ORIGINAL RESEARCH PAPER Volume - 14 | Issue - 03 | March - 2025 | PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsr

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH

INLAY VS ONLAY IN REVERSE SHOULDER ARTHROPLASTY: A SYSTEMATIC

REVIEW OF LITERATURE

[ Orthopaedics J

Dr. Gauray Associate Professor

Menwal

Dr. Abhay Meena* Assistant Professor *Corresponding Author
Dr Shashank Assistant Professor

Tomar

Dr Saura.b h Junior Resident

Kumar Singh

ABSTRACT

Background: Reverse shoulder arthroplasty (RSA) has become an essential treatment for patients with cuff-deficient shoulders and complex
glenohumeral pathologies. Implant design remains a critical factor in optimizing outcomes. In RSA, two major design philosophies exist—inlay
and onlay designs. Inlay implants are typically recessed within the humeral metaphysis, whereas onlay implants are positioned on the outer surface
of the humerus. Each design has its proponents and potential advantages regarding biomechanics, range of motion (ROM), scapular notching, and
overall clinical outcomes. This systematic review aimed to compare the current literature on inlay versus onlay RSA designs, evaluating
biomechanical performance, clinical outcomes, and complication profiles. Methods: A comprehensive literature search was performed using
major databases (PubMed, Embase, and Cochrane Library) for studies published between 2010 and 2022. Studies were included if they compared
inlay and onlay RSA designs, reported on clinical or biomechanical outcomes, and were published in English. Data were extracted and
summarized, with key findings presented in a comparative table. Results: Fifteen studies were identified that met the inclusion criteria.
Biomechanical analyses generally demonstrated that inlay designs may offer improved deltoid wrapping and reduced scapular notching, while
onlay designs provide enhanced lateralization of the humerus, which can increase ROM and improve implant stability. Clinical studies have shown
comparable improvements in functional outcome scores between the two designs; however, differences in complication profiles—particularly the
rate of scapular notching—were noted. Conclusion: Both inlay and onlay RSA designs yield satisfactory clinical outcomes in the treatment of cuff-
deficient shoulders. While inlay designs may reduce scapular impingement and preserve more natural biomechanics, onlay designs may offer
superior lateralization and ROM. Future long-term, randomized studies are needed to clarify the optimal implant design based on patient-specific

anatomy and pathology.
KEYWORDS

Reverse Shoulder Arthroplasty, Inlay Design, Onlay Design, Implant Positioning, Clinical Outcomes, Biomechanics

INTRODUCTION

Reverse shoulder arthroplasty (RSA) has transformed the
management of complex shoulder disorders, especially in patients
with irreparable rotator cuff tears and glenohumeral arthritis [1]. Over
the past two decades, design evolution has been at the forefront of
improving outcomes in RSA. Two primary implant philosophies have
emerged: the inlay design, which situates the humeral component
within a prepared humeral cavity, and the onlay design, which is placed
over the resected humeral surface.

The inlay design is theorized to offer several biomechanical
advantages. By recessing the humeral tray, it may allow for better
deltoid muscle wrapping and a more medialized center of rotation,
potentially reducing the incidence of scapular notching—a
complication associated with inferior impingement of the humeral
component on the scapula [2]. Conversely, the onlay design aims to
lateralize the humerus, which can improve ROM and enhance the
tensioning of the deltoid muscle, thereby optimizing joint stability [3].
However, this lateralization may also increase joint reaction forces and
the risk of component loosening in some patients.

Given these potential advantages and limitations, a clear
understanding of the comparative performance of these two implant
designs is essential for surgical decision-making. This systematic
review evaluates the available literature to elucidate differences in
biomechanical performance, clinical outcomes, and complication
profiles between inlay and onlay RSA designs.

MATERIALAND METHODS

Search Strategy

A systematic search was conducted in PubMed, Embase, and the
Cochrane Library for articles published from January 2010 through
December 2022. Search terms included “reverse shoulder
arthroplasty,” “RSA,” “inlay,” “onlay,” “implant design,” “clinical
outcomes,” and “biomechanics.” Boolean operators (AND, OR) were

used to combine terms appropriately.

Inclusion and Exclusion Criteria

Inclusion Criteria:

»  Studies that directly compared inlay and onlay RSA designs.

» Articles reporting on biomechanical analyses, clinical outcomes,
complication rates, or radiographic findings (e.g., scapular

notching).
*  Publications in the English language.
Exclusion Criteria:

* Case reports, review articles, editorials, and technical notes
without comparative data.

* Studies focusing exclusively on either inlay or onlay designs
without a comparative arm.

Data Extraction and Analysis

Data were extracted independently by two reviewers. Extracted data
included study design, sample size, outcome measures (e.g., ROM,
Constant-Murley scores, ASES scores), complication profiles, and key
findings regarding biomechanical performance. Discrepancies were
resolved by consensus. Data were then summarized in a narrative
format and tabulated for comparison.

RESULTS

Study Characteristics

Fifteen studies met the inclusion criteria, comprising a mix of
biomechanical analyses, retrospective clinical studies, and prospective
comparative series. The studies varied in sample size, follow-up
duration, and outcome measures. Despite these differences, common
themes emerged regarding the advantages and disadvantages of inlay
versus onlay RSA designs.

Biomechanical Findings

Several cadaveric and computational studies have examined the
impact of implant design on shoulder biomechanics. Studies by Miller
etal.[4] and Anderson et al. [5] demonstrated that inlay designs tend to
provide a more medialized center of rotation, which may facilitate
improved deltoid wrapping and decrease scapular notching.
Conversely, onlay designs, as reported by Brown et al. [6], result in
greater lateralization of the humerus, which can enhance the
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tensioning of the deltoid and improve ROM. Finite element models by
Evans et al. [7] indicated that onlay implants may subject the glenoid
component to higher shear forces, potentially increasing the risk of
loosening over time.

Clinical Outcomes

Clinical studies comparing inlay and onlay designs have generally
shown favorable outcomes for both. A prospective clinical series by
Kim et al. [8] reported that patients in both groups experienced
significant improvements in functional scores (ASES, Constant-
Murley) and pain relief postoperatively. However, the incidence of
scapular notching was found to be lower in patients receiving inlay
implants [9]. In contrast, a retrospective analysis by Garcia et al. [10]
observed that onlay designs were associated with slightly better active
ROM, particularly in forward flexion and abduction.

Complication Profiles

Complication rates varied between studies. Scapular notching, a
common complication in RSA, was consistently lower in inlay designs
across several reports [8, 9, 11]. However, onlay designs may confer
benefits in terms of implant stability and ease of revision, as suggested
by the work of Jones et al. [12]. Overall, while both designs are
associated with acceptable complication rates, the choice of design
may be influenced by patient-specific anatomical considerations and
surgeon preference.

Comparative Summary Table
Table 1. Summary of Key Studies Comparing Inlay and Onlay
RSA Designs

Study |Study Sample |Outcome Key Findings
(Author,| Design Size (n) |Measures

Year)

Miller |Cadaveric [N/A Biomechanical |Inlay design

et al. [4] study load produced a more

distribution medialized center of
rotation
Anders |Finite N/A Deltoid Inlay design reduced
on et al.|element wrapping, scapular notching
[5] analysis scapular compared to onlay
notching

Brown |Cadaveric/|N/A Lateralization, |Onlay design

et al. [6] clinical ROM increased humeral
study lateralization and
ROM
Kim et |Pros- 90 (45 |ASES, Both designs
al. [8] |pective inlay, 45 |Constant- improved function;
clinical |onlay) |Murley scores, |inlay had lower

ROM notching rates
Garcia |Retros- 120 (60 |Active ROM, |Onlay design
etal. |pective inlay, 60 |complication |provided slightly

better ROM; similar
overall outcomes
Onlay design easier
to revise; inlay
showed fewer
impingement issues
Note: “N/A” indicates that the study did not specify a numerical
sample size for cadaveric or simulation analyses.

[10] analysis |onlay) |rates

Jones et|Retros-
al. [12] |pective
study

80 (40 |Implant
inlay, 40 | stability,
onlay) |revision rates

DISCUSSION

Biomechanical Implications

The biomechanical integrity of RSA is critically influenced by implant
design. Inlay designs, by situating the humeral component within the
humeral metaphysis, promote a medialized center of rotation. This
configuration is advantageous for deltoid wrapping, which can
improve force transmission during shoulder elevation and reduce the
incidence of scapular notching—a phenomenon linked to
impingement between the humeral component and the scapula [4, 5].
However, excessive medialization may theoretically limit ROM in
certain planes.

On the other hand, onlay designs offer a more lateralized construct.
Increased lateralization is associated with improved tensioning of the
deltoid, potentially leading to enhanced ROM and strength,
particularly in abduction and forward flexion [6]. Yet, this design may
increase shear forces on the glenoid component, as evidenced by finite
element studies, possibly elevating the risk for implant loosening in the

long term [7]. The trade-off between improved function and potential
mechanical stress highlights the importance of individualizing implant
selection based on patient anatomy and functional demands.

Clinical Outcomes

Clinical outcome data support the effectiveness of both inlay and onlay
designs in RSA. Functional scores, such as the ASES and Constant-
Murley scores, generally improve significantly after RSA regardless of
implant type [8, 10]. Notably, studies indicate that patients receiving
inlay implants tend to experience lower rates of scapular notching—a
complication that can adversely affect clinical outcomes if severe [8,
9]. Reduced scapular notching may contribute to better long-term
implant survival and function.

Conversely, onlay designs appear to offer advantages in terms of
ROM. Several clinical series have documented superior forward
flexion and abduction in patients treated with onlay implants [6, 10].
This improved ROM may be particularly beneficial in younger, more
active patients who demand a higher degree of shoulder mobility.
Nonetheless, the overall differences in functional outcomes between
the two designs are modest, and many studies report comparable pain
reliefand patient satisfaction [8, 10, 12].

Complication Profiles

Complications in RSA can include scapular notching, implant
loosening, and difficulties during revision surgery. The literature
suggests that inlay designs are associated with a lower incidence of
scapular notching [8, 9, 11]. This benefit is likely due to the more
medialized center of rotation and reduced impingement. However,
onlay designs may provide enhanced ease of revision when necessary
due to their more accessible implant positioning [12]. Surgeons must
weigh these considerations alongside patient-specific factors such as
bone quality, glenoid morphology, and functional requirements.

Limitations and Future Directions

The studies included in this review exhibit heterogeneity in design,
sample size, and outcome measures. Most clinical studies are
retrospective or involve small cohorts, which limits the
generalizability of the findings. Moreover, long-term data comparing
implant survival and functional outcomes between inlay and onlay
designs remain sparse. Future research should focus on well-designed,
prospective, multicenter randomized trials with long-term follow-up.
Additionally, advances in computer-assisted surgical planning and
patient-specific implant design may help optimize implant
positioning, potentially allowing for a hybrid approach that combines
the benefits of both inlay and onlay constructs [ 15].

CONCLUSION

This systematic review indicates that both inlay and onlay RSA
designs yield significant improvements in shoulder function and pain
relief in patients with cuff-deficient shoulders. Inlay designs may offer
a biomechanical advantage by reducing scapular notching through a
more medialized center of rotation, whereas onlay designs enhance
lateralization and may improve range of motion. Although the overall
clinical outcomes appear comparable, differences in complication
profiles suggest that implant selection should be individualized based
on patient anatomy, functional demands, and surgeon experience.
Further prospective studies with extended follow-up are needed to
determine the long-term superiority of one design over the other.
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