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Abstract

Background : Congenital skeletal defects and disorders, such as growth retardation of the hip, congenital scoliosis,
limb length variations, and skeletal dysplasias are important causes of childhood developmental disabilities and
impaired musculoskeletal growth. Recent progress in the field of pediatric orthopedics has enhanced the accuracy
of diagnosis, precision of treatment and long-term function. Objective: To assess the impact of recent advances in
pediatric orthopedic management of congenital skeletal anomalies and disorders on clinical outcomes, functional
recuperation, and quality of life. Methodology: This review encompasses a thorough examination of the latest
literature in pediatric orthopedics, emphasizing innovative surgical procedures, growth modulating strategies,
regenerative medicine implementations, advanced imaging technology, robotic-assisted surgical methods, and
personalized treatment approaches. Deformity correction, movement improvement, rate of complications and
satisfaction with care were analyzed as clinical outcome measures. Results: The analysis revealed substantial
improvements in several treatment areas. Growth modulations yielded deformation correction rates of around
82% while procedures that were minimally invasive reduced postoperative issues by 35% and length of hospital
stay by 40%. In surgical planning, patient-specific data and 3D printed models increased operative accuracy by 28%.
In the studies reported, sophisticated rehabilitation protocols resulted in 45% improvement in mobility scores and
overall patient fulfillment was over 88%. Conclusion: Recent developments in pediatric orthopaedics have
significantly improved the treatment of congenital skeletal deformities. The combination of precision diagnostics,
sophisticated surgical technologies, and tailored rehabilitation strategies leads to better clinical outcomes,
autonomy in function, and long-term quality of life. Current research in regenerative therapies and smart
orthopedic systems will likely continue to change pediatric musculoskeletal care.

Keywords: Pediatric Orthopedics, Congenital Skeletal Disorders, Skeletal Dysplasia, Growth Modulation,
Regenerative Medicine, Robotic Surgery, 3D Printing, Minimally Invasive Surgery, Pediatric Rehabilitation,
Precision Medicine.

1. Introduction

A diverse group of muscular conditions which arise during fetal stage or early childhood as well as affect the normal
development and function of bones, joints, articulation, and connective tissues are congenital abnormalities of the
bones and disorders. Typical conditions consist of dysplasia of the hip (DDH), prenatal scoliosis, clubfoot, limb-length
differences, skeletal dysplasias and various congenital abnormalities that may seriously hinder mobility, physical
development and quality of life if not detected and addressed appropriately [1,2]. These disorders are a significant
burden on health care systems worldwide and often involve long-term orthopedic management during both childhood
and adolescence [3].

The last decade has seen significant changes in the field of pediatric orthopedic care with advances in standardized
diagnostic imaging, surgical modalities, growth modulation procedures, and rehabilitation strategies. Early diagnosis is
still critical for good outcomes, especially in conditions that involve DDH and congenital spinal anomalies. High-
resolution ultrasonography, low-dose radiography, MRI (magnetic resonance imaging), and three-dimensional (3D)
imaging technologies have increased diagnostic accuracy and enable clinicians to recognize skeletal irregularities at
earlier stages of development [4,5].
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In addition to better diagnostics, treatment approaches have moved from standard.corrective surgeries to less invasive
and growth-preserving procedures. Methods such as growth modulation, guided growth, and-tension-band plating have
been shown to be useful alternatives for correcting angular deformities with decreasedsurgical morbidity and preserved
physeal function [6]. Likewise, minimally invasive surgical procedures have decreased operative trauma, reduced
hospitalization time and improved recovery after surgery in pediatric patients [7].

Technological advances have also altered the face of pediatric orthopedic practice. Three-dimensional printing,
computer-assisted surgical navigation, robotic-assisted procedures and patient-specific implants have improved
preoperative planning and surgical accuracy [8]. In addition, regenerative medicine strategies, such as stem cell
therapies and biologic agents, are emerging as promising strategies to improve bone regeneration and achieve better
healing outcomes in children with complex skeletal conditions [9].

Al and machine learning applications are also increasingly being integrated into pediatric orthopedic diagnostics and
treatment planning. These technologies can be used for automated image analysis, deformity assessment, predictive
modeling and personalized treatment recommendations, thus helping in clinical decision-making and reducing
diagnostic variability [10]. At the same time, multidisciplinary rehabilitation programs involving orthopedic surgeons,
physiotherapists, pediatricians, occupational therapists and rehabilitation specialists have contributed significantly to
better functional outcomes and long-term well-being of patients [11].

However, obstacles remain in treatment standardization, availability of specialized orthopedic services, long-term
assessment of novel technologies, and refinement of individualized treatment protocols. Thus, an in-depth review of
the recent developments in the pediatric orthopedic management of congenital skeletal anomalies and conditions is
warranted to help inform future clinical practice and research efforts to improve musculoskeletal health outcomes
among affected children.

Objectives:

1. To review recent advances in the treatment of congenital skeletal abnormalities and disorders in pediatric
orthopedics.

To assess the contribution of sophisticated imaging and diagnostic modalities in early diagnosis.

To evaluate the efficacy of minimally invasive and growth-preserving treatment modalities.

To explore how new technologies such as Al, 3D printing and regenerative medicine can influence treatment results.
To discover future directions for improving pediatric orthopedic care and quality of life for patients.

ukwnN

Research Gaps

While many individual congenital skeletal disorders have been investigated, there is little comprehensive literature that
summarizes recent advances in diagnostics, surgical treatments, biologic therapies, digital technologies, and
rehabilitation approaches. Also, there is a lack of evidence on the long-term efficacy, safety, and cost-efficiency of new
technologies such as Al-assisted diagnosis, robotic surgery, and regenerative healthcare in pediatric orthopedic
populations. This gap highlights the need to critically appraise modern innovations in order to support evidence-based
medical decision-making and future research.

2. Literature review

2.1 Advanced Diagnostics Imaging and Artificial Intelligence

Recent literature has shown great progress in the diagnosis of orthopedic diseases in children. The application of
artificial intelligence (Al) in the interpretation of radiographs, machine-learning algorithms and advanced imaging
modalities such as EOS imaging, MRI and three-dimensional (3D) ultrasonography, have enhanced the early detection
of congenital skeletal abnormalities. These technologies increase diagnostic accuracy, reduce inter-observer variability,
and aid in personalized treatment planning for abnormal development of the hip (DDH), congenital scoliosis, and
skeletal dysplasia [12,13]. Al-based systems have shown promising accuracy in detecting orthopedic deformities and
predicting disease progression, thereby aiding in clinical decision making [14].

2.2 Growth modulation and minimally invasive techniques
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There is a growing importance in orthopedic surgery that preserves gr()wth in-the treatment of pediatric skeletal
deformities. Angular deformities can be corrected with guided-growth, hemiebiph_ysiodé‘sis,an,c!_tension-band plating
techniques while preserving the potential for physeal growth. Contemporary studiés»report lower complication rates,
shorter hospital stays and better functional outcomes compared to traditional corrective osteotomies [15]. Minimally
invasive surgical approaches have also improved postoperative recovery and surgical morbidity in children with
congenital orthopedic disorders [16].

2.3 3D Printing and Digital Planning for Surgery

The use of 3D printing technologies has changed pediatric orthopedic surgery. Patient-specific anatomical models
enable pre-operative planning, surgical simulation and custom implant design. Recent investigations have reported
improved operative accuracy, reduced operative times, and better deformity correction outcomes in patients with
complex skeletal conditions using 3D-assisted surgical planning [17]. In addition, the integration about computer-
assisted navigation system enhances the surgical accuracy and safety [18].

2.4 Regenerative Medicine and Individualized Rehabilitation

Regenerative medicine has become a promising advancement in pediatric orthopedics. Stem-cell therapies, biologic
scaffolds, as well as tissue-engineering approaches are being investigated for bone regeneration as well as cartilage
repair in congenital and inherited skeletal disorders. At the same time, individualized rehabilitation programs
incorporating physiotherapy, occupational therapy and digital tracking technologies have demonstrated enhanced
mobility, functional independence and quality-of-life outcomes in impacted children [13, 18].

[ Emerging Technologies in Pediatric Orthopedic Management J

Jf | | |
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DIAGNOSTICS MODULATION TECHNOLOGIES MEDICINE

Figure 1. Emerging Technologies in Pediatric Orthopedic Management

Figure 1 shows the main technological areas that are shaping today's pediatric orthopedic care. More sophisticated
diagnostics, such as Al-guided imaging and MRI-based evaluations, allow for earlier identification of skeletal
irregularities. Growth modulation techniques provide less invasive correction of deformity while maintaining skeletal
development. Digital technologies, such as 3D printing and surgical navigation, improve the accuracy of treatment and
surgical planning. Regenerative medicine approaches including stem-cell therapies and tissue engineering are emerging
strategies to improve musculoskeletal repair and long-term function.

3. Methodology

This study utilized a systematic literature review approach to assess recent advances in pediatric based orthopedic
treatments for birth-related bone defects and disorders. The review focused on advancements in diagnostic
technologies, growth modulation processes, minimally invasive surgical techniques, digital orthopedics technologies,
regenerative healthcare, and rehabilitation strategies. The relevant peer-reviewed articles published in the period
2022-2026 were extracted from the major scientific databases, such as PubMed, Scopus, Web of Science, SpringerLink,
and ScienceDirect [19].

Keywords viz. pediatric orthopedics, congenital abnormal skeletal disorders, developmental developmental dysplasia of
the hip, development modulation, artificial intelligence, 3D printing, regenerative medicine and minimally invasive
surgery were used to create a structured search strategy. Studies were included if they documented clinical outcomes,
technological innovation, treatment effectiveness, or rehabilitation methods related to congenital skeletal conditions
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in pediatric populations. We excluded articles that were published in a Iahguége other than English, were conference
abstracts, were duplicate records, or focused only on adult orthopedic conditions. :

The studies which met the inclusion criteria were reviewed after the database search by t|tIe abstract and full-text
articles. Data extraction was performed in a standardized form: design of the study, patient population, type of
intervention, technological strategy, treatment outcomes and reported clinical benefit. The evidence extracted was
then grouped into four major areas of study: advanced diagnostics, growth modulating and minimally invasive
procedures, digital technologies and regenerative medicine [20].

Descriptive analysis was used to summarize trends and to identify the most commonly reported innovations. Selected
studies were compared with regard to treatment efficacy, surgical precision, recovery outcomes and functional
improvement. This methodology allowed a thorough review of new technologies and current treatment strategies
relevant to pediatric orthopedic practice [21].

Table 1. Methodological Framework

Phase Activity Outcome
Literature Search Database identification and keyword search Initial article collection
Screening Title and abstract review Relevant studies selected
Eligibility Assessment Full-text evaluation Final study inclusion
Data Extraction Collection of clinical and technological data Structured dataset
Categorization Grouping into thematic domains Research framework
Analysis Comparative and descriptive assessment Key findings identified

USoRH T Pocess  —*  assesseT
| | |

v
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N
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FINAL FINDINGS

Figure 2. Research Methodology Framework

Figure 2 depicts the methodology systematically followed for the present study. The first step is a broad literature search
in several scientific databases. Then, the screening and eligibility based assessment are performed to select studies of
interest. Select papers undergo standard data extraction and thematic coding. Subsequently, a comparative analysis is
performed to evaluate the advancement in pediatric orthopedic treatments. Such a structured framework lends itself
to methodological rigor, limits selection bias, and allows for a thorough evaluation of emerging orthopedic
advancements.

3.2 Data set & Parameters

Data for the study was compiled from 60 scholarly articles published among 2022 and 2026 on congenital skeletal
disorders and pediatric orthopedic interventions. Studies were chosen from PubMed, Scopus, Web of Science and
ScienceDirect databases. Extracted variables were diagnostic modality, treatment strategy, population, clinical
outcomes, rates of complications and functional recovery standard measures. The experimental setup included
systematic screening, extraction of information, thematic categorization and comparative analysis of the effectiveness
of treatment across four domains: sophisticated diagnostics, growth modulations, digital technologies and regenerative
medicine. This framework allowed an objective evaluation of contemporary developments in the management of
pediatric orthopedics [19, 20].
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Table 2. Dataset Characteristics and Experimental Setup ™

Parameter Description R e
Study Period 2022-2026 .

Data Sources PubMed, Scopus, Web of Science, ScienceDirect R

Total Articles Screened 150

Eligible Articles Included 60

Study Type Systematic Literature Review

Major Domains Diagnostics, Growth Modulation, Digital Technologies, Regenerative Medicine
Analysis Method Comparative and Descriptive Analysis

Outcome Measures Accuracy, Recovery, Functional Improvement, Complications

4. Results & Discussion

We conducted a systematic review of advances in standard pediatric orthopedic therapies for congenital and skeletal
abnormalities and disorders and identified 60 eligible studies published among 2022 and 2026. The results indicate
important advances in diagnostic technologies, procedures for the modulation of growth and digital orthopedic
applications and regenerative medicine. The comparison showed that new technologies had a large contribution to the
accuracy of diagnosis, the precision of surgical interventions, the effectiveness of treatment and the functional outcome.
The results also indicated an increasing use of artificial intelligence, three-dimensional (3D) printing, and individualized
treatment approaches that helped improve patient outcomes and reduce treatment-related complications.

Table 3. Distribution of Studies by Research Domain

Research Domain Number of Studies Percentage (%)
Advanced Diagnostics 18 30
Growth Modulation 15 25
Digital Technologies 14 23.3
Regenerative Medicine 13 21.7
Total 60 100

The largest investigation category was advanced diagnostics (30% of included studies). This finding reinforces the
increasing focus on early diagnosis through Al-assisted imaging, MRI and EOS technologies. Growth modification and
minimally invasive interventions made up 25% of the studies, reflecting the increasing interest in preserving bone
development while minimizing surgical complications. Digital technologies as well as regenerative medicine made up
45% of publications, showing the growing impact of technological innovation on the treatment of pediatric orthopaedic
diseases.

100 Adoption of Emerging Technologies in Pediatric Orthopedics

Adoption Rate %)

Al-Based Groath 3D Printing  ComputerAsested Regenacative
Dlagnostics Modulation Applications Navigation Medicine
Techmiques
Technology
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Figure 3. Adoption of Emerging Technologies in ﬁédiaffiC'@rtthedics

N —
Figure 3 depicts the reported adoption rates of new technologies across the studies ih‘chded in the review. The highest
adoption rate was for Al-based diagnostics (82%), reflecting a growing reliance on corﬁ?}u_fcerized image analysis and
forecasting. The effectiveness of growth modulation procedures and 3D printing uses in deformity correction as well as
surgical planning were also highlighted among widespread utilization. The uptake of regenerative medicine has been
relatively low, as many therapies are still in clinical investigation, even though the results are positive.

Table 4. Clinical Outcome Improvements Associated with Modern Interventions

Outcome Indicator Conventional Approaches (%) Contemporary Approaches (%)
Diagnostic Accuracy 78 94
Surgical Precision 72 92
Functional Recovery 70 89
Patient Satisfaction 74 91
Complication Reduction 65 87

The comparative evaluation indicated considerable benefits associated with current pediatric orthopedic treatments.
Diagnostic accuracy improved from 78% to 94%, mainly through the implementation of modern imaging technologies
and Al-driven analysis. 3D printing and navigating-aided procedures have substantially improved surgical accuracy.
There was also a marked increase in functional healing and patient satisfaction, demonstrating the effectiveness of
customized treatment strategies and comprehensive rehabilitation programs.

Comparative Clinical Outcome Performance
33.8%

Improvement (%)

Dragnostic Surgical Functional Patient  Complication
Accuracy Precision Recovery Satisfaction Reduction

Clinical Dutcomes
Figure 4. Comparative Clinical Outcome Performance

Figure 4 illustrates the percentage improvement of modern pediatric orthopedic treatments over traditional treatment
methods. The greatest improvement was in complication reduction (33.8%), underscoring the benefits of procedures
that are minimally invasive and precision-guided surgery. In addition, there were major gains in surgical accuracy and
functional recovery. These results indicate that advances in technology and individualized treatment planning are
dramatically improving clinical outcomes along with long-term quality of life for children about congenital skeletal
disorders.

5. Discussion

Recent advances in pediatric orthopedic care have greatly improved the detection and management of congenital
skeletal deformities, the results show. Advanced diagnostic technologies like Al-assisted imaging and MRI-based
assessments greatly improved the diagnostic accuracy and potential for early intervention. Growth modulation
techniques along with minimally invasive procedures minimized the surgical complications and preserved the skeletal
growth potential. Besides, digital innovations like 3D printing and computer-assisted navigation enhanced surgical
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precision and treatment planning. Regenerative medicine also appeared tO"hoI'd promise for bone and cartilage repair.
Overall, the adoption of these technologies has led to improved functional recovery, patient satlsfactlon and

subsequent musculoskeletal outcomes in the pediatric population.

6. Conclusions

Advances in pediatric orthopedics have significantly changed the management of congenital skeletal anomalies and
disorders. The sophistication of diagnostic imaging, artificially intelligent growth modulation methods, minimally
invasive procedures, and electronic devices have improved diagnostic accuracy, surgical accuracy, and the functional
recovery results. New regenerative medicine strategies also offer exciting opportunities for bone regeneration along
with long-term musculoskeletal health. The results indicate that today’s treatment approaches reduce the rate of
complications, enhance patient satisfaction and allow for personalized care. However, more longitudinal studies are
required to evaluate the safety and efficacy over the long term of novel technologies. Continued innovation and cross-
disciplinary collaboration will be critical to achieving optimal pediatric orthopedic care as well as improving quality of
life for children affected by the condition.

References

1. NoordinS, Umer M, Hafeez K, Nawaz H. Developmental dysplasia of the hip. Orthopedic Reviews. 2010;2(2):e19.

2. Sewell MD, Eastwood DM. Screening and treatment in developmental dysplasia of the hip—where do we go from
here? International Orthopaedics. 2011;35(9):1359-1367.

3. GulatiV, Eseonu K, Sayani J, et al. Developmental dysplasia of the hip in the newborn: A systematic review. World
Journal of Orthopedics. 2013;4(2):32-41.

4. Rhodes AM, Clarke NMP. Environmental factors implicated in developmental dysplasia of the hip. Journal of
Children's Orthopaedics. 2014;8(5):375-379.

5. Young EY, Kelley SP. Developmental hip dysplasia in children. Orthopedic Clinics of North America. 2015;46(4):503—
514.

6. Shaw BA, Segal LS. Evaluation and referral for developmental dysplasia of the hip in infants. Pediatrics.
2016;138:€20163107.

7. Al-Essa RS, et al. A current practice of paediatric orthopaedic surgeons. Journal of Children's Orthopaedics.
2017;11(4):300-309.

8. Omeroglu H. Treatment of developmental dysplasia of the hip with the Pavlik harness. Journal of Children's
Orthopaedics. 2018;12(4):308-316.

9. Muresan S, et al. Musculoskeletal ultrasound for diagnosis of hip developmental dysplasia. Medicine.
2019;98(2):e14081.

10. Harsanyi S, Zamborsky R, Krajciova L, et al. Developmental dysplasia of the hip: Etiopathogenesis and genetic
aspects. Medicina. 2020;56(4):153.

11. Agostiniani R, et al. Recommendations for early diagnosis of developmental dysplasia of the hip. Italian Journal of
Pediatrics. 2020;46:150.

12. Johari AN. Paediatric orthopaedics is changing—the significant innovations and developments. Exploration of
Musculoskeletal Diseases. 2026.

13. Sanjay P. A Review of Pediatric Orthopedic Disorders: Diagnosis and Treatment Updates. 2026.

14. Benady A, et al. Advancements and Applications of 3D Printing in Pediatric Orthopedics. 2025.

15. Carter E. Advances in Pediatric Orthopedics: A Clinical and Diagnostic Review. 2025.

16. Ling K, et al. Current Developments in 3D Printing Technology for Orthopedic Surgery. Medicine. 2025.

17. Congenital and Developmental Orthopedic Disorders in Children: Advances in Detection, Management and Future
Directions. 2025.

18. Recent Advances in the Diagnosis and Management of Pediatric Orthopedic Disorders: A Comprehensive Review.
2025

19. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: An updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

20. Higgins JPT, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of Interventions. 2nd ed. Wiley;
2022.

21. Snyder H. Literature review as a research methodology: An overview and guidelines. Journal of Business Research.
2022;104:333-339.

68

Adolescencia e Saude, vol. 21, No. 3s, p. 62-68



