AHEAD OF PRINT

Effect of low-level laser therapy on healing after sinus floor
augmentation using allograft and xenograft bone materials

Sebastian Dominiak"*82, Aleksandra Kowalczyk?“®, Pawet Kubasiewicz-Ross",
Marzena Dominiak'£, Alicja Baranowska®®8, Cyprian Olchowy*®<, Michat Ciszyriski'*®?

! Department of Oral Surgery, Wroclaw Medical University, Poland

2 private practice, Wroctaw, Poland

3 Student’s Scientific Organization, Department of Oral Surgery, Wroclaw Medical University, Poland
* (linical Department of Cardiovascular Diseases, Collegium Medicum, Jan Dlugosz University in Czestochowa, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Pawet Kubasiewicz-Ross
E-mail: pawelkubasiewiczawp.pl

Funding sources
Doctoral subsidy from Wroclaw Medical University
(No. SUBK. 040.23.051).

Conflict of interest
None declared

Received on May 18, 2025
Reviewed on August 4, 2025
Accepted on September 25, 2025

Published online on July 3, 2026

(iteas

Dominiak S, Kowalczyk A, Kubasiewicz-Ross P, et al.

Effect of low-level laser therapy on healing after sinus floor
augmentation using allograft and xenograft bone materials
[published online as ahead of print on July 3, 2026].

Adv Clin Exp Med. 2026. doi:10.17219/acem/211363

DOI
10.17219/acem/211363

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2026

Abstract

Background. In cases of alveolar bone atrophy prior to implant treatment, sinus floor elevation remains
the treatment of choice. During a sinus lift procedure, a stabilizing grafting material is required. Among
the many available options, xenografts and allografts are widely used. Owing to their different properties,
they can be applied in various clinical settings. Low-level laser therapy (LLLT) is an increasingly popular
adjunctive tool in regenerative dentistry. Its beneficial effects on the healing process are well established.
However, its ability to influence bone healing following sinus floor elevation remains insufficiently investigated.

Objectives. The primary objective was to compare 2 bone grafts of different origins (allograft and xenograft)
used in sinus lift procedures. The secondary objective was to evaluate the influence of LLLT on postoperative
recovery in terms of pain, trismus, and soft tissue response.

Materials and methods. Twenty patients were randomly allocated to 2 groups. A xenograft was used
in half of the patients, whereas an allograft was used in the remaining patients. In each group, 5 patients were
randomly selected to receive adjunctive LLLT using a diode laser with a wavelength of 635 nm and an energy
density of 6 J/cm?. Al patients underwent clinical and radiological examinations before surgery. Subsequently,
astandard lateral sinus lift procedure was performed. Follow-up visits were conducted on postoperative days 3
and 7, during which pain, trismus, and swelling were assessed. After 135 days, cone-beam computed tomog-
raphy (CBCT) and clinical examinations were performed to evaluate bone gain, density, and homogeneity.

Results. Low-level laser therapy significantly reduced trismus. Trismus was also less pronounced in male
patients. Low-level laser therapy was associated with increased facial swelling. Pain levels were low, with no
significant differences between the study groups. After 135 days, allografts demonstrated greater homogene-
ity, whereas xenografts exhibited higher radiographic density.

Conclusions. Low-level laser therapy may improve recovery following sinus lift surgery by reducing post-
operative trismus. No significant differences were observed between the grafting materials in terms of bone
gain. However, differences in radiodensity suggest distinct resorption patterns, with xenografts exhibiting
higher density values after 135 days.
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Highlights

» Low-level laser therapy (LLLT) may improve postoperative jaw opening after sinus-lift surgery.
» LLLT did not significantly reduce postoperative pain or midfacial swelling.

+ Xenograft and allograft materials resulted in comparable vertical bone gain after 135 days.

+ Xenografts showed higher radiological bone density than allografts on CBCT assessment.

+ Allografts appeared more homogeneous than xenografts during early graft remodeling.

Background

Despite the rapid pace at which dentistry has developed
over recent years, tooth loss remains a significant chal-
lenge that requires restoration of the missing dentition.
Among the available treatment options, dental implant
therapy is considered the most desirable due to the high
level of comfort it provides to patients. It also demonstrates
a very high success rate and does not require the involve-
ment of adjacent teeth in the treatment, which is a major
drawback of conventional prosthetic crowns and bridges.
Despite its obvious benefits, implant-prosthetic rehabili-
tation of missing dentition also has limitations, mainly
associated with gradual bone loss following tooth ex-
traction, resulting from remodeling of the alveolar pro-
cess of the maxilla and pneumatization of the maxillary
sinuses.!3

Bone volume, if insufficient for implant treatment, can
be restored through augmentation procedures, which
commonly involve the use of bone grafting materials of au-
togenous, allogenous, or xenogenous origin. Autogenous
grafts are considered the gold standard due to their os-
teogenic, osteoinductive, and osteoconductive properties.
Nonetheless, their availability is often limited, and their
use requires an additional surgical procedure at the do-
nor site, which may increase morbidity.* Therefore, bone
substitute biomaterials have been introduced into re-
generative medicine. They are characterized by chemi-
cal and biological biocompatibility, osteoconductivity,
and, in some cases, even osteoinductivity.5 Xenogenous
bone grafts are commercially available; however, they
possess only osteoconductive properties. These bioma-
terials are derived from other species, most commonly
bovine, porcine, or equine, and exhibit favorable biome-
chanical properties.® As allografts, in addition to being
osteoconductive, may also possess osteoinductive poten-
tial, they are often preferred, and their use is becoming
increasingly common.”~® The osteoconductive potential
of xeno- and allografts may be enhanced through the ad-
ditional application of growth factors. One of the possible
options in this regard, particularly preferred in oral sur-
gery, is platelet concentrates. Human platelets are a source
of numerous growth factors, including platelet-derived
growth factor (PDGF), vascular endothelial growth factor

(VEGF), and transforming growth factor beta (TGF-f),
which play a role in the initial stages of bone defect heal-
ing. They also act as attractants for immune cells, which
may serve as a source of additional growth factors dur-
ing later stages of healing.!'® When it comes to surgical
techniques, in cases of severe atrophy of the lateral as-
pects of the maxillary alveolar ridge, sinus lift surgery
is considered the treatment of choice. Initially introduced
by Tatum in 1975, it involves surgically creating an open-
ing in the lateral wall of the maxillary sinus and carefully
elevating the Schneiderian membrane to create a space
for the bone grafting material. A cavity prepared in this
manner exhibits highly osteoconductive properties be-
cause it is surrounded predominantly by osseous and well-
vascularized tissues. Although highly predictable in terms
of long-term outcomes, this method may lead to several
early complications, including pain, trismus, and swelling
caused by hematoma formation, which can significantly
reduce patient satisfaction.!!

Among the available methods for reducing these symp-
toms, the use of lasers has recently gained considerable at-
tention. So-called low-level laser therapy (LLLT) is known
to modulate the inflammatory proceess, reduce pain in-
tensity and swelling, and promote tissue healing without
causing adverse effects.!?!3 It has been evaluated in many
oral surgery procedures, particularly surgical tooth extrac-
tions. Most authors report its positive influence on soft
tissue healing.!*!> Although its effectiveness has been well
documented in numerous dental procedures, there is still
a lack of evidence regarding the effects of LLLT in sinus
lift surgery.

Objectives

The main objective of this study was to evaluate the in-
fluence of adjunctive LLLT following sinus lift surgery
on patient recovery in cases involving 2 grafting materials
of different origins, as assessed by trismus, pain scores, and
midfacial swelling. An additional objective was to compare
2 different grafting materials used in sinus floor elevation
procedures with regard to new bone height, density, and
homogeneity based on cone-beam computed tomography
(CBCT) examinations.
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Materials and methods

This prospective study was conducted at the Department
of Oral Surgery, Wroclaw Medical University (Poland), be-
tween 2023 and 2024. It included 20 patients requiring a lat-
eral sinus lift procedure prior to implant-prosthetic treat-
ment. The assignment of the medical intervention was not
at the discretion of the investigators but was determined
by the need for implant-based restoration in cases of reduced
maxillary alveolar bone height. The study was approved
by the Local Bioethics Committee of Wroclaw Medical
University (approval No. KB 10/2023N). All participants
provided 2 forms of written informed consent: the 1% for
the lateral sinus lift procedure and the 2™ for participation
in the study. The study was conducted in full compliance
with the Declaration of Helsinki and adhered to personal
data protection regulations under the General Data Protec-
tion Regulation (GDPR). The study followed the CONsoli-
dated Standards Of Reporting Trials (CONSORT) guidelines,
and the flow diagram presents patient enrollment (Fig. 1).1¢

Inclusion and exclusion criteria

Patient recruitment was performed by an investigator who
was not involved in the surgical procedures (A.B.). The in-
clusion criteria were as follows: 1) adults capable of provid-
ing informed consent for the surgical procedure; 2) single
or multiple missing teeth in the posterior region of the max-
illary dental arch; 3) alveolar ridge height of less than 5 mm
and width greater than 7 mm; and 4) at least 2 mm of kera-
tinized tissue height (HKT) in the region of interest.

The exclusion criteria were as follows: 1) poor oral hy-
giene (Plaque Index (PI) >20%); 2) pregnancy; 3) breastfeed-
ing; and 4) general or local contraindications to surgical
procedures, including active sinus infection, large sinus
cysts, previous radiation therapy to the head and neck
region, and severe systemic conditions such as uncon-
trolled diabetes, immunocompromised states, and severe
cardiovascular disease (CVD). The study group consisted
of 20 adult Caucasian patients (Fig. 1). Subsequently, each
participant was randomly assigned to 1 of the study groups
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Fig. 1. Flow diagram of patient enrollment




and underwent the procedure according to the protocol
of the allocated group.

Study group design

Patients were randomly divided into 2 equal groups,
each consisting of 10 patients. The division was based
on the type of bone grafting material used during the si-
nus lift procedure. In half of the patients, an allogenic bone
graft in the form of cortico-cancellous bone granules “S”
(granulometry: 0.5 mm; Biobank, Lieusaint, France) was
used. In the remaining patients, a xenogenic grafting mate-
rial in the form of cancellous bone granules (granulometry:
0.25-1.0 mm; Geistlich, Wolhusen, Switzerland) was used.
From each group, 5 patients were randomly selected to re-
ceive LLLT during the postoperative period. As a result,
4 equal groups, each consisting of 5 patients, were created.
The groups were as follows: 1) xenograft; 2) xenograft +
LLLT; 3) allograft; and 4) allograft + LLLT.

Protocol of the experiment
Presurgical examination (T1)

Every patient included in the study underwent a clini-
cal examination. Measurements were performed by one
of the researchers who was not involved in the subsequent
clinical procedures (A.B.). Particular emphasis was placed
on the evaluation of the future surgical site; therefore,
the following parameters were recorded: height (HKT)
and width (WKT) of the keratinized gingiva, alveolar ridge
dimensions, and the PI according to Silness and Loe. Ad-
ditionally, maximum jaw opening was measured as the dis-
tance between the upper and lower central incisors. Fa-
cial swelling was also assessed by measuring 3 reference
lines. This method was a modification of the technique
originally introduced by Laskin. As the surgical field
in the present study involved the midface rather than
the lower face, as assessed by Laskin, the measurement
lines were modified accordingly.’” The lines used in this
study were as follows:

— Line A - a straight line extending from the lateral
canthus of the eye to the angle of the mandible;

— Line B — a straight line extending from the midpoint
of the tragus of the ear to the base of the nasal ala (Camp-
er’s plane);

— Line C — a straight line extending from the midpoint
of the tragus of the ear to the corner of the mouth (Fig. 2).

Following the clinical examination, every patient was
referred for radiological assessment. Cone-beam computed
tomography scans were acquired using the Planmeca
Viso® G7 system (Planmeca®, Helsinki, Finland). A field
of view (FOV) centered on the maxilla, measuring 300 mm
in width and 200 mm in height, was used. The scans were
analyzed using Romexis® software (Planmeca®), and
the foll day owing parameters were measured and assessed:
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Fig. 2. Facial reference lines used for the assessment of facial swelling

residual bone height (RBH); sinus condition, including
Schneiderian membrane thickening; the presence of sinus
polyps, cysts, or septa; and periapical inflammatory lesions
associated with adjacent teeth. All measurements were
performed by a researcher who was not involved in the sur-
gical procedures (C.O.).

Surgical procedure for the lateral sinus-lift

Regardless of study group allocation, all patients were
treated according to the same surgical protocol. Un-
der local anesthesia with 4% articaine and epinephrine
1:200,000 (Septanest® 1:200,000; Septodont, Saint-Maur-
des-Fossés, France), an envelope-type full-thickness mu-
coperiosteal flap with a distal releasing incision was el-
evated to expose the lateral wall of the maxillary sinus.
Subsequently, a standardized osteotomy and elevation
of the Schneiderian membrane were performed using
the DASK® kit (Dentium® Co., Ltd, Suwon, South Korea).
First, a bony window was created using identical 8-mm
diamond burs under constant saline irrigation and mini-
mal pressure. Next, DASK® elevators were used to pre-
pare an appropriate recipient site for the bone grafting
material. The augmented area was covered with a collagen
membrane (Bio-Gide®) to prevent epithelial ingrowth into
the regenerated region. The flap was repositioned and
sutured without tension in the primary position using
non-resorbable 5-0 nylon monofilament sutures (Atra-
mat®, Mexico City, Mexico).

Follow-up procedures
Low-level laser therapy
In the appropriate groups (+LLLT), diode laser therapy was

applied using a laser device (Lasotronix®, Piaseczno, Poland)
with a wavelength of 635 nm, abeam diameter of 0.5 cm?, and
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an energy density of 6 J/cm? for 1 min in continuous-wave
mode. Low-level laser therapy was performed intraorally,
with the laser tip positioned directly over the osteotomy site
and the overlying soft tissues immediately after the sinus lift
procedure, as well as 3 and 7 days postoperatively.

Postoperative treatment

Every patient, regardless of group allocation, was pre-
scribed Eludril Classic® mouthwash for 2 weeks (twice
daily) and an antibiotic (2.0 g/day; Duomox®; Astellas
Pharma, Tokyo, Japan). The sutures were removed after
7 days. The 1° follow-up visit was scheduled for post-
operative day 3 (T2), and the 2™ for postoperative day 7
(T3). On both occasions, a clinical examination was per-
formed in the same manner as before surgery. On postop-
erative day 135, a follow-up examination was performed
(T4). Clinical and radiological evaluations were repeated
in the same manner, with the inclusion of the following
additional parameters:

— Bone gain (BG) measured within the region of in-
terest (ROI) as the difference between the postoperative
radiographic height of the alveolar process and the RBH.

— Homogeneity of the augmented area, assessed accord-
ing to the following features:

« initial union observed at the junctional area;

» appearance of mottled radiographic shadows through-
out the grafted area;

« differentiation of newly formed bone into a trabecular
pattern;

« absence of highly radiopaque particles of non-resorbed
graft material.

The presence of at least 3 of the abovementioned fea-
tures was considered indicative of high graft homogeneity,
whereas the presence of fewer than 3 features was consid-
ered indicative of low graft homogeneity.

— Bone density, expressed in Hounsfield units (HU), was
assessed as follows: First, the imaging plane was positioned
at the graft site and aligned parallel to the panoramic curve

to visualize the area in which the greatest bone gain had
been recorded. Next, an oval region of measurement was
carefully selected to include as much of the grafted area
as possible. The mean HU value generated by the software
was then recorded for subsequent analysis.

Statistical analyses

Due to the relatively small sample size, nonparametric
tests were conducted using the nparLD package (https://
CRAN.R-project.org/package=nparLD) in R (R Founda-
tion for Statistical Computing, Vienna, Austria). Fisher’s
exact test is a nonparametric test of statistical significance
used, among other purposes, to examine hypotheses con-
cerning the association between 2 nominal-scale variables,
often dichotomous in nature. Its advantages lie in its ap-
plicability to small sample sizes. An extension of this test
is the Fisher—Freeman—Halton test, which is designed for
larger contingency tables and, unlike Fisher’s exact test,
allows for analyses involving more extensive data sets.
Friedman’s rank test is a nonparametric statistical test
based on rank ordering, used to assess differences among
at least 3 dependent (i.e., correlated) groups. The rank cor-
responds to the sequential number assigned to a statistical
observation within a sample after ordering the observa-
tions according to the value of a given variable. On the other
hand, the Kruskal-Wallis test is a rank-based statistical test
employed to compare the distributions of a variable across
populations. Particularly suitable for small sample sizes,
this test does not assume normality of distributions and
isregarded as a nonparametric alternative to one-way anal-
ysis of variance (ANOVA) for comparisons across groups.

Table 1 presents the results of comparisons for param-
eters measured once, whereas Table 2 contains the results
for parameters measured at 4 time points. In addition,
to assess the potential impact of interactions between inde-
pendent variables on dependent variables, nonparametric
statistical analyses for longitudinal data in mixed designs
were performed. The results are presented in Table 3.

Table 1. Descriptive statistics of the analyzed parameters according to graft material and laser application

Parameter —
Women, n (%) 2 (40)
Age [years], Me (min-max) 47 (33-59)
Bone density [HU], Me (min-max) 466 (312-710)
Procedure duration [min], Me (min-max) 40 (30-45)
Graft quantity [g], Me (min-max) 2(0.5-2)
Interdental gap, n (%) 3 (60)
RBH [mm], Me (min—-max) 1(0.4-4)
HKT [mm], Me (min—-max) 4(3-7)
WKT [mm], Me (min—-max) 45 (2-5)

44 (33-52)
498 (197-660)
65 (33-91)

2.5(1-55)

Group Test

Xeno+LLLT Allo Allo+LLLT result — p-value
3 (60) 1(20) 3 (60) 0.77¢
54 (43-60) 56 (49-76) 0.09°
296 (204-420) 267 (198-321) 0.04°
50 (30-65) 50 (40-60) 0.08°
06 (0.5-2) 2(2-2) 2 (04-5) 0.16°
4(80) 2 (40) 1(20) 0.46°
3(1-4.5) 2(2-4.5) 0.74
4(2-7) 4(2-7) 3(2-10) 0710
4(2-9) 4 (4-15) 6(2-11) 0.46°

LLLT - low-level laser therapy; Me — median; HU — Hounsfield units; HKT — height of keratinized gingiva; WKT — width of keratinized gingiva; RBH - residual
bone height; ? Fisher-Freeman-Halton test; ® Kruskal-Wallis test. Values in bold are statistically significant.
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Table 2. Descriptive statistics (median and range) of the analyzed parameters according to graft material, laser application, and measurement time, with
results of significance tests

Parameter ST fest
Xeno Xeno + LLLT Allo Allo + LLLT result (p-value)
Jaw openinig [mm]
T 49 [41-56] 48 [37-56] 46 [40-55] 50 [41-59] 0.91°
T2 47 [41-55] 44 [40-51] 45 [40-54] 47 [40-59] 0.89°
T3 48 [41-56] 46 [43-56] 52 [40-52] 51[44-59] 0.87°
T4 47 [40-56] 47 [37-55] 47 [41-57] 48 [46-59] 0.80°
p-value 0.64° 0.25° 0.72° 0.44° X
Line A [mm]
T 105 [81-110] 100 [90-120] 106 [95-125] 100 [85-105] 0.56
T2 105 [84-114] 100 [100-120] 106 [100-125] 103 [90-110] 0.71
13 100 [82-115] 100 [95-120] 107 [98-123] 100 [93-105] 0.62
T4 105 [86-111] 100 [95-114] 110 [97-120] 98 [95-105] 0.48
p-value 0.44° 0.12b 0.85° 0.62° X
Line B [mm]
T 123 [114-136] 122 [112-135] 122 [118-132] 127 [112-131] 0.99
T2 123 [120-134] 122 [112-135] 125 [121-134] 130 [115-134] 0.94
13 121 [117-135] 118 [110-135] 122 [119-136] 125 [109-135] 0.81
T4 121 [120-135] 116 [111-135] 128 [120-140] 127 [109-130] 0.77
p-value 0.92° 0.66° 0.02° 0.28° X
Line C [mm]
T 110 [108-127] 105 [101-123] 115 [112-127] 120 [110-123] 0.53
T2 115 [110-127] 117 [110-130] 121 [117-133] 127 [110-135] 0.71
13 115[109-123] 115[101-125] 119 [115-132] 115[99-132] 0.78
T4 112 [110-132] 108 [104-123] 120 [115-130] 119 [105-120] 0.38
p-value 0.39° 0.03° 0.03° 0.07° X
VAS score
T 1[0-2] 0[0-1] 0[0-2] 0[0-1] 0.54
T2 1[0-1] 1[0-3] 1 [0-4] 1[0-2] 0.59
T3 0[0-0] 0[0-2] 0[0-0] 0[0-1] 023
T4 0[0-0] 0[0-0] 0[0-0] 0[0-0] 1.00
p-value 0.05° 0.06° 0.04° 0.04° X
Pl score
T 0[0-1] 0[0-1] 1[0-1] 1[0-1] 0.55
T2 0[0-3] 0[0-2] 1[0-1] 1[0-2] 0.96
T3 1[0-1] 1[0-1] 1[0-2] 0[0-1] 048
T4 1[0-1] 1[0-1] 1[0-2] 0[0-1] 0.70
p-value 0.88° 0.82° 0.84° 0.39° X

2 Kruskal-Wallis test, ® Friedman’s test; VAS — visual analogue scale; LLLT - low-level laser therapy; Pl - Plaque Index. Values in bold are statistically significant.

To evaluate the effects of the between-subject factors
(graft and laser) and the within-subject factor (time)
on quantitative dependent variables (Jaw Opening, Line
A, Line B, Line C, visual analogue scale (VAS), and PI),
nonparametric statistical analyses for longitudinal data
in mixed designs were carried out. The nparLD package
in R was used for this purpose. The results are summarized
in Table 3. To evaluate the statistical significance and effect
size of 3 independent factors on the dependent variables,

repeated-measures ANOVA was performed. The sample
size (n = 20) was determined using the G*Power soft-
ware (https://www.psychologie.hhu.de/arbeitsgruppen/
allgemeine-psychologie-und-arbeitspsychologie/gpower),
assuming a significance level of a = 0.05, statistical power
of at least 1 — B = 0.80, 8 groups (2 x 2 x 2 design), 4 re-
peated measurements, an inter-measurement correlation
of r = 0.7, and a nonsphericity correction factor of e = 0.7
(Fig. 3).
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Table 3. Results of the nonparametric repeated-measures analysis

of variance

Variable

Jaw opening
[mm]

Line A [mm]

Line B [mm]

Line C [mm]

VAS (score)

Pl (score)

Effect
Graft
LLLT
Time
Graft: LLLT
Graft : Time
LLLT : Time
Graft : LLLT : Time
Graft
LLLT
Time
Graft : LLLT
Graft : Time
LLLT : Time
Graft: LLLT : Time
Graft
LLLT
Time
Graft: LLLT
Graft : Time
LLLT: Time
Graft : LLLT : Time
Graft
LLLT
Time
Graft : LLLT
Graft : Time
LLLT : Time
Graft: LLLT : Time
Graft
LLLT
Time
Graft : LLLT
Graft : Time
LLLT : Time
Graft : LLLT : Time
Graft
LLLT
Time
Graft : LLLT
Graft: Time
LLLT : Time
Graft : LLLT : Time

| Statistic | df |p-va|ue

0.182
0.055
8515
0.233
0.764
1435
1.074
0.001
1.011
9.669
1.062
0.702
1.344
0.358
0.210
0.227
13.25
0.007
1.499
2519
0.297
1.256
0.287
23.39
0.070
3.253
15.10
6.720
0.390
0.126
4194
0.309
2028
9.601
2.583
0.190
0.211
0410
0.190
1.450
1.058
1.099

1
1

w w w = - w w w = - w w w = - w w w = - w w w =

w w w

0.670
0814
0.036
0.630
0.858
0.697
0.783
0.984
0.315
0.022
0.303
0.873
0.719
0.949
0.647
0.634
0.004
0.934
0.683
0472
0.961
0.262
0.592
<0.001
0.791
0.354
0.002
0.081
0.532
0.723
<0.001
0578
0.567
0.022
0.460
0.663
0.646
0938
0.663
0.694
0.787
0.777

LLLT — low-level laser therapy; VAS — visual analogue scale; Pl — plaque
index. Values in bold are statistically significant.

Results

The mean age of the participants was 50.7 years. The study
groups were homogeneous with respect to sex distribu-
tion, as 9 of the 20 included patients (45%) were women.
Detailed data on patient age and sex distribution among
the subgroups are presented in Table 1. After completion
of the follow-up period for all included patients, a statistical
analysis of the collected data was performed. On the day
of surgery, patients in all 4 groups were homogeneous
with respect to the analyzed clinical parameters (Table 1).
The analysis of jaw opening indicated that the measured
values depended on whether laser photobiomodulation had
been applied after surgery. Jaw opening values were higher
in both patient groups that received photobiomodulation
compared with those that did not. Although LLLT appeared
to increase jaw opening after surgery, the observed asso-
ciation did not reach statistical significance (Tables 2,3).
The analysis of the lengths of Lines A, B, and C showed
higher values in male patients than in female patients and
in patients who received allografts (Tables 2,3; Fig. 4). Pain
scores were not associated with either graft type or sex.
Photobiomodulation increased VAS scores on postopera-
tive day 3 but did not influence pain levels at later stages
of healing. The main finding for this variable was that pain
intensity was time-dependent in patients from both groups.
Patients reported significantly higher pain scores on day 3
than on days 7 and 135 after surgery (p < 0.05; Table 3).
The analysis of radiological parameters based on CBCT
examinations revealed no statistically significant differ-
ences between the groups in bone gain after 135 days. How-
ever, the analysis of HU in the regenerated bone clearly
demonstrated higher values in the xenograft group than
in the allograft group, and the standard deviation (SD) was
also significantly higher in the xenograft group (Fig. 5).
We also observed that the allograft was more homogeneous
after 135 days compared with the xenograft. This finding
is likely related to the longer resorption time characteristic
of xenografts compared with allografts.

Discussion

The positive effect of photobiomodulation on postopera-
tive healing has been reported previously in oral surgery
procedures. Landucci et al., in a study involving third-
molar surgery, demonstrated that laser therapy is effective
in reducing postoperative pain, trismus, and swelling.!®
In contrast, Momeni et al. and Alan et al. found that LLLT
had no significant effect on edema or trismus; however,
it was associated with reduced postoperative pain levels.!*

In the present study, a positive effect of LLLT on trismus
was observed, whereas no statistically significant effects
on pain levels or swelling following sinus lift surgery were
found. This may be explained by differences in the surgi-
cal site (i.e., the distal region of the mandibular alveolar



Fig. 3. Relationship between required sample size and statistical power

ANOVA - analysis of variance.

process vs the lateral wall of the maxilla). Previous studies
evaluated surgical sites within the oral cavity character-
ized by strong muscle attachments adjacent to the elevated
flap,'®-20 making trismus more likely to occur. Another im-
portant consideration is that the VAS scores recorded im-
mediately after surgery in our study were already remark-
ably low. Therefore, the additional application of LLLT may
not have provided a clinically meaningful benefit in terms
of pain reduction for our patients.

Despite numerous reports on the influence of LLLT
in oral surgery procedures, as mentioned above, its role
in recovery following sinus lift surgery remains poorly
described in the literature. In a study investigating this
procedure, Ozturan et al. reported a positive effect of LLLT
on swelling and quality of life. However, it is worth noting
that, similarly to our findings, no effect of LLLT on post-
operative pain intensity was observed.?! Trismus is a com-
mon symptom during postsurgical recovery. Although
itis recognized as part of the physiological healing process,
its severity may indicate the influence of additional factors
on recovery. More severe trismus may be associated with
inflammation, extensive surgical trauma, or prolonged op-
erative time; however, anatomical factors may also contrib-
ute. In our study, we observed that male patients exhibited
greater jaw opening ranges regardless of the use of LLLT
or the grafting material applied. Most studies related
to this topic have been conducted in the context of third
molar extraction; nevertheless, certain similarities can be
identified. In a study by Vranckx et al., the influence of sex
on postsurgical healing was evaluated among other factors.
Consistent with our findings, the authors reported that
women exhibited more pronounced trismus than men.??
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However, reduced jaw opening following surgical proce-
dures is not always associated with patient sex. In contrast,
Kiencalo et al. found no correlation between sex and tris-
mus after evaluating 339 wisdom tooth extractions.?
The aim of every bone grafting procedure is to achieve new
bone formation. This is particularly important in procedures
followed by implant placement, as direct contact between
the implant surface and bone tissue fulfills the definition
of osseointegration. New bone formation can be confirmed
with certainty only through histological examination; how-
ever, this requires a trephine biopsy and may significantly
increase the risk to the patient. Therefore, most studies have
employed less invasive radiographic methods, particularly
CBCT, to assess bone graft remodeling and turnover.?*-26
It is also a routine method for assessing the outcomes
of sinus lift procedures in everyday dental practice.
It is generally accepted that the presence of a trabecu-
lar pattern and the absence of voids within the grafted
area on CBCT images are indicative of bone maturation,
whereas increases in radiodensity following bone grafting
should be considered a normal stage of healing, as more
mature bone typically exhibits a denser appearance.?4-2¢
In studies with a follow-up period similar to ours, the or-
igin of the bone graft usually does not influence the degree
of bone gain, which is consistent with our findings. A simi-
lar conclusion was reached by Al-Moraissi et al., whose
large meta-analysis of 52 studies found no differences
in new bone height among different grafting materials.?’
The density and homogeneity of the augmented bone, how-
ever, are closely related to graft origin. Autologous and
allogenic bone grafts are more likely to mimic the proper-
ties of the recipient site’s residual bone at an earlier stage.
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Fig. 4. Effects of gender, low-level laser therapy (LLLT), and graft type on facial swelling
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Fig. 5. Hounsfield unit (HU) values according to graft type and laser
application, with results of the statistical analysis

LLLT - low-level laser therapy.

Xenografts and alloplastic materials, on the other hand,
exhibit prolonged remodeling times, which may explain
the differences in homogeneity and density of the newly
formed bone. In our study, after 135 days, allogenic bone
grafts tended to be more homogeneous, whereas xeno-
grafts achieved higher values on the Hounsfield scale. Ta-
brizi et al. reported similar findings, as xenografts in their
study demonstrated significantly higher CBCT density
values compared with allogenic material 9 months after
maxillary sinus augmentation.?®

Limitations of the study

The main limitation of this study is the small sample
size, which resulted from funding constraints associated
with the Doctoral Subsidy program, limiting enrollment
to a maximum of 20 patients and the observation period
to no more than 12 months. Additional limitations include
the fact that new bone formation can be confirmed with
absolute certainty only through histological examination,
which was not performed in the present study. Further-
more, 2 grafting materials of different origins were used,
and these materials exhibit distinct characteristics in ra-
diological evaluation, which may have influenced the in-
terpretation of the radiographic findings.

Conclusions

Low-level laser therapy may improve patient recovery
following sinus lift surgery by reducing postoperative
limitations in jaw opening. The observation period used
in this study corresponds to the average waiting time be-
fore implant placement after maxillary sinus floor eleva-
tion. The data obtained from this study suggest that differ-
ent types of bone substitutes do not influence the amount
of newly formed bone. However, differences in radiodensity

S. Dominiak et al. Allograft vs xenograft sinus-lift LLLT

between allografts and xenografts suggest distinct resorp-
tion patterns of the 2 materials.
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