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BACKGROUNG: A situation in which despite an obvious ulnar fracture, radial head dislocation is not diagnosed, resulting
in a missed Monteggia fracture is not uncommon. Unsatisfactory results of the treatment of this pathology have prompted
several researchers to search for an optimal treatment strategy.

AIM: This study aimed to conduct a systematic review of literature data on missed Monteggia fractures and dislocations
in children by studying the main therapeutic and tactical approaches to this problem.

MATERIALS AND METHODS: A literature search was conducted in the Cochrane Database, Science Direct, Google Scholar,
PubMed, and eLibrary information bases, and the search depth was 10 years. Moreover, 46 sources were selected based on
the criteria. The main characteristics revealing the problem were identified, divided into four semantic groups, according to
which the literature was analyzed: initial data on the condition of patients at the time of seeking medical help, status before
and after treatment, and treatment methods.

RESULTS: The average age of the children was 8.4 years. The average interval from injury to the surgical treatment of
missed Monteggia fracture was 15.3 months, and 883 clinical cases presented in sources with known treatment techniques
were analyzed. Thus, open reduction of the radial head in combination with the restoration or reconstruction of the annular
ligament and ulnar osteotomy is one of the most common methods (n = 482, 54.6%). The second most frequent application
was the above-described approach, but without manipulations on the annular ligament (n = 273, 30.9%). Bone osteosynthesis
and external fixation apparatus were the most widely used stabilization methods in 350 (67.8%) and 149 (28.9%), respectively.
The most common complications were associated with the deterioration of the functional status after surgery.

CONCLUSIONS: Accurate diagnosis of injury and early correction of existing disorders is the key to reducing the frequency
of missed Monteggia fractures. Surgical treatment is the main method of treating children with this injury, in which the res-
toration of the ulnar anatomy and the ratios in the brachial and proximal radiocarpal joints are the most important, providing
a more physiological development of the segment with the growth of the child.

Keywords: Monteggia fracture; neglected Monteggia fracture; missed Monteggia fracture; ulnar osteotomy; radial head dis-
location; children.
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HayuHbI 0630p

3actapenbie nospexxaeHus MoHTeaka y aeten —
COBpeMeHHoe coCTossHue npobneMbl
(cucteMaTuyeckum 063op)

A.P. Ty6aesa', B.W. 3opun™?

! HaumoHanbHbI MEOMLMHCKWIA UCCNIeN0BaTENbCKUI LIEHTP [ETCKO TpaBMatonorim 1 oproneamn um. U, TypHepa, CankT-etepbypr, Poccus;
2 CeBepo-3ana/iHblil rocyapCTBEHHbIN MeMUMHCKMIA YHnBepcuTeT uM. U.U. Meunmkosa, CaHkT-Tetepbypr, Poccus

06ocHosaHue. Hepeko Npy 04eBUOHOM NepenoMe NOKTEBOW KOCTU BbIBUX TOJIOBKW Jy4EBOM KOCTU He AMAarHocTupy-
T, B pe3ynbTaTe hopMUpyeTcs 3acTapenoe nospexaeHue Monteaka. HeynoeneTBopuTenbHble pesynbTaThl eYeHUs JaHHOM
naToNiorum CTasu NPUYMHONM 3HAYMTENBHOMO KONMYECTBA MCCNEA0BaHWMA, MOCBALLEHHBIX MOUCKAM OMTUManbHOW CTpaTerum
NeyeHus.

Llesme — npoBecTn cucteMatuyeckuit 0630p NUTepaTypHbIX AaHHbLIX N0 npobneMe 3acTapenblx NepenoMoBbIBUXOB MoH-
Te[Xa Yy AeTeil U U3y4nTb OCHOBHbIE JieueOHO-TaKTUYECKME NOAXOAbI K AaHHOM npobneMe.

Mamepuanel u Memodol. OcylwiecTBneH NOMUCK nuTepaTypbl B MHGOpMauMoHHbIX 6a3ax Cochrane Database, Science
Direct, Google Scholar, PubMed, eLibrary, rnybuna noucka 10 net. Ha ocHoBaHuUM KpuTtepueB 0TobpaHo 46 MCTOYHMKOB. Bbl-
LeNeHbl 0CHOBHbIE XapaKTEPUCTUKM, PacKpbIBaloLLMe NPoBneMy, KOTopble pasfaenunm Ha YeTbipe CMbICIOBbIE FPYNMbI, MO KO-
TOpLIM aHaNM3WpoBanu NybNMKaLMmM: UCXOLAHbIE AaHHbIE MO COCTOAHMIO MALMEHTOB Ha MOMEHT 0OpaLLeHNs 33 MEANLIMHCKON
MOMOLLbHO, CTATyC A0 M MOC/e NeYeHUs, METOAbI SIeYEHMS.

Pesynemamel. CpegHuin Bo3pact aeTen coctaBun 8,4 roga. CpefHuin MHTepBan OT TpaBMbl O XMPYPrYecKoro jeve-
HWAa 3acTapenoro nospexaeHns Montegka — 15,3 Mec. M3ydeHsl 883 knnHMueckux cnyyas, npeacraBneHHbIX B UCTOYHUKAX
C W3BECTHOMW TaKTWUKOM NeyeHns. OTKPLITOe BMPaBEHWE TONIOBKU NIy4EBOM KOCTU B COYETaHUW C BOCCTAHOBNIEHUEM WU pe-
KOHCTPYKLME KONbLEBUAHOW CBA3KM M OCTEOTOMMEN NOKTEBOW KOCTM OKas3anocb OAHMM M3 Haubonee pacnpocTpaHeHHbIX
MeTonoB (482 — 54,6 %). BropbiM No yacToTe NpuMeHeHUs BbiN BbILLIEONMCAHHbIA NOAXOA, HO 663 MaHUNYNALMIA Ha KonbLie-
BuaHon ceaske (273 — 30,9 %). Hanbonee wmpoko mcnonb3yeMbiMU MeToaMmM CTabunn3awmm BbiiM HAKOCTHBIN 0CTEOCHHTES
(350 — 67,8 %) v annapart BHewHel pukcauun (149 — 28,9 %). Hanbonee pacnpocTpaHeHHBIMM OCNIOXHEHUAMM, C KOTOPbIMM
CTaJIKMBanuch B CBOEN paboTe aBTOpHI, CBA3aHbI C YXYALLEHWEM (QYHKLMOHANLHOTO CTaTyca nocse onepauum.

3akntoyerue. TouHas AMarHOCTUKA TPaBMbl U PaHHAS KOPPEKLMA HapyLUEHWIA — 3anor CHUXEHWUS YacToTbl hopMUpo-
BaHWA 3acTapesioro noBpexaeHus MoHTeaxa. Mpy oKasaHUm NOMOLLM JETAM C AaHHBIM NOBPEXAEHWUEM BeyLee 3Ha4eHUe
NPUHALJIEXNUT XMPYPTUYECKOMY JIeYEHMIO, NMPW KOTOPOM Haubonee BaXKHbl BOCCTAHOBMIEHWE aHAaTOMUK JIOKTEBOW KOCTU W Co-
OTHOLLIEHWW B MJIEYeTy4eBOM U NMPOKCUMANbHOM JTYYENIOKTEBOM COUNIEHEHMSX, UTo obecneunBaeT bonee dmanonornyHoe pas-
BMTWE CErMeHTa Nno Mepe pocTa pebeHka.

KnioueBble cnoBa: nepenom MoHTeLKa; 3aCTapenbu7| nepesoM MoHTeaKa; I'IpOﬂyu.l,GHHbIVI nepenom MoHTeKa; NoKTeBas
0CTe0TOMMUS; BbIBUX rOJIOBKU ﬂyLIEBOVI KOCTW; OeTu.
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BACKGROUND

In 1814, a pathologist and surgeon from Milan,
Giovanni Battista Monteggia, first described a fracture of
the diaphyseal ulna with radial bone head dislocation [1].
Monteggia presented the history of his mistake, namely,
anterior radial bone dislocation unnoticed in time. It appears
surprising; however, even after two centuries, orthopedists,
being formally familiarized with the damage described
by our predecessor, repeat Monteggia's diagnostic error.
The dislocation of the radial head with an obvious fracture
of the ulnar bone is often left out of consideration with
potentially serious functional consequences. Consequently,
a neglected Monteggia lesion was formed. According to most
experts, the term “neglected or chronic Monteggia injury”
should be used when the injury is more than 2-4 weeks
old [2-5].

With the accumulation of clinical cases and their analysis,
clarifying the pathological anatomy of the damage and
highlighting some patterns became necessary. Thus, in 1967,
Monteggia fractures were additionally classified by Jose
Luis Bado; four main types and seven equivalent injuries
were identified (six Monteggia equivalents to type | and one
equivalent to type II) (Fig. 1; Table 1) [6]. This system, based
on the direction of radial bone head displacement and angle
of ulnar bone fracture, is extensively presented in clinical
practice, and publications focused on this problem. According
to the subsequent experience in children, a Monteggia lesion
can be easily disregarded if there is a subperiosteal lesion
with ulnar deformity or a green stick fracture with radial
head dislocation. In 1985, Letts et al. proposed a pediatric
classification subdividing Bado type | according to the fracture
of the ulnar bone (i.e., plastic deformity, green stick, and
complete fractures) (Fig. 2) [7].

Despite the long history of the disease and attention of
specialists to it, the major problem persists, namely, undi-
agnosed injuries. Ulnar fusion with residual deformity and
lack of reduction in the radial bone head dislocation lead
to several pathological conditions, such as radioulnar in-
stability, forearm bone deformities, impairment of the axial

Table 1. Monteggia lesions equivalents
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Fig. 1. Classification of Monteggia damage according to Bado: and
type |, anterior radial head dislocation with associated ulnar shaft
fracture and an anterior angle of inclination; type II, posterior radial
head dislocation with an associated ulnar fracture with posterior
angulation; type Ill, lateral or anterolateral radial bone head dislo-
cation associated with an ulnar metaphyseal fracture; type IV, ante-
rior radial head dislocation with radial and the ulnar bone fractures
within the proximal third at the same level

parameters of the limb at the level of the elbow joint, el-
bow joint contractures, pronation—supination contractures of
the forearm, and arthrosis of the humeroradial and proximal
radioulnar joints [8]. The multicomponent pathomorphology
of Monteggia’s injuries significantly complicates the devel-
opment of an approach and technical resolution of each of
the elements to obtain full-fledged anatomical and func-
tional results. Poor results for treating neglected injuries
have led to a considerable amount of research on various
strategies. However, no consensus on the optimal approach
has been established [9]. Some authors recommend open
reduction of the dislocated radial head with repair or recon-
struction of the annular ligament and corrective ulnar bone
osteotomy [4, 8, 10-21], whereas others recommend oste-
otomy without restoration of the annular ligament [5, 9, 13,
18, 21-37].

Three issues are fundamental in neglected Monteggia in-
juries in pediatric patients: (1) diagnostic errors; (2) an unsat-
isfactory result of the primary treatment in the acute period

Equivalent type

Description

I Anterior radial head dislocation

Fracture of the diaphysis of the ulnar bone and fracture of the radial bone neck

Fracture of the radial bone neck

Fracture of the ulnar bone diaphysis with a fracture of the proximal third of the radial bone

Fracture of the ulnar bone diaphysis and anterior dislocation of the radial bone head

Posterior dislocation and fracture of the ulnar bone diaphysis with or without a fracture of the proximal radial

bone

I Epiphyseal fractures of the dislocated radial bone head or fractures of the radial bone neck
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Type E

Fig. 2. Pediatric classification of Monteggia fracture dislocation according to Letts: type A, radial bone head dislocation with plastic defor-
mity of the ulnar bone shaft; type B, anterior radial bone head dislocation with a fracture of the ulnar bone shaft; type C, complete fracture
of the ulnar bone shaft and anterior radial bone head dislocation; type D, posterior radial head dislocation with associated fracture of the
ulnar shaft with posterior angulation; type E, lateral, or anterolateral radial bone head dislocation associated with a fracture of the ulnar

bone metaphysis

with major components, namely (a) absence of ulnar bone
reposition, (b) persistent radial bone head dislocation (orient-
ing instability in relation to the head of the humeral condyle),
and (c) a combination of the options described above; and (3)
absence of a modern algorithm of surgical treatment that
provides an optimal anatomical and functional result, tak-
ing into account the pathological multicomponent nature of
the condition.

The work conducted a systematic review of the literature
data on neglected Monteggia fracture dislocations in pediatric
patients and examined the main therapeutic and tactical
approaches to this problem.

MATERIALS AND METHODS

A literature search and analysis was conducted in
the electronic search engines Cochrane Database, Science
Direct, Google Scholar, PubMed, and eLibrary, using the fol-
lowing keywords: “neglected Monteggia,” “chronic Monteg-
gia,” “Monteggia injury,” “fracture dislocation of the forearm
in pediatric patients,” “chronic Monteggia fracture,” and
“missed Monteggia fracture dislocation.” The search depth
was 10 years.

Inclusion criteria: (1) articles written in Russian and
English, (2) full text, (3) pediatric patients (aged <18 years),
and (4) analytical case—control studies, clinical series studies,
and clinical cases.

Exclusion criteria: (1) acute Monteggia injuries, (2) con-
genital radial bone dislocations, and (3) presence of data
for secondary instability of the humeroradial joint and non-
traumatic deformity of the ulnar bone.

Both the structure of the publications and the clinical
material presented were evaluated. Statistical data were
processed using the Microsoft Excel 2019 software. De-
scriptive statistics was used (absolute value, minimum and
maximum values, and percentage in the entire population).

Between-group comparison was performed using a non-
parametric method (Pearson’s chi-square test with Yates
correction). The p < 0.05 was considered statistically signifi-
cant.

The study design with an analysis of quantitative data is
presented in Fig. 3. Finally, 46 articles (3 analytical case-
control studies, 34 with presentation of the clinical series
(2-207 cases), and 9 clinical cases) were selected. In total,
all publications contained data on 913 patients (543 boys and
370 girls). Additionally, 24 characteristics were identified,
divided into four semantic groups, according to which
the articles were analyzed. All these were included in
the general summary table. Owing to the lack of data and
an algorithm for presenting clinical cases in some papers,
articles with insufficient data in the relevant sections were
rejected (Table 2).

RESULTS

The average age of the pediatric patients was 8.4
(2-18) years. The average interval from injury to the surgical
treatment of neglected Monteggia injury was 15.3 (from
2 weeks to 10 years). In the structure of damage types,
according to the Bado classification, type | was predominant
(Fig. 4).

Features of primary care in the acute period were
analyzed for 72 patients. In more than half of the cases
(37; 51%), plaster immobilization was performed for an ulnar
bone fracture with a radial bone dislocation disregarded.
In 23 (32%) patients, fracture dislocation was not diagnosed
during the initial visit; accordingly, a treatment approach
inadequate to the injury was chosen. In some patients
(10; 14%), a closed reduction of the radial bone head was
performed with a disregarded fracture of the ulnar bone,
or reposition of its fragments was not performed, only in
2 (3%) cases, the patient’s late visit was noted.

0Ql: https://doi.org/ 10.17816/PTORS 112287
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Keyword search:
Cochrane database, Science Direct, Google Scholar, PubMed, eLibrary.
Search depth 10 years.
1674 publications

Duplicate removal and exclusion ‘
criteria No. 1-3 ‘

’ 1126 publications ‘

’ Use of inclusion
’ criteria No. 1-6

46 publications ’

Description of clinical cases
(case report) — 9

Analytical

Analysis of clinical series — 34 case—control studies — 3

N =913 (/9 = 543/370)

Fig. 3. Study design

Table 2. Characteristics analyzed

Groups of data analyzed Characteristics Numevei:hog:tl:icles
General characteristics Sex 46
Age at the time of surgery 46
Injury type according to the Bado classification 38
Clinical anamnestic and X-ray Manipulations before surgery 18
data before treatment Period from injury to surgery bé
Complaints before surgery 2]
Range of motion in the elbow joint before surgery 21
Evaluation scale of the elbow joint function before surgery 12
X-ray presentation before surgery 12
Methods of treatment Manipulations performed 46
Approach type 39
Site of ulnar bone osteotomy 4
Type of osteotomy site fixation A
Elbow osteotomy type 32
Wire fixation of the radial bone head 43
Reconstruction/repair of the annular ligament 46
Bone grafting 39
Duration of plaster immobilization 36
Limb position during plaster immobilization 24
Results of treatment Complaints after surgery 39
Range of motion in the elbow joint after surgery 36
Evaluation scale of the elbow joint function after surgery 29
X-ray presentation after surgery 37
Complications 46

0Ql: https://doi.org/ 10.17816/PTORS 112287
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Fig. 4. Structure of patients by types of Monteggia injuries
according to the Bado classification
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Fig. 5. Structure and frequency of implementation of the surgi-
cal approach (%). CR, closed reduction of the radial bone head;
OR, open reduction of the radial bone head; UQ, ulnar bone osteo-
tomy; RO, radial bone osteotomy; TF, transcapitellar fixation;
AL, restoration/reconstruction/excision of the annular ligament;
EFD, external fixation device

Treatment strategies for neglected
Monteggia lesions

In this study, we analyzed 883 clinical cases with
a detailed description of the treatment approach of injuries
and revealed that the open reduction of the radial bone
head in combination with the restoration or reconstruction
of the annular ligament and ulnar bone osteotomy is one of
the most common methods (482; 54.6%). The second most
commonly used approach was the one described above but
without annular ligament reconstruction (273; 30.9%). None of
the sources mention the possibility of conservative treatment

Table 3. Type of approach and complications

Tom 11, Ne 1, 2023

ODTOHCJ:LMH, TpaBMatonorna
1 BOCCTaHOBMTENIBHAA XMPYypria AeTCKOro Bo3pacta

or monitoring of such injuries. In all cases, the indications for
surgical treatment were a dislocation of the radial bone head
and deformity of the ulnar bone. Over time, in the growth
of the bones of the limb, radial bone head dislocation is
aggravated, its deformity is formed, the ulnar bone shortens,
radioulnar biomechanics are impaired, and contracture and
pain in the elbow joint emerge [11]. Moreover, Ngoc Hung et
al. believe that the surgical indications should be determined
individually, and the decision to perform the surgery should
be made by the patient, parents, and surgeon, taking into
account preoperative expectations, potential complications,
and postoperative rehabilitation [19]. The structure and
frequency of the implementation of the surgical approach
according to the literature are presented in Fig. 5.

Surgical approach

In 141 (28.8%) cases, the surgery was performed
through the lateral Kocher’s approach, extended Kocher's
approach in 53 (10.8%) cases, posterolateral Boyd's ap-
proach in 142 (29%) cases, and Boyd's extended approach
in 45 (9.2%) cases. The anterior Henry approach (89; 18.2%)
and Kaplan approach (19; 4%) were used less frequently.
The authors considered the possibility of combining ulnar
bone osteotomy, open reduction of the radial bone head,
and use of the triceps tendon for ligament reconstruction
as an advantage of Boyd's extended posterolateral ap-
proach [38]. However, with this approach, there is a high risk
of damage to the radial nerve. Anterior Henry and posterior
approaches for osteotomy have the advantages of better
exposure, more comfortable intraoperative procedures, and
easier examination of the radial nerve [39].

According to our data, the relationship between the type
of approach and the occurrence of neurological and infec-
tious complications is not statistically significant (p > 0.05)
(Table 3).

Ulnar bone osteotomy

Simple reduction of radial bone head dislocation without
ulnar bone osteotomy, even with the use of stable fixation
with hardware, does not provide a beneficial outcome. This is
why the ulnar bone is the key to repositioning the radial bone

Neurological Infectious
Type of approach complications Statistical criteria complications Statistical criteria

Yes/No (n) Yes/No (n)

Lateral Kocher 5/136 0/141

Extended Kocher 1/52 1/52

Boyd posterolateral 1141 2= 4.337 2/140 X2 = 17452

Extended Boyd 1/44 p>0.05 2/43 p>0.05

Anterior Henry 4/85 0/89

Kaplan 1/18 2/17

0Ql: https://doi.org/ 10.17816/PTORS 112287
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Table 4. Type of osteotomy and subsequent recurrence of dislocation
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Type of osteotomy Recurrence No recurrence Statistical criteria
Wedge 14 139 )
Transverse 10 m x'=0.09%
p>0.05
Oblique 9 100
Table 5. Dependence of the stability of correction and infectious complications on the fixation method
n WHdekuuoHHble
oTepAa KoppeKuuun Cratuctuyeckue Cratuctuyeckue
Meron dukcaumu Da/Her (abc.) KpuTepuu OCNOKHEHUR KpuTepum
’ putep Da/Her (abc.) putep

Extracortical osteosynthesis 29/321 Y2 = 2.064 4/346 ¥ = 10.762 ¥2=5728
Wire and rod fixation 0/17 p>0.05 2/15 p <005 p<0.05
External fixation device 15/134 3/146

head [19, 26, 28, 34]. According to one study, in some cases,
after ulnar osteotomy, open reduction of the radial head and/
or its transcapitellar fixation was not required [5]. Corrective
ulnar bone osteotomy can be considered to have two aims:
(1) to stretch the interosseous membrane to maintain
the radial bone head in the correct anatomical position and
(2) to eliminate the pressure of the ulna on the radial bone,
leading to the anterior dystopia of the radial bone when
the arm is in pronation [12, 23].

In 32 (73%) studies, the authors performed proximal (me-
taphyseal) ulnar bone osteotomy, including at the deformity
apex, in 17 (39%) cases. Numerous arguments have been
put forward in favor of proximal osteotomy, for example,
the altered bone shape and the resulting scar will disturb
and disrupt less the interosseous membrane, while reducing
the risk of nonunion [10, 23, 40].

The results of the literature data analysis did not reveal
any significant dependence of the subsequent recurrence of
dislocation on the osteotomy type (oblique, wedge-shaped,
transverse, and Z-shaped) (p > 0.05) (Table 4).

Fixation of the osteotomy site

Most researchers favor ulnar bone angulation and
lengthening. The only question is how to perform the required
correction: simultaneously or with the use of an external
fixation device. Extracortical osteosynthesis and external
fixation apparatus are the most widely used for stabilization
(350 (67.8%) and 149 (28.9%), respectively) [17, 33, 36, 41, 42].
Wire cross-fixation or intramedullary fixation is performed
much less frequently (17; 3.3%) [5, 20, 37, 38, 43, 44].
Extracortical osteosynthesis provides greater stability and
lower loss of correction than alternative fixation [28].

The results of a comparative analysis of instrumental
treatment and one-stage correction with extracortical
osteosynthesis showed no difference in the frequency of
delayed consolidation [11]. Moreover, results of a comparative
analysis of the techniques presented in the literature showed

that the fixation method does not affect the reduced head
stability (p > 0.05); however, the frequency of infectious
complications depended significantly on the technique,
namely, when comparing intramedullary fixation with
extracortical osteosynthesis (p < 0.05) (Table 5).

Transarticular fixation

Transarticular pin stabilization of the radial head is
controversial. Thus, 27 (63%) researchers prefer to perform
this manipulation, and 16 (37%) researchers are against it
[8, 10, 23, 29, 38]. In the analyzed studies, an insignificant
relationship was found between transcapitellar fixation and
arthritic changes (p > 0.05); however, the average strength of
the relationship was identified between the fixation type and
dislocation recurrence, and the presence of a transcapitellar
pin increases the probability of dislocation recurrence
(p < 0.05).

Manipulations of the annular ligament

The manipulation of the annular ligament has been a topic
of various discussions. The main tactical approaches are
presented in Fig. 6.

129 (29.45%)

23 (5.25%)
90 (20.55%)

18 (4.11%)

1(0.23%)
1(0.23%)

110 (25.11%)

176 (40.18%)

No manipulation
Excision
Recovery

m Reconstruction

| Graft of m. triceps brachii
W M. anconeus
Fascia antebrachii
Tendon of m. palmaris longus

Fig. 6. Approach in relation to the annular ligament in the surgical
treatment of neglected Monteggia injuries
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Opponents of ligament grafting argue that it does not
provide radial head stability and causes a risk of radioulnar
synostosis [8]. Stragier et al. refused the reconstruction
procedure because of conflicting evidence of the positive
effect on surgical outcomes and potential risk of compli-
cations, such as avascular necrosis, impaired growth and
development of the proximal metaepiphysis of the radial
bone, growth of the radial neck, heterotopic ossification,
radioulnar synostosis, and limited forearm pronation. Ul-
nar osteotomy and its angulation are of key importance,
whereas grafting of the annular ligament is not crucial
in maintaining the correct humeroradial ratio [10, 31, 39].
According to the statistical calculation, manipulations on
the annular ligament did not affect the development of re-
current dislocation, subluxation, and osteoarthritic changes
(p > 0.05).
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In the case of radial bone head reluxation following
surgical treatment, formation of contractures, and pain
syndrome, some authors tend to proximal resection of
the radial bone. Osteotomy of the proximal radial bone was
performed in three studies [11, 21, 29].

An almost equal number of authors, namely, 11 (46%)
and 12 (54%), consider immobilization in the neutral position
of rotation and in the position of complete supination to be
correct, respectively. The fixation period ranges from 2 to
6 weeks [12, 13, 16, 21, 29, 38, 40, 43, 45-47].

Evaluation of treatment outcomes

In the literature analyzed, the authors evaluated
treatment results in different ways, from the common
measurement of the range of motion in the elbow joint
to scoring according to the scales (Table 6). In particular,

Table 6. Range of motion and assessment of other functions of the elbow joint

Score
Scale Authors l:lfu:;:z; Manipulations performed Before After
surgery surgery
Mayo Elbow M. Delpont [8] 28 OR+ U0 84 94
m}zrmance Sh. Liao [39] 33 OR+UO +TF 794 977
P. Eamsobhana [12] 10 OR + UQ (Z-shaped) + ALR ND 995
T. Datta [45] 21 Subperiosteal oblique ND Increase
U0 +OR + ALR + TF by 30
H.-Y. Chen [29] 20 1) OR + UO (TF) (18); 80 94
2) OR + U0 + RO (TF) (2)
H. Park [48] 22 1) OR (5); 2) OR + UO (17) 81.1 89.5
E.G. Mohan Kumar [14] 17 OR+UO + ALR 76.76 91.1
Kim's Elbow M. Baydar [37] 14 OR + U0 69.6 92.9
Eerformance E.G. Mohan Kumar [14] 17 OR+UO + ALR 76.91 91.35
core X. Lu, K. Wang [40] 33 OR + U0 + EFD 85 90
G. Di Gennaro [11] 22 1)OR+RAL (7) / ALR (2) + TF ND 91
2) UO + EFD (9) (OR (8) + ALR (8) + TF (8)
at the time of EFD removal)
3) U0 + elongation of the ulnar bone
in EFD + OR + RO + ALR + TF (1)
4) OR + U0 + ALR (2); 5) RO (1)
M. Take [41] 5 OR+ U0 65 94
X. Lu [35] 23 1) OR (5); 2) OR + UO (18) 85 90
H. Park [48] 22 1) OR (5); 2) OR + UO (17) 80 86.6
N. Hung [19] 13 OR +UO + ALR / RAL (+TF) 75.38 93.07
Oxford H. Cevik [43] 18 1) OR + UO + TF + ALR (6) ND 90
Elbow Score 2)CR +UO + TF (5)
3) OR + UO + TF (2); 4) UO + CR (5)
OL. Rahbek [51] 16 1) OR + U0 (6); 2) OR + UO + RAL /ALR (10) 92 ND
Quick DASH  Ot. Junko [27] 1 U0 + free grafting with vascularized fibula 91 ND

graft with plate fixation

Note: ALR, annular ligament reconstruction; CR, closed reduction of the radial bone head; EFD, external fixation device; ND, no data; OR, open
reduction of the radial bone head; RAL, repair of the annular ligament; RO, radial bone osteatomy; TF, transcapitellar fixation; UO, ulnar bone
osteotomy.
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the Mayo Elbow Performance Score scale was widely used,
which took into account several parameters, such as pain,
range of motion, stability, and function [8, 12, 14, 15, 22, 29,
39, 45, 48, 49]. The Kim elbow performance test is another
frequently used scale, which is based on four parameters
(deformity, pain, age, and function) that patients most often
considered problems that need to be addressed [50]. Each
parameter was assigned 25 points for an ideal score of 100
points. The overall assessment of treatment efficiency was
accepted as excellent (=90), good (8975 points), satisfactory
(74—60 points), or poor (<60 points) [4, 11, 13, 14, 16-20, 23,
30, 34-37, 40, 41, 48]. The Oxford Elbow Score questionnaire,
which includes an assessment of the elbow joint function,
pain syndrome, and sociopsychological status, was used less
frequently [43, 51, 52].

Two studies used the Quick DASH scale [27, 42].
.Yu. Khodzhanov et al. used the modified Mattis—Luboshits—
Schwarzberg scale [47]. In the main group, the number of
positive treatment results reached 100%. There were no poor
results. Satisfactory treatment results in the main group
(12.1%) were mainly associated with elbow joint function.
There was a limitation of flexion—extension and rotational
movements in the elbow joint in patients with a disease
duration of >1 year, when the radial bone head was deformed
and expanded.

In addition to assessing the range of motion, Stragier
et al. used the standard visual analog scale for pain in
the elbow joint to determine potential subjective improve-
ment and satisfaction caused by treatment. All 18 pa-
tients stated that they would not change the decision to
perform the surgery [10]. Nearly all patients with dam-
age < 6 months old had a score of 0 out of 10 on the pain
scale (none), except for one patient (score 1 out of 10). All
patients with trauma of >6 months old reported some pain.
The overall mean range of motion increased by nearly 15%
after surgery.

In general, most authors have achieved an increase in
the range of motion after surgical treatment up to equal-
ization with a healthy contralateral limb [5, 8-10, 12, 21,
23, 24, 28, 34, 37-39, 43, 44]. However, some have noted
that with an increase in mean supination, the pronation
volume is often lost compared with preoperative values
[10, 29, 391. Some authors have reported no statistically
significant difference between pre- and postoperative mea-
surements [13, 40]. A positive treatment result in most
cases was the relief of elbow joint pain after the interven-
tion [31, 53].

X-ray data

The post-treatment radiological presentation was as-
sessed in most studies by dividing the results into three cat-
egories, namely, good (complete reduction of the radial head
without degenerative changes in the ulnar bone), satisfactory
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(subluxation and/or arthrosis and deformities), and poor (ra-
dial head dislocation) [8].

Before surgical treatment, in addition to neglected dam-
age, certain radiographic features were noted (n = 94), name-
ly, ectopic ossification in 10 (11%) patients, hypertrophied
radial bone head in 8 (9%), another deformity of the head in
3 (3%), short neck of the radial bone in 4 (4%), radial synosto-
sis, and hypoplasia of the lateral condyle of the humerus, and
osteoarthritic changes in one patient. In general, good radio-
logical results were achieved in 380 out of 472 cases (81%).
Satisfactory results were obtained in 53 (11%) cases, and
poor results were registered in 23 (5%). Among the latter,
one patient subsequently underwent radial head resection.
Radial head hypertrophy was registered in 29 (6%) cases.
The average period of radiographic consolidation of the oste-
otomy site was 8 weeks.

Complications

The most common complications are associated with
deterioration in functional status, in particular the loss of
rotational movements, and subluxation or recurrence of
radial bone head dislocation. In the long term, degenera-
tive changes were recorded in the humeroradial, proxi-
mal, and distal radioulnar joints and a deformity formed
at the level of the elbow joint. Moreover, nonspecific
complications were inherent in corrective interventions,
such as impaired consolidation of the osteotomy site and
infectious complications [4, 8, 10-13, 15, 17-19, 21, 24,
26-29, 36, 37, 39-43, 45, 47, 48]. The structure and in-
cidence of complications of surgical treatment are pre-
sented in Fig. 7.

DISCUSSION

Monteggia fracture dislocations in pediatric patients re-
main a problem despite being a well-known and common
injury [54]. The main cause of the transition of an acute
condition to neglected damage involves a “human fac-
tor,” namely, the result of a defect in diagnostics and in-
correct subsequent treatment approach. According to
I.Yu. Khodzhanov et al., the clinical aspects of recent radial
bone head dislocations in pediatric patients include insuf-
ficiently pronounced dysfunction of the elbow joint, absence
of a forced position of the hand, and pain syndrome. This
circumstance often contributed to late-seeking medical
help [47]. The correction of neglected damage is complex
and is associated with several anatomical and biomechani-
cal disorders, the correction of which is not always pos-
sible within the surgical strategy. In this regard, several
surgical approaches and interventions have been proposed.
Most authors prefer open one-stage surgical intervention,
including ulnar correction (this component is of greatest
importance), and open reduction of the radial bone head.
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Fig. 7. The structure of complications of the surgical treatment of neglected Monteggia injuries

The issue of grafting the annular ligament remains debat-
able. Some authors tend to believe in the lack of a clear
static relationship between the results of the surgical ap-
proach and the Bado classification [43]. Orthopedists con-
verge on the opinion that a surgical delay in neglected
Monteggia injuries and the patient’s age affect both the clini-
cal [10, 13, 37, 40, 43, 45] and radiological results [51]. Re-
constructive efforts should be undertaken urgently to limit
the deformity during radial head growth [26]. Open reduction
is advisable before the occurrence of secondary deformity of
the head and humeroradial arthrosis [37]. With a significant
age of injury, in older patients, the wrist joint stability must
be assessed [9]. The main problem in treatment results is
the recurrence of the radial head dislocation. Despite this,
surgery is recommended even for asymptomatic cases or
those with minimal clinical manifestations [11]. The best
results are noted when performing a reconstructive and
corrective intervention up to six months after the injury.
The patient's age is of great importance. Significantly better
X-ray anatomical results of surgical treatment were noted in
patients aged < 6 years than in older patients [32].
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