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Abstract

Background This multicenter retrospective study was conducted with the objective of comparing the outcomes and compli-
cations between inlay and onlay reverse shoulder arthroplasty (RSA) in patients presenting Neer Type 4 proximal humerus
fractures and cuff tear arthropathy. The primary aim of this investigation was to assess and juxtapose the clinical as well
as functional outcomes of individuals who underwent onlay reverse shoulder arthroplasty with those who underwent inlay
reverse shoulder arthroplasty.

Methods A retrospective cohort study was conducted, involving patients who had undergone reverse shoulder arthroplasty
between the period of 2016 and 2022. The study divided the population into two groups: Group A received inlay humeral
components, while Group B received onlay humeral components. Functional outcomes were evaluated using the American
Shoulder and Elbow Surgeons (ASES) and Constant scores. Range of motion, infection, periprosthetic fractures, and nerve
injuries were also assessed.

Results The study included 67 patients in Group A and 62 patients in Group B. Group A had significantly better functional
outcomes, as indicated by higher ASES and Constant scores (p <0.05). Group A also had greater shoulder joint motion
(p <0.05). Periprosthetic fractures were significantly more common in Group B (p <0.05). However, complication rates,
including infection and instability, did not significantly differ between the groups (p >0.05). Nerve injuries occurred in both
groups, with slightly higher occurrence in Group B.

Conclusion Inlay humeral components in reverse shoulder arthroplasty for Neer Type 4 fractures and cuff tear arthropathy
resulted in better functional outcomes, increased range of motion, and lower incidence of periprosthetic fractures compared
to onlay components. Onlay components showed potential advantages in reducing instability rates. Further studies with
larger samples and standardized protocols are needed to confirm these findings.
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satisfactory outcomes, particularly in cases involving com-
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years, reverse shoulder arthroplasty (RSA) has emerged as
a promising surgical intervention for addressing these chal-
lenging conditions [2].
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One crucial aspect of reverse shoulder arthroplasty is
the design and configuration of the humeral component.
Two commonly employed designs are the onlay and inlay
humeral components. The onlay humeral component
involves attaching the humeral stem to the lateral aspect of
the proximal humerus, providing stability and support for
the glenosphere. In contrast, the inlay humeral component
is inserted into the intramedullary canal of the proximal
humerus, anchoring the implant within the bone itself [3, 4].

The choice between inlay and onlay humeral components
is often influenced by various factors, including the patient’s
anatomy, bone quality, and surgeon preference. The inlay
design offers the advantage of bone preservation by utilizing
the existing intramedullary canal, which may be particularly
beneficial in cases of compromised bone stock. On the other
hand, the onlay design provides excellent stability and fixa-
tion, allowing for immediate loading of the prosthesis. While
both inlay and onlay humeral components aim to restore
shoulder function and alleviate pain, their comparative clini-
cal and functional outcomes remain relatively understudied
[3, 5, 6]. Understanding the specific advantages and limita-
tions associated with each design is crucial for optimizing
surgical decision-making and achieving favorable patient
outcomes.

This multicenter study aimed to comprehensively com-
pare the outcomes and complications associated with inlay
and onlay reverse shoulder arthroplasty (RSA) procedures
in patients diagnosed with Neer Type 4 proximal humerus
fractures and cuff tear arthropathy. Through a comprehen-
sive analysis of key outcome measures encompassing pain
relief, range of motion, strength, patient-reported functional
scores, and complication rates, our objective is to offer valu-
able insights into the comparative effectiveness and potential
advantages inherent in inlay and onlay humeral component
designs.

Materials and Methods

The retrospective multicenter study enrolled patients who
had undergone reverse shoulder arthroplasty (RSA) surgery
for Neer Type 4 proximal humeral fractures or cuff tear
arthropathy between the years 2016 and 2022. The primary
outcome measures in this study encompassed the clinical
and functional assessments of patients undergoing inlay and
onlay reverse shoulder arthroplasty (RSA) for Neer Type

4 proximal humerus fractures and cuff tear arthropathy.
Secondary outcome measures focused on the occurrence of
complications and adverse events associated with the two
techniques. These included the incidence of periprosthetic
fractures, infections, and nerve injuries.

The eligible participants, all of whom underwent the sur-
gical procedures, were treated by surgical teams specializing
in shoulder and elbow surgery at two prominent teaching and
research hospitals. The procedures were conducted with the
expertise of these surgical teams at the said medical institu-
tions. Patient-related information was accessed retrospec-
tively from medical records and patient images through the
Extreme Pacs® digital medical imaging system for evalua-
tion purposes.

The participants were categorized into two distinctive
groups: Group A, which encompassed individuals who had
received inlay reverse shoulder prostheses, and Group B,
comprising those who had been provided with onlay reverse
shoulder prostheses. Specifically, Group A comprised a
total of 67 patients, among whom 42 had undergone reverse
shoulder arthroplasty due to cuff tear arthropathy and 25 for
Neer Type 4 proximal humeral fractures. On the other hand,
Group B included 62 patients, with 34 of them having cuff
tear arthropathy and 28 presenting Neer Type 4 proximal
humeral fractures (Table 1). Among these participants, 14
individuals in Group A and 9 individuals in Group B had
been implanted with a cemented stem. The inlay prosthesis
used in Group A was manufactured by Lima SMR Reverse
(Lima Corporate S.p.a, Udine, Italy), while the onlay pros-
thesis used in Group B was provided by Next Reverse Shoul-
der Prosthesis (Next Shoulder Solutions Ankara, Turkiye)
(Figs. 1, 2).

In both groups, a similar fixation method was employed
for tuberosity fixation due to its impact on functional
outcomes. The osteotendinous junction of the greater
tuberosity(GT) and lesser tuberosity (LT) was secured using
three stay sutures (No. 2 Ethibond; Ethicon, Raritan, NJ,
USA), while preserving all other rotator cuff muscles dur-
ing the entire procedure. After retracting the tuberosities,
the humeral canal was reamed to determine the appropriate
size for the stem. The stem’s height was adjusted based on
the reduction achieved in the GT fragment.

Subsequent to placing cancellous bone grafts from the
humeral head among the tuberosities, prosthesis, and diaph-
ysis, four holes were drilled in the humeral diaphysis—two
each positioned at the lateral and medial sides of the bicipital

Table 1 Distribution of patient

Groups Total patients Cuff tear arthropa-  Neer Type 4 proximal Cemented
groups thy humeral fractures stem

Group A 67 42 25 14

Group B 62 34 28 9
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Fig. 1 An example of our
patients who underwent onlay
design prosthesis due to cuff
arthropathy

Fig.2 An example of our
patients who underwent inlay
design prosthesis due to fracture

groove. Sutures originating from the most proximal part of
the GT fragment were directed through the holes located at
the medial aspect of the bicipital groove. Similarly, sutures
arising from the most proximal part of the LT fragment were
guided through the holes positioned at the lateral aspect of
the bicipital groove. These sutures were intentionally posi-
tioned at least 1 cm distal to the fracture site on the humeral
diaphysis to prevent potential complications. In addition,
the remaining sutures within both the GT and LT fragments
were securely fastened diagonally to their respective coun-
terparts, ensuring a robust and stable fixation.

Functional outcomes, including the American Shoulder
and Elbow Surgeons (ASES) and Constant scoring systems,
were based on the information obtained from patient records
at the 6th postoperative month. These scoring systems have
been widely employed to evaluate the functional status and
shoulder function of patients undergoing reverse shoulder
arthroplasty. The ASES score comprises subjective and
objective components, covering pain, activities of daily

living, range of motion, and strength. The Constant score
evaluates pain, activities of daily living, range of motion,
and strength, providing a comprehensive functional assess-
ment. Various parameters underwent evaluation and com-
parison between Group A and Group B. The assessment of
range of motion included measurements of forward flexion,
abduction and external rotation that were conducted using
standardized goniometry techniques (Fig. 3).

Complication rates, encompassing infection, peripros-
thetic fracture, radiologically diagnosed dislocations in the
postoperative period (defined as instability), vascular and
nerve injuries, were meticulously documented based on
the information obtained from patient files and outpatient
clinic follow-up records. Moreover, instances of brachial
plexus injury and axillary nerve injury were duly noted.
Radiographic assessments, comprising preoperative and
postoperative imaging studies, were conducted to appraise
implant positioning, bone healing, and any indications of
complications.
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Fig.3 Clinical images depicting
the forward elevation of patients a
who underwent onlay (a) and
inlay (b) humeral component
placement, with surgical inter-
vention performed on the right
extremity in both cases

The study protocol and data collection procedures under-
went a thorough review and received approval from the
Institutional Review Boards under the reference number
E-48670771-613.10/340-13.03.2023.

Statistical Analysis

The collected data were analyzed using appropriate statisti-
cal methods. Descriptive statistics, such as means, standard
deviations, and percentages, were calculated to summarize
the demographic and clinical characteristics of the patient
cohorts. To assess the differences between Group A and
Group B, independent ¢-tests or Mann—Whitney U tests were
performed for continuous variables, while Chi-square tests
or Fisher’s exact tests were used for categorical variables.
The significance level was set at p <0.05.

Results

In Group A, the average age of patients who underwent
surgery for inlay reverse shoulder prostheses was 65 years,
with a standard deviation of 4.5 years, encompassing 35
female patients and 32 male patients. In Group B, patients
who received onlay reverse shoulder prostheses had an
average age of 60 years, with a standard deviation of 3.2
years, including 45 female patients and 17 male patients.

@ Springer
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Across both groups, the predominant gender was female,
and the collective average age of all patients ranged from
55 to 75 years, with a standard deviation of 6.3 years.

In terms of medical history, Group A included 34
patients with hypertension and 15 patients with diabetes
mellitus under treatment, while in Group B, 46 patients
had hypertension, and 22 were receiving treatment for
diabetes mellitus.

The functional outcomes assessed using the ASES and
Constant scores demonstrated significantly better results in
Group A (inlay humeral components) compared to Group
B (onlay humeral components). The mean ASES score
in Group A was 73.6 +16.2, whereas in Group B, it was
68.2+15.9 (p <0.05). Similarly, the mean Constant score
in Group A was 75.4+17.1, while in Group B, it was
70.1+16.8 (p <0.05). Analysis of the range of motion meas-
urements revealed that patients in Group A exhibited sig-
nificantly greater shoulder joint motion compared to Group
B. The mean forward flexion in Group A was 140.2°+9.3°,
whereas in Group B, it was 132.6°+8.7° (p <0.05). Simi-
larly, the mean abduction in Group A was 135.8° +8.5°,
while in Group B, it was 129.4°+7.9° (p <0.05). Mean
external rotation was 26°+15.3 in Group A and 28° +13.4
in Group B (p <0.05). While a slightly higher incidence of
scapular notching and scapular spine fractures was observed
in the inlay group, there was no statistically significant dif-
ference between the groups (Table 2).
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Table 2 Postoperative
functional results and

Group A (inlay) Group B (onlay) Statistical test

complication rates of both
groups

Functional outcomes
ASES score

Constant score

Range of motion

Mean forward flexion
Mean abduction

Mean external rotation
Complications

Overall complication rates
Periprosthetic fractures
Instability

Scapular spine fracture
Scapular notching

73.6+16.2 68.2+15.9 p<0.05
75.4+17.1 70.1+16.8 p<0.05
140.2°+9.3 132.6°+8.7 p<0.05
135.8°+8.5 129.4°+7.9 p<0.05
26°+15.3 28°+13.4 p<0.05
Not significant Not significant p>0.05
3% 9.7% p>0.05
6% 32% p>0.05
2 1 p<0.05
3 2 p<0.05

ASES American Shoulder and Elbow Surgeons

The overall complication rates did not significantly dif-
fer between Group A and Group B (p > 0.05). In Group A,
two patients (3%) experienced superficial wound infections,
which were effectively managed with oral antibiotics. Fur-
thermore, one patient in Group A developed a deep infec-
tion that necessitated a two-stage infection treatment. Within
Group B, three patients experienced superficial soft tissue
infections, all of which resolved with oral antibiotic therapy.
Two patients in Group B encountered deep infections, one
of whom required debridement and liner exchange, while
the other underwent a two-stage infection treatment. There
were no statistically significant differences in infection rates
between the two groups (Table 2). No complications related
to tuberosity fixation were observed in either group.

The incidence of periprosthetic fractures was signifi-
cantly higher in Group B (9.7%) compared to Group A (3%)
(p <0.05), particularly in cases of cuff tear arthropathy. Two
patients in Group A experienced periprosthetic fractures,
whereas six patients in Group B encountered such fractures
(Fig. 4).

The rates of postoperative instability were lower in
Group B (3.2%) compared to Group A (6%), specifically
in cases of fractures. However, the difference in instability
rates between the two groups was not statistically significant
(p>0.05) (Table 2). In Group B, three cases of temporary
brachial plexus injuries were observed, while Group A had
one case of brachial plexus injury and one case of axillary
nerve injury (Table 2).

Discussion

The present study aimed to compare the outcomes of inlay
and onlay humeral components in the treatment of Neer
Type 4 proximal humerus fractures and cuff tear arthropathy.

Fig.4 Periprosthetic fracture in a patient who underwent an onlay
design humeral component

The results of our study indicate that the use of inlay
humeral components in the treatment of Neer Type 4 proxi-
mal humerus fractures and cuff tear arthropathy resulted in
superior functional outcomes, increased range of motion,
and lower incidence of periprosthetic fractures compared
to onlay components. However, it is important to note that
onlay components demonstrated a potential advantage in
terms of reduced instability rates.

Functional outcomes are crucial indicators of the suc-
cess of surgical interventions. In this study, the functional
outcomes were evaluated using the American Shoulder
and Elbow Surgeons (ASES) and Constant scores. Studies
investigating the effects of two different humeral compo-
nents on PROMs (patient-reported outcome measures) in
reverse shoulder prosthesis, onlay and inlay, reported that
the differences between the two groups were minimal or not
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statistically significant [5, 7-9]. Our findings showed that
patients who received inlay humeral components achieved
significantly better functional outcomes in terms of shoulder
function and pain relief compared to those with onlay com-
ponents. This could be attributed to the composition of our
patient group, which encompasses both cuff tear arthropathy
and complex proximal humerus fractures.

Range of motion is another essential aspect of shoulder
function. Upon analyzing the range of motion measure-
ments, it was found that patients belonging to Group A
exhibited significantly higher shoulder joint mobility com-
pared to those in Group B. Group A demonstrated a mean
forward flexion of 140.2°+9.3°, while Group B recorded
132.6° +8.7° (p <0.05). Furthermore, Group A displayed
a mean abduction of 135.8° +8.5°, whereas Group B had a
mean abduction of 129.4° +7.9° (p <0.05).

The constrained articulation of reverse shoulder arthro-
plasty (RSA) effectively prevents superior humeral subluxa-
tion, ensuring a stable axis of rotation. While initial beliefs
suggested reduced impact of tuberosity non-union in RSA
compared to hemiarthroplasty, recent research underscores
its significance, especially in complex proximal humerus
fractures [9, 10]. Tuberosity healing rates in RSA range
from 37 to 90%, with a recent meta-analysis reporting an
overall rate of 68% [11]. Achieving anatomical tuberosity
healing correlates with increased active anterior elevation,
external rotation, fewer complications, and prolonged pros-
thesis survival. Tuberosity non-union leads to a considerable
decrease in joint reaction forces, emphasizing the impor-
tance of anatomical reduction and stable tuberosity fixation
during RSA [9]. Similar tuberosity fixation methods were
employed in both Group A and Group B to equalize the
impact of tuberosity healing on functional outcomes. After
passing three Ethibond sutures through the GT and LT frag-
ments, the sutures located proximally on the fragments were
tightly secured diagonally to the holes opened in the lateral
and medial aspects of the humeral diaphysis, adjacent to the
bicipital groove. The remaining sutures within the fragments
were also firmly tied diagonally to their respective counter-
parts. No complications related to tuberosity fixation were
observed in either group.

Periprosthetic fractures represent a potential complication
following shoulder arthroplasty. The incidence of peripros-
thetic fractures was significantly higher in the onlay group,
particularly in cases of cuff tear arthropathy. This indicates
that onlay humeral components may increase the risk of
periprosthetic fractures, emphasizing the importance of
careful consideration when selecting the appropriate sur-
gical technique. Due to the biomechanical features of the
onlay design, the power transmitted from the shoulder girdle
is reflected especially on the lateral side of the humerus.
In a study, it was found that bone resorption of the proxi-
mal humerus occurred more in this design type. Since the
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inlay design directs the force to the intramedullary area, it is
thought to prevent humeral stress shielding. The reason why
more periprosthetic fractures were seen in the onlay group
in our study is due to the power transfer difference between
the designs [6]. The incidence of periprosthetic fractures was
significantly higher in Group B (9.7%) compared to Group A
(3%) (p <0.05), particularly in cases of cuff tear arthropathy
in our study. Our results suggest that onlay humeral com-
ponents may increase the risk of periprosthetic fractures,
especially in patients with cuff tear arthropathy (Table 2).

In terms of infection rates, there were no statistically sig-
nificant differences in between the two groups. However, it
is noteworthy that the overall complication rates were rela-
tively low in both groups, indicating that both techniques can
be performed with acceptable safety profiles. The observed
cases of superficial and deep infections were effectively
managed with appropriate treatment strategies, highlighting
the importance of infection prevention measures in shoulder
arthroplasty procedures [12—14].

The presence of radiologically confirmed dislocation
in the postoperative period was considered as instability.
Regarding instability rates, Group B exhibited lower rates of
postoperative instability (3.2%) in comparison to Group A
(6%), specifically among cases involving fractures. However,
it is important to note that the disparity in instability rates
between the two groups did not yield statistically signifi-
cant results (p > 0.05). This suggests that both techniques
can provide satisfactory stability outcomes, with a potential
advantage for onlay components in cases of fractures. Fur-
ther research with larger sample sizes may be required to
establish more conclusive evidence on this aspect.

Nerve injuries represent a significant concern in shoulder
arthroplasty procedures. The reported occurrence of iatro-
genic nerve injuries following shoulder arthroplasty ranges
from 1 to 18.7%, while distal peripheral neuropathies are
documented in 1 to 12.3% of patients [15]. In Group B, three
cases of temporary brachial plexus injuries were observed,
while Group A had one case of brachial plexus injury and
one case of axillary nerve injury. These nerve injuries were
believed to be associated with the application of onlay stems,
exerting force and causing stretching of the plexus during
the procedure. The application of onlay stems may exert
force and cause stretching of the brachial plexus during the
procedure, leading to temporary brachial plexus injuries.
Peripheral nerve lesions can be seen onlay in designs due
to humeral distalization, especially due to stretching of the
axillary nerve [16]. It is crucial for surgeons to be aware of
this potential risk and take necessary precautions to mini-
mize nerve injuries during the surgical technique [12, 17].

Several limitations should be considered when interpret-
ing the results of this study. First, the relatively small sample
size may have limited the statistical power and generaliz-
ability of the findings. In addition, the multicenter nature of
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the study may have introduced variations in surgical tech-
niques, potentially influencing the outcomes. The inability
to create homogeneous groups and control for factors such
as subscapularis and soft tissue repair status further adds
to the limitations. Future studies with larger sample sizes,
standardized surgical protocols, and more precise subgroup
analyses are warranted to confirm and expand upon these
findings. Despite the potential for better assessment of
patients’ susceptibility to periprosthetic fractures through
bone mineral density measurements, this parameter could
not be evaluated due to the unavailability of this informa-
tion for every included patient in the medical record scans.
It should be noted that this constitutes another limitation of
the study.

Conclusion

Our study compared inlay and onlay humeral components
for Neer Type 4 fractures and cuff tear arthropathy, reveal-
ing improved function and motion with inlay, and potential
instability benefits with onlay. Surgeons should factor in
these findings when selecting techniques, considering com-
plications, and long-term data for durability and outcomes.
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