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using one of three methods in three patient groups (aged 45-78 years, total n = 102) with reduced bone mineral density fol-
lowing a three- or four-fragment proximal humerus fracture: open reduction and internal fixation with a proximal humeral
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treatment methods, and the presence of complications to identify risk factors for poor functional outcomes within 12 months
postoperatively. At each follow-up period (3, 6, and 12 months), no statistically significant differences in mean Constant-
Murley Score values were observed based on sex, age, or time between trauma and surgery. It was established that functional
treatment outcomes showed a positive trend across all analyzed subgroups as the postoperative period increased from 3 to 12
months. Fracture type, cortical index value, and the presence of postoperative complications were the primary factors influen-
cing functional outcomes in the studied sample. At all follow-up stages (3, 6, and 12 months), patients with four-fragment
fractures had worse functional outcomes than those with three-fragment fractures. Similarly, patients with a cortical index
value < 0.36 demonstrated poorer outcomes than those with values of 0.38-0.40, as did patients with postoperative complica-
tions compared to those without. The presence of a four-fragment fracture and a cortical index < 0.36 in patients aged 55-78
years in the studied sample may be considered risk factors for an unsatisfactory functional outcome within 12 months postope-
ratively. To determine both qualitative and quantitative relationships between initial patient conditions and functional out-
comes over time, further studies are required in larger patient groups. Specifically, reverse prosthetics may offer a more ad-
vanced solution for older individuals with reduced bone density in cases of three- and four-fragment fractures, necessitating a

longer follow-up period.
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Introduction

Proximal humerus fractures represent a significant public health
concern due to their prevalence, treatment complexity, and the need
for long-term monitoring and rehabilitation. Over the past 15 years,
the average incidence of these injuries has nearly doubled. While the
exact rate varies depending on geographic region, year, and study
population, estimates suggest that these fractures are the second most
common upper limb fractures, account for up to 60 cases per 100,000
inhabitants annually and constitute between 9.6% and 14.7% of all
upper limb injuries (McLean et al., 2019; Iglesias-Rodriguez et al.,
2021; Czarnecki et al., 2024).

Epidemiological studies indicate a significant increase in the inci-
dence of proximal humerus fractures among individuals over 50 years
of age, particularly in women (Leino et al., 2022; Relvas Silva et al.,
2022). In this population, most fractures are complex and displaced,
with their proportion increasing as the average age of the population
rises. This trend is primarily attributed to a higher likelihood of falls and
progressive mineral bone density deterioration due to aging, which af-
fects an estimated 5.5% of the EU population, contributing to an in-
creased fracture risk (Iglesias-Rodriguez et al., 2021; Patel et al., 2021).

A study conducted in Australia (McLean et al., 2019) reported
that while the incidence of proximal humerus fractures has increased,
surgical treatment rates have significantly declined over the past dec-
ade, particularly among patients aged 65 and older. Consensus on the
optimal treatment strategies for these fractures remains lacking, espe-
cially in elderly patients.

A significant decline in the proportion of hemiarthroplasty (from
19.3% to 3.0%), a decrease in open reduction — internal fixation
(ORIF) procedures (from 76.6% to 72.6%), and a substantial increase
in the use of reverse total shoulder arthroplasty (RTSA) (from 4.1% to
24.5%) indicate advancements in surgical techniques (McLean et al.,
2019; Lin et al., 2022; Zheng et al., 2024). Statistical data suggest that
RTSA has become a favorable choice for treating three- and four-part
displaced fractures in elderly patients, resulting in superior clinical
outcomes and a lower rate of revision surgery compared to other tech-
niques used for similar indications (Du et al., 2017; Larose et al.,
2022; Samborski et al., 2022). Reverse shoulder arthroplasty is now
widely accepted for specific proximal humerus fractures, demonstrat-
ing long-term benefits, broader indications for traumatic injuries, and
high patient satisfaction rates (Yang et al., 2024). However, the over-
all increase in surgical management of complex humeral fractures
does not fully correspond to the rising incidence of such injuries (Igle-
sias-Rodriguez et al., 2021).

Surgical treatment of proximal humerus fractures is a complex in-
tervention that is determined by many indicators and requires long-
term follow-up and rehabilitation, with functional status assessments
playing a crucial role in evaluating patient recovery and return to acti-
vity. Clinical outcomes are seldom determined by a single metric. Va-
rious measurement tools have been developed to critically assess sur-
gical outcomes and functional status, including patient-reported out-
come measures, which provide subjective evaluations of care quality
from the patient’s perspective. These standardized, condition-specific
questionnaires capture unique aspects of different musculoskeletal
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disorders and provide insight into patient responses to treatment.
In the field of orthopedic shoulder disorders, three widely used pa-
tient-reported outcome measures for evaluating surgical outcomes are
the Oxford Shoulder Instability Score (OSIS), Constant-Murley Score
(CMS), and University of California, Los Angeles (UCLA) Shoulder
Score (Yang et al., 2024). Additionally, the Disabilities of the Arm,
Shoulder, and Hand (DASH) Score is commonly applied in this con-
text (Louwerens et al., 2020). These scoring systems have been wide-
ly and successfully implemented in international studies and clinical
settings; however, discussions on their limitations and future applica-
tions persist in the literature.

Comparative analyses have demonstrated their validity for diffe-
rent clinical conditions and their correlation with each other: UCLA
Shoulder Score and CMS show high to very high correlation across
all post-operative evaluations of rotator cuff repair and proximal hu-
merus fracture treatment (Malavolta et al., 2018); OSIS, CMS, and
UCLA Shoulder Score are strong predictors of treatment success
following arthroscopic Bankart repair (Xu et al., 2020); CMS, UCLA
Shoulder Score, and OSIS demonstrated nearly identical ratings at 3, 6,
and 12 months after reverse shoulder arthroplasty (Yang et al., 2024).

Although these scoring systems differ in their scale ranges, their
primary distinction lies in the type of information they collect. OSIS
and DASH are exclusively based on patient-reported data, whereas
CMS and UCLA combine clinician- and patient-reported compo-
nents, allowing for both subjective and objective shoulder function
assessment (Malavolta et al., 2018; Chelli et al., 2019; Louwerens
etal., 2020).

CMS is a multi-point functional scale with a maximum total
score of 100, representing optimal shoulder function (Vrotsou et al.,
2018). It is sensitive to even minor functional changes, easy to admi-
nister, and requires minimal time. Notably, CMS is considered one of
the most widely used clinician-reported tools for evaluating shoulder
injuries (Pires Rodrigues et al., 2018). In Ukraine, CMS has recently
become the predominant tool for assessing functional outcomes fol-
lowing shoulder surgery.

Based on the CMS, the Auto-Constant questionnaire was devel-
oped as an original tool for automated remote functional assessment.
This self-administered tool utilizes photographs of different arm posi-
tions according to CMS guidelines (Chelli et al., 2019). It was consi-
dered more user-friendly for patients, demonstrating high correlations
across major shoulder pathologies and proving valuable for daily
clinical practice.

Recently, the development and implementation of modern tech-
nologies and solutions in medicine, particularly in orthopedics, have
accelerated, aiming to enhance patient satisfaction and restore previ-
ous levels of daily functioning. The application of artificial intelligen-
ce in orthopedic surgery, including shoulder surgery, is being actively
explored (Gupta et al., 2023).

In 2021, a new machine-learning-based tool for quantitative as-
sessment of clinical outcomes after shoulder arthroplasty was intro-
duced — the Shoulder Arthroplasty Smart score — along with a smart-
phone application providing visual instructions and automatic score
calculation (Roche et al., 2021). The Shoulder Arthroplasty Smart
score comprises only six input variables and improves efficiency by at
least 50% compared to other shoulder function assessment tools (Ro-
che et al., 2021). Based on the results of the analysis of the proposed
assessment and its comparison with five other scales, including CMS
and UCLA, conducted on clinical data from 3,667 patients undergo-
ing shoulder joint arthroplasty with 8,104 postoperative follow-up
reports, it was established that the new assessment tool has equivalent
or superior validity, sensitivity, and clinical interpretability for quanti-
fying shoulder arthroplasty outcomes compared to other scales. How-
ever, each of the analyzed assessments exhibited equally high stan-
dardized mean response and sensitivity to effect size, while the thre-
shold values of the Shoulder Arthroplasty Smart assessment were
most similar in magnitude to the CMS assessment (Roche et al.,
2021). In recent years, clinical decision support tools based on ma-
chine learning and artificial intelligence have been developed. Algo-
rithms based on the identification of the most significant characteris-
tics enable precise determination of which patients will achieve clini-
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cal improvement , exceeding patient satisfaction threshold values, and
which will not (Kumar et al., 2020, 2021; Kumar et al., 2022).

A systematic review conducted in 2024 (Karimi et al., 2024) in-
dicates that, overall, models built using machine learning can predict
30-day postoperative complications with 90% accuracy, postoperati-
ve range of motion with over 85% accuracy, and clinical improve-
ment in patient-reported outcomes exceeding the minimal clinically
important differences with an accuracy of 93-99%. Additionally,
these models can predict the duration of hospitalization, the optimal
timing of surgical intervention when necessary, and hospitalization
costs.

With the increasing proportion of elderly individuals in the de-
mographic structure of Ukraine, the importance of measures for iden-
tifying and preventing risk factors for proximal humeral fractures is
growing. These fractures are increasingly becoming a cause of func-
tional limitations and reduced quality of life in older adults.

The European Society of Trauma and Emergency Surgery guide-
lines for proximal humeral fracture in the elderly indicate a clear trend
towards reverse shoulder arthroplasty, especially in patients over
75 years of age, but evidence-based recommendations are still lacking
(Wendt et al., 2021). RTSA is considered the gold standard for sur-
gical treatment of displaced three- and four-part fractures in the elder-
ly (Vall et al., 2022). RTSA has been shown to be associated with a
lower risk of needing re-surgery (Zheng et al., 2024). At the same
time, several authors believe that due to the complexity of the RTSA
technique, the surgeon should have full knowledge of the fracture
characteristics, available surgical treatment options, and possible
complications that may arise, which may enhance patient safety and
contribute to satisfactory clinical outcomes (Czarnecki et al., 2024).

To plan preventive measures, optimize treatment tailored to indi-
vidual patient conditions, and establish economic models in this field,
extensive epidemiological data are required, alongside objective and
subjective indicators of treatment effectiveness and recovery quality.
These indicators must be evaluated from the perspectives of clini-
cians, the healthcare system, and patient expectations, Under these
circumstances, defining assessment tools capable of capturing longi-
tudinal changes while minimizing random errors is crucial for eva-
luating the functional status of patients following surgical treatment
for proximal humerus fractures. These tools should serve as a basis
for the development of automated digital and computational systems for
analyzing and predicting treatment effectiveness, as well as for design-
ing rehabilitation strategies for the upper limb and shoulder joint.

The presented analysis of the literature data justifies selecting the
CMS as the foundational tool for assessing the success of surgical
treatment outcomes for proximal humeral fractures. This choice is
based on expert evaluations that recognize the CMS as an objective,
comprehensive, and integrative scale. It is independent of the diagnos-
tic specifics of the disease or injury, reliable, sensitive even to minor
functional changes, methodologically simple to apply, and requires
minimal time investment. In the context of Ukraine, where digitaliza-
tion remains limited, the CMS offers advantages as a classical model
with a small number of parameters, which can be retrieved from me-
dical records. Additionally, it holds potential for remote application
within modern digital and artificial intelligence-based systems.

The objectives of the study are to assess the effectiveness of
treatment for proximal humeral fractures in patients with reduced
bone mineral density, depending on individual preoperative parame-
ters, and to identify risk factors for a negative functional outcome
within 12 months after surgical treatment.

Material and methods

Patients and data collection. The study performed a retrospective
analysis of the outcomes of proximal humeral factures for 102 pati-
ents. This study was conducted in accordance with the ethical princip-
les outlined in the Declaration of Helsinki and the Good Clinical Prac-
tice guidelines. Ethical approval was obtained from the Ethics Com-
mittee at the Sytenko Institute of Spine and Joint Pathology
(Academy of Medical Science, Ukraine), approval number 191-dated
22.04.2019 and number 229-dated 20.02.2023. Prior to participation,
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all patients provided written informed consent, acknowledging their
voluntary participation and understanding of the study procedures,
potential risks, and benefits. To ensure patient confidentiality, all per-
sonal data were anonymized and securely stored in compliance with
ethical guidelines. The study complied with General Data Protection
Regulation to safeguard patient privacy and medical records. For all
participants, standard preoperative and postoperative protocols were
followed to minimize risks, and no experimental surgical techniques
were employed beyond those approved by institutional guidelines.
Intraoperative and postoperative complications were recorded and
managed according to established clinical protocols. No conflicts of
interest were identified concerning the ethical conduct of this study.

Patients with three- or four-fragment proximal humeral fractures
in the context of reduced bone mineral density underwent treatment
between 2009 and 2023 at the State Institution "Specialized Multidis-
ciplinary Hospital Nel of the Ministry of Health of Ukraine" and the
Municipal Non-Profit Enterprise "State City Hospital No. 16" (Dni-
pro, Ukraine).

All patients underwent standard clinical and radiographic exami-
nations. In addition to demographic data, the following preoperative
parameters were recorded for each patient: affected side, time from
trauma to surgery, fracture type (11-B or 11-C) according to the
AO/OTA classification (Miiller et al., 2012; Marongiu et al., 2020),
and cortical index to assess the severity of bone density loss (den
Teuling et al., 2017).

The treatment method was determined individually based on
fracture type, bone density loss severity, and the general condition of
the patient. Based on the treatment method, patients were divided into
three groups:

— open reduction and internal fixation with a proximal humeral
locking plate with angular stability (PHILOS™) (Group 1, n = 50);

— open reduction and internal fixation with a PHILOS™ plate us-
ing 3D-printed porous polylactide implants (Group 2, n = 44);

— primary reverse total shoulder arthroplasty using an advanced
endoprosthesis or porous elements made from titanium powder via
3D printing and novel friction pairs (Group 3, n=38).

All surgeries were performed by the same surgeon, and the sur-
gical techniques and procedural details are described in detail in the
study (Korzh et al., 2023).

Functional outcomes were evaluated using the Constant-Murley
Score (Constant & Murley, 1987; Vrotsou et al., 2018) at 3, 6, and
12 months postoperatively. Since a significant proportion of patients
(81 individuals, 79.4%) underwent surgery within the first three days
after injury, accurate preoperative CMS assessment was not feasible
due to pain syndrome. Therefore, preoperative CMS values were not
included in the subsequent analysis.

Postoperative complications, when present, were considered in the
analysis; however, specific complication types were not specified.
The analysis of functional outcomes based on complication type was
not performed due to the small number of cases for each complication.

Statistical analysis. Categorical variables were presented as per-
centages, demographic data were reported as means and ranges, and
quantitative assessments were expressed as mean (x) + standard error
(SE). Differences between functional outcomes assessed by the Con-
stant-Murley Score were evaluated using Tukey’s test at a signifi-
cance level of P < 0.05, based on the results of the one-way analysis
of variance (ANOVA).

Results

The primary analysis of demographic and baseline clinical data of
102 patients (Table 1) was conducted to identify variables that may
influence treatment outcomes for inclusion in further analysis. Analy-
sis was conducted to identify the relationships between functional
outcomes of proximal humeral fracture treatment, assessed using the
CMS, and the patient's initial data: sex, age, time between injury and
surgery, affected side, cortical index, fracture type, treatment method,
and presence of postoperative complications. No statistically signifi-
cant differences in CMS values at 3, 6, and 12 months postoperatively

were found based on sex, affected side, or time intervals between
injury and surgery.

Table 1
Demographic characteristics and initial clinical data

Indicator x + SE, range

Age, years
Time between injury and surgery, days
Cortical index

61.1£8.1 (4578)
5.9+13.1(1-90)
0.383 + 0.022 (0.29-0.40)

Indicator Number (percentage)

Sex: female / male
Affected side: right / left
AO/OTA type: 11-B/11-C

78(76.5%) / 24 (23.5%)
78 (76.5%) / 24 (23.5%)
71 (69.6%) /31 (30.4%)

To analyze the effect of age, patients were categorized into sub-
groups with 10-year intervals: 45-54, 55-64, and 65-78 years.
The last subgroup was extended to 78 years, as there were only six
patients older than 75, making it impractical to allocate them into a
separate subgroup. The number of women exceeded the number of
men both in the overall group and in each age subgroup (Fig. 1).

40

30

Number
[ =)
o]

iR RN

45-54 55-64 65-78

Fig. 1. Distribution of patients of different sexes by age subgroups:
axis X —age range (years), axis Y —number of patients in each
subgroup; light green —women, dark green — men

Functional outcomes progressively improved from 3 to
12 months postoperatively, demonstrating a consistent positive trend
across all age subgroups (Fig. 2). However, for each specific time
point (3, 6, and 12 months), no statistically significant differences in
CMS values were found between age subgroups.
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Fig. 2. Dynamics of changes in functional outcomes in patients from
different age subgroups: axis X —age range (years), axis Y — Con-
stant-Murley score; upper and lower borders of the rectangle —25%
and 75% quartiles; horizontal line within the rectangle — median;
vertical line — minimum and maximum values; results at 3, 6, and
12 months post-surgery are indicated in light green, green, and dark
green, respectively; different letters indicate values that were signi-
ficantly different from each other within one subgroup

A statistically significant overall increase in mean CMS was ob-
served in all subgroups as time after surgery increased from 3 to
12 months, when comparing functional treatment outcomes across
subgroups with different cortical index values (Fig. 3) and fracture
types according to the AO/OTA classification (Fig. 4).
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Fig. 3. Dynamics of changes in functional outcomes in patients from
different cortical index subgroups; axis X— cortical index; axis Y —
Constant—Murley score; upper and lower borders of the rectangle —
25% and 75% quartiles; horizontal line within the rectangle — median;
vertical line — minimum and maximum values; results at 3, 6, and
12 months post-surgery are indicated in light green, green, and dark
green, respectively; different letters indicate values that were signifi-
cantly different from each other within one subgroup

At none of the three individual time points after injury were diffe-
rences found in the mean CMS values for subgroups with similar
cortical index values (0.40 and 0.38; 0.38 and < 0.36). Patients with
11-B fractures according to the AO/OTA classification had signifi-
cantly better mean CMS values throughout the observation period (3,
6, and 12 months) compared to patients with 11-C fractures.
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Fig. 4. Dynamics of changes in functional outcomes in patients from
subgroups with two types of fracture according to the AO/OTA clas-
sification; axis X — type of fracture; axis Y — Constant-Murley score;
upper and lower borders of the rectangle — 25% and 75% quartiles;
horizontal line within the rectangle — median; vertical line — minimum
and maximum values; results at 3, 6, and 12 months post-surgery are
indicated in light green, green, and dark green, respectively; different
letters indicate values that were significantly different from each other

Comparison of functional outcomes among patient groups un-
dergoing different treatment methods for shoulder injuries (Fig. 5) re-
vealed a significant increase in mean CMS from 3 to 12 months post-
operatively. However, at each specific time point (3, 6, and 12
months), no statistically significant differences in mean CMS values
were found between groups.

In the study population, 30 (29.4%) cases of various postopera-
tive complications were recorded, including superficial infection
(8 cases), secondary displacement (7 cases), varus displacement of
fragments (7 cases), avascular necrosis of the humeral head (4 cases),
endoprosthesis dislocation (2 cases), and screw perforation of the hu-
meral head fragment (2 cases). All patients with avascular necrosis
(all in treatment group 1) underwent metal structure removal and
RTSA between 6 and 12 months after the primary surgery.

When comparing the functional outcomes of patients in sub-
groups with and without postoperative complications (Fig. 6), all sub-
groups demonstrated a significant increase in mean CMS as time after
surgery progressed from 3 to 12 months. However, the subgroup of
patients with complications showed significantly worse mean func-
tional outcomes at time points 3 and 12 months.
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Fig. 5. Dynamics of changes in functional outcomes in patient groups
undergoing different surgical treatments for proximal humerus inju-
ries; axis X— group number; axis Y — Constant-Murley score; upper

and lower borders of the rectangle —25% and 75% quartiles; horizon-

tal line within the rectangle — median; vertical line — minimum and
maximum values; results at 3, 6, and 12 months post-surgery are
indicated in light green, green, and dark green, respectively; different
letters indicate values that were significantly different from each
other within one group
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Fig. 6. Dynamics of changes in functional outcomes in patients from

subgroups without and with complications: axis X — group type; axis

Y — Constant-Murley score; upper and lower borders of the rectangle
—25% and 75% quartiles; horizontal line within the rectangle — me-
dian; vertical line — minimum and maximum values; results at 3, 6,
and 12 months post-surgery are indicated in light green, green, and
dark green, respectively; different letters indicate values that were

significantly different from each other

To analyze the impact of two preoperative indicators on function-
al outcomes, the mean functional results 12 months after the interven-
tion were analyzed for subgroups with different types of fractures
across two ranges of cortical index for patients in the age range of 55—
78 years (Fig. 7). For type 11-B fractures, the mean CMS values
12 months after the intervention were almost the same across different
cortical index values and did not differ from the CMS for type 11-C
fractures at cortical index values of 0.38-0.49. However, the mean
CMS in the type 11-C fracture subgroup with a cortical index of <
0.36 was significantly lower compared to other subgroups.
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Fig. 7. Functional outcomes in patients aged 5578 years for sub-
groups with two types of fractures according to the AO/OTA classifi-
cation and different cortical index values at 12 months post-surgery:
axis X — type of fracture; axis Y — Constant-Murley score; upper and
lower borders of the rectangle — 25% and 75% quartiles; horizontal
line within the rectangle — median; vertical line — minimum and max-
imum values; results for cortical index 0.38-0.40 are indicated in light
green, while results for cortical index < 0.36 are indicated in dark
green; different letters indicate values that were significantly
different from each other
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Thus, functional outcomes, as determined by CMS, were analy-
zed over the 3- to 12-month postoperative period, considering various
preoperative indicators (sex, age, affected side, time between injury
and surgery, fracture type according to the AO/OTA classification,
cortical index), treatment methods, and the presence of postoperative
complications. All functional outcomes, as determined by CMS, sho-
wed statistically significant improvements at the 12-month follow-up
compared to the values at 3 months postoperatively.

Discussion

Analysis of the demographic characteristics of the study group
showed that the mean age of treated patients was 61.1 + 8.1 years,
while the majority of them (90 individuals, 88.2%) were over
50 years of age, which overall corresponds to the well-known global
trends in the prevalence of complex proximal humeral fractures pre-
dominantly in the older age category against the background of pro-
gressive bone density loss (McLean et al., 2019; Iglesias-Rodriguez
etal, 2021). The gender distribution in the group (78 females and
24 males, with females outnumbering males by a ratio of 3.25:1)
aligns with epidemiological data on the prevalence of shoulder inju-
ries: in the EU, women sustain up to two-thirds of all accidental frac-
tures, with a 1:1 ratio of females to males up to 50 years of age, 4:1 in
individuals over 50 years, and in those over 75 years, females exceed
males by almost 33% (Czarnecki et al., 2024; Iglesias-Rodriguez
etal., 2021; Patel et al., 2021).

Similar to other published results, which highlight the absence of
bias in CMS regarding age, sex, race, or ethnicity (Iglesias-Rodriguez
etal.,, 2021; Roche et al., 2021), no statistically significant differences
in CMS values were found in this study with respect to age (within
the available group range of 45-78 years with a mean of 61.1 years),
as well as gender and affected side, both in the analysis of the entire
sample and when stratified by age. However, these results, obtained
based on available data within a limited age range, do not provide
grounds to either assume or refute a possible relationship between the
functional outcomes of patients with complex proximal humeral
fractures and their age.

The mean functional status scores of patients showed a consistent
positive trend from 3 to 12 months postoperatively, irrespective of
preoperative indicators, treatment method, or the presence of post-
operative complications (Fig. 2-6).

Numerous contemporary medical publications focus on the treat-
ment of proximal humeral fractures. However, it has proven difficult
to find studies comparable to the present one in terms of a combinati-
on of features: surgical treatment results of patients with proximal hu-
meral fractures over 50 years of age, with more than 100 patients
treated by a single surgeon in the group, three- and four-part fractures,
a postoperative follow-up period of at least 12 months, evaluation of
results using the CMS scale, and available data on the rate of post-
operative complications. Existing recent publications on the results of
such surgical treatment vary considerably in terms of the number of
patients, their age and demographic composition, the proportions of
different types of fractures, the duration of postoperative follow-up,
and the scales used for evaluating functional outcomes.

A qualitative assessment of the success of the treatment can be
obtained, in particular, by comparing the results with the CMS scores,
which are indicated as significant improvements relative to the initial
assessment at 24 months after surgical treatment of rotator cuff tears
(85.0 + 12.0) and radial head fractures (73.8 + 13.9) (Malavolta et al.,
2018). The results obtained in the study fit within these limits.

Regarding the rate of postoperative complications, the literature
reports that for similar types of interventions, namely for proximal
humeral fractures treated with open reduction and internal fixation in
patients over 60 years of age, the overall complication rate is 44%,
with a tendency towards an increased frequency of complications in
elderly patients and in more complex fractures (Barlow et al., 2020).
Other authors (depending on the surgical treatment method) report
complication rates of 42.6% (Czarnecki et al., 2024), 23.3% for ORIF
and 10.3% (Alrabaa et al., 2022), 12.1% (Dolci et al., 2021) for
RTSA, and the proportion of patients with avascular necrosis 4%

(Czarnecki et al., 2024). Thus, the obtained rate of postoperative com-
plications is consistent with the results of other studies. The CMS
scores for patients with complications (Fig. 6) indicate functional
improvement 12 months postoperatively.

With the rapid advancement of surgical methods, recent literature
highlights the growing importance of patient involvement in treat-
ment decisions, emphasizing the necessity of assessing treatment ef-
fectiveness not only through traditional scales but also from the pati-
ent’s perspective (Xu et al., 2020). It is considered that for the critical
assessment of any observed differences in treatment, it is not suffi-
cient to use only clinical indicators — although changes in scores may
be statistically significant, they may not be significant from the pa-
tients’ perspective (Yang et al., 2024).

The concept of threshold scores has been introduced — absolute
cutoff values in specific outcome measures with high sensitivity and
specificity for determining patient-perceived treatment success; a sco-
re equal to or exceeding the threshold indicates treatment success,
whereas a score below the threshold indicates unsuccessful treatment
from the patients’ perspective (Xu et al., 2020). Such an evaluation
relates to the maximally acceptable level of symptoms when patients
feel well, thus allowing surgeons to interpret treatment effectiveness,
and its value can be used in comparative studies (Yang et al., 2024).

Threshold scores have been reported for arthroscopic Bankart re-
pair; the indicators depend on time, with a higher score required to
achieve treatment success at longer follow-up: 6 months CMS 68,
12 months CMS 84 (Xu et al., 2020). In a study that included data
from 87 patients, threshold values for reverse total shoulder arthrop-
lasty at 3, 6, and 12 months were determined at CMS levels of 42, 39,
and 52, respectively; these thresholds suggest increasing expectations
with a trend towards higher functional requirements at each time point
(Yang et al.,, 2024). The results in Fig. 2-6 show that the mean CMS
values in the study were higher than those reported in the literature,
especially at 12 months after surgery.

As already noted, the European Society of Trauma and Emergen-
cy Surgery guidelines for proximal humeral fracture in the elderly
tend to indicate reverse shoulder arthroplasty, especially in patients
over 75 years of age (Wendt et al., 2021).

In the present study, the reverse total shoulder arthroplasty me-
thod was applied in Group 3, which included 6 (75%) patients with
type 11-C fractures. The mean functional outcomes recorded in this
group after 12 months of follow-up (Fig. 5) showed no statistically
significant differences from those of other treatment groups, confirm-
ing the effective choice of treatment method according to the fracture
type, the degree of bone density decrease, and the patient’s condition,
as well as the successfully performed intervention and rehabilitation.

Analysis of the results of patients in groups with different treat-
ment methods allows us to propose a differentiated approach to the
choice of surgical treatment for patients with 11-B, 11-C type frac-
tures, according to which ORIF is considered possible and necessary
for 11-B, 11-C type fractures, cortical index = 0.4; for 11-B, 11-C
type fractures, cortical index < 0.4 ORIF is possible, with the manda-
tory use of 3D porous polylactide implants as a reinforcing material;
for 11-C type fractures; cortical index < 0.36, if stable ORIF is techni-
cally impossible, primary reverse total arthroplasty is necessary.

The initial use of RTSA in cases of 11-B, 11-C type fractures and
when ORIF was technically impossible allowed positive results to be
obtained in 75% of patients with a mean CMS score in the subgroup
(81.2 £ 6.4) at 6 to 12 months after surgery, with restoration of shoul-
der joint function in the absence of signs of instability of the endo-
prosthesis components. However, a limitation of this study is the
relatively small number of patients undergoing RTSA, preventing a
quantitative analysis of key risk factors for postoperative complica-
tions associated with this treatment method.

Some of the observed associations between CMS and preopera-
tive indicators may reflect intuitively evident patterns for experienced
clinicians, indicating poorer functional outcomes in older individuals
with greater bone mineral density loss compared to younger patients
with higher cortical index values. At the same time, the identified de-
pendencies characterize CMS as a reliable and predictable tool that
does not produce “outliers” or unexpected results.
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The analysis of CMS values for the combination of two individu-
al preoperative indicators — fracture type and cortical index (Fig. 7) —
and, in particular, the significantly lower functional outcomes at a
cortical index < 0.36 in type 11-C fractures compared to other preo-
perative indicator values for patients in the age range of 55-78 years,
provides grounds for considering fracture type and cortical index as
candidates for risk factors for a negative functional outcome within
12 months after surgical treatment. The combination in elderly pa-
tients of a cortical index < 0.36 with type 11-C fractures requires
special attention from the physician regarding the choice of an effec-
tive treatment method and postoperative rehabilitation conditions.

This approach aligns with findings from a study involving
472 patients (mean age 68 years), where machine learning most accu-
rately predicted postoperative improvement after shoulder arthroplas-
ty, particularly when morphological changes associated with reduced
bone mineral density were incorporated into the analysis, indicating
that structural pathology is critical for optimizing the outcomes of
shoulder arthroplasty (McLendon et al., 2021).

Thus, the functional outcomes of patients following surgical
treatment for proximal humeral fractures, as determined by the CMS
score, enable assessment and comparison of treatment dynamics and
effectiveness over 12 months of postoperative recovery, considering
individual preoperative parameters such as cortical index and fracture
type. The results also allow to determine the potential impact on the
outcome of both individual preoperative indicators and their combina-
tions, as well as to assess the impact of postoperative complications.

However, this study is limited by the amount of data to establish
not only a qualitative but also a defined quantitative relationship be-
tween the initial patient condition data, depending on the type of prox-
imal humeral fracture and cortical index, and functional status indica-
tors at a certain time after surgery. In addition, this study did not take
into account the possible connection between the factors — since lower
bone density can not only influence the choice of surgical intervention
method and the dynamics of functional recovery, but also to a large
extent determine the type of fracture in terms of complexity. Thus this
issue also requires further research.

The authors believe that the CMS scale can serve as a basis for
developing a digital tool for assessing and predicting the success of
treatment for proximal humeral fractures when designing a differen-
tiated surgical treatment strategy for shoulder joint injuries. Conside-
ring the possibilities outlined in the literature for the convenient adap-
tation and transfer of the assessment process to a mobile patient de-
vice, CMS indicators may be recommended for longitudinal self-
assessment without additional and excessive radiological examina-
tions. The development and implementation of such approaches can
free up additional resources, particularly in logistics, to improve the
efficiency of surgical fracture treatment, especially in elderly patients.

The development of such a tool is crucial for improving the quali-
ty of medical care and objectively evaluating patient outcomes in the
long-term under conditions of limited healthcare system resources.
Such efficiency assessments require the application of metrics that are
both convenient for determination and suitable for use in data proces-
sing and analysis systems based on big data technologies. This will
create opportunities for generating large observational samples, ma-
king it possible to achieve a more accurate prediction of rehabilitation
effectiveness under multiple influencing factors using modern ma-
chine learning and artificial intelligence technologies. Additionally, it
will help identify reliable predictors among preoperative factors and
surgical interventions. Such findings can be applied across a wide
range of fields, from assessing the value of clinical treatment to man-
aging national healthcare systems.

Conclusion

Given the increasing prevalence of humeral fractures in the elder-
ly and their impact on the healthcare system in Ukraine, identifying
factors that can enhance the functional outcomes of surgical treatment
is crucial.

For 102 patients (mean age 61.1 + 8.1 years) with proximal hu-
meral fractures associated with decreased bone mineral density, an
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analysis of functional treatment outcomes was conducted. The outco-
mes were assessed using the Constant-Murley Score at 3, 6, and
12 months postoperatively. These improvements were observed re-
gardless of individual preoperative parameters (sex, age, side of inju-
1y, time between trauma and surgery, fracture type according to the
AO/OTA classification, cortical index), treatment methods, or the
presence of postoperative complications.

Further research involving larger cohorts of elderly patients with
reduced bone mineral density and three- or four-part displaced frac-
tures after RTSA is necessary to establish quantitative correlations
between preoperative factors and functional outcomes.

The development of a digital tool based on the CMS scale for as-
sessing and predicting treatment success in proximal humerus frac-
tures holds promise for establishing a strategy for differentiated sur-
gical treatment of shoulder joint injuries, leveraging modern machine
learning and artificial intelligence technologies.

All surgical procedures were performed exclusively for therapeutic purposes,
with no commercial interests or financial incentives affecting patient selection,
surgical techniques, or outcome reporting. No external funding, sponsorships,
or industry affiliations influenced the study design, data collection, analysis, or
interpretation of results.

The authors declare that there are no conflicts of interest related to this study.
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