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ABSTRACT

BACKGROUND: Fractures of elbow joint bones are the most common type of fracture in children. Despite methodological ad-
vances in managing these injuries, adverse anatomic and functional outcomes are still common in clinical practice.

AIM: The aim was to evaluate the structure of primary injuries and primary treatment strategies to evaluate the sequelae
of elbow bone fractures in children.

MATERIALS AND METHODS: Based on inclusion criteria, a retrospective cohort (n = 115) was formed. Clinical, historical
and radiological data were evaluated in patients with sequelae of elbow fracture, admitted for surgical treatment in the clinic
of the H. Turner National Medical Research Center for Children’s Orthopedics and Trauma Surgery of Russia in 2022-2023.
The Shapiro—Wilk test (for less than 50 subjects) or the Kolmogorov—Smirnov test (for more than 50 subjects) were used to test
the normality of quantitative parameters. The Pearson’s chi-squared test was used to compare percentages in the contingency
table analysis.

RESULTS: The mean age of patients in the study population was 11 years (ranging from 4 to 17 years). The duration of in-
jury is 15.6 + 1.0 months (min = 3; max = 65). Based on the structure of the sequelae, three groups were identified: patients
with contracture (42 cases; 36.5%), patients with deformity (31 cases; 27%), and patients with both contracture and deformity
(42 cases; 36.5%). Supracondylar fractures of the humerus (40%) and apophyseal fracture of the medial epicondyle (31%) were
the most common primary injuries. Primary conservative treatment of the fracture was performed in 82 (71%) patients, primary
surgery was performed in 33 (29%) children, and 17 patients were switched from conservative to surgical treatment. A total
of 31 (27%) children had repeated procedures.

CONCLUSIONS: Contractures are the most common adverse outcome of elbow fractures in children. Characteristics of conser-
vative treatment and repeated procedures indicate a need for better training of pediatric trauma surgeons. Even today, despite
the development of advanced algorithms, the main causes of adverse outcomes are still errors in diagnosis, care strategies,
and intervention techniques.

Keywords: fractures; elbow joint; supracondylar fracture; epiphysiolysis; osteosynthesis; contracture; deformation; sequelae
of injuries; growth zone; children.
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MocneacTsusa nepenioMoB B 0611aCTU NIOKTEBOro CycTaBa
y AeTeH
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AHHOTALMA

06ocHoeaHue. MepenoMbl KocTeld, 06pasyroLLmMX IOKTEBOI CYCTaB, BCTPEYatoTcs y AeTeli Haubonee yacto. HecMotpsa Ha MeTo-
AONOrMYecKyio paspaboTky oKasaHWs cneLmanv3vMpoBaHHOK NOMOLLM NPU AaHHbIX NMOBPEXAEHUSX, B KIIMHWYECKON NPaKTUKe
HepeaKo HabniaaloT HeraTUBHbIE aHaTOMO-(YHKLMOHANBHBIE UCXOAbI.

Llesme — aHanu3 nocneacTBuMin NEpeNOMOB KOCTEN, 0Bpa3yioLLMX NIOKTEBOM CYCTaB Y [eTel, C OLLEHKON CTPYKTYPbl NEPBUYHBIX
MOBPEXAEHMI U NEPBUYHON TAKTUKU NIEYEHUS.

Mamepuanel u Memodel. Ha ocHoBe KpuTepueB BHKJIIOYEHMS c(OpMMpOBaHa peTpocneKTuBHas KoropTa (n = 115). Mpo-
aHanM3WpoBaHbl KIMHUYECKWUE, aHaMHECTUYECKUE U Ny4eBbIE AaHHbIE NAaUMEHTOB C MOCIEACTBUAMM MEPENIOMOB Ha YPOBHE
NOKTEBOr0 CyCTaBa, roCMUTanM3upoBaHHbIX B KnHUKY ®IBY «HMWLL petckoii TpaBmatonorm u optoneamu uMm. [U. TypHe-
pa» MuHapgpaBa Poccum ans xupyprudeckoro nevyenus B nepuopf 2022-2023 rr. KonnyecTBeHHble NOKasaTenu OLEHWBaNM
Ha COOTBETCTBME HOpPMalbHOMY pacnpefeneHuio ¢ noMoLLbio Kputepus Lanupo — Yunka (npu uncne uccnemyembix MeHee 50)
unmn kputepus Konmoropoa — CmupHoBa (npu uncne mccnegyemblx 6onee 50). MNpoueHTHbIE AoNKM NpY aHanu3e MHOTOMOJb-
HbIX TabNML| CONPAXEHHOCTU CPaBHUBANM C MOMOLLbIO KpuTepus X% MiupcoHa.

Pesynemamsl. CpefHui BO3pacT NaLMEHTOB B aHanu3upyemoi Boibopke coctasun 11 net (ot 4 go 17 net). laBHoCTb Tpas-
Mbl — 15,6 £ 1 Mec. (min = 3; max = 65). B cTpyKType nocnepcTeuii onpegenieHbl TpU rPYNMbl: KOHTpaKTypa — 42 chy-
yasi (36,5 %), nedopmaums — 31 cnyyaii (27 %), KoHTpakTypa u fedopMauma — 42 cnyyas (36,5 %). B cTpyKType nepBryHbIX
TpaBM npeobnagany YpesMmblLLieNiKoBble NepenoMbl nneyeBod Koctu (40 %) u anoduseonns MeamanbHOro HagMbilien-
Ka (31 %). MNepBuyHO Monyyanu KoOHCepBaTUBHOE JieyeHne no noBoay nepenoma 82 (71 %) naumeHTa, nepBuYHOE onepaTuB-
Hoe BMeLLaTenbCTBO BbinonHeHo 33 (29 %) netam; B 17 HabnloaeHUAX OCYLLECTBAANM NEPEXOA, OT KOHCEPBATMBHOTO JIEYEHUS
K xupyprudeckomy. [osTopHble BMeLlatenscTea npoeeaeHsl 31 (27 %) pebeHky.

3axmoqenue. Cpepyn HebNaronpuATHBIX UCXOLOB NEPENOMOB Ha YPOBHE JIOKTEBOTO CYCTaBa Y AeTel NPeobnafatoT KOHTPaKTy-
pbl. OcobeHHOCTV NepBUYHOI TAKTUKK B aHANM3MPYEMOiA rpynne B BUAE KOHCEPBATMBHONO JIEYEHUS U MOBTOPHbIE BMeELLATeSTb-
CTBA YKa3bIBAOT HA aKTyaNbHOCTb COBEPLLEHCTBOBAHWSA NOArOTOBKY CMELMANMCTOB MO OKa3aHWH TPaBMaToIorMYecKoi NoMo-
wy getaM. OCHOBHbIE NPUYMHBI HEraTUBHBIX UCXOL0B HA CErOAHALLHMIA IeHb NO-NPEXHEMY JIEXaT B OLLMOKaX AMarHOCTUKY,
TaKTUKU OKA3aHWS NOMOLUM W TEXHUKE BbINOSHEHWS BMELLIATENBCTB, HECMOTPSA Ha pa3paboTaHHble COBPEMEHHbIE afiTOPUTMBI.

KnioueBble cnoBa: nepesioMbl; JIOKTEBOU CyCTaB; ‘-Ipe3MbILIJ,EJ'IK0BbIl7I nepesnom; 3I'IVId)VI3QOJ'IVI3; 0CTEOCUHTE3; KOHTPAKTYpa;
JJ,ECIJOpMaLI,VIFI; nocneacTeua TpaBM; 30Ha poCTa; AeTu.
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CLINICAL STUDIES

BACKGROUND

The incidence of fractures of the elbow joint bones
is approximately 310 cases per 100,000 children younger
than 15 years old annually [1]. Most of these fractures are
observed in children aged 6-10 years [2], a critical period
marked by bone structure development and high growth
plate activity. Although the methods and specific features
of radiological diagnostics for injuries in the elbow joint
region in children are well-documented in the literature [3],
osteochondral injuries not visible on radiographs
or are underestimated during the initial examination
present significant diagnostic challenges. In this trauma
category, the frequency of diagnostic and treatment errors
exceeds 40% [4, 5]. In contrast, the diagnosis and treatment
strategies for more common injuries, such as supracondylar
humeral fractures (classified using the Gartland system), are
well-covered in the modern literature [6, 7].

An analysis of treatment outcomes in children with elbow
joint bone fractures revealed persistent anatomical and func-
tional disorders in 30% of cases. The severity of these struc-
tural changes is closely associated with the quality
of the provided medical care, where improper treatment
strategies serve as a critical contributing factor [8, 9.

These findings underscore the importance of studying
the structural characteristics of elbow joint bone injuries
and the primary treatment strategies utilized during
specialized care for children with anatomical and functional
impairments resulting from trauma and acute phase
treatment.

This study aimed to analyze the sequelae of elbow
joint bone fractures in children, focusing on evaluating
the structure of primary injuries and applied primary
treatment strategies.

MATERIALS AND METHODS

We analyzed the epidemiological, anamnestic, clinical,
and radiological data of patients with post-traumatic
deformities and contractures of the elbow joint who were
hospitalized for surgical treatment at the H. Turner National
Medical Research Center for Children's Orthopedics
and Trauma Surgery of the Ministry of Health of Russia
in 2022-2023.

Study design: A non-randomized, retrospective, descrip-
tive, and single-center study was conducted.

Primary statistical unit (observation unit): A patient
with a post-traumatic contracture and/or deformity of the el-
bow joint.

Inclusion criteria:

« age: 0-17 years;
- presence of a contracture and/or deformity of the elbow
joint resulting from fractures of the elbow joint bones;
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+ documented provision of medical care for the trauma,
including details of prior treatment;

« availability of clinical and radiological examination data;

+ hospitalization for surgical treatment of trauma sequelae.
Exclusion criteria:

« no functionally or anatomically significant abnormalities
requiring surgical treatment identified during clinical ex-
amination;

+ lack of archival data to determine the type of initial injury
and primary treatment strategy;

« no record of seeking medical assistance after the injury.
We analyzed the anatomical diagnosis, primary treatment

strategies, history of repeat interventions, and type

of orthopedic sequelae, specifically contracture and/or
deformity of the elbow joint.

Statistical analysis was performed using StatTech v. 4.0.6
(StatTech LLC, Russia).

The Shapiro-Wilk test (for sample sizes of <50)
or the Kolmogorov—Smirnov test (for sample sizes of >50)
were used to test the normality of the quantitative parameters.
Percentages in the contingency table analysis were compared
using Pearson’s chi-square test.

RESULTS

Based on the study design and inclusion criteria,
the analyzed group consisted of 115 patients with a mean
age of 11.5 + 0.3 years (min = 4; max = 17) and a mean injury
duration of 15.6 + 1 months (min = 3; max = 65).

The analyzed group included patients from 45 regions
of the Russian Federation, with uneven representation across
some regions (Fig. 1).

In the structure of orthopedic sequelae, elbow joint con-
tractures were the most prevalent, accounting for 42 cas-
es (36.5%). A combination of contracture and deformation
was observed in 42 patients (36.5%), while isolated deforma-
tions were less frequent in 31 cases (26.0%).

Based on the documentation, the structure of the ana-
tomical diagnoses primarily reflected supracondylar fractures
and apophyseal fractures of the medial humeral epicondyle
(Table 1).

Eighty-one patients (70%) were primarily treated
with conservative treatment, involving immobilization fol-
lowed by rehabilitation therapy (e.g., therapeutic exercises)
without reduction or skeletal traction, which was the pre-
dominant approach to post-injury management. An active
treatment approach, consisting of various manipulations
and surgical interventions, was used in 34 cases (30%).
Additionally, a shift from conservative treatment to surgi-
cal intervention was noted in 14 patients (17.2%). Overall,
31 patients (27%) underwent repeated manipulations or in-
terventions, including closed and open reductions and os-
teosynthesis.
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Fig. 1. Distribution of patients by regions of the Russian Federation.

Republic; KMAO, Khanty-Mansi Autonomous Okrug (Yugra)

Table 2 shows the statistical analysis of the incidence
of orthopedic sequelae based on the anatomical location
of the injury. The structure of the injuries varied significantly
among patients with different orthopedic sequelae (x? test,
Pearson p=0.002). Supracondylar humeral fractures
and apophyseal fractures of the medial humeral epicondyle
were the predominant injury types across all three patient
groups with sequelae.

The analysis of the primary treatment strategy
based on the fracture localization in the elbow joint
region showed distinct trends. In the group of patients
primarily treated conservatively, supracondylar humeral
and apophyseal fractures of the medial humeral epicondyle
were the most commonly observed injuries. In contrast,
patients who underwent closed reduction had a relatively
higher number of apophyseal fractures of the medial
epicondyle (Table 3).

Thirty-one patients required repeated closed or open
reductions. In two cases, open procedures were performed
for fragment correction and re-osteosynthesis after
unsuccessful attempts at closed reduction (performed twice
in one case and thrice in another). Repeat interventions were
primarily performed in children with supracondylar fractures,
medial epicondyle apophyseolysis, and Monteggia injuries
(Table &).

The structure of injuries requiring repeat surgical
interventions at local healthcare facilities showed significant
variation compared with those who did not undergo surgery
(x’ test, Pearson p = 0.018). Compared with other injury types,
supracondylar humeral fractures and medial epicondyle
apophyseolysis were the most common among patients
requiring repeat operations.

YNAQ, Yamalo-Nenets Autonomous Okrug; KBR, Kabardino-Balkarian

DISCUSSION

Our study data emphasized the importance of addressing
suboptimal outcomes in treating children with elbow joint bone
fractures. Even within this monocenter analysis, the number
of patients requiring surgical correction for complications
was several dozen. A search in global scientific databases,
such as PubMed for “Consequences of fractures in the elbow
joint in children” yielded 51 results without time restrictions,
compared with 2100 results for “Fractures in the elbow joint
in children” (search date: September 5, 2024). These results
show a significant interest of the professional community
in primary care approaches to elbow joint injuries in children,
whereas the long-term outcomes appear to be relatively
underexplored.

Modern literature provides detailed tactical approaches
to managing elbow joint bone fractures, guided
by widely used classifications and the degree of fragment
displacement [10]. For instance, supracondylar humeral
fractures are typically managed using the Gartland
classification, which defines indications for conservative
treatment, closed reduction, and open reduction [11, 12].
Recent studies published over the past 3-5 years have
largely focused on optional surgical techniques
and osteosynthesis methods for supracondylar fractures,
opportunities, and efficacy of early rehabilitation programs
[13-18]. However, attention to the indications determining
the initial treatment strategy is limited, which likely
reflects the clarity of this issue among specialists.
In the analyzed cohort, patients with supracondylar
humeral fractures were the most frequently represented
group. Notably, most of these patients initially received
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Table 1. Distribution of patients by anatomical types of injuries
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Primary diagnosis n
Supracondylar humeral fracture 46 (40%)
Apophyseal fracture of the medial humeral epicondyle 36 (31%)
Radial head fracture 10 (9%)
Combination of forearm dislocation and apophyseal fracture of the medial humeral epicondyle 9 (8%)
Humeral condylar head fracture 8 (7%)
Monteggia fracture 6 (5%)
Total 115 (100%)
Table 2. Statistical analysis of the incidence of orthopedic sequelae depending on the anatomical site of injury
Sequelae group
Injury type Contracture Deformation Combination P
(n, %) (n, %) (n, %)
SCHF 12 (28.6%) 16 (51.6%) 18 (42.9%)
FHCH 4 (9.5%) 0 (0.0%) 4 (9.5%) 0.002: Comparison
FD and AFMEH 2 (4.8%) 0 (0.0%) 7 (16.7%) between SCHF
AFMEH 13 (31.0%) 13 (61.9%) 10 (23.8%) and AMN with other
MF 2 (4.8%) 1(3.2%) 3 (71%) types of injuries
FRH 9 (21.4%) 1(3.2%) 0 (0.0%)

Note: SCHF, supracondylar humeral fracture; FHCH, fracture of the humeral condylar head; FD and AFMEH, forearm dislocation and apophyseal
fracture of the medial epicondyle of the humerus; AFMEH, apophyseal fracture of the medial epicondyle of the humerus; FRH, fracture of the radial

head; MF, Monteggia fracture.

Table 3. Statistical analysis of the primary treatment strategies depending on the fracture localization in the elbow joint region

Primary strategy

Fracture localization

Immobilization only CR CRMOS OROS
SCHF 31 (67.4%) 1(2.6%) 10 (21.5%) 4 (8.5%)
FHCH 4 (50%) 0 (0.0%) 0 (0.0%) 4 (50%)
FD and AFMEH 7 (77.8%) 1(11.1%) 1(11.1%) 0 (0.0%)
AFMEH 29 (80.5%) 2 (5.5%) 1(2.8%) 4 (11.2%)
MF 2 (33.3%) 1(16.7%) 0 (0.0%) 3 (50%)
FRH 8 (72.7%) 0 (0.0%) 0 (0.0%) 2 (27.3%)

Note: SCHF, supracondylar humeral fracture; FHCH, fracture of the humeral condylar head; FD and AFMEH, forearm dislocation and apophyseal
fracture of the medial epicondyle of the humerus; AFMEH, apophyseal fracture of the medial epicondyle of the humerus; FRH, fracture
of the radial head; MF, Monteggia fracture; CR, closed reduction; CRMOS, closed reduction and metal osteosynthesis; OR0S, open reduction

and osteosynthesis.

Table 4. Analysis of repeat intervention rates in supracondylar humeral fractures compared with other injury types

Repeat Interventions

Fracture localization

Not performed Performed
SCHF 31 (36.9%) 15 (48.4%)
FHCH 7 (8.3%) 13.2%)
0.018: Comparison between
FD and AFMEH 9.59 1(3.29
and 8 05%) 620 SCHF and AFMN with other
AFMEH 29 (34.5%) 7 (22.6%) injury types
MF 1(1.2%) 5 (16.1%)
FRH 8 (9.5%) 2 (6.5%)

Note: SCHF, supracondylar humeral fracture; FHCH, fracture of the humeral condylar head; FD and AFMEH, forearm dislocation and apophyseal
fracture of the medial epicondyle of the humerus; AFMEH, apophyseal fracture of the medial epicondyle of the humerus; FRH, fracture of the radial

head.
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conservative treatment (immobilization without reduction).
Despite this, 14/81 patients in the conservative
treatment group eventually required a shift to an active
treatment strategy. Nevertheless, this did not prevent
the development of long-term sequelae. The widespread
use of conservative treatment at the initial stage likely
reflects diagnostic or tactical errors during the initial
medical visit.

The analysis of interventions and manipulations, including
the anatomical localization of injuries, raises concerns about
the effectiveness of closed reduction in cases of apophyseal
fractures of the medial epicondyle, as maintaining
the apophysis in a reduced position is challenging [19].
Non-operative treatment is generally indicated for fractures
with minimal displacement (up to 2 mm). However, surgical
treatment is recommended for athletes to prevent valgus
instability and facilitate a quicker return to sports activities
[20-23].

The high frequency of repeat interventions in approximately
one-third of patients is particularly alarming. These data
highlight the potential for an increased risk of orthopedic
complications in patients undergoing repeat procedures
and technical deficiencies in the original interventions [24].
These deficiencies may be due to operator-dependent
factors or insufficient material and technical resources, such
as the absence of C-arms or powered surgical equipment.
Considering the wide geographic distribution of patients
in the analyzed cohort, the issues of diagnosing and treating
elbow joint fractures in children during the acute phase
are significant at the local level and across the Russian
Federation in general.
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CONCLUSION
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