ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2025. Ne 1 37

VK 616.717.4-001.5-007.234:617.572-089.168

DOI: http://dx.doi.org/10.15674/0030-59872025137-44

Analysis of postoperative complications in the surgical treatment
of proximal humeral fractures in patients with decreased mineral bone density

V. B. Makarov "%, M. O. Korzh!

I Sytenko Institute of Spine and Joint Pathology National Academy of Medical Sciences of Ukraine, Kharkiv

2Municipal non-profit enterprise «City Clinical Hospital Ne 16» of the Dnipro City Council. Ukraine

Objective. To conduct a comparative retrospective analysis of the im-
pact of postoperative complications on functional outcomes following
different surgical treatment methods for proximal humeral fractures
of AO/OTA types 11-B and 11-C in patients over 45 years old with de-
creased bone mineral density. Methods. The study analyzed the sur-
gical treatment outcomes and postoperative complications in 102 pa-
tients aged (61.1 £ 8.1) years, who were divided into three groups
based on the treatment method: (1) open reduction and internal fixa-
tion (ORIF) using a PHILOS plate (n = 50); (2) ORIF with a PHILOS
plate combined with 3D-printed PLA implants (n = 44); (3) primary
reverse total shoulder arthroplasty (RTSA) using a newly developed
total reverse endoprosthesis (n = 8). Functional outcomes in patients
with complications were assessed using the Constant-Murley Score
at 3, 6, and 12 months postoperatively and analyzed based on individ-
ual preoperative parameters and treatment methods. Results. A total
of 30 postoperative complications were recorded, the most common
being superficial infection (7.8 % of the total population), secondary
displacement (6.9 %), varus malalignment of fragments (6.9 %), and
avascular necrosis of the humeral head (3.9 %). The highest number
of complications was observed in Group (1), with 19 patients affected,
accounting for 38 % . For all complications except avascular necro-
sis, a significant improvement in functional outcomes was observed
between 3 and 12 months postoperatively. The mean Constant-Mur-
ley Score in patients with complications at 12 months postoperatively
was (78.7 £ 8.5). Conclusions A retrospective analysis of postopera-
tive complications following different surgical treatment methods
established that, compared to other options, reverse total shoulder
arthroplasty (RTSA) is a modern and optimal surgical treatment op-
tion for proximal humeral fractures of AO/OTA types 11-B or 11-C in
the context of severe bone mineral density reduction, particularly in
elderly patients.

Mema. IIposecmu nopieHAIbHUTI pemPOCNEKMUSHULL AHATI3 6NIUBY
nicasonepayiiHux YCKIaOHeHb Ha (YHKYIOHAIbHI pe3yibmamu 3d
PI3HUX MemOOUK XipypeiuHO20 NIKYEAHHS NEPEIOMIE NPOKCUMATb-
Ho20 6i00iny niewosoi kicmxu munie AO/OTA 11-B, 11-C y nayich-
mie cmapwux 3a 45 poKig i3 3HUICEHHAM MIHepaIbHOI WITbHOCMI
Kicmxoeoi mxanunu. Memoou. Bugueno pesynomamu Xipypeiunozo
smpyyannsa ma nicaaonepayitini ycxkaaonenns ¢ 102 ocio eikom
(61,1 + 8,1) poky, Axi 3a memooom AiKy8anHs po3dineHi na 3 epy-
nu: (1) 8iokpuma penosuyis ma HAKICMKOBUL MeMaio00CmeoCuH-
me3 naacmunoro PHILOS (n = 50); (2) eiokpuma penosuyis ma
Hakicmkosuil memanoocmeocunmes naacmunoro PHILOS i3 euxo-
pucmannam 3D—imnaanmamie PLA (n = 44); (3) nepsunne RTSA
PO3pOOICHUM MOMATLHUM PedepcusHUM eHoonpomesom (n = §).
DYHKYIOHATLHI pe3yIbmamu nayi€Hmie i3 YCKAAOHEHHAMU OYi-
nrosanu 3a cucmemoro Constant-Murley Score uepes 3, 6, 12 mic.
niCas XIPYPeiuHo20 GMPYUAHHS Ul AHATIZYEANU 3AeHCHO 8I0 THOU-
BIOYAILHUX NEePedONepayiHux NOKA3HUKIE | MemoOuKu JiKYEaHHSL.
Pesynomamu. Vevoeo 3agixcosaro 30 eunaokis nicisionepayiiinux
VCKIIAOHEeHb, 3 AKUX HAUNOWUPEHIUMY 0YIU NO8epxHesa iHpeKyis
(7,8 % 6i0 3aeanvHoi nonyaayii), emopunne smiwjenns (6,9 %), ea-
pycHe smiujenns gionamxie (6,9 %), asackynapnuil nekpo3 2o106Ku
nnevosoi kicmku (3,9 %). Haiibinowa xinbkicms yckiaouens 3a-
@ixcosana 6 (1) epyni — 19 ocio (38 %). J{na ecix euois ycxknaonens,
OKPIM aBACKYIAPHO20 HEKPO3Y, BCIAHOBIEHO 00CHOGIPHe NOKPA-
wenns QynkyionanvHux pesyibmamis y mepminu 3 3 0o 12 wic.
Cepeoniti 6an Constant-Murley Score 6 ocid 3 yckaaonenHsmu
uepes 12 mic. nicis empyuanns cmanosus (78,7 £ 8,5). Bucrnosku.
Pempocnexmusnuil ananiz nicisonepayiiHux yCKIAOHeHb 3a pi3-
HUX MEMOOUK XIpypeiunoeo NikysanHsi 00616, wjo RTSA e cyuacnum
i ONMUMAnbLHUM 8apianmom onepayii nPOKCUMANLHUX NepesomMie
naevoeoi kicmku AO/OTA 11-B abo 11-C na ¢oni eupasicenozo
SHUIHCEHHS MIHEPATLHOL WiTbHOCTNI KICMKO80T MKAHUHU, 0COONUBO
6 nayienmie noxunozo 6iky. Knouogi cnosa. llepenom npoxcumans-
HO20 BI00INY NIeYO0B0I KICIKU, Pe8EPCUBHA MOMATbHA APMPONJIAC-
muxa niewogozo cyenoba, RTSA, ycknaonenus, Constant-Murley
Score, minepanvra wineHnicmes Kicmkoeoi mKanuHu, QyHKYionat,-
He OYIHI0BAHHS
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Introduction

Fractures of the proximal humerus (FPH) are
the second most common upper extremity traumas
and account for 40 to 82 % of all injuries, and 57 %
of musculoskeletal ones [1, 2]. In recent times, par-
ticularly in developed nations, shoulder injuries have
been increasingly recognized not only as a medical
concern but also as a source of substantial economic
loss. These injuries and the resultant pain significantly
decrease the quality of life, often leading to a con-
siderable number of hospital stay days on average.
For example, among the working population, up to
30 % of patients report daily pain in the shoulder joint
within a year after the injury [3, 4]. Impaired func-
tion of the upper extremity, in particular the shoulder,
creates critical limitations in professional and daily
activities, leads to deterioration of health due to re-
duced activity, reduced income and overall quality
of life. Therefore, a significant proportion of compli-
cations and repeated interventions in the case of sur-
gical treatment of shoulder injuries is becoming a real
challenge for the healthcare system in the world [3, 4].
Mostly, FPHs are observed in patients over 50 years
of age secondary to a decrease in bone mineral den-
sity, which complicates the choice of the optimal
treatment method to ensure stable fixation and early
mobilization of movements [5—8]. Unlike most two-
fragmentary FPHs, when it is possible to obtain good
functional results during conservative treatment, in
the case of unstable 3- and 4-fragmentary FPHs (AO/
OTA 11-B, 11-C), which are most common in the age
group over 50 years, positive results can be achieved
only with the help of surgical intervention [9, 10].

Recently, in the treatment of FPH fractures in
patients with reduced bone mineral density, there
has been an increase in the use of reversible total
shoulder arthroplasty (RTSA), compared with open
reduction and internal fixation (ORIF) and hemiar-
throplasty (HA) [11-14]. Due to the biomechanically
proven principles of operation and design features
of reversible RTSA endoprostheses, functional out-
comes as assessed by the Constant-Murley Score
have been significantly improved, as they provide
a relatively better impact on health-related quality
of life than other treatment methods [15]. However,
overall, the rate of complications and reoperations
for shoulder injuries remains high, and the analysis
of complications and functional outcomes in people
with FPH fractures is relevant. Thus, according to
a French study, patients with shoulder pain lost 1.8
to 8.1 years of work during a 9-year follow-up pe-
riod, and the decrease in quality of life may persist

even after retirement [4]. The literature highlights
concerns regarding the insufficient quality of studies
and the lack of data on the relative proportion and
distribution by type of complications associated with
the surgical treatment of FPH [16]. The indicators are
mostly obtained from meta-analyses or information
summarized by different clinics and even countries,
which makes it difficult to predict the effectiveness
of surgical treatment of FPH fractures and the dy-
namics of functional results acceptable to the patient
or the need for repeated interventions.

Purpose: to conduct a comparative retrospective
analysis of the impact of postoperative complications
on functional results with different methods of sur-
gical treatment of fractures of the proximal humerus
of types AO/OTA 11-B, 11-C in patients older than
45 years with reduced bone mineral density.

Material and methods

The study materials were reviewed and approved
by the Bioethics Committee at the State Establish-
ment “Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Medi-
cal Sciences of Ukraine” (protocol No. 191 dated
22.04.2019, No. 229 dated 20.02.2023). All patients
involved in the study were familiarized with the plan
of surgical interventions and signed an informed
consent.

The study involved an assessment of anatomical
and functional results of surgical treatment of 102 pa-
tients (mean age 61.1 + 8.1; range 45-78 years) with
reduced bone mineral density and three- and 4-frag-
mentary fractures of the lumbar spine of types 11-B,
11-C according to the AO/OTA classification, as well
as postoperative complications recorded in this pop-
ulation. The severity of bone mineral density loss
was determined by radiographs of the humerus in
the anteroposterior projection with the calculation
of the cortical index (CI). According to the treatment
method, patients were divided into groups as follows:

— I — open reduction, bone-on-bone metal osteo-
synthesis with a PHILOS plate, period 2009-2022
(n=50);

— II — open reduction and bone-on-bone metal
osteosynthesis with a PHILOS plate using 3D PLA
implants were applied, period 2015-2022 (n = 44);

— III — primary RTSA was performed with a de-
veloped total reversible endoprosthesis, the indica-
tion for which in all cases was fractures of the AO/
OTA 11-B or 11-C type secondary to a pronounced
decrease in bone mineral density; period 2015-2023
(n=273).
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The detailed procedure for performing the oper-
ations, as well as the examinations in the pre- and
postoperative periods, has been described in a pre-
vious study [17]. The functional results of the treat-
ment itself were assessed using the Constant-Murley
Score system 3, 6, and 12 months after surgery, and
patients with complications were analyzed depending
on individual preoperative indicators and treatment
methods.

In the statistical analysis, categorical variables
were presented as percentages, demographic data as
means and ranges, and quantitative estimates were
presented as sample means and standard deviations
(SD), expressed as (M £ SD). To visualize the com-
parison of sample values, graphs with SD markers
were constructed. When studying the differences in
mean values, ANOVA and Tukey's test with a signifi-
cance level of p < 0.01 were used.

Results

According to the results of the treatment of 102 pa-
tients, 30 cases of postoperative complications were
recorded. Their distribution by type and treatment
group (Table 1) showed a higher number of com-
plications in group I both in absolute value and in
proportion.

In group I, 4 patients (2 women, 2 men) were
diagnosed with avascular necrosis of the humeral
head due to an unfavorable ORIF outcome (no signs
of consolidation, migration of the metal structure),
so the structure was removed and RTSA was per-
formed 6 to 12 months after the primary surgical in-
tervention; in 6 patients, a secondary displacement
of the greater tubercle up to 10-15 mm was detected
a month after the operation; in 2 patients, varus mi-
gration of the head occurred without significant im-
pairment of the function of the shoulder joint; in one
patient, complete destabilization of the metal struc-
ture occurred, which led to its removal 3 months after
installation.

In group 1I, in the postoperative period, in one
patient, a perforation of the humeral head fragment
occurred with a screw 6 weeks after the operation,
and it was removed under C-Arm control through
a skin puncture under local anesthesia; in one pa-
tient, 3 months after surgery, secondary displacement
of the lesser tubercle up to 8-10 mm occurred; in
5 patients, varus displacement of the humeral head
up to 5 mm was diagnosed, but this did not lead to
perforation with screws. Signs of avascular necrosis
of the humeral head were not recorded in patients
of group II.

Table 1
Distribution of postoperative complications
by type and treatment group

Complication Group
I 11 1
(n=50) | 1=44) | @=8)

Superficial infection 5 2 1
Secondary displacement 6 1 —
Varus displacement of fragments 2 5 —
Avascular necrosis of the 4 o L
humeral head
Perforation of the fragment of the 1 1 L
humeral head with a screw
Destabilization of the metal structure 1 — —
Dislocation of the endoprosthesis — — 1
Total 19 9 2

In group III, one case of superficial infection and
one dislocation of the endoprosthesis were recorded
among patients.

In all cases, superficial infection was eliminated
by antibacterial local and systemic therapy.

Determination of the directions of further analysis
implied consideration of the demographic and pre-
operative indicators of the patients (Table 2). Within
the age range of patients 45—78 years, the division into
age subgroups was carried out with a 10-year group-
ing interval, namely 45-54, 55—64 and 65-78 years;
the last subgroup was expanded to 78 years, since in
total there were only 6 subjects over 75 years of age
and their allocation to a separate age subgroup was
inappropriate.

There were no differences in mean age, sex ra-
tios and side of injury between subgroups of patients
with and without complications. Among patients in
the age subgroups 55—64 and 65-78 years, compli-
cations were recorded on average twice as often as
in patients aged 45—54 years. In the subgroup of pa-
tients with complications, the proportion of type 11-C
fractures was higher, compared to patients without
complications.

During the analysis of bone mineral density in-
dicators for patients without complications, the cor-
tical index was (0.386 + 0.020), with complications
(0.374 + 0.025), and among patients who had a CI
within 0.38 + 0.40, the proportion of complications
was 20.2 %, in the case of CI < 0.36 it was as high as
53.6 %.

When comparing the functional results of pa-
tients on the CMS scale within each individual ob-
servation time (3, 6 and 12 months after the interven-
tion), no significant difference was obtained between
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Table 2
Patient demographics and preoperative characteristics (N = 102)
Indicator Patient Category Person
with complications | without complications with complications | without complications
Number (proportion) 30 (29.4 %) 72 (70.6 %) )
Age, years 63.2+7.6 60.3+8.2 g‘;‘:}fi ify(;]:ém);
23 (76.7 %) / 55(76.4 %) / 45-54 pokiB (n=19) | 3 (15.8 %) 16 (84.2 %)
Sex, number (proportion): 7 (23.3 %) 17 (23.6 %) 55-64 pokis (n =44) | 13 (29.5 %) 31 (70.5 %)
female/male 22(73.3 %)/ 56 (77.8 %) / 65-78 pokis (n=39) | 14 (35.9 %) 25 (64.1 %)
8 (26.7 %) 16 (22.2 %)
Side of injury, o o
number (proportion): 2% (;ég 0;0) / 5166(7272'82 ﬁ;) / Metonuia
right/left ( . 0) ( . 0) J'[?KyBjdHHﬂ,
T ot im0 AC/ KUIBKICTH (JacTKa):
ype of fracture according to I rpyia (n =50
OTA, 17 (56.7 %) / 54(750%) /| fgyna((n _ 43‘) 59( 2(385-0;/;) g; E%.(S) Zjog
number (proportion): 13 (43.3 % 18 (25.0 % - =7 = 0
e 8 GOy 08 |2050%)  |6(750%)
operative indicators of patients was carried out for
5 % the selected subgroups, which revealed different
H | proportions of AO/OTA 11-B and 11-C fractures, as
%« 85 | ‘ well as the average CI values for these subgroups (Ta-
S s ‘ ‘ ble 3): varus displacement of fragments was observed
% i ‘ mainly after type 11-B fractures, secondary displace-
iz 65 ment after 11-C, avascular necrosis of the humeral
E, head in the case of 11-C with CI values < 0.36.
S 55 For subgroups of patients with the three most com-
é A B c mon postoperative complications in this study, the dy-

Fig. 1. Functional outcomes of patients with and without

complications; X-axis — comparison subgroups: A —
complications excluding superficial infection (n = 22), B —
superficial infection (n = 8), C — without complications

(n = 72). Values for different terms after intervention (months)
are indicated by different colors: light blue — 3, blue — 6,
blue — 12

the indicators of patients with superficial infection
(n = 8) and people without complications: at the same
time, the average values in these subgroups had sig-
nificant (p = 0.005 < 0.01) positive changes from 3
to 12 months of observation (Fig. 1). Given that pa-
tients with superficial infection achieved a functional
outcome at the level of those without complications,
their data were not taken into account in further study
of postoperative complications.

For the following study, three subgroups of com-
mon complications were selected in sufficient num-
bers for comparative analysis: secondary displace-
ment (n = 7), varus displacement of fragments
(n = 7), and avascular necrosis of the humeral head
(n=4). Since in the general population the proportion
of complications varies for different types of frac-
tures and values of bone mineral density indicators,
a more detailed examination of the individual pre-

namics of the Constant-Murley Score scale was also
analyzed 3, 6, and 12 months after the intervention
(Table 3). A significant improvement in functional
outcomes was found in patients with secondary dis-
placement from 3 to 6 months (p = 0.001 < 0.01), and
for those with varus displacement of fragments from
3 to 12 months after the injury (p = 0.003 < 0.01).
In patients with avascular necrosis of the humeral
head, the Constant-Murley Score deteriorated from
(72.5 £ 2.9) in 3 months to (62.5 + 2.9) in 6 months
after the intervention.

Discussion

The demographics of the patients who participated
in the study, and in particular the subgroups with
complications, correspond to the known global trends
in the prevalence of FPH fractures mainly in the age
category of people over 50 years [2] and the average
European indicators of a 2-3 times higher rate of such
fractures among women [1, 6, 7].

The overall rate of complications in the study pop-
ulation was 29.4 %, the highest value by treatment
group — 38 % in group I. Systematic reviews and
study reports of recent years contain conflicting val-
ues and assessments of the rate of postoperative com-
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Table 3

Preoperative indicators and functional outcomes of patients by type of complications

Indicator Secondary displacement (n = 7) Varus displac(emeg; of fragments Avascular necroiis of"t;he humeral head
n= n=

Proportion in the general population 6.9 % 6.9 % 39%
Age, years 58.8+£9.5 679+4.2 66.3+8.2
Cortical index 0.380 +0.020 0.366 + 0.018 0.358 £0.005
Number (proportion) of AO/OTA
fractures 11-B / 11-C 2 (28.6 %) /5 (71.4 %) 6 (85.7 %) /1 (14.3 %) 1(25%)/3 (75 %)
Constant-Murley Score in
— 3 months; 70.9 £2.3% ** 70.0 £ 5.0* 72.5£2.9% **
— 6 months; 75.7 £ 1.9%* 75.0£5.0 62.5 +£2.9%*
— 12 months after intervention 77.1 £3.9% 81.4 +6.3* 62.5 +2.9%

Note. Different numbers of * indicate values that are significantly different from each other within the same column
of the table according to the results of comparison using the Tukey test.

plications with different methods of surgical treat-
ment of FPH fractures.

In [18], it was reported that, in 173 patients over
60 years of age, ORIF for the treatment of FPH had
a complication rate of 44 % and a reoperation rate
of 11 %; the failure rate was 39 % for 3-fragment
fractures and 45 % for 4-fragment fractures. The av-
erage complication rate after shoulder surgery was
42.6 % [1]. According to [19], the overall complica-
tion rate after RTSA was 12.1 %, with dislocation
being the most common (2.5 %). It was also noted
that compared to patients after ORIF or hemiar-
throplasty, older or female patients who underwent
RSA had a higher Charlson comorbidity index. Pa-
tients who underwent ORIF had a higher incidence
of both complications (23.03 % vs. 18.62 %) and reop-
erations (20.3 % vs. 10.3 %) than patients who under-
went RSA [12]. After revision shoulder arthroplasty,
complications occurred in 34 % of cases, with 20 %
requiring reoperation [20].

The proportion of patients with avascular necrosis
reported in these studies, 3.9 %, is consistent with
the results of other investigators (4 %) [1].

Thus, the overall proportion of complications and
the percentage of their individual types found in this
study are generally within the ranges of postoperative
complication estimates reported in the literature for
similar types of surgical procedures.

The mean CMS in the subgroup of patients with
complications is lower than in the remaining pa-
tients (Fig. 1), but the results 12 months after sur-
gery, except for those with avascular necrosis, are
satisfactory. The average CMS score for patients with
complications after 12 months was (78.7 & 8.5). This
suggests an effective selection of treatment method
and management of complications, aligning with cur-

rent RTSA practices as the complication rate is lower
than the group average.

Analysis of negative ORIF results in patients
of group I, where porous PLA implants could be
used, allowed us to propose a differentiated approach
to the choice of surgical treatment for people with
AO/OTA 11-B, 11-C type FPH fractures, according
to which in case of CI = 0.4-0.5, ORIF is considered
appropriate and necessary; under CI < 0.4, ORIF is
possible, with the mandatory use of 3D-porous poly-
lactide implants as a reinforcing material; for AO/
OTA 11-C type; CI < 0.4, in case of technical impos-
sibility of stable ORIF, primary reversible total hip
arthroplasty is necessary [17].

The initial use of RTSA in cases of AO/OTA
11-B, 11-C type AO/OTA fractures and in conditions
where ORIF was technically impossible allowed for
positive results in 75 % of cases 6 to 12 months after
surgery with an average CMS score in the subgroup
(81.2 £ 6.4) with restoration of shoulder joint function
in the absence of signs of instability of the endopros-
thesis components [17]. However, a limitation of this
study is the relatively small number of both the total
number of people with RTSA and the number of pa-
tients with complications among them, which makes
it impossible to conduct a quantitative analysis to
identify the main risk factors for postoperative com-
plications during this treatment method. The recom-
mendations of the European Society of Trauma and
Emergency Surgery (ESTES) for FPH in the elderly
indicate that the risk factors for failure in the case
of HA are age, sex, the presence of comminuted
tubercles, avulsion fractures, and decreased bone
mineral density. There is a clear trend towards re-
verse shoulder arthroplasty, especially in people over
75 years of age, while RTSA, especially secondary to
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other surgical interventions, provides good clinical
results with a low number of revisions [21]. This tech-
nique is considered the gold standard for the treat-
ment of 3- and 4-part displaced fractures in the el-
derly [16].

The information provided [15] proves that conser-
vative therapy and RTSA are associated with a lower
risk of need for re-intervention. At the same time,
a number of authors believe that due to the com-
plexity of the RTSA technique, the surgeon should
have a complete design of the fracture characteris-
tics, available surgical options and possible compli-
cations that may occur, as this will increase safety
and ensure satisfactory clinical results [1]. Accord-
ing to the observations of Tagliero et al. [20], among
patients with negative consequences of RTSA, 12 %
had persistent dislocations, and 10 % had radiolog-
ical signs of loosening of the endoprosthesis stem.
Analysis of the results of RTSA, including the as-
sessment of previous conservative or surgical treat-
ment of FPH, type of fracture, type of reversible
endoprosthesis, type of prosthesis or osteosynthesis
of the tubercles, proved the lack of statistical signif-
icance of factors affecting the risk of endoprosthesis
dislocation [20]. Younger age and diabetes mellitus at
RTSA significantly increased the risk of reoperation
(p = 0.013 and p = 0.037, respectively). The authors
noted a trend towards an increased risk of reoperation
in patients who had failed ORIF in FPH at the first
stage (hazard ratio = 2.95), but without reaching
statistical significance [20]. When comparing the two
groups (total 125 people, ORIF in 66 (52.8 %), RTSA
in 59 (41.2 %), both groups had comparable Charlson
indices) it was shown that the overall complication
rate was 37.8 for ORIF and 22.0 % for RTSA, with
revision rates of 12.1 % and 5.1 %, respectively [22].
Multivariate analysis did not show significant differ-
ences between the two types of surgery (P = 0.500),
but age was an independent significant factor in
overall complications (P = 0.018) [22]. Risk factors
for serious complications after ORIF were low bone
mineral density, varus impression FPH, posterome-
dial fracture line with a distance between fragments
greater than 8 mm, diaphyseal displacement >4 mm,
and multifragmentary tubercle fractures. For RTSA,
more complications were observed in patients with
a higher Charlson index, diabetes mellitus, and tu-
bercle fractures, although the authors emphasize that
the Neer classification system was not predictive in
either group [22].

It should be noted that for each surgical technique
for the treatment of FPH, the incidence of complica-
tions has been decreasing in recent years [13]. This is

due to the improvement of biomechanical character-
istics and implant design for both ORIF and RTSA,
combined with the accumulation of experience of sur-
geons [23]. An important factor is the abandonment
of hemiarthroplasty and the preference for RTSA in
FPH, especially in patients over 65 [14].

Thus, the choice of RTSA compared to other sur-
gical options is a modern and optimal way to treat
proximal humeral fractures AO/OTA 11-B or 11-C
against the background of a pronounced decrease in
bone mineral density, especially in elderly patients.

However, evidence-based recommendations are
still lacking [21]. In patients with AO/OTA 11-B, 11-C
FPH, RTSA is a reliable surgical treatment option
with predictable functional outcomes and few revi-
sions [21]. Hemiarthroplasty is appropriate if fixation
and healing of the tubercles are achievable. Unfortu-
nately, this is not the case in most fractures. Risk fac-
tors for failure include age, sex, comminuted tubercle
fractures, avulsion fractures, and low bone mineral
density [21].

So, can RTSA be considered the gold standard
for the treatment of proximal humeral fractures in
the elderly when ORIF is not technically feasible and
conservative treatment fails to relieve pain and re-
store upper limb function? The answer is currently
unknown. The literature suggests mostly low-qual-
ity studies, which requires further work to achieve
a complete understanding of this important issue.

Conclusions

Retrospective analysis of postoperative compli-
cations with different surgical methods of treating
proximal humeral fractures of types AO/OTA 11-B,
11-C in patients over 45 with reduced bone mineral
density revealed a higher proportion of complications
in patients who underwent open reduction and bone-
on-bone metal osteosynthesis with the PHILOS plate
(38% of the group).

Comparative analysis of functional outcomes
with complications established that patients with
superficial infection did not differ from those with-
out complications in terms of the dynamics of func-
tional changes during the observation period
(p = 0.005 < 0.01); patients with secondary and varus
displacement of fragments had a significant improve-
ment in functional outcomes in the period from 3
to 12 months (p = 0.001 < 0.01; p = 0.003 < 0.01,
respectively).

Avascular necrosis of the humeral head in this pop-
ulation was recorded only in patients who underwent
open reduction and bone-on-bone metal osteosynthe-
sis with the PHILOS plate, mainly after type 11-C
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fractures with CI values < 0.36. In them, CMS indi-
cators deteriorated from (72.5 + 2.9) in 3 months to
(62.5 &+ 2.9) in 6 months after the intervention.
RTSA, compared with other techniques, is a mod-
ern and optimal option for surgical treatment of prox-
imal humeral fractures AO/OTA 11-B or 11-C against
the background of a pronounced decrease in bone

mineral density, especially in elderly patients.
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