Coronal Shear Fractures of the Distal Humerus
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Coronal shear fractures are partial or complete articular fractures of the distal humerus without involvement of the
columns, which can affect the capitellum, the trochlea, or both.
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| 1. Classification

The Bryan—-Morrey classification & is strictly focused on the capitellum. Type 1 (Hahn—Steinthal fracture) is a fracture that
involves only the capitellum with attached subchondral bone. Type 2 (Kocher—Lorenz fracture) is an isolated fracture of
the capitellum with the fragment consisting mainly on articular cartilage. Type 3 (Broberg—Morrey fracture) is an isolated
capitellar fracture with comminution. A type 4 lesion (McKee fracture) @ was further added and is a capitellar fracture that
extends medially into the trochlea. Watts et al., reviewed 79 coronal shear fractures and observed that type 1 fracture was
the most common one (47%) followed by type 4 (41%); type 2 occurred in 8% and type 3 in 4% [,

Dubberley et al., published a more recent classification to better characterize capitellar fractures in order to drive the
surgical management and to potentially predict the outcomes 4. Type 1 is an isolated fracture of the capitellum extended
to the most lateral portion of the trochlea (i.e., the equivalent to the Hahn—Steinthal fracture). Type 2 is a fracture of the
capitellum and trochlea in a single fragment (i.e., the equivalent to the McKee fracture). Type 3 involves both the
capitellum and the trochlea as separate fragments. These three types are further divided into subtype A—without posterior
comminution or subtype B—with posterior comminution. Watson et al. proposed a rare “Type 4 fracture” which is a type 3
fracture with associated sagittal and axial plane fracture lines, creating multiple smaller fragments of the capitellum and
trochlea B!, This type of fracture is mainly seen in osteoporotic patients (Figure 1). One limitation of the Dubberley
classification is that it does not include the associated injuries. There are no robust scientific data to draw conclusions on
how these injuries influence both the treatment and the clinical outcomes.




Figure 1. The Dubberley classification of capitellar and trochlear fractures. Subtype (A) fractures are not characterized by
posterior comminution, while Subtype (B) show posterior comminution (From Dubberley J.H., Faber K.J. and Macdermid
J.C. et al. Outcome after open reduction and internal fixation of capitellar and trochlear fractures. J Bone Joint Surg Am
2006; 88: 47 [ with permission).

The rare isolated fractures of the trochlea (T) can be included in the Dubberley classification as type 1T, differentiating it
from fractures of the capitellum.

Ring and Jupiter proposed another descriptive classification €. Type 1 is a coronal shear fracture composed of a singular
articular fragment that includes the capitellum and the lateral portion of the trochlea. Type 2 involves the lateral
epicondyle. Type 3 is characterized by a further impaction of the metaphyseal bone behind the capitellum in the distal and
posterior aspect of the lateral column. Type 4 is a fracture that includes the posterior aspect of the trochlea. Lastly, type 5
is a fracture that involves the medial epicondyle.

Finally, there is the AO-ASIF classification [, Coronal shear fractures are classified as type 13B3 (distal humerus, partial
articular, frontal/coronal plane): 13B3.1 for capitellar fractures; 13B3.2 for trochlea fractures, and 13B3.3 for both capitellar
and trochlea fractures.

| 2. Treatment Options and Results
2.1. Planning

In order to best plan the treatment, careful evaluation of the fracture morphology and associated injuries with the CT scan
should be done. Posterior comminution poses higher risk of avascular necrosis and biomechanical failure of fracture
fixation [IEIE!, Medial extension drives the decision regarding the choice of surgical approach between a lateral, extended
lateral, combined lateral and medial, or olecranon osteotomy approaches BB, |mpacted fracture fragments can be
difficult to detect intraoperatively; if not identified pre-operatively, anatomic fracture reduction may not be possible. The
associated radial head and more rarely, coronoid fractures, are diagnosed with the CT scan. Data regarding treatment of
radial head fractures in the setting of coronal shear fractures are lacking. Nevertheless, the radial head should be treated
as a fracture-dislocation, and fixation versus replacement should be performed depending on the level of comminution.

Associated LUCL tears are more difficult to diagnose pre-operatively, and the diagnosis is typically intraoperative. We
believe that LUCL tears are common. Additionally, during the extended lateral approach the LUCL often needs to be
detached if it is not already torn. Thus, the LUCL is almost always repaired.

2.2. Nonoperative Treatment

Few studies have reported on closed treatment with marginal results LUI2LSIIAIASIAGIAT - Ochner et al. described a
closed maneuver performed acutely after the injury in noncomminuted fractures 123!, After extension and supination, the
elbow undergoes traction and varus stress followed by flexion and pronation. Then, the elbow is immobilized in a cast for
around 3 weeks. More recently, Catbush et al. described seven adult patients fracture conservatively treated and no signs
of fracture displacement, osteoarthritis, or avascular necrosis 4. After an average follow-up of 41.6 months, patients
showed 97% of their active elbow flexion, 83% of elbow extension, and full pronation—supination. However, the study only
included Bryan—Morrey type 1 fractures, which represent only around 40% of all the shear fractures.

Although no robust scientific data exists that can help the surgeon decide, nonsurgical treatment is not usually
recommended, as it is associated with a high risk of stiffness, pain, and post-traumatic arthritis 2211131 patients unfit to
have surgery could have consideration of this option [LQJI18[19]

2.3. Fragment Excision

Excision is an option for small fracture fragments that are determined to be not fixable. The risk of intraarticular adhesions
following the exposure of cancellous subchondral bone must be taken into consideration 29 If the fracture involves the
lateral trochlear ridge or further, excision is contraindicated, as it may destabilize the elbow 2 however, there are no
published data to support excision based on fracture classification 1€, Additionally, a medial collateral ligament tear
contraindicates excision, due to the subsequent risk of chronic valgus instability 1122 (Figure 2).



Figure 2. (A) Preoperative CT scan and (B) post-operative X-rays of a Bryan—Morrey Type Il fracture treated with
fragment excision and lateral collateral ligament repair using a suture anchor.

In the largest series describing excision, some including the trochlea, 29 patients were retrospectively reviewed (20
treated with excision and 9 with fixation), the results of excision were fair or poor with mean loss of ROM of 40° 11,
Fowles et al. tried an initial non-operative treatment and a delayed fragment excision if the elbow remained symptomatic.
Their case series describing six patients reported worse outcomes in three patients treated after a mean of 5.7 months
after trauma than the three treated within 24 h from trauma (91° vs. 141° of flexion, respectively—some residual pain in
the group was later treated) (23],

In the rare cases of an isolated fracture of the trochlea, fragment excision is not a viable option because of the key role of
this portion in elbow function 24,

2.4. Arthroscopic Treatment

Arthroscopy has been proposed both for fragment excision and fixation 22I[2827(28] ith theoretical benefits of minimal
dissection, no dynamic stabilizers disrupted, and lower risk of infection, arthroscopy has the potential for a more precise
articular fracture control, removal of loose bodies, and perhaps a better evaluation of the medial part of the joint [28127][28]
(291 However, it is highly technically demanding and neurovascular structures are at risk of iatrogenic injury.

Comminution can be a contraindication to arthroscopic fixation, especially if posterior, (i.e., Dubberley subtypes B) 4. A
relative contraindication is the Dubberley 3A fracture, as the capitellum and trochlea present as separate fragments 22129,

Only few cases are reported in the literature and some lack intraoperative images. However, the early results appear
promising. Van Nguyen, et al. 29 recently described their arthroscopic technique without clinical results. 22 First, varus
stress is applied, followed by progressive elbow extension to reduce the fracture under arthroscopic visualization. Then,
the reduction is refined using an arthroscopic periosteal elevator in 90° elbow flexion inserted through the anterolateral
portal. A probe inserted through the posterolateral portal helps maintain the reduction, while the fragment is temporarily
fixed with Kirschner wires. Definitive fixation is performed retrograde with percutaneous headless compression screws
under the control of both fluoroscopy and arthroscopy.

2.5. Open Reduction and Internal Fixation (ORIF)

Most of the patients sustaining coronal shear fractures undergo ORIF. Due to the relatively uncommon nature of the
pathology, the literature mostly consists of case series. Comparison studies regarding surgical approach and type of
fixation are not reported. There are no data suggesting the optimal timing for surgery. However, earlier is likely best in
order to reduce the amount of intra-articular scar tissue, subchondral bony resorption, and cartilaginous edema. Early
surgery can potentially reduce the risk of bone avascular necrosis and accelerate the rehabilitation program.

2.6. Surgical Approaches

The ideal surgical approach depends on fracture characteristics, associated injuries, and surgeon preference.

Either a lateral, anterolateral, combined lateral and medial, or posterior superficial approach can be chosen, with the latter
preferred when the fracture line extends far medially and posterior. Then, a deep lateral approach is usually sufficient. The
Kocher interval is developed Bl and, if the lateral ulnar collateral ligament (LUCL) is intact, the capsule between the
extensor carpi ulnaris and the anconeus should be incised as far anterior as possible, in order to preserve the LUCL
integrity B2, When the fracture line extends toward the trochlea, an extended Kocher approach might be preferred 33—
starting the incision at the supracondylar ridge and detaching the origins of the wrist extensors and brachioradialis from
the lateral condyle. The origin of the LUCL sometimes needs to be detached as well to expose the posterior capitellum or
mobilize impacted fragments in order to obtain an anatomic reduction and adequate fixation. Additionally, by raising the



LUCL origin off the bone, the joint can be hinged open to allow for better exposure of the medial trochlea, while preserving
the olecranon and medial soft tissues. In certain cases, the lateral epicondyle is fractured and the joint can be exposed by
simple mobilization of the fragment, with the LUCL remaining attached to the bone 4], Whenever the LUCL or the lateral
epicondyle is detached, it needs a careful reinsertion, with either suture anchors or bone tunnel fixation, in order to avoid
posterolateral rotatory instability.

An anterolateral approach has been described utilizing an “S” shaped incision: the brachioradialis and the radial nerve are
retracted laterally and the biceps medially B3, An anterior longitudinal incision through the brachialis and the capsule
follows. This is a particularly good option for Dubberley type 2A and 3A fractures 28, The disadvantages are that this
approach is not extensile, it requires retraction of nerves, and it does not allow visualization of the posterior aspect of the
capitellum.

When better visualization of the trochlea is needed, a separate medial “over the top” approach, described by Hotchkiss,
that spares the anterior bundle of the medial collateral ligament, can be used 4I[IE7],

In cases where severe medial and posterior comminution is observed, an olecranon osteotomy is an option. However, it is
important to note, as this approach preserves both the medial and lateral ulnar collateral ligaments, the most anterior
portion of the distal humerus is not clearly exposed even with extreme elbow flexion. A separate lateral window is
necessary to do so, with detachment of the extensor carpi radialis longus, the brachialis, and the anterior capsule of the
humerus. A triceps-sparing approach with subperiosteal elevation of collateral ligaments origin allows excellent
visualization, but the drawback is the associated risk of iatrogenic instability. This approach is a good option to treat a
severely comminuted fracture with an elbow replacement.

2.7. Fixation Techniques
2.7.1. Isolated Screw Fixation

Screw fixation is the most frequently used type of fixation. Several types, including cortical, cancellous small fragment,
Herbert, and headless compression screws, have been proposed 16!,

Isolated screws are sufficient in some cases, including those of Dubberley subtype A fractures. After reducing the fracture
by applying a clamp to obtain compression, the provisional fixation is obtained with Kirschner wires. These are usually the
guide wires for the cannulated screws. If not, provisional Kirschner wires should be placed along the fracture margins so

as not to interfere with placement of headless screws. We suggest the use of at least two screws and a divergent pattern
(Figure 3) [38139],

Figure 3. (A-C) Pre-operative CT scan; and (D,E) post-operative X-rays of a Dubberley 2A fracture fixed with
independent antigrade headless screws.

Screws with heads need to be countersunk within the articular surface, but we prefer headless variable pitch screws.
Matache et al., have recently demonstrated that the proximal third of the lateral trochlear ridge, on average around 5 mm
in width, is a non-articulating region of the articular surface of the distal humerus. Thus, this area is a good point for screw
insertion, especially when using an anterior-to-posterior lag screw; however, caution should be taken in small-statured
patients that may have a smaller safe-zone 22,



In a biomechanical study, headless compression screws were demonstrated to provide a more stable fixation of
capitellum fractures than four-millimeter partially threaded cancellous lag screws 4. Both Herbert (Zimmer, Warsaw,
Indiana) and Acutrak (Acumed Hillsboro Oregon) screws are options. However, after cyclic testing, which simulated
physiologic loading, Acutrak screws inserted in the AP direction perpendicular to the articular surface proved to provide
significantly more stable fixation than Herbert screws 42, This might be due to the fully threaded, tapered shape, and

variable pitch of the Acutrak screw. Nevertheless, several authors have reported good clinical outcomes using Herbert
screws [421[441145],

One limitation of the headless screws is the larger diameter due to the cannulation. Watson et al., have proposed the use
of locking screws buried within the articular cartilage, as they have a low profile compared to a cortical screw, and very
small diameter screws can be used 2.

The ideal orientation of the screws is still debated, and both options have limitations. Placing screws anterior-to-posterior
causes damage to the joint surface. Alternatively, screws placed posterior-to-anterior pose a risk to the blood supply of the
capitellum and trochlea. In a biomechanical study, the anterior-to-posterior direction provided a more stable fixation 411,
The posterior-to-anterior direction can potentially reduce the risk of collapse of the joint surface along with the
subchondral bone, which at times is very thin. With collapse, the physiologic anterior offset of the capitellum is altered with
subsequent risk of elbow instability due to the altered relationships between primary and secondary elbow stabilizers 48],
Lopiz et al., reported retrospectively on 18 patients, which were over the age of 65 and treated with either anterior-to-
posterior (11 patients) or posterior-to-anterior (nine patients) cannulated screws. At a mean of 4.1 years of follow-up,
elbow flexion, Mayo Elbow Performance Index and QuickDASH were slightly better in the posterior-to-anterior group, but
the difference was not statistically significant [44. When anterior-to-posterior orientation is preferred, biodegradable screws
might be considered, as they have been shown to provide a similar biomechanical stability as metal screws 48, However,
the risk of reactive synovitis should be considered. Hirvensalo, et al. reported in a case series of eight patients, at a mean
of 12 months of follow-up, one patient that developed synovitis that did not affect the final radiographic nor clinical
outcomes 49,
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