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Abstract

Background/Objectives: Alveolar ridge atrophy following tooth extraction complicates
subsequent prosthetic rehabilitation and implant placement. This systematic review seeks
to provide a comprehensive evaluation of existing evidence regarding the effectiveness
of xenogeneic bone graft materials in socket preservation, particularly emphasizing their
influence on the adjacent soft tissues. Methods: A systematic literature search was carried
out across the CENTRAL, Embase, MEDLINE, PubMed, and Scopus databases. The search
targeted randomized controlled trials (RCTs) published in English between January 2015
and September 2025 that examined xenogenic bone grafts used for ridge preservation in
comparison either to spontaneous socket healing or to other types of grafting materials. The
primary outcomes of interest were bone regeneration and alterations in soft tissues. Mul-
tiple independent reviewers performed study screening, data extraction, and risk of bias
evaluation using the RoB 2 tool. Results: From 2242 initial records, 4 RCTs (138 patients)
met the inclusion criteria. Studies compared xenografts (deproteinized bovine bone mineral
with/without collagen), often combined with membranes, to unassisted healing. Augmen-
tation techniques consistently showed a trend toward reduced horizontal and vertical ridge
contraction compared to controls, though differences often lacked statistical significance
(p > 0.05). Histological analysis revealed significantly less vital bone formation and residual
graft particles in xenograft sites versus controls, suggesting volume maintenance is largely
graft-dependent. Soft tissue contour changes were evaluated using 3D model scanning.
Risk of bias varied, with concerns regarding randomization and reported outcomes in
some studies. Conclusions: Xenogenic materials demonstrate comparable clinical effective-
ness in preserving alveolar ridge dimensions, though radiographic volume stability may
be partially attributed to the slow resorption of the graft material itself rather than new
bone formation.

Keywords: alveolar ridge preservation; xenograft; socket preservation; bone regeneration;
bone substitutes
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1. Introduction
One of the most common delayed complications following tooth extraction is alveolar

ridge atrophy. This process begins as early as the first week after extraction [1]. Clinical and
morphometric evidence indicates that roughly half of the original alveolar ridge volume
disappears during the initial six months post-extraction [2]. Bone tissue resorption occurs
in both vertical and horizontal planes. However, bone loss is most frequently observed in
the horizontal dimension [3,4].

The pathogenesis of this process is associated with rupture of the periodontal ligament,
which compromises local blood supply, while the absence of functional loading reduces
mechanical stimulation of the bone. Consequently, tissue perfusion and nutrition are
impaired, physiological remodeling is slowed, and osteoclasts are activated, accelerating
resorption [5,6]. These processes are most intense during the first three months [1]. During
this period, the primary architecture of the post-extraction socket is established. It consists
of cancellous bone, which is less dense and more susceptible to resorption. The bone
tissue gradually remodels, leading to additional volume loss [7]. The buccal cortical
plate undergoes the greatest resorption. This is attributed to its reduced thickness and
vascularization compared to the palatal or lingual plates, predisposing to predominant
resorption in the bucco-lingual dimension [8,9].

The clinical significance of alveolar ridge atrophy lies in the substantial complication
of prosthodontic treatment, including both removable and fixed prosthodontics. Disruption
of the bony ridge architecture in the planned implantation site reduces primary implant
stability, increases the risk of intra- and postoperative complications, and adversely affects
the aesthetics of the future restoration [10,11].

Bone tissue deficiency is particularly critical in aesthetically significant zones. In the
region of the maxillary anterior teeth, atrophy leads to soft tissue recession, complicating
the creation of a natural prosthetic restoration. Due to ridge height loss, a pathologi-
cal gap forms between the crown and the gingiva, which progresses over time. Alveo-
lar ridge resorption causes apical migration of the mucosa and exposure of unaesthetic
restoration components, such as the abutment or metal framework [12]. This poses sig-
nificant challenges for establishing an aesthetic gingival contour and preserving natural
gingival zeniths [13].

Bone volume deficiency in the region of the maxillary molars and premolars often
necessitates maxillary sinus augmentation, which increases treatment duration and cost
and is associated with additional surgical risks [14–16]. Thus, alveolar ridge atrophy entails
more invasive, costly, and less predictable rehabilitation protocols.

To prevent resorption of bone structures, alveolar ridge preservation methods (socket
preservation) are widely used in clinical practice, involving filling the post-extraction socket
with various bone grafting materials. Their primary objective is to minimize bone volume
loss and provide an osteoconductive scaffold. Thus, favorable conditions are created for
subsequent implant osseointegration [17,18].

Among bone grafting materials, classified by origin into autogenous, allogeneic, xeno-
geneic, and synthetic, xenogeneic materials are of particular interest. They consist of
demineralized or heat-treated matrices devoid of organic components (typically of bovine
or porcine origin). Studies have demonstrated that they provide an osteoconductive matrix,
support neoangiogenesis, and activate osteoblasts, which allows the material to be gradu-
ally replaced by newly formed bone [19]. The degree of resorption and volume retention
depend on the material-processing method: high-temperature processing enhances volume
stability but slows remodeling, whereas low-temperature processing promotes more active
bone replacement [20]. This fundamental difference in properties directly dictates clini-
cal application strategy: high-temperature materials are preferred in situations requiring
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long-term implant stability, while low-temperature materials may be selected to accelerate
native bone formation.

Due to their structural similarity to human bone and high biocompatibility, xenogeneic
materials, according to multiple studies, demonstrate efficacy in maintaining stable alveolar
ridge volume [13,21–23]. An important advantage is also the absence of additional surgical
trauma, which is inevitable during autogenous graft harvesting [24,25].

Despite an extensive evidence base regarding the osteoinductive and osteoconductive
properties of grafting materials, scientific attention often remains focused solely on the bone
component of regeneration. Meanwhile, accumulated clinical data convincingly indicate
that the long-term success of bone augmentation is inextricably linked to the condition
of soft tissues [1,2,4]. Soft tissues perform a critically important barrier function, ensure
vascularization of the regeneration zone, and shape the aesthetic profile [26,27].

Bone and gingival soft tissues are interconnected. The bone regeneration process
directly influences soft tissues: the restored bone contour serves as the foundation for
forming a stable gingival profile, and signaling molecules released during osteogenesis
induce fibroblast proliferation and formation of the attachment zone [14,17]. The reverse
relationship is equally significant: inadequate soft tissue coverage (thin biotype, defi-
ciency of keratinized mucosa) is a frequent cause of complications such as membrane
exposure, graft infection, and subsequent recession, which ultimately nullifies the results
of augmentation [11,28].

This review was designed as a focused, high-level synthesis restricted to randomized
controlled trials evaluating xenogenic grafts for alveolar ridge preservation with both hard
and soft tissue outcomes. Since only a small number of RCTs met these strict criteria, this
review is not an exhaustive overview of all available ARP therapy treatments.

2. Materials and Methods
This systematic review was carried out following the guidelines outlined in the

Cochrane Risk of Bias Tool for Randomized Trials as well as the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) Statement [29]. The review was
registered with the International Prospective Register of Systematic Reviews (PROSPERO;
registration number: CRD420251138995).

2.1. Inclusion and Exclusion Criteria

The search strategy for this systematic review was organized based on the PICOS
framework(Patient/Population, Intervention, Comparison, Outcome, Study design).

P—Patient: Patients aged 18 years or older undergoing tooth extraction.
I—Intervention: Application of alveolar ridge preservation techniques utilizing xeno-

geneic bone grafting materials.
C—Comparison: Spontaneous healing (unfilled socket) and healing with other types

of bone grafts (autografts, allografts, or alloplastic materials).
O—Outcomes: Parameters assessing bone regeneration and soft tissue healing.
S—Study design: Only randomized controlled trials (RCTs) published in English

between 1 January 2015, and 1 September 2025.

2.2. Sources of Information

The following electronic databases were searched for relevant literature: the Cochrane
Central Register of Controlled Trials (CENTRAL), Embase (via Ovid), MEDLINE, PubMed,
and Scopus.
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2.3. Search Strategy

The search terms were designed to address the PECO components:

• P (Patients): Patients following tooth extraction.
• E (Exposure): Patients undergoing alveolar ridge preservation procedures with the

use of xenogeneic bone grafting materials following tooth extraction.
• C (Comparison): Spontaneous healing (i.e., unassisted healing of the extraction socket

without graft placement) or the use of alternative bone grafting materials.
• (Outcomes): Changes in alveolar ridge dimensions (width and height, measured in

millimeters), the percentage of newly formed bone as assessed by histomorphometric
analysis (%), and volumetric and linear changes in soft tissue architecture.

Inclusion criteria:

- Randomized controlled trials (RCTs);
- Adult patients (aged 18 years or older);
- Application of alveolar ridge augmentation techniques;
- Socket grafting with xenogeneic bone grafting materials following tooth extraction;
- Minimum follow-up period of 3 months.

Exclusion criteria:

- Study designs other than RCTs;
- Articles with incomplete or unavailable full texts;
- Adolescent patients (aged under 18 years);
- Immediate implant placement combined with guided bone regeneration;
- Follow-up period of less than 3 months.

Filters were applied to restrict results to full-text availability, randomized controlled
trial study design, and publication dates ranging from January 2015 to September 2025.
The search was performed using the search algorithms of the Cochrane Library, PubMed,
and eLibrary databases. The following search terms were employed: “alveolar ridge
augmentation”, “Tooth Socket”, “Alveolar Process”, “tissue conditioning, dental”, “tissue
expansion”, “bone substitutes”, “xenograft”, and “demineralized bone matrix”. The final
search was performed on 1 September 2025.

Search strategy for PubMed/Cochrane Library/eLibrary:
(“alveolar ridge augmentation” OR “Tooth Socket” OR “Alveolar Process” OR “tissue

conditioning, dental” OR “tissue expansion”) AND (“bone substitutes” OR “xenograft” OR
“demineralized bone matrix”)

2.4. Selection of Studies

Studies meeting the inclusion and exclusion criteria were included in the review.
Article selection was performed independently by five researchers.

2.5. Data Collection Process and Items

For every eligible study, we extracted the following key information: publication
details (author names, year, and journal), participant characteristics (number of subjects
and their ages), and outcome parameters that measured how successfully alveolar ridge
augmentation worked following tooth extraction. Particular emphasis was placed on which
bone grafting materials were selected and how they were applied clinically during socket
augmentation, along with the subsequent assessment of soft tissue status.

Data extraction and collection were carried out independently by three reviewers.
Any discrepancies identified during this phase were eventually settled through discus-
sion among the authors. Summary of search strategy and study selection criteria is
presented in Table 1.
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Table 1. Summary of search strategy and study selection criteria.

Parameter Description

Design Systematic review (PRISMA), PROSPERO CRD420251138995

PICOS P: Post-extraction patients/I: Xenografts (bovine/porcine)/C: Natural healing/O:
Bone formation, ridge volume, soft tissue/S: RCTs

Search CENTRAL, Embase, MEDLINE, PubMed, Scopus (January 2015–September 2025)

Inclusion criteria Human RCTs, ≥18 years, xenograft for ridge preservation, follow-up ≥3 months,
English language

Exclusion criteria Animal studies, non-RCTs, immediate implant placement, follow-up <3 months,
unavailable full text

Search keywords (“alveolar ridge augmentation” OR “Tooth Socket” OR “Alveolar Process”) AND
(“bone substitutes” OR “xenograft” OR “demineralized bone matrix”)

Outcomes Vital bone formation (histology %), alveolar ridge width/height change (mm)

2.6. Assessment of the Risk of Systematic Errors (Bias) in Studies

The Cochrane risk-of-bias tool for randomized trials (RoB 2) was used to assess the
risk of bias:

- Randomization process;
- Deviations from intended interventions;
- Missing outcome data;
- Measurement of the outcome;
- Selection of the reported result.

The risk of bias was assessed independently by three reviewers employing a standard-
ized tool. The assigned judgments fell into three categories: “low risk”, “high risk”, or
“some concerns”. Whenever discrepancies arose during the assessment process, they were
resolved through discussion among the authors. All assessed items were duly documented
in the risk of bias table.

2.7. Data Synthesis

We restricted the review to randomized controlled trials in order to minimize selec-
tion bias and confounding, even though this approach inevitably reduced the number of
eligible studies.

Owing to the limited number of trials and substantial heterogeneity in outcome
definitions and measurement techniques, we did not perform a quantitative meta-analysis
and opted for a narrative synthesis.

3. Results
3.1. Study Selection

The preliminary search of electronic databases (PubMed, Cochrane Library, and eLi-
brary) yielded 2242 publications.

After applying filters (publication period: 2015–2025; study design: randomized
controlled trials; language: English), five researchers independently screened and selected
384 publications across the various electronic databases.

After eliminating 130 duplicate records, 254 studies were retained for further evalu-
ation. Screening of titles and abstracts resulted in the exclusion of 246 publications, after
which the full texts of the remaining 8 articles were analyzed in detail. After full-text
analysis, 3 additional publications were excluded due to the absence of relevant data.
Furthermore, one study could not be retrieved for full-text evaluation [30], as the authors

https://doi.org/10.3390/prosthesis8070068

https://doi.org/10.3390/prosthesis8070068


Prosthesis 2026, 8, 68 6 of 16

did not respond to the request; consequently, this work was excluded. Ultimately, a total of
4 publications were included in the final systematic review (Figure 1).

Figure 1. Flow diagram describing the selection process according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) recommendations.
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3.2. Characteristics of Included Studies

All four included studies [31–34] were randomized controlled trials (RCTs) published
in English between 2015 and 2025. The total number of participants across all studies
was 138 (Table 2). A key inclusion criterion for this review was the absence of immediate
implant placement and the availability of assessments of soft tissue changes following tooth
extraction. Dental implantations were excluded from the study, as the aim of the study was
to investigate the ARP method for preventing tissue atrophy after tooth extraction in the
absence of immediate implantation.

The studies compared different ridge preservation techniques with a control group
undergoing spontaneous socket healing. As bone grafting materials, xenogeneic ma-
terials derived from bovine bone were used: deproteinized bovine bone mineral
(DBBM) [34] and deproteinized bovine bone mineral with collagen (DBBM-C) [31,32,34].
In three studies [31–33], the xenograft was used in combination with a collagen membrane;
additionally, one study [33] compared a membrane with a free gingival graft harvested
from the palatal donor site.

In one study [31], primary data on dimensional changes were obtained through clin-
ical measurements using a customized stent. In two studies [33,34], three-dimensional
(3D) scanning of casts was employed to assess volumetric changes in the soft tissue con-
tour, whereas in the study by Zampara et al. [32], the main focus was placed on his-
tological and histomorphometric analysis of bone tissue from the augmentation site at
3 months postoperatively.

In three studies [31,33,34], the results showed a decrease in the horizontal width of
the alveolar process when ARP was used compared to the control group over a period of
3–6 months. However, the observed differences were not statistically significant (p > 0.05).
However, the observed differences were not statistically significant (p > 0.05). Nevertheless,
a clinically relevant observation [33] was that contour losses in the control groups were
greater and exhibited higher variability. A similar trend toward better volume preservation
with augmentation, albeit without statistical significance, was also observed for vertical
changes [31,33].

Histological findings from two studies [31,32] indicated that, at 3–6 months, sockets
filled with xenograft exhibited a lower amount of vital bone formation compared with the
control group. In Zampara et al. [32], this difference was statistically significant (p < 0.001),
and xenograft also showed significantly less vital bone than alloplastic or allogeneic grafts,
while a substantial quantity of slowly resorbing graft particles remained. In Gabay et al. [31],
the difference was not statistically significant (p = 0.11). These findings suggest that, in
Zampara et al. [32], volume preservation in the xenograft group was primarily attributable
to the graft material itself rather than to newly formed bone, whereas in Gabay et al. [31]
this was less evident.
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Table 2. Characteristics of the included randomized controlled trials.

Author, Year Xenograft Type Barrier/Adjunct N (Test/Control) Follow-Up Dimensional Change
(mm) Vital Bone (%)

Soft Tissue
Assessment

Method

Gabay et al.,
2022 [31] DBBM-C Collagen

membrane 14/14 6 months
Width: −1.19 vs. −2.27

(p = 0.087)
Height: −0.14 vs. −0.98

Test: 33.8 ± 17.4%
Control: 51.1 ± 23.0%

(p = 0.11)

Keratinized tissue
width (clinical

probe)

Zampara et al.,
2022 [32] DBBM Collagen

membrane 12/12 3 months Not reported
Test: 17.2 ± 12.8%

Control: 57.0 ± 12.8%
(p < 0.001)t: 17.2 ± 12.8%

Histology only

Fischer et al.,
2018 [33] DBBM-C

T1: Soft tissue
punch

T2: DBBM-only
T3: Collagen
membrane

9/8/10/8 6 months

Buccal contour loss:
T1: −0.87 ± 0.71
T2: −0.97 ± 0.34
T3: −1.26 ± 0.94

Control: −2.15 ± 1.35
(p > 0.05)

Not reported

3D cast scanning
(volumetric

changes in soft
tissue contour)

Flügge et al.,
2015 [34] DBBM Collagen

membrane 40/39 3 months

Overall (12 weeks):
Test: 0.8

Control: 1.0
(p < 0.01)

Horizontal (buccal-basal):
p = 0.03

Vertical (buccal-crestal):
p = 0.32

Not reported 3D cast scanning;
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3.3. Risk of Systematic Errors (Bias) in Studies

The risk of bias in all four included studies was assessed using the Cochrane Risk-of-
Bias Tool for Randomized Trials (RoB 2) (Table 3).

Table 3. Risk of bias of randomized clinical trials, assessed through the ROB2 tool.

Study Randomization
Deviation from

Intended
Interventions

Missing Outcome
Data

Outcome
Measurement

Selection of the
Reported Result

Gabay, 2022 [31] Low risk Low risk Low risk Low risk Low risk

Zampara, 2022 [32] Low risk Low risk Low risk Low risk Some concerns

Fischer, 2018 [33] Low risk Low risk Low risk Low risk Low risk

Flügge, 2015 [34] High risk Low risk Low risk Low risk Low risk

Low risk = low risk of bias (green); Some concerns = some concerns regarding risk of bias (yellow); High
risk = high risk of bias (red).

The conducted risk-of-bias assessment (RoB 2) identified domains requiring caution. In
the study by Zampara et al. [32], concerns were noted regarding the risk-of-bias assessment,
specifically related to the selection of reported results, due to the absence of a pre-registered
study protocol.

In the study conducted by Flügge et al. [34], a high risk of bias was observed in the
“randomization process” domain, while additional concerns were noted regarding the
assessment of outcomes. Details on the randomization mechanism and allocation conceal-
ment were not reported, which could have influenced participant allocation. Additionally,
the statistical analysis of different tooth groups and the varying numbers of extracted teeth
raised concerns. It is important to note that the authors themselves acknowledged the
limitations of their study, stating that its primary objective was to refine the measurement
methodology and to calculate the sample size for future investigations.

4. Discussion
Tooth extraction leads to a defect of the alveolar process and bone tissue resorption.

To minimize post-extraction complications and facilitate subsequent implant placement,
augmentation techniques are widely used, including xenogeneic osteoconductive materials
with predictable biocompatibility and no need for donor-site harvesting [6,26,27,35,36].
Modern clinical data indicate that they are non-inferior to the results achieved with
allogeneic or autogenous materials [5,6,15,37]. In this review, we focused specifically
on randomized controlled trials evaluating xenogenic materials not only for ridge di-
mension preservation, but also for their influence on soft tissue stability and histologic
tissue composition.

Currently, the main sources of xenogeneic material are pigs (porcine material) and
cattle (bovine material), the bone structure of which is similar to that of humans. However,
the choice between them often presents difficulties, primarily due to the potential risk
of prion disease transmission associated with bovine materials [9]. According to recent
research, there is no difference in new bone gain between them [9,18]. Thus, material
selection may depend on handling properties, availability, and surgeon preference.

In addition to the source, a critically important parameter is the type of thermal pro-
cessing of the xenomaterial, which directly affects the regenerative potential. According
to study results, materials subjected to high-temperature processing are characterized by
slower resorption [32], which may help preserve ridge volume during the early healing
period [23,32]. However, reduced resorption speed simultaneously slows the process
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of complete remodeling and replacement of the graft with mature bone tissue and in-
creases the risks of material encapsulation. According to the work by Couso-Queiruga
et al., longer healing was associated with a higher degree of mineralization and better
graft integration [2]. Thus, careful assessment of the bone status is necessary before
implant placement [22,32].

The macro- and microstructure of xenografts, including the degree of decalcification
and preservation of the organic matrix, may influence cell infiltration and vascularization in
the regeneration zone [7,14]. These properties may partly explain differences in remodeling
speed and histologic outcomes reported for different xenogenic materials.

An important advantage of xenomaterials is their good compatibility with barrier
membranes for guided bone regeneration, which allows for effective control of the healing
process and prevents soft tissue migration into the defect area [1,28,37]. In the four included
RCTs [31–34], the use of collagen membranes or free gingival punches was generally associ-
ated with numerically better preservation of the alveolar ridge contour than spontaneous
healing in the short term (up to 6 months), although the magnitude of these differences
varied across studies and in most cases did not reach statistical significance for the pri-
mary dimensional outcomes. One trial [34] reported that the benefit of grafting was most
pronounced during the first 4–6 weeks, with comparable resorption in both groups by
12 weeks. These findings suggest that soft tissue management may be an important cofactor
influencing the clinical performance of xenogenic grafts, but the available evidence remains
limited because of heterogeneity and small sample sizes.

Interpretation of the findings is limited by substantial clinical and methodological
heterogeneity across the included trials. The studies differed in graft composition, ad-
junctive procedures, follow-up duration, and outcome definitions. Dimensional out-
comes were measured using different approaches, including customized stents, direct
clinical measurements, and 3D cast scanning, whereas histological endpoints were re-
ported in only a subset of studies. These differences reduce comparability and preclude
quantitative meta-analysis.

4.1. Discussion of Included Studies

The resorption rate of bone material directly affects dental implantation planning.
According to data from Flügge et al. [34], socket augmentation allows slowing the resorption
process to 12 weeks. At the same time, the resorption period without socket augmentation
is observed up to 6 weeks. However, at 3 months, no statistical difference is observed
between the groups. Kai R. Fischer and his co-authors came to the same conclusion [33].
Notably, in the study by Flügge et al. [34], attention was drawn to the minimal variability
of resorption within the augmentation group compared to the expressed resorption in
the control group. At the same time, it is necessary to consider the fact that the study
assessed bone tissue status based on volumetric changes in soft tissues. Thus, the authors
emphasize that socket augmentation creates favorable conditions for early dental implant
placement. Available randomized evidence suggests that xenogenic materials may achieve
short-term ridge preservation outcomes broadly similar to those reported for other graft
types, although direct head-to-head comparisons are scarce and underpowered.

Similar results were observed in the study by Zampara et al. [32]. The authors empha-
size that the type of osteoplastic material has a significant influence on outcomes. The study
confirmed the osteoconductive properties of various materials. However, it also revealed
that the amount of newly formed bone tissue when using an allograft or synthetic material
exceeded the corresponding indicator for xenogeneic material by more than two times. In
this regard, the authors recommend performing implantation at later times when using
xenogeneic grafts—over 3 months. However, these findings should be interpreted with
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caution because all included trials enrolled small samples, reported only short-term out-
comes (3–6 months), and used non-standardized measurement methods. This conclusion
is confirmed in the systematic review by De Risi et al. [38], where maximum bone gain
in the allogeneic material group was registered at 3 months, while for xenogeneic mate-
rials, the indicators remained the lowest even at 5 months. An additional factor slowing
remodeling is the high percentage of residual xenogeneic material (over 35% versus 21% for
allogeneic material).

The biological significance of persistent xenogenic particles remains an important
issue, especially in relation to long-term peri-implant tissue behavior. Fischer et al. [33]
reported encapsulation and Type III bone formation in 60% of cases treated with xenogenic
materials, which suggests that a substantial proportion of the graft may remain isolated
from active remodeling rather than being fully replaced by mature bone. Similar concerns
were raised by Milani et al. [14], who described the remodeling pattern of deproteinized
bovine bone in extraction sockets and demonstrated that residual particles can persist for
an extended period while new bone formation proceeds around them. In addition, the
systematic review and meta-analysis showed that xenogenic materials are associated with
slower remodeling and a higher proportion of residual graft compared with allogeneic
materials, reinforcing the view that dimensional stability may partly reflect the physical
persistence of the graft [38]. Taken together, these data indicate that radiographic volume
maintenance should not be interpreted as equivalent to complete biological regeneration,
and long-term clinical monitoring remains necessary when xenogenic grafts are used for
ridge preservation.

These findings should be interpreted by distinguishing radiographic or volumetric
stability from the histological quality of the regenerated site. A socket may appear di-
mensionally preserved on clinical or radiographic assessment, yet still contain a relatively
low percentage of vital bone and a substantial amount of residual xenogenic particles.
Therefore, xenografts may contribute to ridge maintenance mainly by space preservation
and slow resorption rather than by rapid replacement with mature bone. This may have
implications for secondary stability and implant bed preparation, while the long-term
biological significance of residual particles and fibrous tissue remains uncertain.

A high level of residual material correlates with the risk of its encapsulation. According
to Fischer et al. [33], complications such as material encapsulation and Type III bone
formation were observed in 60% of cases when using xenomaterials. Taken together, these
findings support the notion that xenogenic grafts often act primarily as space-maintaining
materials that stabilize the ridge contour rather than as substitutes that are rapidly replaced
by vital bone. In other words, the apparent radiographic and volumetric stability observed
in xenograft-treated sites may not necessarily reflect complete regeneration of high-quality
bone but rather the persistence of non-resorbed particles and fibrous tissue. This distinction
is clinically relevant, as it may influence secondary implant stability, the risk of fibrous
encapsulation, and the susceptibility of peri-implant tissues to inflammatory breakdown
over time, and it should therefore be carefully considered when determining the timing
of implant placement and planning long-term maintenance. However, long-term patient
monitoring and subsequent treatment with dental implants are necessary to confirm this.
One of the key pathogenetic mechanisms of encapsulation is the proliferation of fibroblasts
and epithelial cells into the defect area, which prevents the migration and proliferation
of osteogenic cells [39]. This creates a clinical problem, since the long-term influence
of encapsulated material on peri-implant tissues remains a subject of discussion and is
insufficiently studied [33], which necessitated a separate analysis of soft tissue status within
this review.
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In clinical practice, various barrier systems are used for successful guided bone regen-
eration. Their task is to prevent connective tissue ingrowth into the defect area, slow bone
resorption, and ensure soft tissue preservation in the intervention area [40]. The use of a
combined regeneration method leads to a more predictable aesthetic result. Most often,
collagen membranes or an autogenous free graft from the maxillary tuberosity or hard
palate area are used for this purpose.

A comparison of two barrier systems was conducted in the studies included in our
systematic review. Thus, Kai R. Fischer and his co-authors [33] note that when using
a palatal graft, soft tissue shrinkage was the least. When using a collagen matrix or its
absence, a thin gingival biotype was observed in the area of planned subsequent dental
implantation. Also, Gabay et al. [31] noted that the use of bone material with a collagen
membrane better preserves vertical and horizontal gingival dimensions compared to their
absence. However, the result did not reach statistical difference. The authors explain this
point by the limited sample size, high individual data variability, and the inclusion of
predominantly intact sockets with minimal defects, where the potential for natural healing
is initially high.

According to new scientific studies, collagen matrices demonstrate comparable effi-
cacy in increasing tissue thickness in the short term and can be considered as a clinical
alternative, especially in cases where minimizing invasiveness and patient postoperative
morbidity is a priority [41]. At the same time, the bone material type itself is a factor influ-
encing soft tissue behavior. According to the histological results of the study by Zampara
et al. [32], soft tissue proliferation into the defect area in the xenograft group was the most
significant (up to 54.5%) compared to alloplastic, synthetic material, and its absence. De-
spite the fact that primary implant stability in the studies by Zampara et al. [32] and Gabay
et al. [31] did not depend on the material type, the pronounced fibrous reaction associated
with xenomaterials requires attention when planning implantation timing and predicting
long-term outcomes. Given the limited number of RCTs and the absence of long-term
follow-up, any apparent advantages of xenografts over allogeneic or autogenous materials
remain speculative.

Recent comparative evidence suggests that bovine- and porcine-derived xenografts
provide broadly similar clinical and histomorphometric performance in alveolar ridge
preservation. In a randomized controlled clinical trial [9]. found no statistically significant
differences between bovine and porcine xenografts with respect to vital bone formation,
residual graft material, connective tissue proportion, or dimensional stability, although
additional grafting at implant placement was required more frequently in the porcine
group. Comparable biological and dimensional outcomes for bovine- and porcine-derived
xenografts are reported in both horizontal ridge augmentation and extraction socket preser-
vation, supporting the view that clinical selection may be guided more by handling charac-
teristics, procedural preferences, and case-specific considerations than by major differences
in regenerative potential [18]. In this context, the present review, which was limited to
bovine-derived materials, should be interpreted as reflecting the performance of a specific
xenograft subgroup rather than xenogenic materials as a whole.

4.2. Limitations

In our study, we reviewed articles with various assessment parameters; thus, com-
parison between these works presents difficulties. We did not focus on a specific type of
xenogeneic material, while the efficacy of using different types may differ significantly.
However, all studies considered xenogeneic materials in granular form. According to a
recent study [3], the use of pre-formed material leads to results similar to granular material
according to radiological and histological analysis. Soft tissue assessment in the studies
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was performed using various methods, resulting in difficulties in generalizing the results.
Also, there is no assessment of non-resorbable membranes for more accurate study.

Moreover, all included RCTs reported only short-term outcomes (3–6 months) and did
not evaluate long-term complications such as late infection, incomplete graft resorption,
or implant survival. As a result, the long-term clinical impact of persistent xenogenic
particles and possible fibrous encapsulation could not be assessed within the scope of this
review. In addition, the included studies were heterogeneous in several methodological
aspects, which precluded a reliable quantitative synthesis. The trials used different outcome
assessment methods, including customized stents, clinical linear measurements, 3D cast
scanning, and histologic or histomorphometric analysis, and they also differed in follow-up
duration (3 months versus 6 months). These differences in measurement technique and
timing influenced the interpretation of ridge dimensional changes, soft tissue contour
outcomes, and histologic maturation. This made it difficult to directly compare the results
and prevented a reliable meta-analysis.

Furthermore, numerous non-randomized and observational alveolar ridge preserva-
tion studies were excluded by design; thus, our conclusions apply only to a small subset
of RCTs and should not be extrapolated to all alveolar ridge preservation techniques or
study designs. We did not search trial registries or grey literature, and our electronic search
strategy was based on a limited set of keywords, which may have resulted in the omission
of additional relevant studies. Therefore, despite these limitations, the results may serve as
a basis for subsequent targeted systematic reviews and meta-analyses.

Only four RCTs fulfilled our strict inclusion criteria, which limits the generalizability
of the findings and prevents firm clinical recommendations. The review should therefore
be interpreted as a focused qualitative synthesis rather than a definitive evidence summary
for all ARP approaches.

5. Conclusions
Within the limitations of the available evidence, the included RCTs suggest that

xenogenic materials may demonstrate clinical effectiveness. However, the included
RCTs showed only modest benefits, limited vital bone formation, and frequent residual
graft particles.

These findings suggest that xenografts may maintain ridge volume partly through the
persistence of graft material rather than through complete bone regeneration. Soft tissue
outcomes also favored augmented sites, but the evidence was heterogeneous and based on
short follow-up periods.

Overall, xenogenic grafts may be a useful option for alveolar ridge preservation, but
their long-term biological and clinical advantages remain uncertain. Further randomized
trials with standardized outcome measures and longer follow-up are needed.
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