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Background: Tearing and insufficiency of the ulnar collateral ligament (UCL) of the elbow result in valgus instability, which can lead
to pain while throwing and decline in performance in overhead athletes.

Purpose: To assess the clinical results of a modified UCL reconstruction technique using 1 bone hole in the ulna and 1 bone tunnel
in the humerus in baseball players.

Study Design: Case series; Level of evidence, 4.

Methods: The inclusion criteria were medial elbow pain preventing effective playing, clinically medial elbow laxity, and magnetic
resonance imaging results consistent with UCL injury. Patients who were engaged in other sports and in other positions in baseball
except pitchers were excluded from this study. Our modified Tommy John procedure was performed via a muscle-splitting
approach and an original single-bone-tunnel technique, using a suture anchor. After a minimum of 24 months, patients were
evaluated using the Conway scale and the Timmerman-Andrews score.

Results: Of 31 patients, 20 baseball pitchers (20 male: 5 high school, 5 collegiate, 8 nonprofessional, and 2 professional pitchers)
were reviewed. The mean patient age at the time of operation was 21.9 years, and the mean postoperative follow-up period was
35.1 months (range, 24-66 months). The mean Timmerman-Andrews subjective score improved significantly from pre- to post-
operatively (from 68.3 to 98.3; P < .05); the objective score also improved significantly (from 81.1 to 96.4; P ¼ .01). No compli-
cations were detected at the latest follow-up. Overall, 19 patients were able to return to their preinjury level of sports or higher.

Conclusion: UCL reconstruction with 1 bone hole in the ulna and 1 bone tunnel in the humerus demonstrated satisfactory results in
baseball pitchers. Our modified technique was safe and achieved satisfactory clinical results, with a 95% rate of return to sports.
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The ulnar collateral ligament (UCL), the medial ligamentous
structure of the elbow joint, is composed of 3 substructures:
the anterior, posterior, and transverse bundles. The ante-
rior bundle functions as the primary stabilizer of the elbow
joint against valgus stress.8,15 During the acceleration
phase of throwing, 64 N�m varus torque is estimated to
result at the elbow joint.14 The chronic repetitive trauma
of throwing can result in injury or tear of this bundle.
Injury to the UCL of the elbow results in valgus instability,
which can cause pain during throwing and decline in
performance.

Since Jobe et al17,18 first reported on UCL reconstruction
in overhead throwers in 1986 using a technique known as
the figure-of-8 procedure, UCL reconstruction has been

performed using a palmaris longus tendon autograft. In
this method, detachment of the flexor-pronator muscles
from their origin is mandatory for preparing the medial
epicondyle. Simultaneously, the ulnar nerve is transferred
as well. It has been reported that 62.5% of patients under-
going this surgery return to their preinjury level of sports.9

Thompson et al35 demonstrated better outcomes and fewer
complications using a modified technique, which includes
use of a muscle-splitting approach. Subsequently, a num-
ber of reports have depicted successful results using modi-
fied techniques or various devices with the original
technique{ such as docking,11,21,30 modified docking,5,27

and DANE TJ techniques.10

Since the original fixation with bone tunnels was devel-
oped by Jobe et al,18 other fixation devices have been devel-
oped, including interference screws,1,20,22,24 suture
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anchors,16 and suspensory cortical buttons.3,7 In terms of
graft fixation to the bone, most of these techniques require
a minimum of 1 bone tunnel in both the ulna and the
humerus. Hechtman et al15 demonstrated a UCL recon-
struction technique using suture anchors at both of the
insertion sites and reported no significant difference in the
strength of reconstruction between suture anchors and
bone tunnels.

The figure-of-8 procedure typically needs 3 bone tunnels
in the humerus and 2 in the ulna; however, we have devel-
oped a modified figure-of-8 technique in which a suture
anchor needs only 1 bone hole in the ulna. In addition, we
have found that turning the graft back minimizes the num-
ber of bone holes in the medial epicondyle of the humerus
without an implant. The purpose of this study was to assess
the clinical results of our modified Tommy John procedure
in high school, collegiate, and professional baseball pitch-
ers. We hypothesized that with regard to the clinical results
and rate of return to sports, our modified technique would
show similar results in comparison with other methods.

METHODS

This study was performed with ethics committee approval
from our institution. We retrospectively reviewed baseball
pitchers who underwent UCL reconstruction. Between
2006 and 2011, a total of 31 consecutive patients were trea-
ted using UCL reconstruction by a single surgeon (K.S.). All
patients had elbow pain at the medial side, which was
related to UCL insufficiency or injury. On physical exami-
nation, they showed a positive sign of moving valgus stress
test, pain with valgus stress, or unsatisfied performance in
throwing. All patients underwent ultrasonography and
magnetic resonance imaging (MRI) showing partial or com-
plete tears (n ¼ 15) and instability of the UCL (n ¼ 16).
Valgus instability of the throwing elbow was assessed with
the elbow in 90� of flexion using ultrasonography and com-
pared with that of the nonthrowing side. Before surgical
treatment, all patients had undergone a minimum 12-
week period of nonoperative therapy that included rest and
physical therapy, a treatment that eventually failed for all
patients. In all patients, cortisone and platelet-rich plasma
were not administered before surgery. Written informed
consent was obtained from all patients.

The indications for surgical reconstruction were persis-
tent pain with valgus stress test, low performance in throw-
ing, or inability to throw at the preinjury level without pain
after nonoperative treatment for a minimum of 12 weeks.

Arthroscopic Assessment

Intra-articular assessment routinely was performed
arthroscopically. In the anterior and posterior compart-
ments, articular cartilage and synovium were evaluated via
the lateral portal, transtriceps, and posteromedial portal,
respectively. If pathologic conditions such as loose body and
spurs were identified, they were removed via an arthro-
scopic procedure.

Operative Technique

We used a modified technique based on the Tommy John
procedure. The patient was placed in the supine position.
The forearm was then positioned on the operating table.
The palmaris longus tendon was harvested for the recon-
struction as an autograft from the ipsilateral side in all
patients. The graft was prepared to pass through the
humeral bone tunnel and ulnar bone hole for the suture
anchor using No. 2.0 nonabsorbable braided sutures fas-
tened on 1 end. An oblique 6-cm incision was made pre-
cisely at the anterior proximal area of the medial
epicondyle and swept distally. The medial antebrachial
cutaneous nerve and ulnar nerve were identified for their
protection. Dissection was performed down to the fascia
covering the flexor-pronator mass. A muscle-splitting
approach was used through the common flexor-pronator
muscles in the anterior part of the flexor carpi ulnaris mus-
cle.31 A longitudinal split was made in the posterior part of
the muscle to reach the anterior bundle of the UCL. After
the exposure of that bundle, a longitudinal incision was
made, identifying the joint line via a needle. Subsequently,
at the anterior area of the sublime tubercle of the ulna, the
bone hole for a suture anchor was created while protecting
the ulnar nerve using a 3.2-mm drill. The first end of the
graft was tied with the suture from the anchor, keeping the
edge of its end inside the bone hole. The tunnel position at
the humerus was located in the anterior part of the medial
epicondyle. A longitudinal incision was made within the
remaining UCL for the preparation of a humeral bone tun-
nel. That tunnel was created in the medial epicondyle using
a 3.2-mm drill. The second end of the graft was passed
through the bone tunnel in the humerus and then distally
turned back (Figure 1).

After the graft was folded, the folded end was passed
underneath the pronator teres and the flexor carpi ulnaris
muscles near their origin from the medial epicondyle
(Figure 2).
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The surgeon tensioned the graft, holding the patient’s
arm at 30� of flexion while adding varus stress manually.
The second end was tied around the first end of the graft
and the distal remnant of the UCL at the ulna. Both ends of
the graft were fixed using nonabsorbable sutures. After
suturing, the excessive length of the graft was folded again
in the proximal direction and was tied to the graft itself for
reinforcement (Figure 3). Finally, sutures were added to
reduce the gap between both sides of the grafts.

Postoperative Therapy

The elbow was immobilized in a splint for 2 weeks at 60� of
flexion. Then, the splint was transitioned to a hinged elbow
brace so the patients could start passive and active assisted
elbow flexion and extension without valgus stress. At 6
weeks after surgery, the hinged brace was removed, and
strength training of the forearm and shoulder was allowed
to start without valgus stress at the elbow. At 12 weeks after
surgery, gradual progression of valgus stress was permitted
to start during strength training. A throwing program began
16 weeks postoperatively. At 6 months after surgery, the
patients were allowed to start pitching from the mound.

Postoperative Evaluation

All patients were available for follow-up. Preoperatively
and at the final follow-up, clinical evaluation was per-
formed using the Conway scale and the Timmerman-
Andrews score.36 The elbow range of motion and return to
baseball pitching performance (ie, preinjury or higher level)
were also assessed.

Statistical Analysis

Comparisons between preoperative and postoperative data
were performed using a paired t test. Values of P < .05 were
considered statistically significant. These statistical analyses
were performed using R Version 1.33 (Saitama Medical Cen-
ter, Jichi Medical University).19 The post hoc power analysis
was performed to evaluate power (1�b) using G*Power3 Ver-
sion3.1.9.2 statistical analysis software (HeinrichHeine Uni-
versity Duesseldorf),12,13 with significance (a) set at .05.

RESULTS

Of the 31 patients, 5 patients who were engaged in other
sports (judo, javelin, and basketball) and 4 baseball players

Figure 2. (A) Turn-back of the grosteophytes were removed arthroscopically underneath the pronator teres and the flexor carpi
ulnaris muscles near the origin of the graft at the medial epicondyle. (B) Intraoperative photograph of the turn-back of the graft
underneath the pronator teres and the flexor carpi ulnaris muscles near the origin of the graft at the medial condyle. G, palmaris
longus tendon graft; H, humerus; ME, medial epicondyle of the humerus; PF, pronator teres and flexor carpi ulnaris muscles; U,
ulna; UN, ulnar nerve.

Figure 1. Passing of the graft through the bone tunnel at the
humerus after fixation of 1 end of the graft at the ulna. The
arrow indicates the bone hole for the suture anchor, and the
arrowheads indicate the bone tunnel at the medial epicon-
dyle. G, palmaris longus tendon graft; H, humerus; ME,
medial epicondyle of the humerus; PF, pronator teres and
flexor carpi ulnaris muscles; U, ulna.
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at other positions (2 catchers and 2 field players) were
excluded from this study. A total of 22 pitchers met the
inclusion criteria. Of these 22 baseball pitchers, 2 patients
(9%) were lost to follow-up after 24 months. Thus, overall,
20 baseball pitchers were reviewed. All 20 patients were
male, including 5 high school, 5 collegiate, 8 nonprofes-
sional, and 2 professional pitchers. The average age at the
time of the reconstruction was 21.9 years (range, 17-31
years). The mean postoperative follow-up period was 35.1
months (range, 24-66 months). The involved extremity was
dominant in all cases. The dominant side in all of the
patients were the same as throwing side.

There were no intraoperative complications, and all
patients were available for follow-up at a mean of 35.9
months after surgery (range, 24-55 months). In 9 of these
patients (45%), osteophytes were removed arthroscopically
from the posteromedial margin of the olecranon, the edge of
the coronoid process, or both. Loose bodies were removed in
7 patients (35%). The ulnar nerve was transposed subcuta-
neously in 3 patients (15%) because of preoperative ulnar
nerve symptoms. A total of 19 patients (95%) returned to
their preinjury level of sports or higher, indicated by an
excellent grade on the Conway scale. Only 1 patient was
not able to return to pitching at his preinjury level; he
decided to stop playing baseball after graduating from
college.

Significant improvement was shown in scores by using
the Timmerman-Andrews 100-point subjective scoring sys-
tem: a mean preoperative score of 68.3 (range, 60-85) and a
mean postoperative score of 98.3 (range, 85-100) (P < .05).

Furthermore, in terms of objective score, the preoperative
score of 81.1 recovered to a postoperative score of 96.4,
which was a significant difference (P < .01). By the grading
scale of the Timmerman-Andrews total scoring system, the
postoperative outcome was excellent in 18 patients (90%)
and good in 2 patients (10%) at the final follow-up time.
There were no postoperative infections or neurologic
complications.

DISCUSSION

In this study, we evaluated the clinical results and the rate
of return to sports in baseball pitchers after UCL recon-
struction with a modified figure-of-8 technique. The modi-
fication for this technique, which entails folding and
passing the graft tendon underneath the pronator teres and
the flexor carpi ulnaris muscles near the origin of the graft,
minimized the number and size of tunnels in the medial
epicondyle of the humerus. Additionally, the use of an ulnar
suture anchor did not require a bone tunnel but rather
required only a bone hole, which did not have an aperture
at the opposite side of the cortex of the ulnar sublime tuber-
cle. This modification also reduced exposure of the posterior
part of the ulnar sublime tubercle and decreased detach-
ment of the origin of the flexor digitorum superficialis and
profundus muscles. In the clinical evaluation of this study,
95% of the pitchers (all except 1 patient) could return to
their preinjury level of performance.

Since Jobe et al18 initially demonstrated elbow UCL
reconstruction, which has been called the figure-of-8 tech-
nique, multiple techniques and modifications have been
described.2,4,5,9-11,16,21,27,30 In the figure-of-8 technique, 2
and 3 bone tunnels in the ulna and the humerus, respec-
tively, are prepared for passing and fixing the graft. Rohr-
bough et al30 described the revised procedure of UCL
reconstruction as the docking technique. This procedure
and the modified docking technique need 1 bone tunnel in
the anterior and posterior parts of the sublime tubercle and
a Y-shaped tunnel in the medial epicondyle for passing and
fixing the grafts.5,27,30 Additionally, the use of interference
screws has made it possible to fix grafts using only 1 bone
tunnel in each bone, providing sufficient strength for graft
fixation.1,20,22,24 In contrast, Hechtman et al15 reported
that use of a suture anchor, which does not need bone tun-
nels but requires a hole with 1 aperture, could be a less
invasive surgery. In addition, biomechanically, no signifi-
cant difference was shown in reconstruction strength with
the use of bone anchors versus bone tunnels.15 In our pro-
cedure, after the graft was passed through the bone hole in
the medial condyle and turned back, the graft was fixed
underneath the flexor muscle to avoid creating an addi-
tional bone hole in the humerus.

In the figure-of-8 and docking procedures, fixation mate-
rials are not required. Instead, for graft passing,4,9,11,27,30

the figure-of-8 technique requires double 3 mm–diameter
and 4 mm–diameter holes in the ulna and the humerus,
respectively.4,9 In the docking and modified docking tech-
niques, while a single 4 to 5 mm–diameter bone tunnel with
2 small apertures is created in the medial epicondyle,

Figure 3. Suturing of the second end of the graft around the
first end of the graft and additional suturing of the graft itself.
The arrows indicate the interlaced sutures of the tendon graft
sides. G, palmaris longus tendon graft; H, humerus; ME,
medial epicondyle of the humerus; PF, pronator teres and
flexor carpi ulnaris muscles; U, ulna.
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double 3 to 3.5 mm–diameter tunnels are prepared.5,11,27,30

However, when interference screws are used, a 4.5 mm–
diameter bone tunnel is needed on both sides.20 In our pro-
cedure, using suture anchors made it possible to fix the
graft using only 1 bone hole of 3.2-mm diameter in the
humerus and 1 bone tunnel of 3.2-mm diameter in the ulna.
This method could decrease the risk of medial epicondyle
fracture. In addition, bone anatomic features differ among
individual baseball players.6 Therefore, it could be difficult
to apply the same tunnel sizes and configurations to each
athlete. Anatomic differences have been reported in the
shoulders of the throwing side due to adaptive changes
during growth and development.33,34 Changes to the
medial epicondyle of the throwing side also have been iden-
tified from youth to adolescent baseball players through the
use of ultrasonography, radiography, or MRI.23,26,28,37

Therefore, it is possible that similar adaptive changes may
exist in the elbows of throwing athletes caused by the
effects of repetitive throwing on the ulnar sublime tubercle.
As a result, our modified technique could be an efficient
surgical option in patients who have a small medial
epicondyle.

To fix the graft during docking and figure-of-8 proce-
dures, 2 apertures have to be prepared at the proximal area
of the medial epicondyle.4,9,11,27,30 Between these 2 aper-
tures, a bone bridge with a minimum 5- to 10-mm margin
is needed to resist valgus torque and support the graft itself
until it is healed between the bone and tendon interface. In
our technique, after the graft is passed through humeral
bone tunnel, the graft goes through the layer between the
flexor mass and the capsule of the elbow. This makes the
anterior half of the medial epicondyle capable of supporting
the graft. Moreover, the flexor mass was thought to play a
role in preventing excessive movement of the graft around
the medial epicondyle. Side-to-side suturing of the graft,
after passing under the flexor mass, would reinforce the
graft itself and avoid excessive slipping and movement of
the graft.

In the ulnar sublime tubercle, 1 bone hole is necessary
for inserting a suture anchor, and this tunnel does not vio-
late the opposite cortex. It also does not require an aperture
to pass the graft to the opposite side of the cortex and does
not require exposing the posterior part of the sublime
tubercle, which is near the path of the ulnar nerve. More-
over, while the graft is turned back anteriorly, the posterior
side of the medial epicondyle, which is also close to the path
of the ulnar nerve, does not have to be exposed excessively.
These procedures for the ulnar nerve could be related to the
absence of postoperative complications.

Several studies have demonstrated a rate of return to
sports from 67.5% to 92% after the initial Jobe technique.#

The docking technique and its modifications have shown
high rates of return to sports, from 85% to 92%, in Major
League Baseball players.5,16,27 Moreover, 77% to 84% of
high school and collegiate baseball players have been
reported to return to baseball at the same or higher
level.25,29,32 The level of baseball pitching performance in

our study was different from that reported in previous stud-
ies because we included both high school and professional
players. However, our technique showed a 95% return to
preinjury or higher level of sports. This technique can be
considered highly reliable in baseball pitchers.

The present study has several limitations. First, this
study was a retrospective study and did not have a control
group. Second, the results of this study did not include
detailed degrees of competitiveness or performance
metrics. Third, the patient cohort was not uniform.
Fourth, in terms of the technique, no biomechanical study
was performed to test initial strength against valgus
stress. Fifth, because the graft was passed between the
flexor mass and the capsule to minimize the number and
size of bone holes in the humerus, its effect on the flexor
mass is unknown. However, we believe that graft passage
underneath the flexor mass would also contribute to rein-
forcing and stabilizing the graft during the throwing
motion. As a next step, we will evaluate the use of a
revised fixation material, which has greater pullout
strength and better healing potential and would improve
the UCL reconstruction.

CONCLUSION

UCL reconstruction with 1 bone hole in the ulna and 1 bone
tunnel in the humerus demonstrated satisfactory results in
baseball pitchers. This technique would minimize the num-
ber and size of bone tunnels and holes in the humerus and
ulna.

REFERENCES

1. Ahmad CS, Lee TQ, ElAttrache NS. Biomechanical evaluation of a

new ulnar collateral ligament reconstruction technique with interfer-

ence screw fixation. Am J Sports Med. 2003;31(3):332-337.

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

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

3. Armstrong AD, Dunning CE, Ferreira LM, Faber KJ, Johnson JA, King

GJ. A biomechanical comparison of four reconstruction techniques

for the medial collateral ligament-deficient elbow. J Shoulder Elbow

Surg. 2005;14(2):207-215.

4. 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.

5. Bowers AL, Dines JS, Dines DM, Altchek DW. Elbow medial ulnar

collateral ligament reconstruction: clinical relevance and the docking

technique. J Shoulder Elbow Surg. 2010;19(2)(suppl):110-117.

6. Byram IR, Khanna K, Gardner TR, Ahmad CS. Characterizing bone

tunnel placement in medial ulnar collateral ligament reconstruction

using patient-specific 3-dimensional computed tomography model-

ing. Am J Sports Med. 2013;41(4):894-902.

7. Camp CL, Bernard C, Benavitz B, Konicek J, Altchek DW, Dines JS.

Reconstruction of the medial ulnar collateral ligament of the

elbow: biomechanical comparison of a novel anatomic technique

to the docking technique. Orthop J Sports Med. 2019;7(7):

2325967119857592.

8. Ciccotti MG, Jobe FW. Medial collateral ligament instability and ulnar

neuritis in the athlete’s elbow. Instr Course Lect. 1999;48:383-391.

9. Conway JE, Jobe FW, Glousman RE, Pink M. 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.#References 2, 4, 5, 9–11, 16, 27, 29, 30, 35.

The Orthopaedic Journal of Sports Medicine UCL Reconstruction in Baseball Pitchers 5



10. Dines JS, ElAttrache NS, Conway JE, Smith W, Ahmad CS. Clinical

outcomes of the DANE TJ technique to treat ulnar collateral ligament

insufficiency of the elbow. Am J Sports Med. 2007;35(12):2039-2044.

11. Dodson CC, Thomas A, Dines JS, Nho SJ, Williams RJ III, Altchek

DW. Medial ulnar collateral ligament reconstruction of the elbow in

throwing athletes. Am J Sports Med. 2006;34(12):1926-1932.

12. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses

using G*Power 3.1: tests for correlation and regression analyses.

Behav Res Methods. 2009;41(4):1149-1160.

13. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible sta-

tistical power analysis program for the social, behavioral, and bio-

medical sciences. Behav Res Methods. 2007;39(2):175-191.

14. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. Kinetics of base-

ball pitching with implications about injury mechanisms. Am J Sports

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

15. Hechtman KS, Tjin ATEW, Zvijac JE, Uribe JW, Latta LL. Biomechan-

ics of a less invasive procedure for reconstruction of the ulnar collat-

eral ligament of the elbow. Am J Sports Med. 1998;26(5):620-624.

16. Hechtman KS, Zvijac JE, Wells ME, Botto-van Bemden A. Long-term

results of ulnar collateral ligament reconstruction in throwing athletes

based on a hybrid technique. Am J Sports Med. 2011;39(2):342-347.

17. Jobe FW, Nuber G. Throwing injuries of the elbow. Clin Sports Med.

1986;5(4):621-636.

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

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

1158-1163.

19. Kanda Y. Investigation of the freely available easy-to-use software

“EZR” for medical statistics. Bone Marrow Transplant. 2013;48(3):

452-458.

20. Kodde IF, Rahusen FT, Eygendaal D. Long-term results after ulnar

collateral ligament reconstruction of the elbow in European athletes

with interference screw technique and triceps fascia autograft.

J Shoulder Elbow Surg. 2012;21(12):1656-1663.

21. Koh JL, Schafer MF, Keuter G, Hsu JE. Ulnar collateral ligament

reconstruction in elite throwing athletes. Arthroscopy. 2006;22(11):

1187-1191.

22. Large TM, Coley ER, Peindl RD, Fleischli JE. A biomechanical com-

parison of 2 ulnar collateral ligament reconstruction techniques.

Arthroscopy. 2007;23(2):141-150.

23. Lee YY, Yang TH, Huang CC, et al. Ultrasonography has high positive

predictive value for medial epicondyle lesions among adolescent

baseball players. Knee Surg Sports Traumatol Arthrosc. 2019;

27(10):3261-3268.

24. McAdams TR, Lee AT, Centeno J, Giori NJ, Lindsey DP. Two ulnar

collateral ligament reconstruction methods: the docking technique

versus bioabsorbable interference screw fixation—a biomechanical

evaluation with cyclic loading. J Shoulder Elbow Surg. 2007;16(2):

224-228.

25. Osbahr DC, Cain EL Jr, Raines BT, Fortenbaugh D, Dugas JR,

Andrews JR. Long-term outcomes after ulnar collateral ligament

reconstruction in competitive baseball players: minimum 10-year fol-

low-up. Am J Sports Med. 2014;42(6):1333-1342.

26. Otoshi K, Kikuchi S, Kato K, et al. Sufficient duration of off-season

decreases elbow disorders in elementary school-aged baseball

players. J Shoulder Elbow Surg. 2019;28(6):1098-1103.

27. Paletta GA Jr, Wright RW. The modified docking procedure for elbow

ulnar collateral ligament reconstruction: 2-year follow-up in elite

throwers. Am J Sports Med. 2006;34(10):1594-1598.

28. Pennock AT, Pytiak A, Stearns P, et al. Preseason assessment of

radiographic abnormalities in elbows of Little League Baseball

players. J Bone Joint Surg Am. 2016;98(9):761-767.

29. 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.

30. Rohrbough JT, Altchek DW, Hyman J, Williams RJ III, Botts JD.

Medial collateral ligament reconstruction of the elbow using the dock-

ing technique. Am J Sports Med. 2002;30(4):541-548.

31. Smith GR, Altchek DW, Pagnani MJ, Keeley JR. A muscle-splitting

approach to the ulnar collateral ligament of the elbow: neuroanatomy

and operative technique. Am J Sports Med. 1996;24(5):575-580.

32. Swindell HW, Trofa DP, Confino J, Sonnenfeld JJ, Alexander FJ,

Ahmad CS. Performance in collegiate-level baseball players after

elbow ulnar collateral ligament reconstruction. Orthop J Sports Med.

2020;8(4):2325967120913013.

33. Takenaga T, Goto H, Tsuchiya A, et al. Relationship between bilateral

humeral retroversion angle and starting baseball age in skeletally

mature baseball players—existence of watershed age. J Shoulder

Elbow Surg. 2019;28(5):847-853.

34. Takeuchi S, Yoshida M, Sugimoto K, Tsuchiya A, Takenaga T, Goto H.

The differences of humeral torsion angle and the glenohumeral rota-

tion angles between young right-handed and left-handed pitchers.

J Shoulder Elbow Surg. 2019;28(4):678-684.

35. Thompson WH, Jobe FW, Yocum LA, Pink MM. Ulnar collateral liga-

ment reconstruction in athletes: muscle-splitting approach without

transposition of the ulnar nerve. J Shoulder Elbow Surg. 2001;10(2):

152-157.

36. Timmerman LA, Andrews JR. Arthroscopic treatment of posttrau-

matic elbow pain and stiffness. Am J Sports Med. 1994;22(2):

230-235.

37. Yoshizawa T, Okamoto Y, Tanaka K, et al. Normal imaging laterality

on magnetic resonance imaging of the medial epicondyle of the elbow

on the dominant side of adolescent male baseball players. Skeletal

Radiol. 2018;47(9):1237-1244.

6 Yoshida et al The Orthopaedic Journal of Sports Medicine



<<
  /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


