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low-level laser therapy on peri-implant
marginal bone preservation and soft tissue
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Abstract

Background Low-intensity pulsed ultrasound (LIPUS) and low-level laser therapy (LLLT) are proposed adjunctive
therapies to enhance healing after dental implant surgery. However, direct comparisons of their effects on peri-
implant marginal bone preservation and soft tissue healing remain limited. This randomized controlled trial aimed
to compare the effectiveness of LIPUS and LLLT on peri-implant marginal bone preservation, soft tissue healing, pain
levels, and oral health-related quality of life following dental implant placement.

Methods This single-blind, randomized controlled trial included 63 patients undergoing maxillary or mandibular
implant placement, randomly allocated to LIPUS (n=21), LLLT (n=21), or control (n=21) groups. LIPUS was applied
twice weekly for 4 weeks, while LLLT was administered in 4 sessions over 2 weeks post-implant. Marginal bone loss
(MBL) and OHRQoL (OHIP-14) were assessed at baseline, 6, and 12 weeks. Soft tissue healing (Landry Healing Index)
and pain (VAS) were evaluated at baseline, 7-, 14-, 21-, and 30-days post-implant.

Results LIPUS significantly reduced marginal bone loss at 6 weeks and 3 months post-implant compared to LLLT
and control groups (p < 0.05). LLLT demonstrated superior soft tissue healing at 7-, 14-, 21-, and 30-days post-implant
(p<0.05). Both interventions significantly decreased pain intensity and improved OHRQolL at various time points
compared to the control group (p <0.05).

Conclusions LIPUS and LLLT significantly enhance peri-implant marginal bone preservation, soft tissue healing, pain
management, and OHRQoL in dental implant patients compared to standard care. LIPUS was more effective for peri-
implant marginal bone preservation, while LLLT excelled in soft tissue healing.

Trial registration This study was registered at ClinicalTrials.gov (NCT05938868) on July 11, 2023.
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*Correspondence:
Esraa S. Mahmoud
esraa.sabry@ahuc.edu.eg

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-4738-9098
http://orcid.org/0009-0000-0741-4650
http://orcid.org/0009-0007-1791-1184
http://orcid.org/0000-0001-7264-1489
http://crossmark.crossref.org/dialog/?doi=10.1186/s13005-025-00502-z&domain=pdf&date_stamp=2025-4-17

Mahmoud et al. Head & Face Medicine (2025) 21:29

Background

Tooth loss is a global health burden affecting millions
worldwide [1]. An estimated 158 million people suf-
fer from severe tooth loss globally [2, 3]. Increased life
expectancy and oral health awareness [4] have elevated
dental implant demand [5]. Dental implants provide reli-
able, long-term restoration of function, esthetics, and
quality of life for edentulous patients [6].

Approximately 3 million dental implants are placed
annually in the United States, with global figures reach-
ing 12—15 million implants yearly [7]. Despite significant
technological advancements, contemporary implants
show success rates of 95.2% at 5 years and 89.4% at 10
years [8], meaning 5-10.6% still fail. Chrcanovic et al. [9]
found that early failures within the first year primarily
result from poor osseointegration or inadequate soft tis-
sue healing (62.1% of failures), while late failures typically
stem from peri-implantitis (28.6%) or biomechanical
complications (9.3%). These failures significantly impact
patient quality of life and generate substantial healthcare
costs ranging from $3,000 to $12,500 per failed implant,
depending on the complexity of subsequent reconstruc-
tive procedures required [10].

Osseointegration creates new bone around implants,
enabling stable anchorage and masticatory force trans-
fer [11]. Peri-implant soft tissue healing forms a muco-
sal seal, preventing bacterial infiltration and maintaining
implant health [12].

Despite advancements in implant surface technology
and surgical techniques, achieving optimal osseointegra-
tion and soft tissue healing remains a challenge [13, 14].
Compromised bone quality, systemic conditions, smok-
ing, poor oral hygiene, and extended osseointegration
periods impair healing, risking implant failure [15] and
limiting early loading options [16].

Low-intensity pulsed ultrasound (LIPUS) and low-level
laser therapy (LLLT have emerged as potential inter-
ventions to enhance implant-related healing [17-19].
LIPUS delivers non-thermal mechanical energy (30—100
mW/cm?) that triggers mechanotransduction pathways,
upregulating crucial bone regeneration factors including
BMPs, TGF-B, and IGF-1, while enhancing angiogenesis
through VEGF stimulation [20—-23]. Clinically, LIPUS has
accelerated long bone fracture healing by up to 38% and
improved non-union fracture rates by 67-90% [24, 25].
LLLT (photobiomodulation) uses red to near-infrared
light (630—1000 nm) at low power densities (1-1000 mW/
cm®) to interact with cellular chromophores, particularly
cytochrome c oxidase, enhancing ATP production while
modulating inflammatory responses by reducing pro-
inflammatory cytokines and increasing anti-inflamma-
tory mediators [26, 27].

Several studies have investigated the effects of LIPUS
and LLLT on osseointegration and soft tissue healing.
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Iwai et al. [28] demonstrated that LIPUS enhanced osseo-
integration and reduced healing time in patients under-
going dental implant therapy. While, Liu et al. [17] found
that LIPUS accelerated osseointegration and increased
the maximal axial pull-out strength of titanium dental
implants in a rabbit model. Similarly, a systematic review
by Omasa et al. [29] concluded that LLLT could posi-
tively influence the early stages of osseointegration and
improve implant stability, However, findings from ran-
domized controlled trials have been variable. Regarding
soft tissue healing, Palled et al. [30] reported that LLLT
significantly improved healing parameters in implant
patients, with their LLLT group showing lower modi-
fied sulcus bleeding index scores and probing depths at 6
weeks and 3 months post-operatively (p <0.01).
Knowledge gaps persist as most studies examine LIPUS
and LLLT independently, lacking direct comparisons
in dental implant therapy. Comparative effectiveness
research is essential to determine superior intervention
outcomes. This controlled randomized study assessed the
comparative outcomes between LIPUS and LLLT, evalu-
ating their impact on dental implant osseointegration,
surrounding soft tissue healing, post-operative pain, and
patient-reported oral health-related quality of life.

Methods

Study design

This study was a randomized, controlled, single-blinded,
parallel-group trial comparing the effects of low-intensity
pulsed ultrasound (LIPUS) and low-level laser therapy
(LLLT) on peri-implant marginal bone preservation and
soft tissue healing in patients undergoing dental implant
surgery. The study was conducted between July 2023 and
September 2024.

Ethical considerations
This trial is reported in accordance with the CON-
solidated Standards Of Reporting Trials (CONSORT)
statement [31] (Supplementary file 1), This study was
conducted in accordance with the principles of the Dec-
laration of Helsinki and was approved by the Research
Ethical Committee of the Faculty of Physical Therapy,
Cairo University (approval number P.T.REC/012/004647).
The study was also registered on ClinicalTrials.gov
(NCT05938868) before participant enrollment.
Participants provided written informed consent after
receiving comprehensive study information. Participa-
tion was voluntary with unrestricted withdrawal rights.
Data confidentiality was ensured through secure storage,
restricted access, and anonymized publication of results.

Settings
The study was conducted at a specialized dental clinic
in Sheikh Zayed City, Giza, Egypt. This tertiary referral
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center features advanced equipment including digital
radiography, intraoral scanners, and CAD/CAM tech-
nology. The facility comprises six dental operatories
and dedicated sterilization and consultation areas. Staff
includes specialized dental surgeons, periodontists,
prosthodontists, and trained assistants, adhering to inter-
national infection control and safety standards.

Participants

Patient recruitment took place at the outpatient clin-
ics of the Oral-Maxillofacial Surgery and Prosthodon-
tics departments in multiple hospitals across Cairo via
healthcare referrals and direct patient contact. Initial
screening assessed eligibility per study criteria. Eligible
patients received comprehensive study information with
opportunities for clarification. The flow of participants
through each stage of the trial is illustrated in Fig. 1.

The inclusion criteria were as follows: [1] Adults
aged>18 years requiring dental implants in either the
maxilla or mandible; [2] both male and female patients,
to allow for gender comparisons; [3] non-smokers, as
smoking has been shown to negatively impact implant
success rates [32]; and [4] adequate bone volume and
density at the implant site, defined as Class III or better
according to the Lekholm and Zarb classification [33], as
assessed clinically and radiologically.

Study exclusion criteria encompassed: [1] compro-
mised medical status, particularly uncontrolled diabetes;
[2] need for bone grafting at the intended implant loca-
tion; [3] current facial radiotherapy or chemotherapy; [4]
suboptimal oral hygiene; [5] previous TM] disorders; and
[6] concurrent oral or periodontal surgical procedures at
implant sites.

Sample size calculation

The number of study participants was determined by
using G*Power 3.1.9.1; through power analysis based on
the following input models; F tests— ANOVA; repeated
measures, within-between interaction, given «, power,
and effect size. Hence, we assumed 3 groups, 95% con-
fidence interval, 0.05 a level, 80% power, and 0.331 effect
size calculated from a previous study which resulted in
54 participants [34]. Considering possible losses, a 15%
contingency was added to the number obtained, totaling
63 participants or 21 per group.

Randomization & blinding

A randomized, single-blind study design was used to
ensure unbiased treatment allocation. Eligible patients
were randomly assigned to one of three groups: [1]
LIPUS [2], LLLT, or [3] control, using a computer-gen-
erated randomization sequence with a 1:1:1 allocation
ratio. The randomization sequence was generated by an
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independent statistician using a permuted block random-
ization method with a block size of six.

Allocation concealment was maintained using sealed,
opaque, sequentially numbered envelopes, opened only
after participants completed baseline assessments and
provided informed consent. Due to the nature of the
interventions, blinding of patients and treating clini-
cians was not feasible. However, outcome assessors were
blinded to the patients’ group allocations.

To maintain blinding, all study-related documents were
labeled with unique participant identification numbers
rather than group assignments. The study coordinator
kept a separate, confidential log linking the identification
numbers to the group assignments, which was not acces-
sible to the outcome assessors.

Interventions

All implant procedures followed an established surgical
protocol to ensure procedural consistency [35, 36]. The
surgical sequence began with the administration of local
anesthetic (2% lidocaine containing 1:100,000 epineph-
rine). Access to the recipient site was achieved through
a midcrestal incision, followed by the reflection of a full-
thickness mucoperiosteal flap. Critical anatomical struc-
tures were carefully identified and protected throughout
the procedure. Implant site preparation was guided by a
customized surgical stent. During placement, a minimum
clearance of 1.5 mm was maintained between the implant
and neighboring dentition to ensure adequate preserva-
tion of adjacent hard and soft tissues. The procedure con-
cluded with precise flap repositioning and suturing to
obtain tension-free primary closure.

Patients from all three groups received the standard
postoperative care. In addition to the standard care, the
low-intensity pulsed ultrasound (LIPUS) group received
8 treatment sessions (two sessions per week, 20 min
each), while the low-level laser therapy (LLLT) group
received 4 treatment sessions (on day 0, 3, 7, and 14
after surgery, 10 s per site). The control group received
the standard postoperative care only. Interventions are
described according to the template for intervention
description and replication (TIDieR) guide [37].

Procedures

Low-intensity pulsed ultrasound (LIPUS) therapy The
LIPUS intervention was delivered using an ENRAF
NONIUS, SONOPLUS 492 device (ENRAF NONIUS,
The Netherlands, model number: EN-SP492). Patients
receiving LIPUS therapy were positioned in a dental chair
with their head supported by a headrest. The treatment
area was prepared by applying a thin layer of intra-oral
gel to the buccal aspect of the implant site to ensure effi-
cient energy transfer. The LIPUS treatment was adminis-
tered via an intraoral delivery system, utilizing a 0.8 cm?
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Enrollment
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Assessed for Eligibility (n = 102)

3
Excluded (n = 39)
+» Not meeting inclusion criteria (n = 24)
+ Insufficient bone volume (n = 9)
« Active periodontal disease (n =7)
+ Uncontrolled diabetes (n = 5)
+ Heavy smoking (n = 3)
« Declined to participate (n = 11)
« Other reasons (n = 4)
3
Randomized (n = 63)
Allocation

Allocated to LIPUS Group (n = 21)

« Received allocated intervention
« LIPUS applied twice weekly for 4 weeks

Allocated to LLLT Group (n = 21)

« Received allocated intervention
« LLLT administered in 4 sessions over 2
weeks

Allocated to Control Group (n = 21)
* Received standard postoperative care

Follow-Up
LIPUS Group LLLT Group Control Group
Assessed Dropouts Assessed Dropouts Assessed Dropouts
Timepoint ) ") Reason Timepoint () [ Reason Timepoint ) [ Reason
Day 7 21 0 - Day 7 21 0 - Day 7 21 0 -
Day 14 21 0 - Day 14 21 0 - Day 14 21 0 -
Day 21 21 0 - Day 21 21 0 - Day 21 21 0 -
Day 30 21 0 - Day 30 21 0 - Day 30 21 0 -
Work Family Lost to
6 Weeks 20 1 PR A 6 Weeks 20 1 P D 6 Weeks 20 1 Porinsiredt
Relocation Lack of Discomfort
Medical 12 Weeks 19 1 perceived 12 Weeks 19 1 with
12 Weeks 17 3 issue benefit radiographs
Lost to
follow-up
Analysis
LIPUS Group (n=21) LLLT Group (n=21) Control Group (n =21)

« Included in analysis:

- Soft Tissue Healing & Pain: n = 21 (Days
7-30)

- MBL & OHRQoL at 6 Weeks: n = 20

- MBL & OHRQoL at 12 Weeks: n = 17

« Excluded from analysis:
- Lost to follow-up: n = 4

* Included in analysis:

- Soft Tissue Healing & Pain: n = 21 (Days
7-30)

- MBL & OHRQoL at 6 Weeks: n = 20

- MBL & OHRQoL at 12 Weeks: n = 19

« Excluded from analysis:
- Lost to follow-up: n = 2

* Included in analysis:

- Soft Tissue Healing & Pain: n = 21 (Days
7-30)

- MBL & OHRQoL at 6 Weeks: n = 20

- MBL & OHRQoL at 12 Weeks: n = 19

« Excluded from analysis:
- Lost to follow-up: n = 2

LIPUS: Low-intensity pulsed ultrasound; LLLT: Low-level laser therapy; MBL: Marginal bone loss; OHRQoL:

Oral health-related quality of life.

Fig. 1 Flow of participants through the trial
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probe positioned against the buccal surface of the implant
region. The probe was placed in direct contact with the
buccal attached gingival tissue, separated only by a thin
layer of intraoral transmission gel that served as a cou-
pling medium. LIPUS therapy was initiated 48 h post-
surgery and administered twice weekly for 4 consecutive
weeks, totaling 8 treatment sessions. Each 20-minute ses-
sion utilized ultrasonic waves at 1 MHz frequency, deliv-
ering a power output of 20 mW and maintaining an inten-
sity of 30 mW/cm2 with a static transducer position [38].
Patients were instructed to remain still and relax during
the treatment. After each session, the treatment area was
cleaned, and the patient was inspected for any complica-
tions.

Low-level laser therapy (LLLT) For the LLLT interven-
tion, a Chattanooga device, model 27,841 (Chattanooga,
USA), equipped with a gallium-arsenide (GaAs) diode
laser was used. The laser device emitted light at a wave-
length of 850 nm and operated at a power of 200 mW in
continuous wave mode [39].

Patients were seated in a dental chair with their head
supported by a headrest. The mucous membrane sur-
rounding the implant site was cleaned and dried before
the application of the laser. The laser treatment was
administered by applying the probe at 10 mm standoff
distance from the soft tissue surrounding the implant,
with the beam directed at six distinct points circumfer-
entially around the implant site: mesiobuccally, distobuc-
cal, midbuccal, midlingual, mesiolingual, and distolingual
[40]. Each site was irradiated for 10 s, delivering a total
energy of 6 ] per session. Patients and therapists wore
protective goggles during the treatment.

Both devices were calibrated before the start of the
study and at regular intervals throughout the trial to
ensure consistent output. Calibration was performed
using the manufacturers’ recommended protocols and
certified equipment.

Standard postoperative care (control group) Patients
in the control group received standard postoperative care
[19], which included several components:

1. Extra-oral ice pack application: Patients were
instructed to apply ice packs on the external surface
of the face, over the implant area, for 20 min every
2 h during the first 48 h after surgery.

2. Oral hygiene maintenance: Patients were advised to
maintain their daily oral hygiene routine, including
gentle brushing and rinsing with a saltwater solution
(1/2 teaspoon of salt in 8 ounces of warm water)
after each meal and before bedtime.
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3. Soft diet: Patients were recommended to consume
a soft diet for one week after surgery to minimize
mechanical stress on the implant site.

4. Antibiotics: As a prophylactic measure, patients were
prescribed oral amoxicillin (500 mg), to be taken
every 12 h for 7 days.

5. Pain and inflammation management: Patients
received ibuprofen (400 mg) to manage pain and
inflammation, with instructions to take one tablet
every 8 h for 4 days.

6. Chlorhexidine rinse: Patients were instructed to rinse
their mouth with a 0.12% chlorhexidine gluconate
solution twice daily for 2 weeks to enhance plaque
control and maintain oral hygiene.

Monitoring of adverse events and patient comfort

A standardized protocol monitored intervention-related
adverse events. Patients reported discomfort, pain, or
unusual symptoms directly to therapists or coordinators.
Documentation included event severity, duration, and
interventions taken. Therapists monitored patient feed-
back, adjusting treatment session or providing rest peri-
ods as needed to maintain comfort.

Compliance and adherence monitoring

Treatment compliance was monitored through com-
prehensive treatment logs documenting session details
and protocol deviations. Patients maintained standard-
ized diaries recording oral hygiene, diet, medication use,
and adverse events. Adherence was promoted through
appointment reminders and weekly follow-up calls. Each
session included standardized questionnaires and oral
examinations assessing compliance, hygiene practices,
and complications.

Adherence criteria were: LIPUS - attendance of >75%
sessions (6/8) with 20-minute duration; LLLT - comple-
tion of all 4 sessions with prescribed parameters; and
home care - completion of >80% prescribed oral hygiene,
dietary, and medication protocols (verified through
patient diaries). Non-adherence was defined as failure to
meet these criteria and analyzed as a binary outcome.

Outcomes

Peri-implant marginal bone preservation

Peri-implant marginal bone preservation between the
bone and implant surface was evaluated using high-
resolution digital intraoral radiographs taken with an
I-Sensor H2 Digital Intraoral X-ray Imaging System (Gui-
lin Woodpecker Medical Instrument Co., Ltd., Guilin,
China) equipped with a rated input of DC 5 V, 500 mA.
Radiographs were taken using a paralleling technique
with a Rinn film holder and a rigid film-object X-ray
source, with settings of 60 kV and 7 mA.
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To ensure standardized radiographic imaging across
all follow-up visits, a customized positioning device was
fabricated for each patient, incorporating a silicone reg-
istration material anchored to the existing teeth, with
an integrated radiograph holder to maintain consistent
beam angulation. The silicone index material was used to
create a customized bite block, which helped to maintain
the same position of the film and the X-ray tube head for
each patient across different time points.

Marginal bone measurements were conducted using
specialized imaging software (Vistasoft 2.4.13, Durr Den-
tal Italy S.r.l) [41]. Two key parameters were evaluated:

+ Radiographic implant length (IL): the linear
measurement in millimeters from the coronal
implant margin to the apical tip, measured along the
implant’s central axis [42].

+ Residual bone height at the mesial (MI) and distal
(DI) aspects of the implant: the vertical distance in
millimeters from the coronal implant margin to the
first bone-to-implant contact [42].

For each implant, measurements were obtained in trip-
licate on both mesial and distal aspects, with mean
values recorded for each side. A correction factor, cal-
culated from the relationship between actual and radio-
graphic implant dimensions, was applied to compensate
for any image distortion [43]. The extent of marginal
bone resorption (MBL) was determined by calculating
the difference between initial post-surgical bone levels
and those observed at the three-month follow-up [44].
Assessment of peri-implant marginal bone preserva-
tion was performed at three time points: immediately
post-implantation, at the six-week interval, and at three
months post-surgery.

Soft tissue healing

Soft tissue healing at the implant site was assessed using
the Landry Healing Index (HI) immediately post-implant
and on days 7, 14, 21, and 30 [45]. This assessment tool
examines five key parameters: tissue coloration, granu-
lation tissue presence, bleeding response to palpation,
exudate formation, and epithelial integrity. The index
utilizes a 1-5 scoring system, where the lowest score [1]
represents compromised healing characterized by exten-
sive gingival redness (exceeding 50%), palpation-induced
bleeding, evident granulation tissue, failed epithelializa-
tion at incision margins with peripheral tissue loss, and
presence of suppuration. Conversely, the highest score
[5] denotes optimal healing outcomes, indicated by uni-
formly pink gingival tissue, absence of bleeding upon pal-
pation, no granulation tissue formation, and completely
epithelialized incision margins without exposed connec-
tive tissue. Superior healing is reflected by higher scores.
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The scores were recorded by a single calibrated examiner
to ensure consistency.

Pain intensity

Implant site pain intensity was measured at 12 h post-
implant and on days 7, 14, 21, and 30 using the Visual
Analogue Scale (VAS), a validated, subjective measure for
acute and chronic pain [45]. Patients were instructed to
mark their pain intensity on a 10-cm ruler representing
a continuum between “no pain” (0) and “worst pain” [10]
at the time of assessment [46]. The VAS scores were col-
lected by the patients themselves, and the examiner pro-
vided guidance on how to mark the scale correctly.

Oral Health-Related quality of life (OHRQoL)

OHRQoL was assessed using the Oral Health Impact
Profile-14 (OHIP-14), a shortened version of the OHIP-
49 [47]. The OHIP-14 is a widely used instrument to
evaluate patients’ satisfaction and OHRQoL after receiv-
ing dental implant therapy. The questionnaire was
administered in-person by the examiner immediately
post-implant, at 6 weeks, and at 3 months [48]. The
oral health-related quality of life assessment utilized the
OHIP-14 questionnaire, which evaluates seven distinct
dimensions: functional restrictions, discomfort/pain,
psychological impact, physical limitations, mental well-
being, social interactions, and overall life impediment.
Each dimension comprises two questions, resulting in
a comprehensive 14-item assessment tool. Participants
responded using a five-point scale ranging from 0 (never)
to 4 (very often). Individual domain scores were obtained
by combining the relevant item responses, while the
comprehensive OHIP-14 score was calculated as the sum
of all domain scores, yielding a potential range of 0-56.
An inverse relationship exists between the scores and
quality of life, with elevated scores indicating diminished
oral health-related quality of life [49].

Follow-up protocol

A single calibrated, blinded examiner conducted all
assessments following standardized protocols. Base-
line measurements (day 0) included marginal bone lev-
els (digital periapical radiographs), soft tissue condition
(Landry Healing Index), and OHRQoL (OHIP-14 ques-
tionnaire), with pain first assessed via VAS at 12 h post-
surgery. Early follow-ups (days 7, 14, 21, 30) evaluated
soft tissue healing and pain levels, with all participants
(n=21 per group) completing these assessments without
dropouts (Fig. 1).

Comprehensive evaluations at 6 and 12 weeks included
marginal bone level radiographs, and OHRQoL assess-
ments. At 6 weeks, one participant from each group
missed follow-up (LIPUS: work commitments; LLLT:
family emergency; control: lost to follow-up), leaving 20
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participants per group. By 12 weeks, additional dropouts
occurred in the LIPUS (4 total: relocation, medical issues,
loss to follow-up), LLLT (2: perceived lack of benefit, loss
to follow-up), and control groups (2: radiograph discom-
fort, loss to follow-up).

Data analysis

ANOVA and chi-squared tests were used for baseline
comparisons. Data distribution normality was assessed
using Shapiro-Wilk test, and homogeneity by Levene’s
test. For normally distributed data, MANOVA with
repeated measures analyzed time intervals within groups,
while MANOVA compared between groups. For non-
normal distribution, Friedman and Wilcoxon Signed
Ranks tests analyzed within-group differences, while
Kruskal-Wallis and Mann-Whitney U tests compared
between groups. Significance level was set at p<0.05
(SPSS v25, IBM).

Results

Subject characteristics & adherence rate

Table 1 demonstrates comparable baseline characteristics
across all groups. Demographics (mean age: 47.95-49.5
years; female predominance: 55-65%), clinical parame-
ters (primary etiology: caries 40-45%), and implant spec-
ifications (maxilla: 45-60%; mandible: 40—-55%; length:
12.14-13.16 mm; diameter: 3.66-3.82 mm) showed no
significant differences (p>0.05). Treatment adherence
was high in all groups (LIPUS: 76%, LLLT: 86%, control:
90%; x> = 1.66, p = 0.44; Supplementary File 2).
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Effect of treatment on MBL, OHIP-14, VAS and landry index
Within group comparison

Statistical analysis revealed significant decreases in
mesial and distal MBL for groups A and B across all
intervals (p <0.001), with no significant changes in group
C (p>0.05). OHIP-14 scores decreased significantly in all
groups at 6 weeks and 3 months versus day 0, and at 3
months versus 6 weeks (p<0.001). VAS scores showed
significant sequential decreases (12 h through 30 days)
in all groups (p<0.001), with groups A and C continu-
ing to decrease between 21 and 30 days (p <0.05), while
group B remained stable (p>0.05). Landry index demon-
strated significant increases across sequential time points
(0—30 days) in all groups (p<0.05), with groups A and B
showing increases between 14 and 21 days (p <0.05), and
groups A and C exhibiting increases between 21 and 30
days (p<0.01) (Tables 2 and 3).

Between group comparison

Intergroup analysis (Table 4) revealed significantly lower
MBL in group A versus groups B and C (p<0.001), and
in group B versus group C (p<0.05) at both timepoints.
OHIP-14 scores were significantly lower in groups A and
B versus group C (p<0.001), with no difference between
A and B (p>0.05). VAS scores (Table 5) showed no dif-
ference between groups A and B at 7, 21, and 30 days
(p>0.05), but both were significantly lower than group C
(p<0.001). At day 14, group B showed lowest VAS scores
(p<0.001). Landry index was highest in group B across all
timepoints (p=0.001), while groups A and C were com-
parable until day 30, when group A showed higher values
(p<0.05).

Table 1 Demographic, clinical, and implant characteristics of study participants

Characteristics Group A (n=21) Group B (n=21) Group C (n=21) p-valuet
Age (years)* 49.5+8.06 4795+6.56 48.85+5.86 0.77%
Sex§
Female 12 (57.1%) 11 (52.4%) 13 (61.9%) 0.82
Male 9 (42.9%) 10 (47.6%) 8(38.1%)
Duration of Edentulism (months)* 54+18 63+1.7 58+16 0.22%
Reason for Tooth Loss§
Caries 10 (47.6%) 8 (38.1%) 9 (42.9%) 0.17
Periodontal Disease 5(23.8%) 8 (38.1%) 9 (42.9%)
Trauma 3(14.3%) 5 (23.8%) 0 (0.0%)
Failed Endodontic Treatment 3(14.3%) 0 (0.0%) 3(14.3%)
Implant Location§
Maxilla 13 (61.9%) 9 (42.9%) 11 (52.4%) 0.47
Mandible 8(38.1%) 12 (57.1%) 10 (47.6%)
Implant Dimensions*
Length (mm) 1316161 1297+£191 12.14+£148 0.13%
Diameter (mm) 3.82+034 374+0.18 3.66+0.49 0.07#

*Values are presented as mean +standard deviation; §Values are presented as number (percentage); tStatistical significance set at p <0.05; #One-way ANOVA; Chi-

square test used for categorical variables
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Table 2 Mean mesial MBL, distal MBL and OHIP at day 0, 6 weeks and 3 months of postoperative of group A, Band C
Day 0 6 weeks 3 months F-value p-value
mean+SD mean+SD mean+SD
Mesial MBL(mm)
Group A 295+1.59 094+0.51° 044+0.35%P 39.45 0.001
Group B 2794125 1.80+0.68° 11240412 4049 0.001
Group C 2.58+1.16 235+074° 2.23+0.69 2.15 0.15
F-value 0.39 23.75 63.55
p=0.68 p=0.001 p=0.001
Distal MBL (mm)
Group A 2524097 093+044° 044+0.25%P 93.81 0.001
Group B 231+0.92 1.73+063° 1074027 %P 24.51 0.001
Group C 2.39+0.80 2.24+0.68 2.16+0.52 2.52 0.11
F-value 0.30 25.56 110.13
p=0.74 p=0.001 p=0.001
OHIP
Group A 4320+ 1.51 1155+1.23¢ 25041242 4040.53 0.001
Group B 4290+1.41 11.75+1.29° 275+1332P 3936.49 0.001
Group C 42.15+1.89 2220+1.36 9.80+1.36 1944.76 0.001
F-value 2.23 441.15 199.90
p=0.12 p=0.001 p=0.001

SD, Standard deviation; MD, Mean difference; p-value, Probability value; ? significant difference with day 0; ° significant difference with 6 weeks

Detailed analyses of outcomes at each specific time-
point are provided in Figs. 2, 3, 4, 5 and 6 and Supple-
mentary File 3.

Discussion

This single-blind RCT compared LIPUS and LLLT effects
on peri-implant marginal bone preservation, healing,
pain, and OHRQoL. LIPUS showed superior marginal
bone preservation at 6 weeks and 3 months, while LLLT
achieved better soft tissue healing across all timepoints
(7-30 days). Both therapies reduced pain and improved
OHRQoL versus controls, demonstrating their potential
to enhance implant surgery outcomes.

Our study revealed a significant reduction in mar-
ginal bone loss (MBL) in the LIPUS group compared to
LLLT and standard care groups, with 0.44 mm MBL at 3
months for LIPUS versus 1.12 mm and 2.23 mm for LLLT
and standard care, respectively. This suggests LIPUS
effectively enhances peri-implant marginal bone preser-
vation, supporting its potential as an adjunctive therapy
in implant dentistry.

Our findings demonstrate both statistical significance
and clinically meaningful improvements. LIPUS showed
significantly reduced marginal bone loss (approximately
0.44 mm) compared to LLLT (1.12 mm) and control
(2.23 mm). Clinically, the relevance of this reduction is
substantial, as marginal bone loss greater than 1.5-2 mm
within the first year post-implant placement is commonly
associated with increased risk of implant complica-
tions or failure [50]. Early marginal bone loss exceeding
0.5 mm within the first six months is considered a critical

predictor of ongoing bone loss and future peri-implant
disease [51].

The observed pain relief in both LIPUS and LLLT
groups exceeded the minimal clinically important dif-
ference (MCID) threshold typically cited in the litera-
ture (~12 mm on a 100 mm VAS scale [52]). At 14 days
postoperatively, LLLT patients reported almost complete
pain relief (VAS=0), while the control group still expe-
rienced moderate pain (VAS=5), representing a 50-mm
difference—far exceeding the minimal clinically relevant
threshold. Similarly, OHIP-14 improvements surpassed
the established minimal clinically important difference of
3-5 points [53].

Liu et al. [17] supports our findings in a rabbit model
study (n=24). They applied LIPUS (1.5 MHz, 30 mW/
cm2, 20 min/day) to titanium implants in rabbit tibiae.
LIPUS treatment significantly increased bone-implant
contact by 36% and bone volume by 48%. These improve-
ments correlate with our observed reduced marginal
bone loss (MBL).

Translating these findings to humans, Abdulhameed
et al. [18] corroborates our results in a clinical study
(n=22). They applied LIPUS (1.5 MHz, 30 mW/cm2,
20 min/session) before and after implant loading. Cone-
beam CT (CBCT) analysis showed significantly increased
marginal bone levels at six months, especially at the buc-
cal site. CBCT provided precise marginal bone assess-
ment, as noted by Bertossi et al. [54] in their review of
cone-beam imaging in craniofacial medicine. This aligns
with our reduced MBL findings of 68.14% at 6 weeks and
85.08% at 3 months post-implantation.
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Table 3 Comparison of mesial MBL, distal MBL and OHIP at 6 weeks and 3 months postoperative between group A, B and C

Group B vs. C

MD

Group Avs.C

MD

Group Avs.B

MD

pvalue

95% CI

pvalue

95% Cl

pvalue

95% CI

UB

LB

UB

LB

UB

LB

6 weeks

0.77
0.78
7.88

0.02
0.02

-0.05

-1.05
-0.97
-11.44

-0.55
-0.51
-1045

2.22

0.001

-091
-0.87
-9.66

-1.91
-1.77
-11.64

-1.41
-1.31
-10.65

143

0.001

-0.36
-0.35
0.79

-1.36
-1.26

-0.86
0.8

-0.2

Mesial MBL
Distal MBL

OHIP
3 months

-0.06
-9.46

2.29

0.001

47
0.16

1.

0.001
0.87

0.001

8.21

0.001

(2025) 21:29

1.96

0.001

-0.72
-0.81
-6.05

-1.50
-1.37
-8.05

327

0.001

141
144
-6.30

-2.18
-2.00
-8.30

-1.79
-1.72

-7.3

1.78
242

0.001

-0.30
-0.35
0.75

-1.07
-0.91
-1.25

-0.68
-0.63
-0.25

Mesial MBL
Distal MBL

OHIP
MD, Mean difference; Cl, Confidence interval; LB, Lower bound; UB, Upper bound; pvalue, Probability value; EF, effect size

0.001

-1.09
-7.05

415
561

0.001

0.001
0.82

524

0.001

0.001
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El-Fekey [55] studied LIPUS effects on implants in the
esthetic zone (n=10). LIPUS (1.5 MHz, 40 mW¥/cm2) was
applied for 21 days. They found significantly increased
implant stability and reduced crestal bone loss over one
year. Their mean crestal bone loss of 0.6232 mm after
one year is comparable to our reduced MBL results of
0.44 mm. However, the smaller sample size and differ-
ent measurement time points should be considered when
comparing results.

LIPUS enhances osseointegration primarily through
mechanotransduction pathways that activate osteoblasts
via integrin receptors and stretch-activated ion channels
[56]. This mechanical stimulation increases cyclo-oxy-
genase-2 expression and prostaglandin E2 production,
directly promoting osteoblast differentiation and mineral
matrix deposition [57]. Additionally, LIPUS upregulates
BMP-2, RUNX2, and Osterix expression, crucial tran-
scription factors for osteogenesis [58].

The Landry Healing Index (LHI) results demonstrated
that LLLT significantly improved soft tissue healing at 7-,
14-, 21-, and 30-days post-implant compared to LIPUS
and control groups. At 30 days, the mean LHI scores
were 4.6+ 0.3, 3.9+ 0.4, and 3.5+0.5 for the LLLT, LIPUS,
and control groups, respectively (p <0.05).

These findings align with Palled et al. [30], who
reported improved soft tissue healing parameters in
LLLT-treated implant patients. While they used different
assessment methods, their LLLT group showed signifi-
cantly lower modified sulcus bleeding index scores and
probing depths at 6 weeks and 3 months post-operatively,
similar to our improved Landry index scores. Our LLLT
protocol for 14 days postoperatively differs from Palled et
al’s intermittent application. Despite these methodologi-
cal differences, the consistent positive outcomes under-
score LLLT’s efficacy in promoting soft tissue healing
after dental implant surgery.

Pouremadi et al. [45] corroborated these findings in
their study on LLLT effects after advanced implant sur-
geries. They observed significantly better wound healing
scores on the 3rd, 7th, and 14th days post-surgery in the
LLLT group. Our results mirror this trend, with Group
B showing significantly higher Landry index scores from
day 7 post-surgery.

Our study’s findings of significantly better outcomes
with LLLT are supported by previous research. Camolesi
et al. [59] conducted an RCT involving 30 patients who
received immediate dental implants and were treated
with LLLT (dual 630 nm and 808 nm, 4 J/cm? per point),
reporting substantial improvements in soft tissue healing;
nearly half of the LLLT group achieved excellent wound
healing versus 18% in the control group.

Despite the general agreement, a few studies report
more equivocal results, likely due to differences in laser
parameters or assessment methods. For instance, one
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Table 4 Median values of VAS and Landay index at day 0, 12 h, 7, 14, 21 and 30 days postoperative of group A, B and C

12h Day 7 Day 14 Day 21 Day 30 x> value p-value
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
VAS
Group A 10 (10, 9.25) 4(54)° 2(3.75,2) %P 0(0.75,0) *P< 0(0,0) b <d 79.02 0.001
Group B 10(10,9) 4(4754)° 000" 0(0,0) &b 0(0,0)%>¢ 76.80 0.001
Group C 10 (10, 10) 7(7,6.25)? 55,5 3(3.75,3) P ¢ 2(2,2)¥Pcd 7845 0.001
Kruskal-Wallis H 0.52 33.32 46.10 4033 4665
p=077 p=0.001 p=0.001 p=0.001 p=0001
Day 0 Day 7 Day 14 Day 21 Day 30
Landay index
Group A 22,2 2(32)° 3(4,3)%P 4(4.75,3) 20 55, 4)>Pcd 66.14 0.001
Group B 2(2,2) 4(4,3.25)° 5(5,4)%° 5(5,5)%b¢ 5(5,5)%0¢ 75.24 0.001
Group C 22,2 2(32)°? 3(3,3)%P 3(43)%> 4(4,4)@bcd 64.30 0.001
Kruskal-Wallis H 0 30.25 27.37 30.79 2679
p=1 p=0001 p=0.001 p=0001 p=0.001

IQR, interquartile range; % Chi squared value; p-value, Level of significance; 2 significant difference with 12 h/day 0; ° significant difference with day 7. © significant
difference with day 14; ¢ significant difference with day 21

Table 5 Comparison of VAS and Landay index at 7, 14, 21 and 30 days postoperative between group A, B and C

Group Avs.B Group Avs.C Group Bvs.C
U-value pvalue U-value pvalue U-value pvalue

Day 7

VAS 189 0.70 32 0.001 29.5 0.001

Landay index 35 0.001 179 0.50 62.5 0.001
Day 14

VAS 39 0.001 295 0.001 6 0.001

Landay index 44.5 0.001 171.5 0.36 44 0.001
Day 21

VAS 159 0.07 26 0.001 21 0.001

Landay index 50 0.001 141.5 0.09 30 0.001
Day 30

VAS 200 1 30 0.001 30 0.001

Landay index 110 0.001 1325 0.03 30 0.001

U-value, Mann-Whitney test value, Probability value
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Fig. 2 Mesial Marginal Bone Loss over Time from baseline to 3 months postoperatively
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Fig. 4 Landry Healing Index Scores over Time

randomized trial by Collado-Murcia et al. [60] using a
single intraoperative diode laser session (940 nm, 15 J/
cm?®) found no statistically significant improvement in
early wound-healing index scores with LLLT at 1 week
post-surgery. The comparable results might be due to
insufficient laser dosage or assessment timing when nat-
ural healing was already progressing well. Studies using
multiple LLLT applications (like ours) consistently show
accelerated reduction in swelling, bleeding, and faster
wound closure.

LLLT’s biostimulatory effects explain these improve-
ments. It modifies inflammation, promotes angiogenesis,
and stimulates fibroblast and keratinocyte activity, accel-
erating healing by improving tissue regeneration [45]. It

increases ATP production and reactive oxygen species
acting as secondary messengers that enhance cell migra-
tion and proliferation [26]. LLLT upregulates VEGE,
TGE-B, and basic fibroblast growth factor, promoting
angiogenesis and collagen synthesis in oral mucosa [61],
while its anti-inflammatory effects through NF-«B path-
way modulation primarily benefit soft tissue healing
[62]. These mechanisms directly impact the tissue color
and granulation tissue formation assessed in the Landry
Healing Index.

VAS scores decreased significantly in all groups over
time (p<0.001). Both Group A (LIPUS) and Group B
(LLLT) demonstrated superior pain control compared
to Group C (control). By day 14, Group B reached a
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median VAS of 0, while Group A reached 2, both sig-
nificantly lower than Group C at 5 (»p<0.001). On day 7,
both LIPUS and LLLT groups showed equally effective
pain reduction (median VAS 4) compared to the control
(median VAS 7) (p<0.001).

These findings align with Gopalan et al. [63], who
reported significant pain reduction in LIPUS-treated
patients after mandibular fracture fixation. Similarly,
Dhole et al. [64] reported that LLLT significantly reduced
post-operative pain and crestal bone loss around dental
implants. They observed lower VAS pain scores in the
LLLT group on days 2 and 4 and reduced mean crestal
bone loss at 4 and 6 months compared to the control
group. Our results suggest that both LIPUS and LLLT

effectively reduce post-operative pain, with LLLT poten-
tially offering slightly faster pain relief in the second
week.

OHIP-14 scores decreased significantly in all groups
over time (p<0.001). At 3 months, both LIPUS and
LLLT groups showed significantly lower OHIP-14 scores
(2.50+£1.24 and 2.75+1.33, respectively) compared to
the control group (9.80+1.36) (p<0.001). Notably, there
was no significant difference between LIPUS and LLLT
groups (p=0.82), suggesting similar efficacy in improv-
ing OHRQoL. Our OHIP-14 findings align with those of
Souza et al. [65], who reported significant improvements
in OHRQoL following LLLT application in oral surgery.
While their study focused on molar extractions rather
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than implants, they similarly found that LLLT groups
showed significantly lower OHIP-14 scores compared
to controls at early follow-up periods. At 30 days, their
LLLT group showed mean OHIP-14 scores of 0.70+0.67,
comparable to our findings of improved OHRQoL in the
LLLT group at 3 months.

Study strengths include randomized controlled design,
parallel-group allocation, objective/subjective outcome
measures, and rigorous methodology, enhancing internal
validity. However, this study has several limitations. Our
single-center design restricts external validity to diverse
clinical environments. The modest sample size (n=63)
limits statistical power for detecting smaller effect sizes
and subgroup differences.

The three-month follow-up period, while sufficient for
initial assessment, inadequately captures critical long-
term outcomes in dental implant therapy. This brief
timeframe prevents evaluation of implant survival rates
and late complications like peri-implantitis, which typi-
cally manifest beyond our observation period. Standard
implant survival rates range from 90 to 95% over 5-10
years [66], requiring longer monitoring to determine if
early benefits persist.

Our single-blind methodology potentially introduces
bias, particularly for subjective measures. While outcome
assessors remained blinded, patients and clinicians knew
their treatment allocation, possibly inflating effect sizes
[67].

The study’s use of implants with similar design char-
acteristics and surface topologies enhanced internal
consistency but limited generalizability. Rego et al. [68]
demonstrated that variations in implant design and sur-
face properties significantly affect osseointegration and
soft tissue healing outcomes, suggesting our results may
not apply to all implant systems. Potential confounding
factors, including variations in oral hygiene practices,
dietary habits, and individual healing capacity, may have
influenced outcomes despite randomization. While our
study demonstrated significant effects of LIPUS on peri-
implant marginal bone preservation, we acknowledge
that direct assessment of osseointegration would require
histological analysis, which was not feasible in this clini-
cal study.

Importantly, we did not assess cost-effectiveness
despite its critical relevance to clinical implementation.
LIPUS devices ($1,300-$5,000) [69] and LLLT equipment
represent substantial investments requiring economic
justification, especially considering conventional implant
therapy already achieves 90—-95% success rates without
adjunctive treatments [66]. The marginal improvement
from these technologies must offset their costs to justify
routine implementation. While orthopedic research sug-
gests LIPUS can be cost-effective by preventing revision
surgeries in fracture non-unions—saving approximately
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£2,400 per patient [70]—equivalent analyses in dental
implantology are lacking.

Clinical implications support integrating both thera-
pies into postoperative protocols, with LIPUS preferred
for osseointegration and LLLT for soft tissue healing.
Recommended protocol: LIPUS twice weekly for 4 weeks
(8 sessions total, starting day 2 post-surgery); LLLT at
days 0, 3, 7, and 14 post-implant using specified param-
eters. Implementation requires patient education regard-
ing benefits and continued oral hygiene monitoring for
optimal outcomes.

Future directions

Future research priorities include: multi-center trials
with larger cohorts and extended follow-up to assess
long-term outcomes; optimization of treatment proto-
cols; evaluation of patient-specific factors (oral hygiene,
systemic conditions) on therapeutic efficacy; and cost-
effectiveness analysis versus standard care.

Conclusion

LIPUS and LLLT significantly enhanced peri-implant
marginal bone level maintenance and soft tissue healing
in dental implant patients compared to standard care.
LIPUS was more effective for preserving marginal bone
levels, while LLLT excelled in soft tissue healing. The
study’s findings suggest that incorporating these inter-
ventions into postoperative protocols can optimize treat-
ment outcomes and patient satisfaction.
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