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Abstract
Coronal shear fractures of the distal humerus are rare, complex fractures that can be technically challenging to manage. They usually result from a low-energy fall and direct compression of the distal humerus by the radial head in a hyper-extended or semi-flexed elbow or from spontaneous reduction of a posterolateral subluxation or dislocation. Due to the small number of soft tissue attachments at this site, almost all of these fractures are displaced. The incidence of distal humeral coronal shear fractures is higher among women because of the higher rate of osteoporosis in women and the difference in carrying angle between men and women. Distal humeral coronal shear fractures may occur in isolation, may be part of a complex elbow injury, or may be associated with injuries proximal or distal to the elbow. An associated lateral collateral ligament injury is seen in up to 40% and an associated radial head fracture is seen in up to 30% of these fractures. Given the complex nature of distal humeral coronal shear fractures, there is preference for operative management. Operative fixation leads to stable anatomic reduction, restores articular congruity, and allows initiation of early range-of-motion movements in the majority of cases. Several surgical exposure and fixation techniques are available to reconstruct the articular surface following distal humeral coronal shear fractures. The lateral extensile approach and fixation with countersunk headless compression screws placed in an anterior-to-posterior fashion are commonly used. We have found a two-incision approach that results in less soft tissue dissection and better outcomes than the lateral extensile approach in our experience. Stiffness, pain, articular incongruity, arthritis, and ulnohumeral instability may result if reduction is non-anatomic or if fixation fails.
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Core tip: Coronal shear fractures of the distal humerus are rare, complex fractures that can be technically challenging to manage. Distal humeral coronal shear fractures may occur in isolation, may be part of a complex elbow injury, or may be associated with injuries proximal or distal to the elbow. This article aims to summarize the classification, evaluation, management (including surgical approaches, techniques, and post-operative care), and complications of these complex fractures as well as give recommendations on the management.
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INTRODUCTION
Coronal shear fractures of the distal humerus are rare, complex fractures that can be technically challenging to manage[1-3]. They usually result from a low-energy fall and direct compression of the distal humerus by the radial head in a hyper-extended or semi-flexed elbow or from spontaneous reduction of a posterolateral subluxation or dislocation[2,4,5]. Due to the small number of soft tissue attachments at this site, almost all of these fractures are displaced[2]. The incidence of distal humeral coronal shear fractures is higher among women because of the higher rate of osteoporosis in women and the difference in carrying angle between men and women[2,6-11]. Distal humeral coronal shear fractures may occur in isolation, may be part of a complex elbow injury, or may be associated with injuries proximal or distal to the elbow[2,6-10]. An associated lateral collateral ligament injury is seen in up to 40% and an associated radial head fracture is seen in up to 30% of these fractures[2,9,12]. Stable internal fixation restores articular congruity and allows initiation of early range-of-motion movements in the majority of cases[1-3]. Several surgical exposure and fixation techniques are available to reconstruct the articular surface following distal humeral coronal shear fractures. A lateral extensile approach and fixation utilizing countersunk headless compression screws placed in an anterior-to-posterior fashion are commonly used[1-3,7-10]. Stiffness, pain, articular incongruity, arthritis, and ulnohumeral instability may result if reduction is non-anatomic or if fixation fails[3]. We present several methods including a two incision method technique utilizing a direct lateral approach combined with a direct anterior approach. This paper aims to review the literature regarding distal humeral coronal shear fractures and to discuss approach and treatment techniques for these difficult fractures. The search algorithm and search criteria included any original and review articles on the topic of distal humeral coronal shear fractures.

CLASSIFICATION
Bryan and morrey classification
The most common classification of capitellar fractures is the expanded Bryan and Morrey’s types I-IV. Type I (Hahn-Steinthal) consists of a large fragment of trabecular bone of the articular surface of capitellum and with little to no extension into the lateral trochlea. The type II (Kocher-Lorenz) fracture is limited to the cartilaginous articular surface of the capitellum that may include a small fragment of subchondral bone. Type III (Broberg-Morrey, Grantham) is a comminuted/compression fracture of the capitellum[13]. Type IV fracture, later described by McKee, is a shear fracture of the distal end of the humerus that extends in the coronal plane across the capitellum to include most of the lateral trochlear ridge and the lateral half of the trochlea[14]. 

Dubberley classification
More recent attempts at distal humeral fracture classifications have attempted to characterize capitellar fractures in a manner meant to direct surgical management and potentially predict outcome of injuries. Dubberley et al[9] classified capitellar fractures into three types. Type 1 involving primarily the capitellum with or without lateral trochlear ridge, described as a coronal shear fracture equivalent to Hahn-Steinthal. Type 2 is a fracture of capitellum and trochlea in a single piece where the fracture extends in the coronal plane across the capitellum to include most of the lateral trochlear ridge and the lateral half of the trochlea – essentially McKee’s-described type IV Bryan and Morrey fracture. Lastly, type 3 involves fractures of both the capitellum and the trochlea as separate fragments. The fractures are further subdivided into type (A) or (B) depending on absence or presence of posterior condylar comminution, respectively[2,3,9]. 

Ring classification
Ring et al[8] also proposed a five-type system of capitellar fracture classification based on noted injury patterns given that isolated coronal shear fractures were described as rare[2,3,8]. The five types progressively include more distal humeral involvement beginning with Type 1, a coronal shear fracture comprised of single articular fragment that includes the capitellum and the lateral portion of the trochlea. Type 2 includes an associated fracture of the lateral epicondyle. Type 3 involves a further impaction of the metaphyseal bone behind the capitellum in the distal and posterior aspect of the lateral column. Type 4 adds a fracture of the posterior aspect of the trochlea. Finally, type 5 includes a fracture of the medial epicondyle[8].

Evaluation
Evaluation of a patient with a distal humeral coronal shear fracture involves clinical assessment and radiography[1]. A radiographic elbow trauma series consisting of AP, lateral, and radiocapitellar views as well as radiographic images of the wrist and forearm should be obtained requisitely[3]. The double-arc sign on lateral X-Ray (Figure 1) of the elbow is pathognomonic of a fracture with substantial extension into the trochlea (McKee’s type IV fracture in the Bryan and Morrey classification)[1,2,14]. However, X-rays only have a 66% sensitivity and a negative predictive value of only 63%-67% for detecting fractures beyond the capitellum[1,2,4]. For this reason, a preoperative CT scan of the elbow is recommended to better define the fracture and associated injuries and to guide operative planning[1,2,4,7,14,15]. A thorough neurovascular exam of the upper extremity, assessment of the forearm compartments, and a secondary musculoskeletal survey should always be performed in these patients[3]. Pain and guarding will limit assessment of elbow stability in the office setting or emergency department. As a result, thorough elbow assessment should be conducted at the time of surgical intervention under anesthesia[3]. In general, obtaining imaging of a joint above and below the level of injury will usually reveal bony injuries, but soft tissue injuries require a high index of suspicion and physical examination. This includes palpation of the entire extremity with particular focus on the distal radial ulnar joint and rotator cuff[3,16]. Follow-up examination and MRI scanning may be needed particularly of the shoulder[16].

Non-surgical treatment
Non-surgical management of coronal shear fractures of the distal humerus is reserved only for patients not medically fit for surgery. Otherwise, it is not recommended to treat these fractures non-surgically. Non-operative treatment would involve closed reduction with prolonged immobilization. Such measures often lead to suboptimal results and complications such as chronic pain, mechanical symptoms, and instability[1-3]. 

Surgical treatment
The goal of surgery is to restore articular congruity and obtain stable fixation, allowing for early range-of-motion to minimize the sequelae associated with non-op treatment: arthritis, pain, stiffness, and instability[2]. Surgical options include open reduction and internal fixation (ORIF), excision, total elbow arthroplasty, and arthroscopic reduction and fixation[2]. These types of surgical treatment and their indications are discussed individually below.

ORIF
ORIF results in good to excellent outcomes [measured by the Mayo Elbow Performance Score (MEPS)] in the majority of patients with coronal shear fractures of the distal humerus[1,2]. Based on many studies, the mean flexion-extension arcs after ORIF of a distal humeral coronal shear fracture range from 96o to 132o[1,3,6-9,17]. Superior results with ORIF are attributed to the fact that it allows anatomic reduction with stable fixation and thus initiation of early range-of-motion exercises[1]. 
ORIF involves opening the skin via a particular surgical approach (discussed in a separate section) to visualize and subsequently fix the fracture. There is currently no consensus on the optimal method of fixation for coronal shear fractures of the distal humerus. Countersunk headless compression screws (along with plate supplementation on the lateral column in cases of comminution extending beyond the articular surface) have been used with success[1,2,7,8,10]. Ruchelsman et al[3] recommend placing two screws in a divergent fashion for a Ring's type I fracture to ensure rotational control, with sufficient screw spread to avoid iatrogenic fracture of the capitellum. Ring’s Type II and III fractures (posteroinferior/lateral metaphyseal comminution and/or trochlear extension) often require supplemental fixation[3,7-9,18]. This can be accomplished using minifragment Synthes screws (West Chester, PA), threaded K-wires, and bioabsorbable pins for osteochondral capitellum and trochlea fractures < 5 mm, and pelvic reconstruction, precontoured or locking plates to buttress the lateral column in cases of extensive posterolateral comminution[3,8,9,18]. A biomechanical analysis by Elkowitz et al[19] has shown that placing headless compression screws in an anterior-to-posterior fashion is superior to placing cancellous screws in a posterior-to-anterior fashion. A follow-up study showed that Acutrak headless compression screws (Acumed, Hillsboro, OR) offered more stability than Herbert screws (Zimmer, Warsaw, IN) when placed in an anterior to posterior fashion[20]. Placing screws anterior-to-posterior is advantageous because it avoids disruption of the posterior soft tissues and allows better preservation of blood supply[1,21]. Sen et al[22] described placing screws in a lateral to anterior fashion to avoid posterior stripping, in addition to an anterior antiglide plate for the capitellum. When posterior comminution is present, supplemental fixation with bone graft might be necessary[2,7-9]. A recent study by Lee et al[23] found no significant difference in terms of clinical outcomes and complication rates between orthogonal and parallel plating methods for distal humeral fractures. However, the authors of the study state that orthogonal plating may be preferred in coronal shear fractures (where the posterior-to-anterior fixation can provide additional stability to the intra-articular fractures). Additional studies are needed to explore the association between plating methods and specific fracture patterns. 
Our preferred method is to use headless compression screws placed in an anterior-to-posterior fashion with or without a lateral plate for the fixation of coronal shear fractures. There is a Grade C recommendation for this method[1]. Figure 2 shows the appearance of holes created by headless compression screws right after (Figure 2A) and several months after (Figure 2B) insertion.

Excision
Capitellar excision is another option in the treatment of distal humeral coronal shear fractures. This method is associated with complications such as substantial elbow instability, particularly when there is ligamentous injury or the trochlea is involved[1-3]. Grantham et al[24] and Mancini et al[25] reported poor clinical outcomes and valgus instability plus distal radioulnar joint subluxation, respectively, following capitellar excision. Excision remains an option for small, unfixable fractures, but ORIF should be utilized instead whenever possible[2]. 

Total elbow arthroplasty
Total elbow arthroplasty is a good option in select elderly patients with fractures deemed unrepairable (Figure 3)[2,26-29]. This is particularly relevant to patients with pre-existing arthritis of the elbow[1,30,31]. McKee et al[28] conducted a prospective, randomized, multicenter study in which they compared ORIF with total elbow arthroplasty in forty patients over the age of sixty-five years with displaced, comminuted, intra-articular fractures of the distal humerus. They reported better functional outcomes at two years post-operatively in the group with total elbow arthroplasty based on MEPS and DASH scores. Furthermore, five out of twenty patients (25%) in the ORIF group had to undergo intra-operative conversion to total elbow arthroplasty due to extensive comminution and an inability to achieve stable fixation.
When acute total elbow arthroplasty is anticipated or being considered, it is critical to avoid the olecranon osteotomy operative approach (discussed in a separate section). This approach compromises fixation of the olecranon component and is contraindicated for total elbow arthroplasty[1,28]. Reichel et al[29] reported a case in which an ORIF had to be immediately converted to a total elbow arthroplasty following an olecranon osteotomy.
Overall, there is fair evidence that acute total elbow arthroplasty is the preferred treatment for elderly patients (> 65 years of age) with a displaced, comminuted, intra-articular distal humeral coronal shear fracture that is not amenable to stable internal fixation. This gets a grade B recommendation[1].

Arthroscopic reduction and fixation 
A case report by Hardy et al[32] described arthroscopic-assisted reduction and screw-fixation of a type I Hahn-Steinthal capitellum fracture using one viewing portal and two instrumentation portals. According to many authors, arthroscopic reduction and fixation techniques for coronal shear fractures of the distal humerus should be reserved only for simple fractures without comminution (such as type I in the Dubberley or Bryan and Morrey classification)[2,32-35].

Postoperative care
After surgical intervention, the patient is put in a long-arm posterior plaster splint or compressive dressing if rigid fixation has been achieved. The patient is usually seen for his/her first post-operative office visit between seven and ten days post-operatively. The splint and/or compressive dressing are usually removed at this visit. Active and active-assisted range of motion of the elbow and forearm along with formal therapy is also initiated after the first office visit[3].
If the fixation achieved intra-operatively is suboptimal, the patient may be put in a functional brace[3]. If there is concomitant ligamentous or functionally equivalent osseous injuries, then mobilization in pronation is established for lateral-sided injuries and mobilization in supination is established for medial-sided injuries[3,36,37]. When clinical and radiographic evidence of fracture union is evident, strengthening exercises can be initiated[3]. 
When there is concern about the stability of fixation, delayed or protected mobilization with a hinged elbow brace or cast may be necessary. A hinged brace with gradual reduction of the extension block allows maintenance of radial head congruity with the reduced capitellum. When flexion contracture occurs in the early post-operative period, extension thermoplastic splinting is used[3]. Gelinas et al[38] showed that turn-buckle splinting is effective in regaining ulnohumeral motion. If ulnohumeral motion remains poor and there is flexion contracture present, a contracture release can be performed[3].

SURGICAL APPROACHES
The lateral extensile approach 
The operative treatment described in majority of publications is performed through the extended lateral Kocher approach. Most authors advocate the extended lateral Kocher approach for fractures without significant posterior comminution or medial column damage[8,10,39]. 
In the extended lateral approach, the patient is positioned supine and the arm is controlled with a tourniquet. An incision is made from the lateral supracondylar ridge extending over the lateral epicondyle to 2-5 cm distal to the radial head. The common extensor origin is elevated anteriorly. The lateral ulnar collateral ligament (LUCL) should only be elevated if necessary to obtain sufficient exposure of the fracture[8,9,12,14,40-42]. In our practice, we have abandoned elevating the LUCL and place any plates we may use directly over the ligament. If there is an associated fracture of the lateral epicondyle, the fragment should be retracted with the disrupted LUCL[8,43]. In such cases, place a suture through the LUCL; this allows reattachment through holes drilled in the lateral epicondyle after fracture fixation[14]. We commonly suture the LUCL directly over the plate if the ligament is torn or has been elevated.
The incision is then extended between the biceps and triceps proximally and between the anconeus and extensor carpi ulnaris distally. The forearm is then pronated to protect the posterior interosseus nerve (PIN) and the common extensor origin is elevated to create a soft tissue flap. This flap constitutes the vascular supply of the posterior distal humerus and capitellum[12]. The anterior joint capsule can now be elevated and retracted to expose the capitellum and trochlea[14]. The lateral extensile approach is seen in Figure 4 (the 2nd row pictures of both columns). Anterior retractors over the radial neck increase risk of injury to the PIN and should be avoided[12]. 
Intraoperative difficulty achieving anatomic reduction often signifies posterior comminution of the lateral column not apparent on radiographs. In such cases, and with known posterior comminution, the distal lateral triceps should be reflected from the olecranon to allow the elbow to hinge open, exposing the posterior lateral column[8]. Additionally, some authors elected to use a supplemental posterior midline incision in cases when the medial trochlea could not be visualized well with the extended lateral approach alone[8,42]. 

The posterior approach and olecranon osteotomy
The posterior approach with an olecranon osteotomy can be used when an articular fracture extends to the medial epicondyle and when there is significant posterior comminution or medial column damage[8,10,17,39]. Additionally, a posterior approach without osteotomy is recommended if future procedures or arthroplasty is anticipated[10]. Dubberley et al[9] recommend a posterior approach for all coronal shear fractures with an olecranon osteotomy for some type 2 fractures, and most type 3 fractures. 
In the olecranon osteotomy approach, the patient is positioned in the lateral decubitus position with the arm over a bolster and controlled with a tourniquet. A posterior midline incision is made and a single or multiple intermuscular planes are developed to access the capitellum. Lateral planes described in the literature include the Boyd, Kocher, and Kaplan exposures[9,44-46]. Patients with Dubberly type 1 fractures - coronal shear fractures of capitellum and a part of lateral trochlear ridge - can be managed without disruption of the LUCL, a second medial plane, or an olecranon osteotomy[9]. 
Dubberly type 2 fractures - single fragment fractures of the capitellum that extend into the trochlear groove - often require a second intermuscular exposure through a medial flexor pronator split in order to access the medial trochlea. If reduction remains difficult, it is necessary to disrupt the LUCL allowing the joint to hinge open on the medial collateral ligament. The LUCL should be repaired after fixation using drill holes and a locking suture technique. However, the LUCL should be preserved whenever possible to avoid the risk of instability following repair[9,43]. 
An alternative to LUCL disruption is an olecranon osteotomy. Dubberly type 3 fractures - comminuted shear fractures of the capitellum and trochlea - often require olecranon osteotomy. After elevation of fasciocutaneous flaps, the ulnar nerve is identified and protected. Then, a chevron osteotomy is created over the olecranon through the bare area. An oscillating saw is used to cut two thirds of thickness of bone and the remaining attachment is carefully separated using an osteotome[8]. We typically place sponge in the ulnohumeral joint and saw directly to the sponge to minimize the kerf of bone removed. This exposes the anterior articular fragments for fixation. The olecranon fragment can be repaired after fracture fixation with two Kirschner wires directed anteriorly to the distal coronoid process and one 18 gauge or two 22 gauge figure of eight tension band wires[8]. Alternatively, the olecranon fragment can be repaired with plate and screw fixation[9].
In studies published to date there are no significant differences in outcomes between the extended lateral approach and the posterior midline approach[3,12,14,17,39]. Given that an olecranon osteotomy creates increased risk of non-union and symptomatic hardware, the procedure is only used for large and or comminuted fractures[9,17].

Anterolateral approach
A few authors advocate for an anterolateral approach because it exposes the capitellum and the trochlea without disruption of the LUCL or an olecranon osteotomy[47,48]. One advocate of this approach recommends an extended lateral approach for isolated fractures of the capitellum and an anterolateral approach for fractures with involvement of the trochlea[47]. 
In this procedure the patient is positioned supine and the arm is controlled with a tourniquet. An incision is made 7 cm proximal to the flexion crease of the elbow between the biceps and brachioradialis and extended along the lateral border of the biceps. At the elbow the incision curves laterally to avoid scarring perpendicular to the flexion crease. The incision continues along the medial border of the brachioradialis 7 cm distal to the flexion crease. The radial nerve is identified and retracted laterally with the brachioradialis. The biceps is reflected medially exposing the anterior joint capsule which is incised vertically. Flexion exposes the capitellum for fracture fixation[47].
Malki et al[48] propose a more limited anterolateral exposure with an additional posterolateral stab incision for isolated capitellar fractures. In this approach, an incision is made over the lateral epicondyle and the anterior lateral joint capsule is incised longitudinally. This exposed fracture is manually reduced. Next, a threaded guide wire is inserted radially and directed perpendicular to the fracture. An additional stab incision on the posterior lateral elbow allows for fixation radially and posteriorly. A second wire is advanced parallel to the first wire through this incision until it nearly elevates the articular cartilage. A cannulated drill bit and tap are advanced over the wires and a short cannulated screw is inserted over the wire for definitive fixation[48].
 
Arthroscopic
There have been four cases reported on arthroscopic repair of coronal shear fractures of the distal humerus: three Dubberly type 1A fractures and one type 3A fracture[32,34,35]. Advocates of arthroscopic fixation report less soft tissue injury and decreased risk of devascularization, infection, and elbow contracture compared to ORIF[32,35]. However, the type 3A fracture that underwent arthroscopic repair developed avascular necrosis at one-year follow up[34]. It has been demonstrated that arthroscopy is a technically difficult but feasible approach for fixation of single fragment coronal shear fractures of the capitellum without comminution or significant involvement of the trochlea[32,34,35]. Given the limited evidence, authors advocate for judicious use of arthroscopic fixation for coronal shear fractures of the distal humerus[34]. It is not possible to perform an adequate comparison of the arthoscopic approach to the extended lateral or the anterolateral approach because there are so few cases in the literature.
In the procedure, the patient is placed in lateral decubitus position, the elbow is flexed to 90 degrees and controlled with a tourniquet. Three incisions are made on the lateral elbow: one for a fluid control system to distend the joint, a second for instrumentation, and a third for the arthroscope. The joint is lavaged and fracture site cleaned with a shaver. The fracture fragment is reduced with a punch and held in place with a K wire prior to fixation with cannulated screws advanced through the articular cartilage[32]. Alternatively, the fracture can be reduced using a K wire and definitively fixed with screws advanced over guide pins perpendicular to the fracture[34,35]. 

Two incision technique (lateral and anterior approach)
In order to minimize the total soft tissue dissection we have developed a two-incision technique (Figure 5). Of note, we prefer to use a headlight during this procedure. A lateral incision is made over the supracondylar ridge extending distal over the suspected extensor digitorum communis (EDC) tendon. Full thickness fasciocutaneous flaps are raised. The dissection proceeds in between EDC and extensor carpi radialis brevis (ECRB). The supinator is then elevated off the radial head/neck junction sharply retaining the annular ligament and anterior capsule below undisturbed. A sharp caspsulotomy is performed along the lateral distal humerus, stopping at the annular ligament (anterior to the lateral collateral ligament (LCL) insertion), just enough to visualize the fracture. If the capsule is tight and we cannot see the fracture, we divide the annular ligament anterior to the radial portion of the LCL (which lies directly beneath the EDC tendinous origin) to improve our visualization of the fracture[49]. 
We take great care not to dissect or elevate the LCL. If the fracture is comminuted, there is frequently a shell of bone attached to the LCL. Even in such cases, we do not elevate the LCL but rather apply plate fixation directly over it. Large capitellar fracture fragments are then fixed with headless compression screws. Small, comminuted fragments (usually posterior) are excised if present. We then view the medial extent of the fracture through this lateral incision. At this time, we make an anterior approach as previously described for fixing coronoid fractures[50] but with a more limited dissection to the distal humerus[50,51]. 
An incision of approximately 3 cm is made beginning at the elbow crease. Dissection proceeds between biceps and the neurovascular bundle. A finger is used to palpate the trochear fracture fragments (typically larger fragments). The brachialis is split at the level of the trochlear fragments through the anterior approach. A longitudinal capsulectomy is then made and the fracture’s trochlear fragments are reduced under direct visualization and fixed with headless compression screws. The reduction can be provisionally fixed with several 0.054 K-wires and confirmed through both the lateral and anterior approach prior to placing the headless compression screws. Lateral comminution is addressed by applying a buttress plate directly over the LCL if needed. Fractured fragments are stressed manually and visualized throughout range of motion for stability. 

Grades of recommendation for the evaluation, treatment, and post-op care of coronal shear fractures of the distal humerus
The following recommendations for care are adapted from a 2011 review article by Nauth et al[1], who conducted a thorough literature search on the topic of distal humeral fractures: (1) Grade C recommendation for the use of CT scanning in the assessment of coronal shear fractures; (2) Grade C recommendation for ORIF of all displaced coronal shear fractures in patients for whom surgery is suitable; (3) Grade C recommendation for the use of a lateral extensile approach for the fixation of the majority of coronal shear fractures; (4) Grade C recommendation for the use of headless compression screws placed in an anterior-to-posterior fashion for the fixation of coronal shear fractures; (5) Grade B recommendation for acute total elbow arthroplasty in patients > 65 years of age with displaced, comminuted, intra-articular distal humeral fractures not amenable to stable internal fixation; and (6) Grade B recommendation for initiation of early range-of-motion exercises (within 2 wk) following ORIF of distal humeral coronal shear fractures.
Grades of recommendation: A = good evidence from Level-I studies with consistent findings, B = fair evidence from Level-II or III studies with consistent findings, C = poor-quality evidence from Level-IV or V studies with consistent findings, and I = insufficient or conflicting evidence[1,52].

Outcomes
Good to excellent outcomes have been reported for the majority of patients who have undergone ORIF following a distal humeral coronal shear fracture. Outcomes are particularly good when the fracture is isolated to the radiocapitellar compartment[2,3,6-10,12]. One can expect mean pronosupination arcs of 156o to 180o, flexion-extension arcs of 96o to 141o, and flexion contractures of 10o to 28o for these fractures after ORIF[2,6-8,12,14,17,47]. Figure 5 shows one of our patients who achieved excellent outcomes in terms of range-of-motion following ORIF of a distal humeral coronal shear fracture. Of note, we utilized the two-incision technique described above for this patient.
Fractures with significant medial extension or comminution don’t do as well, with non-unions occurring in the worse fracture subtype[2,6,9-11,14,47,53]. Dubberley et al[9] conducted a cohort study (n = 28) which found significantly inferior functional elbow evaluation scores (based on the American Shoulder and Elbow Surgeons function score and Mayo Elbow Performance Index) with Dubberley type II (medial trochlear extension) and Dubberley type III (capitellum-trochlea comminution) fractures compared to type I fractures[9]. In another study by Ruchelsman et al[3,7], patients with McKee type IV fractures had significantly reduced terminal flexion and net ulnohumeral arc and larger flexion contracture compared to patients with type I fractures at two years post-operatively[3,7]. The differences in outcome between the different fracture types may be due to increased severity of injury and/or to the extended surgical approach needed to facilitate exposure in the worse fracture types[3].
Satisfactory clinical and functional outcomes have been reported by some authors following ORIF of McKee’s type IV fractures[3,7,10,11,14,47]. Despite a mean postoperative flexion contracture of 14.5o to 17.5o, a functional arc of ulnohumeral motion is achieved in most of these patients[3,7,14,47]. 
In a subcohort analysis of 16 patients with distal humeral coronal shear fractures, 5 out of 16 had a concomitant radial head fractures (Mason type I and type II)[7]. At a mean of 27 mo postoperatively, 2/5 had excellent outcomes, 2/5 had good outcomes, and 1/5 had a fair outcome (based on Mayo Elbow Performance Index). However, compared to the 11 remaining patients with an isolated capitellum and trochlea fracture, patients with concomitant ipsilateral radial head fractures had greater loss of terminal flexion and extension and reduced ulnohumeral arc of motion[3,7]. However, since the sample size in this study was very small, statistical significance cannot be reached and larger cohort studies are needed to compare outcomes of fractures with concomitant radial head fracture with those of isolated capitellum and trochlea fractures following ORIF[3].
A study by Guitton et al[6] found good to excellent outcomes in 13 out of 14 (93%) patients at long-term follow-up (median of 17 years) following operative fixation of distal humeral coronal shear fractures. This study shows that outcomes following ORIF are durable[2].

Complications
Complications following ORIF of distal humeral coronal shear fractures in the early post-operative period include stiffness, pain, loss of fixation, instability, infection, neurologic complications (i.e., ulnar neuritis), and hardware complications[3]. Arthritis, malunion, nonunion, avascular necrosis and heterotopic ossification represent complications that can arise later. Overall, complications other than stiffness are rare[2]. 
Dubberley et al[9] found 7 out of 17 patients status post ORIF for Dubberley type II or III fractures who had elbow contracture with less than functional ulnohumeral motion. Figure 4 compares two patients with similar fractures, one of whom had a good outcome while the other developed severe stiffness and range of motion deficits status post ORIF. It is more important to maintain articular congruity than it is to prevent flexion contracture. The latter, a complication sometimes seen following ORIF of coronal shear fractures of the distal humerus, can be later addressed with contracture release[2]. In a series by Ring et al[8], 8 out of 21 patients required a contraction release. There was a mean increase of 42o in ulnohumeral motion following the release. In this same series, two patients who had undergone ORIF through an extended lateral approach developed ulnar neuropathy which required decompression and transposition. According to Ruchelsman et al[3], olecranon osteotomies have been associated with rare hardware complications (such as impingement of hardware in the radiocapitellar joint) which may necessitate screw removal.
Mild to moderate degenerative changes have been reported in patients having undergone ORIF for distal humeral fractures[3,7,9]. Of 14 fractures treated with ORIF, only seven had Broberg and Morrey radiographic grade I or II arthritis and two had grade III arthritis at a median 17-year follow-up[2,6,8,9]. 
In a series by Brouwer et al[53], 8 out of 18 (44%) patients with Dubberley type IIIB fractures developed radiographic nonunion while none (0 out of 12) with Dubberley type IIA or IIB fractures developed nonunion. Of the 8 that developed nonunion, two had infections and were thus considered as failures. The remaining six had good to excellent results in half and fair results in the other half. There was no difference in range of motion compared to the patients who achieved union[2,53]. Dubberley et al[9] reported two patients status post ORIF for a type III fracture that developed nonunion and had to be converted to total elbow arthroplasty. Total elbow arthroplasty is a salvage option for nonunion/malunion as well as for severe symptomatic post-traumatic arthrosis, articular osteonecrosis, and elbow instability[3].
In a recent study by Lee et al[23], only five out of sixty-seven patients with distal humeral fractures developed some degree of heterotopic ossification following ORIF. However, of these patients, only one developed a functional deficit (this patient had suffered from a high trauma injury and had a delayed operation). Overall, clinically significant heterotopic ossification is uncommon and there is insufficient evidence to recommend a prophylactic regimen against this complication[1-3]. 

CONCLUSION
The aim of this paper was to review the literature on the topic of distal humeral coronal shear fractures and to present several approach and treatment techniques.
Coronal shear fractures of the distal humerus represent significant articular injuries and are usually more complex than suggested by radiographic imaging. CT scans are therefore highly recommended for preoperative assessment of these fractures and treatment planning. The fracture pattern and extent of articular involvement dictate method of surgical exposure and internal fixation technique used for treatment. Open reduction internal fixation through lateral extensile exposures or posterior exposures using variable-pitch, headless compression screws is the treatment of choice for simple fracture types, leading to good to excellent outcomes in the majority of cases. Additional extensile exposures, LUCL disruption, olecranon osteotomy, bone grafting, and supplemental fixation using minifragment screws, column plating, and/or bioabsorbable implants may be required for more complex fracture types. We have found a two-incision approach (lateral and direct anterior) results in less soft tissue dissection and damage than the extensile approaches. Coronal shear fractures with substantial medial extension and posterior comminution generally have worse outcomes. The most common complication following ORIF of these fractures is stiffness (flexion contracture). It should be noted that the literature on distal humeral coronal shear fractures is comprised mainly of level-III and IV studies. Consequently, more prospective, multicenter, large-scale trials are needed to assist surgical decision-making in the future. Furthermore, longer-term data are needed to fully evaluate the incidence and severity of rare complications such as arthritis, osteonecrosis, and heterotopic ossification following these fractures.
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Figure 1 Lateral elbow X-ray of a two patients with distal humeral coronal shear fractures. In Figure B, the double-arc sign is seen, which signifies a McKee’s type IV fracture in the Bryan and Morrey classification (involvement of both the capitellum and trochlea).
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Figure 2 Headless compression screws. A: Holes left by headless screws in the articular surface. This patient later returned to surgery for a contracture release; B: At that time screw holes are shown to be covered with fibrocartilage.
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Figure 3 Total elbow arthroplasty. A-E: A non-reconstructible coronal shear fracture in an elderly patient. A total elbow arthroplasty was performed in this patient; F-H: Postoperative range of motion.
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[bookmark: _GoBack]Figure 4 Comparison of outcomes following lateral extensile approach open reduction and internal fixation. Pictures in the left column represent a 52 years old female who fell from a 2 feet wall. Pictures in the right column represent a 45 years old female who fell from a standing height. As can be seen in the first two rows of pictures in each column, both these patients sustained similar Dubberley type 3b fractures. The third and fourth rows in each column shows that good reduction and fixation was achieved intra-operatively in both patients. The last row in each column show maximum range of motion in each patient. The patient in the left column achieved a reasonable outcome, while the patient in the right column had severe stiffness and range of motion deficit which required an operative contracture release. Both patients underwent open reduction and internal fixation of their fractures using the lateral extensile approach for which the lateral collateral ligament was divided. Secondary to poor results, we have abandoned this method and now universally use the technique shown in Figure 4 or utilize olecranon osteotomy.
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Figure 5 Two-incision approach. A case demonstrating the two incision approach (lateral and medial). A: The lateral collateral ligament is not reflected (the plate is placed directly on top of it). Stable fixation of the capitellar fragment could not be obtained with headless compression screws and a one-third tubular plate was added for stability; B: Flexion demonstrates a mild amount of impingement, which was not symptomatic postoperatively; C: Anterior view demonstrates trochlear fracture line. Even though two incisions are used there is less soft tissue dissection overall than required in other approaches; D-G: Approximate 6 wk follow-up range of motion in this patient. 
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