Klieb [44] 
from 2012 reports the use of exactly the same anesthetic. Our clinical experience has not shown 
contraindications or artifact formation in the use of vasoconstrictor, particularly adrenaline, in low 
concentrations (5 micrograms/ml), associated with local anesthetic to obtain an anesthetic effect in 
view of performing biopsies of oral soft tissues. It could be clinically advantageous as it reduces 
intraoperative bleeding, improving visibility. 

Contrary to what one might think, there are no indications and contraindications in the literature 
about the possibility of performing suturing at the biopsy site and the problems associated with it 
(for example, territorial or hematic dissemination in case of suturing in a tissue with an unexcised 
lesion). In the study by Jeng et al. [45] and Avon and Klieb [44], the possibility of performing suturing 
after the biopsy procedure is reported without further elaboration. 

Regarding tobacco consumption, in this trial, 64 patients (83%) were non-smokers and 13 
smokers (17%). It is widely documented in the literature that cigarette smoking represents a 
significant obstacle to wound healing. Tobacco, particularly nicotine, acts as a vasoconstrictor, 
causing a reduction in blood flow to the tissues involved in surgery, also due to its catecholamine 
release power and platelet aggregation, determining a risk of microvascular occlusion. The 
combination of vasoconstriction and microthrombosis leads to a condition of tissue ischemia [46]. 
Despite this, in this study, no significant difference in healing was evidenced between the group of 
smokers and the group of non-smokers; this result could be due to the limited sample size. 

Having emerged that there is no difference between the two treatments, the use of tocopherol 
acetate could be considered as an alternative to chlorhexidine in the treatment of the post-surgical 
site in the oral cavity, given the absence of side effects, which instead occur in chlorhexidine treatment 
(pigmentation and microbiome alteration in particular). It remains, however, fundamental for 
surgical wounds that require antiseptic treatment. 

Limitations were the inability to perform the study in a double-blind manner and the relatively 
limited sample size. 

Further studies with a larger sample size, with a longer follow-up, and considering other types 
of surgical interventions such as post-extraction sites are deemed necessary. Future studies with a 
larger sample could focus on the effectiveness of the two treatments on wound healing quality by 
identifying four different study groups based on treatment and biopsy site (loose, attached). Another 
study arm with no treatment and one with placebo could have been used to increase the validity of 
the study, but this would imply a larger sample. 

5. Conclusions 
The results that emerged from this study indicate that there are no statistically significant 

differences between the application of tocopherol acetate or chlorhexidine digluconate 0.2% at the 
oral biopsy site in terms of decrease in perceived pain and wound healing quality; given the absence 
of side effects, which instead occur in chlorhexidine treatment, the use of tocopherol acetate could be 
considered as an alternative to chlorhexidine in the treatment of the post-surgical site in the oral 
cavity. Further studies are deemed necessary to confirm the results obtained. Future studies could 
provide a larger sample that allows comparing the quality of healing in attached and loose mucosa 
between the two treatments, different oral surgical sites, and comparison with a placebo group. 
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