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* Monteggia fracture is characterized by radial head dislocation combined with proximal

ulnar fracture.

* If not diagnosed at an early stage, these lesions can gradually lead to forearm deformities
and dysfunction, finally resulting in neglected Monteggia fracture. When the radial head is
not reduced, several deformities develop at the humeroradial joint, including cubitus valgus

and osteoarthritis.

* Adequate radiographs are crucial when the surgeons deal with forearm injuries.
* At present, proximal ulnar osteotomy and open reduction of chronic radial head dislocation
provides satisfactory functional outcomes because of anatomic alignment reconstruction.
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* Supplementary procedures, including transcapitellar pinning and repair or reconstruction
of the annular ligament, which are performed in order to enhance stability of the

humeroradial joint, should be thoroughly assessed based on joint rotational stability after

reduction and on potential complications.
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Introduction

Monteggia fracture, characterized by proximal 1/3 ulnar
shaft fracture combined with radial head dislocation, was
first described by Monteggia et al. in 1814, while recent
studies included fracture of the olecranon (1, 2, 3, 4, 5,
6). With an incidence of less than 2% of forearm injuries
in children and adults, this rare combination injury could
eventually lead to forearm deformities and dysfunction
if not diagnosed at an early stage, resulting in neglected
Monteggia fracture (NMF) (1, 4, 7, 8).

Plenty of researchers have reported managements of NMF
with different outcomes in recent years (9, 10, 11, 12, 13, 14,
15,16, 17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46,
47, 48, 49). This review aims at summarizing and discussing
the current knowledge of NMF, including its definition, its
pathophysiological characteristics, the biomechanics of
which the radial head slips, and surgical intervention.

Definition, causes, classification, and
biomechanics of NMF

Definition

Though Monteggia fracture is well defined as radial head
dislocation combined with proximal ulna fracture, the

exact time point to consider a chronic phase Monteggia
fracture is ambiguous. Recent studies recommended
over 4 weeks after injury as the dividing line for
NMEF, as malunion of the ulna had already formed (1, 2, 3,
6, 8,11, 50).

Causes

A rate of misdiagnosis of up to 28% makes the recognition
of Monteggia fracture challenging, especially in
pediatric patients (3, 6, 8). Chin et al. (33) proposed
several possible causes that could make acute pediatric
Monteggia fracture a neglected one. (1) Ossification
centers of the elbow emerge sequentially, which hinders
the recognition of the alignment of radiocapitellar joint.
Also, atypical greenstick fracture of the ulna is difficult
to discover. (2) Children are noncompliant during
physical and radiological examination, resulting in poor
recognition both in the emergency room and on film. (3)
Surgeons pay too much attention on the reduction and
fixation of the ulnar fracture without inspecting the proper
alignment of the radiocapitellar joint. Hence, thorough
and precise examination should be carried out when the
patientinjured his or her forearm, and a comparison to the
contralateral is required if necessary (4, 51).

www.efortopenreviews.org © 2022 The authors

https://doi.org/10.1530/EOR-21-0087

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.

oIoe


https://doi.org/10.1530/EOR-21-0087
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
mailto:xujia0117@126.com
mailto:orthokang@163.com

EFORT Open relieuls

Classification and biomechanics of Monteggia injury

Bado classification was once the most widely utilized
classification for Monteggia fracture, whose occurrence
is shown in Table 1 (52, 53). However, the injury of the
proximal radioulnar joint (PRUJ) is ignored under this
classification system, which leads to limited prognostic
prediction (1, 3,31, 35, 54). Thus, subsets of the Monteggia
fracture were reestablished as follows: (I) diaphyseal
fracture of ulna with anterior angulation, and anterolateral
dislocation of the radial head without dislocation of the
PRUJ. This subset is most common in children. The
biomechanics of this subset of Monteggia fracture is that
a direct blow to the posterior ulna, or extreme pronation
of the forearm or over-extension of the elbow during the
fall induces contract of biceps muscle and consequent
fracture and dislocation. (Il) Metaphyseal fracture of ulna
with posterior angulation, and posterior dislocation of the
radial head without dislocation of the PRUJ. Longitudinal
force during elbow flexion may be the cause of this
subset, similar to the mechanism of posterior dislocaiton
of the elbow, though the humeroulnar ligament is often
intact. (Illa) Apex posterior fracture of ulna, and posterior
dislocation of the radial head without dislocation of the
PRUJ; (lllb) apex posterior fracture of ulna and posterior
dislocation of the radial head with dislocation of the PRUJ.
Subset Il is mainly due to a strike from the medial aspect
of the elbow. (IV) Concomitant fracture of the radius with
dislocation of the radial head in any direction, with or
without dislocation of the PRUJ. The biomechanics of this
subset is similar to subset |, while the radial fracture could
be a secondary injury (50, 52, 55). Another alternative
classification system was proposed by Letts et al. (56, 57)
which accommodates the unique features of pediatric
Monteggia lesions.

Pathophysiological characteristics

Typical pathological changes of NMF include malunion
and angulation of the ulna, refractory dislocation of the
radial head, and soft tissue injury (1, 2, 3, 33, 39, 43, 58,
59, 60, 61). With the radial head unreduced, the capitellar
facet becomes atrophic and flattened, and the radial head
loses its crateriform facet due to its growth without the
limitation of the humeral facet. Dislocated PRUJ also results
in the degeneration of the radial notch, which could block
the reduction of the radial head (3, 27, 55, 56, 62). As a
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result, the unmatched humeroradial joint becomes painful
and may eventually develop osteoarthritis (1, 3, 4, 8, 60).
Normally, the annular ligament ensures the stability of
the radiocapitellar joint by surrounding the radial head.
This ligament may get torn or entrapped by the dislocation
of the radial head due to acute Monteggia fracture (9, 13,
15,18, 36, 44, 59, 63). Then, the elbow joint may undergo
scar tissue proliferation and contracture and ossification,
which creates ectopic calcification if not well restored (60).
Both the torn annular ligament and the deformed radius
decrease the stability of the lateral elbow joint, inducing
the deterioration of cubitus valgus. With soft tissue,
including vessels and peripheral nerves, stretched or
entrapped during this process, forearm motor dysfunction
may be combined with paresthesia (3, 4, 61, 64, 65). In
pediatric patients, early-developed ossification centers
were observed at the injured radial epiphysis, indicating
that the trauma stimulated bone growth (60, 62). Forearm
interosseous membrane also contributes to the rotational
stability of the radial head, whose integrity should be
checked during surgical managements of NMF (58, 65).

Diagnosis and differential diagnosis

Manifestations

Unlike an acute fracture, the main symptoms of NMF
are usually an antebrachial osseous protuberance and
a prolonged history of trauma, rather than pain in the
elbow joint, as the fracture has already healed (1, 2, 3, 4,
5,6,8,50, 66).

During physical examination, an abnormal osseous
protuberance is usually seen or felt in the forearm. Along
with various degrees of cubitus valgus, the rotation of
forearm and the flexion of elbow are often limited due to
instability of the radialcapitellar joint (1, 2, 3, 4, 5, 6, 8,
50, 66).

Other manifestations, including peripheral nerve
impairment, sometimes develop as the aftermath of a
delayed diagnosis or improper treatments of Monteggia
fracture. Thus, it is essential to carry out a detailed
neurovascular examination for all patients (61, 64).

Radiography

The radiological diagnosis of NMF focuses on recognizing
the angulation deformity of the ulna, the dislocation of the
radial head, and rupture of the ligaments.

Table 1 Bado classification of Monteggia fractures and characteristics.

Type Radial head dislocation Ulnar fracture Pediatric proportion (%) Reference
Bado | Anterior Anterior angulation 70 7)
Bado Il Posterior/posterolateral Posterior angulation 6 (8)
Bado Il Lateral/anterolateral Metaphyseal fracture 23 (8)
Bado IV Anterior Concomitant radial fracture 1 (8)
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The ulnar fracture in NMF is already healed, while
shortening and angulation of the ulna usually exist.
Lincoln et al. (67) described the ulnar bow sign as the
radiographic parameter for the angulated ulna (Fig. 1). A
dorsal line is drawn from olecranon to the distal edge of
the ulna on a lateral view, and any point on the ulnar shaft
surpassing this line for over 1 mm indicates a significant
curvature in the ulna, which also indicates a dislocated
radial head.

Several approaches have been reported to detect
the displaced radial head, among which the method
of Storen line (68) is the most widely used (Fig. 2). The
axis of a normal radius travels through the center of
humeral capitellum. When Storen line misses the center
of capitellum, the radial head is considered dislocated.
However, Ramirez et al. (69) found this line was more
likely to target the middle of capitellum while missing the
capitellar ossification center in 16% of the healthy elbows,
which was more common before the age of 5 years. In
addition to the Storen line, the lateral humeral line (LHL) is
one of the most reliable parameters for lateral radial head
luxation (66) (Fig. 3). The LHL is drawn along the lateral
margin of humeral lateral condyle and is parallel to the
axis of distal humeral shaft on an antero-posterior view.
Under normal circumstances, the LHL shall be parallel to
the radial neck cortex simultaneously. However, in the
case of dislocation of radial head, both Storen line and LHL
can lose their references.

Three-dimensional reconstruction based on CT can
serve as a supplementto the visualization of the deformities
in the elbow and forearm (3, 21, 55, 62). MRI has been
used to assess the severity of the injury of the annular
ligament and to exclude the congenital dislocation of the
radial head (1, 50, 70).

Differential diagnosis

Congenital dislocation of the radial head can be identified
through the criteria established by Roles (71). This
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Figure 1

The ulnar bow sign. A dorsal line is drawn from olecranon to the
distal edge of the ulna on a lateral view, and any point on the
ulnar shaft surpassing this line for over T mm indicates a
curvature in the ulna.
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Storen Line

Figure 2

The Storen line. The axis of a normal radius travels through the
center of humeral capitellum, especially on a lateral view.

LHL

Figure 3

The LHL is drawn along the lateral margin of humeral lateral
condyle and is parallel to the axis of distal humeral shaft on an
antero-posterior view. Under normal circumstances, the LHL
shall be parallel to the radial neck cortex simultaneously.
However, in the case of dislocation of radial head, both Storen
line and LHL can lose their references.
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lesion usually occurs bilaterally. Two-thirds of the cases
experience a posterior dislocation of the radial head and
an anterior angulation of the ulna. The representative
shrink of the radial head differs from the hypertrophy
observed in NMF radial head. Cleary and Omer type Il
to IV congenital proximal radioulnar synostosis (CRUS)
represents different directions of radial head dislocation
and shapes. CRUS is often first observed in the age of 2-5
as fluoroscopic examination concludes chondral or bony
fusion at PRUJ, which extrudes the radial head from the
humororadial joint (70).

According to the ulnar tether hypothesis, pediatric
patients with forearm multiple hereditary exostoses may
eventually develop radial head dislocation. When the
radius is lengthened and bent, the exostoses supresses the
growth of ulnar. The enhanced tension then stretches the
radial head out of the annular ligament (72).

Other acute and chronic elbow and forearm injury, for
example, Essex-Lopresti injury, should also be excluded
according to manifestations and radiological results (73).

Treatment and complications

Since expectant treatment of NMF often results in poor
outcomes, early surgical intervention is well recommended
to decrease complications (5, 8, 17, 22, 23, 54, 63,
74). Surgical treatment aims at correcting the angular
deformity of the ulnar, stably reducing the radial head and
restoring the proper alignment of the radiocapitellar joint
(1, 2, 3,15, 19, 20, 32, 40, 41, 42). Though numerous
studies have reported different treatments of NMF, which
vary from position to perform osteotomy, options for
fixation, and the reconstruction of the annular ligament,
there still remains no standard protocol or guidelines (9,
10, 11,12, 13, 14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49). Besides, onset of the
chronic deformities is often recognized within childhood,
which leads to few reports of adult NMF cases (28, 37, 43).

Forearm osteotomy

It is undisputed that forearm osteotomy should be
performed to correct bony malunion of the ulna, as the
angulation deformity is the direct reason for blocking
the radial head from reduction (14, 15, 16, 17, 19, 21,
34, 38, 44, 47, 48, 49, 62, 75). Ulnar osteotomy and
lengthening have been found useful to create intrinsic
tension in the interosseous membrane to maintain the
reduction of the radial head (1, 2, 40). Bouyala technique,
which contains elbow joint clear operation, proximal ulna
shaft osteotomy, and correction-over-correction of the
angulation deformity of the ulna for radial head reduction
through Boyd’s posterior approach or Kocher’s approach

Neglected Monteggia 7:4 290
fracture: a review

and sometimes combined with Henry’s anterior approach,
was once universally approved treatment for NMF (2, 15,
17, 23, 24, 29, 39, 48). This technique was also successful
in treating adult NMF patients and long-term outcomes
were satisfactory (43). However, early recurrence of
dislocation was observed within Bado Ill NMF patients,
and severe instability of the radial head in Bado IV NMF
may sometimes need additional radial osteotomy for its
reduction (19, 34, 42, 43, 55, 62, 75). Recent studies
have also confirmed that overcorrection of the ulna
might result in consequent postoperative posterior
dislocation of the radial head (14). Though radial head
resection could improve forearm rotation in NMF, long-
term study showed that this would result in instability of
the elbow and arthralgia (14, 22, 37). Taking satisfactory
outcomes from adult patients with congenital proximal
radioulnar synostosis who received radial head resection
into consideration, adult patients with NMF may benefit
from radial head resection when bony fusion of proximal
radioulnar joint develops (70).

Park et al. (19) noted that the location of ulnar bow and
its magnitude could likely determine whether osteotomy
should be performed. Reduction of the radial head could
be performed alone in patient whose maximum ulnar
bow is less than 4 mm or whose ulnar bow lies in distal
40% of the ulna (75).

Site for osteotomy

Optimal site for ulnar osteotomy should be considered
precisely in order to avoid delayed union or nonunion
(6, 12, 34, 76). Proximal ulnar osteotomy should allow
insertion of at least two screws at the proximal part. Di
Gennaro et al. (32) reported that proximal one-third ulnar
osteotomy presents significantly lower rate of nonunion
than osteotomy of middle and distal ulna. However, in
NMEF patients with severe curvature of the ulna, osteotomy
could be performed where the deformity is most obvious
or based on the center of rotation angulation (21, 30).
Whether the meta-to-diaphyseal transitional zone in
children represents a reasonable choice for osteotomy
needs further investigation (6, 12).

Fixation of the osteotomized ulna

Internal or external fixation should be applied to
stabilize the ulnar or to proceed further correction of
the deformities. Immediate correction of the bending
of the ulna requires 10—15° degrees of dorsal or ulnar
angulation for simultaneous radial head reduction (2,
3, 11, 16, 27, 34, 38, 44, 45, 46, 47, 49, 62). Although
K wire fixation decreases operating time, rotation of the
osteotomized ulna is sometimes unavoidable (1, 11).
Locking compression plate could guarantee adequate
stability in younger patients with mild deformities, while
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the gap between two osteotomy sites often requires bone
graft (4, 24, 39, 47). Another benefit of plate fixation is
that it could be shaped to adapt to the position of the ulna
(22, 34).

Bor et al. (10) reported four patients who were treated
with closed reduction, proximal ulnar osteotomy, and
llizarov external fixator received good clinical outcomes.
Similar results were then reported by Take et al. (10, 45)
and Yuan et al. (49). Minimally invasive operation with
external fixation allows gradual and spatial correction of
the ulnar deformity to reduce the displaced radial head
withoutinvading the humeroradial joint, butlong duration
of wearing the frame could bring certain inconvenience
to daily activities and needs higher compliance of the
patients (10, 12, 16, 46, 49). Intraoperative external
fixation-assisted one-step correction of the deformities was
performed by Wang et al. (16) and Dukan et al. (47), who
found it effective for multiple and progressive reduction
attempts. Once the result of fluoroscopic examination is
satisfactory, the external fixation is then removed. Other
studies performed gradual lengthening of the ulna with
external fixators, and open reduction of the radial head
was added when elongation alone did not promise a
stable reduction after removal of the external fixators,
known as two-step strategy (44).

Reduction of the radial head and fixation of the
radiocapitellar joint

Open reduction of the radial head was employed by most
studies (12, 17, 19, 30, 32, 36, 42, 68). Gallone et al. (12)
found no significant difference in the rate of recurrence
of dislocation between close and open reduction of the
radial head. Open reduction is also recommended in
pediatric NMF patients with severe dislocation of the PRUJ
(26). It should be importantly noted that open reduction
may be unavoidable for patients who failed the initial close
reduction (6).

It remains still controversial whether transcapitellar
pinning should be performed after reduction of the radial
head (6, 10, 11, 23, 25, 29, 42). A group of researchers
did not recommend fixation of the radiocapitellar joint as
this would bother early rehabilitation of the elbow and
forearm (42). Other studies suggested transcapitellar
fixation at 90° of elbow flexion through the radiocapitellar
joint to provide stability for soft tissue reconstruction (22,
23, 25, 29).

Reconstruction of the annular ligament

The repositioning and reconstruction of annular ligament
should be taken into consideration in NMF patients
because it stabilizes the radial head during forearm rotation
and prevents redislocation (1, 3, 4, 9, 15, 20, 23, 36, 39,
42, 48, 60, 77). On the other hand, annular ligament
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remnant in chronic Monteggia fracture cases may develop
heterogenictissue of which the reconstruction would result
in stenosis of the radial neck, delayed growth of the radius,
and limited elbow joint movement (9, 15, 42, 60). These
shortcomings were also observed in cases reconstructing
the annular ligament with tendon and fascia autografts
or allografts through Bell-Tawse technique (18, 77). In
NMF cases with intact annular ligament, different studies
reported improved elbow mobility and stability with or
without reconstruction of the annular ligament (36, 39,
42, 48). Other studies suggested that the reconstruction
of annular ligament could be avoided unless there was
detectable rotational instability of the radial head after
reduction intraoperatively (4, 20, 23).

Complications

NMF could develop several complications, including
recurrence of radial head dislocation, limited range of
motion of the elbow, nonunion after osteotomy, and neural
injuries, even if treated with proper surgical managements
(2,12, 15,16, 29, 34, 35, 38, 39, 44, 61, 62, 64, 76, 77).

Recurrent dislocation of the radial head is ascribed
to the deformity of the radial head, mismatching of the
radioulnar joint after osteotomy, and operation-related
risks (35, 39, 62, 76). Excessive angulation after osteotomy
of the ulna could lead to re-dislocation of the radial head
and requires a second surgery to enhance stability of the
radiocapitellar joint. Besides, Bado Il NMF was reported
with higher rate of recurrence of radial head luxation,
indicating that annular ligament repair is unavoidable
(34).

Limited forearm rotation is one of the most common
complications after reconstruction of the annular
ligament. This is mainly due to a tight surrounding of
the radial head and lack of blood supply which leads to
ligament adhesion and fibrosis (15, 77).

Nonunion is more likely to happen in cases with
external fixations (10, 16, 49). This may be overcome by
iliac crest bone grafting after osteotomy and lengthening
of the ulna, or the surgeon may choose another moderate
technique, for example, llizarov external fixation or step-
cut technique, to correct the abnormality (38, 45, 49).

The posterior interosseous nerve and the ulnar nerve
are two of the most possibly interrupted nerves during
open reduction of the radial head and osteotomy of the
ulna. Operation and neurolysis may contribute to patients
with neural injury not recovered beyond 3 months (29,
61, 64).

Conclusion

In conclusion, Monteggia fractures become challenging
if not noticed within 4 weeks after injury. Patients then
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require surgery to reduce the radial head and correct
forearm deformities. Classification system should take
dislocation of PRUJ in to consideration, which would
direct management and prognosis. Also, detailed
examinations, especially radiographs, should be taken
when the surgeon deals with forearm trauma. Surgical
intervention, including osteotomy and angulation of the
ulna, reduction of the radial head, internal or external
fixation and reconstruction of the stability of the PRUJ and
radiocapitellar joint, could bring satisfactory outcomes
to NMF patients, while site for osteotomy of the ulna,
fixation method, and whether the annular ligament needs
reconstruction varies from studies. Besides, outcomes of
surgical treatment may depend on classification type.
Further researches are required to throw light on optimal
options to treat specific types of NMF.
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