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Abstract
Injury to the ulnar collateral ligament (UCL) most commonly occurs in the overhead throwing athlete. Knowledge surrounding UCL injury pathomechanics continues to improve, leading to better preventative treatment strategies and rehabilitation programs. Conservative treatment strategies for partial injuries, improved operative techniques for reconstruction in complete tears, adjunctive treatments, as well as structured sport specific rehabilitation programs including resistive exercises for the entire upper extremity kinetic chain are all important factors in allowing for a return to throwing in competitive environments. In this review, we explore each of these factors and provide recommendations based on the available literature to improve outcomes in ulnar collateral ligament injuries in athletes.
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Core Tip: While surgical techniques undoubtedly affect the outcome following ulnar collateral ligament (UCL) reconstruction, they do not independently do so. Rather, it is a complex milieu of pre-operative, intra-operative, and post-operative factors that combine to affect the overall outcome following UCL injury. Due to the variability in success rates for treatment of these injuries, careful review of each of these factors is required to ensure outcomes are optimized following treatment. This study serves as a review of these factors, providing recommendations based on available literature to improve outcomes following UCL injuries in athletes in future years.
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INTRODUCTION
Ulnar collateral ligament (UCL) injuries have occurred with an increasing incidence among throwing athletes in recent years[1]. Once considered a career-ending injury, Dr. Jobe’s reconstructive technique revolutionized the treatment of these injuries, improving outcomes and return-to-sport following surgical reconstruction[2]. Since that time, attention has focused on optimizing the surgical technique, with several subsequent modifications aimed at improving outcomes and minimizing associated complication rates. While seemingly successful based on summative analyses in recent systematic reviews[3,4], the results are inconsistent, with return to play rates varying from 53%-90%[5-9] and complication rates varying from 3%-25%[10,11]. This disparity in outcomes following surgical reconstruction has prompted further study into the management of UCL injuries beyond advancements in surgical techniques. Consequently, knowledge surrounding UCL injury pathomechanics continues to improve, leading to better preventative treatment strategies and rehabilitation programs[1,12,13]. Additionally, the role of rigorous post-operative rehabilitation programs is a significant contributing factor to successful return-to-sport following surgical reconstruction[14,15]. 
While surgical techniques undoubtedly affect the outcome following UCL reconstruction, they do not independently do so. Rather, it is a complex milieu of pre-operative, intra-operative, and post-operative factors that combine to affect the overall outcome following UCL injury. Due to the variability in success rates for treatment of these injuries, careful review of each of these factors is required to ensure outcomes are optimized following treatment. This study serves as a review of these factors, providing recommendations based on available literature to improve outcomes following UCL reconstruction in future years (Table 1).

NON-RECONSTRUCTIVE OPTIONS
Throwing athletes who have sustained UCL injuries often require surgical reconstruction in order to return to their preinjury level of activity. There are, however, non-operative and non-reconstructive modalities that may be utilized in certain clinical scenarios permitting earlier return to sport without the morbidity associated with reconstruction. 
Non-operative treatment can include rest, non-steroidal anti-inflammatory drugs (NSAIDs), and bracing along with physical therapy. Rettig et al[16] described a 2-phase non-operative rehabilitation program. Phase 1, typically 2 to 3 months in duration, consisted of rest, bracing, NSAIDs and progressive range of motion (ROM) exercises. If pain-free at the end of this phase continued, strengthening and throwing progression programs were started. In some scenarios involving lifting or throwing, bracing was used to prevent elbow hyperextension. With this protocol, they had success in returning 42% of throwing athletes to their pre-injury level of activity at an average of 24.5 wk[16]. Additional non-operative measures include activity modifications, which may include sport cessation or a position change, allowing continued participation without surgical treatment. Beyond these non-operative measures, additional non-reconstructive treatment options include platelet-rich plasma (PRP) treatment or primary repair of the UCL.
Platelet-rich plasma use has increased substantially for treatment of various tendon and ligament pathology, however little literature exists on its use specifically in UCL injuries. A recent retrospective review by Dines et al[17] examined 44 baseball players treated for partial thickness UCL injuries with PRP. Levels of participation varied from professional (6), collegiate (14) and high-school (24). Though a small cohort, outcomes following treatment with PRP were best in the professional group with 67% returning to play[17]. Only 36% of the collegiate athletes and 17% of the high school athletes had excellent outcome scores based on a modified Conway Scale[17]. Overall these outcomes are worse than UCL reconstruction and should be reserved for specific patient groups. One such group may include athletes who are late in their professional careers and unable to undergo necessary post-operative rehabilitation. Return to pitching following reconstruction requires 12+ mo of post-operative rehabilitation, while return from non-operative treatment with PRP is significantly shorter, based on the ability to progress through an interval-throwing program. Therefore, these older overhead athletes may receive the most benefit from a PRP injection following partial UCL injury[18].
While PRP may have a positive effect on UCL healing, corticosteroids have a negative effect on ligament healing and are not recommended for use following acute ligamentous injuries. Using a rabbit model, Walsh et al[19] injected betamethasone into a surgically created UCL defects, reporting negative effects on both biomechanical and histologic properties of the healing ligament. As a result of the deleterious effects on ligamentous healing, corticosteroids are not recommended in the treatment of acute UCL injuries[19].
Primary repair of the UCL, rather than reconstruction, may permit more rapid return to play and improved outcomes in specific patient groups[20,21]. Younger athletes who sustain UCL injuries have a distinct injury pattern from professional athletes that is more amenable to repair, typically confined to either the proximal and/or distal aspect of the UCL rather than a degenerative mid-substance injury attributable to repetitive micro-trauma[20,21]. In 2008, Savoie et al[21] reported the outcomes of primary repair of UCL injuries in patients averaging 17.2 years of age, with nearly 5 years of follow-up. Through their work, they identified that the best candidate for this treatment type is one with an acute avulsion injury without signs of previous degenerative injury and no noted concomitant injuries. Their described technique includes a diagnostic arthroscopy for confirmation of pathology, followed by a muscle-splitting approach[22] with capsular reflection along the anterior edge of the ligament permitting evaluation of intra-articular damage. Anatomic repair is performed using bone tunnels or a double loaded anchor, securing the injured ligament proximally at the base of the medial epicondyle or distally at the center of the sublime tubercle[21]. 
Post-operative rehabilitation includes splinting followed by full time hinged ROM brace wear and an expedited standard rehabilitation protocol[15]. Progressive return to play was permitted in an ROM brace at 6-8 wk post-operatively with progression out of the brace at 12 wk with return to full activities upon graduation from the return to play program at 16 to 24 wk post-operatively[21]. Results for primary repair in this specific patient cohort were excellent with 93% (56 of 60) patients returning to sporting activities within 6 months. This included 40 patients with proximal UCL repairs, 11 with distal UCL repairs and 9 with combined proximal and distal UCL repairs[21]. 
The results of Savoie et al[21] are similar to results of primary repair reported by Richard et al[20] in a collegiate patient population with an average age of 27 who sustained combined acute UCL and flexor-pronator avulsion from the humeral origin. Of the 11 patients who underwent primary repair through bone tunnel fixation, 9 returned to collegiate athletics between 4 and 6 mo post-operatively[20]. Though this study is limited by short, 16-month follow-up and a wider variety of sporting activities with fewer overhead athletes, it illustrates a patient population that may benefit from primary UCL repair.
Both of these studies’ outcomes differ from earlier results from Conway et al[10] who reported outcomes for patients treated with either UCL repair or reconstruction. In their study of throwing athletes only 50% of patients undergoing a direct repair returned to their previous level of sport compared to 68% of those undergoing a reconstruction[10]. Even worse outcomes were obtained in major-league baseball players undergoing primary repair with only 2 of the 7 being able to return to sport[10].
In short, UCL repair may be a viable surgical option in young athletes with acute injuries, resulting in excellent outcomes and permitting earlier return to play than following UCL reconstruction. This procedure, however, should be limited to young athletes without degenerative UCL injuries as is often encountered in collegiate and professional baseball players. 

RECONSTRUCTIVE OPTIONS
Ulnar collateral ligament reconstruction has been effective in returning athletes to sport in approximately 80% of cases[3]. However, the results differ widely depending on the surgical series, with highly variable return-to-play rates (as low as 53%) and complication rates (as high as 25%), often related to the specific reconstructive techniques. In addition, studies have identified significantly inferior functional outcomes among those who re-tear their UCL and require revision UCL reconstruction, with a return to play rate ranging from 33%-78%[23-25]. Due to the variability in achieving a successful outcome following UCL reconstruction, and the ramifications of re-injury and revision surgery, careful review of surgical techniques is necessary to ensure that appropriate surgical steps are taken to optimize outcomes and limit complication and re-rupture rates.

Surgical techniques
Surgical reconstruction of the UCL was first described by Dr. Frank Jobe in 1986. His primary reconstructive method involved detachment of the flexor-pronator musculature, submuscular transposition of the ulnar nerve and reconstruction of the UCL with a palmaris longus or plantaris tendon graft in a figure-8 configuration with repair of the flexor-pronator tenotomy[2]. The first successful procedure was performed on pitcher Tommy John in 1974. In Jobe’s initial series of 16 patients he reported a return-to-play rate of 63%, with a complication rate of 32%, most commonly related to ulnar neuropathy[2]. In a follow-up series of 71 patients using the same reconstruction method, he noted 68% return to sport with a 21% complication rate[10].
	While offering an improved outcome compared with conservative treatment or acute UCL repair, concern remained over the relatively high complication rate associated with Jobe’s reconstructive method[10]. As a result, the modified Jobe technique was subsequently described by Smith et al[22], who introduced a flexor-pronator muscle-splitting approach that obviated the need for an obligatory ulnar nerve transposition and avoided tenotomizing the flexor-pronator origin. This modification resulted in an excellent outcome in 93% of a series of 83 athletes, with a 100% return to play rate[26]. Complications were reported in 5% and were limited to transient ulnar neuropathy, which resolved in all patients. It should be noted that while this approach no longer required a submuscular ulnar nerve transposition, many surgeons continue to perform subcutaneous ulnar nerve transpositions with the modified Jobe technique in select cases with preceding ulnar nerve symptoms, or routinely in all cases, depending on individual preference. Cain et al[27] reported on the outcomes of 743 patients that underwent UCL reconstruction utilizing the modified Jobe reconstruction with concomitant subcutaneous ulnar nerve transpositions. They identified an 83% return-to-play rate, and 20% complication rate. Notably, the authors of this study reported re-operation rates of 19% for residual posteromedial impingement.
	As experience continued to grow in treating these injuries, concern was raised over the method of graft tensioning and fixation using the figure-of-8 configuration. Subsequently, Rohrbough et al[9] introduced a reconstruction method known as the docking technique to reduce the size of the humeral tunnels and improve fixation strength of the reconstruction. This procedure is performed through a muscle-splitting approach and does not require ulnar nerve transposition. It also involves looping the graft through a similar bone tunnel in the proximal ulna, however it differs in that both free limbs of the graft are then passed into a single tunnel on the humerus, with sutures exiting posteriorly through smaller drill holes, allowing the sutures to be tied over a posterior bony bridge. In addition, authors recommended routine elbow arthroscopy to treat concomitant pathology in the elbow joint, which was noted in up to 45% of patients[9]. In their index cohort of 36 patients, they reported a 92% return-to-play rate at the same level of competition, with only a 5.5% complication rate, including one transient ulnar neuropathy and one wound hematoma[9]. A larger follow-up study of 100 patients over 3 years revealed a 90% return to play rate, with only a 3% complication rate. Similarly, Paletta et al[28] described a modified docking technique utilizing a quadrupled, rather than doubled, palmaris graft, with slight differences in humeral bone tunnel preparation. Their procedure offered similar outcomes with 92% return to pre-injury level of competition, with slightly higher complication rates of 8%[28]. Additionally, Bowers et al[29] treated 21 overhead athletes with a modified docking technique using a triple-strand Palmaris graft. They had 19 (90%) excellent results, 2 good results, and no complications[29].
An additional modification attempted to address the inability of reconstruction techniques to restore the biomechanical strength comparable to the native ligament. Ahmad et al[30] identified improved fixation strength with cadaveric testing of a reconstructive technique using interference screw fixation, resulting in the development of a hybrid technique with ulnar interference screw fixation and humeral docking, known as the DANE TJ technique[31]. Otherwise, the procedure was unchanged, performed through a flexor-pronator muscle-splitting approach without ulnar nerve transposition. Results from the initial technique description, reported 86% return-to-play rates, with 18% complication rate of either transient ulnar neuropathy (9%) or post-operative adhesions requiring re-operation (9%)[31]. 
With many of these surgical techniques, there is concern over the size of the bone tunnels and the effect on graft tensioning and the potential for bone bridge compromise. A recent biomechanics study on 10 cadaveric elbows investigated the relationship graft size had on resistance to valgus load[32]. They found no significant difference in angular valgus deformation between palmaris longus, triceps brachii, extensor carpi radialis longus, and semitendinosus.
Further review of all available surgical technique descriptions and clinical series on UCL reconstructions was performed in two recent systematic reviews, which allowed for pooling of data to provide further comparative analysis between the different surgical techniques[3,4]. In the first review, Vitale et al[3] reported outcomes associated with different aspects of each surgical approach. They report that transitioning from a flexor-pronator detachment to a muscle-splitting surgical approach improved the success rates from 70% to 87%, while also reducing the rate of post-operative ulnar neuropathy from 20% to 6%. Additionally, adoption of the muscle-splitting approach reduced the need for an obligatory ulnar nerve transposition. Outcomes were noted to improve from a success rate of 75% in those who had an obligatory transfer to 89% in those who did not. Also, those undergoing an obligatory nerve transfer had a 9% rate of post-operative ulnar neuropathy, while only 4% of those who did not undergo a transposition reported the same. Finally, adoption of the docking and modified docking techniques also significantly improved outcomes with 90% and 95% of patients reporting excellent outcomes with these respective techniques, compared with only 76% of those undergoing reconstruction with the figure-of-8 technique. Similarly, a decrease in post-operative ulnar neuropathy rates was also noted among those undergoing docking and modified docking reconstructions compared with the figure-of-8 technique, with only 3% and 5% experiencing these complications in the docking groups while 8% of those with the figure-of-8 technique were observed to experience this complication. 
	A second systematic review by Watson et al[4] provided a comparison of the overall complication rates associated with each reconstructive technique. Cumulatively, when considering all reported outcomes from UCL reconstruction clinical series, they identified a complication rate of 16.6%, with the majority of these complications being ulnar neuropathy (12.9%). Further stratification of these results revealed different rates dependent on procedure, with the original Jobe reconstruction carrying a complication rate of 29.2%, while the modified Jobe technique carried a complication rate of 19.1%. The docking technique and modified docking technique had lower rates or 6% and 4.3% respectively. 
Based on the results of these reported series and systematic analyses, it appears that newer reconstructive methods, including the docking and modified docking procedures, are associated with higher return-to-play rates and lower complication rates than earlier techniques, including the Jobe and modified Jobe techniques, as well as in comparison to the DANE TJ technique. Additionally, it appears that use of a muscle splitting surgical approach, without obligate ulnar nerve transposition, is also associated with improved outcome rates and lower complication rates. Finally, consideration should be given to both open or arthroscopic assessment and treatment of concomitant pathology, specifically posteromedial impingement, which was treated in 34%-45% of cases in larger volume series[3,11,27]. While no randomized trial exists to corroborate these conclusions, they are based on the best-available literature, including clinical data from over 1300 patients. 
 
Adjunctive treatments
In addition to modifications in surgical techniques, basic science research is ongoing to determine if there are any adjunctive therapies that may expedite or improve the quality of tendon-to-bone healing following UCL reconstruction. As identified in both ACL reconstruction and rotator cuff repair surgery, the structure and composition of the insertion site is complex, with a gradual transition from tendon to bone with interposed unmineralized and mineralized fibrocartilage[33,34]. This architecture is typically not reconstituted in the normal healing process following ligament reconstruction or rotator cuff repair, although several attempts have been made at adding biologic agents to stimulate regenerative, rather than reparative, healing in both ACL and rotator cuff injuries. 
For ACL injuries, addition of a collagen-platelet rich plasma scaffold following direct ligament repair was found to improve biomechanical and histologic properties of the healing ligament in both animals and humans[35,36]. Application of PRP following ACL reconstruction in animal models has also shown positive results in stimulating revascularization and re-innervation of the ACL graft[37,38]. Clinical results of PRP addition following ACL reconstruction have been less impressive, with only mild or no clinical improvement noted[39,40]. Similarly, stem cell use has also been studied in conjunction with ACL reconstruction, where addition of tendon-derived stem cell sheets and bioengineered periosteal progenitor cell sheets have demonstrated encouraging results in small animal models with improved fibrocartilage and bone formation at the tendon-bone junction, although clinical results are limited due to restrictions regarding stem cell utilization[41,42]. 
While there is a paucity of literature on the effect of these various orthobiologic agents in UCL reconstruction, results of the literature for both ACL reconstruction and rotator cuff repair can potentially be extrapolated to this group. Further study is necessary to see if these biologic agents can potentially improve or expedite healing to allow for improved clinical outcomes and lower re-injury rates. 

POST-OPERATIVE
Every athlete who is evaluated for an ulnar collateral ligament injury should have a thorough evaluation of all intrinsic and extrinsic factors that can contribute to valgus instability. It is important to address poor mechanics related to underlying factors, including capsular stiffness in glenohumeral internal rotation deficit (GIRD), scapular dyskinesis, and deficiencies of core and single leg strength. Post-operative and nonsurgical treatment are related to the restoration of normal scapulohumeral rhythm, which begins with establishing trunk and core stability, elbow range of motion and strength, as well as using triplanar exercises, including lunges and balance exercises[43].
	GIRD should be evaluated by stabilizing the scapula, placing the arm in 90° of abduction in the scapular plane, and internally and externally rotating the arm. Bilateral measurements should be obtained, and treatment initiated if the side-to-side difference in the total arc of rotational motion is greater than 5°[44]. Modified sleeper stretches and modified side-lying cross body are excellent for improving GIRD[45,46]. The modified sleeper stretch is performed in the lateral position with the patient lying on the affected extremity using their unaffected arm to stretch the posterior capsule (Figure 1). The modification of rotating slightly posteriorly stabilizes the scapula without causing subacromial impingement. The modified side-lying cross body stretch is performed in the lateral position with the athlete lying on the affected extremity, using the opposite hand to horizontally adduct the targeted shoulder (Figure 2). The opposite forearm is aligned on top and restricts external rotation of the humerus. The side-lying position stabilizes the scapula and resists scapular protraction allowing optimal stretch of the posterior shoulder. Each of these stretches are held for 30 s and repeated 3 times. There is evidence that the side-lying cross body stretch is more effective than the sleeper stretch[45,46].
The open book and corner stretches can improve pectoralis minor and biceps short head flexibility. The open book stretch is performed in the lateral position lying on the unaffected extremity with the patient’s knees bent and arms stretched out in front. Opening the chest and laying the affected extremity on the opposite side and looking in the same direction stretches the pectoralis major and biceps short head (Figure 3). The corner stretch is performed facing a corner with the shoulders abducted and elbows flexed to 90° and the athlete slowly leans into the corner (Figure 4). Each of these stretches are held for 90 s and repeated 3 times.
Scapular dyskinesis is characterized by loss of upward acromial rotation, excessive scapular internal rotation, and excessive scapular anterior tilt[47]. These positions create scapular protraction, which decreases demonstrated rotator cuff strength[48]. Evaluation of scapular dyskinesis is accomplished by observation of static position and dynamic motions. The emphasis for rehabilitation for ulnar collateral ligament injuries should start proximally and end distally. Proximal control of core stability leads to control of three-dimensional scapular motion, with a goal to achieve the position of optimal scapular function – posterior tilt, external rotation, and upward elevation[43]. The serratus anterior functions most importantly as an external rotator of the scapula, and the lower trapezius acts as a stabilizer. Maximal rotator cuff strength is achieved from a stabilized, retracted scapula[49]. Periscapular strengthening should be accomplished by taking advantage of the synergistic activity of proximal trunk and hip muscle activation[49]. Exercise sets should include lawn mower pulls and low row exercises[49].
	Kinetic chain factors may be evaluated by screening methods. Hip and trunk stability can be assessed using the single leg stance and single leg squat maneuvers[43]. In the single leg stance test, a positive Trendelenburg sign indicates gluteus medius weakness. Forward or lateral trunk tilt or rotation of the trunk around the leg in a single leg squat maneuver indicates a loss of dynamic control. Lunge and balance exercises should be incorporated into a rehabilitation program to improve trunk and core stability.
	Rehabilitation programs vary institutionally and by treating physician. There is currently no validated comprehensive program. Rehabilitation following elbow injury or elbow surgery should follow a sequential and progressive multiphased approach that involves a gradual and protected return of ROM and an extensive resistance exercise program for the entire upper extremity kinetic chain. The rehab program should include proprioceptive exercises to stimulate mechanoreceptors as well as total arm strengthening, emphasizing proximal scapular stabilization. Low-resistance, high-repetition programs promote an optimal return to uncompensated throwing.
Phase 1 involves immediate motion. Reestablishing full elbow extension, typically defined as preinjury motion, is the primary goal of early ROM activities. Another goal of this phase is to decrease pain and inflammation. Modalities including cryotherapy, high voltage stimulation, and laser therapy can be helpful. Once the acute inflammatory response has subsided, moist heat, warm whirlpool, and ultrasound may be used at the beginning of treatment to prepare the tissue for stretching[50]. If the patient continues to have difficulty achieving full extension using ROM and mobilization techniques, a low load, long duration stretch may be performed to aid tissue elongation[50]. Submaximal isometrics are performed initially for the elbow flexor and extensor, as well as the wrist flexor, extensor, pronator, and supinator muscle groups. Scapular strengthening and activation exercises are also initiated immediately following surgery.
	Phase 2, the intermediate phase, starts when the patient exhibits full ROM with minimal pain and involves improving muscular strength and endurance and reestablishing neuromuscular control of the elbow. Particular emphasis is placed on shoulder external and internal rotation at 90° abduction. External rotation helps avoid increased strain on the medial elbow structures during the overhead throwing motion[51] while internal rotation may create a protective varus force at the elbow[50]. A complete upper extremity strengthening program, such as the Thrower’s Ten Program, which focuses on the muscles needed for dynamic stability, should be included[52] (Figure 5). 
	Phase 3 encompasses advanced strengthening in preparation for a gradual return to sport. To enter this phase, the athlete must demonstrate strength that is 70% of the contralateral extremity. The advanced Thrower’s Ten Program[53] is used at this stage and involves exercises based on the principles of coactivation, dynamic stabilization, muscular facilitation, endurance, and coordination[53]. 
	Phase 4, the final phase, involves an interval throwing program allowing the athlete to return to full competition. These throwing programs are sport specific and differ for golf and tennis athletes[54]. Isokinetic testing is commonly performed at this stage to determine the readiness of the athlete for an interval throwing program[54]. The interval throwing program has two phases, beginning with progressive long tosses and ending with throwing off the mound. The validity of this order has been questioned as some believe that long toss creates more stress at the medial elbow when compared with off the mound throwing.
	Specific postoperative rehabilitation guidelines are based on the operative technique used for UCL reconstruction. The rehabilitation program used at the Andrews Sports Medicine Institute is outlined in Table 2[50] and the rehabilitation program used at Hospital for Special Surgery is outlined in Table 3[50]. Dynamic stabilization of the medial elbow is accomplished by concentric and eccentric strengthening the flexor carpi ulnaris (FCU) and flexor digitorum superficialis (FDS). Given their anatomic location overlying the UCL, these muscles assist the UCL in stabilizing valgus stress at the medial elbow[50] 
	Injury to the UCL most commonly occurs in baseball pitchers, but is also seen in other subsets of athletes, including javelin throwers, football quarterbacks and softball pitchers. Each sport requires different throwing mechanics and imparts different stresses to the elbow due to the varied angular velocities produced at the elbow (Table 4). Rehabilitation protocols should be sport specific and take into account the unique movements associated with these activities.
The javelin event involves throwing a 2.6 m spear weighing at least 800 g. Throwers lengthen the path of acceleration by maintaining an extended elbow for as long as possible until foot strike[55]. The throwing motion is broken down into four phases: approach run, cross steps, delivery stride, and thrust phase. During the thrust phase, the elbow flexes from 40-60°[55]. As contrasted with baseball pitchers who undergo rapid extension, javelin throwers undergo rapid flexion. Although throwing a javelin and pitching a baseball both produce large valgus forces on the medial side of the elbow, leading to UCL injuries, the mechanics of throwing are vastly different. Perhaps there should be changes to post-operative protocols that specifically address these specialized movement differences. No consensus postoperative protocol and throwing program exists for javelin throwers in the literature. As a javelin is much heavier than a baseball (1.76 pounds vs 0.32 pounds), we prefer to wait 8 mo from surgery (as compared to 4 in baseball pitchers) to begin an interval throwing program. We also recommend focusing more on lower extremity core strengthening to account for the increased weight of the javelin. Javelin throwers should be counseled that due to their unique motion and weight of the javelin, their return to play will be longer than in baseball players, and should be expected around 15 mo.
	The motion of throwing a football is similar to throwing a baseball pitch. The lower incidence of elbow injuries in football quarterbacks is multifactorial. With a larger size ball, arm velocities are much slower, therefore producing less stress. The motion is also more over-the-top which produces less valgus force at the elbow. It is also hypothesized that the follow-through phase is abbreviated as the quarterback needs to be prepared for the impact from an opposing player, possibly lowering forces and torques produced at the elbow. Finally, quarterbacks perform the throwing motion significantly few times per game and per season compared to major league pitchers, and therefore are cumulatively placing less stress on their elbows. While some quarterback UCL injuries are chronic, the vast majority in the literature are from acute contact injuries[56,57]. Results from Dodson et al[56] and Kenter et al[57] suggest that these players can be successfully treated nonoperatively and return to competitive play.
	Softball pitchers are a unique subset of throwers due to the underhand nature of their motion. While the overhead thrower is extending the elbow at ball release, the underhand softball pitcher is flexing the elbow. Although reasons are unclear, the female athlete, especially the underhand softball pitcher, imparts less stress to the elbow, making the injury more amenable to repair[58]. There is some evidence to suggest positive outcomes in ligament reconstruction for these athletes. However, the data on these athletes lacks the data that we have for their male counterparts. Further research into female throwing injuries is necessary. Currently, repair is a viable option.
	UCL injuries have also been reported tennis, gymnastics, wrestling, volleyball and in baseball position players[27]. The demands of their sports and positions result in a much lower frequency of injury and usually do not necessitate UCL reconstruction for return to play. Further research is needed to investigate sport-specific protocols and treatment outcomes for athletes who play sports that place the UCL at risk.

CONCLUSION
We still need to answer the unknown. For example, currently we throw long-toss before mound throwing. There is some evidence to support that this actually puts more stress on the UCL reconstruction. Return to sport at the same or higher level may be easier for a high school athlete compared to a professional pitcher, but currently these are not differentiated in the literature. In order to have functional screening and quantitative return to play after UCL reconstruction like we currently have for ACL reconstruction, we need to know what is normal at every level of participation and position, including professional, college, high school athletes as well as distinctions between pitchers vs position players. 
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Table 1 Key factors for improving outcomes in ulnar collateral ligament injuries at various time points
	Time point
	Target points for improved outcomes

	Preop
	Patient selection

	Intraop
	Do not transpose nerve unless symptoms present preoperatively
Docking > Jobe (complications)

	Post-op
	Sport specific rehabilitation
Isokinetic testing
Return to throw program
Daily stretching exercises





Table 2 Airfield surface movement indicator postoperative rehabilitation protocol following ulnar collateral ligament reconstruction with palmaris longus autograft
	Time period
	Phase
	Goal

	Day 0-7
	Splinted at 90° flexion
	Early healing of graft and fascial sling for nerve transposition

	Weeks 1-5
	Hinged elbow ROM brace
	Protect healing tissues from valgus stress

	Weeks 3-4
	Light resistance isotonic exercises
	Develop dynamic stabilization of the medial elbow

	Week 6
	Thrower’s Ten Program
	

	Weeks 8-9
	Progressive resistance exercises incorporated
	

	Week 12
	Advanced Thrower’s Ten Program
	

	
	Two-hand plyometric drills
	

	Week 14
	One-hand plyometric drills
	

	Week 16
	Interval throwing program
	

	Week 22/24
	Throwing from the mound
	

	Months 9-12
	Return to competitive throwing
	


ROM: Range of motion.


Table 3 High speed steels postoperative rehabilitation protocol following ulnar collateral ligament reconstruction with palmaris longus autograft
	Time period
	Treatment strategies
	Goal

	Day 0-10
	Splinted or hinged elbow 
ROM brace at 60 degrees flexion
	-Promote graft healing, reduce pain, and swelling

	Weeks 1-4
	Hinged elbow ROM brace at all times.
No PROM
Elbow AROM in brace
	-Restore ROM 30°-90°
-Promote graft healing
-Independent home exercise program

	Weeks 4-6
	Continue brace wear at all times
Avoid PROM
Avoid valgus stress
Continue AROM in brace
Isometric exercises of deltoid, wrist, elbow
	-Restore ROM 15°-115°
-Minimal pain and swelling


	Weeks 6-12
	Minimize valgus stress
Avoid PROM by the clinician
Avoid pain with exercises
Continue AROM
Low intensity, long duration stretch for extension
Isotonic exercises of the scapula, shoulder, elbow, forearm and wrist
Eccentric training when strength is adequate
	-Restore full ROM
-All upper extremity strength 5/5
-Begin to restore muscular endurance

	Week 8
	Begin internal/external rotation strengthening
Begin forearm pronation/supination strengthening
	

	Weeks 12-16
	Pain free plyometric exercises
Advance internal/external rotation to 90/90 position
Neuromuscular drills
Plyometric program
Endurance training
	-Restore full strength and flexibility
-Prepare for return to activity

	Week 16
	Begin interval throwing program
	

	Weeks 16-36
	Avoid pain with throwing or hitting
Avoid loss of strength or flexibility
Continue flexibility training
Continue strengthening program
	-Return to activity
[bookmark: _GoBack]-Prevent reinjury

	Week 20
	Begin hitting program
	


ROM: Range of motion; AROM: Active range of motion; PROM: Passive range of motion.




Table 4 Angular velocity by sport
	Sport
	Baseball
	Softball
	Football
	Javelin
	Tennis

	Angular velocity
	2400°/s
	570°/s
	1760°/s
	1900°/s
	982°/s
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Figure 1 Modified sleeper stretch. The athlete lies on his side with his scapula retracted, rotates slightly posteriorly to place the shoulder in the scapular plane (dashed line), and passively internally rotates the shoulder until a mild stretch is felt. Hold for 30 s, relax, and repeat 3 times. 
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Figure 2 Modified side-lying cross body stretch. The athlete lies on the affected shoulder and stabilizes the scapula by rotating posteriorly (dashed line) against the table as the shoulder is horizontally adducted (arrow). External rotation is restricted via counter pressure of the opposite forearm. Hold for 30 s, relax, and repeat 3 times.
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Figure 3 Open book stretch. (A) The athlete lies on the unaffected shoulder with hips and knees bent 90° and arms straight out in front of him; (B) Opening the chest and laying the affected extremity on the opposite side and looking in the same direction stretches the pectoralis major and biceps short head. Hold for 90 s, relax, and repeat 3 times.

[image: ]
Figure 4 Corner stretch. The athlete faces a corner with the shoulders abducted, elbows flexed to 90° and slowly leans into the corner. Hold for 90 s, relax, and repeat 3 times.
[image: ][image: ][image: ][image: ]
Figure 5 Thrower’s ten program. The Thrower’s Ten Program is designed to exercise the major muscles necessary for throwing. The Program’s goal is to be an organized and concise exercise program. In addition, all exercises included are specific to the thrower and are designed to improve strength, power, and endurance of the shoulder complex musculature. 
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1A. Diagonal Pattern D2 Extension: Involved hand will grip
tubing handle overhead and out to the side. Pull tubing down
and across your body to the opposite side of leg. During the
motion, lead with your thumb. Perform sefs of
repetitions daily.
7

1B. Diagonal Pattern D2 Flexion: Gripping tubing handle in
hand of involved arm, begin with arm out from side 45° and

palm facing backward. After turning paim forward, proceed

1o lex elbow and bring arm up and over involved shoulder.

Turn palm down and reverse to take arm to starting position.

Exercise should be performed ____ sets of ___ repetitions.

___daly. g

2A. Extenal Rotation at 0° Abduction: Stand with involved
elbow fixed at side, elbow at 90° and involved arm across
front of body. Grip tubing handle while the other end of
tubing is fixed. Pull out arm, keeping elbow at side. Retum
tubing slowly and controlled. Perform ____ sets of
repetitions __times daily.

2B. Internal Rotation at 0° Abduction: Standing with elbow
at side fixed at 90° and shoulder rotated out. Grip tubing
handle while other end of tubing is fixed. Pull arm across body
Keeping elbow at side. Return tubing slowly and controlled.
Perform __setsof ___repetitions ___ times dally.

2C. (Optional) External Rotation at 90° Abduction: Stand with
shoulder abducted 90°. Grip tubing handle while the other
endis fixed straight ahead, siightly lower than the shouider.
Keeping shoulder abducted, rotate shoulder back keeping
elbow at 90°. Return tubing and hand to start position.

1. Slow Speed Sets: (Slow and Controlled) Perform sets

o repetitions times daily.

1L Fast Speed Sets: Perform sets of repetitions
times daily.

(continued)
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2D. (Optional) Intemal Rotation at 90° Abduction: Stand with
shoulder abducted to 90°, externally rotated 90° and elbow
bent to 90°. Keeping shoulder abducted, rotate shoulder
forward, keeping elbow bent at 90°. Return tubing and hand
o start position.

1. Slow Speed Sets: (Slow and Controlled) Perform sets

of repetitions times daly.

1L Fast Speed Sets: Perform sefs of repetitions
times daily.

3. Shoulder Abduction to 90°: Stand with arm at side, elbow
straight, and palm against side. Raise amm to the side, palm
down, until arm reaches 90° shoulder level). Perform

sefs of repetitions times daily.

4. Scaption, External Rotation: Stand with elbow straight and
thumb up. Raise arm to shoulder level at 30° angle in front of
body. Do not go above shoulder height. Hold 2 seconds and
lower slowly. Perform ___ sets of repetitions

times daily.

5. Sidelying External Rotation: Lie on uninvolved side, with
involved am at side of body and elbow bent to 90°. Keeping
the elbow of involved am fixed to side, raise arm. Hold
seconds and lower slowly. Perform ___ sets of
repetitions times daily.

6A. Prone Horizontal Abduction (Neutral): Lie on table, face
down, with involved arm hanging straight to the floor, and
palm facing down. Raise arm out to the side, parallel o the
floor. Hold 2 seconds and lower slowly. Perform ___ sets of
____ repetitions ____times daily.

6B. Prone Horizontal Abduction (Full ER, 100° ABD): Lie on
table face down, with involved arm hanging straight to the
floor, and thumb rotated up (hitchhiker). Raise arm out to

the side with arm slightly in front of shoulder, parallel o the
floor. Hold 2 seconds and lower slowly. Perform ___ sets of
____ repetitions___times daily.

A

(continueq)
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6C. Prone Rowing: Lying on your stomach with your involved
arm hanging over the side of the table, dumbbell in hand and
elbow straight. Slowly raise arm, bending elbow, and bring
dumbbell as high as possible. Hold at the top for 2 seconds,
then slowly lower. Perform setsof___repetitions
___timesdaily.

6D. Prone Rowing Into External Rotation: Lying on your
stomach with your involved arm hanging over the side of the
table, dumbbell in hand and elbow straight. Slowly raise arm,
bending elbow, up to the level of the table. Pause one second.
Then rotate shoulder upward until dumbbell is even with the
table, keeping elbow at 90°. Hold at the top for 2 seconds,
then slowly lower taking 2 - 3 seconds. Perform ___sets
of ___ repetitions __ times daiy.

7. Press-ups: Seated on a chair or table, place both hands
firmly on the sides of the chair or table, palm down and
fingers pointed outward. Hands should be placed equal with
shoulders. Slowly push downward through the hands to
elevate your body. Hold the elevated position for 2 seconds
and lower body slowly. Perform ____sefs of

repetitions ____ times daily.

8. Push-ups: Start in the down position with arms in a
comfortable position. Place hands no more than shoulder
width apart. Push up as high as possible, rolling shoulders
forward after elbows are straight. Start with a push-up into
wall. Gradually progress to table top and eventually to floor
as tolerable. Perform __sets of __ repetitions _
times daily.

9A. Elbow Flexion: Standing with arm against side and paim
facing inward, bend elbow upward turning paim up as you
progress. Hold 2 seconds and lower slowly. Perform ___
sefsof ____repetiions ____ times day.

9B. Elbow Extension (Abduction): Raise involved arm
overhead. Provide support at elbow from uninvolved hand.

Straighten am overhead. Hold 2 seconds and lower slowly.
Perform ___setsof ___ repetitions __ times daily.

ﬁ%\‘w%(ﬂ@ﬁg
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10A. Wrist Extension: Supporting the forearm and with paim
facing downward, raise weight in hand as far as possible.
Hold 2 seconds and lower slowly. Perform ___ sefs of
____ repetitions___times daily.

10B. Wrist Flexion: Supproting the forearm and with paim
facing upward, lower a weight in hand as far as possible and
then curl it up as high as possible. Hold for 2 seconds and
lower siowly.

10C. Supination: Forearm supported on table with wrist in
neutral position. Using a weight or hammer, roll wrist taking
palm up. Hold for a 2 count and return to starting position.

Perform sets of repetitions times daily.

10D. Pronation: Forearm should be supported on a table with
wrist in neutral position. Using a weight or hammer,roll wrist
taking palm down. Hold for a 2 count and return to starting
position. Perform ___ sets of repetitions ___
times daily.





