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Abstract

Background. Fracture-dislocation of the proximal humerus is a severe injury that equally affects
both young and old people. Such injuries are often accompanied by the high risk of neurocirculatory
and other complications, which defines their great medical and social importance. The purposes of
this study were: 1) to compare the mid-term results of the surgical treatment of the patients with
dislocation-fractures of the proximal humerus when they were managed according to the standard
algorithm or the new one developed by the authors of this study; 2) to evaluate the effectiveness
of the proposed protocol in relation to the patients with neurological complications in order
to elaborate a universal approach to the optimal treatment tactics. Patients and Methods. The
treatment results of 73 patients with proximal humerus fracture-dislocation undergone the surgery
from 2012 to 2018. The patients were divided into 2 groups, which were managed according to the
traditional (control group) or the new algorithms (main group), differing in the time of the surgery,
a set of diagnostic methods, and an approach to the prevention and treatment of complications.
The patients’ examination included taking patients’ anamnesis, their physical examination, X-rays
and multispiral computed tomography of the injured shoulder, electromyoneurography, ultrasound
of the upper limb blood vessels, patients’ questioning. Results. A year after the surgery, a statistically
significant difference in the functional results was revealed in the patients of the main and control
groups by the Constant Shoulder Score (p = 0.0063). In the control group, there was a statistically
significant difference of the functional results by Constant Shoulder Score between the patients with
and without neurological complications (p = 0.003). There was no statistically significant difference
among such patients in the main group (p = 0.387). Conclusion. The main group patients, including
those with neurological complications, achieved higher functional results in comparison with the
control group. Thus, the authors’ treatment algorithm showed its effectiveness. The surgery within
6 hours from the moment of admission of the patients with humerus fracture-dislocation, as well as
the earliest possible diagnosis of neurological injury and treatment of complications significantly
improved the prognosis and outcome the main group patients.
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Introduction

Proximal humerus fractures (PHF) are
the second most frequent among all upper
limb fractures, and in patients over 65 years
old this pathology is ranked third place af-
ter femoral neck and distal radius fractures
[1]. Among such injuries, the most severe are
humerus fracture-dislocations[2]. Their fre-
quency ranges from 2.6 to 14.5% among all
proximal humerus injuries, also from 35.0 to
58.3% of fracture-dislocations of all localiza-
tions [3]. The vast majority of cases are an-
terior fracture-dislocations. Humerus head
posterior dislocation — rare pathology occur-
ring in 0.9% of cases [4].

The most common causes of this patholo-
gy are high-energy trauma (catatrauma, road
accident and others) among young people
and low-energy trauma among the elderly
[5, 6]. Also, such injuries can be the result of
electrical injury or epileptic seizure [7, 8].

As a rule, the Neer classification is used
for PHF [9], based on the identification of
four basic segments (head, greater and lesser
tubercles, and humerus diaphysis) and their
displacement. The classification is supple-
mented by fracture-dislocations and head
splitting [10]. Criteria that determine the
displacement: space between fragments is
more than 1 cm and the angle is more than
45°. According to this classification, fracture-
dislocations are referred to the sixth type of
PHF and divided into anterior and posterior
[9]. The most common are anterior two-frag-
ment fracture-dislocations with avulsion of
the greater tubercle, two-fragment fracture-
dislocations with avulsion of the lesser tu-
bercle are rare and result from posterior
shoulder dislocation [10].

Often, associated injuries occur with prox-
imal humerus (PH) fracture-dislocations,
such as rotator cuff, nerves and blood vessels
injuries, mainly the axillary artery or vein.
They start at the time of injury or due to dis-
placement of fragments and dislocation of
the humerus with ongoing trauma to soft tis-
sues and neurovascular structures. The inju-

ries severity depends on the patient age , the
injury energy, the fracture pattern and the
time before fragments reduction [11]. So, ac-
cording to various authors, the incidence of
neurological injuries in fracture-dislocations
ranges from 2 to 48% [11, 12]. However, this
complication true prevalence is unknown
due to the difficulty of early diagnosing [13].

After the closed dislocation reduction,
provided a satisfactory stable fragments re-
duction, two-fragment fractures are success-
fully treated conservatively. In other cases,
surgical treatment is necessary [14].

Conservative treatment of PH unstable
multifragmental fractures and fracture- dis-
locations in the most cases leads to unsatis-
factory results. Such injuries require open re-
duction and stable fixation [15, 16]. However,
the exact indications for use one or another
osteosynthesis method or shoulder replace-
ment have not been determined and actively
discussed in the literature [17].

Thus, despite the wide variety of treat-
ment methods for patients with PH fracture-
dislocations, there is no unified algorithm
for patients examination and treatment. In
Russian-language literature, there is not
enough information on the effectiveness of
patients with neurological injuries treat-
ment, compared in large patients groups.
Also there is no generally accepted criteria
for the treatment methods choice.

Obijectives of the study: 1) to compare the
mid-term results of patients with PH frac-
ture-dislocations surgical treatment man-
aged according to standard algorithm or
new algorithm developed by the authors of
the study; 2) to evaluate the effectiveness of
the proposed protocol in relation to patients
with neurological complications in order to
develop a universal approach to the treat-
ment tactics choice.

Materials and Methods

Study design

A prospective two-center controlled non-
randomized study of patients with PH frac-

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA

2020;26(4) 69



CLINICAL STUDIES

ture-dislocation, underwent surgical treat-
ment in the period from 2012 to 2018 at GKB
No. 1 named after N.I. Pirogov and Podolsk
City Clinical Hospital was evaluated. The du-
ration of the study was 7 years - 2012-2019,
including the follow-up period for patients
who were injured in 2018. The follow-up peri-
od for patients in both groups was from one to
seven years (on average, 3.3 * 2.1 years). The
minimal observation period was 12 months;
the results of later observations were not in-
cluded in this study. The dynamics of the
function of the injured upper limb restoration
with the performance of control radiographs
and physical examination was monitored in
all patients included in the study after 1, 3, 6
and 12 months after surgery.

The patients

The study included 73 patients - 42 (57.5%)
men and 31 (42.5%) women - aged from 27 to
79 years. The inclusion criteria were patients
over 18 years old with isolated closed two-,
three- and four-fragment anterior fracture-
dislocations with or without neurological
injuries. The exclusion criteria were severe
comorbidities and polytrauma, as well as the
presence of posterior shoulder dislocation,
closed dislocation reduction, and displace-
ment of bone fragments less than 5 mm.

36 patients (49.3%) were injured as a re-
sult of high-energy trauma, 35 (47.9%) - low-

energy trauma, and 2 (2.7%) - during an epi-
leptic seizure. The distribution of patients by
the type of PH fracture-dislocations accord-
ing to the Neer classification is as follows:
two-fragment - 21 (28.8%), three-fragment
- 45 (61.6%), four-fragment - 7 (9.6%).

The material for the study was anamnes-
tic data (complaints, mechanism of injury)
and the results of studies: X-ray, CT, ENMG,
vascular ultrasound, as well as questionnaire
data. The patients were divided into two
groups depending on the time period and
were treated according to one of two algo-
rithms (Table 1).

The main group included 41 (56.2%) pa-
tients treated in the period 2015-2018, aged
from 27 to 77 years (average age - 53.78 *
11.87 years). Among the patients, men pre-
dominated (23/41; 56.1%) up to 60 years old
(25/41; 61%) with a peak at the age of 45-59
years (15/41; 37%). 20 (48.8%) patients were
injuried as a result of high-energy trauma,
20 (48.8%) as a result of low-energy trauma,
as a result of an epileptic seizure - 1 (2.4%).
Surgical treatment was performed within
6 hours from the patient admission to the
hospital. The hospitalization period ranged
from 8 to 37 bed-days (on average, 12.37 *
5.06 bed-days). By the type of fracture-dis-
locations, 11 (26.8%) patients were classified
as two-fragment, 25 (61.0%)three-fragment,
5 (12.2%) four-fragment.

Table 1
Standard and new algorithms comparison
Standard algorithm New algorithm
X-ray in two projections + +
Closed dislocation reduction - -
CT +/- +
Surgical treatment: open reduction
5 .- > Emergency
locking plate fragments fixation Delayed (<6 h after accident)
Upper limb immobilization Abduction splint/sling 3—-4 weeks Abduction splint/sling 3-4 weeks
postoperatively postoperatively
ENMG . .
In follow-up period (min — 1 year after
surgery, max — 3 years after surgery) 21 day after surgery
70 2020;26(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA
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Patients of the main group examination
and treatment were carried out according to
the following protocol developed by the au-
thors: performing standard radiographs in
at least two projections and CT scan of the
injured shoulder joint for all patients; ul-
trasound of the vessels of the injured upper
limb; surgical treatment (open reduction, os-
teosynthesis with a plate) in the first 6 hours
after the patient admission to the clinic;
ENMG performance 3 weeks after surgical
treatment; neurologist consultation if neu-
rological injury is detected.

The control group consisted of 32 (43.8%)
patients aged 32 to 79 years (mean age 50.81
* 13.02 years) who were treated in 2012-2014.
Among the patients, there were also more men
(19/32; 59.4%) under 60 years old (24/32; 75%)
with an age peak of 45-59years (13/32;41%).16
(50.0%) patients were injuried by high-energy
trauma, 15 (46.9%) low-energy trauma, and an
epileptic seizure was registered in 1 (3.1%) case.
The length of hospitalization varied from 13 to
22 bed-days (on average, 15.28 + 1.63 bed-days).
The distribution by PH fracture-dislocations
types is as follows: two-fragment - 10 (31.2%),
three-fragment - 20 (62.5%), four-fragment -
2(6.2%).

Control group patients were treated ac-
cording to the standard algorithm, includ-
ing standard radiographs of the injured
shoulder joint in two projections (if they
were not informative, CT was performed),
delayed surgical treatment in 4-7 days after
the accident (on average, 3.4 * 2.3 after the
accident).

During surgery, two (2/73, 2.7%; 2/32,
6.25%) patients in the control group had
brachial artery injury with a humerus head
bone fragment during the reduction. In both
cases, a vascular surgeon urgently sutured
the damaged artery. Further treatment of
these patients continued according to the
standard protocol with the correction of
therapy according to the vascular surgeon
recommendations.

Postoperative patient management

In the postoperative period, all patients
were treated according to the standard AO*
rehabilitation protocol, which included up-
per limb immobilization with a sling or in
abduction splint for 3-4 weeks (if neces-
sary) and early activation from the first day
after surgery under the physician supervi-
sion. Started from passive and pendulum-
like movements, gradually expanding them
to independent active movements, and the
full load on the injured upper limb was al-
lowed only after fracture consolidation was
achieved. The restoration of the injuried up-
per limb function dynamics with the perfor-
mance of control radiographs and physical
examination were monitored in all patients
1, 3, 6 and 12 months after the surgery. To
assess the integrity of the nerve trunks, the
patients of the main group underwent ENMG
21 days after the injury. Patients of the
comparison group underwent ENMG later
during their observation, on average, after
5.7*4.4monthsafterinjury(min-3weeks,max-
3 years 2 months).

Results assessment

The main comparable indicator is the shoul-
der joint function according to the Constant
Shoulder Score (CSS) [18]. It is a 100-point
multi-parameter scale designed to assess
functional status after treatment of shoulder
injuries. It contains 4 subsections: pain syn-
drome (15 points), daily activity (20 points),
muscle strength (25 points) and range of mo-
tion (40 points): lifting, abduction, external
and internal rotation in the shoulder joint.
The higher the score, the higher the function
[19]. 12 months after the surgery, result was
considered excellent over 90 points, good -
90-80 points, satisfactory - 79-70 points, and
unsatisfactory - less than 69 points.

Publication ethics

The study complies with the ethical stand-
ards of the bioethical committee, devel-

* Proximal humerus. Available from: https://www2.aofoundation.org/wps/portal/.
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oped in accordance with the Declaration of
Helsinki of the World Medical Association
"Ethical principles of scientific medical re-
search with human participation” and "Rules
of clinical practice in the Russian Federation”,
approved by the the Ministry of Health of the
Russian Federation Order in June 19, 2003
No. 266. All patients gave informed consent
to participate in the study.

Statistical analysis

Statistical processing of the results was
carried out using the programs Excel 2013
(Microsoft, USA), Statistica 10 (StatSoft,
USA, 2010) and JMP 11 (SAS, USA, 2014).
For quantitative indicators, the results are
presented as absolute indicators, arithmetic
mean values (M) and standard deviations (c);
for qualitative - relative indicators, expressed
as a percentage (%). The critical level of sig-
nificance (a) was taken equal to 0.05. When
confirming the normal distribution of values,
the statistical significance of the differences
between the groups was assessed using the
parametric Student's test (t) for independent
samples. The Shapiro - Wilk test was used
to check the distributions for normality, as
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well as a visual analysis of histograms; the
equality of variances was checked using the
Levene's test. Comparisons of the two groups
with abnormal distribution were carried out
on the basis of the nonparametric Mann-
Whitney test.

The analysis of the indicators dynamics
in case of comparing two periods was car-
ried out on the basis of the nonparametric
Wilcoxon test, in the case of comparing three
or more periods - on the basis of the nonpar-
ametric Friedman test.

The statistical significance of various val-
ues for binary and nominal indicators was de-
termined using the Pearson's chi-squared test.

Results

Assessment of functional results by CSS

All 73 patients underwent open reduction
and osteosynthesis of the PHF with a locking
plate.

The comparative assessment of the treat-
ment functional results in main and control
groups by CSS was made according to the pa-
tients examination in terms of 1, 3, 6 and 12
months after surgery (Fig. 1, Table 2).
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with neurol. complications ( n = 16)
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Figure 1. The functional state of the shoulder according to CSS in the patients of the both groupsin 1, 3, 6

and 12 months after the treatment
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Table 2

Assessment of shoulder joint function in all patients of both groups
by CSS after 12 months

Main group (M*c = 83,83*11,26)

CSS score

Control group (M#*c = 73,5+16,7)

njrl?nsl:())ehrl?;,) average CSS score mallr};sl:?;lt(;)) average CSS scoreSS
Excellent 11 (26,8) 95,64+3,31 5(15,6) 93,00+2,10
Good 17 (41,5) 84,74+329 12 (37,5) 82,64+1,37
Satisfactory 10 (24,4) 74,00%2,36 9 (28,1) 73,71%2,49
Unsatisfactory 3(7,3) 53,50+13,50 6 (18,8) 51,33+12,09

Despite the lower CSS after 1 month in
the main group, the further rate of recovery
of the function of the shoulder joint, range
of motion, and the increase in the CSS in-
dicator were significantly higher in patients
who were treated according to our proposed
algorithm. So, after 12 months after surgery,
a statistically significant difference has been
identified in terms of flexion and abduction
(p=0.0194 and p = 0.0215, respectively), the
average CSS score (p = 0.0063), and the rate
of increase in the CSS score in periods 1-3,
1-6,and 1-12 months. (p <0.001) (Fig. 2).

63,93

43,53

38,93 41,52

Function improvement, %
1%
o

‘ )

3 month

12 month

6 month
Follow up
m  Control group

m Main group

Figure 2. The dynamics of function improvement
by Constant Shoulder Score, %

Complications

Complications identified in the course of
treatment and postoperative follow-up are
presented in Table 3.

Thus, in the compared groups, the risk of
associated injuries did not depend on the
patient management algorithm (p = 0.436),
and neurological injuries accounted for up to

1/3 of all complications associated with PH
fracture-dislocations. The structure of neu-
rological complications is presented in Table
4. There was no statistical difference in the
number of nerve injuries between the com-
pared groups (p> 0.05).

The greater number of neurological com-
plications in the study group can be ex-
plained by the earlier timing of the damaged
nerves identification (ENMG was performed
in all patients after 21 days), which made it
possible to immediately start treatment of
these disorders and led to partial or com-
plete regression of neurological symptoms
and, in most cases, to good recovery of dam-
aged shoulder joint function: mean CSS
score 85.62 * 14.38 at 12 months. Patients
in the control group showed persistent dam-
age to peripheral nerves (ENMG was per-
formed later than 3 weeks after the injury),
and the therapy was no longer able to cor-
rect such long-term disorders, which led to
the worst functional results: mean CSS score
59.50 + 13.96 after 12 months.

The study revealed that isolated damage
to the axillary nerve was rare, more often in
combination with other nerves.

Causes of damage to the brachial artery in
patients of the control group, in both cases,
probably age over 50 years old (p = 0.0408,;
decreased elasticity of the arteries on the
background of atherosclerosis), delayed sur-
gery (scar formation, altered anatomy after
trauma) and the fracture-dislocation pattern
(three-fragment type according to the Neer
classification).
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Table 3

Structure of complications identified in PHF patients

Absolute number of complications (%)

Complication
both groups main group control groupa
Aseptic necrosis of the humerus head 7 (9,6) 5(12,2) 2 (6,2)
Hardware migration 5 (6,8) 2 (4,9) 3(9,4)
Brachial artery lesion 2 (2,7) 0 2 (6,2)
Nerves lesion 24 (32,9) 16 (39,0) 8 (25,0)
Table 4

Structure of neurological complications identified in PHF patients

Neurological complications

N. axillaris

Nn. axillaris, radialis et musculocutaneus

Nn. axillaris, radialis, musculocutaneus, medianus et ulnaris
Nn. axillaris et suprascapularis

Nn. axillaris, suprascapularis, musculocutaneus et radialis

Total

In patients with two-fragment fracture-
dislocations in both groups, only neuro-
logical complications were revealed. The
incidence of complications such as aseptic
necrosis of the humerus head and hardwade
migration is statistically higher in patients
with three- and four-fragment fracture-dis-
locations (p <0.001). Also, patients with four-
fragment PHF have a significantly higher
risk of peripheral nerve damage(p = 0.0089).
At the same time, in 10 (13.7%) patients with
three- and four-fragment fractures (5 from
each group), a combination of two, less of-
ten - three complications was observed. In
the main group, three cases (7.3%) revealed
a combination of aseptic necrosis of the
humerus head and neurological complica-
tions, in one (2.4%) case - aseptic necrosis
and hardware migration, in one (2.4%) case
- aseptic necrosis, hardware migration and
nerve damage. In the control group, 2 (6.3%)
cases of neurological complications with bra-
chial artery lesion were registered, 2 (6.3%)

Absolute number of complications (%)

both groups main group control groupa
10 (13,7) 4(9,8) 6(19,4)
2(2,8) 2(4,9) 0
3(4,2) 2 (4,9 1(4,2)
1(1,4) 0 1(3,2)
8(11,1) 8(19,5) 0
24 (32,9) 16 (39,0) 8 (25,0)

cases of the humerus head aseptic necrosis
in combination with the hardware migration,
1 (3.1%) - neurological damage and hardware
migration.

In early postoperative period in all pa-
tients, postoperative wounds healed by pri-
mary intention, the sutures were removed
by 12-14th day after surgery. There were no
infectious complications in early and late
postoperative periods. The average duration
of patients hospitalization in the main group
is statistically less than in the control group
(p <0.001).

The functional CSS score in patients with
neurological complications in the control
group was statistically lower than in patients
of the same group without nerve damage
(p = 0.003), as well as compared to the aver-
age result of the entire group. There were no
statistically significant differences among
patients with and without neurological
complications in the study group (p = 0.387)

(Fig. 1).
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During the patients with neurological
complications observation, a significant dif-
ference was found in the damaged joint func-
tion restoration in the compared groups:
throughout the observation period, the range
of motion indicators and dynamics increased

(flexion, extension, abduction, adduction, in-
ternal and external rotation), as well as indi-
cators for CSS were higher in the main group
(p <0.05) (Table 5, Fig. 3). Average CSS score
after 12 months was statistically significant-
ly higher in the main group (p <0.001).

Table 5

CSS assessment of patients with neurological disorders in the main
and control groups after 12 months.

Main group (Mo = 85,62+14,38)

CSS score

Control group (M#c = 59,5+13,96)

HSEISS;?E;)) average CSS score mzjrzsl;)ehrlz;)) average CSS score
Excellent 4 (25) 95,6%3,31 0 (0) 0
Good 6 (37,5) 84,4%3,29 1(12,5) 81,50
Satisfactory 4(25) 76%2,36 4(50,0) 66,501,69
Unsatisfactory 2 (12,5) 53,5+5,08 3(37,5) 43,30+3,47

53,94

42,94

12 month

42,94

6 month
Follow up

35,14

Function improvement, %

3 month

B Maingroup ™ Control group !

Figure 3. The dynamics of function increase by
Constant Shoulder Score in the patients with
neurological complications, %

Discussion

The literature describes a variety of meth-
ods for treating patients with PH skeletal in-
juries, and in several case-reports there were
presented algorithms for managing PH frac-
ture-dislocations patients with various com-
plications. However, a unified management
algorithm has not yet been developed. The
high risk of complications, especially neuro-
logical complications, leads to patients dis-
ability, which is colossal medical and social
problem.

Many authors follow strategy of closed dis-
location reduction after radiography and/or
CT of the damaged PH in patients with two-
fragments fracture-dislocations [7, 10, 20, 21].
In most cases, it is possible to achieve a good
stable reduction of the greater / lesser tu-
bercle, then patients are successfully treated
conservatively. An exception is persistent dis-
placement more than 5 mm [10, 11, 20] and
displacement up to 3 mm in young active pa-
tients, athletes and manual labor workers[21].

For anterior and posterior three-fragment
fracture-dislocations, C. Filippo et al. per-
formed PH CT for preoperative planning, and
further surgical tactics (endoprosthetics or
osteosynthesis) depended on the patient's
age, bone quality, bone size, and severity of
soft tissue injuries [10].

Four-fragment fracture-dislocations - se-
vere complex injuries, which treatment tac-
tics are still being discussed [7, 8, 22,23, 24]. A
common problem of this pathology is blood
supply violation and, as a consequence, hu-
merus head ischemia [25, 26].

Various studies indicates on the high risk
of the humerus head aseptic necrosis devel-
opment [8, 10, 11, 22, 27, 28]. Based on these
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observations, in middle-aged and elderly pa-
tients, arthroplasty is preferred, and osteo-
synthesis is recommended only for the young
[10].

The data on the brachial plexus lesions
frequency in PH fracture-dislocations var-
ies widely. So, C.M. Robinson et al. reported
13.5% of nerve lesions due to anterior frac-
ture-dislocations in 3,633 patients. With the
ENMG help, it was revealed that the axillary
nerve is injured more often than others [11].

C.P. Visser et al. in a prospective study of
77 patients with PH fracture-dislocations de-
scribed the loss of axonal connection in 48%
of cases. Axillary nerve damage was 42%.
The authors suggested that more frequent
damage to this particular nerve is due to its
anatomical position, which makes it prone
to overstretching or compression by the hu-
merus head [12]. That is why, with inferior
dislocations the frequency of nerve damage
increases to 60%, and with posterior disloca-
tions it is less than 5% [17]. Also, researchers
pay attention to a significant injured shoul-
der joint dysfunction, despite the almost
complete restoration of electroneurocon-
ductivity according to the ENMG results and
muscle strength in patients with damage to
the axillary and suprascapular nerves [9].

In another study, C.P. Visser et al. report-
ed about 142 patients with PHF. All patients
underwent ENMG. As a result, neurologi-
cal damage was detected in 67% of cases. In
most cases, the axillary and suprascapular
nerves were both injured. In displaced frac-
tures cases, such injuries were 86%, with
nondisplaced fractures - 72%. In 9 patients,
pronounced shoulder inferior subluxation
developed as a result of strength loss in the
deltoid muscle and rotator cuff as a result
of neurological damage. Later, subluxation
spontaneously recovered in all cases [13].

S.V. Gulnazarova et al. give the results of
surgical treatment of 69 patients with chron-
ic PH fractures and fracture-dislocations.
According to ENMG data, peripheral nerve
neuropathy was detected in 89% of cases. The

result of such damage was the migration of
the endoprosthesis head or its instability [29].

At the same time, G. Gasbarro et al. came
to the conclusion that nerve damage in PHF
cannot be an absolute contraindication to
reverse total shoulder arthroplasty, since in
most cases, in patients with obvious nerve
damage or without it, reverse shoulder total
arthroplasty made it possible to restore joint
function and led to good or excellent treat-
ment result. Deep nerves paralysis did not
lead to higher complication rates, including
dislocation of the endoprosthesis compo-
nents. Despite greater disability and less sat-
isfaction with treatment, complete or partial
nerve recovery can be expected in most pa-
tients [30].

In some of research works, the factors of
the greatest risk of nerve damage (usually ax-
illary nerve) in case of shoulder joint injury
were identified: displaced fractures, fracture-
dislocations, concomitant hematoma at the
fracture site and age over 65 years. In this case,
the authors report on the complete or partial
injured nerves recovery [12, 30, 31, 32].

In addition to the brachial artery lesion,
rare cases of the axillary artery lesion are
described in the literature [33, 34]. This usu-
ally occurs when the humerus diaphysis is
displaced medially, and this lesion is often
diagnosed with a delay. More than 90% of re-
ported cases of vascular injury after shoulder
joint trauma occur in patients aged 50 years
and over. Older adults are thought to be at in-
creased risk of vascular injury due to reduced
elasticity of the arteries in atherosclerosis.

S.]. Cotman et al. proposed an algorithm
for the management of patients with PH frac-
ture-dislocations and associated plexopathy
and axillary artery rupture. Given the high
risk of such injuries, the authors propose
to pay more attention to the neurovascular
structures study right after trauma, as well as
to non-invasive studies of blood vessels and
consultation with a vascular surgeon in pa-
tients with suspected vascular injury. In such

76 2020;26(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

cases, the authors of the study recommend
to refuse closed dislocation reduction and, if
possible, immediately go to open reduction.
Researchers make very cautious prognosis
for such patients, even despite the timely de-
tection and treatment of such injuries [34].

K.S. Wronka et al. proposed a pragmatic
approach to the treatment of PH fracture-
dislocations in acute period, dividing pa-
tients into 3 groups: 1 - anterior shoulder
dislocation with the greater tubercle avul-
sion 2 - anterior dislocation with humerus
surgical neck fracture and with / without
avulsion of the greater tubercle, 3 - posterior
shoulder dislocation and PHF. The authors
concluded that emergency closed disloca-
tion reduction under sedation was effective
in 94% of patients in group 1, thus not a sin-
gle case of re-displacement or fracture site
spread was detected. Patients in group 2 are
advised to careful closed dislocation reduc-
tion under general anesthesia with complete
muscle relaxation or to perform primary
open fracture-dislocation reduction and in-
ternal fixation. This is due to the high risk of
devascularization of bone fragments and de-
velopment of aseptic necrosis during reduc-
tion, as well as redisplacement of fragments
and/or fracture site spread (40%). In group 3
patients, the authors suggest to refuse closed
dislocation reduction under sedation and
to use general anesthesia (although in their
study the authors did not attempt to closed
dislocation reduction under sedation in pa-
tients of this group) [35].

In our study, patients with three-fragment
fracture-dislocations prevailed (61.6%),
since most of the patients with two-fragment
fractures underwent closed dislocation re-
duction (which is an excluding criteria of this
study), and, as a rule, they were treated con-
servatively. In order to maintain equal terms
for comparative analysis, our study included
only patients who underwent osteosynthe-
sis with a plate. Patients of both compared
groups with three- and four-fragment PHF
underwent CT of the injured joint. The inci-

dence of neurological complications ranged
from 25 to 39% and, on average, was found
in one third of all patients. Isolated dam-
age n. axillaris was observed in 41.7% of all
neurological complications. In our practice,
2 cases of intraoperative brachial artery le-
sion were registered in patients over 60 years
old from the control group at the time of the
humeral head extraction from soft tissues, in
both cases the problem was solved with the
vascular surgeons participation.

Research limitations

This study has a number of limitations that
reduce its quality and statistical significance.
Thus, the control group patients were evalu-
ated retrospectively, while the experimental
group patients were examined prospectively.
The study included only patients who un-
derwent open reduction and osteosynthesis
with a plate. The observation period for the
patients was 12 months, which is not enough
to assess the long-term treatment results.

Research prospects

It is planned to track in the future the
long-term results of surgically treated pa-
tients with fracture-dislocations in the com-
pared groups, as well as to compare used
various surgical methods, and to determine
the optimal patients management algorithm
depending on the fracture-dislocation pat-
tern and associated injuries.

Conclusion

The analysis of early and mid-term results
of surgical treatment confirmed the need
for timely detection and treatment of such a
key complication as damage to the brachial
plexus nerves, which can be the result of both
an already existing trauma and the ongoing
trauma of the neurovascular bundle by the
head of the humerus as a result of fracture-
dislocation. Surgical treatment within 6 hours
from the moment the patient was admitted to
the hospital, as well as the early neurological
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damage detection and treatment of compli-
cations, significantly improved the prognosis
and outcome of injured shoulder joint treat-
ment in patients of the main group. Thus,
the algorithm for the management of patients
with PH fracture-dislocations, developed and
introduced into hospitals practice, proved its
effectiveness and made it possible to reduce
the frequency of unsatisfactory functional re-
sults by more than 2 times, and also reduce
patients hospitalization period.
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