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Abstract

Introduction: The treatment of chronic radial head dislocations after Monteggia lesions in children can be challenging.
This article provides a detailed description of the most frequently performed surgical technique: an ulna osteotomy
followed by annular ligament reconstruction. Accordingly, we present the clinical and radiological results of 10 paediatric
cases.

Material and methods: All paediatric patients that had a corrective osteotomy of the ulna for a missed Monteggia
lesion between 2008 and 2014 were evaluated with standard radiographs and clinical examination. A literature search
was performed to identify the relevant pearls and pitfalls of surgery. Primary outcome was range of motion.

Results: We included 10 patients, with a mean follow-up of 2.5 years. Postoperative range of motion generally improved
30.7°. Even in a patient with obvious deformity of the radial head, range of motion improved after surgery, without
residual dislocation of the radial head.

Conclusion: Corrective proximal ulna osteotomy with rigid plate fixation and annular ligament reconstruction yields
good results in patients with chronic radial head dislocation following a Monteggia lesion. Surgery should be considered
regardless of patient age or time since trauma. Given substantial arguments in literature, we discourage surgery ifa CT
scan shows dome-shaped radial head dysmorphic features in work-up to surgery.
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Furthermore, the ulna is relatively shortened, which
may lead to complaints at the level of the wrist.
Therefore, reduction of the radial head should take
place as soon as possible to prevent these long-term
harmful effects.'*

Mechanism of injury and the effect of growth

If a Monteggia fracture occurs, the interosseous mem-
brane ruptures. Consequently, tension on the radial
shaft and radial head reduces, allowing it to dislocate.
This mechanism explains why over 70% of radial head
dislocations are in an anterior direction (Bado type I).
Several articles that describe the trauma mechanism for
a Bado type I Monteggia fracture have been published,
which render different explanations.® '° Secondly, the
annular ligament may rupture or dislocate from the
radial head, and migrate into the proximal radioulnar
joint, interfering with reduction of the radial
head.*®!""1? Finally, during growth, ulnar angulation
may develop,*!*!* which may result in a persisting dis-
location of the radial head. Treatment ideally should
address all components of the injury, providing reduc-
tion of the radial head, correction of ulnar length and
angulation and reconstruction of the annular
ligament.'!-15:16

Surgery for posttraumatic chronic radial head dis-
location may include an ulna osteotomy, for which
there are several ways of fixation, and/or annular liga-
ment reconstruction (ALR). Reduction of the radial
head can be achieved by an open approach or without
opening the joint.'”?® No consensus has yet been
reached regarding the necessity for the several steps in
this surgical procedure. Therefore, work-up to surgery
is also still unclear; it is unknown whether dysmorphic
features of the radial head are a contraindication for
surgery or whether time between trauma and surgery is
of influence on surgical outcome. In this article, we will
therefore outline the work-up, treatment rationale and
several pearls and pitfalls of the surgical technique. We
will therefore describe the clinical and radiological out-
come for ROM in 10 paediatric cases.

Materials and methods

We composed a patient cohort consisting of all con-
secutive patients undergoing a corrective osteotomy of
the ulna between 2008 and 2014, for chronic radial
head malalignment following a Monteggia lesion.
A radial head dislocation was considered a chronic
lesion four weeks after sustaining a trauma.*®2'%2
Congenital dislocations were excluded.

Patient follow-up consisted of a physical examin-
ation and a radiological assessment. Radiological
check-ups performed conform to local protocols.

Work-up to surgery

Ideal timing of surgery has been widely discussed in
literature, and opinions vary. We decided to use each
patient’s amount of radial head deformity as a guide-
line. Several authors regard the chances of successful
surgery low, if the concavity of the radial head has been
completely lost.>'®%* These studies identified that the
amount loss of concavity of the radial head directly
determines surgery outcome more so than patient age
or time since trauma.

Prior to surgery, a CT scan is deemed essential to
assess the degree of radial head deformity. Dysplastic
changes of the radiocapitellar joint (RCJ) are identifi-
able on a CT scan, and the process enables the con-
struction of a 3D model."*** In cases where the patient
is a young child with considerable residual growth and
potential for remodeling,'”>* an MRI may be
preferable.

In two patients that were seen in our hospital, radial
head deformation had developed to such extent that the
radial head had lost its concavity, and as such, we
decided not to perform surgery. In both patients, an
exceptionally prominent dome-shaped radial head was
noted, with a slender radial neck (Figure 1(a) to (c)).

Alternatives for surgery in these cases consist of
follow-up and planning of radial head excision if
elbow complaints persist after bone maturity has been
reached. However, this procedure is considered as sal-
vage surgery.’ In a patient seen at our hospital, follow-
up of a dome-shaped radial head lasted seven years
(Figure 1). The patient had fallen of a slide at the age
of seven years, and the elbow had initially been immo-
bilised in a cast without recognition of the radial head
dislocation. Four years following trauma, complaints
of pain and restrained elbow flexion arose. Upon pres-
entation in our hospital, six years after trauma, there
was a prominent, palpable radial head and a restriction
of elbow ROM with a positive anterior impingement
test were noted (flexion 100, extension +10, pronation
30 and supination 45°). On examination at last follow-
up, no pain was present, but the patient experienced
crepitations in the joint. An evident cubitus valgus
was seen (estimated 25°), and ROM, mostly supination,
was impaired (flexion 110, extension +10, pronation 70
and supination 45°). A ‘watchful waiting’ policy is now
initiated, to evaluate the patients’ complaints while the
skeleton matures.

In cases of deformation with preserved concavity, to
date, no tool has been installed to relate radial head
deformation to surgery success rates. Kim et al.
described a head-neck ratio'* (Figure 2(a) to (c)).
However, they were not able to identify the conse-
quences of a higher ratio, other than that the surgeon
had to be aware of a more difficult reposition of the
radial head due to anatomical anomalies.
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Figure I. (a to c) Persistent radial head dislocation seven years following Monteggia lesion (head—neck ratio 2.2).

Figure 2. (a) Head/neck ratio. H/N; H = metaphyseal diameter measured at the widest part adjacent to the physis, N =neck
diameter measured at the narrowest past proximal of the bicipital notch. (b) non-affected side (head/neck ratio 1.6); (c) affected side

2C (head/neck ratio 1.9).

Surgical technique

All operations were performed by two orthopaedic sur-
geons (DE and BT). Patients were operated under gen-
eral anaesthesia, in a supine position. First, the
proximal radioulnar joint (PRUJ) was opened using a
lateral incision (Kaplan incision). The joint space of the
PRUJ was debrided, and annular ligament remnants
were identified and preserved where possible.

The ulna was approached using the same incision
that gave access to the PRUJ. A wedge osteotomy of
the ulna at the most proximal site possible was per-
formed, adapting ulna length and angulation under
radiologic guidance until radial head reduction was
achieved. After radial head reduction, rigid plate fix-
ation of the osteotomy of the ulna was performed with
a locking compression plate (LCP). The plate was bent if
necessary. We used 3.5-mm locking head screws for fix-
ation. Fluoroscopy was used to determine the level of
the osteotomy and the optimal placement of the plate

and screws, avoiding interference of the screws with the
growth plate of the proximal ulna. No bone grafts were
used. Thereafter, an ALR was performed, using annular
ligament remnants when possible. Alternatively, recon-
struction was performed by using a piece of triceps
fascia, that was attached with transosseous sutures.

Finally, elbow ROM and radial head stability were
assessed postoperatively, while the patient was still
under general anaesthesia. A radioulnar K-wire was
placed to secure the radial head reduction, if the sur-
geon preferred to support radial head stability. This
K-wire was placed distally to the PRUJ to prevent
damage to the cartilage and was then removed after
four weeks.

Patients were immobilised for six weeks in an above
elbow cast in 90° flexion, with the forearm in a neutral
position following surgery. Active forearm rotation,
elbow flexion and extension were allowed at six weeks
postoperatively. Plate and screws were removed routinely
6-12 months after surgery. Figure 3(a) shows a
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Figure 3. (a) Preoperative X-ray of the elbow in a patient that had sustained a Monteggia injury two years earlier; (b) X-ray of the
elbow six weeks after ulna osteotomy and annular ligament reconstruction; (c) outcome |.5 years after surgery.

preoperative X-ray of the elbow in a patient that had
sustained a Monteggia injury two years prior to presen-
tation at our hospital. Figure 3(b) depicts the X-ray of the
situation directly after ulna osteotomy and ALR, and
Figure 3(c) shows the outcome 1.5 years after surgery.

Results

Mean age at surgery was 8.2 years (range 5.3—12.7
years). Mean interval between injury and surgery was
1.8 years (range 0—4 years). All dislocations were of
Bado type I (anterior). In four patients, the initial diag-
nosis had been missed on presentation. Detailed patient
characteristics are described in Table 1.

Intraoperative findings

Preoperative testing of the ROM under general anaes-
thesia did not notably differ from preoperative clinical
findings. In four patients, we noted that the severity of
radial head deformation on X-ray (head—neck ratio cal-
culated following Kim et al.'*) and on intraoperative
inspection did not correlate. No relationship was iden-
tified between the time since trauma and surgery, patient
age or previous surgery. For example, the patient that
had the longest time to surgery (four years), had a head—
neck ratio of 1.8 and only mild deformation of the radial
head on intraoperative inspection.

Postoperative ROM

In all cases, the radial head was stable on direct post-
operative stability testing under general anaesthesia.
Follow-up was 30.4 months on average (median 59
months (707 days); range 2.3-94.1 months). One
patient was lost to follow-up (Table 1: patient nr. 7).
All osteotomies had healed within six months, which
was demonstrated by standard radiographs. One child,
that had experienced complaints of a transient

dropping hand after previous surgery around the prox-
imal radius, reported a transient recurrence of the
radial nerve palsy following surgery (patient 5). No
other evident complications were reported.

Postoperative ROM (Table 2) increased overall with
30.7°. No explanation was identified for differences in
outcome between patients. No relationship was estab-
lished between ROM outcome and radioulnar pinning,
previous surgery, time between trauma and surgery, or
age at time of surgery. Similarly, preoperative param-
eters such as radiological deformation or dysmorphic
features of the radial head on preoperative inspection
had no influence on ROM outcome.

Discussion

Postoperatively, ROM generally increased in our case
series. Three patients noted a decrease in either prona-
tion, flexion or extension. The majority of other
studies found an occasional decrease in prona-
tion, 36711222630 4nd  flexion generally increased.
However, no explanations formerly noted in literature,
such as time to surgery or amount of radial head dys-
plasia, seemed to be of any influence for the patients in
our cohort.

We note that if the radial head is found to be dome-
shaped, and has lost all its concavity, surgery tends to
be unsuccessful. This is supported by convincing argu-
ments.>”!*133132 Even though we did not find that
radial head deformation influenced the outcome, we
maintain that a CT scan is mandatory in preparation
for surgery.

Unfortunately, our cohort was too small to perform
a statistical analysis. Questions regarding preoperative
patient characteristics and their influence on outcome
may be answered by performing a literature review with
pooled data.

For each step in surgery, a number of ‘pearls and
pitfalls’ were identified following our literature search
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Table |. Patient characteristics.

Time
Preoperative radial Previous Age at time trauma-
Lesion head description surgery of trauma surgery® Affected side
| Missddonteggia Mild deformation, 1.8 2; no details 5 4 Years Dominant
caput magnum short after
trauma
2 pers. RHD Mild deformation, 1.5 None I | Year Non-
Reduction dominant
impossible
3 Re-RHD follow-  Mild deformation, 1.5 Ulna osteotomy, 5 2 Years Non-
ing ulna Reduction possible pen fixation | dominant
osteotomy year after
trauma
4 Missed RHD Obvious deform- 1.5 None 6 1.5 Month Dominant
ation
Reduction unstable
5 Monteggia Mild deformation 1.6 None 4 | Year Non-
Reduction possible dominant
6 Missed Mild deformation 32 Ulna osteotomy 3 3 Years Non-
Monteggia Reduction possible External fixation dominant
1.5 year after
trauma
7 Monteggia Obvious deform- Ulna osteotomy 8 2 Years Dominant
ation, Diameter plate fixation
discrepancy in
pronation
8 Missed RHD Mild deformation Open reduction 8 2 Years Dominant
(30—40% caput) Percutaneous
Reduction possible fixation
Six months after
trauma
9 pers. RHD Mild deformation 2.1 None No trauma No trauma Dominant
Reduction possible recalled recalled
10 pers. RHD No information 1.8 None I 2 Years Dominant

RHD: radial head dislocation.
*Time between trauma and surgery in our hospital.

(Table 3). These are elaborated in the following
paragraphs.

Open versus closed reduction

Open reduction of the radial head has several advan-
tages; even in repositioned radial heads, annular liga-
ment remnants may interpose in the radiohumeral
joint.¥® In our series, we also noticed that radial
head reduction may be hindered by interpositioning
remnants of the annular ligament or fibrosis.

Another argument for an open reduction is that the
posterior interosseus nerve (PIN) may be incarcerated
in the PRUJ or RCJ.>*!222 On the contrary, successful
closed radial head repositioning has been documented
by some authors.!” %

Ulna osteotomy

Many authors described a stable situation following
ulna osteotomy, in which subsequent ALR was not
always necessary,>#!1713:15:16.22.29.34236 'we aim for an
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Table 3. Pearls and pitfalls.

Pearls Pitfalls

Ulna osteotomy position and Several authors described a stable situation Closed wedge osteotomy may lead to neuro-
technique following ulna osteotomy and fixation logical impingement
We suggest a closing wedge only. Transverse osteotomy (not bending/elongat-
osteotomy, placed as prox- Osteotomy as proximal as possible: ing) may be associated with a higher risk of
imal in the ulna as possible — potentially increases grip due to wider radial head redislocation
metaphysis in proximal ulna An osteotomy at the centre of rotation and
— interosseous ligament pulling forces are angulation may predispose to non-union
increased
— Metaphyseal bone healing is overall
better

Angulation at the metaphyseal level has
less effect on reduction, but it permits a
finer adjustment.

Lengthening of the ulna is necessary to
avoid excessive pressure on the radial

head
Ulna osteotomy fixation Rigid plate fixation: Plate removal will be necessary in young
We suggest rigid fixation (LCP — facilitates early mobilisation patients
plate and locking screws) — no need for interposition graft A lateral location of the plate for ulna fixation
According to the tension band principle, may be associated with non-union.
a posterior plate may be preferred. An external fixator:

External fixation with multidirectional — may result in soft tissue contractures
clamps simplifies the attainment of the — may be less sufficient in a young child
most satisfactory position of the ulna, — requires multiple frame adaptation under
since the system can be easily adjusted general anaesthesia
until a stable reduction has been — may be associated with a higher risk of
achieved infection

Intramedullary/radiocapitellar nailing Osteosynthesis materials may break
(e.g. Steinman pins): Unfixed ulna osteotomies are associated with

— relatively easy pin removal high risk of radial head redislocation

Pins may migrate or break. Pin infections are
rare.
Annular ligament reconstruc- ALR may contribute to radial head stability ALR only cannot stabilise the radial head if the
tion (ALR) Inspection and debridement of the prox- forearm is malaligned
We suggest to use remnants if imal radioulnar joint are possible The use of drill holes may lead to heterotopic
possible, or a triceps graft A triceps graft may be harvested via the ossifications
when not available incision that had been used for ulna Use of forearm fascia for ALR may lead to a
osteotomy reconstruction that is too weak.
ALR has been associated with postoperative
loss of pronation
Osteolytic changes may be seen; too much
tension in ALR may cause hourglass
deformation of the radial neck
Transcapittellar K-wire K-wire fixation may contribute to radial Radioulnar K-wire fixation may cause
head stability heterotopic ossifications interfering with
pro-/supination
We suggest that no transcapit- Radioulnar K-wire fixation: Migrating material
tellar K-wires should be — prevents damage to joint surfaces Material fracture

required following a stable
reconstruction. When in
doubt, we prefer the use of a
radioulnar K-wire.

ALR: annular ligament reconstruction.
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osteotomy location approximately 1 cm distally of the
coronoid process, so the osteotomy location is as prox-
imal as possible without opening the joint.*!'""'® This
enforces the downward pull of the interosseous mem-
brane, which contributes to repositioning of the radial
head.'"'%337 In our experience, planning the osteot-
omy as proximal as possible also provides the advan-
tage of a wider bone diameter in the proximal part of
the ulna, resulting in a firmer grip and a larger contact
surface. Therefore, metaphyseal bone has a higher
potency for bone healing than diaphyseal bone.
Angulation at the metaphyseal level has less effect on
reduction, but it permits a finer adjustment.®® Several
authors state that the risk for radial head redislocation
is higher in osteotomies that were performed at the
middle of the ulnar shaft* An osteotomy at the
centre of rotation and angulation may predispose to
non-union.*®

Ulnar lengthening may be considered a key part of
surgery.®’ Restoring ulnar length avoids excessive pres-
sure on the radial head* and corrects the proximal shift
of the radial head.” The osteotomy may be planned
either straight, oblique or as a Z-lengthening ulna oste-
otomy.?’” Several authors conclude that the risk for
postoperative redislocation of the radial head is lower
following bending and lengthening ulna osteotomy
than in a simple transverse osteotomy of the ulna,
intended to only straighten the ulna.**> This slight
overcorrection is considered to result in extra tension
on the interosseous membrane, facilitating reduction of
the radial head.?®*?

Acute ulna lengthening of up to 1cm has been sup-
ported by others despite the risk of delayed union and
failure of fixation.?>*' In most cases, acute ulnar
lengthening of 2 to 3mm is sufficient and does not
delay osseous union. One of the pitfalls when lengthen-
ing the ulna is that osteotomy site distraction may lead
to ulnar nerve palsy in a high percentage of cases.”! We
affirm that the ulna should be lengthened and bent to a
slight overcorrection, until the radial head repositions.

Ulna fixation techniques

We favour rigid fixation using a plate and locking head
screws. One of the advantages of rigid fixation is that
mobilisation is facilitated and postoperative contrac-
tures prevented.**? Note that a lateral location of the
plate for ulna fixation may lead to non-union of the
osteotomy. According to the tension band principle, a
posterior plate may be preferred.®®

ALR

Some authors state that ALR has no effect on radial
head stability at all.? Others emphasise that ALR may

contribute to stability of radial head reduction, but it
cannot stabilise the radial head when the forearm is
malaligned'** and some even claim that ALR is the
primary stabilisator in radial head reduction.**"
Most authors agree that reconstruction of the annular
ligament may contribute to radial head stability.
Especially if there is persistent radial head instability
when the forearm is brought to pronation after ulna
osteotomy, ALR may be considered.!>2%:28:30-4041
Redislocations may occur more frequently if a patient
only had an ulna osteotomy compared to patients that
had an ulna osteotomy and a reconstruction of the
annular ligament.>%!?

ALR has been associated with postoperative loss of
pronation, 2628304244 eqpecially if the ALR is not
properly tensioned. In a study performed by Rodgers
et al., 2/6 ALR patients developed an hourglass
deformation of the radial neck, which may occur if
the ligament has been reconstructed with too much ten-
sion. Therefore, 1/6 had ossification of a portion of the
reconstructed annular ligament.>?! Also, osteolytic
changes may be seen following ALR,*?!234547 of
which the clinical impact is still uncertain. Possibly
adapted tension on the pronator teres muscle plays a
role. We conclude that ALR may contribute to radial
head stability, and therefore we either sutured the AL
remnants or used triceps tendon for reconstruction of
the ligament.

Transcapitellar/radioulnar Kirschner wires

Most authors state that a transcapitellar K-wire may be
considered if persisting instability is suspected after
completing ulna osteotomy and
ALR 57-1521.25.26.35,36.39.42-44.47-51 [ wever we favour
radioulnar K-wire fixation, because it has the advan-
tage that no joint surfaces are damaged. In our case
series, we did not find any influence of this extra immo-
bilisation on ROM outcome. It should be taken into
account that heterotopic ossifications may occur, influ-
encing pro- and supination; material may break,
migrate, or on rare occasions material may
infect,21:26:29.30

In our cohort, one patient experienced a redisloca-
tion of the radial head following a reposition that had
been previously fixated elsewhere with a radioulnar
K-wire. If the radial head is prone to redislocate dir-
ectly after surgery, this may mean that the initial reduc-
tion is not stable enough. No research has been
performed to date to demonstrate that redislocation
occurs more frequently, if radiocapitellar pinning was
necessary, but we state that in persistent instability,
ulnar  osteotomy should be reassessed and
improved.?->* As such, we would recommend radioul-
nar pinning in such case, as explained above.
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Postoperative immobilisation varies greatly between
several international studies. In a recent cadaver study,
supination in the forearm increases tension on the central
band of the interosseous membrane. Thus, forces pulling
the radial head towards a repositioned state may be
increased by applying a cast in supination.'© We, how-
ever, decided to apply an upper arm cast in 90°, with the
forearm a neutral position for patient comfort.

Conclusion

Our series show good results of an open radioulnar
debridement, followed by corrective ulnar osteotomy,
rigid plate fixation and ALR. We note that adequate
ulnar correction and fixation are the key to reducing the
radial head, lengthening and bending the ulna until the
radial head falls into place. An ALR or a radioulnar
K-wire may contribute to stability.

Surgery should be considered regardless of patient age
or time since trauma. Within the ranges in our study, no
influence of age nor interval since trauma could be found.
However, future research should revisit this statement in a
larger patient cohort that facilitates adequate statistical
analysis. The extent of radial head deformation is con-
cluded as a reliable guideline when deciding whether to
operate on a patient in combination with a CT scan as a
mandatory part of work-up to surgery.

We emphasise that research is needed to establish
preoperative tools in the work-up to surgery. Patients
and their families should be well informed about pos-
sible postoperative decrease in pronation, given the fre-
quent reports of pronation impairment following
surgery. We therefore recommend that the indication
for surgery should be established in consultation with
the patient and his parents, regardless of patient age or
time since trauma.
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