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Ulnar Collateral Ligament Reconstruction
Versus Repair With Internal Bracing

Comparison of Cyclic Fatigue Mechanics
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Background: Ulnar collateral ligament (UCL) injuries have increased significantly in recent years, and reconstruction has become
the preferred treatment for UCL injury over ligament repair. In a recent study, UCL repair with internal bracing demonstrated
significantly greater resistance to gap formation in biomechanical tests, even at low cycles of valgus loading.

Purpose/Hypothesis: The purpose of this study was to compare the fatigue and failure mechanics of traditional UCL recon-
struction with UCL repair and internal bracing. We hypothesized that repaired specimens would have less gap formation, closer
return to native gap formation, and greater maximum torque to failure versus traditionally reconstructed specimens.

Study Design: Controlled laboratory study.

Methods: Ten matched pairs of cadaveric elbows were positioned at 90� of flexion and the native UCL subjected to 500 cycles of
subfailure valgus loading. A simulated tear was created, and the 10 cycles were repeated. Each pair of specimens was next given
repair with internal bracing on 1 side and a modified Jobe reconstruction on the contralateral side, followed by 100 manual cycles
of flexion-extension, 500 cycles of valgus rotation, and, finally, rotation to failure.

Results: The specimens that received the repair unexpectedly experienced significantly less gapping in the torn state than did
those in the reconstruction group. At the 10th cycle, repaired UCL injuries had significantly less gap formation than the recon-
structed UCLs. At the 100th and 500th cycles, repaired UCL injuries continued to experience significantly less gap formation as
compared with the reconstructed injuries.

Conclusion: When compared with the gold standard reconstruction technique, UCL repair with internal bracing is more resistant
to gap formation under fatigue loading. However, the unexpected early difference between the torn states may have confounded
this finding. Time-zero failure properties of this repair technique are on par with those of traditional reconstruction, even after
500 cycles of valgus loading.

Clinical Relevance: UCL reconstruction has become a common procedure among adolescent and elite-level throwers. Recent
data suggest that UCL repair may be a viable option for younger athletes with acute proximal or distal UCL tears, allowing a faster
return to play.
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Over the past 15 years, ulnar collateral ligament (UCL)
reconstruction has become a common procedure among
adolescent and elite-level athletes.4,11,16,21 Recent reports
suggested that UCL injuries have increased significantly in
recent years, particularly for young throwers (<19 years
old).4,11,12,15,16 Biomechanically, the anterior band of the
UCL approaches its tensile strength in overhead throwing,
as it is the primary restraint to valgus force at the
elbow.13,14 Since first reported by Jobe et al18 in 1986, UCL
reconstruction with a palmaris longus graft has become the
preferred treatment for UCL injury among elite throwers
desiring a return to throwing. Conversely, primary liga-
ment repair had been largely abandoned, as historical
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attempts at UCL repair demonstrated poor results among
professional pitchers, with 0% to 63% rates of return to the
same or higher level of pitching.1,3,7,18,20

In the setting of acute proximal or distal UCL injury in a
biomechanically stable joint, UCL repair may be a viable
option. Recent data suggest renewed and successful inter-
est in direct suture repair of the UCL for young athletes
with acute proximal or distal tears.2,22,24 Dugas et al9

recently introduced a novel ligament repair technique
intended to restore valgus stability, decrease soft tissue
dissection, preserve bone, and allow a faster return to play.
This construct consists of UCL repair, augmented with a
spanning tape anchored at either end of the native inser-
tion of the anterior band of the UCL (Internal Brace;
Arthrex Inc). Compared with UCL reconstruction with a
modified Jobe technique, biomechanical testing of this con-
struct demonstrated significantly greater resistance to gap
formation, even at low cycles of valgus loading.9

The purpose of this study was to compare the high-cycle
fatigue and failure mechanics of this technique of augmented
UCL repair with a typical modified Jobe UCL reconstruction
technique. We hypothesized the following: (1) the repaired
specimens would have less gap formation after 500 cycles and
a higher maximum torque to failure when compared with the
reconstruction group; and (2) while both groups would show
an increase in gap formation after the simulated tear, the
repair group would return closer to native values.

METHODS

Specimen Preparation

Twenty fresh-frozen cadaveric upper extremities (10
matched pairs; 7 male, 3 female; mean age, 75 years; range,
46-91) were procured (Science Care) and stored at –20�C
and thawed overnight at room temperature. If present, the
palmaris longus was harvested and kept in saline for later
use in reconstruction; if no palmaris was present, one from
the repair limb of another specimen pair was utilized. Each
specimen was dissected to expose the anterior band of the
UCL. A medial incision was made just posterior to the
medial epicondyle. The ulnar nerve was identified and
transposed anteriorly. With a muscle-elevating approach,3

the sublime tubercle was identified, and the flexor pronator
muscle belly was dissected anteriorly off the tubercle to
expose the anterior band of the UCL.

The flexor pronator origin and all ligamentous and capsu-
lar tissues were preserved. The humerus and forearm were
then transected at the mid-diaphysis and potted in poly-
methyl methacrylate in acrylic pipe. On the dissected speci-
men, the humeral and ulnar insertions of the UCL were
identified as previously described and marked with a fine-
tipped surgical marker.8 The positions of these markers were
used for measurement of ligament displacement (Figure 1A).

Biomechanical Testing

Each specimen was mounted on an axial-torsional materials
testing machine (MTS 858 MiniBionix II; MTS Systems) in a

custom jig with the humerus positioned verticallyand fixed in
line with the test frame actuator. The elbow was positioned at
90� of flexion, and the forearm was mounted to the stationary
base plate (Figure 2).5,6,9,19,23 A 2-N�m valgus preload was
applied to the native elbow, followed by a 60-second hold and
then 500 cycles of valgus loading between 2 and 10 N�m.

A longitudinal split in the anterior band was then cre-
ated to assess the ligament tissue quality and inspect the
ligament for injury. The distal attachment of the UCL at
the sublime tubercle was released with sharp dissection,
simulating a distal avulsion tear of the UCL. Ten cycles
were repeated in this torn state. Each pair of specimens
was next randomly separated into either a repair group
or a reconstruction group.

Ligament Repair

One limb from each pair was randomized with respect to
side and underwent a repair technique published previ-
ously.9 The distal anchor was placed first, at the apex of
the sublime tubercle. A 2.7-mm drill bit was used to estab-
lish this hole, which was tapped with a 3.5-mm tap prior to
placement of a 3.5-mm knotless SwiveLock (Arthrex Inc)
suture anchor. This initial anchor was preloaded with a
2-mm collagen-coated FiberTape (Arthrex Inc) and a
No. 0 nonabsorbable braided suture prior to final place-
ment. The free ends of the No. 0 suture were passed
through the ends of the detached UCL and tied down,

Figure 1. Artistic rendering (left) and cadaveric specimen
(right): (A) intact native UCL, (B) UCL repair with internal
brace, and (C) UCL reconstruction. Artistic rendering rep-
rinted with permission from Dugas et al.9 Anatomic land-
marks: *proximal insertion onto the medial epicondyle;
**distal insertion onto the sublime tubercle. UCL, ulnar collat-
eral ligament.
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repairing the UCL to its native insertion site.8 The native
ligament was then repaired side to side with 3 simple
No. 2-0 sutures. Next, the proximal anchor was placed after
a 2.7-mm drill bit and 3.5-mm tap were inserted at the
native insertion of the anterior band on the medial epicon-
dyle. The free ends of the collagen-coated FiberTape were
loaded into a 3.5-mm knotless SwiveLock. While the joint
was reduced with a slight varus force at 20� of flexion,
the SwiveLock was advanced such that the tension of the
tape did not overtension the underlying native ligament.
Three additional No. 0 absorbable sutures were passed
around the native ligament and FiberTape to incorporate
them (Figure 1B). The specimen was then mounted on the
MTS machine for testing (Figure 2).

Ligament Reconstruction

On each contralateral limb, UCL reconstruction with a pal-
maris longus graft was performed. The previously har-
vested graft tendon ends were then whipstitched with
No. 2 absorbable sutures. Two converging 3.5-mm tunnels
were positioned 1 cm apart at the anterior and posterior
aspects of the sublime tubercle, 5 mm from the joint line.
Next, two 3.5-mm tunnels were placed in the medial epi-
condyle. One of these anchors was positioned at the native
insertion of the anterior band and exited the humerus on
the posterior side of the medial ridge. The second medial
epicondyle tunnel was placed a minimum 1 cm from the exit
point on the humerus of the first tunnel. Straight curettes
were used to connect the 2 tunnels. The native ligament
was repaired end to end in the same fashion as on the repair
limb. Next, a Hewson suture passer was used to shuttle the
graft through the ulnar tunnels. The limb that exited from
the anterior ulnar tunnel was shuttled out through the
distal medial epicondyle hole and pulled out the second
tunnel. The posterior limb was shuttled into the distal

entrance of the epicondylar tunnel and pulled out into
the more proximal exiting hole (first tunnel). Similar to the
repair limb, the joint was reduced with a slight varus force
at 20� of elbow flexion. With tension held on both limbs of
the graft, the graft limbs were crossed, and five No. 2 mat-
tress sutures were placed to secure the limbs over the
medial epicondyle. Three additional No. 0 absorbable
figure-of-8 sutures were placed through the graft and
native ligament to incorporate them (Figure 1C).

Range-of-Motion Simulation and Specimen
Testing

After the respective procedures were performed, each spec-
imen was manually subjected to 100 cycles of flexion-
extension range of motion to represent a simplified full
range-of-motion protocol that might occur during postoper-
ative rehabilitation. After being placed back into the test
frame, the specimen was again loaded in valgus rotation for
500 cycles between 2 and 10 N�m,9 followed by a ramp to
failure at a rate of 1� per second of valgus rotation. Valgus
torque, valgus rotation, and the method and location of
failure were recorded. Failure was defined as mechanical
failure of the system.

Additionally, gap formation measurements were taken
for the 10th cycle of all conditions as well as for the 100th
and 500th cycles of the intact and repair/reconstruction
conditions. Gap formation was measured optically9 as the
change in distance of the 2 anatomic landmarks between
the precycling hold and the peak of the cycle of interest (ie,
10th, 100th, or 500th).

Data Analysis

A 2-way analysis of variance (ANOVA) with repeated mea-
sures was employed to detect overall differences in gap

Figure 2. Biomechanical testing setup.
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formation for the intact, torn, and surgical conditions. Post
hoc comparisons were made between the procedures (post
hoc Student t test) as well as among the 3 surgical condi-
tions (Tukey honest significant difference). Significance
was set at P � .05.

RESULTS

In the early stages (at the 10th cycle), there was a signifi-
cant effect of the presence of injury (P ¼ .002) as well as the
type of corrective procedure (P < .0001) on gap formation.
The interaction of these 2 effects was also significant
(P ¼ .02). Specifically, repaired UCL injuries had signifi-
cantly less (P ¼ .008) gap formation than the reconstructed
group (mean ± SD 2.51 ± 1.77 vs 5.45 ± 3.58 mm, respec-
tively), as shown in Figure 3. As compared with the recon-
struction group, the specimens that received the repair also
unexpectedly experienced significantly less (P ¼ .007) gap-
ping in the torn state. There was no difference (P > .999) in
gap formation for the same specimens in their intact state
(1.86 ± 1.19 for the repair group vs 1.92 ± 0.46 mm for the
reconstruction group).

At the 100th cycle, there was a significant effect of the
presence of injury (P¼ .008) as well as the type of corrective
procedure (P ¼ .03) on gap formation. The interaction of
these 2 effects was not significant (P ¼ .06). Specifically,
repaired UCL injuries had significantly less (P ¼ .02) gap
formation than reconstructed UCLs (3.20 ± 2.08 vs 6.09 ±
4.06 mm, respectively), as shown in Figure 4. There was no
difference (P > .999) in gap formation for the same speci-
mens in their intact state (2.27 ± 1.36 for the repair group
vs 2.51 ± 1.36 mm for the reconstruction group).

By the 500th cycle, there was a significant effect of the
presence of injury (P¼ .006) as well as the type of corrective
procedure (P ¼ .001) on gap formation. The interaction of
these 2 effects was not significant (P ¼ .08). Specifically,

repaired UCL injuries had significantly less (P ¼ .004) gap
formation than reconstructed UCLs (3.54 ± 2.48 vs 6.48 ±
4.11 mm, respectively), as shown in Figure 5. There was no
significant difference (P ¼ .6) in gap formation for the same
specimens in their intact state (2.71 ± 1.88 for the repair
group vs 3.70 ± 3.19 mm for the reconstructed group).

There were no statistically significant differences
observed between reconstruction and repair with respect
to gap formation at failure (P ¼ .265), failure torque
(P ¼ .403), or torsional stiffness (P ¼ .162). Modes of failure
for the repaired elbows were ulnar screw pullout (6 of 10),
ulnar bone tunnel failure (3 of 10), and humerus fracture
(1 of 10). One of our repair samples underwent transliga-
mentous failure during testing of the intact ligament, likely

Figure 3. Gap formation after 10 cycles. After 10 cycles, ulnar
collateral ligament repair demonstrated significantly less (P ¼
.008) gap formation than reconstruction. Values are pre-
sented as mean ± SD.

Figure 4. After 100 cycles, repaired ulnar collateral ligament
injuries had significantly less (P¼ .02) gap formation than those
with reconstruction. Values are presented as mean ± SD.

Figure 5. After 500 cycles, repaired ulnar collateral ligament
injuries had significantly less (P ¼ .004) gap formation than
those with reconstruction. Values are presented as mean ± SD.
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because of poor tissue quality, and was determined to be
inadequate for repair. Modes of failure for the recon-
structed elbows included ulnar tunnel fracture (7 of 10),
humeral tunnel fracture (1 of 10), supracondylar distal
humerus fracture (1 of 10), and graft failure at the humeral
tunnel (1 of 10). One of our reconstruction samples failed
during testing of the intact ligament and was determined to
be inadequate for reconstruction.

DISCUSSION

As expected, on the basis of our first hypothesis, this cadav-
eric study showed that UCL repair with internal bracing
was more resistant to gap formation under fatigue loading
than the gold standard reconstruction technique; however,
contrary to our second hypothesis, gap formation in the
injured state at 10 cycles significantly increased for only the
reconstruction group rather than both groups. The study
also confirmed that the time-zero failure properties of this
repair technique are on par with those of traditional recon-
struction. In a previous study, this novel repair technique
replicated the time-zero failure strength of traditional graft
reconstruction and appeared to be more resistant to gapping
at low cyclic loads9; however, the present study may more
closely replicate the long-term stressors of return to play by
analyzing fatigue loading properties. In addition, to our
knowledge, the simulated rehabilitation protocol utilized
in this study is the first attempt of its kind to establish
the biomechanical properties for UCL reconstruction and
repair at the time when the athlete would have returned to
play.26,27 As this is a cadaveric investigation, the simu-
lated rehabilitation protocol did not include any biological
processes (eg, inflammation, cellular responses) involved
in actual injury healing and rehabilitation.

Early reports on UCL repair demonstrated poor results
when compared with reconstructive methods, particularly
for high-level baseball pitchers.1,3,7 UCL repair was first
reported in 1981 by Norwood et al,20 in a study in which 2
of 4 patients had no residual instability at 2 years after
surgical repair; however, none of the patients were high-
level overhead athletes. Conway et al7 reported on 14
repairs among overhead athletes, with 50% of patients able
to return to their previous levels of activity. A deeper exam-
ination of their data set revealed that only 2 of 7 (29%)
professional athletes returned, whereas 5 of 7 (71%) non-
professional athletes returned. Azar et al3 reported on 59
reconstructions and 8 repairs on male collegiate and pro-
fessional baseball players; 81% of the reconstruction group
returned to a previous level or higher, whereas only 63% of
the repair group returned to a similar level of play.

Given historically high rates of failure for UCL repair,
UCL reconstruction is still widely considered the gold
standard surgical procedure for chronic symptomatic UCL
instability for overhead athletes. Over a career of throw-
ing, the elbow of a high-level player endures repetitive
near-failure stresses that may cause UCL microtrauma,
microinstability, and eventually complete failure of UCL
attenuation.7,27 Full reconstruction with graft augmenta-
tion to replace poor-quality ligament tissue is necessary in

these cases, and we do not recommend UCL repair for
these athletes.7,18

With the recent rise in acute UCL injuries documented
for youth, adolescent, and high school throwing athletes,
one may expect to see more acute UCL injuries without
chronic ligament changes over a career of throwing. If the
injury is isolated to the proximal or distal insertion area of
the UCL, the ligament and remainder of the joint should be
amenable to repair and rapid recovery. Additionally, the
repair construct presented here and elsewhere9 may allow
for faster return to play, as it demonstrates superior resis-
tance to gap formation, allowing the native ligament to heal
without excessive stretch under valgus loads; however, this
has yet to be determined with supporting clinical data.

Recent studies suggest renewed interest in UCL repair
for younger athletes. Savoie et al24 reported on the repair of
proximal and distal UCL avulsion injuries in young throw-
ing athletes (mean age, 17 years). These were repaired with
suture through bone tunnels or to single-suture anchors,
and the authors reported that 58 of 60 athletes returned
to sport at the same level or higher within 6 months.
Richard et al22 reported on the direct repair of acute UCL
ruptures from the humerus with bone tunnels or single-
suture anchors at a mean of 20 days from injury. All of their
patients also required suture repair of flexor-pronation mass
avulsion at the time of surgery. Of the 11 patients, 9
returned to collegiate athletics by 6 months. Argo et al2

reported their findings on female overhead athletes (mean
age, 22 years), where all but 1 of 18 patients returned to sport
at a mean 2.5 months. It appears that with proper evaluation
and patient choice, direct UCL repair remains a viable option
for young athletes with acute tear of the UCL. A biomechan-
ically stable repair construct may make it possible to
decrease rehabilitation time and allow for faster return to
play compared with traditional UCL reconstruction, which
carries a nearly 12-month period before return to play.

This study has several limitations that are inherent to
cadaveric investigations, including our specimen age and
sample size. Our mean specimen age is not representative
of the athletes who typically undergo this procedure. This
could have led to early failure attributed to bone quality, as
shown with our most common modes of failure, which
included humeral-sided fracture and ulnar bone tunnel
failure. Inconsistent bone quality may have contributed
some level of variability to our findings. Our attempt to
replicate a true clinical distal-sided tear by elevating the
UCL off the sublime tubercle to mimic a “T-sign”25 may
have decreased the displacement of the tear state. If a true
transection of the ligament had been performed, then
greater instability of the tear state and statistical signifi-
cance for the reconstruction group may have been seen. We
chose to remove the ligament from its native distal inser-
tion at the sublime tubercle as a means to replicate a distal
UCL tear that would be amenable to repair. This also may
have contributed to the unexpected finding of a difference
between the torn states of the 2 groups.

The cyclic gapping data presented here confirm previ-
ously reported findings—that this UCL repair technique
undergoes significantly less gap formation versus a tradi-
tional UCL reconstruction.9 One potential confounding
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factor, however, is that a similar difference was noted in the
torn condition at 10 cycles. This finding was unexpected
and did not reflect a difference in the tear creation tech-
nique between groups. Measurements of the torn condition
were made at 10 cycles only (ie, not at 100 or 500) to allow
for comparison with previous work, which completed a
maximum of 10 cycles prior to loading to failure. The dif-
ference in the torn condition at 10 cycles was not seen in the
cited study.9

Perhaps the most important and clinically relevant finding
of the present study is that resistance to gapping was main-
tained at higher loading cycles for this repair technique; that
is, as compared with the gold standard reconstruction tech-
nique, the repair technique sustains its biomechanical pro-
perties to a superior extent under fatigue loading. One may
extrapolate these findings clinically to their effect on post-
operative rehabilitation protocols. Specifically, these results
support the notion that an accelerated physical therapy
protocol can be reasonably carried out after our repair pro-
cedure, allowing a significantly faster return to throwing
without compromising the integrity of the repair.

Previous authors have demonstrated joint laxity and
adaptive morphologic characteristics in the UCL of asymp-
tomatic overhead athletes.10,17 In these cases, however,
such adaptive changes are likely secondary to chronic
microinstability that occurs over a career of throwing; that
is, they are not secondary to acute UCL injury. In the set-
ting of acute UCL injury, the presence of gap formation may
be more significant because it may lead to incomplete healing.
Our biomechanical testing setup simulated early load-bearing
conditions, similar to those in the early stages of a postoper-
ative rehabilitation program.27 In such early stages of the
postoperative protocol, cyclic load is low as compared with the
stressors that the UCL resists during the throwing motion,
which occurs much later in the rehabilitation process.

Future clinical work with this repair technique may
strengthen our findings. Because many of the patients for
whom repair is indicated will go on to participate in their
sports at similar or higher levels of competition, informa-
tion related to outcomes would be useful, including return
to sport, performance, symptoms, and failures. Currently,
this procedure is used at our institution, and clinical out-
come studies are underway. Should it become necessary, this
technique lends itself to an easy revision procedure for sev-
eral reasons. First, we use a biostable polyetheretherketone
(PEEK) polymer anchor to minimize cyst formation, tunnel
expansion, and/or osteolysis in bone while permitting anchor
removal in a revision setting. Second, this anchor permits
advanced imaging of the ligament at a later time without
artifact. Third, the size of the anchor is 3.5 mm in diameter,
similar to the size of a tunnel used in UCL reconstruction.
Thus, bone tunnels in a revision setting can be incorporated
without sacrificing strength of the construct and without the
concern for lytic or weakened bone around the tunnels.

CONCLUSION

This study shows that UCL repair with internal bracing is
more resistant to gap formation under fatigue loading than

the gold standard UCL reconstruction technique; however,
it is unknown to what degree the unexpected early differ-
ence seen between the torn states of the 2 groups might
have affected this finding. It also confirms that the time-
zero failure properties of this repair technique are on par
with those of traditional reconstruction, even after high
cycles of valgus loading. For some throwing athletes, par-
ticularly those who have high bone quality, this technique
may provide a better outcome than standard UCL
reconstruction.

ACKNOWLEDGMENT

The authors thank Kyle Aune, Mike Oliver, and Sanjay
Reddy for their contributions to the completion of this study.

REFERENCES

1. Andrews JR, Timmerman LA. Outcome of elbow surgery in profes-

sional baseball players. Am J Sports Med. 1995;23(4):407-413.

2. Argo D, Trenhaile SW, Savoie FH, Field LD. Operative treatment of

ulnar collateral ligament insufficiency of the elbow in female athletes.

Am J Sports Med. 2006;34(3):431-437.

3. Azar FM, Andrews JR, Wilk KE, Groh D. Operative treatment of ulnar

collateral ligament injuries of the elbow in athletes. Am J Sports Med.

2000;28(1):16-23.

4. Cain EL, Andrews JR, Dugas JR, et al. Outcome of ulnar collateral

ligament reconstruction of the elbow in 1281 athletes: results in 743

athletes with minimum 2-year follow-up. Am J Sports Med. 2010;

38(12):2426-2434.

5. Chronister JE, Morris RP, Andersen CR, Buford WL, Bennett JM,

Mehlhoff TL. A biomechanical comparison of 2 hybrid techniques for

elbow ulnar collateral ligament reconstruction. J Hand Surg Am. 2014;

39(10):2033-2040.

6. Cohen SB, Woods DP, Siegler S, Dodson CC, Namani R, Ciccotti MG.

Biomechanical comparison of graft fixation at 30� and 90� of elbow

flexion for ulnar collateral ligament reconstruction by the docking

technique. J Shoulder Elbow Surg. 2015;24(2):265-272.

7. Conway JE, Jobe FW, Glousman RE, Pink MM. Medial instability of

the elbow in throwing athletes: treatment by repair or reconstruction

of the ulnar collateral ligament. J Bone Joint Surg Am. 1992;74(1):

67-83.

8. Dugas JR, Ostrander RV, Cain EL, Kingsley DS, Andrews JR. Anat-

omy of the anterior bundle of the ulnar collateral ligament. J Shoulder

Elbow Surg. 2007;16(5):657-660.

9. Dugas JR, Walters BL, Beason DP, Fleisig GS, Chronister JE. Biome-

chanical comparison of ulnar collateral ligament repair with internal

bracing versus modified jobe reconstruction. Am J Sports Med. 2016;

44(3):735-741.

10. Ellenbecker TS, Mattalino AJ, Elam EA, Caplinger R. Medial

elbow joint laxity in professional baseball pitchers: a bilateral

comparison using stress radiography. Am J Sports Med. 26(3):

420-424.

11. Erickson BJ, Nwachukwu BU, Rosas S, et al. Trends in medial ulnar

collateral ligament reconstruction in the United States: a retrospective

review of a large private-payer database from 2007 to 2011. Am J

Sports Med. 2015;43(7):1770-1774.

12. Fleisig GS, Andrews JR. Prevention of elbow injuries in youth baseball

pitchers. Sports Health. 2012;4(5):419-424.

13. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RRFR. Kinetics of

baseball pitching with implications about injury mechanisms. Am J

Sports Med. 1995;23(2):233-239.

14. Fleisig GS, Kingsley DS, Loftice JW, et al. Kinetic comparison among

the fastball, curveball, change-up, and slider in collegiate baseball

pitchers. Am J Sports Med. 2006;34(3):423-430.

6 Jones et al The Orthopaedic Journal of Sports Medicine



15. Fortenbaugh D, Fleisig GS, Andrews JR. Baseball pitching biome-

chanics in relation to injury risk and performance. Sports Health.

2009;1(4):314-320.

16. Hodgins JL, Vitale MA, Arons RR, Ahmad CS. Epidemiology of medial

ulnar collateral ligament reconstruction: a 10-year study of New York

State. Am J Sports Med. 2016;44(3):729-734.

17. Hurd WJ, Eby S, Kaufman KR, Murthy NS. Magnetic resonance imag-

ing of the throwing elbow in the uninjured, high school-aged baseball

pitcher. Am J Sports Med. 2011;39(4):722-728.

18. Jobe FW, Stark H, Lombardo SJ. Reconstruction of the ulnar collateral

ligament in athletes. J Bone Joint Surg Am. 1986;68(8):1158-1163.

19. Lynch JL, Pifer MA, Maerz T, et al. The GraftLink ulnar collateral

ligament reconstruction: biomechanical comparison with the docking

technique in both kinematics and failure tests. Am J Sports Med.

2013;41(10):2278-2287.

20. Norwood LA, Shook JA, Andrews JR. Acute medial elbow ruptures.

Am J Sports Med. 1981;9(1):16-19.

21. Petty DH, Andrews JR, Fleisig GS, Cain EL. Ulnar collateral ligament

reconstruction in high school baseball players: clinical results and

injury risk factors. Am J Sports Med. 2004;32(5):1158-1164.

22. Richard MJ, Aldridge JM, Wiesler ER, Ruch DS. Traumatic valgus

instability of the elbow: pathoanatomy and results of direct repair.

J Bone Joint Surg Am. 2008;90(11):2416-2422.

23. Ruland RT, Hogan CJ, Randall CJ, Richards A, Belkoff SM. Biome-

chanical comparison of ulnar collateral ligament reconstruction tech-

niques. Am J Sports Med. 2008;36(8):1565-1570.

24. Savoie FH, Trenhaile SW, Roberts J, Field LD, Ramsey JR. Primary

repair of ulnar collateral ligament injuries of the elbow in young ath-

letes: a case series of injuries to the proximal and distal ends of the

ligament. Am J Sports Med. 2008;36(6):1066-1072.

25. Timmerman LA, Schwartz ML, Andrews JR. Preoperative evaluation

of the ulnar collateral ligament by magnetic resonance imaging and

computed tomography arthrography: evaluation in 25 baseball

players with surgical confirmation. Am J Sports Med. 1994;22(1):

26-31.

26. Wilk KE, Macrina LC, Cain EL, Dugas JR, Andrews JR. Rehabilitation

of the overhead athlete’s elbow. Sports Health. 2012;4(5):404-414.

27. Wilson FD, Andrews JR, Blackburn TA, McCluskey GM III. Valgus

extension overload in the pitching elbow. Am J Sports Med. 1983;

11(2):83-88.

The Orthopaedic Journal of Sports Medicine UCL Reconstruction vs Repair With Internal Brace 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


