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Preface

The main therapeutic target of complex elbow trauma is a narrow path
between stiffness and instability. In this regard, the elbow joint is one of the
anatomic regions that saw the biggest changes in therapeutic concepts during
the last decade. Over a long period, this joint was recognized as “the forgot-
ten” joint since its complexity of bony and soft tissue structures orchestrating
a highly sophisticated mobility concept of flexion/extension and pro-/supina-
tion overstrained the armamentarium of classical surgical implant technolo-
gies. Hence, a functional bow of flexion/extension between 30° and 130° was
described as a sufficient therapeutic target tipping the scales towards stift-
ness. Due to the intensive research of several dedicated surgeons and the
development of several highly specific implant series, therapeutic options
were significantly improved during the last decade. Moreover, the thorough
understanding of soft tissue structures and their contribution to elbow joint
function induced a whole series of new surgical techniques to stabilize com-
plex elbow injuries sufficiently. This approach allowed to control the instabil-
ity problem more and more and extended the posttraumatic function
consecutively towards a more and more original functional ability.

Hence, the intention of this book was to gather those innovative technolo-
gies in a comprehensive piece of knowledge. It is clear that such an ambitious
goal can only be achieved by the concentrated work of leading international
experts. Therefore, I would like to express my deep thanks to all authors of
this book who shared their precious knowledge with the reader to the benefit
of our patients.

This book is part of the ARTOF (Association for the rational treatment of
fractures) trauma series published by Springer Nature. ARTOF (www.artof-
online.org) is an independent scientific society dedicated to a strict scientific
approach of the best therapeutic concept of fractures.
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Simple Elbow Dislocations

Sebastian Siebenlist and Peter Biberthaler

Epidemiology

Regarding major human joints, the elbow is the
second most commonly dislocated joint in adults
following the shoulder [1]. By definition, a sim-
ple elbow dislocation is described as one without
concomitant fractures (apart from small periar-
ticular bony avulsions of 1 mm or 2 mm in diam-
eter) [2]. Several authors reported on the
incidence of simple elbow dislocations ranging
from 3 to 9 per 100.000 individuals referred to
different periods of life [1, 3—5]. Male adults are
the group at highest risk. They are more likely to
suffer from an elbow dislocation injury following
sports or accidents. Women are likely to suffer
from dislocations during a fall from standing
height with daily activities.

Over the last decades, good functional out-
comes have been reported after non-operative
treatment in most patients. However, a small pro-
portion of patients complains of recurrent insta-
bility, stiffness or pain if treated non-operatively
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and do require operative intervention in the
sequel [3, 6, 7]. Due to better understanding of
injury patterns and developments in soft tissue
repair techniques the discussion of standard treat-
ment for simple elbow dislocation has arisen
again in recent years [8].

Classification

To this day, no validated classification exists for
simple elbow dislocations. There is consensus to
descriptively grade the injury according to the
direction of dislocated forearm related to the
humerus (Fig. 1.1). The most common direction of
elbow dislocation is posterior and posterolateral
respectively. Divergent and anterior dislocations
are extremely rare and usually occur in paediatrics
or in association with concomitant fractures.

In newer times, the complex interactions
among the different elbow stabilizers have been
better understood due to improvements of biome-
chanical knowledge, and therefore current sur-
veys deal with systemizing this “simple” injury
[9, 10]. An exhaustive and practical classification
is still highly difficult to create because numer-
ous and different parameters are to be considered.
However, eminent elbow surgeons have described
the elbow instability based on the following crite-
ria: timing (acute, chronic, recurrent), injured
ligaments and soft tissues, articulations involved
(radio-ulno/humeral or proximal radioulnar),

P. Biberthaler et al. (eds.), Acute Elbow Trauma, Strategies in Fracture Treatments,
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1 Simple Elbow Dislocations

direction (valgus, varus, anterior, posterolateral),
degree (subluxated, perched, dislocated) and
according to associated fractures (radial head,
coronoid, olecranon, distal humerus) [11-15].

Symptoms and Diagnostics

With special respect to the mechanism of injury a
detailed case history interview and an accurate
physical examination should be performed. In
most cases the history gives a lead to the diagno-
sis. However, the dislocation mechanism (arm
position at time of impact) has to be determined
as precisely as possible to receive information
about the dislocation pattern (— subchapter
injury pattern!). Some patients report self- or
spontaneous reduction and just complain about
pain and swelling, but no deformity. These
patients should be exactly interviewed about a
history of a clicking event, deformity at the time
of injury or a feeling of elbow instability. The
elbow has to be evaluated for open wounds as
well as for neurologic or vascular disturbances
that are described in rare cases [16].

Patients with a dislocated joint at time of pre-
sentation frequently report strong pain in the
elbow in a typically, slightly flexed position.
Prior to reduction, anteroposterior and lateral
radiographs are performed to confirm disloca-
tion, to determine direction of dislocation and to
exclude associated fractures as well. If the diag-
nosis is confirmed an immediate closed reduction
should be performed by using a gentle reduction
maneuver [17]. Subsequently the elbow is immo-
bilized in a posterior plaster cast (— subchapter
non-operative treatment!). Again the postreduc-
tion neurovascular examination is mandatory and
has to be documented. Following reduction
radiographs have to be reviewed for joint congru-
ency and to rule out previously unrecognized,
concomitant fractures. A CT scan can be neces-
sary for questionable associated fractures or bony
avulsions (especially at the coronoid tip!).

During the next days after reduction the physi-
cal evaluation should focus on medial or lateral
bruising after removing any cast or dressing. An
edema and hematoma formation medially and/or

Fig. 1.2 The massive hematoma at the medial elbow
indicates an extensive soft tissue injury (disruption of the
flexor mass and muscular fascia) following simple
dislocation

laterally points to an extensive soft tissue disrup-
tion including the tough muscular fascia
(Fig. 1.2). In the acute injury the stress testing for
ligament integrity is very often not sufficiently
feasible due to pain inhibition. In any case the
patient should be instructed to actively move his
elbow to verify muscular joint centering and sta-
bilization (— subchapter injury pattern!). In the
author’s experience a reluctance to actively move
the injured elbow is highly suspicious of a grossly
joint instability based on substantial soft tissue
injury. Many of these patients also describe
apprehension of recurrent dislocation. Finally,
the examination should also include the ipsilat-
eral shoulder and wrist not to miss further
injuries.

Anteroposterior and lateral radiographs
should be repeated within the first week after
reduction to secure a concentric reduction. An
initial drop sign (= ulnohumeral distance
>3-4 mm) caused by effusion has to be dimin-
ished within this time. Otherwise reasons for
its persistence like incarcerated ligamentous
tissue or loose cartilage bodies have to be
detected [18].

Not only for that reason, a MRI examination
(ideally obtained within the first week post
injury) has to be recommended after any simple
elbow dislocation. Using MRI scans Hackl et al.
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specified cutoff points for radiocapitellar
incongruity and axial ulnohumeral incongruity in
patients with posterolateral rotatory instability
[19]. To provoke joint incongruencies it is crucial
to perform the MRI examination in the nearly
extended elbow. Only then the MRI illustrates the
integrity of the static ligamentous constraints and
of the dynamic muscular stabilizers as well (—
subchapter injury pattern!). The MRI scans
therefore should be screened with special respect
to the lateral ligament complex (LCL), the ante-
rior bundle of the medial collateral ligament
(MCL), the flexor—pronator origin, and the com-
mon extensor origin (Figs. 1.3 and 1.4). However,
it has to be clearly stated that the MRI findings
should not be overemphasized and have be
assessed in relation to the whole -clinical
presentation.

Ultrasound examination can also provide
valuable additional information when analyzing
the collateral ligaments and the common flexor
and extensors by dynamic testing. Nevertheless,
especially in the acute injury this examination is
heavily dependent on the patient’s pain, swelling
and compliance, but principally on the surgeon’s
experience.

Also, the fluoroscopy is valuable to dynami-
cally assess the elbow under varus and valgus
stress (in full extension and 30° of flexion) and to
visualize the degree of stable functional arc. Some
authors prefer the fluoroscopy to determine joint
stability and to justify their treating protocol for
nonsurgical or surgical management [20, 21]. In
the anteroposterior view, the angle between the
distal humeral joint line and the proximal ulnora-
dial joint line is measured under maximal varus
and valgus stress. It seems probable that the bigger
this angle can be opened during examination the
more severe is the damage of soft tissue stabilizers
on the medial and/or the lateral side (Fig. 1.5).
This hypothesis is underlined by a current study of
Adolfsson et al. showing that vast soft tissue inju-
ries including both collateral ligaments and mus-
cle origins lead to redislocation in nonsurgically
treated simple elbow dislocations  [22].
Consequently, it is obvious that an elbow that
redislocates under fluoroscopic examination needs
surgical intervention due to gross instability. The
examination is ideally performed under anesthesia
at time of reduction. However, the evaluation of
stability using fluoroscopy requires adequate
experience in elbow disorders management.

Fig. 1.3 51-year-old male patient after skiing accident: MRI showing re-dislocation of the elbow joint within the
applied plaster cast. The brachialis muscle and the flexor-pronator-mass are totally ruptured
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Fig. 1.4 Intraoperative situs of patient presented in
Fig. 1.3: following skin incision at the medial elbow it’s
obvious that all soft tissue stabilizers (MCL complex,
flexor-pronator mass and brachialis muscle) are stripped
of the humerus (7 humeral trochlea, C coronoid)

Fig. 1.5 Medial stability testing using fluoroscopy: a
grossly openable joint (red arrow) point to severe damage
of soft tissue stabilizers

Injury Pattern and Surgery
Related Anatomy

The exact mechanism of elbow dislocation inju-
ries is still the subject of debate in the current lit-
erature. The proposed posterolateral rotation

4 ‘_____——____-
-

Fig. 1.6 The stages of ‘Horii circle’:

Stage 1: the partial or complete disruption of the LUCL on
the lateral side results in posterolateral rotatory
subluxation.

Stage 2: the disruption of the capsule both anteriorly and
posteriorly leads to incomplete posterolateral dislocation.
Stage 3A: all the soft tissues except the anterior bundle of
the MCL are disrupted. This leads to posterior dislocation
of the elbow with pivoting around the MCL.

Stage 3B: the entire medial ligament complex is
disrupted.

Stage 3C: the entire distal humerus is stripped of soft
tissues including the flexor—pronator mass

theory of Shawn O’Driscoll — named the ‘Horii
circle’ —is the most cited and accepted injury pat-
tern (Fig. 1.6) [23, 24]. He described a soft tissue
disruption from lateral to medial caused by a fall
onto the outstretched hand. The soft tissue dis-
ruption subsequently results due to co-occuring
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of valgus, axial and supination forces while the
elbow is reflexively flexed when the hand hits the
ground. Starting from the lateral side the LCL is
ruptured and then proceeds via the capsule to the
MCL being injured last. Nevertheless, in some
cases the MCL remains intact.

By contrast, an isolated massive valgus moment
is also thought to be responsible for elbow disloca-
tion [25, 26]. Recently published studies postulate
the progression of soft tissue injury from the
medial to the lateral side with an initial rupture of
the MCL. Following MCL rupture the flexor-pro-
nator mass disrupts, induced by a sudden distrac-
tion; thereby the coronoid becomes disengaged
and the radiocapitellar joint dislocates with a path-
ological forearm external rotation, causing radio-
capitellar bone contusion and stripping of the
lateral soft tissues from the humerus and ending in
posterolateral dislocation (Fig. 1.7) [21]. As the
characteristic deforming force a valgus moment
with an axial load and progressive supination is
often described [27-29]. Own clinical practice
confirm this theory as we often see isolated MCL
disruptures with simultaneous medial muscular-
fascial laceration following dislocation (Fig. 1.8).

In simple elbow dislocations, the osseous integ-
rity is not compromised by definition. Therefore,
both static and dynamic soft tissue stabilizers have
to maintain elbow stability [30]. Static constraints
comprise the LCL, the MCL and the capsule as
well. The LCL as the primary constraint to exter-
nal rotation and varus stress is separated in three
components, the lateral ulnar collateral ligament
(LUCL), the radial collateral ligament (RCL) and
the annular ligament (AL) (Fig. 1.9a). Mainly the
LUCL provides varus and posterolateral stability.
Stripping offthe complete lateral ligament com-
plex (further RCL and AL) results in posterior sub-
luxation of the radial head [31].

The MCL consisting of the anterior and
posterior bundle (Fig. 1.9b) plays the key role in
valgus and posteromedial stability of the elbow.
The anterior bundle as the “guiding bundle *’sta-
bilizes against valgus stress during flexion; the
posterior part equally contributes at 120° of flex-
ion and resists posteromedial movements [32].
The anterior capsule is furthermore postulated as
valgus stabilizer.

Fig. 1.7 Medial disruption injury mechanism:

During valgus stress forces the injury cascade begins
medially by disrupting the medial soft tissues (MCL and
flexor—pronator origin) in a distractive type mechanism.
The capsule is pulled off the coronoid process and the
radiocapitellar joint dislocates with a pathological fore-
arm external rotation, stripping off the lateral soft tissues
from the humerus, ending in posterolateral dislocation

According to Adolfsson et al. patients with
simple elbow dislocations routinely have disrup-
tion of both the MCL and LCL and the capsule,
but joint stability is still provided in most of the
patients by the intact forearm musculature origi-
nating on the epicondyles [22]. The dynamic sta-
bilizing effect of these muscles from the common
extensor origin (CEO) and the common flexor-
pronator origin (CFO) is quite often underesti-
mated. Both muscle masses serve as very
important secondary constraints against varus
and valgus stress depending on the degree of
flexion [33]. The anconeus muscle is also pre-
sumed to dynamically resist against varus and
posterolateral shear forces [34]. The muscles that
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cross the elbow joint (biceps, triceps and brachia-
lis muscle) additionally provide dynamic stabili-
zation throughout joint compression, especially
if the static stabilizers have been injured.

Fig. 1.8 Intraoperative situs of patient presented in
Fig. 1.2: Medial disruption of flexor-pronator mass and
MCL (forceps) following simple elbow dislocation
(yellow loops = ulnar nerve)

Fig. 1.9 (a) The lateral collateral ligament complex. 1
RCL - radial collateral ligament (arises from the lateral
epicondyle and blends with the annular ligament); 2
LUCL - lateral ulnar collateral ligament (arises poste-
rior to the RCL and attaches to the crista supinatoris of the
proximal ulna, just distal to the annular ligament); 3 AL —
annular ligament (attaches to the anterior and posterior
margins of the radial notch of the proximal ulna and sur-

Moreover, forearm rotation plays an important
role in elbow stabilization especially in the pres-
ence of injury. King and colleagues have shown
that pronation will stabilize the LCL-deficient
elbow while supination decreases stability in the
dislocation injury setting [35]. Correspondingly
supination stabilises the MCL-deficient elbow
[36]. The combined tendon of the flexor-pronator
mass can develop its maximal stabilizing poten-
tial when the forearm is supinated; the CEO mus-
cles have maximal tension in full pronation and
can therefore most effectively act as varus stabi-
liser [37]. These effects are used for nonsurgical
or postoperative treatment protocols.

Therapeutic Options
Non-operative Treatment

Most of the patients with simple elbow disloca-
tions can be treated non-operatively following
closed joint reduction and complete evaluation of
stability (— subchapter symptoms and diagnos-
tics!). If the elbow cannot be closely reducted

rounds the radial head). (b) The medial collateral ligament
complex. 1 AMCL - anteriomedial collateral ligament
(arises from the antero-inferior medial epicondyle and
inserts onto the sublime tubecule of the coronoid process);
2 PMCL - posteromedial collateral ligament (arises
posterior to the AMCL and attaches fan-shaped to the
proximal ulna; 3 — Cooper’s ligament (transverses both
bundles)
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operative treatmentisindicated. Contraindications
for a non-operative management are open dislo-
cations, vascular injury and redislocating joints
when flexed to less than 30° (Fig. 1.10).

Although the majority of patients will have
varus—valgus instability, this fact alone does not
automatically indicate surgery. If the patient has
the ability to actively stabilize the injured elbow
and the muscular origins are diagnosed intact (—
subchapter symptoms and diagnostics!), this will
be a good qualification for a successful non-
operative treatment in author’s experience.
Consequently, a rehabilitation program including
active-assisted and active exercises is essential to
maintain concentric reduction while initiating
muscle activation. An immediate mobilization
does not increase the risk of recurrent instability
and leads to improved functional outcomes [38,
39]. However, if the patient is very apprehensive or
if the elbow is extremely swollen and painful, a
short period of immobilization in a posterior splint
may still be indicated. In any case, immobilization
longer than 3 weeks should be strictly avoided as
this leads to poorer outcomes in elbow range of
motion right up to elbow stiffness [5, 38, 40].

In our practice following reduction, the elbow
is temporarily immobilized (max. 7 days) in a
plaster cast at 90° of elbow flexion with the fore-
arm in pronation, neutral, or supination subject to
the direction of main instability. Under physio-
therapist’s control active-assisted isometric exer-
cises out of the cast are started within the first
week. With decreased swelling the cast is

replaced by a dynamic brace to mobilize the
elbow and to simultaneously minimize shear
forces of varus and valgus. The patient is
instructed to wear the brace all the time for a total
of 6 weeks except when performing exercises.
Thereby, the arc of motion is based on the
patient’s individual degree of stability and appre-
hension; occasionally an initial extension block
(up to 30°) is adjusted according to the reexam-
ined stable arc of motion while the patient is
asked to extend and flex the elbow. Moreover,
forearm neutral or pronated position can be
adjusted to minimize lateral ligamentous stress.
Full flexion is usually permitted immediately.
Active exercises start from the second week
(forearm pronated through the full range of
motion; supination with the forearm flexed to 90°
or more). Initially, we recommend performing
the exercises in an overhead position to ensure
maintenance of reduction while utilizing the
effects of gravity [41]. Within the first 3 weeks
the patient is weekly reexamined. The adjusted
extension block should be decreased every week
to avoid stiffness in the sequel. Besides, lateral
radiographs are performed to confirm joint con-
gruency and to rule out posterolateral subluxation
(“drop sign”) [42]. After 3—4 weeks the patient
should be able to fully extend the elbow and
active exercises including forearm rotation are
allowed in the sitting/standing position.

After 6 weeks the patient is seen again and the
brace is removed. Normal daily activities are
resumed and a muscle strengthening is started.

Fig. 1.10 Therapeutic
options

Simple elbow dislocation ]

Non-operative

Operative

reduction

Closed dislocation with concentric

Open dislocation

Muscular origins intact—
early active ROM possible

Vascular injury

Redislocation (within functional arc)

(High demanding patients/
professional athletes)




1 Simple Elbow Dislocations

Sporting activities are not allowed before
3 months after trauma.

Surgical Treatment

A soft tissue exploration and surgical repair is
indicated if a closed reduction is not possible or
the joint redislocates following closed reduction
with a flexion more than 30° (Fig. 1.10) [43].
Based on the current literature surgery is
required in less than 10% of patients with sim-
ple elbow dislocations treated non-operatively
who might develop chronic instability [3, 6].
Nevertheless, especially in high demanding
patients like manual labourers or professional
athletes the role of surgical management of
acute elbow dislocations is still a topic of debate
[44]. For these patients a non-surgical treatment
with an occasionally required extension block
up to 30° (and maybe consequently a prolonged
rehabilitation) may not be a suitable option
because of their special functional needs. The
decision for surgery in these patients therefore
depends on the individual’s demand and both
advantages and drawbacks of surgery should be
discussed in detail in every particular case.
However at this point, it has to be clearly stated
that there is no study to this day showing the
superiority of surgical approach over non-oper-
ative management [45, 46].

The aim of surgical approach is the concentric
joint reduction with direct repair of ligaments and
muscle origins. In case of massive ligament dis-
ruption the additional augmentation using syn-
thetic tapes (Internal bracing) represents a
valuable novel option to secure fragile ligament
repair and thus to gain primary joint stability.
Surgery is performed under general anaesthesia
and the instability pattern is clinically reevalu-
ated under muscle relaxation.

Arthroscopy

Prior to open surgical repair an elbow arthros-
copy may add the benefit to evaluate joint sur-
faces, to remove loose bodies (cartilage
fragments) and to test/confirm joint stability
under direct view (Fig. 1.11a, b) [47]. However,

v,

Fig. 1.11 (a) View of the antero-lateral joint showing a
loose cartilage fragment (F) between the capitelum (C)
and the radial head (R) originating from the coroind tip
following elbow dislocation. (b) View of the postero-
lateral joint: the switching stick coming from the soft spot
portal “drives through” the radiohumeral joint indicating a
posterolateral rotatory instability due to LUCL deficiency
(C capitellum, R radial head)

for arthroscopic approach the patient has to be
placed in the lateral position that potentially
complicates subsequent open soft tissue repair,
especially on the medial side. In the author’s pre-
ferred practice the patient is transferred instead to
the supine position following arthroscopy with
the affected arm on a radiolucent arm table for
soft tissue repair of both sides.
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At this point, it should be noticed that elbow
arthroscopy may be significantly complicated in
the acute injury due to the disrupted joint capsule
resulting in fluid leakage. The arthroscopy fol-
lowing simple elbow dislocation should therefore
be reserved for experienced elbow surgeons.

Soft Tissue Repair

Depending on the instability pattern, a lateral,
medial or bilateral incision is necessary. In
patients with varus or posterolateral rotatory
instability the skin incision runs over the lateral
epicondyle. In most cases the common extensor
mass has been avulsed from the lateral epicon-
dyle together with the LCL complex stripped off
the humeral insertion of the capitellum
(Fig. 1.12). Typically, a posterior capsular disrup-
tion co-occurs and the Osborne-Cotterill-Lesion
is commonly visible at the dorsal aspect of the
capitellum (as the result of the dislocation of the
radial head to the back of the capitellum = ‘Hill-
Sachs-lesion’ of the elbow) [48]. Authors prefer
to reinsert the ligament complex using a double-
loaded suture anchor positioned at the lower mar-
gin of the capitellum (center of rotation). Locking
stitches are placed into the LCL complex and the
extensor fascia as well. Both sutures are then ten-
sioned and knotted with the forearm in 90° of
flexion and pronation. Finally, the extensor fascia
is additionally stitched and tightened over a drill
hole on the lateral epicondyle/supracondylar

Fig. 1.12 Complete disruption of the common extensor
muscles from the lateral epicondyle/supracondylar rigde
(star/line)

ridge. For elbows with concomitant MCL insta-
bility a medial gapping should be strictly avoided
while tensioning the sutures on the lateral side.
The congruency of the joint line has to be verified
in the a.p.-view via intraoperative fluoroscopy.

In case of medial instability or if the elbow
remains unstable after LCL repair, the medial
side of the elbow is approached via an incision
over the medial epicondyle. At first, the ulnar
nerve is detected and — if necessary — mobilized
for protection throughout the repair procedure.
Following skin incision the direct access to the
medial aspect of the joint is quite often gained
through the massive disrupted flexor-pronator-
mass, capsule and MCL complex (Fig. 1.4).
Typically, the MCL is avulsed from its humeral
insertion. According to the lateral repair, a suture
anchor is placed at the center of the arc of the
curvature of the trochlea and the MCL as well as
the medial capsule are reinserted similary. Last,
the flexor-pronator-mass is also repaired with
transoseous drill holes.

At the end of the procedure, the joint congru-
ency during range of motion is checked under
fluoroscopy again. If the elbow still remains
unstable after bilateral soft tissue repair, an exter-
nal fixation (hinged or static) should be addition-
ally installed.

Internal Bracing

If the disrupted ligament tissue is not suitable for
sufficient reinsertion a ligament augmentation
(ligament bracing) is useful for repair recruit-
ment. Therefore a synthetic tape is additionally
spanned over the sutured ligament complex
(Fig. 1.13). In a biomechanical setup, Dugas
et al. compared this novel repair technique to
medial ligament reconstructions (modified Jobe
technique) [49]. They found significantly less
gap formation than the reconstruction group and
furthermore, there was no difference between
groups for maximum torque at failure and tor-
sional stiffness. In the practice of the authors the
internal bracing has appeared to be a valuable
additional tool to gain primary stability in unsta-
ble dislocation injuries. However, to the present
day, there is no clinical study reporting results of
internal bracing.
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Fig. 1.13 Medial ligament bracing of patient presented
in Fig. 1.2: (a) Suture anchor implantation additionally
loaded with vicryl tape (ST sublime tubercule, 7 Trochlea,
yellow loops = ulnar nerve); (b) following ligament suter-
ing (blue arrow) the tape is spanned back to the sublime

External Fixation

In the author’s approach, an initial external fixa-
tion following simple elbow dislocation is
reserved for patients with critical soft tissues or
obese patients unsuitable for casting/dynamic
bracing and soft tissue repair/internal bracing
respectively. In these cases a hinged fixator
allowing for range of motion exercises (for
4-6 weeks) should be preferred. Also, a static fix-
ator can be used which is more widely available
and technically easier to install. According to the

tubercule; (¢) and again fixed with a second bone anchor.
(d) Also, at the lateral side all soft tissues are stripped off
the humerus (C capitelum & lateral epicondyle, blue
arrow = LUCL)

non-operative treatment, patients should then be
instructed for active excercises utilizing the over-
head position after the external fixator is opened
by the physical therapist.

Postoperative Care

Following wound closure the elbow is immobi-
lized in a plaster cast at 90° of elbow flexion with
the forearm in neutral position. The days follow-
ing operation passive (CPM — continuous passive
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motion) and active-assisted isometric excercises
start under physiotherapist’s control depending
on swelling and pain. The postoperative manag-
ing protocol is basically guided by the performed
ligament repair/bracing and the evaluated elbow
stability during surgery as well. In any case a safe
arc of motion should be intraoperatively defined —
ideally for the full range of motion. To avoid

overstretching the repaired ligaments an exten-
sion block to 20° is fixed for the first 2 weeks. A
dynamic brace is adjusted once swelling has
decreased with the appropriate extension block
(Fig. 1.14). Especially in patients treated by liga-
ment bracing the CPM and active ROM starting
from the first postoperative day to avoid elbow
stiffness is crucial.

Fig. 1.14 Dynamic brace with adjustable extension block (red arrow)
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However, referring to the non-operative treat-
ment active motion should be preferred over pas-
sive motion in order to actively center the elbow
joint. The overhead position can also be addition-
ally used in the initial rehabilitation period. This
position minimizes the effect of gravity, decreases
posteriorly directed forces and allows the triceps
to function as elbow stabilizer [50]. If both the
medial and lateral soft tissue structures have been
repaired, active ROM should be initiated with the
forearm in neutral position. If the repaired LCL
complex has to be protected, the rehabilitation
program should be performed with the forearm in
pronation. Moreover, shoulder abduction and
internal rotation should be strictly avoided to
eliminate the gravitational varus, thereby allow-
ing the lateral collateral ligament to heal in an
isometric position. To secure the repaired MCL
complex and muscle insertion in medially unsta-
ble elbows the rehabilitation should conversely
be performed in supination. Passive stretching of
the elbow is not allowed before the sixth week
postoperatively (completion of ligament heal-
ing!). Muscle strength training can be started
after 6 weeks and sporting activities are allowed
after 3 months if joint stability is confirmed.

Outcomes and Complications

For comparing non-operative and surgical treat-
ment Josefsson and colleagues carried out two
studies [45, 46]. Both studies show no significant
differences in treatment of ligamentous injuries
after simple elbow dislocation. However, both
studies did not differentiate the severity of soft
tissue injuries in evaluated patients. In a current
survey, the importance of the extent of soft tissue
injury is highlighted, based on patients’ results
requiring surgery due to recurrent instability after
non-operative treatment [6]. In addition to this,
surgical implants and techniques have improved
tremendously over the last decades allowing less
invasive approaches and early functional reha-
bilitation programs.

Although the long-term results of conserva-
tive treatment are considered good to excellent in
most patients, an increased risk of degenerative
changes causing elbow pain is verified [51].

Residual instability and/or restrictions in elbow
movement (joint contractures) are also reported
in the sequel of non-operative treatment. Motion
deficits and elbow stiffness are distinctly corre-
lated to an immobilization longer than 2-3 weeks
[38-40, 52].

For primary ligament repair good functional
results are reported via open or arthroscopic
approach in the short-to midterm follow-up
[7, 53-58]. Kim et al. showed better MEPI scores for
patients with unilateral versus bilateral ligament
reconstruction [54]. Due to inadequate diagnostics,
misjudgement of injury severity or failed/insuffi-
cient repair however, subluxation may persist lead-
ing to elbow pain and/or stiffness in some
circumstances following surgery. The prompt detec-
tion of the complete injury extent is crucial to initiate
adequate treatment. Otherwise, a delayed treatment
quite often necessitates LCL. and MCL reconstruc-
tion using autologuos graft ligaments following
extensiveelbow arthrolysis [23,47,55]. Nevertheless,
Daluski et al. reported no differences in clinical out-
come or range of motion after direct ligament repair
without supplemental tendon graft reconstruction of
the LUCL between acute (<30 days) and delayed
(>30 days) treated patients [56].

To prevent elbow stiffness after surgical repair,
early postoperative (active) motion is mandatory.
While recurrent instability is reported in rare
cases, some patients may require elbow release
or excision of heterotopic bone to regain full
range of motion. As mentioned before, no data
exist for internal bracing in the current literature.
The benefits/drawbacks and possible complica-
tions of this novel technique have to be reviewed
in the future.
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Epidemiology

The epidemiology of elbow rotatory instability is
until now not fully understood. The phenomen of
various elbow instabilities as the posterolateral
rotatory instability (PLRI) is multiple described
but the pathomechanism for a posterior medial
rotatory instability (PMRI) could not be simu-
lated until now. Especially the combined injuries
of the fracture of a coronoid and ligament rup-
tures could not be identified by the classification
of Regan and Morrey [1]. The PMRI was first
described by O’Driscoll et al. [2] in 2003 as
anteromedial fractures of the coronoid (AMC)
and lateral varus instability. After acute trauma
these fractures are often missed because of their
rarity. Moreover, associated to coronoid fractures
they often look subtle like terrible triad injuries.
This might lead to poor clinical outcomes.
Further teaching in diagnostics, understanding of
the rotatory pathomechanism and treatment has

A. Lenich (D)

Department of Trauma- and Sportorthopaedic
Surgery, Helios Klinikum Miinchen West,
Munich, Germany

S. Siebenlist - A. B. Imhoff

Department of Orthopaedic Sports Medicine,
Technical University Munich Klinikum rechts

der Isar, Munich, Germany

e-mail: sebastian.siebenlist@tum.de; imhoff @tum.de

© Springer Nature Switzerland AG 2019

to be trained to reduce the rate of insuffizient out-
come of the PMRI and PLRI, respectively.

Pathomechanism

As the elbow is such a stable construct for a rota-
tory instability severe valgus (PMRI) or varus
(PLRI) load is needed. The mechanism of pos-
terolateral rotatory elbow instability is described
in detail in chapter “Simple elbow dislocations”.

In case of a valgus overload the radial collat-
eral ligament will rupture and on the other side a
concave fracture in the anterior coronoid can be
seen. This leads to a PMRI. G. King described
the pathomechanism for the anteromedial coro-
noid fracture (O’Driscoll Type II) occuring by
pronation, varus, and axially directed forces [3].
It is accompanied by avulsion injuries of the LCL
and the posterior bundle of the MCL. Injury to
the anterior bundle of the MCL can also occur
with anterior medial coronoid (AMC) fractures
and will enhance the elbow instability [2, 3].

In case of a varus overload the lateral ulnar
collateral ligament will rupture and in some
elbows a convex fracture of the anterior coronoid
rim can be seen. If seen in chronic cases the ROM
might be reduced or the picture of a stiff joint can
be found.

P. Biberthaler et al. (eds.), Acute Elbow Trauma, Strategies in Fracture Treatments,
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Clinical Signs

In acute trauma the patients have a free range of
motion with an instability feeling when testing
them with light varus or valgus resistance. There
might be haematoma medial and lateral at the
joint. Sensomotoric deficits are very seldom but
have to e securly excluded. In chronic cases,
patients often describe persistent pain and cannot
remember any previous trauma.

Because of the short history of realization and
published AMC fractures the incidence of associ-
ated injuries is not well known. The partial or
complete injuries of the LCL are common and
the amount of injuries to the posterior bundle of
the MCL is uncertain. As well known in terrible
triad injuries there is a fracture of the radial head
but not in patients with anteromedial coronoid
fractures and a consecutive PMRI. So this is a
fact to differentiate and to detect the PMRI.

As published by G. King the PMRI should be
suspected in any patient who appears to have an
anteromedial coronoid fracture when a radial
head fracture is not present [3, 4].

The following clinical examination should be
verified in the case of suspected elbow
instability:

The PLRI testings:

e Valgus stress Test (intensifier in 0-30-60°)
e Drawer Test

e Pivot shift Test

e Pincer grip Test

e Push up Test

The PMRI testings:

e Varus stress test
e Arm lift up test (Intensifier)

Associated Injuries

The associated injuries are depending on the
severity of trauma. The isolated ligament rupture
(especially LCL) up to an terrible triad injury
(see also chapter “Terrible triad”) can be found.
The frequency of an injury to the posterior bundle

of the MCL is not well documented. In varus/val-
gus injuries with rotational instability even the
wrist has to be investigated to detect further pos-
sible instabilities.

Classification

PMRI Classification (Coronoid
Fracture Classification)

In the publication of O’Driscoll et al. [2] three
anteromedial coronoid fracture subtypes are dif-
ferentiated. Subtype I involves the anteromedial
rim only, subtype II involves the rim and tip with
an concave fracture line, and subtype III involves
the rim, and sublime tubercle, with or without
involvement of the tip. (Fig. 2.1).

PLRI Classification

The PLRI can be classified after O’Driscoll
according to the grade of the joint dislocation [5,
6] between 0 and 3. No statement can be given
about the clinical instability. Geyer et al. pub-
lished an arthroscopy based classification [7].
Because every ligament can be seperatly tested,
this gives a highly differenciated diagnose.

Anteromedial Tip

Basal

Fig. 2.1 Coronoid fracture classification after O’Driscoll
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Symptoms and Diagnostics

Signs and Symptoms
of Posteromedial Rotatory Instability
of the Elbow (PMRI)

Every injured or dislocated elbow has to be
examinated in detail about neurovascular injury
before and after reduction. The status of soft tis-
sue and the condition of the skin should be care-
fully assessed and documented. Also a carefully
palpation for signs of tenderness, particularly
over the LCL, MUCL and LUCL is recom-
mended. If a patient complains of crepitus within
elbow motion, the arm in valgus stress abducted
from the side, this might be cartilage crepitus due
to maltracking in varus PMRI [8, 9].

Signs and Symptoms
of Posterolateral Rotatory Instability
of the Elbow (PLRI)

Beside the mentioned common examinations in
injured elbows the PLRI shows specific symtoms
in clinical examination tests like the pivot shift
stress test, the drawer test, the push up test and
the relocation test of the elbow. In the acute phase
the patient reports an instability and weekness in
elbow valgus stress situations. In the chronic
phase some patients show the symptoms of a
radial epicondylopathy and in a later phase a neu-
ritis of the ulnar nerve can be seen.

Rotatory Instability: Imaging

In the acute trauma X-ray in AP, lateral views
(Fig. 2.2) and if there is a painful region around
the radial head a targeting picture or the radial
head is recommended. If clinically indicated
X-rays of the shoulder, forearm, and wrist can be
made. After the reduction of an elbow dislocation
the standard X-rays of the elbow has to be
repeated. Findings can be subtle, such as loss of a
parallel medial ulnohumeral joint line, or varus
malalignment of the elbow [10]. The radiocapi-
tellar joint may be widened with LCL disruption
and a “fake” fragment from the lateral condyle
may be visible. CT scans (Fig. 2.3) with 3-D
reconstruction (Fig. 2.4) improve the recognition
and understanding of the pattern of anteromedial
coronoid fractures are recommended routinely in
the evaluation of these injuries [11].

The use of the MRI in these cases is still under
discussion. In acute trauma if prompt available
the extra information about muscle leasions can
give the treatment indication. In chronic cases the
stress test under ultrasound vision is also
recommendable.

Injury Pattern and Surgery
Related Anatomy

The combination of LCL injury and an antero-
medial coronoid fracture showed in biome-
chanical test a fragment size depending

Fig.2.2 A.P. and lateral view of the dislocated right elbow joint with coronoid fragments in front of the trochlea humeri



20

A. Lenich et al.

instability. G.King recommends the internal
fixation of the lateral Ligament and the coro-
noid fragment if larger than 2.5 mm [I2].
However, we have seen severe complications in
patients with only ligament repair and we
therefore recommend also to reconstruct or to

Fig. 2.3 Coronar CT Scan view of the coronoid and
medial facet with a concave fragment of the medial
coronoid

buttress small coronoid fractures to give the
elbow more varus stability.

The stability of the sublime tubercule has also
to be controlled. Discontinuity of the sublime
tubercule is often combined with MCL instability
and has to be surgically addressed.

Therapeutic Options
Non-operative Treatment

The conservative treatment of PMRI and PLRI
dependes of several factors. In the international
literature there is no clear recommendation for or
against. If there is no contious dislocation of the
elbow, the coronoid fragment is small and the
patient is compliant a non operative treatment
can be initiated. An ultrasound or intensifyer
examination can clear the indication. Large coro-
noid fragments, additional muscle injury, conti-
nous subluxation or dislocation require operative
treatment. Sometimes a CT scan showes a joint
incongruacy not seen in the X-ray.

Fig. 2.4 3D reconstructed CT Scan with a coronoid fragment Type II after the O’ Driscoll classification
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Anteromedial Coronoid Fracture

The non-operative treatment of anteromedial cor-
onoid fractures starts with a cast in 90° elbow
flexion with the forearm in neutral rotation for
1 week. Passiv motion out of the cast once a day
with the help of a physiotherapist is recommended
from the beginning. After 1 week the patient gets
an orthesis for the daytime with a limitation in the
individual stable arc. The patient should aktively
start with extension and flexion without weight-
bearing for minimum of 6 weeks. The cast is still
a good option during the night. Passive motion out
of the stable arc should be done by the phyiothera-
pist. If crepitus occures the diagnostic has to be
focused and a surgical treatment might be needed.

Because of a varus moment on the elbow the
abduction of the arm should be avoided.

Further we read in the book of G. King that,
pronation stabilizes the LCL de cient elbow, supi-
nation stabilizes the coronoid de cient elbow;
hence neutral rotation is selected for flexion and
extension exercises and for immobilization.

We recommend weekly clinical and X-ray
control to monitor fracture displacement and
ROM. A reduction of the ROM and/or a sublux-
ation/dislocation is an indication for an operation.
The Patient shouldn’t practice with load until the
full range of motion or the 12 week isn’t reached.

In the literature the information regarding out-
come of nonoperative PMRI of the elbow is low.
Doornberg and Ring reported on 18 patients with
anteromedial facet fractures with an average fol-
low-up of 26 months. Three patients had nonop-
erative treatment, and two had an excellent
outcome and one fair [13].

Because a fragment malunion may lead to per-
sistent subluxation and secondary osteoarthritis
for which there is currently no good reconstruc-
tive option we prefere inthe most of the cases the
surgical treatment.

Surgical Treatment PMRI

The indication for surgical treatment is given in
Patients with nonconcentric elbow, displaced
anteromedial coronoid fracture, fracture fragment
interposed in elbow articulation.

Under anaestehsia the elbow stability can be
tested under an intensifierto proof the colateral
ligament instability and fragment dislocation
under load.

For the patient positioning an arm table can be
used. The posteromedial rotatory instability inju-
ries of the elbow are best approached with a
medial incision. Herefore a high shoulder rota-
tion of more than 90° is needed. As an alternative
the injury can be repaired with the arm placed
across the chest.

For the preoperative planning a CT scan is
helpfull for fragment size and number. The main
fragments like the medial facett and large anterior
coronoid tip fragments has to be adressed with a
stabel osteosynthesis. We recomend to use 2.4 mm
interlocking plates and screws for radial head and
coronoid. After the osteosynthesis, ruptured liga-
ments (LCL) has to be fixed by suture anchors, in
our hands 2.5-3.5 mm diameter. If the sublime
tubercule is fractured we also fix it with suture
anchors. 1.6 and 2.0 mm K-wires are also needed.

The surgical approach to the coronoid fracture
is described as anterior or medial (Fig. 2.5). If
only the ulnar side hast o be done, we prefer in
the acute traumatic situation the medial access.
To reach the LCL and the radial head the Kochers
approach is recomended.

The ulnar nerv has to be located safely. If pre-
operative ulnaris nerve symptomes are docu-
mented a decompression of the nerv and if needed
a ventral transposition should be done. We also
recommend to do a transposition oft he nerve in
cases of medial ulnar plate osteosynthesis.

The best approach to reach the anteromedial
coronoid fractures is the interval between the
heads of the flexor carpi ulnaris muscle. By using
this approach the sublime tubercule and the MCL
can also be reconstructed.

For the reconstruction of the coronoid tip
(Subtype II fracture) the flexor pronator muscle
has to be detached from the medial epicondyle
plus the supracondylar ridge. A temporary fixa-
tion with K wires allowes the final osteosynthesis
with canulated screws or or interlocking plates
after a controll of the position with the intensifier.
Because a rigide fixation is needed for the
coronoid fractures a suture fixation is not
recommended. (Fig. 2.6).
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Fig. 2.5 Maedial approach to the Elbow joint and the coronoid tip

Fig.2.6 Postoperative
elbow X-rays in a.p. and
lateral view after
osteosynthesis with an
interlocking plate for the
coronoid Type 11
fragment and two suture
anchors to fix the flexor
tendon on the medial
epicondyle and the
LUCL on the lateral side

Pronator teres

Flexor carpi
radialis

Palmaris longus

Humeral head
and ulnar head of
flexor carpi ulnaris

In the next step the LCL stability is tested with
the intensifier under a mild valgus stress. If the
joint gap opens up wide (more than double) a
reconstruction will be done over the Kochers
approach (Fig. 2.7) and the ligaments can be
fixed with suture anchors. (Fig. 2.6).

The stability will now be tested in mild valgus
and varus stress test under an intensifier. If there is
an residual instability a fixateur externe can be used.

Brachialis Biceps

Medial
epicondyle

Coronoid
process

Ulnar
nerve

Triceps

Surgical Treatment PLRI

In acute trauma in the PLRI cases there might be
seen a rupture of the LCL and LUCL. Sometimes
a konvex fragment of the medial coronoid can be
found. This is biomechanicaly discussed as a
pushed out fragment. The Kochers aproach and a
split between the extensor carpi brevis and the
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Fig. 2.7 Lateral
approach to the Elbow
joint with the possibility
of Kochers and Kaplan
approaches

Triceps

anconeus muscle gives a good visualisation on
the subepicondyle region. If possible the liga-
ments can be reconstructed by a base ball stich
and a suture anchor in the isometric region of the
lateral epicondyle (Fig. 2.6).

If a coronoid fragment is present it either has
to be removed or fixed to prevent medial instabil-
ity. The instability can be tested with mild varus
stress under the intensifier.

The operation technique is similar to the
PMRI treatment.

Postoperative Care

In the OR the Elbow is placed in a 90° splint
with imobilisation of the wrist in intrinsic plus
position. On the first postoperative day the pas-
siv mobilisation out of the cast by the physio-
therapist beginns. The cast has to be woren for a
minimum of 5 days. After that a moving orthesis
can be used for 6 weeks. We recommend to use
the orthese by day and the cast by night untill the
first 14 postop days for faster reduction of the
oedema. First 2 weeks ROM in extension/flexion
0-20-90° and no pro- or supination, 3—4 week
ROM in extension/flexion 0-10-110° and free
pro- or supination, 5-6 week in extension/flex-
ion 0-O-free and free pro- or supination. After the

Brachioradialis

ECRB

Anconeus ECU EDC

6th week physikal examination with load is
allowed.

Outcomes and Complications

After stable fixation of the cornoid fragments com-
plications are rare. Non rigide stabilisation leads to
subluxation and destruction of the elbow joint.

The ulnaris nerve reacts sometimes sensible to
contact with plates or screws. Thats why in these
cases a transposition is recommended.

There is a limited number of case reports in
the literature about PLRI and PMRI injuries and
treatment. Doornberg and Ring published a retro-
spective review about 67 elbow dislocations with
11 patients having a varus posteromedial instabil-
ity [14]. Another study of these authors presented
18 patients with anteromedial facet fractures of
the coronoid and in 12 cases exelent results after
stable anatomical fixation of the fragments [13].

Conclusion

PMRI and PLRI are rare injuries and have not to
be missed. Surgical treatment seems to be a good
option for exellent results if a stable anatomical
fixation is reached.
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Distal Humerus Fractures

Arne Berner, Michael Leopold Nerlich,
Ulrich Stéckle, and Markus A. E. Guhring

Epidemiology

Fractures of the distal humerus are rare but severe
injuries with an estimated incidence in adults of 5.7
per 100,000 persons per year, only a small propor-
tion of 2-3% of the population of all fractures are
related to the distal humerus [1]. In most of the
cases these fractures are treated surgically to ensure
good functional outcome of the elbow. In younger
people more man are involved and they are mostly
associated with high energy trauma. In elderly peo-
ple the fractures are caused by low-energy trauma.
A predominance in women is mostly found in com-
bination with osteoporotic bone quality, which
makes the operative treatment more challenging.
In a recent study Palvanen et al. reported an
increase in the annual incidence of distal humer-
ual fractures in older women (over 60 years of age)
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from twelve per 100,000 to thirty-four per 100,000
during the time from 1970 to 1998 [2].

Based on the increasing number of fractures in
the elderly treatment strategies have to consider
fixation methods for osteoporotic bone, probably
joint replacement techniques as hemiarthroplasty
of the distal humerus or total elbow replacement.
Furthermore the treatment of the osteoporosis
itself has to be considered in older people [3].
The main goal of the treatment strategy is to
restore the complete function of the elbow with
free range of motion and free of pain.

Classification

Fractures of the distal humerus can be classified
as supracondylar fractures, transcondylar frac-
tures, intercondylar fractures, fractures of the
condyles (lateral and medial), fractures of the
articular surfaces (capitellum and trochlea), and
fractures of the epicondyles.

The most commonly used classification for
distal humerus fractures is the AO classification.
Three types of fractures are distinguished accord-
ing to the AO classification.

Type A fractures are extraarticular fractures
affecting the apophyse or the metaphyse.

Type B fractures are partiell intraarticular frac-
tures involving just one column (radial or ulnar).

Type C fractures are intraarticular fractures
involving the radial and the ulnar column.
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13-A1 Avulsion 13-A2 Simple 13-A3 Multifragmentary

13-B1 Lateral sagittal 13-B2 Medial sagittal 13-B3 Frontal

13-C2 Metaphyseal

13-C1 Simple comminution 13-C3 Multifragmentary

Fig. 3.1 The AO-classification of distal humerus fractures

Table 3.1 Classification of the distal humerus fractures AO type B3 according to Dubberley et al. [4]
Type Fracture characteristics

1 Fracture of the capitulum with optional inclusion of the lateral border of the trochlea

11 Fracture of the capitulum and the trochlea in one piece

I Multifragmentary fracture of the trochlea and the capitulum
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Fig. 3.2 Classification
of the distal humerus
fractures AO type B3
according to
Dubberley et al. [4]

All types are subdivided into three more sub-
types (Fig. 3.1).

The type B3 fractures of the distal humerus in
the coronal plane are subdivided into three more
fracture types of the capitulum and the trochlea
according to the dubberley classification (Table
3.1 and Fig. 3.2) [4].

Symptoms and Diagnostics

Patients with distal humeral fractures have
severe pain and immobility of the elbow. The
contralateral arm is mostly protecting the injured
arm. After taking the medical history, the arm is
checked for open wounds. The blood supply of
the arm is checked and additional vessel and
nerve injuries are excluded. Following examina-
tion the arm can be protected by a cast and the
patient should get adequate pain medication.
The diagnostic procedure starts with an
anteroposterior and lateral radiographs. If the
fracture pattern still remains unclear on plain
radiographs, or in fractures with involvement of
the articular surface (type B and C fractures), a
computed tomography scan is mandatory to get a

better understanding of the fracture and for pre-
operative planning. In the case of suspected addi-
tional vessel injuries, a duplex sonography or a
CT angiography has to be performed.

So far, magnetic resonance imaging (MRI) is
not very helpful in this kind of fracture diagnostic.

Injury Pattern and Surgery Related
Anatomy

Due to the complex anatomy around the elbow
and the small soft tissue coverage, we often found
open fractures or related injuries of the vessels or
nerves. Anatomically, the distal humerus has a tri-
angular shape which contains of two columns [6].

The medial column with the nonarticular
medial epicondyle with the insertion of the flexor
muscles and the medial part of the humeral troch-
lea and the lateral column with the capitellum
and more proximally the lateral epicondyle with
the insertion of the extensor muscles.

From a lateral perspective, the articular
surface of the trochlea and capitellum is pro-
jected anteriorly at an angle of 40° to the axis
of the humerus, the trochlear axis being
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externally rotated at an angle of 3-8° and
compared with the longitudinal axis being in
4-8° of valgus [6, 7].

Non-operative Treatment

Non-operative treatment is very rare because
most of the distal humerus fractures are dislo-
cated with anatomical proximity to the joint and
need operative treatment.

Non-dislocated fractures can be take into con-
sideration of non-operative approach if a func-
tional treatment of the elbow can be garanteed.
However, if the immobilisation period is too
long, it may end up in elbow stiffness.

Therefore, non-operative treatment is only
indicated in stable and undislocated fractures of
the distal humerus, or if the patient has general
contraindications for surgery such as severe
comorbidities. This widely accepted attitude is
supported by the literature which demonstrates
high rates of satisfactory outcomes with accept-
able complication rates after operative treatment
in several studies [8—10].

There are two Level III studies regarding
the functional outcomes between operatively
and non-operatively treated patients with dis-
tal humerus fractures. Nauth et al. performed a
pooled analysis of these studies and demon-
strated that patients treated non-operatively
are almost three times more likely to have an
unacceptable result [11, 12]. Another retro-
spective study by Robinson et al. compared
the results in 273 surgically treated patients
with those in forty-seven non-operatively
treated patients. The authors reported that
non-operatively treated patients were almost
six times more likely to have a nonunion and
four times more likely to have delayed union
compared to the operatively treated group
[13]. Aitken et al. demonstrated a selection of
40 cases. Short-term results showed 42 points
in the Broberg and Morrey score 6 weeks after
trauma, and 67 points after 3 months. In long-
term follow-ups after 4 years, the mean DASH
score in the surviving patients (n = 20) was
38% and 95% had a basic functional flexion of

the elbow (mouth to gluteus). Non-union rate
1 year after injury has been reported to be as
high as 47% [13].

Therefore, non-operatively treatment of distal
humerus fractures is reserved for non-displaced
fractures or frail and low-demanding patients. For
non-operative treatment, the elbow has to be
immobilized in a cast for 2-3 weeks, followed by
gentle passive range-of-motion exercises. After
3 weeks, passive exercises start out of the cast.
From the sixth week onwards, active elbow
motion is allowed. Within these 6 weeks close
clinical and neurological monitoring is obligatory
and likewise, periodic x-ray controls have to be
taken in order to rule out secondary dislocation.

Operative Therapy

Besides the restoration of the joint integrity, the
goal of any operative strategy is to enable joint
stability and thus functional rehabilitation. The
open anatomical joint reduction and internal
osteosynthesis according to the principles of the
AO represent the current standard care of distal
humerus fractures. Percutaneous K-wire osteo-
synthesis, as well as other minimal procedures,
do not achieve primary stability and thus are not
adequate care for adults. Whenever possible, the
reconstruction of the joint should take place
within 24 h after trauma. The early establishment
of exercise-stable conditions enables early func-
tional rehabilitation, which is essential for good
functional outcomes. Furthermore, this reduces
complications such as infection or heterotopic
ossification.

Severe soft-tissue injuries, open fractures,
vessel or nerve injuries, or a compartment syn-
drome represent emergency indications that
make immediate care indispensable. In an emer-
gency situation, the external fixation of the elbow
joint should be preferred.

Surgical Therapy

The selection of the approach depends on the
type of planned osteosynthesis. The type of
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osteosynthesis depends on the morphology of the
fracture.

Lateral Approach
The lateral approach is used for:

1. lateral extraarticular fractures (A1l.1),

2. partial articular fractures of the lateral epicon-
dyle (B1), and

3. shear fractures of the frontal plane (B3).

The patient is placed in the supine position
with an arm table. The skin-incision begins about
3-5 cm proximal of the lateral epicondyle cutting
distally along the lower edge of the extensor carpi
ulnaris muscle. For further dissection, one must
look out for the cutaneus antebrachii posterior
nerve. It runs epifascially ca. 2 cm ventral of the
lateral epicondyle in a distal direction.
Subcutaneous tissue is split. After identification
of the fascia, it will be opened between the exten-
sor carpi ulnaris and the anconeus muscle.
Immediately appears the joint capsule, which is
then split along its length. The lateral access can
be extended proximally by identifying and split-
ting the lateral intermusculare septum and disect-
ing away the brachioradialis muscle and also the
extensor carpi radialis longus muscle subperios-
tal toward the bending side.

Medial Approach
The medial approach is used for:

1. ulnar-side, extraarticular fractures (A1.2) and
2. partial articular fractures of the medial
epicondyle (B2).

The patient is placed in the supine position
with an arm table. The skin-incision runs from
ca. 5 cm proximal to ca. 10 cm distal of the
medial epicondyle. After splitting the subcuta-
neous tissue, the medial intermusculare septum
will be sought out. It spans from the medial epi-
condyle along the supracondylar crest proxi-
mally and divides the extension from the flexion
muscle mass. In this area, one must pay atten-
tion to the medial cutaneus antebrachial nerve,
which runs epifascially. In the further dissec-

tion, the ulnar nerve should be presented proxi-
mally and followed in a distal direction up to
the departure of the first motor branch. The
muscle group is now split along the medial
intermuscular septum until the joint capsule
appears. The joint capsule is then also split
along its length.

Dorsal Approaches

The dorsal approach represents the standard
approach, since the entire joint can be exposed
from the dorsal side. Both the medial and also
the lateral approach can be reached from dor-
sally. So the dorsal approach must be seen as the
one from which the deep approach can be car-
ried out without supplemental skin-incisions. A
further advantage of the dorsal approach is that
the critical neurovascular structures, which are
placed on the bending side, cannot be endan-
gered, except the ulnar nerve on the medial side.
The central point for the dorsal approach is the
question of how the triceps brachii muscle will
be handled. Altogether, four basic principles can
be differentiated, in which the muscle is either
split centrally (“Triceps Splitting”), pushed to
the side (“Triceps Reflecting”) or removed by
osteotomy of the olecranon. The fourth opera-
tion technique maintains the triceps attachment
points with medial and lateral dissection past
the muscle in the direction of the joint (paratri-
cipital approach). For the dorsal approach, the
patient can be placed either prone with removal
of the affected arm or in a lateral position. In the
lateral position, the arm is placed on the chest
and held by a second assistant on the opposite
side. For operative procedure an elbow flexion
of more than 90° is mandatory.

The skin-incision starts proximally to the tip
of the olecranon and proceeds distally. The olec-
ranon should be circumscribed on the radial
side, in order to avoid wound healing complica-
tions. In the region of the olecranon, the skin-
incision should be applied up to the fascia. In
this way, the blood supply of the medial and lat-
eral soft-tissue flaps should be optimized and
thus the risk of wound healing disorders
reduced. After the fascia is dissected, the ulnar
nerve must be identified proximally and,
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depending on the indication, followed distally
until the first motor branch.

Olecranon Osteotomy

After soft-tissue dissection, a chevron-form inci-
sion of the bone is carried out in the area of the
olecranon with an oscillating saw, whereby the
chevron is open in the proximal direction. The
completion of the osteotomy is carried out with
the chisel, in order to produce negligible loss of
bone from the olecranon, so repositioning of the
olecranon during withdrawal is made easier.
Furthermore, it is recommendable to end the
osteotomy in the histological bare-zone of the
olecranon, in order to not unnecessarily destroy
joint cartilage. The vertex of the planned chevron
can be marked with a Kirschner wire or a drill bit
as desired. The osteotomy takes place from the
vertex of the chevron outward in an angle of 40°.
After cutting through the olecranon, the exten-
sion structures and the distal humerus are dis-
sected and removed proximally. This enables a
good view to the joint. An extension of the
approach is possible by removal of the collateral
ligaments. During dissection of the triceps proxi-
mally, one must pay attention to the crossing
radial nerve. After completing the reconstruction
of the joint surfaces, an exercise-stable osteosyn-
thesis must be carried out in the area of the
olecranonosteotomy. Various possibilities for the
osteosynthesis are available to the surgeon.
Regardless of the form of osteosynthesis (tension
band wiring, angle-stable plate osteosynthesis, or
intramedular screws), a step-free reposition of
the osteotomy cleft has to be restored.

Triceps Splitting Approach

The incision for splitting the triceps begins ca.
8 cm proximal to the tip of the olecranon and then
runs centrally over the tip on the edge of the ulna
for about 4-5 cm in the distal direction. The tri-
ceps tendon passes medial into the flexor fascia
and lateral into the fascia of the anconeus and the
extensor muscles. This anatomical region must
be preserved through sharp subperiosteal dissec-
tion on the bones. Both parts of the triceps are

mobilized now until, depending on the indica-
tion, an exarticulation of the joint is possible.
Alternatively, a thin bone flake underneath the
tendon can also be removed in the area of the
olecranon. After the osteosynthesis a secure
attachment of the detached triceps tendon is
essential. Transosseous stitches are recom-
mended for this. They can, for example, be tightly
attached to the dorsal edge of the ulna with a
2.0 mm drill.

Triceps Reflecting Approach According

to Bryan and Morrey

After identification and release of the ulnar
nerve, the triceps insertion is detached from the
proximal ulna subperiosteally with the entire
lower arm fascia from medial to lateral. The
anconeus muscle is detached subperiosteally on
the lateral edge of the ulna, and thus is raised in
continuity with the extension structures. After
cutting through the medial collateral ligament,
the joint can be dislodged. If applicable, a
release of the lateral collateral ligament is also
necessary for that. As in the triceps splitting
access, a bony sliver in the area of the olecra-
non can also be detached here. During with-
drawal, the ligaments must be securely attached.
Likewise, the reconstruction of the extension
structures onto the olecranon must be given
attention and transosseous stitches must be
applied.

Paratricipital Approach

Both, the medial and the lateral intermuscular
septum are sought out and the ulnar nerve is
secured. Proximally, the ulnar nerve is followed
along its course on the medial intermuscular
septum, and the triceps muscle is mobilized
radially. The triceps fascia is split, and the mus-
cle is mobilized from the lateral intermuscular
septum and humerus towards the ulnar side.
The entire triceps muscle is isolated using a
gauze wrap. This permits the whole triceps
muscle to be moved towards either the lateral or
medial side, in order to get access to the distal
humerus.
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At the level of the joint, the collateral liga-
ments and the origins of the extensors and flexors
can be detached, if this facilitates the procedure.
The triceps-on approach provides only a limited
representation of the joint. After osteosynthesis
the refixation of the lateral ligaments and the
muscle groups is mandatory.

Osteosynthesis Procedures
External Fixation

Besides extensive open or closed soft-tissue
damage, the main indications for the use of
external fixation are residual instability or
polytraumatized patients. The function of the
external fixation is to establish quickly and
temporarily a stable position of the elbow
joint. The application takes place most often
in the supine position. External fixation is
only of limited suitability for the treatment of
distal humerus fractures, since an anatomical
reduction is not possible and because a long
position of rest is accompanied by substantial
limitations of movement in the region of the
elbow joint. Therefore, the function of exter-
nal fixation is temporary stabilization until the
prerequisites exist for internal osteosynthesis.
The standard construct consists the placing of
two Schanz screws in the humerus and the
ulna. In the region of the humerus shaft, atten-
tion must be paid to the radial nerve. The
Schanz screws are inserted proximal to the
crossing of the radial nerve anterolateraly.
Sufficiently large skin-incisions with blunt
dissection of the bones and insertion of drill-
ing sleeves are indispensable for the protec-
tion of the nerves.

With the forearm in neutral position, Schanz
screws are inserted from a posterolateral
aspect directly to the proximal third of the
ulna. It is an easily recognizable and palpable
bone. The radius shaft should only be
included for limitation of the rotation move-
ment of the forearm. If the fixation is installed

in the three tube modular technique it can eas-
ily switch to movement fixation, in cases of
persisting instability, by installing a move-
ment bracket.

K-wire Osteosynthesis

Osteosynthesis of fractures of the distal humerus
by means of Kirschner wires remain reserved
essentially for pediatric fractures.

Screw Osteosynthesis

Isolated screw osteosynthesis without support
from a plate is only indicated for partial intraar-
ticular fractures or avulsion injuries of the
epidcondyles. Screw osteosynthesis of the
small fragment instruments with canulated
screw systems are available in different sizes.
According to the rules of osteosynthesis, it is
recommended to use two screws, which are
inserted in parallel or diverging, in order to
ensure rotational stability. When treating com-
plex multi-fragment fractures or especially
shear fractures in the frontal plane, head-sink-
ing mini-screws (2.0 mm) are used, so the head
of the screw lies deep to the surface of the joint
cartilage.

Nail Osteosynthesis

Nail osteosynthesis can be used for treatment of
type A2 and type 3 fractures, if the distal
fragment is large enough. The advantage of nail
osteosynthesis is generally the minimally inva-
sive application. The disadvantage of the antero-
grade nail osteosynthesis is the compromising
of the rotator cuffs. In cases of short distal frac-
ture fragments, a rotation-stable fixation of the
nail with two locking bolts is especially diffi-
cult. Therefore, nail osteosynthesis is not the
first choice of therapy for treatment of distal
humerus fractures.
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Plate Osteosynthesis

Angular stable plating is established as the gold
standard for the treatment of distal intraarticu-
lar humerus fractures. Helfet and Hotchkiss
were able to show a significant higher stabilitiy
with double plating, in comparison to screw
osteosynthesis or single plates, regardless of
the type of plate (1/3 tube-plate or reconstruc-
tion plate) [14].

In recent years, new plate fixation systems
(LCP®, Synthes) have been developed spe-
cially for this fracture entity. Anatomically pre-
contoured and angular stable plates offer new
perspectives in fracture care in cases of metaph-
yseal shatter/defect situations, complex joint
destruction and osteoporosis. These plates are
also available as polyaxial systems. The plates
are configured with conventional or angle-sta-
ble 3.5 mm screws in the proximal area and
2.7 mm screws in the distal area. The dorsolat-
eral plate also offers the possibility of inserting
screws in lateromedial direction through the
lateral epicondyle to stabilize the articular
mass. Due to the anatomical preformation,
shorter operating times can be achieved, which
justifies the higher costs of the implant. While a
one-sided plate osteosynthesis is sufficient in
cases of partial articular fractures (B1 and B2)
and metaphyseal fractures (A2 and A3).
Intraarticular fractures (C1-3) have to be stabi-
lized through a double-plate construct. Above
all, the correct positioning of the two plates to
each other — whether in so-called 90° or 180°
orientation — is currently debated. The parallel
arrangement shows a significant advantage
when using non-angle-stable plate systems
[15]. In comparisons of the angle-stable
implants though, no significant difference
between these two arrangements has been
found so far [16]. The disadvantage of the par-
allel arrangement is the both-sided application
of the implants and possible blocking of the
screws crossing each other. In the application of
both plates, the dorsolateral (radial) plate
should be selected two screw-holes longer in
the proximal direction, in order to avoid stress
concentration.

Fracture-Specific Care

A functional restoration of the elbow joint is only
possible if through an anatomical joint recon-
struction a stable fracture and ligament situation
is restored. Correspondingly, awareness of the
fracture classification is of decisive importance
for the preoperative planning, since the osteosyn-
thesis procedure is dependent on the type of
fracture.

Supracondylar Fractures
(AO Classification AO 13-A2
and AO 13-A3)

The standard care of metaphyseal fractures on
the distal humerus is double plating osteosynthe-
sis. For supracondylar distal humerus fractures,
the paratricipital approach should be chosen, in
which the extension apparatus is preserved.
Anatomically preformed, angle-stable locking
plates are applied, which are fitted in 90° tech-
nique (radial-dorsal and ulnar-lateral) or in par-
allel technique depending on surgeons preference
(Fig. 3.3). At least two screws for each plate
should be applied in the proximal and distal
main fragments to assure sufficient primary
stability.

Epicondylar Fractures
(AO Classification AO 13-A1)

Fractures of the lateral and medial epicondyle are
avulsion injuries with bony tearing out of the
ligaments. Corresponding to the muscle pull dis-
location of the fragment can be expected, so that
even slightly displaced fragments should be
fixed. The fragments can be repositioned via lat-
eral or medial approach and refixed by means of
screw osteosynthesis. If the size of the fragments
allows, at least two screws or one screw and one
K-wire should be applied in order to increase the
rotational stability of the fragment (Fig. 3.4). For
avulsion fractures in the area of the medial epi-
condyle the course of the ulnar nerve must be
heeded.
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Fig. 3.3 Supracondyle
fracture (AO 13-A2).
Traditional 90-90 plating
technique with column
screws. Paratricipital
approach

Partial Articular Unicondylar
Fractures (AO Classification AO 13-B1
and 13-B2)

Depending on their position, fractures can be
treated via a lateral or medial approach. A stable
osteosynthesis can be achieved through primary
screw osteosynthesis with interfragmentary com-
pression in combination with an angle-stable
plate osteosynthesis as neutralization plates.
Especially for osteoporotic bones, the application

of a single screw osteosynthesis is obsolete,
because of the poor bone quality and resulting
elevated rate of secondary dislocation.

Partial Articular Frontal Fractures/
Shear Fracturen (AO 13-B3)

To visualize the entirety of this complex frac-
ture type the additional medial approach is
necessary quite often besides the “standard”
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Fig. 3.4 Fracture of the
radial epicondyle (AO
13-Al). Open reduction
and fixation with small
fragment screw and
K-wire

lateral approach. For these fractures a CT-scan
with 3D-reconstruction is essential for preop-
erative planning to understand the fracture
severity. After anatomic repositioning of the
fracture, the reduction can be fixated prelimi-
narily by means of Kirschner wires and then,
depending on the fracture morphology, the
osteosynthesis can be stabilized osteosyntheti-
cally from the joint side by means of counter-
sunk mini-screws (2.0 mm) (Fig. 3.5).
Depending on the size of the capitulum frag-
ments, the reduction can be secured from the
extension side by using dorsoradial plates with
anteriorly directed screws.

Complete Articular Fractures

The goal of the osteosynthesis for intraarticu-
lar fractures is the step-free restoration of the
humeral joint surface. Regardless of the
approach, angle-stable plating systems have
established themselves. In the classic proce-
dure, the articular surface should first be repo-
sitioned and fixed. The intact ulna and radius
can be used as a template for the correct length
and orientation. The joint-carrying fragments
are preliminarily held by means of K-wires in
order to be treated with a compression osteo-
synthesis. Here there is the possibility of per-
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Fig. 3.5 Shear fracture of the distal humerus (AO 13-B3). Open reduction and fixation with countersunk mini-screws

forming an interfragmentary tension screw
osteosynthesis from the radial side. The screws
should run parallel to the joint line. After stabi-
lization of the articular mass, it can now be
fixed by column screws and/or angle-stable

plate systems against the shaft (Fig. 3.6).
Depending on the fracture morphology and a
possible bony defect situation in the metaphy-
seal portion, a shortening osteosynthesis can
be accepted here (Fig. 3.7). Alternately, in
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Fig.3.6 Supraintercondyle fracture (AO 13-C1). Traditional 90-90 plating technique with column screws after fixation
of the articular mass with screw running parallel to the joint line. Paratricipital approach

cases of pronounced metaphyseal defect zones,
an autologous bone grafting (harvested from
the dorsal iliac crest) can be performed. The
length of the plates should allow for at least
three bicortical screws into the proximal main
fragment (shaft) (Fig. 3.8). Furthermore, a
stress concentration on the proximal end of the
plates should be avoided through the use of
identical plate lengths.

Care of Elderly Patients

Even for geriatric patients the anatomical recon-
struction of the joint with sufficient stability has
to be the primary therapeutic goal, thus providing
the prerequisite for early functional rehabilitation
and especially for daily activities (handling the
walker). Primary stability in osteoporotic bones
can be achieved through the use of angular stable
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Fig. 3.7 Complex distal
humerus fracture with
open soft-tissue damage
(AO 13-C2). Open
reduction and shortening
osteosynthesis because
of the defect situation in
the metaphyseal portion

osteosynthesis [17, 18]. Most complications are
the loss of thereduction with implant failure due
to poor bone quality. Therefore in exceptional
cases a postoperative immobilization, a corre-
sponding orthesis or a supplemental installation
of a movement fixator is possible. If reconstruc-
tion is not possible due to the complexity of the
fracture or the bone quality, then the joint replace-
ment is indicated.

Rehabilitation

For the earliest mobilization of the elbow joint, in
order to avoid stiffness the physiotherapy regime
conforms accordingly to the intraoperatively
achieved stability. After immobilization of the
elbow joint in the operating room by means of an
upper arm splint or an elbow orthesis, the first
replacing of the cast and the x-ray control are
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Fig. 3.8 Complex distal
humerus fracture (AO
13-C3). Traditional
90-90 plating technique.
Paratricipital approach

carried out on the second post-operative day.
In correct progress, active and passive movement
can take place under physiotherapeutic surveil-
lance already from the second postoperative day
onward. The orthesis or the upper arm cast can
be, depending on the specifications of the sur-
geon, increasingly omitted during the day, but it
should be worn at night for 6 weeks postopera-
tively. Strain of the elbow in regards to lifting and
carrying, as well as axial supporting, should be

avoided for a total of 6 weeks postoperatively.
Beside an adequate pain therapy, cryotherapy can
reduce the subjective pain sensitivity. Measures
to reduce swelling take place by an AV-pump, as
well as elevated resting and lymph drainage. A
possible later limitation of joint movement be
caused by formation of heterotopic ossification.
Accordingly, ossification prophylaxis is routinely
carried out by means of Indometacin 50 1-0-1
for 14 days.
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Postoperative Complications

Complications in the treatment of distal humerus
fractures occur at rates of up to 30% [19].
Differentiations must be made between:

Heterotopic Ossification

Clinically relevant heterotopic ossification result-
ing in restriction of elbow ROM is described in
the literature for 14% of the cases [20]. For pre-
vention of heterotopic ossification, ossification
prophylaxis by means of Indometacin 50 mg 2/d
should take place already on the day of the acci-
dent for the period of 14 days.

Nerve Damage

While the radial nerve represents the most fre-
quently affected nerve for primary traumatic
lesions, iatrogenic injury of the ulnar nerve is the
most dreaded intraoperative and postoperative
complication [19]. In order to avoid an intraopera-
tive lesion of the ulnar nerve, it has proven worth-
while to protect that nerve at the beginning of the
operation during the soft tissue dissection and to
follow it distally until the first motor branch. If no
mechanical irritation of the nerve is expected from
the osteosynthesis or bones, the nerve can remain
in its original position. Otherwise the nerve should
be transpositioned to anterior in a subcutaneous
layer by resecting the intermuscular septum.

Elbow Stiffness

The functional arc according to Morrey describes a
range of motion for extension/flexion of 0-30-130°
and for pronation/supination of 50-0-50° as the
range of motion with which 90% of the activities of
everyday life can be carried out [21]. Among the
causes of elbow stiffness, a differentiation is made
between factors that are extrinsic (heterotopic ossi-
fication, capsular fibrosis, muscular contractions)

versus intrinsic (osteophytes, joint congruence,
adhesions). Mostly there are mixed causes. Early
functional rehabilitation is necessary to avoid elbow
stiffness. The prerequisite for early functional reha-
bilitation is a stable osteosynthesis. Before any
operative arthrolysis is indicated (arthroscopic or
open) every possible nonoperative therapy measure
should be exhausted and the cause of the restricted
motion should be evaluated precisely.

Infections

The rate of infection depends on the initial soft
tissue trauma and the timing of care.
Postoperative infections are reported in the lit-
erature in 12% of the cases after surgical treat-
ment of a distal humerus fracture [22]. Clinical
signs of infection are disrupted wound healing,
redness, swelling, and putrid discharge. If an
infection is present, priority is given to decon-
tamination of the infection with removal of any
implanted osteosynthesis material, as well as
transfixation of the elbow joint, if needed, by
means of external fixation.

Pseudoarthrosis

Delayed or non-union is a rare complication for
distal humerus fractures and is described in the
literature with an incidence of 2-10% [23]. The
goal of revision surgery has to be functional
reconstruction of the joint, which can be achieved
through a reosteosynthesis combined with addi-
tional bone graft. For elderly patients with poor
bone quality and possible secondary dislocation
of the primary osteosynthesis, arthroplasty
should be considered as an alternative.
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Proximal Ulna Fractures
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Epidemiology

The exposed subcutaneous location makes the
olecranon prone to fractures. Olecranon fractures
pose a disruption of the extensor mechanism
(Fig. 4.1) with potentially severe restriction of
elbow function — e.g. reaching over the head or
push off from a chair etc. Olecranon fractures are
common adult fractures and account for approxi-
mately 10-20% of all elbow fractures [1, 2].
Simple displaced fractures represent the most
common fracture type. The incidence was
estimated as 1.08 per 10.000 person-years [1]. A
direct impact due to a fall on the flexed elbow
poses the most common fracture mechanism [3].
On the other hand, indirect forces may lead to an
olecranon fracture due to the pull of the triceps.
There is no predominance of male or female gen-
der but men suffer proximal ulna fractures at a
younger age and often present with more com-
plex fracture pattern due to a high energy trauma.
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Especially in older female patients olecranon
fractures may result from a low energy trauma
complicated by poor bone quality.

Classification

The Mayo classification [4] (Fig. 4.2) is simple
and reproducible. Furthermore, treatment recom-
mendations can be derived from the different
fracture types. Therefore, the Mayo classification
is the most commonly used in clinical practice.
Three different fracture types are described:

Type I: undisplaced fractures 5%

Type II: displaced fractures with a 85%
stable elbow

Type III: displaced fractures associated 10%

with elbow instability
(e.g. transolecranon dislocation fractures, Monteggia-
and Monteggia-like lesions)

Each fracture type is further devided into sim-
ple (A) and comminuted (B) fracture types.
According to Colton et al. fractures with a dis-
placement less than 2 mm are considered type I
fractures [5]. Type I A and B fractures can be
considered the same entity as there is no signifi-
cant displacement.

The AO classification [6] (Fig. 4.3) is difficult
and does not give treatment recommendations.
Its clinical use is therefore inapplicable.

a

P. Biberthaler et al. (eds.), Acute Elbow Trauma, Strategies in Fracture Treatments,

https://doi.org/10.1007/978-3-319-97850-5_4

4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-97850-5_4&domain=pdf
mailto:Kilian.Wegmann@uk-koeln.de
mailto:Michael.hackl@uk-koeln.de
mailto:Michael.hackl@uk-koeln.de

2

K. Wegmann et al.

Fig. 4.1 Olecranonfractures pose a disruption of the
extensor mechanism

Fig. 4.2 Mayo

Symptoms and Diagnostics

Clinical examination of a patient with a sus-
pected proximal ulna fracture starts with careful
inspection in order to rule out any open wounds.
Due to the thin soft tissue coverage of the olecra-
non these fractures often present as open frac-
tures. The fracture may be visible at first sight in
skinny patients. If not, gentle palpation may be
performed searching for a fracture gap and
potential concomitant injuries such as a radial
head fracture. If the fracture is not identified on
first sight, integrity of the extensor mechanism is
tested by asking the patient to extend the elbow
over the head. Any neurovascular injury has to
be excluded; especially the ulnar nerve has to be

Mayo

classification of
B
olecranon fractures
Type |
undisplaced
Type Il
Displacedstable
A-Noncomminuted B-Comminuted
Type lll
Unstable
A-Noncomminuted B-Comminuted
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21-A1 21-A2 21-A3 | 21-B1

21-A Extraarticular fracture
21-A1 Ulna fractured, radius intact
21-A2 Radius fractured, ulna intact
21-A3 Both bones

Fig. 4.3 AO-classification of proximal forarm fractures

checked because of its proximity to the
proximal ulna.

Plain a.p. and lateral radiographs are sufficient
in simple olecranon fractures. However, concom-
itant radial head, sublime tubercle and coronoid
fractures have to be excluded. In case of more
complex fractures a CT scan with 2D and 3D
reconstructions are mandatory. The CT scan has
useful proven in recognizing an intermediate

articular fragment.

Injury Pattern and Surgery
Related Anatomy

Simple olecranon fractures (Mayo I & II) involve
the semilunar or greater sigmoid notch, which is
formed by the coronoid process and olecranon.
These are separated by the “bare area”, which is
devoid of cartilage (Fig. 4.4). Reconstructing an
olecranon fracture, the bare area must be strictly
respected otherwise the greater sigmoid notch
will be narrowed resulting in a mismatch with the
trochlea (Fig. 4.5).

More complex fracture patterns of the proxi-
mal ulna (Mayo III) comprise transolecranon
fracture dislocations and monteggia fractures and
monteggia like lesions:

e Transolecranon fracture dislocation: proximal
ulna fracture with anterior dislocation of the
ulnohumeral joint, but intact proximal radio-
ulnar joint (PRUJ).

21-B2

21-B Articular fracture

21-B1 Ulna fractured, radius intact

21-B2 Radius fractured, ulna intact

21-B3 One bone articular fracture
other extraarticular

21-C1 21-C2 21-C3

]}

21-C Articular fracture of both bones

21-C1 Simple

21-C2 One artic. simple, other artic.
multifragmentary

21-C3 Multifragmentary

21-B3

Fig. 4.4 The figure displays the bare area (lighter areas,
marked with stars) in two different specimens. Note the
variability of the shape and size of the bare area

* Monteggia fracture: proximal ulna fracture
with dislocation of the PRUJ, but without
ulnohumeral dislocation (cross reference to
Monteggia fractures)

* Monteggia like lesion: Monteggia fracture
with additional fracture of the dislocated radial
head. (cross reference to Monteggia fractures)

Besides the olecranon, transolecranon fracture
dislocations often comprise key structures of
elbow stability such as the coronoid process, sub-
lime tubercle and supinator crest:

e The olecranon prevents anterior dislocation of the
forearm. Furthermore it is an important stabiliser
against varus and valgus forces — especially in the
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Too narrow

extended elbow. The triceps insertion omits the
olecranon tip allowing the tip to dive into the fossa
in full extension [7, 8]

The coronoid process is the most important
stabiliser against posterior and axial disloca-
tion. Furthermore, the anterior bundle of the
MCL and the annular ligament insert on the
coronoid process [9]

Fig. 4.5 Importance of correct alignement of olecranon farcture reduction

The sublime tubercle is the medial exten-
sion of the coronoid process. The anterior
bundle of the MCL inserts at this area [10]
Fig. 4.6

The supinator crest is the lateral distal
extension of the sigmoid notch. Besides the
supinator muscle the LCL inserts at this
area [11]
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The proximal ulnashaft is not straight. There
are two important angulations that have to be
respected during reduction of proximal ulna shaft
fractures (Fig. 4.7):

» Proximal ulna dorsal angulation (PUDA)

From a lateral view the ulnashaft is known
to be straight. But the proximal shaft has a
dorsal bow with a mean angulation 5.7-8.5°
(range 1.7-14.1°). Increasing the PUDA
will lead to a decrease of elbow extension
[12, 13]

Fig. 4.6 The figure shows the medial aspect of the joint,
after longitudinal dissection of the flexor-pronator mass
(FPM), originating from the medial epicondyle (ME).
Beneath the anterior bundle of the medial collateral liga-
ment (A) is found. It inserts into the sublime tubercle (ST)

i

Fig. 4.7 The figure shows the interindividual variety of
proximal ulna anatomy. (a) (left) The radial bow of the
ulna is shown. (CS Supinator crest, 7'S Sublime tubercle,

e Varus angulation
The varus angulation of the proximal ulna is

also referred to as the “radial bow” or “antero-
medial angulation in the proximal third of the
ulna”. Several studies reported a mean angle
of 8.5-17.5° with a range from 2.1-28°. The
distance of the apex and the most proximal
point of the dorsal surface is a mean 75 mm
(59.9-91 mm) [12]

The high interindividual variability of these
angles has to be kept in mind during reduction of a
proximal shaft fracture. Precontoured proximal
ulna locking plates are provided in different lengths
but not in different angles. As these plates are
designed according to the mean values, the plates
most often do not fit perfectly to the ulna due to the
wide range of these angles [14]. The surgeon must
be aware to adapt these plates to anatomy. Any
deviation from perfect anatomy of the ulna shaft
may lead to a joint incongruence — especially in
Monteggia fractures where the PRUJ is unstable.

Therapeutic Options
Non-operative Treatment

Basically, non-displaced fractures of the olecra-
non can be treated without surgery. But there is

IR radial incision of the proximal ulna). (b) (right) The
figure shows the dorsal angulation (PUDA: Proximal ulna
dorsal angulation) with its individual variety
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no clear consensus on the amount of displace-
ment that is still acceptable for conservative treat-
ment. In accordance to Veillette et al. 2 mm of
displacement as a maximum value is supposed
for non-operative treatment [15]. If indicated, the
elbow is immobilized in a cast in flexion of 80°
for 2 weeks with then assisted flexion to 100°.
Flexion is increased over the following weeks.
For a period of 6 weeks, active extension should
be limited to reduce the pull of the triceps mus-
cle. Periodical x-ray controls are mandatory to
detect secondary dislocation. It has been reported,
that in elderly patients with lower demands, con-
servative treatment of displaced olecranon frac-
tures can lead to good functional outcomes [16].

Surgical Treatment

Osteosynthesis of the olecranon can be done with
tension band wiring, plating, and nailing. Even
suture anchor repair has been reported [17]. All
treatment methods aim for stable and anatomical
reconstruction of the olecranon. As nailing and
intramedullary screws do not represent standard
treatment, there will be no further discussion.

The procedure is performed from a posterior
approach curved around the lateral side of the
olecranon tip [18]. The use of a true lateral
approach has also been described, but is only
rarely used. To get good access to the dorsal aspect
of the ulna, the patient should be placed in the lat-
eral decubitus or prone position. Placing the elbow
placed in a 90° flexed position is helpful to assist
reposition. The decubitus position is also possible
with the arm over the chest, but an additional assis-
tant is necessary to stabilize the arm. During the
procedure, one has to be aware of the course of the
ulnar nerve and its identification is mandatory,
when the fracture configuration demands broad
dissection. In more simple fractures with adequate
soft tissues, the nerve is not necessarily displayed.
It is important to respect the soft tissues around the
proximal ulna. When significant swelling is pres-
ent, the timing of the procedure must allow con-
solidation of the soft tissues.

Due to the different categories of proximal
ulna fractures representing different types of

injury with different anatomic lesions, the opera-
tive treatment protocols differ accordingly. As
studies have shown, the decision making by the
surgeons whether plating or tension band wiring
is performed, depends largely on fracture mor-
phology and comminution. In the following, the
treatment protocols are discussed according to
the Mayo classification [4].

Mayo Type |l A, Mayo Type Il A

These fractures represent non-displaced or dis-
placed fractures of the olecranon without com-
minution. The jointis assessed as stable. Although
these fractures can be stabilized with plates, ten-
sion band wiring is the most established treat-
ment for these entities. An advantage of this
procedure is, that required equipment is limited
to 1.6 K-wires and a cerclage wire. It has proven
to be a cost effective method, providing consis-
tent clinical results [19]. However, performing
the tension band wiring of the ulna is not an easy
procedure, as specific tasks have to be achieved
on the one hand, and crucial mistakes can be
made on the other [20].

As primary aspect, anatomical repositioning
of the fracture must be achieved. Therefore it has
proven itself to align the dorsal cortices of the
fracture fragments, as this will prevent narrowing
of the semilunar notch (Fig. 4.5). After cleaning
and repositioning of the fracture, the surgeon
must place the k-wires in a parallel fashion from
proximal to distal, through the medial aspect and
the lateral aspect of the olecranon. The recom-
mendations differ, but placing the wires, bicorti-
cal seems to give best resistance against
retrograde wire pullout. When the k-wires exit
the ventral cortex, irritation of the median nerve
is unlikely, when protrusion of the wires is less
than 1 cm. Perforation of the K-wires on the
radial side, nevertheless, may lead to a possible
conflict resulting in restricted or impossible fore-
arm rotation (Fig. 4.8). It is essential to take the
varus angulation of the proximal ulna into
account not to place the wires in a lateral direc-
tion and therefore to avoid impingement between
hardware and the radius [21]. Besides intraopera-
tive fluoroscopic examination, an accurate intra-
operative examination of forearm rotation should
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Fig. 4.8 Displaced olecranon fracture stabilized with
TBW. Radially perforating K-wires affect the proximal
radius leading to complete restriction of forearm rotation.
The CT-scan further shows an intraarticular K-wire, poor
fracture reduction, an beginning development HO at the

be performed to ensure free ROM. Perforation of
the K-Wires on the ulnar side may harm the ulnar
nerve. Bending the proximal ends of the K-wires

PRUJ. The arthroscopy proved intraarticular K-wire
placement and severe arthrofibrosis of the PRUJ. As the
fracture showed beginning fracture healing a complete
metal removal with artrhoscopic realease of the PRUJ was
performed resulting in 80° pronation and 60° supination

into the bone offers additional stability and helps
hiding the tips within the triceps tendon. The
transverse drill hole for the cerclage wire should
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be place 2-3 cm distal to the fracture line. After
the cerclage wire has been placed, we recom-
mend applying a curl on each side, as it facilitates
precise adjustment of the compression. To sup-
port good woundhealing, closure has to be done
thoroughly.

Mayo Type | B, Mayo Type Il B, Type lll

For comminuted fractures tension band wiring is
not adequate in most of the cases. Due to commi-
nution of these fracture types, the surgeon might
be misled into expanded dissection of the fracture
to improve visualization. However, one has to be
aware, that soft tissue dissection on the one hand
will decrease to blood supply of the fracture zone,
and on the other hand destabilizes the fracture
fragments. So indirect repositioning should be
preferred with the elbow positioned in an arm
holder as 90° flexion supports correct reposition-
ing. Furthermore, it is possible to open the joint at
the medial or lateral border of the olecranon, to
gain visualization of the fracture zone, and to
allow elevation of impacted fragments respec-
tively. It is of primary importance to align the dor-

Fig. 4.9 Transolecranon fracture dislocation with a
severly comminuted greater sigmoid notch and additional
fracture of the sublime tubercule and coronoid process.
Multpile small intermediate fragments were fixed with

sal cortices of the olecranon, to respect the width
of the semilunar notch and to reconstruct the sag-
ittal alignment of the olecranon proximal and distal
to the bare area. Also, the anatomical alignment in
the frontal plane must be achieved because any
deviation will transmit dislocating force on the
PRUIJ, especially in Monteggia-Lesions. Temporary
stabilization is realised by longitudinal, bicortical
k-wires to facilitate plate mounting or addressing
some smaller fragments. When intermediate frag-
ments are present, they should be reposed and
fixed if possible (Fig. 4.9). If not possible, how-
ever, they can be removed to prevent necrosis of
the fragments with generation of loose bodies.
Especially in elderly patients, the articular frac-
ture fragments are frequently deep impacted and
have to be realigned to the semilunar notch. In
these cases, additional bone grafting could be
helpful to gain sufficient stabilization.

Different types of plates are available for dor-
sal stabilization. Especially in multi-fragmented
or osteoporotic fractures, angular stable implants
are advantageous. Due to the variable anatomy
and the thin soft tissue coverage of the proximal

i
!

small screws and lost k-wires first before closing the oler-
anon with perfect shape of the semilunar notch and stabi-
lisation with double plating.The farcture healed
uneventfully with a good functional result
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ulna, however, the optimum fit of the plates is
desirable. Even so, the newer precontoured lock-
ing plates have been shown not to fit in the major-
ity of cases, even when skilled recontouring is
performed [14].

Fig.4.10 Minimally
displaced
multifragmentary
olecranon fracture in a
30 years old male
patient who fell during
sports. Fracture was
fixed with double plating
allowing for early
physiotherapy

A new method of plating has been promoted
over the last years that offers double plating of the
olecranon (Fig. 4.10) [21]. The plates are placed
below the anconeus muscle laterally, and belwo
the flexor carpi ulnaris muscle medially. A 1 cm
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pocket is generated subperiosteally over the
length of the implants. By doing so, soft tissue
irritation is brought to a minimum. Thus, hard-
ware removal is less often indicated. Moreover as
two plates are involved, up to 14 locking screws
can be placed within the bone resulting in a very
high primary stability. The proximal screws are
placed perpendicular to the force vector of the
trizeps pull supporting primary stability.

In Monteggia like lesions, the fractured radial
head can be addressed from the posterior
approach as well, either through the olecranon
fracture or by the Boyd’s approach releasing the
anconeus and the annular ligament from the lat-
eral olecranon (Fig. 4.11). In that way, a second
incision is not necessary. In fracture dislocations,
it is necessary to address the soft tissue stabilizers
as well by reconstruction of the ligaments with
direct suturing, transosseous suturing or with
suture anchors. If the fracture affects the sublime
tubercle and/or the supinator crest, these struc-
tures have to be addressed during osteosynthesis
as well to restore the insertion of the AMCL and

the LUCL. If primary joint stability is not
achieved, a temporary dynamic external fixator
may be added.

Postoperative Care

The goal must be an immediate mobilisation of
the joint under physiotherapeutic control. After
surgery, a plaster cast should be added until
wound consolidation. The splint should be
applied to the anterior aspect with a swing to the
lateral aspect of the upper am to evade the wound
and to allow healing. Elevation with supporting
lymphatic drainage is often beneficial by reduc-
ing swelling of the soft tissues. While surgery has
achieved stable fracture fixation we allow passive
exercising of full range of motion from the first
day. Full weight-bearing is allowed after

3 months. Hardware removal is almost performed
for tension band wiring and dorsal locked plat-
ing. For the double plating procedure, the removal
is necessary in about 40% of the cases.

Fig.4.11 Fracture reduction of the coronoid and radial head through the olecaron facture
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Outcomes and Complications

Secondary arthritis after olecranon fractures is
low with an incidence of about 7%. Also joint
stiffness after surgical treatment of olecranon
fractures is less common when compared to other
elbow fractures. However, the risk increases with
the amount of comminution [22]. In general - fol-
lowing tension band wiring or plating — the out-
comes are good to excellent [23]. As the most
common complications, malunion, soft tissue
irritation by hardware and ulnar neuritis have to
be outlined [24]. The risk for complications rises
with the severity of the trauma. To our view, soft
tissue irritation or symptomatic hardware in gen-
eral represents the complication with the highest
relevance. Hardware removal is usually done
12 months after surgery when bony healing has
been confirmed. If soft tissues are comprised by
prominent hardware, removal can be performed
at an earlier stage. However, fracture healing
must be assured. We believe the double plating
with a medial and lateral position, hidden under
muscles, to be a superior way of fracture treat-
ment, especially when looking at the soft tissue
irritation.
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Radial Head Fractures

Graham J. W. King and Jason A. Strelzow

Epidemiology

Fractures of the radial head are the most common
fracture of the elbow, accounting for one-third of
all elbow fractures and 3% of all fractures [1].
Two large epidemiological studies demonstrated
a mean age of injury of 48 years and a male-
female ratio of 2:3. Males are affected at a sig-
nificantly younger age (37 years) compared to
females (52 years) [1]. Fractures of the radial
head may occur in isolation or as part of a more
complex injury pattern. Isolated elbow injuries
more commonly occur with non-displaced
fractures. Associated ligamentous injuries or
elbow dislocation are commonly seen in the set-
ting of more displaced or comminuted radial
head fractures. Bilateral fractures of the radial
head and neck are unusual; 1.5% of all radial
head fractures [2].
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Classification

Debate regarding the optimal fracture classifica-
tion for radial head fractures continues. The
Mason classification is arguably the most widely
used, however, additional modifications and clas-
sification systems exist. Described in 1954 and
later modified by others, the Mason classification
has been evaluated and found to have satisfactory
intra- and inter-observer agreement compared to
the AO classification which showed poor to fair
reliability [3, 4].

One modification of the Mason classification
includes displacement, comminution and associ-
ated injuries in an effort to guide treatment
(Table 5.1) [5]. None or minimally displaced
(<2 mm) fractures are classified as type I; type II
are displaced more than 2 mm, type III are com-
minuted complete articular fractures while type
IV includes any fracture associated with a dislo-
cation of the elbow [6] (Fig. 5.1). Recent modifi-
cations to this classification system have added
associated injuries to the coronoid (c), olecranon
(0), distal radio-ulnar joint(d) and ligamentous
structures (I) with subscripts [7]. Hotchkiss also
modified the Mason classification by uniting the
fracture classification with treatment [8].

Unfortunately, the reproducibility of these clas-
sifications remains in question. Given the dish
shaped nature of the radial head, imaging is prob-
lematic, hence defining displacement and fragment
size is challenging on plain radiographs [3, 9].
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Distinguishing  reconstructable  from
salvageable fractures can be especially problematic
pre-operatively, which further questions the utility
of these systems [10]. Fundamentally, classification
systems may help to broadly categorize radial head
injuries, but they do not directly guide treatment.

non-

Symptoms and Diagnostics

A detailed trauma history, medical and surgical
history, social history, and hand dominance is
required. Specific questioning should focus on
the mechanism of injury, location of pain,
treatment to date, and the presence of any prior
injuries to the elbow. The mechanism of injury

Table 5.1 Modified Mason classification as described by
Johnston (1962)

Mason

classification ~ Description

1 Non-displaced or fissure fracture

1T Minimally displaced >2 mm or
angulated, may or may not be
associated with a block to motion

I Comminuted fracture

v Dislocation with concomitant radial

head fracture

should be sought to help determine the possibil-
ity of instability or history of dislocation.

Examination requires a thorough review of the
entire upper extremity. Limb alignment and rest-
ing position, status of the soft tissues and neuro-
logical examination should be documented in
detail. Palpation of the bony prominences of the
elbow are methodically examined. Lateral struc-
tures including the supracondylar ridge, epicon-
dyle, capitellum, radial tuberosity, radial neck
and head are palpated. Corresponding medial
structures including the supracondylar ridge, epi-
condyle, olecranon, proximal ulna and the sub-
lime tubercle are also examined. Palpation along
the interosseous membrane and a thorough
examination of the distal radio-ulnar joint are
performed to rule out associated forearm and
wrist injuries.

Elbow motion should be examined with par-
ticular attention paid to the presence of a mechan-
ical block to forearm rotation which is an
indication for surgical management. If range of
motion examination is equivocal or limited due
to pain, the joint hematoma can be evacuated
with or without the infiltration of intra-articular
local anesthetic [11]. Terminal elbow flexion and
extension are expected to be lost in the presence

Fig.5.1 The Mason classification. Type I fractures are none or minimally displaced (a). Type II fractures are displaced
(b). Type III fractures are comminuted (c)
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of an elbow effusion and should not be mistaken
for a mechanical block to motion. An assessment
of the ligamentous status of the elbow further
delineates a strictly bony injury from more com-
plex osseous-ligamentous injury patterns. Varus,
valgus and posterolateral rotatory stability should
be documented, however this may be challenging
in the acute setting as pain often precludes a reli-
able examination.

Because assessment of elbow stability is dif-
ficult in the acutely traumatized patient, a fluoro-
scopic examination under anesthesia may be
warranted in selected cases. There are a multi-
tude of clinical tests described to assess the col-
lateral ligaments of the elbow [12]. Assessment
of the lateral collateral ligament may be clinically
examined using the hypersupination test, pivot
shift or varus stress test, while the medial collat-
eral structures are evaluated using the valgus
stress test and hyperpronation test.

A thorough radiographic examination of the
elbow is always required. Anteroposterior,
oblique and lateral films should be obtained.
Radiographs of the wrist to assess distal radial
ulnar joint (DRUJ) injury may also be indicated if
wrist pain is present. In the setting of hemarthro-
sis, it may be difficult to obtain ideal patient posi-
tioning for adequate AP radiographs of the elbow.
In such circumstances, radiographs in the antero-
posterior plane focused first on the distal humerus
and subsequently on the forearm provide the nec-
essary views. Subtle fractures may present with a
positive ‘fat pad sign’ signifying elevation of the
intra-capsular, extrasynovial fat by a haemarthro-
sis [13]. The anterior ‘fat pad’ is a combination of
intra-capsular, extra-synovial fat from the coro-
noid and radial fossa which is typically seen in
normal radiographs parallel along the anterior
humerus. In contrast, the posterior ‘fat pad’ con-
sists of the olecranon fat pad and in uninjured
elbows is deep within the olecranon fossa and
invisible on normal lateral radiographs [13].

Additional elbow views, including the oblique
Greenspan view, may help define radial head and
neck pathology by avoiding the overlying coro-
noid [14]. To obtain a Greenspan view, a modi-
fied lateral radiograph with 90° of elbow flexion
and neutral rotation is performed. The beam is

oriented 45° angled towards the radial head trav-
elling in a superior to inferior direction. If there is
suspicion for additional axial or varus/valgus
instability about the elbow, stress radiographs
have been described by Davidson et al. with axial
distraction and compression of the forearm by
manipulation at the wrist [15]. Intra-operative
radiographic assessment of axial instability has
more recently been termed the ‘radius pull test’
[16]. In the setting of radiographic uncertainty or
for pre-operative evaluations in the setting of
complex injury patterns, computed tomography
is helpful [17].

Injury Pattern and Surgery
Related Anatomy

Radial head fractures classically result from a fall
on an outstretched arm. Forearm position, load
characteristics (axial, valgus, varus) and rota-
tional elements are suspected to be responsible
for the pattern of concomitant injuries and radial
head fracture configuration. The anterolateral
portion of the radial head is most frequently frac-
tured [18]. Bone density and volume in the
anterolateral quadrant of the head is lowest which
may explain this finding [19]. Associated osseous
and soft tissue injuries are frequently reported,
ranging from 7% to 100% [15, 20]. Disruption of
the ligaments of the elbow or forearm are fre-
quently associated with displaced fractures of the
radial head, with both the medial and lateral col-
lateral ligament (MCL/LCL) commonly involved
[15]. Soft tissue injuries have been documented
by magnetic resonance imaging in up to three-
quarters of radial head fracture patients, however,
the clinical significance of many of these findings
may be limited [21]. Undisplaced or minimally
displaced fractures are typically isolated injuries
without appreciable disruption of the surround-
ing soft tissue constraints. Associated coronoid
fractures are the most common osseous injury
[22]. Fracture morphology and location may por-
tend the presence of additional injury [23]. The
presence of a large fracture involving the anterome-
dial quadrant of the radial head was significantly
associated with the presence of dislocation. An
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important but rare associated injury with radial
head fracture is the Essex-Lopresti injury. First
attributed to Essex-Lopresti in 1951, it entails
injury to the interosseous membrane (IOM) and
DRUJ creating axial instability between the
radius and ulna.

A thorough understanding of elbow anatomy
allows the surgeon to contextualize the implica-
tions of a radial head fracture. An intricate rela-
tionship exists between the articular structures,
ligaments and muscles of the elbow to produce
the dynamic motion and stability needed for
elbow function. Three primary bony articulations,
the ulnohumeral, radiocapitellar and proximal
radio-ulnar joints (PRUJ) establish a high degree
of congruent bony architecture which imparts
inherent stability. The radial head has a concave
dish shaped articular surface articulating with the
spherical capitellum. The radial neck axis is offset
from the head to a variable amount [24]. The
articulation of the radial head at the radial notch
of the ulna has an elliptical shape which generates
a cam-effect during rotation producing radial dis-
placement of the radial shaft during pronation
[24]. A non-articular ‘safe zone’ consists of a por-
tion of the radial head which does not articulate
with the radial notch of the ulna [25]. The area is
described as an arc of 110° in reference to a point
10° above the midpoint of the lateral radial head
with the forearm in neutral rotation. This zone can
also be localized by its more rounded appearance
compared to the flatter articulating surface, thin-
ner cartilage with a colour difference, and by
visualizing an arc between Lister’s tubercle and
the radial styloid [26].

Radial head blood supply has two main
sources: intraosseous and extraosseous. The extra
osseous blood supply is from dual sources. A
single branch off the radial recurrent artery feeds
the head directly, while the interosseous recurrent
and the radial artery provide additional vascula-
ture through insertions penetrating the capsule at
the radial neck [27]. Careful preservation of the
periosteal attachments is important to optimize
vascularity of fracture fragments.

The radial head has three main roles in elbow sta-
bility; axial stability, varus/posterolateral rotatory

instability, and as a secondary restraint for valgus
stability [28].

Considerable force is transmitted through the
radio-capitellar joint during upper extremity
activities [29]. Proximal migration of the radius
is primarily restrained by the radial head articula-
tion with the capitellum. Secondary longitudinal
stability is imparted through soft tissue structures
including the interosseous ligament and the
DRUIJ. Axial stability and loading across the
radio-capitellar joint changes with forearm posi-
tioning. Approximately 60% of the force applied
to the arm is transmitted through the radiocapitel-
lar joint [30]. This force transmission varies
dependent on the amount of elbow flexion and
extension [31]. Maximal force across the radio-
capitellar joint occurs during pronation between
zero and 30° of elbow flexion with decreasing
force transmission as flexion increases [32].

The radial head acts as a secondary valgus sta-
bilizer [31, 33]. The MCL is the primary restraint
to valgus force. The radial head provides second-
ary elbow stability when the collateral ligament
structures and soft tissues of the forearm (distal
radial ulnar joint, triangular fibrocartilage or
interosseous membrane) are intact. Biomechanical
data suggests that the radial head contributes
24% to varus-valgus laxity if excised [34]. The
radial head is of critical importance when pri-
mary stabilizers are disrupted [34]. The radial
head alters the MCL lever arm load by changing
the varus/valgus rotational plane, which suggests
that retention of the radial head is important for
long term elbow stability [33]. The radial head
may also confer varus stability to the elbow
through tensioning of the lateral ligament [35].

Radial head fractures affecting the articular sur-
face area of the radiocapitellar joint have impor-
tance when considering overall stability of the
elbow. A biomechanical study found a direct rela-
tionship between radial head fracture size and
radiocapitellar stability [36]. Radial head fractures
involving more than one-third of the articular sur-
face were determined to significantly decrease
radiocapitellar stability [36]. Fracture fragment
size is of particular importance with additional
compromise to the adjacent supports including the
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MCL, LCL, coronoid, and capitellum, as may be
seen in simple or complex elbow dislocations and
terrible triad injury patterns. Despite these biome-
chanical studies, limited clinical data exists to
direct definitive clinical practice.

An understanding of the fracture personality,
including the amount of fracture displacement,
surface area involved, and comminution may
serve as an early identifier of more complex injury
patterns necessitating additional work up [15].

Therapeutic Options

Radial head fracture management encompasses
both operative and non-operative treatment
options. A thorough understanding of the osseous
injuries and concomitant soft tissue trauma is
critical to the appropriate selection of treatment
modalities. Treatment plans should consider
patient specific factors (bone quality, age, activity
demands), surgeon competence, equipment avail-
ability and injury pattern.

Non-operative Treatment

Controversy remains regarding which radial head
fractures should be treated non-operatively.
Established indications include; non-displaced
fractures (Mason Type I) and displaced fractures
without a block to motion (Mason Type II).
Consensus regarding the size of fracture frag-
ment and the amount of displacement has not
been established. Biomechanical studies would
suggest that fractures involving less than 25%
and potentially up to a third of the articular sur-
face do not result in substantial change to joint
mechanics [36]. This is corroborated by a num-
ber of clinical studies documenting successful
non-operative treatment of fractures involving
less than 25% or 2 mm of depression at the radial
head [5]. In addition, a number of studies have
demonstrated successful non-operative manage-
ment of more displaced fractures (Mason II and
III) without rotational block [37, 38].
Non-operative management involves a short
period of immobilization, typically less than one

week, dictated by the patients comfort. Early
motion is paramount to prevent stiffness and
begins with active pronation, supination, flexion
and extension exercises [39]. The patient should
continue to utilize a collar and cuff when at rest
or ambulating to prevent unintentional loading as
well as to alert others to their injury. The collar
and cuff is generally discontinued 4 weeks post
injury. Scheduled follow-up should include a
10-14 day repeat radiograph to assess for main-
tenance of fracture reduction/position and to
ensure their range of motion is progressing.
Shulman et al. suggested we may be over-treating
isolated Type I injuries finding no radiographic or
physical exam findings that changed manage-
ment at any time point beyond the primary visit
[40]. ElIbow motion should recover to near full by
approximately 6 weeks. Therapy referral may be
required if persistent stiffness exists at the 6 week
follow-up visit.

Surgical Treatment (Including Radial
Head Arthroplasty)

The only current surgical indication which has
been established is a radial head fracture which is
impeding motion. Radial head fracture surgery
may also be considered in the setting of complex
elbow or forearm instability requiring stabilization.
Surgical treatment options include: radial head
fragment excision, complete head excision, open
reduction and internal fixation as well as radial
head arthroplasty (Fig. 5.2). Regardless of the tech-
nique, surgical exposure of the fracture requires a
careful understanding of the anatomy to optimize
visualization and minimize complications.

Surgical Approaches

Patient positioning is either in the supine or lateral
position. The supine position provides a familiar
and easy protocol for the surgical team and anes-
thesia. The affected arm is positioned across the
chest with a sandbag or IV bag bolster which can
be positioned underneath the ipsilateral scapula to
support the arm. Alternatively a hand table can be
employed. Access to the medial and lateral elbow
can be gained with this positioning. It is important
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fixation (ORIF). (d) 3D-CT of a Mason Type 2 Radial
head fracture. (e, f) Post-operative films following suc-
cessful radial head arthroplasty with a loose-polished
stemmed arthroplasty

Fig. 5.2 ORIF & Radial Head Arthroplasty for radial
head fractures. (a) 3-D Computer Tomography (CT)
demonstrates a Mason Type 3 Radial head fracture with
associated bony and ligamentous injury. (b, c¢)
Post-operative films following open reduction and internal

to note pre-operative shoulder range of motion
however, as patients with limited external rotation
may not be able to deliver the medial elbow struc-
tures into a position amenable for the surgeon
when using an arm table. If the patient is in the
lateral decubitus position, a bolster can hold the
affected arm. A sterile tourniquet is used.

One of two possible skin incisions may be uti-
lized; the choice of which is dictated by the

presence of additional injuries that require surgi-
cal management. A lateral based incision
increases the risk to cutaneous crossing nerves
and potentially creates skin bridge complications
if additional procedures are requiring a posterior
or medial incision. The posterior incision may
have improved cosmesis and allow for circumfer-
ential access to the deeper structures, but may
increase the risk of flap necrosis and seroma [41].
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If a posterior incision is utilized and extensive
skin flaps are raised, using a drain post-opera-
tively for 24 h should be considered. Additionally,
dead space beneath the skin flaps should be
closed using buried sutures holding the fascia to
the subcutaneous tissue.

The lateral skin incision is planned to corre-
spond to the deeper inter-muscular surgical inter-
val. The posterior skin incision begins proximal
to the olecranon tip. The incision is carried dis-
tally centered on the triceps and just lateral to the
olecranon to end along the subcutaneous border
of the ulna. The triceps and forearm fascia are
preserved while full thickness flaps are elevated.
A lateral flap is mobilized to expose the lateral
elbow and extensor fascia. Identification and pro-
tection of the ulnar nerve is performed if medial
sided access is required.

A number of variations of the lateral approach
to the elbow exist. Competence of the LCL and
osseous structures of interest dictate the ideal
plane for deep dissection. Importantly, the fore-
arm should be kept fully pronated during lateral
approaches to the radial head to displace the pos-
terior interosseous nerve away from the area of
dissection within the supinator musculature [42].
The Kocher approach utilizes the interval between
the extensor carpi ulnaris and the anconeus [43].
A fat stripe often helps define the interval allow-
ing the surgeon to incise along this interval from
the lateral epicondyle. The capsule is encountered
and the extensor carpi ulnaris is elevated anteri-
orly to incise the capsule above the LUCL. The
original Kocher description performed a capsular
incision directly through the intermuscular inter-
val which released the LUCL. This approach can
be extended proximally and distally and provides
excellent access to the LCL should reconstruction
or reattachment be required. Distal exposure
requires care as the posterior interosseous nerve
will be encountered ~4—8 cm distal to the articular
surface of the radial head [42]. In the setting of
uninjured lateral ligaments, however, the approach
limits anterior radial head exposure and risks
injury to the ligamentous structures potentially
destabilizing the elbow.

The Kaplan approach, by comparison, over-
comes the shortcomings of the Kocher approach,

limiting risk to the LUCL and providing excel-
lent radial head exposure [44]. Direct palpation
of the anterior margin of the radial head provides
a landmark for the skin incision. An inter-
muscular plane between the extensor digitorum
communis (EDC) and the extensor carpi radialis
longus/brevis (ECRB/L) is used. Deep dissection
involves an incision splitting the lateral annular
ligament. The Kaplan approach is not extensile
distally and does not allow access to the LUCL
for repair without additional release of the com-
mon extensor tendons [45].

More recently, the common extensor tendon
splitting approach, has been demonstrated to be
superior to the Kocher for radial head exposure
[46]. The common extensor split allows complete
visualization of the anterior half of the radial
head compared to only 68% of the head utilizing
the Kocher approach. This technique also mini-
mizes the soft tissue dissection necessary and
thereby reduces the possibility of iatrogenic
LUCL injury. The common extensor split can be
accessed through either a lateral or posterior skin
incision. The common extensor tendon is identi-
fied and split centrally from its origin at the lat-
eral epicondyle to approximately 25 mm distal to
the radiocapitellar joint [46]. Once through the
tendon and capsule, the radial collateral and
annular ligament are split inline with the incision
at the capitellar equator to prevent LUCL injury.
This approach can be extended proximally by
detaching the anterior EDC tendon and ECRB off
the lateral epicondyle and supracondylar ridge. A
cuff of tissue should be left on the humerus to
facilitate interval closure.

Closure begins with assessment of the collat-
eral ligament and extensor muscle origins. If the
LUCL is intact and the elbow is deemed stable
closure of the anterior half of the collateral liga-
ment along with the annular ligament can be com-
pleted with absorbable suture in an interrupted
fashion so long as the posterior half of the liga-
ment is intact. Care should be taken to ensure clo-
sure of this layer does not over tighten and
constrain the elbow. If the elbow is unstable with
complete detachment of the LCL; repair is indi-
cated. The LCL insertion site at the isometric axis
of the elbow is localized at the centre of the circle
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formed by the capitellum. This repair can be per-
formed with heavy non-absorbable suture using
various techniques (transosseous tunnels, suture
anchors or endo-button). Likewise, the extensor
musculature is similarly repaired. Range of motion
and stability should be checked at the completion
of the deep soft tissue closure. An intra-operative
assessment of a stable arc should be documented
to guide rehabilitation post-operatively.

Fragment Excision

Indications for fragment excision include: a small
(<25%) fracture fragment resulting in a mechani-
cal block to motion. Larger fragments should
undergo open reduction and internal fixation if
possible. Fractures greater than 25% of the artic-
ular surface should not be excised due to the well
documented resulting instability [36]. Small case
studies have detailed less favourable outcomes
with fragment excision when compared to fixa-
tion [47]. Fragment excision can be performed
using an open approach as described above or
arthroscopically using standard arthroscopy
techniques.

Head Excision

Radial head excision was common practice his-
torically, however, with the rise of newer fixation
strategies and arthroplasty options its role in frac-
ture management has come under increasing
scrutiny. Indications for isolated radial head exci-
sion include: comminuted or displaced fractures
blocking motion and as a delayed salvage proce-
dure for the management of complications result-
ing from non-operative treatment [48]. Excision
of the radial head should only be considered in
stable elbows without concomitant soft tissue or
osseous injuries or dislocation. Therefore, the
number of suitable cases for this treatment
modality is likely small given the frequency of
associated injuries with more severe fractures.
Excision is less technically demanding when
compared to arthroplasty or open reduction and
internal fixation (ORIF) [49]. Critical to the suc-
cess of this procedure is restoration of the soft
tissue constraints to the elbow following excision
of the radial head. Careful preservation of the
LUCL is required.

Resection of the radial head may employ an
open or arthroscopic technique [50]. Arthroscopic
excision uses standard elbow arthroscopy princi-
ples and portals [S1]. Arthroscopy has a theoreti-
cal advantage by minimizing additional
ligamentous and capsular trauma compared to
open arthrotomy. Recent small series have docu-
mented the safe and successful excision of the
radial head without complications [52]. That
said, experience with arthroscopy of the elbow is
recommended before attempting this more
advanced arthroscopic technique.

Intra-operative stress radiographs are required
to document the absence of valgus, varus or pos-
terolateral rotatory instability [15]. The “radius
pull test” can help establish the presence or
absence of longitudinal instability [16]. To per-
form the “pull test’ intra-operatively the patients
forearm is placed flat on the table in neutral rota-
tion. A longitudinally applied force (approxi-
mately 20lbs) is placed on the proximal radius
while radiographic evaluation measures changes
in ulnar variance prior to, during and with release
of the applied traction [16]. A change in variance
of equal to or more than 3 mm is suggestive of an
IOM injury and more than 6 mm suggests all lon-
gitudinal stabilizers are lost. Such instability is
considered a contra-indication to isolated radial
head excision.

Open Reduction and Internal

Fixation (ORIF)

Evidence based guidance regarding the ideal role
of open reduction and internal fixation for radial
head fractures is lacking. Often the ability to
judge appropriateness of repair can only be estab-
lished intra-operatively [10]. Proposed indica-
tions include: fractures involving greater than
one-third of the radial head with displacement
greater than 2 mm, and any fractures with a
mechanical block to motion [53]. Of these only
the mechanical block to motion is an absolute
indication for surgery. Goals of ORIF should
focus on restoration of articular congruity and
stability about the elbow. Fixation should allow
for early mobilization which has been shown to
be associated with improved outcomes [54]. If a
strong, stable construct is not attainable at the
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time of surgery consideration should be given to
radial head excision or arthroplasty. Secondary or
revision fixation is associated with poorer clini-
cal and surgical outcomes [55]. Ring et al.
reported higher complications and poorer out-
comes when performing ORIF of more than three
fragments [53].

Open reduction and surgical fixation is currently
the standard of care. Arthroscopic assisted tech-
niques have been described, however their indica-
tions and efficacy remain unclear [56]. Potential
advantages are the percutaneous nature of the tech-
nique and improved visualization. Concerns
regarding fluid extravasation, fracture site bleeding
compromising arthroscopic clarity, neurologic
injury as well as the technically demanding nature
of arthroscopic fixation have precluded widespread
adoption of this technique [57].

Fixation can be achieved with bio-absorbable
pins, threaded k-wires, headless screws, standard
screws or plates. Successful results have been
reported with all these modalities [54]. Hardware
placement at the articular margin takes advantage
of stronger bone but requires countersinking to
prevent radial notch impingement. Plate fixation,
often required for radial neck fractures with com-
minution, must be placed in the non-articular
‘safe zone’ (Fig. 5.3). Evidence from biomechan-
ical studies suggest fixed angle plates provide a
superior construct compared to conventional
T-plating [58]. Cross-cannulated screw fixation is
preferred over plate fixation of non-comminuted
neck fractures as the incidence of rotational stiff-
ness is lower [59, 60]. Pre-contoured locking
plates are now available which simplifies fixation
of more comminuted fractures.

Fig. 5.3 Hardware placement in the “safe zone” is para-
mount. Identification of the safe zone with rotation of the
forearm (a). Positioning of the plate within the non-

articular portion of the radial head (b). Examination of the
hardware position to ensure no impingement in supination
(¢) and pronation (d)
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Careful evaluation for concomitant chondral
injuries, fractures and ligament disruption when
performing ORIF is essential to ensure an opti-
mal outcome [21]. Osteocartilagenous injuries to
the capitellum have been documented in up to
29% of patients [61]. Clinically relevant capitel-
lar osteochondral lesions were reported with a
2% incidence by Van Riet et al. [20]. Caputo
et al. (2006) documented a series of cases of min-
imally displaced fractures with posterolateral
capitellar chondral injuries that blocked reduc-
tion of the radial head fractures [62]. Capitellar
bone bruising was seen in 96% of patients imaged
with MRI following radial head fractures [61].
The high incidence of capitellar injury likely
results from the compressive load of the radial
head against the convex capitellum surface.
Itamura et al. also reported up to 92% of patients
had associated loose bodies following displaced
or comminuted radial head fractures [61].

Arthroplasty

Radial head arthroplasty allows surgical manage-
ment of displaced, comminuted fractures that are
not amenable to anatomic reduction and fixation.
Arthroplasty techniques are particularly helpful
in the setting of concomitant soft tissue injury
allowing for the reliable restoration of elbow sta-
bility [63]. Radial head arthroplasty is contraindi-
cated for repairable fractures or in patients with
active infection. A relative contraindication is the
presence of capitellar arthrosis or severe concom-
itant chondral injuries.

Surgical approaches for arthroplasty vary, but
most commonly a common extensor split or a
Kocher interval are utilized dependent on associ-
ated ligamentous injuries as outlined previously.

The radial head fragments are removed and reas-
sembled to ensure complete removal. Additional
radial neck resection is then done according to the
system used, minimizing the resection to create a
smooth and perpendicular cut for seating of the
prosthetic replacement. Additional chondral and
osseous injuries to the surrounding tissue can then
be evaluated and managed as appropriate. Fixation
of concomitant coronoid fractures should be per-
formed prior to radial head replacement as the pros-
thesis obstructs the view of the coronoid.

Most current generation modular metallic
prostheses allow multiple sizing options over-
coming many of the complications previously
associated with early generation mono block
designs.

Auvailable implant designs include rigidly fixed
stems and intentionally loose polished stems. The
implants may have bipolar or monopolar articula-
tions. Design features include axisymmetric cir-
cular implants as well as nonaxisymmetric
elliptical designs. The optimal radial head
prosthetic design remains a topic of contention.
Shannon et al. examined conventional axisym-
metric, elliptical and patient-specific fixed stem
implants and compared these to native radial
heads [64]. No biomechanical advantage was
noted between implant designs, however, all fixed
stemmed implant designs altered kinematic
motion compared to the native head. No clinical
data currently supports the superiority of monop-
olar over bipolar designs, however our preference
is a smooth stem monopolar design [65]. Proposed
advantages of bipolar implants are improved
radiocapitellar tracking and contact area with a
possible decrease in contact pressures. These the-
oretical advantages come at a potential risk of
polyethylene induced osteolysis, reduced elbow
and forearm stability, and head-neck dissociation
[66, 67].

Correct implant sizing is critical to a success-
ful arthroplasty regardless of the implant design.
Prosthesis sizing includes diameter and height
sizing. Preoperative templating based on the
unaffected ‘normal’ radial head provides a rough
evaluation of expected size. This technique is
particularly useful in the setting of prior radial
head excision. Intra-operative measurement of
the reassembled excised fragments allows for a
more accurate assessment of implant size.
Minimum head diameter provides the most accu-
rate assessment of size; especially in the setting
of comminution of the radial head template [68].
If the templated size is between available implant
diameters the smaller size should be selected.

Establishing the correct radial head height is
imperative. Measuring the height of the excised
radial head is most reliable. Numerous tech-
niques are reported in the literature and can be
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combined to ensure the appropriate selection of
implant size. In the absence of a lateral or interos-
seous ligament injury the space between the capi-
tellum and radial neck can be used. If a lateral
ligament injury is present, and it commonly is,
the height of the implant should be at the level of
the radial notch about 2 mm distal to the coronoid
[69]. Visual inspection of the lateral ulnohumeral
joint space during implant positioning was inves-
tigated by Athwal et al. and found to be reliable;
however a dental mirror is required [70]. They
found the use of fluoroscopy to assess for parallel
medial and lateral ulnohumeral joint space was
insensitive in predicting overstuffing. Notable
widening was not appreciated until more than
6 mm of overstuffing was present. Elbow range
of motion may also help assess appropriate
implant size. Loss of motion in flexion can imply
overstuffed lateral components as the radiocapi-
tellar gap tightens in flexion [71]. Work by
Grewal et al. [72] suggested that modular pros-
theses may reduce the frequency of overstuffing
more commonly seen in the past with monoblock
components.

Following the selection of the radial head
diameter and height reaming of the medullary
canal is performed. The medullary canal is iden-
tified using a blunt tipped instrument (snap, canal
finder or entry reamer). Hand reaming is com-
pleted until cortical contact is encountered. Stem
size is then selected dependent on the system uti-
lized. Some stems are smooth and deliberately
placed 1 mm smaller than the reamer size; others
are uncemented and require a tight press fit to
achieve reliable osseointegration Trial compo-
nents should be inserted to assess for implant
height, diameter, congruency and tracking both
visually as well as fluoroscopically.

Postoperative Care

Postoperative care is dictated by elbow stability,
intra-operative findings and definitive treatment
modality. Associated injuries may delay or
change post-operative protocols, therefore, no
single ideal rehabilitation protocol exists.
Standard post-operative protocols for antibiotic

prophylaxis are utilized with 24 h of continued
peri-operative antibiotics. Heterotopic ossifica-
tion (HO) prophylaxis can be used in select
patients without contra-indications to anti-
inflammatory medications (elderly, history of
gastric ulcer, kidney disease, asthma and known
allergy). Indomethacin 25 mg three times per day
for 3 weeks duration can be utilized. Post-
operative HO formation can occur in a significant
number of radial head fractures ranging from 3%
up to 43% dependent on injury severity and treat-
ment modality [73]. It is not known if indometha-
cin is effective at reducing the frequency of
heterotopic ossification.

Rehabilitation following radial head fracture
surgery should be individualized according to
injury pattern. Immediate immobilization and
elevation post-operatively for a short period of
24-48 h helps facilitate swelling and edema con-
trol as well as wound healing.

In stable elbows the arm may be splinted in
extension using an anterior slab to minimize flex-
ion contractures and decrease posterior wound
tension. Early active motion should be initiated
within a few days post-operatively, soft tissues
permitting. An early extension program is begun
with static progressive splinting at nighttime.
Extension splinting is utilized for 12 weeks and
adjusted as required while extension improves.

If ligamentous status was tenuous, a repair
was performed or instability was documented at
the completion of the procedure a ligament pro-
tective program is initiated. The elbow is splinted
at 60-90° of flexion with the forearm rotated in
the optimal position for stability. The established
intra-operative safe arc guides rehabilitation. The
position of safety dictates the position of the fore-
arm during extension exercises. Lateral ligament
injured elbows should be extended with the fore-
arm in pronation. Conversely, elbows with medial
ligamentous instability should be extended in
supination. Elbows with combined medial and
lateral ligament injuries are extended with the
forearm in neutral rotation. Forearm rotation is
permitted at 90° of flexion or greater as instabil-
ity is more common with the elbow in extension.
When not performing therapy the arm is pro-
tected in a resting splint in 90° of flexion and in a
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safe position of forearm rotation for 3—6 weeks.
Timing to wean the resting splint should be indi-
vidualized to the patient based on radiographic
and clinical re-assessment which guides ongoing
therapy. If a drop sign or other additional radio-
graphic signs of instability are present, or the
fracture fixation is tenuous an overhead protocol
can be employed [74]. This modality enables the
compressive force of gravity to concentrically
reduce the joint, limiting hinging at the articular
surface [75]. This is particularly useful prior to
the return of physiologic dynamic stabilization
from the peri-articular musculature. Extension
splinting and passive stretching are generally not
implemented until 6 weeks post-operatively due
to concerns about heterotopic ossification.
Strengthening programs are begun once fracture
healing is assured and any soft tissue injury has
adequately recovered. Typically strengthening is
not begun until at least 8 weeks post-operatively.

Outcomes and Complications
Non-operative Outcomes

Radial head fractures that are undisplaced and
fractures with 2-5 mm displacement without a
block to rotation treated non-operatively have pre-
dominantly favourable outcomes. Delayed radial
head resection can be employed if the early out-
comes are unacceptable [39, 40, 76-79]. Most
long term outcome studies have demonstrated
good to excellent results in fractures of less than
one-third of the radial head without bony block or
clicking during rotation. Persistent radiological
deformity is consistently reported with an average
loss of 10° of extension but no correlation between
x-ray findings and degree of deformity has been
reported [5, 76]. A 2012 retrospective study from
Edinburgh found socioeconomic factors predicted
patient outcomes. Equivalent outcomes were
noted between operative and non-operative treat-
ment modalities for all fracture types [80]. More
recently a small prospective study of 94 patients

documented no difference between immobiliza-
tion or physiotherapy and clinical outcome [79].
Duckworth et al. reported good or excellent out-
comes at 10 year follow-up of 57 Mason Type I
and 43 Mason Type II fractures rated by the
Disabilities of the Arm, Shoulder and Hand score
(DASH) and Oxford Elbow Score [78]. These
more recent studies provide compelling evidence
that mid- and long-term outcomes following
appropriately selected isolated undisplaced and
non-comminuted displaced fractures without a
mechanical block to motion can be managed
non-operatively.

Non-operative Complications

Displacement of previously undisplaced frac-
tures with early motion has been reported [37].
Additional complications include non-union,
post-traumatic arthritis and painful malunion
[76]. These complications can be managed with
late surgical treatments including, radial head
excision, osteotomy, fragment excision or
arthroplasty [81].

Radial Head Excision Outcomes

Numerous studies support good to excellent short
and long term outcomes in patients with fractures
not amenable to open reduction internal fixation
treated by open radial head excision [48]. These
studies demonstrate consistently poor radiologi-
cal results with proximal migration of the radius,
increased carrying angle, increased DRUJ abnor-
malities and asymptomatic osteoarthritic changes
in both the elbow and wrist [82]. Other studies
have reported less success [83—85]. Arthroscopic
radial head excision has also been demonstrated
to improve pain and mechanical symptoms [86].
Regardless of surgical technique clinical elbow
motion reported in the literature following radial
head excision is typically in a functional range
with mild losses of motion.
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Radial Head Excision Complications

There are numerous complications reported fol-
lowing radial head excision including; arthritis at
the DRUJ and elbow, proximal migration of the
radius with ulnar impaction syndrome, instabil-
ity, increased carrying angle, restriction of elbow/
forearm motion, ulnar neuritis and periarticular
heterotrophic ossification [82]. Despite several
studies stating that these complications were of
little functional impact for most patients, for oth-
ers elbow pain and restricted motion can be prob-
lematic. Two series highlight disability associated
with radial head excision in the setting of trauma,
reporting surgical management of symptomatic
missed Essex-Lopresti injuries [84]. Mild loss of
supination and extension is common but are gen-
erally compatible with satisfactory clinical out-
comes [50]. Posterolateral elbow instability after
radial head excision is a well-recognized compli-
cation occurring in up to 17 percent of patients
[87]. Radial head excision in patients with liga-
mentous injury leads to gross instability with a
functionally disabled and painful elbow [83, 85].
Timing of excision is also controversial due to
concerns regarding heterotopic ossification (HO).
Head injury and associated elbow dislocation are
established risk factors associated with HO [88].
Proponents of early (within 24 h) and delayed
excision (10 days) exist, however, no definitive
guidelines for the optimal timing of radial head
excision are available [89].

Open Reduction and Internal
Fixation Outcomes

Results from open reduction and internal fixation
of displaced radial head fractures suggest good to
excellent outcomes in 85-90% of patients [55].
Increasing radial head comminution negatively
correlates with final outcome [47]. Functional
motion is typically restored in most patients with
a modest loss of terminal range [54]. Results of
ORIF have been reported to be superior to radial

head excision, however, randomized clinical tri-
als are not available [90]. A study by Zarattini
et al. [91] demonstrated substantial improve-
ments in the ORIF group compared to the radial
head excision group. Overall, the ORIF patients
reported less residual pain, reduced risk of sub-
luxation, lower incidence of radiocapitellar
arthrosis, greater ROM and improved functional
scores [90]. The efficacy of ORIF in isolated par-
tial articular displaced (2-5 mm) radial head
fractures has recently been challenged [92].
Outcomes of non-operative and ORIF treatment
groups were equivalent. Treatment of both com-
plex (associated fractures, dislocation or soft tis-
sue injury) and isolated radial head injuries may
have similar patient reported outcomes and major
complications [92, 93]. Comparing ORIF and
arthroplasty Watters et al. demonstrated no sub-
stantial functional differences in patients with
terrible triad injuries, however, arthroplasty sig-
nificantly improved elbow stability between
cohorts [94]. A similar study by Leigh et al.
(2012) refuted this finding demonstrating equiva-
lent stability at short-term follow up [95].
Randomized clinical trials comparing treatment
methods are needed.

Open Reduction and Internal
Fixation Complications

Non-union, avascular necrosis, neurologic injury,
recalcitrant pain, stiffness hardware failure and
ectopic ossification are potential complications
from operative fixation [10]. Combined interrup-
tion to the interosseous and extra-osseous blood
supply of fracture fragments likely represents the
key aetiology for avascular necrosis and non-
union of the head/neck [27]. Heterotopic ossifica-
tion of the post traumatic elbow can be
problematic particularly with surgically managed
injuries (Fig. 5.4). A recent study documented a
43% rate of HO in surgically treated fracture-
dislocations about the elbow with no relationship
documented between patient demographics,
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Fig. 5.4 Complications
of open reduction and
internal fixation of
complex radial head
trauma. Visible
malunion, incongruence
of the ulno-humeral
joint and radiocapitellar
joint with heterotypic
ossification (a). Articular
penetration of the
hardware is also
appreciated on the
lateral xrays (b)

co-morbidities, type of surgical strategy,
management of associated injuries or time to sur-
gery [96]. Only multiple attempted reductions
was found to be associated with HO risk.
Posterior interosseous nerve injury has been
reported to occur at an incidence of between 1%
and 10% [54].

Radial Head Arthroplasty Outcomes

Short and medium term outcomes for metallic
radial head replacement have been good or excel-
lent in most series [65]. Functional outcomes,
reported by Moro et al. of 25 cases of non-
salvageable radial head fractures undergoing
metallic radial head arthroplasty reported 17
good or excellent outcomes, with 5 fair and 3
poor at 39 months of follow-up [97].
Unfortunately, there remains a paucity of long-
term outcome data. Harrington et al. [65] and
others have demonstrated attainment of excellent
or good outcomes in 80% of patients, however,
others have reported less favourable mid-term
follow-up [98]. Implant design and concomitant
injuries may explain the difference in outcome
between series. Metal radial head replacement
restored stability during treatment of fractures in
combination with concomitant soft tissue and

bony injury [63]. Range of motion was functional
in most patients with minor loss of flexion, exten-
sion and forearm rotation. In two randomized
controlled trials arthroplasty significantly outper-
formed open reduction and internal fixation
achieving higher clinical scores with significantly
lower complication rates [98, 99].

Radial Head Arthroplasty
Complications

A number of complications are reported in the
literature including: radial neck osteolysis, capi-
tellar erosion, stiffness, instability, heterotopic
ossification and neurologic injury [71].
Overstuffing the radiocapitellar joint is suggested
as the cause of many of the complications associ-
ated with arthroplasty. Arthritic changes have
been reported in 19% of patients with radial head
replacements and would be expected to increase
with longer term follow-up [72]. Findings of
extensive arthritic change post-operatively from
radial head arthroplasty may result from the ini-
tial trauma or may be due to secondary changes
in the ulnohumeral kinematics and abnormal
stresses at the cartilaginous surfaces [100].
Inappropriate radial prosthesis size may be at
least partly responsible for these changes, as was
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Fig.5.5 (a) AP
radiograph after LCL
repair and radial head
arthroplasty
demonstrates residual
posterolateral instability.
(b) Subluxation is better
appreciated on the
lateral radiographs

suggested by Van Glabbeek et al. demonstrating
the importance of correct component sizing
[100]. Revision or removal rates for radial head
replacement have been variable ranging from O to
28% at a mean of 6.7 years after injury [78, 101].
The majority of these patients underwent revi-
sion during the first year post-operatively.
Revision procedures included: ulnar nerve
decompression/transposition, arthrolysis for per-
sistent stiffness, loosening, pain and inappropri-
ate prosthesis size [101]. Flinkkild et al. (2012)
reported a 24% revision rate in patients with two
designs of press-fit stems; most of these being
early failures [102]. Revision has been less com-
monly reported in implants using a smooth stem
[72, 97, 103]. Failure to restore the lateral liga-
mentous stability following bipolar arthroplasty
of the radial head may be associated with higher
complication rates [104]. Residual instability
after radial head arthroplasty likely represents
additional pathology not addressed during the
index procedure (Fig. 5.5).
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RH Radial head

MCL  Medial collateral ligament

ROM  Range of motion

ORIF  Open reduction and internal fixation

Epidemiology and Background

While the elbow is the second most commonly
dislocated joint in adults, Monteggia fractures
and Monteggia-like-lesions remain rare and
complex entities, approximately accounting for
2—7% of all proximal forearm fractures and 0.7%
of all elbow fractures and dislocations [1-4].
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Monteggia fractures are defined as an ulnar-
based forearm fracture in combination with a
proximal radioulnar joint/radial head dislocation
and are always designated as complex. This
injury pattern has first been described by
Giovanni Battista Monteggia in 1814 and was
further characterized by Luis Bado in 1967 [5,
6]. Bado introduced a classification system of
four subtypes according to the mechanism of
injury and the corresspondent fracture pattern of
the ulna [3]. Of these four subtypes, Jesse Jupiter,
further classified the posterior Monteggia lesion
(Bado type II) in 1991 depending on the location
and type of ulnar fracture as well as the pattern
of radial head injury [7, 8]. In addition to these
original Monteggia fractures, several Monteggia-
like lesions/equivalents have been described
based on the similarity of their proposed injury
mechanism [3].

Importand requirements for the achievement
of good results following the Monteggia fracture
or Monteggia-like lesion are: firstly, an early
detection of the fracture type; secondly, an open
reduction and internal stable fixation of the ulna;
thirdly, a mostly open reduction of the radial
head; and finally, short immobilization time [9].
Nevertheless, despite a better understanding of
the biomechanical principles and advances in
surgical treatment options, Monteggia and
Monteggia-like lesions are still frequently associ-
ated with complications, poor functional out-
comes, and high rates of revision surgery [1, 10].
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Classification
Monteggia

The original Monteggia fracture was described as a
proximal-third ulna fracture with an associated
radial head dislocation. However, this simple
description has been further elaborated and evalu-
tated through various classification schemes [11].
However, none of these classification schemes are
exhaustive, and most of them have little therapeutic
or prognostic value. Monteggia-like, Monteggia-
equivalent, and Monteggia-variant lesions and
trans-olecranon fracture-dislocations get frequently
confused, and it can prove very difficult to classify
some lesions correctly using current classifications
[12-14].

Bado Classification

The Bado classification remains the best known
classification of Monteggia fracures, linking the
mechanism of injury to the direction of radial
head displacement. The classification depends on
the direction of the radial head’s dislocation and
the angulation of the fracture of the ulna [3].
Type I describes a dislocation of the radial head
in anterior direction and the typical trauma mech-
anism is forced pronation of the forearm along
with hyperextension of the elbow. A type Il injury
consists of a proximal or middle-third ulna frac-
ture with a posteior or postero-lateral dislocation
of the radial head and is usually caused by axial
loading on a partially flexed elbow. A fall on the
elbow with hyperextension and pronation in
combination with forced abduction or varus
stress results in a type III injury. This injury con-
sists of a fracture of the metaphyseal ulna with
lateral or anterolateral dislocation of the radial
head. A Bado type IV fracture is a proximal- or
middle-third ulna fracture along with anterior
dislocation of the radial head and fracture of the
proximal third of the radius. The trauma mecha-
nism of this injury is comparable to that of type I
fractures, however, a result of higher energy/
greater impact (Fig. 6.1) [11]. Type II injuries are
most common accounting for about 80% of all
Monteggia fractures, followed by type I (15%)
and type Il and IV (5% combined) [15, 16].

Jupiter Classification

While Bado primarily focuses on the radial com-
ponent, Jupiter modified his classification as fol-
lows: in order to guide necessary treatment
strategies, Jesse Jupiter defined subtypes for the
posterior Monteggia fractures (Bado type II) into
four subtypes on the basis of the location and
type of ulna fracture sustained as well as the pat-
tern of radial head injury [7, 17]. Type IIA frac-
tures involve the most proximal aspect of the ulna
(olecranon) and the coronoid process. Type IIB
fractures occur at the ulnar metaphyseal-
diaphyseal junction, distal to the coronoid pro-
cess. Type IIC fracture occur at the diaphyseal
level and type IID fractures are comminuted
extending from the olecranon to the ulnar diaphy-
sis (Fig. 6.2).

Monteggia-Like Lesions

The eponym of Monteggia fracture includes vari-
ous patterns of complex fracture-dislocations of
the proximal ulna and radius which are not well
defined yet [8]. In Monteggia-like lesions radial
head fractures are classified according to Mason’s
modified classifications [18-20]. Each radial head
fracture type must be adequately recognized and
addressed. The varying combinations of these
injured structures explains the complexity and
diversity of the management procedures (Fig. 6.3).

Proximal Ulnar and Radial Fracture-
Dislocation Comprehensive
Classification System (PURCCS)

One of the latest classification schemes incorpo-
rating current research and knowledge about the
functional anatomy of the elbow is the PURCCS
scheme [12]. This scheme includes the complex
interaction between bone and soft-tissue
constraints of the joint and aims to guide thera-
peutic decisions. However, even with this detailed
classification the various subgroubs cannot
always be sharply differentiated.

The classification is based on specific anatomic
injuries, defined as the “main lesions”, including
(1) level of ulnar fracture (with respect to collateral
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Fig. 6.1 Bado classification of Monteggia fractures: (a)
Bado Type I anterior dislocation of the radial head, (b) Bado
Type II posterior/posterolateral dislocation of the radial

ligament insertion and coronoid process), (2)
radiohumeral dislocation, (3) proximal radioulnar
dislocation, (4) radial fracture, (5) distal radioulnar

Y

head, (¢) Bado Type IlI lateral dislocation of the radial head,
and (d) Bado Type IV anterior dislocation of the radial head
along with fracture of the proximal radius [11]

and interosseous membrane lesion, and (6) ulnohu-
meral dislocation. Furthermore, ulnar fracture was
labeled with numbers [1-6], and the presence of
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Fig. 6.2 Radial head
fracture, which are
common in Bado type II
fractures as the radial
head shears against the
capitellum during
posterior dislocation, are
classified in four types:
0 = no fracture; 1 = one
part fracture; 2 = two
part fracture;

3 = comminuted [11]

Fig. 6.3 Example of a
Monteggia-like lesion;
Jupiter 1ID. (a) x-ray
a.p. and lateral view;

(b) CT scan revealing
the comminuted fracture
with destruction of the
coronoid and dislocation
of the radial head;

(c) postoperative result
after radial head
replacement (MoPyC,
Fa. Tornier), radial
stabilization and ulnar
plating
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elbow joint dislocation, distal radioulnar disloca-
tion and radial fracture was labeled with letters
(A-E). The direction of dislocation and the type of
radial fracture were labeled with Roman numerals
(I-IIT) placed after the letter. The progression of
the alphabetic and numeric codes indicates an
increase in complexity of the lesion and, thus, in
the treatment (Fig. 6.4) [12, 21].

Symptoms and Diagnostics

A fall onto the extended outstretched hand with
an overwhelming axial force is usually described
as the mechanism of injury [22]. Patients will
most often present immediately after trauma with
pain, edema and swelling, tenderness, decreased
range and/or restriction of motion, and com-
monly deformity about the forearm [2, 23].

An initial neurovascular examination is the
first “must-do” before any further manipulation/
treatment of the elbow. In order to accurately eval-
uate the injury pattern and thus plan the necessary
therapeutic steps, a thorough and most of all,
standardized diagnostic approach should be con-
ducted. Neurovascular examination is always the
first ,,must-do “before any further manipulation/
treatment of the elbow. Anteroposterior and lat-
eral standard radiographs as well as a computer-
ized tomography scans (with 3D reconstruction)
are needed to properly evaluate the severity of
bone injuries [11, 24].

Injury Pattern and Surgery
Related Anatomy

A precise understanding of the anatomic contribu-
tors to the elbow stability as well as the biome-
chanics of the fracture pattern is essential to treat
these complex lesions [9, 25]. One of the primary
treatment goals of monteggia fractures are the res-
toration of the normal contour and dimension of
the ulnar length, coronoid process height, and
trochlear notch to restore stability [26, 27]. The
unique bony architecture of the proximal ulna
shaft with its anteromedial varus angulation in the
proximal third, needs to be strictly reduced due to

its great importance for the maintenance of the
articular geometry of the elbow with special
respect of the proximal articulation of the radius
[22, 28].

Regarding the mechanism of injury, direct
force from the dorsal side is the usual mechanism
of injury for Bado type I fractures: a fracture of
the ulna occurs due to a direct force of the proxi-
mal ulna; the radial head dislocates to its ventral
side [29]. An axial force to the 90° bent elbow
leads to a Bado type II fracture as a variation of
the posterior elbow dislocation [30]. A simulta-
neous pronation of the forearm in combination
with an abduction force leads to a Bado type IIT
fracture most frequently with a ventrolateral dis-
location of the radial head [31]. The exact mech-
anism of injury for Bado type IV fractures is
unknown [2].

In order to properly treat Monteggia lesions, a
posterior approach with the patient in a prone
position is recommended. In most cases, the
radial head realigns after the anatomical recon-
struction of the ulna with no further need for an
open reduction of the radial head. If the disloca-
tion of the radial head persists after ulnar reduc-
tion, the surgeon must re-evaluate the ulnar
alignment with special respect to ulnar length
and vaus angulation [32].

For Monteggia-like lesions also, a single pos-
terior approach is favourable. The radial head
fracture can be addressed from behind “through”
the ulnar fracture after mobilization of the anco-
neus muscle. The operative algorithm should
then address any fracture of the coronoid process
followed by the ulnar shaft. For better visualiza-
tio of the coronoid it might be necessary to use an
additional medial approach or a ventral approach
in order to anatomically reduce the fracture [33].
Possible ligament reconstructions should be per-
formed last [2, 33, 34].

Therapeutic Options

Monteggia lesions can be treated in an operative
or conservative manner, depending on fracture
type, age of the patients and time of reduction
[35]. Figure 6.5 provides a possible treatment
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Fig.6.4 PURCCS scheme. Ulnar fracture type was labeled ~ was labeled with letters (A-E). The direction of dislocation

with numbers [1-6], and the presence of elbow joint dislo-  and the type of radial fracture were labeled with Roman
cations, distal radioulnar dislocation, and or radial fracture — numerals (I-III) placed after the letter [17]
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Monteggla lesion in children

RH Dislocation
(by direct pressure)

I

Stable |
(During R.O.M.) Unstable

Long arm cast

Closed method
Unreducted

Soft tissue Interposition

— > Consider open

The Ulnar
fracture Alignement

The fracture is
undisplaced

The fracture is
displaced

_—
Consider ulnar
bow sign

Reduce the fracture Long arm cast

for 5-6 week reduction and stabilize it with pin for 5-6 weeks
Monteggla lesion in adult
Open method
ORIF Ulna
|
Reduce the RH Dislocation
Check RH Reduction during the R.O.M with fluoroscopy evaluation

|

[ |

Stable Unstable
| I
Early post op Motion Check Ulnar Reduction and bone allignement

With elbow and foream

splint limiting the full extenion

I
Anatomic
Consider the annular ligament interposition
reduce the RH dislocation and repari or
substitute the annular ligament

1
Malreduced
Revise ulnar reduction and
fix the fracture in new
position with RH reducted

Fig. 6.5 Age dependent treatment algorithm for Monteggia lesions [35]

Table 6.1 Treatment algorithm for acute Monteggia
fracture dislocations based on ulnar fracture pattern [36]
Treatment

Closed reduction, casting
Closed reduction, casting

Ulnar fracture pattern
Plastic deformation
Greenstick (incomplete)
fracture

Transverse or short oblique
complete fracture

Long oblique or
comminuted fracture

Closed reduction,
intramedullary fixation
Open reduction and plate
fixation

algorithm for Monteggia fractures based on the
patients’ age to simplify decision making in
treating these complex elbow injuries (see
Fig. 6.5).

Nonoperative Treatment
In general, nonoperative treatment of Monteggia

fractures and Monteggia-like lesions with
closed reduction followed by splint stabiliza-

tion is only recommended in very few cases in
children [35, 36]. In adults, closed reduction is
only to be considered in the emergency room
for initial assessment. Definite operative treat-
ment should be obtained as soon as possible.
Principles of conservative treatment are similar
to the operative strategies. The ulnar alignment
and length has to be restored first, followed by
closed reduction of the radial head (RH) dis-
placement [37]. Due to the importance of the
correct ulnar length and alignment, conserva-
tive treatment can only be recommended in
stable ulna fractures that can maintain their
alignment after reduction. This only counts for
plastic deformations or Greenstick fractures. In
transverse or short oblique fractures of the ulna,
the correct ulnar length and alignment might be
achieved by minimally invasive intramedullary
pinning instead. A treatment algorithm based
on the ulnar fracture pattern in children had
been published by Ring and Waters (see
Table 6.1) [36, 38].
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For closed reduction in children usually gen-
eral anaesthesia is necessary to avoid any pain
during the reposition. The reposition manoeuvre
should be performed under fluoroscopy to verify
congruent radiohumeral joint reduction and cor-
rect ulnar alignment [39]. After restoring correct
ulnar length via longitudinal traction, direct
pressure on the radial head during elbow flexion
over 90° and supination is used to restore the cor-
rect joint alignment. To maintain the correct
alignment, the elbow should be stabilized in a
cast in 110-120° flexion and supination [39].
Definite anteroposterior and lateral X-rays fol-
lowing reposition are necessary to control the
correct joint congruency [35]. A bivalve cast
therapy in midrotation to reduce traction of the
biceps tendon should be obtained for 4-5 weeks
[35, 39]. Serial radiographs and neurovascular
check-ups are recommended at least 4, 7 and
11 days after reposition to ascertain maintenance
of the correct alignment [39]. Gentle range of
motion exercises to avoid stiffness of the elbow
joint can be performed after clinically and radio-
logically confirmed fracture healing [39].

Operative Treatment

Besides these very few indications for conserva-
tive treatment, most of the Monteggia fractures
and Monteggia-like lesions need to be treated in
an operative manner. The main treatment princi-
ples are [16]:

1. Open reduction and anatomical restoration of
the ulna fracture, followed by reposition of
the RH (Fig. 6.6)

2. Treatment of concomitant injuries (RH frac-
tures, coronoid fractures, LCL ruptures etc.)

For operative treatment, the patient is placed
in lateral decubital or supine position with an
tourniquet placed on the upper arm [35, 9]. A
posterior mid-line or posterolateral approach is
recommended because it gives a good overview
and can be used to expose both, the ulna/olecra-
non and the RH at the same time. Gold standard
for reduction of the ulnar fracture in adults is
plate and screw fixation [39], however tension-
band wiring can still be considered in simple
oblique fractures especially when they are located

proximally [9, 40]. To restore ulnar length in chil-
dren, intramedullary pinning can be performed, if
the ulnar fracture allows biomechanically stable
pinning [41].

After restoring correct ulnar length and rota-
tion, the RH can usually be reduced easily. The
annular ligament should be treated by suture to
give additional stability [9]. An intraoperative
stability check should be performed under
fluoroscopy.

In Monteggia-like lesions, concomitant inju-
ries can aggravate the operative treatment. In
cases of additional displaced RH fractures
(Mason type II-1V), the RH should be reduced by
screw or plate fixation using the Kocher’s interval
between the anconeus and extensor carpi ulnaris
muscle [42]. In comminuted RH fractures arthro-
plasty represents an alternative surgical approach
with good short to mid-term results and should be
preferred prior radial head resection [43].

Additional coronoid fractures enlarge the risk
of humero-ulnar translation instability [9]. While
stable Regan/Morrey type I coronoid fractures do
not require special treatment, type II and III frac-
tures should be addressed by screw fixation, since
they cause a high risk of joint instability due to
medial collateral ligament (MCL) involvement
[9]. Posteriorly- anteriorly placed screws can be
used to address the coronoid fracture if the frag-
ments are large enough. If the fragments are too
small for screw fixation, suture anchors can be
used passed around the coronoid tip including the
anterior capsule [39]. The complexity of
Monteggia fractures can be seen in Fig. 6.6. A
26-year-old- male patient was referred to our clinic
following operative treatment (ORIF and LCP
osteosynthesis) of an anterior Monteggia fracture
(Bado type 1). The postoperative X-rays and CT
scans showed a consisting anterior radial head dis-
location. As the fracture of the ulna shaft was obvi-
ously malreduced revision surgery was initiated.
Even after meticulous reduction of the fracture and
plate revision, the radial head subluxation per-
sisted. The patient therefore underwent additional
diagnostics (CT Scan/MRI Scan). The 3D-CT-
reconstruction of both forearms revealed the prob-
lem of the operative treatment and the reason for
the persisting radial head subluxation (right:
injured arm, left: contralateral arm). Even though,
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Fig. 6.6 Importance of restoration of the exact ulnar
length and rotation. (a, b) Anterior radial head dislocation
following ORIF and LCP osteosynthesis. (¢) Persisting
radial head subluxation following revision surgery with
meticulous reduction. (d, e) Additional diagnosics (CT

fracture reduction appeared anatomically, the
ulnar bowing was not assembled analogue to the
contralateral arm. Besides prior reconstruction of
ulnar length and rotation in a second revision sur-
gery the bowing of the ulna was now corrected. By
this correction a well centered humero-radial joint
could be achieved with a free range of motion for
pro- and supination. This case demonstrates the
importance of the anatomical restoration of the
ulnar fracture and geometry as a key treatment
principle for Monteggia fractures.

Postoperative Care

In paediatric patients, who tolerate immobiliza-
tion better than adults, the elbow is placed in a
bivalved cast in 90° flexion with forearm supina-
tion postoperatively. Cast immobilization is rec-
ommended for 4-6 weeks. Intramedullary placed
K-wires are usually removed 4 weeks after sur-
gery [37, 39].

Scan and 3D-CT reconstruction of both forearms)
revealed not assembled ulnar bowing. (f) After second
revision with restoration of ulnar bowing a well centered
humeruo-radial joint could be achieved

In contrast to paediatric patients, adults have a
high risk of developing postoperative stiffness of
the elbow, leading to the fact that the elbow splint
should be removed 2-3 days after surgery. Early
motion should be initiated, beginning with gravity
assisted flexion and extension under physiothera-
peutic control 2-3 times a week for at least
6 weeks [9, 35, 39]. The healing process should
be evaluated via X-rays 6 weeks postoperatively.
If healing could be obtained, physiotherapeutic
training with higher loads should be initiated.
Maximum loads and return to sports should be
avoided for at least 3 months after surgery.

Outcomes and Complications

Functional results following Monteggia fractures
and Monteggia-like lesions treated with open
reduction and internal fixation (ORIF) vary and
show acceptable results in at least 70-83%, depend-
ing on the fracture type [44]. Unfortunately, there
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are numerous complications leading to potential
bad outcomes following operative treatment.

Non-union rates account for up to 22% in
current literature following ORIF of Monteggia
fractures. Persisting pain, leading to early implant
removal is described in up to 46% of the
patients [44].

Stiffness following ORIF of Monteggia frac-
tures and Monteggia-like lesions is still one of the
major complications. While children, even after
4 weeks of immobilization, usually regain their
full elbow ROM, adults frequently present with a
limited elbow function postoperatively. Therefore,
a postoperative protocol with decreased immobi-
lization is highly recommended [37, 39].

Heterotopic ossifications leading to painful
ROM restrictions are frequently seen in patients
with elbow injuries. While rates of 6-8% are
described in patients with simple ulna fractures,
heterotopic ossification rates increase up to 35%
in patients suffering from complex elbow injuries
[37, 16]. Even though intraoperative radiation as
well as postoperative NSAID therapy represent
useful therapeutic options to prevent from exces-
sive heterotopic ossifications [45], they are not
recommended in treating Monteggia fractures in
general. The use should rather be considered
depending on fracture type and intraoperative
trauma [16].

Nerve injuries with persisting nerve palsies are
described in 2-9% of the patients [44]. Depending
on the type of RH luxation (Bado type I vs. Bado
type II) the anterior and posterior interosseous
nerves are in danger due to their anatomically
close relationship to the radial head and neck [39,
46-48]. Neurovascular compromise can also
occur during closed reduction, followed by splint-
ing the swollen elbow in 90-100° flexion [36].
Iatrogenic nerve injuries of the radial and ulnar
nerve following operative treatment of complex
Monteggia fractures are also described in current
literature. Not least because of these different
causes of potential nerve injuries, a preoperative
well documented neurological assessment should
be performed in any case [16].

The risk of developing a forearm compartment
syndrome has to be considered especially in dislo-
cated Monteggia fractures and Monteggia-like
lesions with extended soft tissue involvement.

Continuous controls of swelling, neurovascular
status and pain is highly recommended to not
miss this emergency complication [16].
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Terrible Triad Injuries

Michael Hackl and Lars Peter Mdller

Epidemiology

The estimated incidence of elbow dislocations is
5.21 per 100.000 persons per year. Thereby, the
elbow represents the second most commonly dis-
located joint following the shoulder joint [17, 26,
44]. Terrible triad injuries comprise only 8% of
all elbow dislocations and, hence, can be consid-
ered rather rare injuries [35].

The mean age of patients at the time of injury
is 45 years with the dominant arm being involved
more frequently (60.8%) [4, 6, 11, 14-16, 27, 28,
34-36, 40, 47, 48, 51]. Terrible triad injuries
occur more commonly in men than in women
with a male-to-female ratio of approximately 1.7:
1[4,6, 11, 14-16, 27, 28, 34-36, 40, 47, 48, 51].
They are associated with sports activities in
nearly half of all cases [44].

Especially in case of a high-energy trauma,
concomitant injuries to the ipsilateral shoulder,
forearm or wrist can occur [11, 14, 28, 48].

Classification

The terrible triad injury has first been described
by Hotchkiss [1] in 1996 and is defined as a
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e posterior elbow dislocation with concomitant
e radial head fracture and
e coronoid fracture

Radial Head Fracture

Radial head fractures are classified according to
the modified Mason classification [3] (cross ref-
erence to chapter 5). Since the terrible triad injury
represents a fracture-dislocation, all radial head
fractures in this injury pattern are considered
type IV fractures. The majority of radial head
fractures in terrible triad injuries are displaced
fractures. 51.1% are displaced two-part fractures
(corresponding to Mason type II); 40.7% repre-
sent multi-fragmentary fractures (corresponding
to Mason type III). Only 8.2% of radial head
fractures in terrible triad injuries are non-
displaced two-part fractures (corresponding to
Mason type I) [4, 6, 11, 14, 15,27, 28, 35, 39, 47,
48, 51].

Coronoid Fracture

In 1989, Regan and Morrey proposed a classifica-
tion system for coronoid fractures depending on
the amount of the coronoid involved [37]. Type I
fractures are considered as avulsion fractures of
the coronoid tip. Fractures classified as type II
involve less than 50% of the coronoid; type III
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Fig. 7.1 Coronoid fracture classifications. (a) Regan and
Morrey classification. I: avulsion of the coronoid tip; II:
<50% of the coronoid height; I/I: >50% of the coronoid
height [37]. (b—d) O’Driscoll classification [33]. (b) I
transverse shear fractures. 1./: <2 mm, 1.2: >2 mm. (¢) II:

fractures involve more than 50% of the coronoid
process (Fig. 7.1a). Most coronoid fractures in
terrible triad injuries are either type I (28.5%) or
type I (68.9%). Type 111 fractures are rarely seen
in terrible triad injuries and comprise only 2.6%
of all cases [4, 6, 11, 14, 15, 27, 28, 35, 39, 47,
48, 51].

O’Diriscoll formed a new classification system
in 2003 which takes different fracture mecha-
nisms into consideration: Type I fractures are
transverse shear fractures (Fig. 7.1b). Type 1I
fractures represent fractures of the anteromedial
facet (Fig. 7.1c). Particularly type I1.3 fractures,
which involve the sublime tubercle, result in pro-
nounced valgus and posteromedial instability.
Type HI fractures are fractures of the base or the
body of the coronoid (Fig. 7.1d) [33]. Coronoid
fractures in terrible triad injuries are usually
transverse shear fractures according to O’ Driscoll
type L. Type II or III fractures are seldomly seen
[8,9, 14, 28, 51].

Symptoms and Diagnostics
Initial Evaluation

Patients with terrible triad injuries usually pres-
ent immediately after trauma with painful swell-
ing and tenderness of the elbow. The injury
mechanism might not be remembered in detail,
yet, most patients describe a fall on the out-
stretched hand. The injury commonly occurs due

anteromedial facet fractures. II.1: anteromedial rim
(AMR), I1.2: AMR + coronoid tip (TIP), /1.3: AMR + sub-
lime tubercle (ST) =+ tip. (d) /II: basal fractures. III.1:
coronoid body/base fractures, I71.2: trans-olecranon basal
coronoid fractures

to high-energy trauma and/or during sports;
particularly in elderly patients, a low-energy
trauma can also result in terrible triad injuries.
Deformity of the elbow may or may not be pres-
ent as the elbow joint reduces spontaneously
prior to presentation in some cases. A thorough
physical examination is mandatory in order to
evaluate any possible concomitant injuries —
especially but not limited to the ipsilateral shoul-
der, forearm and wrist. Injuries to the skin must
be inspected as they could be suggestive of an
open fracture. The neurovascular status has to be
obtained and documented.

Diagnostic Workup

First, conventional radiographs of the elbow in
antero-posterior and lateral view have to be
obtained. An additional oblique view can be use-
ful to further evaluate the radial head. Fractures
of the coronoid are easy to miss as the fragments
might be overlapped by the distal humerus or by
radial head fragments. Small, triangular-shaped
fragments proximal to the coronoid or the
absence of the distinctive shape of the coronoid
tip can hint at a coronoid fracture on lateral radio-
graphs (Fig. 7.2).

If a posterior dislocation of the elbow joint is
confirmed with conventional radiographs, closed
reduction under anesthesia should subsequently
be performed. The forearm is supinated and
distraction forces are applied while moving the



7 Terrible Triad Injuries

87

Fig. 7.2 Non-operative treatment of a terrible triad
injury. (a, b) Plain radiographs upon presentation reveal-
ing a posterior elbow dislocation with radial neck fracture
(Mason type II) and a coronoid tip fracture (O’Driscoll
type 1.1). The black arrow points to missing coronoid tip.

elbow from extension to flexion in order to reduce
the joint. Under fluoroscopy, varus and valgus
stress tests should then be applied to evaluate the
lateral and medial collateral ligament. The degree
of valgus and varus instability should be docu-
mented. Moreover, the joint stability during pas-
sive flexion and extension has to be evaluated and
documented. Redislocation during varus/valgus
testing or upon flexion of the elbow joint of 30°
or more is highly suspicious of gross instability.
Immediately after joint reduction and evaluation
of stability, a splint is applied in 90° of flexion

(c—e) CT scans following closed reduction showing a con-
centric radiohumeral joint in a sagittal view (c¢), a concen-
tric ulnohumeral joint in a sagittal view with displacement
of the coronoid tip fragment (d) and a congruent joint in a
coronal view (e)

and neutral rotation. The neurovascular status has
to be obtained and documented again to rule out
neurovascular complications.

Successful reduction has to be confirmed with
standard radiographs. While standard radio-
graphs may suffice in some cases, a subsequent
computed tomography (CT) scan with three-
dimensional reconstructions should be per-
formed as it facilitates the fracture classification,
the evaluation of joint congruity and the local-
ization of displaced fragments (Figs. 7.2, 7.3,
and 7.4). Additional magnetic resonance imag-
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Fig. 7.3 Operative treatment of a terrible triad injury
with ORIF of the radial head and suture anchor refixation
of the coronoid tip. (a—c) Preoperative CT scans revealing
a displaced coronoid fracture (O’Driscoll type 1.2) (a) and
a multi-fragmentary radial head fracture (b, ¢). The red
circle (c) depicts a radial head fragment which lies at the
posterior aspect of the capitulum as a result of the disloca-
tion. (d, e) Intraoperative photographs. Lateral view
through a Kocher approach. (d) After resection of the
radial head fragments, suture anchor refixation of the cor-
onoid tip (black arrow) is performed. The white arrow

indicates the radial shaft. (e) After on-table reconstruction
of the radial head (lower right corner), osteosynthesis of
the radial head/neck fracture with an anatomically pre-
shaped locking plate is performed. (f-h) CT scan and
plain radiographs 1 year postoperatively showing a con-
solidated radial head fracture. In the meanwhile, removal
of the plate has been performed. The CT scans and plain
radiographs reveal heterotopic ossification (HO) in the
olecranon fossa limiting extension. The patient was
satisfied with the outcome and did not want to undergo
revision for removal of the HO
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Fig. 7.4 Operative treatment of a terrible triad injury
with radial head replacement and coronoid reconstruction.
(a) Reconstruction of the coronoid with a radial head frag-
ment. Left upper corner: Illustration of the skin incision —
a rectangular triangle is drawn from the olecranon tip
(OT) to the radial epicondyle (RE) and to a point 10 cm
distal to the olecranon tip. The skin incision is performed
over the hypotenuse of this triangle which serves as a pro-

ing (MRI) of the elbow joint is usually not
necessary.

Injury Pattern and Surgery
Related Anatomy

Injury Mechanism

Terrible triad injuries typically occur due to a fall
on the outstretched hand with the elbow extended
or slightly bent. Fitzpatrick et al. [13] were able
to show by means of an in-vitro biomechanical
study that terrible triad injuries occur more fre-

jection of the Kocher interval. (b) Replacement of the
radial head with a modular, monopolar radial head pros-
thesis. (¢) Postoperative radiograph in the lateral view.
Due to persistent instability after radial head replacement
and coronoid reconstruction, a hinged external fixator was
applied. (d, e) Joint congruity with consolidated coronoid
reconstruction and intact radial head replacement at the
latest follow-up

quently as a result of a fall on the pronated fore-
arm while supination of the forearm typically
leads to simple elbow dislocation. Pronation
enforces joint congruity because of pre-tensioning
of the lateral stabilizers [10, 24]. It might thus
increase the osseous impact and increase the
probability for radial head and/or coronoid frac-
tures in posterior elbow dislocation.

As a result of the impact of the fall, the forearm
rotates externally or internally and translates poste-
riorly which ultimately leads to posterior disloca-
tion. The coronoid process and the “anterior rim” of
the radial head act as primary constraints against
posterior translation of the forearm. Hence, the cor-
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onoid process gets perched underneath the trochlea
which leads to transverse shearing fractures of the
coronoid (O’Driscoll type I [33]). Similarly, the
“anterior rim” of the radial head hits against the
capitulum causing a radial head fracture. Initial
varus or valgus load causes radiocapitellar or ulno-
humeral abutment which might result in more com-
plex fractures of the radial head and/or the coronoid
process. Especially in high-energy trauma, the axial
compression forces may lead to multi-fragmentary
radial head fractures and larger coronoid fractures.

Radial head fractures — and terrible triad inju-
ries even more so — represent osteoligamentous
injuries [23]. According to a study by McKee et al.
[30], terrible triad injuries go along with disrup-
tion of the lateral collateral ligament (LCL) in
100% of cases while the medial collateral liga-
ment (MCL) is disrupted in 56% of patients. The
most common site of disruption for both the MCL
and the LCL is their humeral origin [30].

Surgery Related Anatomy
and Biomechanics

Along with the MCL, the radial head serves as
the main valgus stabilizer of the elbow [45].
Moreover, approximately 60% of axial forces
along the elbow joint are transmitted through the
radial column — making the radial head a crucial
axial stabilizer [32]. Consequently, radial head
resection has a devastating effect on the stability
of the elbow joint [2]. Particularly in case of con-
comitant osseous and ligamentous injuries — as
present in terrible triad injuries — radial head
resection is obsolete and the radial column has to
be preserved. If reconstruction of the radial head
is not feasible, radial head replacement should
therefore be performed instead. Even though
available radial head prostheses cannot
completely reproduce the biomechanical profile
of the native radial head, they restore valgus and
axial stability [21, 41, 45]. In the acute setting,
monopolar prostheses may be preferred over
bipolar implants as they may provide superior
radiocapitellar stability [5, 31].

Coronoid fractures increase rotatory insta-
bility of the elbow as the fractured coronoid

can no longer act as a constraint against the
trochlea when posterior translation forces are
applied. Moreover, the coronoid can be consid-
ered as an important stabilizer against varus
forces [22]. Open reduction and internal fixa-
tion (ORIF) of the coronoid is mandatory in
type III fractures of the coronoid as well as in
any fracture involving the sublime tubercle —
which represents the attachment site of the
MCL and therefore contributes to valgus sta-
bility of the elbow — and should at least be con-
sidered in type II fractures in order to
sufficiently restore joint stability [42]. If ORIF
of the coronoid is not possible due to severe
comminution, the olecranon tip, a bone graft
(harvested from the iliac crest) or a fragment of
the fractured radial head should be used to
reconstruct the coronoid (Fig. 7.4) [25].

Therapeutic Options
Non-operative Treatment

While the vast majority of terrible triad injuries
require surgical treatment [29], some cases can
be treated non-operatively [4, 15] if the following
criteria are fulfilled (Fig. 7.2):

e joint congruity following closed reduction

» stable flexion arc without tendency to redislo-
cate (extension lag <30°)

e minimally displaced radial head fracture
(<2 mm corresponding to Mason type I [3])

e small transverse shear fracture of the coronoid
(<30% of the coronoid process) without
involvement of the anteromedial facet

* no block of motion upon flexion-extension
and pronosupination (e.g. due to intra-articular
osteochondral lesions)

A close follow-up of patients undergoing con-
servative treatment is mandatory. If one or more of
the above-mentioned criteria are not being met any
longer, surgical revision has to be considered.

In our clinical practice, the patient’s elbow is
immobilized in a splint at 90° of elbow flexion
and neutral rotation for 7—10 days before an early
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functional treatment regimen is initiated. A
hinged elbow orthosis is then applied which
allows flexion and extension in neutral rotation.
Within the orthosis, extension is limited to 20°
for 4 weeks to avoid full extension which could
predispose to recurrent instability. Physical ther-
apy should at least be performed two to three
times a week. During physical therapy, the ortho-
sis can be removed to carefully mobilize the joint
over the full range of motion. Pronosupination
should only be performed in 90° of flexion. Four
weeks after trauma, static progressive splinting in
extension maybe performed overnight to coun-
teract flexion contracture. Load bearing is intro-
duced at week 7 or after radiologic evidence of
fracture consolidation.

Surgical Treatment

If any of the criteria for conservative therapy are
not fulfilled and no absolute contraindications for
surgery are present, operative treatment is recom-
mended for terrible triad injuries to restore joint
congruity and stability.

Diagnostic arthroscopy may be performed at
the beginning of the surgery to evaluate the inju-
ries or to retrieve displaced fragments especially
from the posterior aspect of the elbow joint
(Fig. 7.3c). In case of simple two-part fractures of
the radial head (Mason type II) and the coronoid
process (O’Driscoll type I, Regan and Morrey
type I/II) without comminution, arthroscopically
assisted, percutaneous reduction and internal fix-
ation of the radial head and the coronoid can be
attempted with cannulated headless compression
screws. If this treatment strategy does not suc-
ceed or in case of a more severe fracture pattern —
as common in terrible triad injuries —an open,
lateral approach is indicated.

Lateral Approach

The patient is placed in supine position with the
arm resting on an arm board in 90° of abduction.
A tourniquet may or may not be used depending
on the surgeon’s preference. A rectangular trian-
gle is now drawn from the olecranon tip to the
radial epicondyle and to a point 10 cm distal of

the olecranon tip at the posterior edge of the ulna
(Fig. 7.4a) as a projection of the anconeus mus-
cle. The skin incision is performed at the hypot-
enuse of this triangle reflecting the Kocher
interval between the anconeus and the extensor
carpi ulnaris. After careful dissection of the skin
and the subcutaneous tissue, the forearm fascia is
incised to identify the “fatty streak™ of the afore-
mentioned Kocher’s interval. Through blunt dis-
section, the anconeus and the extensor carpi
ulnaris can be separated to expose the lateral col-
lateral ligament and the joint capsule. The annu-
lar ligament and the joint capsule are incised
longitudinally to reveal the underlying radial
head. The lateral collateral ligament complex and
the common extensors can be sharply released
from the lateral epicondyle and reflected ven-
trally to allow better exposure of the radiocapitel-
lar joint as well as the coronoid. Particularly in
high-energy trauma, the lateral approach to the
joint may already be established once dissecting
through the skin and subcutaneous tissue due to
the severely disrupted soft tissue structures
(Fig. 7.3d).

In case of simple, non-comminuted shearing
fractures of the coronoid (O’Driscoll type I) and
the “anterior rim” of the radial head (correspond-
ing to Mason type II), a common extensor split
may suffice to achieve fracture reduction.

Treatment of the Radial Head Fracture
Once the approach has been established, the
radial head fracture is evaluated. In case of a two-
or three-part fracture with solid fragments, ORIF
with cannulated headless compression screws is
usually sufficient. If severe comminution of the
entire radial head is present, an on-table recon-
struction of the fragments should be attempted. If
the radial head can be reasonably reconstructed,
subsequent internal fixation with an anatomically
pre-shaped locking plate can be performed
(Fig. 7.3e). Care has to be taken to place the plate
at the “safe zone” of the radial head — if possible —
to avoid radioulnar impingement with limitation
of pronosupination [38]. In full supination, the
plate should be fixed close to the posterior edge
of the proximal radioulnar joint in order to respect
the “safe zone”.
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Whenever reconstruction of the radial head is
not feasible or more than 30% of the radial head
are missing [43], radial head replacement is rec-
ommended in order to restore radiocapitellar sta-
bility (Fig. 7.4b). Radial head resection should
not be performed in a fracture-dislocation as it
potentially leads to gross joint instability. We
advocate the use of monopolar radial head pros-
theses in acute fracture-dislocations as biome-
chanical evidence suggests that they might lead
to superior joint stability when compared to bipo-
lar prostheses [5, 31]. Especially in terrible triad
injuries, correct placement of the radial head
replacement is crucial [18]. Slight over- or under-
stuffing can severely alter joint biomechanics and
can lead to radiocapitellar and ulnohumeral
impingement or to persisting joint instability
[45]. Van Riet et al. were able to validate the pos-
terolateral edge of the lesser sigmoid notch of the
ulna as a point of reference [46]. Hence, in order
to adequately restore the radial length, the radial
head prosthesis should be in line with this ana-
tomic landmark.

When reviewing the current literature, surgi-
cal treatment of radial head fractures in terrible
triad injuries consists of radial head replacement
in nearly two thirds of the cases while ORIF is
performed in approximately one third of treated
patients [4, 7, 11, 12, 14-16, 27, 28, 34-36, 39,
48, 50, 51].

Treatment of the Coronoid Fracture
In general, we recommend coronoid fixation
whenever possible to optimize joint stability.
Before performing fixation of the radial head, the
coronoid can be visualized through external rota-
tion of the forearm — particularly in case of com-
plete disintegration of the radial head (Fig. 7.3d).
In O’Driscoll type 1.1 fractures, the fragment
is usually too small for screw fixation. Fixation of
these fractures can be achieved with suture
anchors. One or two suture anchors are placed in
the fracture bed with their respective sutures
grasping the anterior capsule attached to the frag-
ment. Thereby, tying of the sutures leads to
reduction of the coronoid fragment. Alternatively,
a lasso loop technique can be used where a suture
is looped around the ulna through two anteropos-

terior drill holes and passed through the anterior
capsule to, once again, achieve fracture reduction
by tying the suture [36].

Screw or plate osteosynthesis is commonly
used for O’Driscoll type 1.2 fractures. If suffi-
cient exposure of the coronoid is achieved
through an extended Kocher approach, two
K-wires can be placed through the proximal ulna
from anterior to posterior for temporary fixation
of the coronoid fragment. Two cannulated head-
less compressions screws can then be placed over
the K-wires to reach stable internal fixation.
Alternatively, plate osteosynthesis can be per-
formed. In case of limited exposure of the coro-
noid, percutaneous placement of two K-wires
from posterior to anterior can be used to achieve
temporary fixation of the coronoid fracture with
subsequent retrograde osteosynthesis with can-
nulated headless compression screws. In high-
energy trauma, refixation of the coronoid fracture
might not be feasible due to severe comminution.
In that case, reconstruction of the coronoid can
be performed with a radial head fragment — if the
radial head has to be replaced at the same time —
(Fig. 7.4a), with the tip of the olecranon or with a
bone graft from the iliac crest.

In O’Driscoll type II and type III fractures —
which are rarely seen in terrible triad injuries —
plate osteosynthesis through an additional medial
approach should be considered to achieve stable
fracture fixation. As the coronoid can usually be
exposed adequately through a lateral or medial
approach, an anterior approach performing a bra-
chialis split is obsolete used due to its close prox-
imity to the neurovascular bundle.

LCL Repair

Following stable fixation of the radial head and the
coronoid process, the lateral collateral ligament —
along with the common extensors — has to be reat-
tached to its humeral original. We prefer placing
one suture anchor into the motion axis of the capit-
ulum for refixation of the lateral collateral ligament
and another suture anchor in the lateral epicondyle
for refixation of the common extensors (Fig. 7.4b).
The forearm fascia has to be closed carefully as it
contributes to lateral elbow stability and serves as
an important barrier for deep infection.
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Additional Procedures

Following ORIF of the radial head and the coro-
noid as well as reconstruction of the lateral soft
tissue structures, joint stability should be evalu-
ated once more. If valgus stability persists, an
additional medial approach with refixation of the
medial collateral ligament and the flexor-pronator
mass has to be considered. Through a flexor carpi
ulnaris split, the decompression of the ulnar
nerve can be performed and the medial collateral
ligament as well as the flexor-pronator mass aris-
ing from the medial epicondyle can be exposed.
Analogical to the lateral approch, refixation of
the medial soft tissue structures can be performed
by suture anchoring.

Instead of or in addition to medial repair, a
hinged external fixator can be applied if persist-
ing instability is present. Great care has to be
taken to place the hinge of the external fixator in
line with the motion axis of elbow joint to achieve
concentric flexion and extension. The guide wire
can be placed in the lateral epicondyle before
wound closure. This facilitates the correct posi-
tioning of the guide wire due to better exposure.
Placement of the humeral pins has to be per-
formed cautiously in order to avoid radial nerve
injuries [19, 20, 49]. We recommend a mini-open
approach through a small incision to minimize
the risk of neurological complications.

Alternatively to the described protocol, some
surgeons prefer a posterior longitudinal skin
incision establishing full-thickness flaps around
the elbow to be able to approach the joint later-
ally and medially through a single incision.

Figure 7.5 summarizes the aforementioned
treatment algorithm for terrible triad injuries.

Postoperative Care

Following surgical treatment, elastic compres-
sion bandages are applied until swelling sub-
sides. The patient’s arm is placed in a hinged
elbow orthosis which limits extension to 20° for
4 weeks and flexion to 90° for the first week.
Afterwards, flexion is increased by 10° each
week. Within the orthosis, the patient can actively

flex and extend the elbow in neutral rotation
within the described range of motion. Physical
therapy can be introduced immediately after sur-
gery. During physical therapy, the orthosis can be
removed to perform active-assistive flexion and
extension over the full range of motion.
Pronosupination should be performed at 90° of
flexion only. At week 5, static progressive splint-
ing in extension can be introduced overnight to
avoid flexion contracture. The orthosis is usually
removed after 6 weeks. Load bearing is intro-
duced at week 7 or after radiologic evidence of
fracture consolidation.

If a hinged external fixator had to be applied,
the hinge initially remains blocked. After 7 days,
the hinge is released and active flexion and exten-
sion can be performed. The external fixator is
removed after 6 weeks but can be applied for up to
twelve weeks if there is pronounced instability.

Outcomes and Complications
Non-operative Treatment

Only few patients meet the presented criteria for
non-operative treatment of terrible triad injuries.
According to McKee et al. [29], less than 5% of
patients with terrible triad injuries can undergo
non-operative treatment. Thus, only few reports
of conservative therapy are available in the litera-
ture. Guitton et al. [15] reported a case series of
four patients who underwent non-operative treat-
ment following posterior elbow dislocation with
associated radial head and coronoid fractures.
While three of their patients had good to excellent
clinical results at the latest follow-up, one 32-year
old male patient developed ulnar neuropathy and
had to undergo revision surgery 8 months after
trauma. This patient had a Mason type II fracture
with more than 5 mm of displacement involving
about 30% of the articular surface and thus did not
meet the presented criteria for non-operative treat-
ment (check algorithm — Fig. 7.5).

In 2014, Chan et al. [4] reported so far the
largest case series of 12 patients who underwent
non-operative therapy following a terrible triad
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Fig.7.5 Treatment algorithm for terrible triad injuries
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injury. At a mean follow-up of 36 months, their
patients had a mean flexion arc of 128° with a
mean flexion contracture of 6°. The Mayo Elbow
Performance Score averaged 94 out of 100 points
and the mean Disabilities of the Arm, Shoulder
and Hand (DASH) Score was 8 points. Two of
their patients experienced complications: One
patient had to undergo revision for early recur-
rent instability. Another had arthroscopic debride-
ment for heterotopic ossification in the olecranon
fossa. The study of Chan et al. [4] shows that
non-operative treatment can lead to excellent
clinical outcome when correctly indicated.

Surgical Treatment (Table 7.1)

The Early Stages

Early reports of surgical treatment for terrible
triad injuries did not contain a standardized treat-
ment protocol. Subsequently, Ring et al. reported
poor results in seven of their eleven cases back in
2002 [40]. In none of the cases did they perform
coronoid fixation and in four cases the radial
head was resected which might explain their
unsatisfactory results [40].

Establishing Standardized Protocols
Consequently, Pugh et al. [36] described a stan-
dardized protocol that is still considered valid
today containing of a lateral Kocher approach,
radial head reconstruction or replacement, coro-
noid fixation and lateral collateral ligament
repair. If instability persisted following these pro-
cedures, the authors suggested medial collateral
ligament repair and/or the use of a hinged exter-
nal fixator. After a mean of 34 months, they
reported a mean Mayo Elbow Performance Score
of 88 points in their 36 patients. The flexion arc
averaged 112° + 11°. Eight of their patients
(22%) had to undergo revision surgery for elbow
stiffness (4), synostosis (2), infection (1) and
recurrent instability (1) [36]. While their treat-
ment protocol improved the overall clinical out-
come significantly, complications following this
severe injury remain fairly common.

Doing It Right the First Time

Initial correct treatment of terrible triad injuries
is crucial in order to minimize the risk of lasting
disability. Lindenhovius et al. [28] were able to
show that patients who initially underwent inad-
equate treatment went on to have worse clinical

Table 7.1 Clinical outcome following surgical treatment of terrible triad injuries

Author Year n FU RH

Ring et al. [40] 2002 11 84 5ORIF 4
resection, 2 none

Pugh et al. [36] 2004 36 34 20 ORIF, 13 RHR,
3 none

Egoletal. [11] 2007 29 27 8 ORIF 15RHR, 3
resection

Forthman et al. 2007 22 28 1ORIF, 20 RHR, 1

[14] allograft

Lindenhovius 2008 18 29 1ORIF 17 RHR

et al. [28]

Leigh et al. [27] 2012 24 41 13 ORIF, 11 RHR

Watters et al. [48] 2013 39 24 9 ORIF, 30 RHR

Zhangetal. [51] 2014 21 32 19 ORIF, 2 RHR

A review of literature

Coronoid
fixation Other Rom Score Compl.
0/11 none n/a BMS: 76 /11
36/36 2 hingedex 112° MEPS: 88 8/36
fix
0/29 13 hinged ex 109° MEPS: 81, 13/29
fix DASH: 28
22/22 4 ulnar nerve 112° MEPS: 86, 8/22
release DASH: 13
18/18 4 ulnar nerve 119° MEPS: 88, 5/18
release DASH: 15
23/23 none 135° ASES: 85, 7124
DASH: 10
39/39 none 115° BMS: 90, 14/39
DASH: 16
21/21 none 126° MEPS: 95 5/21

n number of cases, F'U follow-up time, RH radial head, Rom range of motion, Compl. complications, ORIF open reduc-
tion and internal fixation, RHR radial head replacement, ex fix external fixator, BMS broberg-morrey score, MEPS mayo
elbow performance score, DASH disabilities of the arm, shoulder and hand score
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outcomes despite revision (subacute cohort) than
patients who were treated acutely (acute cohort).
The acute cohort had a mean flexion arc of 119°
with an average flexion contracture of 17° while
the subacute cohort had a mean range of motion
of only 100° with an average extension lag of 30°
(p < .05).

ORIF vs Radial Head Arthroplasty

Two studies have focused on the influence of
ORIF versus replacement of the radial head
regarding the clinical results following terrible
triad injuries. Watters et al. [48] did not observe
any significant differences between groups in
terms of range of motion as well as DASH and
Broberg/Morrey scores at a minimum of
18 months follow-up. However, radiographic
signs of osteoarthritis were seen more frequently
in patients who underwent radial head
arthroplasty. On the other hand, patients who
underwent ORIF were revised more frequently
(4/9) than patients who had radial head replace-
ment (7/30). Due to a limited amount of cases, no
significant differences could be obtained.
Similarly, Leigh et al. [27] found that revision
surgery was more common in the ORIF group
(5/13) than in the radial head replacement group
(2/11) after a mean follow-up of 41 months.

Systematic Review

A systematic review of available data regarding
the outcome of terrible triad injuries reveals a
mean flexion arc of 113° with an average flexion
contracture of 18° and a mean pronosupination of
138°. The mean DASH score was 17 points, the
Mayo Elbow Performance and Broberg/Morrey
score averaged 87 points at the latest follow-up
[4, 7, 11, 12, 14-16, 27, 28, 34-36, 39, 48, 50,
51]. Elbow stiffness represents the most common
complication following terrible triad injuries and
can be observed in 10.3% of all cases. Failure of
osteosynthesis was found to be the second most
common complication with 6.7%, followed by
ulnar neuropathy (6.2%). Recurrent instability
was seen in 2.6% while complications related to
the radial head replacement — mostly due to over-
stuffing — were found in 1.9%. Treatment of ter-
rible triad injuries was complicated by infection

in 1.2% of cases [4, 7, 11, 12, 14-16, 27, 28,
34-36, 39, 48, 50, 51]. Heterotopic ossification
and radiographic signs of osteoarthritis are com-
mon following terrible triad injuries but only
rarely influence the clinical results [7].
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Varia: Distal Biceps
Tendon Rupture

Arne Buchholz and Sebastian Siebenlist

Epidemiology

With an incidence of 3% of all biceps tendon inju-
ries, the rupture of the distal biceps tendon is a rare
injury. The most common site of injury of the dis-
tal biceps tendon is the avulsion from the radial
tuberosity. Myotendinous or intratendinous inju-
ries are uncommon. The majority of these ruptures
affect almost exclusively physically active male
patients between the ages of 30 and 60 years. The
most common mechanism of injury involves
eccentric muscle contraction against a heavy load
applied to a flexed elbow. A recent epidemiologi-
cal analysis revised the incidence upwards from
1.2/100,000 to 2.55/100.000 persons per year.
They also evaluated risk factors related to rupture
and found that smoking and elevated body mass
index are associated with increased likelihood of
injury [1, 2]. Other significant risk factors include
anabolic steroid use and weightlifting [3, 4].
However the definitive pathogenesis of distal
biceps tendon ruptures is not well understood.
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Both hypovascular and mechanical mechanisms
seem to be responsible for tears. An anatomic
study could show that there is a hypovascular
zone approximately 2 cm proximal to the inser-
tion on the radial tuberosity [5]. This watershed
area could predispose the distal biceps tendon to
rupture. Furthermore the study cited above evalu-
ated radiologically the space available for the dis-
tal biceps tendon at the proximal radioulnar joint
depending to forearm position. In moving from
full forearm supination to pronation the space
decreases by 50%, possibly leading to mechani-
cal impingement of the tendon.

Symptoms and Diagnostics

Patients with a rupture of the distal biceps tendon
often report a popping sound followed by acute
pain in the antecubital fossa and an immediate
weakness of elbow flexion and especially fore-
arm supination. Swelling and hematoma may
occur in different manifestations but are not
obligatory. A loss of the normal biceps contour
and a proximalization of the muscle belly may be
present. However despite this presentation, a rup-
ture may still be missed clinically, particularly
when the lacertus fibrosus remains intact.
Delayed diagnosis may defer primary reconstruc-
tion or lead to chronic weakness. The “squeeze-"
and “hook test” are helpful physical exam
maneuvers to detect reliably distal biceps ruptures
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[6, 7]. Analogous to the Thompson test for
Achilles tendon ruptures, with the squeeze-test
the muscle belly is firmly squeezed in 90° elbow
flexion. The lack of forearm supination signifies
a positive test. Ruland et al. found a sensitivity of
96% in diagnosing distal biceps ruptures with
this test [6]. The hook-test is performed by insert-
ing the index finger under the lateral edge of the
biceps tendon in the antecubital fossa with the
patients elbow flexed to 90° and the forearm fully
supinated (Fig. 8.1). With an intact tendon, the
examiner should be able to hook the finger about
1 cm deep under the resistant cord-like structure
spanning the antecubital fossa. It is important to
carry out the hook test from the lateral side to
avoid mistaking the lacertus aponeurosis for an
intact biceps tendon. O’Driscoll et al. showed a
100% sensitivity and specifity, that were higher
than the sensitivity and specifity found with mag-
netic resonance imaging [7].

In terms of imaging, radiographs are usually
obtained to rule out any associated elbow inju-
ries, and occasionally show irregular changes
about the radial tuberosity or an avulsion of the
radial tuberosity itself. Ultrasound is a fast and
cost-effective method that can confirm the clini-
cal indications but it is user dependent [8].
Especially in partial rupture of the distal biceps
tendon with an intact laceratus fibrosus, the clini-
cal appearance is often less characteristic and the
diagnosis may be difficult. In this caces advanced
imaging should be performed out using
MRI. Giuffre and Moss described the optimal
patient position for magnetic resonance imaging

Fig. 8.1 The hook-test

of the distal biceps tendon; the flexed abducted
supinated (FABS) position [9]. With the patient
prone, shoulder abducted overhead, with elbow
flexed to 90°, and forearm fully supinated, the
full length of the biceps from the musculotendi-
nous junction to the radial tuberosity insertion
can be adequately demonstrated.

Surgery Related Anatomy

The biceps brachii muscle is composed of two
heads: the long head originates from the supra-
glenoid tubercle, and the short head originates
from the coracoid process. Both heads insert dis-
tally onto the radial tuberosity. The biceps muscle
functions as the primary supinator of the forearm
and the secondary flexor of the forearm along
with the brachialis. It is inenervated by the mus-
culocutaneous nerve.

There are anatomical variations of the distal
biceps tendon. Eames et al. described in a cadav-
ercic study a complete bifurcation of the distal
biceps tendon in 10 of 17 specimens [10]. The
tendon continued from each muscle belly and
inserted distal in two distinct parts. The authors
could show that the short head inserts distal to the
radial tuberosity and is positioned to be a more
powerful flexor of the elbow. The long head
inserts further away from the central axis of rota-
tion of the forearm and thereby providing more
powerful supination. In an other cadver study,
Kulshreshtha et al. analyzed the complex fiber
arrangement of the distal biceps tendon [11]. The
tendon fibers spiral in a predictable pattern dis-
tally to the bicipital aponeurosis, spiraling clock-
wise in left elbows and counterclockwise in right
elbows. Furthermore, the anteromedial fibers fol-
low a relatively straight course and attach inferi-
orly while the posterolateral fibers coiled beneath
the medial fibers to their superior insertion on the
tuberosity. The semilunar footprint of the distal
biceps insertion is located on the postero-ulnar
rim of the tuberosity. There are different types of
this postero-ulnar rim which may serve as a pul-
ley to increase the supination strength [12].

The lacertus fibrosus (bicipital aponeurosis),
originates from the distal tendon as it passes



8 Varia: Distal Biceps Tendon Rupture

101

anterior to the elbow joint and expands ulnarly,
blending with the fascia of the forearm and serv-
ing as a stabilizer to the distal tendon (Fig. 8.2).
As the forearm flexors contract, they tense the
lacertus, subsequently causing a medial pull on
the biceps tendon and perhaps contributing to its
rupture [10, 13]. Only if the lacerus fibrosus is
affected, the tendon is completely retracted with
a consecutive cranalisation ot the muscle belly.

Therapeutic Options
Conservative Treatment

Conservative treatment should be reserved for
older, low-demand patients or those patients with

Biceps muscle,
long head

Distal insertion

Fig. 8.2 Schematic of distal biceps anatomy (left)

significant medical comorbidities resulting in an
unacceptably high risk for surgery. This therapy
concept is widely accepted since two studies in
the 1980s demnostrated better supination strength
as well as flexion strength and endurance after
surgical procedure [14, 15]. More recently,
Chillemi et al. reported superior clinical outcomes
in a small cohort of five patients treated opera-
tively as compared to four patients managed con-
servatively [16]. Hetsronie et al. also showed
similar results in a larger study group of 22
patients [17]. They reported that there was higher
subjective satisfaction and higher isokinetic
strength and endurance in elbow flexion and fore-
arm supination in the group with surgical recon-
struction. In a recent retrospective study, Freeman
et al. evaluated 18 patients with an unrepaired dis-

Biceps muscle,
short head

Lacertus fibrosus
(bicipital aponeurosis)

Forearm flexor muscles
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tal biceps tendon rupture and compared them with
historical controls who had been treated opera-
tively [18]. There was a significant difference in
the supination strength both in comparison to the
contralateral side and in comparison to the oper-
ated patients. However, the patients treated con-
servatively achieved good functional results with
95 points in the Mayo Elbow Performance Score
(MEPS) and 9 points in the Disability in Arm,
Shoulder and Hand score (DASH).

Overall, most studies suggest that better
patient outcomes are obtained with surgical treat-
ment. Nonoperative treatment is generally
reserved for sedentary patients with low func-
tional requierements or for patients who are not
medically fit for operative treatment. The conser-
vative treatment consists of temporary immobili-
zation, pain control, and physiotherapy. Although
some chronic activity related pain may occur
after nonoperative treatment, satisfactory results
can still be expected [18].

Operative Treatment

The operative treatment is the therapy of choice
for distal biceps tendon ruptures, as otherwise a
loss of supination strength is likely. There are dif-
ferent aspects of the operative treatment. The sur-
geon has to choose between anatomic or
nonanatomic reconstruction, between single-
incision or double-incision technique and
between several fixation techniques including
suture anchors, interference screws, or cortical
button based constructs.

When operative treatment became common
for distal biceps tendon ruptures, there was dis-
cussion about anatomic fixation to the radial
tuberosity versus nonanatomic reattachment to
the brachialis muscle. With nonanatomic fixation
a recovery of supination strength cannot be
expected because the tendon is not attached to the
lever arm of the tuberosity radii. In a review of
147 cases reported in the literature, Rantanen and
Orava noted a 90% rate of good or excellent
results at an average of 3 years after anatomic
reattachment and a 60% rate of good or excellent
results at an average of 3 years following nonana-
tomic reattachment [19]. Therefore an anatomi-
cal reconstruction should always be attempted.

Double-Incision
In its beginning the anatomical reconstruction
was achieved by reinserting the tendon transos-
seosly at the tuberosity radii via a single-incision
approach with extensive deep soft tissue prepara-
tion. This extensile volar approach (according to
Henry — [20]) was associated with a high rate of
nerve injuries as reported by Meherin and Kilgore
[21]. That’s why Boyd and Anderson introduced
1961 the double-incision technique with an addi-
tional postero-lateral approach [22]. They noted
that the double-incision technique allowed both a
lower rate of nerve injury and a more anatomic
reattachment of the distal biceps tendon. However
this technique involve some stripping of the inter-
osseous membrane with the risk of heterotopic
ossification or radioulnar synostosis. To decrease
the risk of symptomatic heterotopic ossification,
Failla et al. described a modification of the clas-
sic Boyd and Anderson approach with limited
splitting of the extensor muscles and preservation
of the proximal ulnar periosteum [23].
Karunakar et al. performed a retrospective,
4-year follow-up review of 21 patients treated with
this modified Boyd-Anderson repair [24]. Almost
half of the patients had a deficit in supination
strength and 19% of patients demonstrated
decreased forearm rotation. The total complication
rate was 35% with a 14% incidence of heterotopic
ossification and a complete radioulnar synostosis
in one patient. Despite these results, they reported
good to excellent DASH scores in 20 of 21 patients.
Weinstein et al. performed a retrospective
review of 32 patients with distal biceps ruptures
treated with the use of suture anchors through the
two-incision approach [25]. They did not found
any significant differences for strength, endur-
ance and range of motion compared to the unin-
jured side. The most common complication was
transient lateral antebrachial cutaneous nerve
palsy. Heterotopic ossifications did not occur.

Single-Incision

Renewed interest in the single-incision approach
came with the introduction of modern anchoring
systems, which allow a reinsertion via a mini-
mally invasive ventral approach. The theoretical
benefit of the single-incision approach is a
reduced risk of radioulnar synostosis as the ulnar
periosteum is not exposed.
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McKee et al. reported the results of 53 patients
who had been treated with suture anchor tendon
fixation through a single anterior incision [26].
None of the patients lost more than 5° in the
flexion-extension or pronation-supination arc.
The average DASH score was 8.2 points, which
was not substantially different from the average
score of 6.2 points in a group of healthy controls.
The authors noted four complications: two tran-
sient paresthesias of the lateral antebrachial cuta-
neous nerve, one transient posterior interosseous
nerve palsy, and one wound infection. John et al.
reported similar results in a retrospective review
of 53 patients treated with the single-incision
approach using two suture anchors for fixation
[27]. They reported all excellent or good
Andrews-Carson validated outcomes scores with
only a 5.6% complication rate. There were two
cases in the series of patients with resultant het-
erotopic ossification with limited forearm rota-
tion. In one case there was a transient lesion of
the N. radialis with consecutive drop hand, which
completely recovered in 8 weeks.

Single- Versus Double-Incision

Due to the varied insertion of the distal biceps ten-
don to the tuberosity radii (as described above),
there is the potential risk for a too much anterior
tendon fixation when using the single-incision-
technique. Hasan et al. evaluated in a cadaveric
study the footprint coverage from both the single-
and double-incision approaches [28]. The accu-
racy of a bone tunnel within the original tendon
footprint was higher when drilled via a posterolat-
eral approach. Because of rather fixating the ten-
don in the anterior regions of the tuberosity, the
single incision technique might result in a loss of
supination torque. However, Henry et al. noted in
a biomechanical study that there are no differ-
ences in supination or flexion torques between the
single- and double-incision technique [29]. This
is also reflected in the clinical results. To the best
of our knowledge, there is only one prospective,
randomized controlled study comparing single-
and double-incision technique [30]. Forty-seven
patients received a single-incision repair with use
of two suture anchors and 44 patients received a
double-incision repair with use of transosseous
drill holes. After a follow up of 2 years, there were

no significant differences in the outcomes between
the two groups. Furthermore, there were no dif-
ferences in isometric extension, pronation, or
supination strength at more than 1 year except a
minor advantage in final flexion strength with the
double-incision technique. Thus for normal daily
activities, it seems obvious that a ‘“semi’-ana-
tomic, anterior stump fixation has no effect on
functional outcome. In addition, anatomic rein-
sertion techniques via double-incision are also not
able to restore normal supination strength when
compared to the uninjured arm [31]. Schmitt et al.
supposed a supinator damage during posterior
approach as cause for supination weakness due to
muscle fat content [32].

Chavan et al. compared in systematic review
the clinical outcomes of single-incision and
double-incision techniques [33]. Inclusion criteria
consisted of an acute repair and at least 1 year of
follow-up with the examination including objec-
tive strength and motion testing. Unsatisfactory
results were significantly more common in the
two-incision group (31%) than in the single-inci-
sion group (6%), due primarily to decreased fore-
arm rotation or supination strength. Complication
rates were similar in the two groups (18% for a
single incision and 16% for two incisions); how-
ever, the single- incision group had a higher rate
of nerve injury (12%) whereas the double- inci-
sion group had more frequent loss of forearm
rotation (9%). Similarly in the study of Grewal
et al., the single-incision technique was associ-
ated with transient neurapraxias of the lateral
antebrachial cutaneous nerve [30]. The differ-
ences, however, were marginal so that the authors
favored none of both techniques.

Recently, Dunphy et al. analyzed in a retrospec-
tive cohort study the complications of 784 distal
biceps tendon repairs [34]. When comparing dou-
ble-incision and single-incision repairs, there was
a significantly higher rate of posterior interosseous
nerve palsy (3.4% vs 0.8%), heterotopic bone for-
mation (7.6% vs 2.7%), and reoperation (8.3% vs
2.3%) for the double incision technique. The most
common complication overall was a lateral ante-
brachial cutaneous nerve palsy.

To sum up, in the current literature the evi-
dence of superiority of one approach/technique
over the other is lacking.
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Fixation Methods

The optimal type of fixation of the distal biceps
tendon is currently controversially discussed in
the literature. For long time the gold standard
were bone tunnels. In the meantime, however,
numerous new fixation techniques are used. The
commonly used methods are suture anchors, cor-
tical buttons and interference screws. Cortical
buttons have been found to have the highest load
to failure of all techniques [35, 36].

Mazzocca et al. performed a cadaveric biome-
chanical study comparing the relative strengths
of the four most commonly used fixation types;
bone tunnels, suture anchors, interference screws
and cortical buttons [36]. The cortical button was
found to have the significantly higher load to
failure than the other three techniques, with no
significant difference in displacement rates after
cyclical loading.

shoulder

Fig. 8.3 Longitudinal incision distal to antecubital fossa
and identification of the LACN (yellow loop)

Fig. 8.4 (a) Intraoperative
control of the positioning
of the K-wires, which
mark the intended drill
holes. In a radius with a
smaller diameter, a more
flat drilling angle may be
required (at least 60°) for
smoothly button inserting.
(b) Intraoperative control
of the buttons flipped into
the intramedullary canal

h

Given the superior biomechanical properties
of cortical button fixation and increased use of
this technique, the safety of the posterior interos-
seous nerve (PIN) was brought into question
while drilling through the posterior cortex. PIN
injuries have been reported to occur up to 11% of
the patients with cortical button repair via single
anterior approach [37]. Most of the PIN palsies
are transient and resolve during months after sur-
gery; nevertheless, the risk of a permanent nerve
injury remains [38].

Author’s Preferred Procedure

In order to decrease the risk of injury to the pos-
terior interosseous nerve as a major iatrogenic
complication we developed the intramedullary
cortical button technique [39]. The intramedul-
lary cortical button positioning enables the repair
of the distal biceps tendon to its anatomic foot-
print without perforating the posterior cortex and
consequently not affecting the PIN. After the bio-
mechanical testing has shown very promising
results with respect to fixation strength to the
bone and displacement, we use this technique in
the clinical practice [39, 40]. In the following, the
technique is shown in in summarized form:

A longitudinal incision is performed from the
distal end of the tuberosity to the antecubital flex-
ion crease (Fig. 8.3). The lateral antebrachial
cutaneous nerve is identified, preserved, and
retracted laterally. The biceps tendon bursa is
opened to expose the retracted tendon stump.
Then, the biceps muscle is carefully mobilized
with blunt dissection and the radial tuberosity is
exposed and roughened for tendon reattachment.
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Fig. 8.5 After button flipping each suture has to be
strongly tightened, first to test the anchoring of the buttons
and second to compress the cancellous bone at the intra-
medullary canal

Fig. 8.6 Both free ends (stars) of the FibreWire sutures
are simultaneously tightened to deliver the distal biceps
tendon to the radial tuberosity

For double intramedullary cortical button implan-
tation, two 2.0 mm K-wires are primary intro-

Fig. 8.7 The distal biceps tendon drawn to the radial
tuberosity

duced at the radial tuberosity at an angle of 60° to
the radial shaft (inclined toward the radial head)
to ensure correct positioning of the BicepsButtons
((Arthrex, Naples, FL, USA). To prevent the but-
tons from interfering with each other inside the
medullary canal, a minimum of 12 mm (= length
of one BicepsButton) distance between both
K-wires has to be observed. The position is con-
trolled by biplanar fluoroscopic imaging
(Fig. 8.4a). Next, the 3.2-mm drill holes are per-
formed only into the anterior cortex according to
the trajectory of the K-wires. After drilling, the
BicepsButtons are passed through the anterior
cortex with a Button Inserter (Arthrex, Naples,
FL, USA) and flipped. The button position should
also be controlled fluoroscopically to rule out
insufficient flipping (Fig. 8.4b). Before implant-
ing, both BicepsButtons are single loaded with
one nonabsorbable suture (No. 2 FibreWire,
Arthrex, Naples, FL, USA). Each suture has to be
strongly tightened after button flipping to com-
press cancellous bone at the intramedullary canal
of the radial tuberosity (Fig. 8.5). Then, the distal
biceps tendon stump is freshened and sutured
using continuous “baseball stitches” with one
end of both FibreWires. The other suture end of
each FibreWire is used as a lead suture to move
the tendon to the radial tuberosity simultane-
ously (Figs. 8.6 and 8.7). With the elbow in 20°
of flexion and full supination, both suture ends
are locked directly to the surface of the tuberos-
ity. Skin closure is performed in a standard
manner.
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The clinical results are promising. The intra-
medullary cortical button provides high patient’s
satisfaction and good results with respect to
strength and functional outcome. Lesions of the
PIN did not occur in any case. The exact clinical
evaluation of this technique is subject of a recent
follow-up study.

Pitfalls

There are several pitfalls to avoid. Care must be
taken to avoid injury to the lateral antebrachial
cutaneous nerve. It is usually retracted with the lat-
eral skin flap. Too much pull with the retractors
puts the nerve at risk. Venous vessels and the radial
recurrent vessels deep in the wound are preserved
if possible; otherwise, they are ligated or cauterized
enough to get a good visualization of the biceps
tuberosity. A good exposition of the biceps tuberos-
ity is required for optimal placement of the drilling
holes. Furthermore, the drilling direction is very
important to ensure easy button inserting in the
intramedullary canal. The drilling into the anterior
cortex should be performed at an angle of at least
60° (inclined toward the radial head), especially
when the radius has a smaller diameter. Copious
irrigation of the situs to remove drilling dust should
routinely perform at this point in order to prevent
HOs. After button insertion, correct implant
anchoring has to be tested clinically and radiologi-
cally to prevent secondary button dislocation. The
tightening of the tendon to the bone should be done
under visualization to avoid soft tissue entrapment
and to ensure a firm bone-tendon-contact.

Postoperative Care

In our procedure, immediately after surgery, the
patient is stabilized in a posterior splint in 90°
elbow flexion. Passive and active (gravity-assisted)
motion started under physiotherapist’s supervision
at 2 days postoperatively. A mobile, hinged brace
limiting the last 20° of extension was applied for
4 weeks to secure tendon repair without maximum
extension loads. Patients were not allowed active
supination, and passive supination, however, was
not limited. After 4 weeks, the brace was removed
and pain-free active extension and forearm rota-
tion were initiated. Unrestricted activities were
commenced at 6 weeks postoperatively; resistance

exercises 8 weeks after surgery. Sporting activities
were allowed after 12 weeks.

Complications

The most common complication after both single-
and double- incision technique is nerve palsy.
Particularly, the cutaneous nerve antebrachii (sen-
sitive branch of the musculocutaneous nerve) is
endangered. A further complication is the occur-
rence of heterotopic ossifications at the radial
tuberosity. The incidence of heterotopic ossifica-
tion and radioulnar synostosis appears to be
higher with the two-incision approach, although
cases of motion limiting heterotopic ossification
have been reported after the one-incision
approach. Overall, the complication rate varies
depending on the study. It can be distinguished
between the two approach techniques, but the
incidence is not significantly different at all.

Cain et al. reviewed the complication rate in a
cohort of 188 patients that underwent the single-
incision technique for repair and reported a com-
plication rate of 36% [41]. Minor complications
included lateral antebrachial cutaneous nerve par-
esthesia (26%), radial sensory nerve paresthesia
(6%), and superficial infection (2%). Major com-
plications included posterior interosseous nerve
injury (4%), symptomatic heterotropic ossifica-
tion (HO) (3%) and re-rupture (2%). In this series,
the use of radiographs was not routine, which may
explains the low rate of HOs of just 3%. Other
studies report a higher rate of HOs up to 39%, but
in most cases they are clinical asymptomatic [42].

Kelly et al. reviewed the complications in a
cohort of 78 patients that underwent the double-
incision technique for repair and reported a com-
plication rate of 31%. The most common
problems were transient nerve palsy (8%, most
commonly lateral antebrachial cutaneous nerve)
or persistent elbow pain (8%). Asymptomatic
HOs were noted in 5%, a superficial wound
infection in 4% and a re-rupture in 1%.

Partial Ruptures

Partial ruptures often present in a delayed fashion
with persistent pain in the antecubital fossa.
Physical examination demonstrates a painful
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limited supination and flexion strength with a still
palpable distal biceps tendon. MRI is capable of
quantifying the extent of the tear, as well as dif-
ferentiating other relevant diseases. Partial rup-
tures involving greater than 50% of the insertion
should be taken down during surgery and treated
as a complete rupture with reattachment using
standard techniques [43].

Recently Behun et al. reviewed the literature
regarding surgical outcomes for treatment of par-
tial tears of the distal biceps brachii tendon with
varied surgical approaches and fixation [44]. The
review involved 19 studies with 85 patients.
Surgery resulted in 94% satisfactory clinical out-
come which meant less than 30° range of motion
loss in all directions, supination and flexion
strength greater than 80% compared with the
contralateral extremity, and absence of major
complication such as surgical revision or persis-
tent nerve injury. Complication rates were similar
to other series of acute repairs.

Analogous to the technique introduced by
Kelly et al. [45], partial distal biceps tendon rup-
tures can be treated with the aforementioned
intramedullary button technique through a single
posterior incision. The morbidity of the anterior
exposure can be avoided and the exact anatomi-
cal tendon footprint readily explored. The
remaining tendon is released and reattached with
the intramedullary button technique at its original
footprint [31].

Chronic Ruptures

In cases of chronic distal biceps ruptures, the
combination of muscle atrophy, distal tendon
retraction, and fibrosis makes primary anatomic
reattachment of the tendon particularly challeng-
ing. The choice of therapy must be made depen-
dent on the functional demand and the general
condition of the patient. In the case of a low func-
tional demand, a conservative procedure or an
extraanatomic fixation (insertion of the distal
biceps tendon on the musculotendinous transition
of the lower muscle layer of brachialis and bra-
chioradialis as a low-risk method for improving

the loss of strength) should be indicated [46]. For
patients with high physical demands, the recon-
struction of the distal biceps tendon with a tendon
graft is recommended [47]. Augmentation
options include fascia lata, M. flexor carpi radia-
lis or semitendinosus and Achilles tendon.

Wiley et al. compared the results of 7 patients
who underwent reconstruction of a chronic rup-
ture with a semitendinosus allograft and seven
patients who were treated nonoperatively [48]. In
the surgical group flexion and supination strength
was restored to the normal range whereas the
nonoperative had a residual 20% strength deficit.
The Endurance in both groups was within the
normal range.

There are several retrospective studies in the
literature evaluating the results of chronic distal
biceps rupture reconstructions. All have rela-
tively low numbers of patients with varied graft
choices. Overall, excellent results were noted
after the reconstructions with restoration of
strength and endurance in most cases [49-51].
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Total Elbow Arthroplasty
in the Treatment of Complex
Distal Humeral Fractures

Jeremy Alan Hall

Introduction

Total elbow arthroplasty has been a reliable
method of treatment for elbow arthritis for over
40 years [1-5]. The indications for total elbow
arthroplasty have continued to expand to include
the management of acute traumatic and post-
traumatic conditions. Cobb and Morrey proposed
the use of non-custom total elbow replacement
for the treatment of complex distal humeral frac-
tures in the elderly in 1997 [6]. The role of total
elbow arthroplasty for the management of com-
plex distal humeral fractures has met much
debate since.

Distal humeral fractures frequently occur in
patients over the age of 60 years, often as a
result of low energy injuries such as a fall from
standing height. In osteoporotic bone, these
low energy injuries often produce complex
intra-articular fractures and comminution
that can challenge the Orthopaedic surgeon.
Furthermore, individuals in this age group
often suffer from significant medical comor-
bidities, and frequently require increased upper
extremity assistance in typical activities of
daily living, such as in use of mobility aides,
and for assistance rising from the seated posi-
tion. This can lead to challenges in the
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post-operative period, and occasionally, “non-
compliance” with typical post-operative use
and weight bearing recommendations, which
can lead to fixation failure.

Primary Total EIbow Arthroplasty
for Distal Humeral Fractures

Multiple studies have evaluated the effectiveness
of total elbow arthroplasty in the treatment of
complex intra-articular distal humeral fractures.
Early studies in select populations comparing
fracture fixation with plate and screw constructs
and total elbow arthroplasty found favor in
arthroplasty in selected patients.

Frankle et al. (2003) compared 24 women
over the age of 65 with complex distal humeral
fractures treated with open reduction and inter-
nal fixation (ORIF) using standard small frag-
ment fixation and semi-constrained total elbow
arthroplasty (TEA) over 57 months. They found
the total elbow arthroplasty group to have
shorter operative times (146 min ORIF vs
78 min TEA), shorter hospital length of stay
(3 days ORIF vs 2 days TEA), improved elbow
arc of flexion-extension (100° ORIF vs 113°
TEA), and improved functional outcomes
(MEPs 81 ORIF vs 95 TEA). In 25% of patients
in the ORIF group, fixation failed, requiring
revision to total elbow arthroplasty during the
follow-up period. At the conclusion of the
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study, the authors recommended fixation as first
line treatment of complex fractures of the distal
humerus in women 65 years and older without
medical comorbidities and adequate bone stock.
However, in those with medical comorbidities,
complex fracture patterns, and those with poor
bone stock, TEA was a valuable option for
treatment [7].

Subsequently, McKee et al. (2009) compared
open reduction and internal fixation with total
elbow arthroplasty for displaced comminuted
intra-articular fractures of the distal humerus
with semi-constrained total elbow arthroplasty in
male and female patients over the age of 65 years
(mean age of 77 years). After 2 years follow up,
the authors reported improved functional out-
come (DASH and MEPS) in the total elbow
group, with a 25% conversion from the ORIF
group to the TEA group intra-operatively due to
inability to achieve stable fixation [8].

Open injuries offer even greater challenges in
the treatment of distal humeral fractures. Linn
et al. (2014) reviewed seven patients, mean age
74, with grade 1 and grade 2 open distal humeral
fractures after a staged protocol of serial irriga-
tion and debridement, followed by primary total
elbow arthroplasty. They describe no wound
complications or deep infections using this proto-
col and suggested that total elbow arthroplasty is
a viable treatment option for complex open distal
humeral fractures [9].

A systematic review and meta-analysis by
Githens et al. in 2014 comparing open reduction
and internal fixation versus total elbow arthro-
plasty for the treatment of geriatric distal humeral
fractures found similar functional outcomes and
range of motion, with a trend toward higher inci-
dence of major complications and reoperation
after fixation [10].

Total EIbow Arthroplasty After
Failed Fixation

In the setting of failed fracture fixation, total
elbow arthroplasty provides a functional range
of motion with a complication rate similar to

that of primary total elbow arthroplasty for
fracture. Prasad and Dent (2008) evaluated 32
patients, 15 in the early total elbow arthro-
plasty group and 17 in the delayed arthroplasty
treatment group, after conservative treatment
or failed fixation. After a mean follow-up of
over 56 months, there was no significant differ-
ence in Mayo performance elbow score or sur-
vivorship between the groups, with similar
incidence of loosening. The delayed group
experienced two deep infections and two
patients with ulnar nerve palsy. Despite these
complications, no significant differences were
found between the groups [11]. As such, com-
plex distal humeral fractures managed with
fixation which subsequently fails, revision
through arthroplasty replacement can provide
acceptable results.

Long Term Outcome of Total Elbow
Arthroplasty for Fracture

In the short term, total elbow arthroplasty for
fracture yields reasonable function and may pro-
vide ongoing independence for frail elderly.
However, long term studies suggest poor 10 year
survival rates particularly in patients with rheu-
matoid arthritis. Barco et al. (2017) reported on
the 10 year outcomes of 44 patients after total
elbow arthroplasty for fracture. Implant revision
or resection was performed in 8 elbows for
infection (3 elbows), ulnar component loosening
(3 elbows), and ulnar component fracture (2
elbows). Periprosthetic fractures were noted in 5
elbows. Survival rates in patients with rheuma-
toid arthritis were 85% at 5 years and 76% at 10
years, while those without rheumatoid arthritis
enjoyed survival rates of 92% at 5 and 10 years.
The most relevant risk factor for revision was
male sex (hazard ratio 12.6) [12].

These studies provide encouraging insight
into the management of these complex injuries,
however it should be emphasized that total
elbow arthroplasty should be reserved for indi-
viduals that can abide by the post-arthroplasty
medically imposed restrictions. Elbow arthro-
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plasty does not allow for repetitive or heavy
lifting, nor is it recommended to return to such
activities as golf or tennis as these activities
will inevitably lead to increased wear and early
loosening or failure. However, it is generally
agreed that fractures in selected elbows with
pre-existing arthritis, low demand individuals,
and fractures with unreconstructable joint sur-
face injuries could benefit from total elbow
arthroplasty. Similarly, for best results and low-
est complication rate, total elbow arthroplasty
should be undertaken by surgeons experienced
in total elbow arthroplasty.

Technique: Total Elbow
Arthroplasty for Complex Distal
Humeral Fractures - Authors
Preferred Method [13]

In the setting of distal humeral fracture, total
elbow arthroplasty is typically performed with a
semi-constrained or “sloppy hinge” prosthesis.
In the appropriate patient (Fig. 9.1), after
regional and/or general anesthetic, the patient
is placed in the lateral decubitus position with
the affected limb on a bolster (Fig. 9.2).
Should the patient’s condition not be amena-
ble to the lateral decubitus position, in the
supine position, the injured extremity may be

supported by rolls or bolsters on the patient’s
chest or a positioning aid. A tourniquet is
applied. Should the fracture extend proxi-
mally into the metadiaphysis or diaphysis,
and more proximal stabilization is antici-
pated, a sterile tourniquet may be used.

The arm is carefully prepped and draped to
facilitate access to the elbow joint. A posterior
surgical approach facilitates access to the triceps
fascia. The ulnar nerve is identified and mobi-
lized to facilitate safe access to the elbow joint
and fracture. In the setting of total elbow arthro-
plasty for distal humeral fracture, the author pre-

Fig. 9.2 The patient is placed in the lateral decubitus
position, with tourniquet applied and the operative arm
supported by bolster

Fig. 9.1 Lateral (a) and anteroposterior radiographs (b) of an intra-articular fracture of the distal humerus in a
76 year old male
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Fig. 9.3 A posterior approach to the elbow utilizing a tri-
ceps sparring dissection facilitates adequate visualization
of the distal humeral fracture fragments and elbow joint,
while facilitating unrestricted elbow motion after surgery.
The ulnar nerve is mobilized and protected during the
procedure

Fig. 9.4 Resection of the distal humeral fracture frag-
ments provides a “working space” to prepare the humerus
and ulna for implant

fers a para-tricipital triceps sparing approach
(Fig. 9.3). This facilitates early elbow range of
motion, strengthening, and upper extremity
weight-bearing through an intact triceps attach-
ment. From the medial and lateral para-tricipital
portals, the fracture fragments of the distal
humerus are skeletonized and removed. This cre-
ates a “working space” wherein the humeral shaft
and proximal ulna may be accessed and prepared
for insertion of the semi-constrained elbow pros-
thesis (Fig. 9.4).

Fig. 9.5 After fracture resection, the distal humerus is
prepared with canal reaming and broaching

The humerus is first prepared. With the con-
dyles removed, there is no need to prepare the
distal aspect of the humerus. The shaft is pro-
gressively reamed and broached to facilitate
insertion of the humeral stem (Fig. 9.5). The
semiconstrained nature of the prosthesis does
not require intact medial or lateral ligaments nor
reconstruction, thus allowing condylar resection.
If possible, as in total elbow arthroplasty for
arthritis, a wedge of bone should be fashioned
and placed between the anterior flange of the
humeral component and the intact humeral shaft
to increase anterior bone density. The height of
the prosthesis can be estimated through assem-
bly of the fracture fragments or by soft tissue
tensioning at trialing.

The proximal ulna is prepared in standard
fashion. The author prefers to remove the tip
of the olecranon and create a groove in the
articular surface of the ulna with a burr such
that the ulnar component could be inserted
without impingement. A burr is first used to
open the ulnar canal which is followed by pro-
gressive rasps (Fig. 9.6). The ulnar component
is trialed for fit.

The trial prostheses are then inserted and the
elbow reduced and linked (Fig. 9.7). This should
facilitate an easy range of motion from approxi-
mately 5° of extension to full flexion. As in
arthroplasty for arthritis, allowing soft tissue ten-
sion to slightly limit elbow extension will prevent
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Fig. 9.6 The ulna is prepared in typical fashion, using a
burr to identify and prepare the ulnar canal, followed by
reaming and broaching

Fig. 9.7 With the trials are introduced, elbow range of
motion and soft tissue tension are assessed. The height of
the humeral component should be noted. This offers an
opportunity to practice implant introduction before
cementing

hyperextension of the elbow joint, which could
lead to elbow locking. Pronation and supination
is typically normal in the fractured elbow, how-
ever should there be deficiencies as a result of
proximal radial-ulnar disorders or arthritis, the
radial head may be excised. A few practice runs
in the insertion of the components will allow for
a seamless introduction of the components dur-
ing cementing.

With adequate motion, the position of the
humeral component relative to the intact portion

Fig.9.8 The permanent implants are cemented into place
as the trials dictated and the elbow is held in near full
extension as the cement cures

of the humeral shaft is noted. Should a significant
portion of the humeral shaft be involved in the
fracture, consideration should be made for longer
stem length humerus.

After selection of the appropriate implants,
the permanent humeral and ulnar components are
inserted in the same fashion as the trials and are
cemented into position. The elbow is reduced and
the components are linked. Typically to ensure
the components remain well-seated, the elbow is
extended to approximate 5° of flexion while the
cement cures (Fig. 9.8). Extraneous cement is
carefully removed. The anterior aspect of the
elbow joint is inspected for residual cement
which is removed.

The wound is then copiously irrigated with
saline. The medial and lateral para-tricipital aper-
tures are re-approximated with interrupted
sutures. The ulnar nerve is left in its natural set-
ting however with condyles removed may tend to
sublux anteriorly. Should this be the case, the sur-
geon may consider anterior transposition to
maintain the position of the nerve. The final posi-
tion of the ulnar nerve is well documented
postoperatively.

Postoperatively the wound is dressed and the
arm is placed in a plaster splint in a semi-extended
position overnight. The splint is removed on the
first postoperative day and gentle range of motion
exercises may begin (Fig. 9.9).
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Fig. 9.9 Post-operative lateral (a) and anteroposterior (b) radiographs of patient in Fig. 9.1

Conclusion

Total elbow arthroplasty in the management of
complex intra-articular distal humeral fractures
offers advantages in select patient populations.
Fractures undergoing fixation frequently take
months to achieve sufficient union to provide
weight-bearing for activities such as arising from
a seated position, upper extremity assisted ambu-
lation, and self-care, in the frail elderly. Total
elbow arthroplasty offers immediate stability and
thereby allow for immediate active elbow
extension and weight-bearing. This could poten-
tially mean the difference between independent
and supportive lifestyles for these patients.

Long-term outcome after total elbow arthro-
plasty for fracture suggests reasonable survivor-
ship at 5 and 10 years post-surgery. In this
relatively sedentary and low demand subset of
distal humeral fracture, this procedure frequently
does not come to revision.

Complex intra-articular distal humeral frac-
ture should be approached with a plan of opera-
tive fixation with modern pre-contoured locking

plates and technique. Should this not be possible
because of bone stock, excessive intra-articular
comminution, or pre-existing arthritic disease,
consideration could be made for total elbow
arthroplasty.
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Epidemiology

Vascular injuries in upper extremities resulting
from acute elbow trauma are very infrequent. The
literature only describes case reports or case
series. The quantity of arterial ruptures following
closed elbow dislocations is quoted by 0.3-1.7%
[1, 2]. Only one retrospective study describes
general arterial injuries in 13% of the elbow
traumas [3].

Because of the anatomical proximity to the
neurovascular trunc, a pronounced elbow injury
can harm the vessels in this region. In addition to
a complete transsection of the vessel the elbow
trauma can cause arterial dissections, intimal
tears, thrombosis or aneurysms.

Based on the strong collateral system in the
upper extremity the peripheral pulse can be pal-
pable even if the artery is completely transsected
[3]. The combination of elbow trauma and vascu-
lar injury indicates an acute vascular diagnostic
and therapy.
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Classification

Different kinds of classifications for vascular
injuries of the upper extremites were published.
The oldest and most common classification
(Fig. 10.1) was published 1965 by Lindner and
Vollmar, who created a classification system
which distinguish between sharp and blunt vas-
cular injuries.

The classification is grouped in three severity
grades:

Grade  Explanation

1 Partial transection of the vascular wall,
without opening the lumina

11 Vessel opening with partial transection of the
vessel

1 Complete transection of the vessel

Another classification system, described by
Feliciano et al. in 2009 distinguishes between
different types of vascular injuries depending on
the underlying pathomechanism [4]. There are
five types:

Type  Explanation

I Intimal injury (flaps, disruptions or
subintimal/intramural hematomas)

1I Complete wall defects (Pseudoaneurysm/
hemorrhage)

III Complete transection (hemorrhage, occlusion)

v Arteriovenous fistulas

v Vessel spasm
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Fig. 10.1 Schematical description of vascular injuries as a function of the injury pattern, including the associated
symptoms (by Linder and Vollmar 1965) (Debus, Gross-Fengels Springer (ISBN 978-3-642-01708-7))

Symptoms and Diagnostics

In addition to the test of the motor function during
physical examination it is important to evaluate the
neurological status and circulation of the extrem-
ity [5]. In 2011 Feliciano et al. published an algo-
rithm (Fig. 10.2) for the assessment of patients
with suspected peripheral vascular injury [6].

A “Redflag” sign (Hard sign) (Fig. 10.2) for
an arterial injury is an external bleeding, a rapid
expanding hematoma or any classical sign of
arterial occlusion (6 “P”‘s: pulselessness, pallor,
paresthesia, pain, paralysis, prostration) [6].

“Yellow flag” signs (Soft sign) (Fig. 10.2) are
a history of arterial bleading at the scene or in
transit, proximity of a penetrating wound or blunt
injury to an artery, a small nonpulsatile hema-
toma over an artery or a neurologic deficit origi-
nating in a nerve adjacent to a named artery [6].

Every examination of the injured extremity
should include the check of the peripherial pulses
(A. radialis and A. ulnaris). The loss or diminish-
ing of peripherial pulses is a serious sign for a
malperfusion of the forearm. Even if there is a
total disruption of the brachial artery a peripheral

pulse might still be palpable [1]. A further
symptom of a vascular injury could be a rapid
progressive swelling of the elbow region as sign
of a hematoma caused by a ruptured vessel. A
cold and pale skin of the forearm or a delayed
capillary refill can be a sign of the malperfusion
of the upper limb.

If there is the smallest hint of a vascular injury
a vascular specialist should be consulted. After
the physical examination, a Doppler ultrasound is
recommended. A monophasic or biphasic signal
could be a sign for an insufficient perfusion and if
available a duplex ultrasound should follow.
One of the following examinations should be
performed:

e Ankle or Brachial/Brachial Index (ABI or
BBI = systolic blood pressure in extremity
distal to the area of injury divided through the-
systolic blood pressure in brachial artery of
uninjured upper extremity.

e Arterial Pressure Index (API = Doppler arte-
rial pressure distal to injury/divided through
the Doppler arterial pressure from the unin-
volved upper extremity [6, 7].
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Fig. 10.2 Algorithm for evaluation of patient with suspected peripheral vascular injury. (Feliciano et al. 2011, modified

by H. Wendorff 2017)

e If the ABI/API is below 0.9 a further diagnos-
tic imaging is needed.

With the duplex/colour coded ultrasound
examination, the continuity, injury or a disruption
of the vessels can be approved. The duplex ultra-
sound has an excellent accuracy in assessing arte-
rial injuries. The sensitivity is reported to reach
100% and the specifity exceeds 95% [8—12]. The
quality and availability of the ultrasound depends
on special trained technicians or vascular
surgeons.

If no ultrasound is available or the situation
remains unclear, a CT-Angiography (CTA) or a
conventional angiography of the upper extremity
is necessary [13]. Because these leads to a delay
in treatment, this increases the complication rate
by 1-4% (Fig. 10.3).

After the initial assessment of the vascular
system, further controls are mandatory to
check the status of the vascular perfusion and

avoid to miss a forsening which might leds to
severe damages due to hypoxia or structural
changes [1].

Injury Pattern and Surgery
Related Anatomy

The majority of elbow traumas are closed and the
dislocation is posterior, but a small percentage
are either anterior dislocations or open limb frac-
tures [14]. Depending on the kind of trauma, a
direct injury by bone fragments creates a pene-
trating vessel injury, were as on the otherside a
stretching, overstreching or rupturing by the dis-
located joint produces a blunt vessel injury.
Most commonly the transection is probably
caused by a quick posterior movement of the
unflexible bicipital aponeurosis, which is above
the artery [15]. But as it is described, traumatic
brachial artery rupture can already occur just by
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Fig. 10.3 CT-Angiography left upper extremity (discon-
tinuated brachial artery (Arrow))

hyperextension of the elbow without accompany-
ing luxation [16].

In the case of a posterior luxation, the brachial
artery, which is located at the medial edge of the
brachial biceps, dislocates together with the
median nerve more ventrally and is then
consecutively injured through the aponeurosis,
which moves in the opposite direction, as it is
still fixed to the bone [17].

A great number of collaterals (Fig. 10.4), so
called radial recurrent artery, anterior and poste-
rior ulnar recurrent artery, inferior and superior
ulnar collateral artery, can compensate the dis-
rupted brachial artery.

Therapeutic Options
Non-operative Treatment

Before the Korean War in the years 1950-1953
the accepted therapeutic management of major

brachial artery injuries consistet out of ligation of
the injured vessel, relying on the collateral circu-
lation [18]. The problem was, that if the collateral
circulation wasn’t sufficient enough or was
disrupted as well, the malperfusion of the fore-
arm led to a gangrene or even an amputation [19].

Today each injury of the brachial artery should
be examined by a vascular specialist and should
then underwent open surgery if necessary. In iso-
lated cases an endovascular approach is feasible
but requires a safe passage of a guidewire through
the injured vessel to restore distal perfusion [20].
The longterm patency of endovascular treatment in
the brachial artery is unknown [21], in the literature
only some case reports are reported [20, 22]. If an
endovascular approach is favored, it should be
done in a hybrid OR to be able to convert when
necessary and treat associated injuries as well [20].

Exeptions are for example no “Redflag” sign
[6] for a vessel injury, in combination with pal-
pable peripheral pulses and good Doppler signals
(triphasic) [14].

In the case of a decision for non-operative
treatment it is recommended to reevaluate the
perfusion in frequent intervals. A permanent
pulse oximetry on the injured extremity can help
to identify a late worsening of the perfusion state,
which especially can occur in patients with grade
2 blunt vascular injury (according to the Vollmar
classification), which is often missed on the ini-
tial physical examination.

Surgical Treatment

An absolute indication for open surgery, is the
case of an open fracture in the elbow region.
Hereby the vessels should be extensively exam-
ined. Also in case of an closed trauma with an
suspected vascular injury an open surgery by a
vascular surgeon is necessary. The surgeon
should ideally wear a magnification loupe or
should use the operating microscope. Beside the
usual instruments special vascular instrument
should be available (retractors, vascular scissors,
vascular forceps, fine-tipped needle holders, ves-
sel loops, Fogarty ballons with stopcocks,
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unfractionated heparin solution and contrast
agent for the angiography) [23]. The skin disin-
fection of the injured upper extremity should
include the whole arm because of the proximal
and distal control of the potential injured brachial
artery and to check the perfusion of the hand and
the peripheral pulses during surgery [4, 24].

To expose the brachial artery proximal and
distal to the elbow, a “lazy S” skin incision should
be used [25]. It is important to dissect far enough
proximal and distal to control the inflow, the
backbleading as well as bleeding out of collater-
als when exploring the injured region [25, 26].
After exposing the vessels vascular occlusion
should be done by applying special vascular
clamps (DeBakey, Dardik, Bulldog, Yasargil),
block catheters orelastic vessel loops. Then the
further exploration should be done by removing
the hematoma which helps to better identify the
anatomic structures. This can be difficult depend-
ing of the degree of damage (Fig. 10.5).

For the management of the vessel repair Feliciano
et al. created 2013 an algorithm (Fig. 10.6).

Small lacerations can be repaired by lateral
angiorrhaphy with 5/0 or 6/0 polypropylene sutures
(transversely) [24]. If it is foreseeable, that the suture
generates a significant stenosis, primarily a vein
patch should be done. If the artery is disrupted com-
pletely and the ends of the artery are not strongly
destructed, a direct end-to-end anastomosis is pos-
sible. If this would leds to tension on the ends or in

Brachial artery

Inf. ulnar
collateral artery

Sup. ulnar
collateral artery

Ant. ulnar
recurrent artery

Post. ulnar
recurrent artery

Fig.10.5 Intraoperative exploration of the lacerated bra-
chial artery; The proximal brachial artery is marked by a
red vessel-loop, the distal end is tagged by an arrow and
the median nerve is conserved

the case of segmental loss of the artery, an autoge-
nous reversed vein graft interposition is necessary
(Fig. 10.7). This could be harvested for example
from the same arm (e.g. basilic or cephalic vein) or
an uninjured leg (great or small saphenous vein).

Alternatively if autologous veins are not
available, a PTFE (polytetrafluorethylene) graft
can be used. The long-term patency of PTFE
grafts is significantly shorter compared to vein
grafts [27].

If the soft tissue loss is to heavy, a muscle flap
should be transposed to cover to neurovascular
bundle. If this is not possible, an extraanatomic
bypass should be considered early [28].
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Operation because of
Vascular injury (hemmorrhage, pulseless,
abnormal imaging)
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E to E Anastomosis Muscle flap/ Temporary shunt

Extraanatomic bypass

Veingraft, PTFE graft

Orthopedic repair

Completion angiogram

Veingraft, PTFE graft

Fig. 10.6 Management algorithm for peripheral vascular injuries. (Feliciano et al. 2013, modified by H. Wendorff

2017)

A major complication after longer extremity
ischemia and consecutive revascularization is a
compartment syndrome. Therefor a prophylactic
fasciotomia of the forearm might be necessary,
depends on the swelling or on the severity of the
ischemia.

At the end a completion angiography should
be done to confirm a good result of the
reconstruction and to identify early technical
problems or rest thrombus in the arteries [23, 24,
29, 30] (Fig. 10.8).

Postoperative Care

Postoperative it is important to frequently exam-
ine the perfusion of the revascularized extremity
to detect a further worsening of blood circulation
at an early. The examination should include fre-
quent test of the peripherial pulses as well as the
sensibility of the forearm. If the patient requires
intensive or intermediate care a pulse oximetry
should be used to assess the extremity perfusion.
An adequate infusion therapy is as important as
the administration of an antiplatelet drug (ASS or

Fig. 10.7 Vein-Interposition with median cubital vein
(prox. and distal anastomosis are tagged by an arrow)

Clopidogrel for a minimum of 3 month). Wound
assessment should be done every day.

Four to six weeks after the revascularization
an examination by a vascular surgeon including a
duplex ultrasound should take place to evaluate
the vascular reconstruction.

If there are any problems concerning the per-
fusion of the forearm a vascular specialist should
immediately be consulted.
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Outcomes and Complications

Concerning, that only a small number of published
cases exist, the overall outcome of patients receiv-
ing vascular repair after elbow trauma was satisfac-
tory [3]. An analysis of nine cases done by Ayel
et al. showed, that only one patient had a secondary
thrombosis of the vascular graft, which required
re-do surgery. All other patients (89%) had no com-
plications related to the vascular reconstruction at a
minimum of 2 years’ follow up [17].

As already mentioned above, one of the most
common complication beside the occlusion of the
vascular graft is the development of a compart-
ment syndrome [31-34]. The signs for the com-
partment syndrome are severe pain (particularly
pressure pain, pain with passive stretch of the wrist
and digits) [35, 36] and neurological deficiency
(paresthesia) [37], they are frequently absent or
masked in trauma patients because of refracting
injuries and/or an altered mental status [24]. The
key physical findings are disproportionate pain to
the associated trauma and pain on passive move-
ment of the muscles of the involved compartments.
The real incidence of clinical relevant compart-
ment syndrome after modern extremity vascular
injury is unknown because of the common use of
prophylactic fasciotomies [24, 25].

A prophylactic fasciotomy after arterial
revascularization especially in combination with
a dislocation or fracture can prevent a compart-
ment syndrome and therefore its benefits clearly
outweights the complications (wound healing,
additional operative procedure) [38]. The fasci-
otomy of the forearm should particularly be per-

formed in cases of late revascularization or
complete or severe ischemia [17]. The skin inci-
sion should be done on the ventral side of the
forearm in a straight line from the elbow region
to the wrist joint [36]. The fasciotomy incisions
should be executed to volar and dorsal faces of
forearm [37] and should include the separation
of the carpal tunnel to avoid compartment syn-
drome of the hand [36]. After the fasciotomy and
the load removal of the muscle compartment, the
wound should be covered with artificial skin
(Epigard®, Orthomed Medizintechnik GmbH)
and should be closed after a few days of detu-
mescence [36].
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Epidemiology of Nerve Injuries

Nerve injury is an uncommon complication of
fractures and dislocations of the elbow. The
assessment and treatment of nerve dysfunction
after trauma around the elbow remains a chal-
lenging and controversial topic. The anatomic
positions of the radial, median, and ulnar nerves
and their major branches make them vulnerable
at several sites (see Fig. 11.1a, b). This is the rea-
son for the relationship between particular nerve
injuries and fracture patterns, such as radial nerve
paralysis and humerus shaft fracture. Posterior
interosseus nerve injury with Monteggia fracture
dislocation [1] and/or anterior interosseus nerve
injuries with elbow dislocation [1].

When recognized as a paralysis after elbow
trauma, it is not always clear how severe the
nerve injury may be, although most lower energy
injuries are fully recoverable. Although the time
frame to intervention remains controversial for
specific injuries, longstanding dysfunction neces-
sitates surgical exploration and either neurolysis,
transposition, repair, and/or reconstruction with

S. Deiler (<) - H. Vester

Interdicsiplinary Center of Hands (IHZ), Clinic

and Polyclinic for Trauma Surgery and Orthopedics,
Munich, Germany

e-mail: Stephan.Deiler @mri.tum.de

© Springer Nature Switzerland AG 2019

tendon transfers. Considerable controversy
remains regarding the need for early exploration
in closed humeral shaft or supracondylar fractures
and the role of ulnar nerve transposition after
elbow trauma.

Ulnar neuropathy is associated with fractures
of the distal humerus in up to 50% of patients
[2—4]. This prevalence of injury is multifactorial
and the result of the proximity of the nerve to the
injury zone, handling of the nerve during surgical
intervention, or postoperative scarring around the
implants and the surgical site [5].

Classification of Nerve Injuries

Nerve injuries are commonly classified accord-
ing to the Sunderland classification. The mildest
injuries are neurapraxias (Sunderland grade 1),
which involve dysfunction without nerve sheath
disruption [6-8]. The nerve velocities in this type
of injury may be normal or may slow 1-3 weeks
after injury. Subsequent electromyography
(EMG) studies may show recruitment of muscles
units and fibres [7].

Sunderland grade 2, also called axonotmesis is
the result of internal nerve fibre damage, which
results in complete Wallerian degeneration [7, 8].
These may be secondary to stretch injury [9].
However, the endoneurium remains intact, which
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Fig. 11.1 Anatomy of the peripheral nerves. (a, b) Depict the nerves of the upper limb. Exact anatomic knowledge is
mandatory for a surgical approach and understanding of certain patterns of injury or nerve deficiency

helps guiding the regenerating fibres to the distal
end fibres [8]. Up to 7 days after trauma, the dis-
tal nerve conduction velocities may be normal
with denervation occurring at 2-5 weeks and
re-innervation at 6-8 weeks after injury [8, 7].
These two categories however have a good to
excellent prognosis for spontaneous resolution
[6, 8, 10]. Injuries according to Sunderland grade
3-5 are classifies as neurotmesis. They involve a
complete division of the nerve and do require
surgical intervention for recovery of function [8,

10]. In the majority of cases, injuries of nerves
about the elbow are grade 1 or 2 after Sunderland
and occur mostly after transient stretching or
compression from fracture fragments, tissue
oedema or haematoma [8, 10].

Fractures can typically lead to neurapraxia,
while axonotmesis or neurotmesis are more
likely a consequence of fracture fragment dislo-
cation [7]. Blunt trauma typically results in axo-
notmesis or neurapraxia [11] (see Table 11.1
[12, 13]).
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Table 11.1 Sunderland and Seddon classification [12, 13]

Type 1  Conduction block (neurapraxia)

Type2  Axonal injury (axonotmesis)

Type 3  Type 2 + Endoneurium injury

Type4  Type 3 + Perineurium injury

Type 5  Type 4 + Epineurium injury (neurotmesis)

This table depicts the classification of nerve injuries accord-
ing to the Sunderland and Seddon classifications. Both clas-
sifications overlap. While Seddon classified nerve injuries
into three different categories: neurapraxia, axonotmesis,
and neurotmesis; Sunderland expanded Seddon’s axonot-
metic category, for a total of five degrees of nerve injury.
Basic knowledge of the different degrees of nerve injury is
mandatory to understand the need for observation in some
patients and for surgical intervention in others

Diagnosis, Evaluation and Therapy
of Nerve Injuries

A complete and careful physical examination and
clinical history are eminent for correct diagnosis
and accurate assessment of nerve injury, which is
essential for initiation of the correct therapy [6, 8,
14]. Radiographic, nerve conduction and EMG
studies may be helpful but most authors recom-
mend waiting to obtain EMG studies for at least
3—4 weeks after injury [14]. Earlier EMG studies
typically only show a conduction block at the
injury segment but may fail to differentiate
between neurapraxia and axonal loss. Therefore,
waiting a minimum of 3—4 weeks after injury to
obtain EMG studies maximises diagnostic
accuracy in terms of localization and degree of
injury [8, 11].

However, some authors also advocate using
EMG early on to differentiate neurapraxic
injuries from more severe lesions as some-
times fibrillation potentials (suggesting a
Wallerian degeneration, which means an axo-
nal loss) may be seen as early as 10 days after
injury [6]. Regarding nerve injury treatment
there are several possibilities ranging from
observation, exploration and neurolysis, or
excision of the injured segment with nerve
grafting, nerve transfers, or tendon transfers
[6, 14, 15 16] (Fig. 11.2). No matter which
definite treatment for the nerve injury is cho-
sen, it is eminent to take supportive care of the

patient in the meantime. Fracture manage-
ment, optimizing conditions for soft tissue
healing, prevention of infections and main-
taining joint mobility are crucial steps at every
stage of nerve injury management [11].
Moreover, it is eminent to protect insensate
skin from further injury [15].

In case of a traumatic peripheral nerve lacera-
tion, an immediate end- to-end repair of the nerve
is indicated [6]. Sometimes, nerve ends are badly
contused or otherwise damaged, so that a delay
of 2-3 weeks can be discussed to allow tissue
demarcation to occur with subsequent primary or
nerve graft repair [6, 17]. In general, a primary
end-to-end suture repair under minimal tension is
clearly preferred, however, if a large structural
gap is present then a nerve graft may be required
[6]. For this nerve graft, the sural nerve or the
lateral antebrachial or medial antebrachial cuta-
neous nerve can be used [6].

In case of proximal nerve injuries with a great
distance to the corresponding muscle, unrecon-
structable segmental nerve tissue loss or brachial
plexus avulsion injuries, a nerve transfer may be
indicated [16]. A nerve transfer includes complex
rerouting of active nerves to the denervated end
organ, including transfer of proximal trunks from
normal nerves to the distal stumps of the injured
nerve. Afterwards, for cortical remapping, a com-
plex and complicated rehabilitation course is
required [15].

It is known that the motor end plates become
refractory to re-innervation between 15 and
18 months in adults [16]. As the nerve regenera-
tion after repair proceeds generally at a rate of
about 1 mm per day [15], the time frame in
which the denervated muscle can be successfully
re-innervated after nerve repair can be calcu-
lated. Irreversible muscle atrophy occurs proba-
bly after 18 months, therefore this is the time
frame in which the regenerated nerve must reach
the target muscle. Thus, for successful nerve
reconstruction, the sum of the duration from
denervation to repair in months plus the distance
from the site of injury to the target muscle should
be less than 18 [16].
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Muscle branches
Sensory branches

Fig. 11.2 Clinical aspect of the median nerve during
surgical exploration at the elbow. This patient has been suf-
fering from an AIN nerve palsy for several months without
signs of recovery. Therefore a surgical exploration was

For evaluation of the nerve function return
several signs may be helpful on clinical evalua-
tion [18]. The examination of motor function and
strength [19] is of course obligatory. Sweating
may be seen without sensory return but return of
sensation is rarely seen without preceding or
accompanying return of sweating. Other useful
signs are the monitoring of the vibratory sensa-
tion and the two point discrimination [18].

Nerve Injuries After Fractures

Up to 80-90% of the upper limb nerve injuries
are caused by fractures [7]. However, nearly all
of these nerve injuries (86—100%) in every age
group are neurapraxias which means that no sur-
gical intervention is necessary as they recover

Median nerve
Anterior interosseus nerve

indicated. During surgery no signs of nerve injury could be
found, therefore we diagnosed a neurapraxia and pro-
ceeded with conservative treatment and observation

spontaneously within 2—6 months [6-8]. Thus,
observation for 6 months, followed by electrodi-
agnostic studies to facilitate a decision about
surgery is the recommended treatment [8].
However, some particular nerve palsies have
been found to be more common with certain
elbow injuries [7, 8].

Radial Nerve Injury/Palsy
with Fractures of the Humerus Shaft

Radial nerve palsy after fractures of the humerus
is the most common nerve lesion in long bone
fracture, the most common cause being diaphy-
seal humerus shaft fractures [20-22] which
accounts for approximately 3% of all orthopaedic
injuries [23-26]. Its relationship to the radial
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nerve injury is due to the anatomic position of the
nerve in the transition from the middle to the dis-
tal third of the humerus [24, 27, 28].

The incidence of radial nerve injury associ-
ated with diaphyseal humerus fracture is cited in
the literature between 11% and 18%, indicating
car accidents as the leading cause, mainly young
men and older women represent the affected pop-
ulation [23, 26].

The classic clinical symptoms of the radial
nerve palsy are the inability to extend the wrist,
loss of extension of the fingers in the metacarpo-
phalangeal joints and inability to extend and
abduct the thumb. This leads to the typical known
wrist-drop deformity which represents a signifi-
cant functional damage to the hand, since the
inability to extend and stabilize the wrist prevents
proper use of extrinsic flexors for hand closing,
thus, weakening and lowering the grip and
diminishing coordination.

In spite of permanent improvement of thera-
peutic strategies for a better patient outcome,
there is still a controversy regarding the best
treatment and time point of radial nerve palsy.
Noncontroversial indications for early explora-
tion include: fractures with unacceptable align-
ment or secondary dislocation after closed
treatment, open fractures, fractures with asso-
ciated vascular injuries and multiple limb
involvement in patients with polytrauma.
So far, the literature remains indecisive about
closed fractures that can be treated
conservatively.

However, early exploration of the radial nerve
seems to be advantageous in some points. It is
technically easier and safer than the delayed pro-
cedure. Direct examination of the nerve clarifies
the diagnosis and the extent of the lesion. By
early stabilization of the fracture the risk of the
nerve being trapped by scar tissue and callus can
be reduced. Reduction of the open fracture helps
to minimize the risk of further damage to the
nerve from mobile bone ends [29-32].

The opponents of early exploration claim high
rates of spontaneous recovery and have advised a
policy of expectancy [10, 33, 34], for prevention
of unnecessary complications attendant on explo-
ration. They argument that the real extent of the

neurilemmal sheath damage cannot be stated
immediately but it needs some time until the
extent of nerve damage can be defined, which
makes repair easier. Moreover, it is more com-
fortable to treat the nerve when the fracture is
healed. However, these studies are uncontrolled
retrospective case series, mostly with only small
number of patients [31]. Noaman et al. recom-
mend early radial nerve exploration (within the
first 2 weeks) in patients with open fractures of
humerus with radial nerve injury, fractures of dis-
tal third of humerus either transverse or oblique
and in postreduction radial nerve injury [35]. On
exploration often nerve compression at the inter-
muscular septum, an entrapment in the fracture
site or even loss of its continuity can be found.
Some authors have also described a negative
exploration [31].

Regarding the injury or irritation of the nerve,
different treatment options are given. If the nerve
is entrapped in the muscle or by the fracture, a
neurolysis is indicated, if the nerve is cut in two
or partially injured, epineurorrhaphy needs to be
performed. If epineural radial nerve repair can-
not be performed primarily or secondarily due to
a defect in the nerve, a nerve graft is needed. In
the severe and rare case of a total avulsion of the
radial nerve from the posterior cord, a first-
intention tendon transfer can be performed.

Monteggia Lesion and Nerve Injury

Monteggia fractures are classified according the
Bado classification [36]. It is a fracture of the
proximal third of the ulna with a concomitant ante-
rior dislocation of the radial head. The radial nerve
can be involved in a Monteggia lesion by the frac-
ture dislocation. After having given off the ramus
superficialis with motor and cutaneous sensory
fibres, the nerve continues in ramus profundus,
giving off motor branches to the extensor carpi
radialis brevis and supinator muscles. The ramus
profundus enters the supinator proximal the neck
of the radius. After emerging from the supinator it
gives off branches to the extensor muscles and the
abductor pollicis longus and the extensor pollicis
longus and brevis. In 30% a fibrous arch can be
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found at the muscle insertion, which helds the
nerve tight to the bone. Compressions of the nerve
often occur at this point [37].

There has been great variation in the reported
incidence of nerve injury and the degree of spon-
taneous recovery after Monteggia fractures of the
elbow. Most large series mix pediatric and adult
patients and various types of Monteggia fractures
and their equivalents.

Several mechanisms of traumatic neuropathies
of the radial and ulnar nerves that are associated
with Monteggia lesions have been documented
and discussed. Some described the nerve lesion
following Monteggia fracture as the result of a
direct trauma or a compression of the nerve [38],
an entrapment between the radius and ulna, a
stretching of the nerve due to the dislocation of
the radial head, a delayed palsy as the result of an
old unreduced radial head and displacement of the
nerve around the radial neck during attempted
closed reduction [39]. Patients with a neuropathy
of the anterior interosseus nerve present with par-
tial or total paralysis of the flexor pollicis longus,
the flexor digitorum to the index finger, and the
pronator quadratus, with no loss of sensation [40].
There are also a few cases reported with higher
ulnar nerve lesions and posterior interosseous
nerve palsy [41]. In two cases, the nerve was
explored at the elbow and a soft pseudoneuroma
proximal to the site of constriction between the
two heads of the flexor carpi ulnaris could be
detected. In general, the neurologic lesions after
Monteggia resolve spontaneously and Givon and
other authors suggested that the nerves should be
explored only in cases of irreducible dislocation
[41, 42]. Some authors recommend exploration at
12 weeks if no sign of spontaneous recovery is
present [41]. Moreover, an open reduction and
exploration of the posterior interosseus nerve may
be necessary in case of chronic dislocation or sub-
luxation of the radial head [8].

Dislocation of the Elbow
and Nerve Injury

Although nerve injury after elbow dislocation is
well described, the true incidence can only be
estimated about 14%. The true incidence remains

elusive as the literature is full of case reports and
series but they combine children with adults and
simple dislocation with fracture and/or disloca-
tion [43—45]. The most common injury seems to
be an ulnar nerve neurapraxia that spontaneously
resolves after closed reduction [7, 8]. Usually, the
median nerve, radial nerve, or posterior interos-
seus nerve are affected only in rare cases [8, 16,
44]. However, in general, these nerve lesions
recover spontaneously. There are a few cases
reported in the literature with unfavourable out-
comes after closed elbow dislocation and ulnar
nerve lesions like persistent dysesthesia and two
patients out of 1546 needed a nerve transposition
[42, 44].

Summary

Nerve injury is an uncommon complication of
fractures and dislocations of the elbow.
However, the anatomic positions of the radial,
median, and ulnar nerves and their major
branches make them vulnerable at several sites.
This is the reason for the relationship between
particular nerve injuries and fracture patterns,
such as radial nerve paralysis and humerus
shaft fracture. Posterior interosseus nerve
injury with Monteggia fracture dislocation and/
or anterior interosseus nerve injuries with
elbow dislocation. Nerve lesions are classified
according to the Sunderland classification.
Generally, nerve lesions after elbow trauma or
closed elbow dislocations are neurapraxia or
axonetmesis (Sunderland grade 1 or 2), with a
good to excellent prognosis for spontaneous
resolution. Therefore, in most cases injury rep-
resents contusion of the nerve and is managed
adequately by observation and supportive mea-
sures alone. Noncontroversial indications for
early exploration include: fractures with unac-
ceptable alignment or secondary dislocation
after closed treatment, open fractures, fractures
with associated vascular injuries and multiple
limb involvement in patients with polytrauma.
Nevertheless, caution should be exercised when
performing procedures in this region and a
thorough knowledge and appreciation of the
relevant neuroanatomy of this region is crucial.
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In case of persisting nerve palsy after elbow
trauma and conservative treatment for 3 months
a surgical exploration is indicated. No matter
which final treatment for the nerve palsy is
indicated, these patients need close monitoring,
physiotherapy and adequate support as nerve
repair takes its time.
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