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Abstract

Background. The most severe type of injuries of the proximal epiphysis of the humerus are intraarticular
fractures. One of the main complication is the development of avascular osteonecrosis, which is caused by the
peculiarities of blood supply of the humeral head and its compromised vascularization as a result of trauma.
Current osteosynthesis techniques for intraarticular fractures of the proximal humerus (PH) do not reduce
the risk of avascular osteonecrosis of the humeral head (AONHH) and do not reduce the risk of nonunion. To
prevent ischemic changes in the humeral head, osteosynthesis with reparative osteogenesis stimulation is
recommended.

Aim of the study — to specify indications for various fixation techniques of intraarticular fractures of the
proximal humerus.

Methods. The study enrolled 48 patients with AO/ASIF type 11C1 and 11C2 intraarticular PH fractures
requiring surgical treatment. All patients were allocated into 2 groups. Retrospective (control) group included
25 patients who were treated using locking plate osteosynthesis or intramedullary locking osteosynthesis with
proximal humeral nails. Prospective (main) group included 23 patients who were additionally treated with a
vascularized musculoskeletal graft from the coracoid process of the scapula transplanted to the fracture area.
Results. Functional treatment results of patients who underwent surgery using vascularized musculoskeletal
grafts from the coracoid processes of the scapula (71.50% were excellent and 14.3% were good) were better
than those of the control group (35.28% were excellent and 17.64% were good). Consolidation of the fracture in
the control group occurred in 92% of cases (23 patients); the remaining 8% (2) of patients had pseudoarthrosis
of the anatomical or surgical neck of the humerus developed within 6 months after the surgery. In the main
group, the fractures consolidated in all patients.

Conclusion. Fractures with no damage to the bicipital groove should be considered an indication for
performing plate osteosynthesis without vascularized musculoskeletal grafting. Locking osteosynthesis in
case of intraarticular PH fractures makes it much more difficult to reduce the humeral head and the tubercular
area. Locking osteosynthesis decreases the rigidity of fixation of fragments, which may contribute to their
secondary displacement.
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Bbibop MeTOoAa OCTEOCUHTE3A NPU BHYTPUCYCTaBHbIX NepesioMax
NPOKCUMManbHOro 3nudusa naevyeBomn KOCTH
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Pedepar

AxmyanvHocme. Hanbosnee TsKkenoit kaTeropueil mepeioMOB MPOKCUMMAIbHOTO 3MudM3a IaedeBoit KOCTU
SIBJIIIOTCSI BHYTPUCYCTaBHbIe MOBpeskaeHusi. OMHMM U3 OCHOBHBIX OCJIOKHEHMIt sIBsieTcs GopMuUpoBaHMe
aBaCKyJIIPHOTO HEKpo3a, MPUUMHOI KOTOPOTO CIYXXaT OCOOEHHOCTM KPOBOCHAOKeHMSI TOJIOBKM IieueBOit
KOCTY U HapylIeHue ee BaCKy/IsIpMU3aluy BCIeICTBYE TpaBMbl. Cyl[eCTBYIONIME B HACTOSIEE BPEMSI CITOCOOBI
OCTeOCMHTe3a BHYTPUCYCTAaBHbBIX ITepPeIOMOB MPOKCUMAJIbHOTO oThea IaeueBoit Koctu (TTIOIK) He cHMKaOT
pUCKa pa3BUTHUS acelTUUYeCKOTO HeKpPo3a rosioBKM riedeBoii Koctu (AHTTIK) 1 He yMeHbIIalOT pUCK Hecpa-
meHuit. I npo@unakTuky UilleMuyecKuX M3MeHeHMi TOMIOBKHM TIieueBOi KOCTY PeKOMEHAYeTCs UCIIONb-
30BaTh METOZ, OCTEOCMHTE3a C 37IEMEHTOM CTUMYJISILIMU pellapaTUBHOrO OCTeoreHesa.

Ilenv uccnedosanus — yTouHeHye TTOKa3aHU K IpUMeHeHUIO Pa3IMUHbIX METOOB XUPYPIUUECKOTo JIeUeHMsI
BHYTPUCYCTaBHbBIX [I€PEIOMOB ITPOKCUMAJILHOTO OTAE/A I1JIeYeBOt KOCTH.

Mamepuan u memodesi. B viccienoBanne BKIOUeHO 48 HaOM0eHNIt MAllMeHTOB C BHYTPUCYCTABHBIMU T1epe-
nomamu ITOIIK tumnos 11-C1 u 11-C2 no knaccuduxauum AO/ASIF, Hy:KIawouuxcs B OepaTUMBHOM JIeUeHUMN.
U3 obuiero xonuyecTsa naiueHToB 0bLIM cHOpMMUPOBAHBI ABe TPYMIIbL. B peTpocneKTUBHYI0 (KOHTPOIbHYIO)
TPYIIIY BOLUIM 25 MalMeHTOB, KOTOPHIX JIEUMIU C UCIIO0/Ib30BaHMeM HaKOCTHOTO OCTeOCHHTe3a IUIAaCTUHOM ¢
YIJIOBOJi CTAaOMIBHOCTBIO MY MHTPaMeAY/UIIPHOTO GJIOKMPYEMOTO OCTEOCHMHTE3a MPOKCUMMAaTbHBIMU ILIEeUe-
BbIMM IITH(TaAMM. B MpocneKTUBHYI0 (OCHOBHYIO) TPYIITYy BOLUIM 23 MaljMeHTa, MpU JeueHUM KOTOPBIX J0-
MTOJTHUTENIBHO BBIMOHSUIM TIepecajKy HeCBOOGOMIHOTO KOCTHO-MBILIIEYHOTO TPAHCIIAHTATA U3 KIIOBOBUAHOTO
OTPOCTKa JIOMATKM B 30HY lepeioMa.

Pesynomampi. PyHKUIVOHAIbHbIE Pe3y/bTaThl JIeueHUs MMalMEHTOB, OIIEPUPOBAHHBIX C UCIIONb30BaHMEM He-
CBOOGOIHBIX KOCTHO-MBIIIEUYHBIX TPAHCILIAHTATOB U3 KJIIOBOBMIHOTO OTpOCTKA JionaTku (71,5% OTIMYHBIX U
14,3% xopolnx pe3ynbTaToB), Iyullle pe3yabTaTOB KOHTPOJIbHOI TpyIIbl (35,28% ominunbix U 17,64% xopo-
LIMX pe3y/abTaTOB). B KOHTPOIBHOI rpyIile KOHCOMMUAALus repeioMa npousouia B 92% ciayJyaes (23 nauyueH-
Ta), Y OCT/IbHBIX 8% (2) MallMeHTOB OTMeueH UCXO0[, B BUJIe JIOXKHOTO CycTaBa 00/1acT¥ aHATOMUYECKO MU XU-
PYPIMYECKOV LIEVKU IIJIeYeBOI KOCTYU B TEUEHME 6 Mec. II0c/Ie onepanuy. B OCHOBHOI TpymiIe y BceX MaleHTOB
repesioMbl KOHCONUAVPOBAINCD.

3aknouenue. TlokazaHmeM Jj1s BBITIOTHEHMS] HAKOCTHOTO OCTEOCUMHTEe3a 6e3 HeCBOGOHON TpaHCIUIaHTAl[UK
KOCTHO-MBIIIEYHOTO JIOCKYTa CJIEAYET CUMTATD IIEPEIOMbI 6€3 HapyIIeHUs 1[eIOCTHOCTU MeKOYTOpKOBOit 60-
po3nbl. [IpuMeHeHMe GIOKMPYIOLIETO OCTEOCHHTEe3a MpU BHYTpUCYCTaBHbIX Mepenomax [TOIIK sHaunuTenbHO
3aTPyOHEHO HEOOXOMMMOCTHIO PETIO3ULIMY TOMIOBKM U GYTOPKOBOJ 30HBL. I[Ipy GIOKMUPYIOIIEM OCTEOCUHTE3e
CHUXKAETCS KECTKOCTb (DPMKCAIMYU OTIIOMKOB, YTO MOXET CIIOCOGCTBOBATh MX BTOPUUYHOMY CMEIeHUIO.

KinroueBbie ciioBa: BHYTpMCYCTaBHOﬁ IepejgoM NMpOKCHMMAaJIbHOTIO OTAe/1a IIe4eBOit KOCTH, HaAKOCTHBII OCTeO-
CUHTE3, CTUMYJIALNMA perrapaTMBHOIO OCTeOreHesa, HeCBO60,Z[HbII7[ KOCTHO-MBbIIII€YHbIN TPAaHCILJIAHTAT, aCeIITun-
YyecKuit HEKpPO3 ITPOKCMMAa/JIbHOTI'O E)HI/ICI)I/IBH IJIe4eBOil KOCTU.

IOnss uurtupoBanms: AdanacreB [0.A. BpiGOp MeToma OCTEOCHHTe3a IIPUM BHYTPUCYCTABHBIX IIeperiomMax
MpOKCUMMaNbHOrO snudusa 1ieueBoit KocTu. Tpaemamonozus u opmoneduss Poccuu. 2023;29(2):38-45.
https://doi.org/10.17816/2311-2905-2370.
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BACKGROUND

Fractures of the proximal humerus (PH) ac-
count for about 6% of all fractures, with a peak
incidence in the age group of 60 to 90 years [1].
Among patients over 65 years old, these frac-
tures are the third most common after the in-
juries of osteoporosis critical areas [2]. Despite
many studies proving the inefficiency of con-
servative methods of PH treatment, the com-
parison of surgical and conservative methods is
constantly under study. Currently, the prevail-
ing opinion is that the conservative treatment of
unstable comminuted fractures of the proximal
humerus leads to unsatisfactory results in the
majority of cases [3]. Their surgical treatment
is represented by three main techniques: os-
teosynthesis with angular stable locking plates,
intramedullary locking osteosynthesis with dif-
ferent modifications of proximal humeral nails
(PHN) and shoulder arthroplasty. There are also
original fixators of limited use. External fixa-
tion of PH fractures is not widespread due to its
technical complexity and the need for regular
control of fixator’s state.

Despite the developed clinical guidelines for
treatment, the choice of osteosynthesis method
for intraarticular PH fractures remains a rele-
vant problem, primarily due to a high incidence
of postischemic changes in the humeral head.

Aim of the study — to clarify indications for
various techniques of surgical treatment of in-
traarticular fractures of the proximal humerus.

METHODS
Study design

A single-center retrospective prospective co-
hort non-randomized controlled (active con-
trol) study was performed and included 48 cases
of patients with intraarticular PH fractures who
were treated on an inpatient basis and subse-
quently followed up on an outpatient basis.

Inclusion criteria: patients aged 20 to includ-
ing 80 years with AO/ASIF type 11C1 and 11C2
fractures [4] (excluding fracture dislocations) or
with the consequences of PH fractures requiring
surgical treatment.

All patients were allocated into 2 groups.
Retrospective (control) group included 25 pa-
tients who were treated using locking plate oste-
osynthesis or intramedullary locking osteosyn-

thesis with proximal humeral nails. Prospective
(main) group included 23 patients who were ad-
ditionally treated with a vascularized musculo-
skeletal graft from the coracoid process of the
scapula transplanted to the fracture area.

Examination of patients

All patients underwent clinical and radiological
examinations. Clinical examination included his-
tory and complaints intake, as well as assessment
of patients’ status localis. Radiological examina-
tion consisted of shoulder X-rays in two or three
views, MRI and multispiral computed tomogra-
phy (MSCT) and aimed to assess the degree of
osteosclerosis and associated dystrophic changes
and/or damages to the shoulder rotator cuff ten-
don and the severity of the secondary omarthri-
tis. Radiological dynamics of changes in the frac-
ture area and bone structure of the humeral head
were studied.

Assessment of results

Clinical outcomes were assessed using the ASES
questionnaire: intensity of pain syndrome (PS)
and level of activities of daily living (ADL). The
grade of avascular osteonecrosis of the humeral
head (AONHH) was assessed using the radiologi-
cal data.

Statistical analysis

Distributions of the samples of continuous vari-
ables of age, postoperative examination time,
ASES, abduction, flexion, internal and external
rotation were tested for agreement with the law
of normal distribution using Shapiro-Wilk test;
equality of variance in the compared groups
was tested using Fisher's criterion. Most dis-
tributions were non-normal and heteroscedas-
tic. Therefore, continuous variables were com-
pared using the nonparametric Mann-Whitney
U-criterion. Pseudomedian of differences (PM)
and standardized mean difference (SMD) were
calculated to assess the difference between the
groups. Continuous variables were described as
median [first quartile; third quartile] (M [Q1; Q3],
minimum and maximum values (min-max).
Binary variables of consolidation and eleva-
tion were described as the number of events and
incidence with 95% confidence interval (CI) us-
ing Wilson's formula (n, % [95% CI]). Risk dif-
ference (RD) and odds ratio (OR) with 95% CI
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were calculated to assess group differences.
The number of patients and detection rate
(grade — n (%)) were calculated for the grades of
categorical AONHH. Binary and nominal varia-
bles were compared using two-tailed Fisher's ex-
act test. Comparing grades in nominal variables,
the multiple comparison error was corrected
by Benjamini-Hochberg criterion.

Statistical hypotheses were tested at the criti-
cal level of significance p = 0.05, i.e. the differ-
ence was considered statistically significant at
p<0.05. Statistical analysis was performed using
the Rstudio software (version 2022.07.2+576,
2022-09-06) in the R language (version 4.1.3).

RESULTS

Results were evaluated 12-24 months after the
surgery (Table 1).

The distribution of grades of AONHH in the
main and control groups differed statistically
significantly (p = 0.010): grade 0 in 12 (48.0%)
and 20 (87.0%) patients, respectively (p = 0.018),
grade 4 in 10 (40%) and 2 (8.7%) patients, respec-
tively (p = 0.028). No differences in grade 3 were
found (p = 0.610) (Fig. 1).

Range of active motions in the groups was
comparable: in the main group it was on average
5-10° lower (p = 0.483-0.532) (Fig. 2).

Table 1
Comparison of values of parameters between the main group and the control group
Control group Main group Evaluation
Parameter n=25 n=23 of differences b
Age, y.o.
M [Q1; Q3] 67 [55; 70] 65 [62; 76] TIM: 4 [-3; 9] 0,296
(min-max) (33-77) (46-81) CPC: 0.43
Term of postoperative examination,
mos. 48 [24; 48] 18 [11; 24] IIM: 24 [12; 36] <0.001*
M [Q1; Q3] (12-68) (6-36) CPC: 1.52 ’
(min-max)
Bone union, number (%)
[95% CI] 23 (92) 23 (100%) PP: 8% 0,491
[75%; 98%] [86%; 100%] [3%:; 19%]
PS, points
M [Q1; Q3] 45 [35; 50] 45 [45; 50] TIM: 5 [0; 10] 0,017*
(min-max) (5-50) (35-50) CPC: 0.83
ADL, points
M [Q1; Q3] 37 [22; 45] 33 [29.5; 42] TIM: 0 [-6; 10] 0,877
(min-max) (12-50) (22-50) CPC:0.18
ASES, total score
M[Q1; Q3] 80[62; 88] 80[77; 88.5] IIM: 4 [-5; 16] 0,535
(min-max) (27-100) (68-95) CPC: 0.54
* — statistically significantly different values.
p =0.018*
100%
90% 87% (20)
80% Groups
70% R L1 . — 0.028* Control
60% (n=125)
50%1 —48% (12) T Main
% p=0.610 o (n=23) . s
;g; Fig. 1. Distribution of grades
203«2 . of avascular osteonecrosis
10% ] 4% (1) of the humeral head in the
0%  — groups
0 3 4

Humeral head osteonecrosis, grade
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Fig. 2. Range of active motions in the shoulder in the
groups

Median PS values in the main and control
groups were 45 [35; 50] and 45 [45; 50] points, re-
spectively. In the main group, PS was statistically
significantly greater by an average of 5 points
(p = 0.017). Median ADL values were 37 [22; 45]
and 33 [29; 42] points. In the main group, ADL
was statistically significantly greater by an aver-
age of 3 to 5 points (p = 0.088) (Fig. 3).

&8 Main & Control

p=0.535ns

901

60 1 p=0.0168* p=0.877ns

Nl

ASES general P:

Scores

Fig. 3. PS and ADL values in the groups

In the control group, bone union occurred in
92% of cases (23 patients) (p = 0.491); the remain-
ing 8% (2) of patients, developed pseudoarthrosis
of the anatomical or surgical neck of the humerus
within 6 months after surgery. There were no cas-
es of pseudoarthrosis in the main group; fractures
in all patients healed.

DISCUSSION

When choosing a method of osteosynthesis for
intraarticular fractures of the proximal epiphy-
sis of the humerus, the practicing surgeon is
faced with the problem of minimizing the sur-
gical trauma and preserving the blood supply
of the fragments, on the one hand, and ensur-
ing accurate reduction and stable rigid fixation,
on the other. Intramedullary osteosynthesis is
widely used in the treatment of type C fractures
mainly due to advanced screw locking system
and is considered to be the method of choice in
elderly patients because it provides sufficient
stability of fragments [5]. Angular stable lock-
ing fixation systems have higher internal sta-
bility values, so they maintain better reduction
at the stage of postoperative functional treat-
ment [6]. In 2013, P.G. Kogan et al. considered
intramedullary osteosynthesis to be one of the
most promising methods of treatment of com-
minuted fractures of the proximal epiphysis of
the humerus [7]. However, with the development
of minimally invasive techniques, some stud-
ies have appeared revealing negative aspects of
closed fracture reduction.

C. Rajasekhar et al. reported 59 complications
in 115 patients. Screw migration accounted for
the largest number (26 out of 59). Authors draw
attention to the necessity of more accurate fixa-
tion of the tubercles and improvement of screw
placement technique to prevent this complica-
tion [8]. Similar complication rate, which was
39% (26 of 61 patients), was noted by C. Witney-
Lagen et al. Impingement syndrome accounted
for the largest number of complications (7 out of
26), requiring nail removal [9].

Due to some technical difficulties in restoring
the anatomical relationships in the joint in case
of closed reduction, reduction methods using mi-
ni-open approach with soft tissue stabilization
of the tubercles [10] or their fixation with single
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implants have been being developed. The screw-
in-screw technique, in addition to PH fragments
stabilization, to some extent solves the problem
of their secondary displacement, but it is less
reliable than the osteosynthesis with the use of
LCP plates.

Primary shoulder arthroplasty is considered
to be the method of choice for comminuted PH
fractures. Most recent studies show that early
arthroplasty is usually preferable to arthroplasty
in the long-term period, since the primary sur-
gery is technically easier to be performed [11].
Nevertheless, U. Prakash et al. found no differ-
ence between the primary and delayed arthro-
plasty more than 30 days after the injury [12].
Recently, there are more and more reports on
poor outcomes of shoulder arthroplasty for PH
fractures. In 2010, D. den Hartog et al. published
the results of meta-analysis of 33 studies that
included 1096 patients with three- and four-
fragment PH fractures. Patients who underwent
arthroplasty showed worse functional outcomes
compared to non-operated patients, with a dif-
ference of 10.9 points according to the Constant-
Murley 100-point score [13]. Comparative study
of long-term consequences of arthroplasty re-
vealed moderate and severe limb dysfunction in
30% of cases [14]. Despite the ambiguity of ob-
tained results of shoulder arthroplasty in case
of fractures, current prevailing opinion is that
intraarticular PH fractures are an indication for
primary arthroplasty of the joint [15]. In addi-
tion to technical difficulties, long-term results of
osteosynthesis of intraarticular PH fractures are
always uncertain due to its impaired vasculariza-
tion at the time of the injury and surgery, which
then leads to head osteonecrosis and collapse,
taking place in 30-100% of cases [16]. Thus, one
of the main factors influencing the choice of sur-
gical management in case of intraarticular frac-
tures of the proximal humerus is the probability
of damage to the main sources of blood supply to
the humeral head.

Studies of the vascular network of the proximal
humerus have shown that the blood supply to the
humeral head is mainly through the arcuate ar-
tery, which branches from the ascending branch
of the anterior circumflex humeral artery. When
the arcuate artery is damaged, the blood supply
to the humeral head cannot be compensated by
other sources, which leads to AONHH [17].

Crucial significance of the damage to the ar-
cuate artery was confirmed by C.H. Brooks et al.
who studied the anatomy of PH arteries and the
impact of four-fragment fractures on the blood
supply to the humeral head. In most cases, sim-
ulated four-fragment fractures interrupted the
perfusion of the humeral head. However, if the
fracture line passed distally below the articu-
lar surface and medially, some perfusion of the
head was preserved due to the posteromedial
vessels. These vessels play an important role in
the treatment of comminuted PH fractures [18].
Therefore, it is necessary to stimulate reparative
osteogenesis in case of intraarticular fractures
to reduce the time of bone union and prevent
ischemic changes in the humeral head. Using
vascularized grafts to stimulate osteogenesis ap-
pears to be the most promising.

Blood supply of the osteotomized fragment
of the coracoid process was verified in the ana-
tomical and morphological study performed by R.
Khundkar et al. Experimental cadaveric and clini-
cal studies demonstrated the presence of a previ-
ously unidentified direct arterial branch from the
second (middle) part of the axillary artery feeding
the anterior 2-3 cm of the coracoid process of the
scapula [19]. A. Hamel et al. performed postmor-
tem arteriography of the upper limb. Results were
as follows: the vertical part of the coracoid pro-
cess was supplied by the suprascapular artery, and
the horizontal part — by branches of the axillary
artery [20]. Another study of the blood supply of
the coracoid process by Z. Deng et al. revealed that
the coracoid process is supplied by the supras-
capular artery, the thoracoacromial artery, and a
branch from the second part of the axillary artery.
Moreover, there is a possibility that the vessels
derived from m. biceps fed the inferior side of the
coracoid process [21].

Modern methods of stimulation of reparative
processes that are most feasible for execution
in a general hospital are considered. The use of
free cancellous bone autografts from the wing of
the iliac bone is considered exclusively for the
replacement of PH defects arising due to oste-
oporotic bone collapse at the moment of injury
[1]. This option of bone grafting is optimal due to
many factors, including the absence of immune
response and the presence of live osteogenic
cells. The main disadvantages of autografting
are well known to every trauma practitioner: ad-
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ditional trauma to the donor site, increased sur-
gery duration, emergence of additional infection
portals of entry. Some sources indicate the possi-
bility of using allogeneic and synthetic materials
for this purpose [22]. Unfortunately, these mate-
rials cannot in any way stimulate osteogenesis in
the ischemic zone of bone tissue, except in cases
of saturation of the allograft bone structure with
osteostimulating substrates. The study of oste-
ostimulation by the graft from the preparation of
the head, neck and part of the diaphysis of the
cadaver fibula, saturated with collagen solution
can be an example. According to study results,
the developed combined allogeneic graft from
the head of the fibula, saturated with type I colla-
gen, is nontoxic, has no immunogenicity and has
more pronounced osteoconductive properties in
comparison with native bone allografts, which
contributes to its colonization by cells [22].

Wide application of autologous platelet-rich
plasma, autologous human platelet lysate and au-
tologous human bone marrow aspirate is limited
as it requires special expensive equipment. The
most promising method for stimulation of osteo-
genesis appears to be the vascularized autografts,
preserving the blood supply of the parafracture
area from an additional source. Along with our
proposed technique, the method of vascularized
bone grafting for the treatment of pseudoarthro-
sis in the upper third of the humerus proposed by
Tikhilov R.M. et al. [23] attracts attention. The idea
of this method is to form a musculoskeletal graft,
including a fragment of the lower angle of the
scapula, which is transferred to the reconstruction
area in the upper third of the shoulder.

CONCLUSION

Intraarticular PH fractures with displacement
of fragments along the bicipital groove of more
than 2 mm are indications for osteosynthe-
sis. Fractures with no damage to the bicipital
groove should be considered an indication for
performing osteosynthesis without vascular-
ized musculoskeletal grafting. The use of locking
osteosynthesis for intraarticular PH fractures is
significantly complicated due to the need of re-
duction of the head and tubercular area. Locking
osteosynthesis decreases the rigidity of fixation
of fragments, which may contribute to their sec-

ondary displacement. Given the closed reduction
of fragments, the probability of damage to the ar-
cuate branch of the anterior circumflex humeral
artery increases.
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