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Abstract
Objective: This integrative review aims to synthesize and critically analyze the current literature on the use of stem cells in the treatment 
of pseudarthrosis. 

Methods: A systematic search was conducted in electronic databases, resulting in the inclusion of preclinical and clinical studies that 
investigated the impact of stem cells on bone healing. 

Results: Proposed biological mechanisms include the ability of stem cells to promote osteogenic differentiation and secrete growth 
factors that facilitate tissue repair. Results indicate that stem cell treatment often increases rates of successful bone healing, improving 
functional outcomes and reducing postoperative complications. Limitations include the heterogeneity in treatment protocols and the 
need for randomized clinical trials to robustly validate these findings. 

Conclusion: The use of stem cells emerges as a promising approach in the management of pseudarthrosis, promoting a new perspective 
in orthopedic regenerative medicine. 

Level of evidence V; Expert Opinion.
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Introduction
Pseudarthrosis, or bone nonunion, is a significant com pli-

cation after fractures and orthopedic surgical procedures, 
being characterized by the inability of the injured bone to 
heal properly. This condition challenges orthopedists and 
surgeons with its clinical complexities and substantial impact 
on patients’ quality of life(1). Traditionally, treatment involves 
conventional surgical techniques such as internal fixation with 
plates and screws, as well as autologous or allogeneic bone 
grafts. However, advances in regenerative medicine have in-
troduced promising therapies, such as the use of stem cells, 
which have the potential to revolutionize the management 
of pseudarthrosis. Stem cells are undifferentiated cells with 
the capacity for self-renewal and differentiation into several 
cell types, including osteoblasts, which are essential for bone 

formation(2). Preclinical and clinical studies have explored 
their use in the repair of nonunion fractures, with encouraging 
results indicating improvements in bone healing and 
functional recovery of patients. This integrative review aims 
to synthesize and critically analyze the available evidence 
on the treatment of pseudarthrosis with stem cells, covering 
everything from the biological mechanisms to the clinical 
and economic outcomes associated with this innovative 
approach(3).

In addition to the biological and clinical aspects, economic 
considerations are also crucial in the evaluation of new 
therapies. With the increasing costs associated with the 
management of postoperative complications and the need 
for surgical revisions, strategies that promote effective bone 
healing and reduce recovery time are of particular interest. 
Therefore, this review will not only examine the efficacy and 
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safety of stem cells in pseudarthrosis, but also assess their 
potential economic impact when compared with conventional 
approaches(4).

A comprehensive understanding of the mechanisms 
by which stem cells promote bone healing is essential to 
support their clinical application. Investigations into the local 
microenvironment of the lesion, growth factors involved, and 
cellular interactions are fundamental to optimize treatment 
protocols. This review will seek to highlight not only the 
advances achieved to date, but also identify knowledge 
gaps that may guide future research and the refinement 
of stem cell therapeutic strategies in the management of 
pseudarthrosis(5).

Methods
The methodology adopted in this integrative review follows 

a systematic approach to synthesize and critically analyze 
the available literature on pseudarthrosis treatment using 
stem cells. Articles were searched in electronic databases, 
including PubMed, Scopus, and Web of Science, using search 
terms such as “pseudoarthrosis,” “nonunion,” “stem cells,” 
“cell therapy,” “bone healing,” among other relevant terms. 
The search strategy was designed to identify studies that 
investigated the use of stem cells in pseudarthrosis models, 
covering both preclinical and clinical studies.

Inclusion criteria were established to select studies pu-
blished in English, Spanish, or Portuguese that directly in-
vestigated the application of stem cells in the treatment of 
pseudarthrosis. Original articles, systematic reviews, and 
meta-analyses that reported results of clinical, radiological, 
and/or histological outcomes related to bone healing were 
considered. There were no restrictions regarding the year 
of publication, as long as the studies met the established 
inclusion criteria.

Initial screening of studies was performed based on 
titles and abstracts, followed by full reading of selected 
articles to determine their relevance and methodological 
quality. Extracted data included information on study cha-
racteristics (such as design, sample size, method of stem 
cell intervention), main outcomes (such as bone healing rate, 
incidence of complications), and authors’ conclusions.

The methodological quality of included studies was 
assessed using appropriate tools, such as the Jadad scale 
for randomized clinical trials and the Risk of Bias in Non-
randomized Studies – of Interventions (ROBINS-I) tool 
for observational studies. This approach allowed a critical 
analysis of the available evidence, considering potential 
biases and limitations of included studies.

Finally, data were synthesized in a narrative manner, as 
appropriate, to provide a comprehensive overview of findings 
and emerging trends in the field of stem cell treatment of 
pseudarthrosis. This integrative review aims to contribute to 
the updated understanding and guidance of future research 
and clinical practice in this promising area of   regenerative 
medicine.

Results
The results of this integrative review indicate that the 

treatment of pseudarthrosis using stem cells shows pro-
mising results in terms of promoting bone healing. Pre-
clinical studies have consistently demonstrated that, when 
applied in experimental models of pseudarthrosis, stem 
cells facilitate the formation of functionally integrated bone 
tissue(6). Proposed mechanisms include the ability of stem 
cells to secrete growth factors and cytokines that stimulate 
osteogenic differentiation and promote local vascularization, 
essential for the healing process(7).

In clinical terms, observational studies and early clinical trials 
suggest that the use of stem cells may result in increased 
rates of successful bone healing compared to conventional 
approaches(8). Patients undergoing stem cell therapies often 
presented better functional outcomes and a lower incidence 
of postoperative complications related to nonunion, such as 
infections or the need for surgical revisions(9).

Additionally, preliminary economic analyses indicate that 
despite the potential higher initial costs associated with the 
use of stem cells, long-term benefits may be observed due 
to reduced postoperative complications and shorter recovery 
times, resulting in potential savings in the health system(10).

It is important to emphasize that, although the results are 
encouraging, the heterogeneity in treatment protocols, types 
of stem cells used, and evaluation criteria among reviewed 
studies limits the generalizability of findings(11). Furthermore, 
the variable methodological quality of included studies 
suggests the need for well-designed randomized clinical 
trials and long-term follow-up studies to corroborate these 
preliminary results(12).

Discussion
The discussion of findings of this integrative review highlights 

the promising efficacy of stem cells in the treatment of 
pseudarthrosis, reflected in favorable bone healing outcomes 
observed in preclinical and clinical studies(13). The biological 
mechanisms proposed for this effect include the ability 
of stem cells to promote osteogenic differentiation and 
secrete growth factors that stimulate tissue repair(14). These 
key aspects suggest that stem cells not only facilitate bone 
healing but may also positively influence the quality of the 
tissue formed, potentially reducing the risk of refractures and 
improving the functional integration of the recovered bone(15).

Although reviewed studies consistently demonstrate en-
couraging results, it is crucial to recognize the limitations and 
challenges faced in the clinical application of stem cells in the 
treatment of pseudarthrosis(16). Heterogeneity in treatment 
protocols, including variations in the type of stem cells used, 
cell origin, administration methods, and outcome assessment 
criteria, makes direct comparison between stu dies and gene-
ralization of results difficult(17). Furthermore, the variable 
methodological quality of the included studies highlights the 
need for well-controlled prospective studies to more robustly 
validate the observed findings(18).
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Economic aspects are also relevant in evaluating the use 
of stem cells in the context of pseudarthrosis(19). Although 
initial costs may be high due to the procedures required for 
collecting, processing, and applying the stem cells, potential 
benefits include short postoperative recovery time, low rates 
of complications related to nonunion, and, consequently, 
long-term savings in the health system(20).

Future perspectives include the need for further inves-
tigations to optimize stem cell treatment protocols, explore 
new, more accessible and sustainable sources of stem cells, 
such as mesenchymal stem cells derived from adipose 
tissue or bone marrow, and expand the understanding of 
molecular mechanisms underlying the efficacy of stem cells 
in pseudarthrosis(21). In addition, long-term follow-up studies 
are essential to assess the durability of results and potential 
long-term adverse effects associated with the use of these 
emerging therapies(22).

In summary, despite the challenges and open questions, this 
integrative review highlights the transformative potential of 
stem cells in the treatment of pseudarthrosis, offering a new 
perspective in the approach to this complex and challenging 
orthopedic condition(19-21).

Conclusion
In conclusion, this integrative review highlights that the 

treatment of pseudarthrosis using stem cells represents a 
promising and innovative area of   research in orthopedics 
and regenerative medicine. Results consistently indicate 
that stem cells have the potential to promote effective bone 

healing, reducing postoperative complications and improving 
functional outcomes for patients. The ability of stem cells 
to stimulate osteogenic differentiation and secrete growth 
factors that facilitate bone healing offers a viable alternative 
to traditional approaches, which are often limited by variable 
success rates and the risk of complications.

However, it is essential to recognize current limitations, 
including heterogeneity in treatment protocols and the va-
riable quality of reviewed studies. The lack of standardization 
in methods for collecting, processing, and administering 
stem cells, together with the need for well-controlled ran-
domized clinical trials, highlights the importance of future 
investigations to more robustly validate the therapeutic 
benefits of stem cells in pseudarthrosis. Economic aspects 
should also be considered in the clinical implementation of 
these therapies, with potential to optimize long-term costs 
by reducing complications and recovery time. In addition, 
advances in understanding the molecular mechanisms 
underlying stem cell efficacy and the identification of more 
accessible and sustainable cell sources may further expand 
the clinical impact of these interventions.

Given the encouraging results and identified challenges, the 
application of stem cells in the treatment of pseudarthrosis 
represents a new frontier in orthopedics and may significantly 
transform clinical management and health outcomes for 
patients with this debilitating condition. Continued research 
and improvement of clinical practices are essential to 
maximize the clinical and economic benefits of these 
emerging therapies in the field of orthopedic regenerative 
medicine.
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