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Background: In recent years, understanding of the anatomy of the ulnar collateral ligament (UCL) has evolved, demonstrating that
the insertional footprint of the UCL on the ulna is more elongated and distally tapered than previously described. Current UCL
reconstruction configurations do not typically re-create this native anatomy, which may represent a potential area for improvement.

Purpose/Hypothesis: The purposes of this study were (1) to describe a novel anatomic UCL reconstruction technique designed to
better replicate the native UCL anatomy and (2) to biomechanically compare this with the docking technique. The hypothesis was
that the ultimate load to failure for the anatomic technique would not be inferior to the docking technique.

Study Design: Controlled laboratory study.

Methods: A total of 16 fresh-frozen cadaveric upper extremities (8 matched pairs) were utilized. One elbow in each pair was
randomized to receive UCL reconstruction via the docking technique or the novel anatomic UCL reconstruction technique with
palmaris tendon autograft. Following reconstruction, biomechanical testing was performed by applying valgus rotational torque
at a constant rate of 5 deg/s until ultimate mechanical failure of the construct occurred. Maximal torque (N�m), rotation stiffness
(N�m/deg), and mode/location of failure were recorded for each specimen.

Results: The mean ultimate load to failure for elbows in the docking technique group was 23.8 ± 6.1 N�m, as compared with 31.9 ±
8.4 N�m in the anatomic technique group (P ¼ .045). Mean rotational stiffness was 1.9 ± 0.7 versus 2.3 ± 0.9 N�m/deg for the
docking and anatomic groups, respectively (P ¼ .338). The most common mode of failure was suture pullout from the graft, which
occurred in all 8 (100%) docking technique specimens and 7 of 8 (88%) specimens that underwent the anatomic UCL recon-
struction technique.

Conclusion: Ultimately, the anatomic UCL reconstruction technique demonstrated superior strength and resistance to valgus
torque when compared with the docking technique, and this was comparable with that of the native UCL from prior studies.
Increased initial strength may allow for earlier initiation of throwing postoperatively and potentially shorten return-to-play times.

Clinical Relevance: Current UCL reconstruction techniques do not accurately reproduce the UCL insertional anatomy on the ulna.
The novel anatomic technique described may result in more natural joint kinematics. This study demonstrated load-to-failure rates
that are significantly higher than with the docking technique and consistent with the native ligament, as reported from previous
studies. These findings may serve as a foundation for future clinical study and optimization of this technique.

Keywords: elbow; medial ulnar collateral ligament; anatomic UCL reconstruction; novel; docking technique; modified Jobe
technique

The ulnar collateral ligament (UCL) is the primary static
stabilizer to valgus stress at the elbow, and it may become
attenuated or ruptured when experiencing excessive or
repetitive forces.3,33 Injuries to the UCL are most com-
monly associated with overhead-throwing athletes as a

result of the repetitive valgus forces incurred from sports
such as baseball or javelin throw.37 The medial UCL of the
elbow experiences up to 34.6 N�m of torque during
maximum-effort throwing.26 Prior biomechanical work has
demonstrated that load to failure of the native UCL is
approximately 22.7 N�m to 34.0 N�m1,28; therefore, it is no
surprise that the rates of UCL injuries and reconstructive
surgical procedures are on the rise.6,7,13,15 UCL injuries
and reconstruction are now a common occurrence among
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professional baseball players, with primary and revision
operations increasing annually from 1974 to 2016 based
on a study of 1429 professional baseball pitchers.6 A num-
ber of other recent studies have demonstrated rising
rates of medial UCL injuries among all levels of
baseball.13,14,24,29,37 Studies of national and statewide data-
bases have demonstrated rising rates of UCL reconstruc-
tion surgery for all age groups, and the most notable
increases have been in patients aged 15 to 20 years.24,29

As UCL injuries continue to occur at increasing rates in
this population, the need for surgical intervention will
likely continue to rise in a corresponding manner.

Given the rising injury rates and the increased need for
UCL reconstruction, various surgical techniques, rehabil-
itation regimens, and clinical outcomes have been stud-
ied.2,8,17,18,22 A number of surgical techniques2,17,44 have
been developed since the first successful operation was
described by Jobe et al31 in 1986. Currently, the most com-
monly used techniques are the modified Jobe technique
and the docking technique.10 The initial descriptions of
the modified Jobe technique were first published in 2000
and 2001,4,48 and the procedure was further modified to
the docking technique, originally described in 2002.44

Potential benefits of the docking technique as compared
with the modified Jobe include decreased bone removal,
flexor-pronator preservation, avoidance of routine ulnar
nerve transposition, and robust graft tensioning.8

Prior studies have shown that 80% to 97% of athletes
return to their previous levels of play or higher following
UCL reconstruction with these techniques.18,22,23,38,44

While this return-to-play (RTP) rate is quite favorable, the
mean time to RTP is 12 to 18 months.6,7,13,27,46 This
extended time frame is problematic for patients, as they
miss at least 1 full season of play and often miss 2 full
seasons following surgery. Additionally, Erickson et al21

demonstrated that there is no significant difference in the
time to return to sport between professional baseball pitch-
ers who required a revision UCL reconstruction and those
who did not. For comparative purposes, the mean time for
National Football League athletes to RTP after surgery for a
multiligament knee injury is 12.7 months.5 This suggests
that there may be potential for significant improvement in
RTP times for athletes who undergo UCL reconstruction.
Accordingly, one option for improving this recovery time
may be to optimize the strength and healing potential of the
graft at the time of surgery.

In recent years, our understanding of the anatomy of the
UCL has evolved. Dugas et al19 and Farrow et al25 demon-
strated that the insertional footprint of the UCL on the ulna
is more elongated and distally tapered than had been pre-
viously described. This finding was confirmed in a study by
Camp et al,9 who found the mean length of the insertional
footprint of the anterior bundle from its most proximal to
distal aspect to be 29.7 mm and the total area of the foot-
print to be 187.6 mm2. These anatomic findings have the
potential for novel implications in UCL reconstruction sur-
gery, which has led some to question reconstruction tech-
niques that were developed before this large tapered
footprint was described. Some authors are now advocating
for distalizing the ulnar tunnel when performing UCL
reconstruction39; however, this still may not recapitulate
normal anatomy.

Both the modified Jobe technique and the docking tech-
nique rely on a tunnel on the ulnar side, resulting in a 2-
tailed graft that is separated by 7 to 10 mm as it inserts on
the ulna.8 Although the native UCL consists of 2 bands
(anterior and posterior) that are re-created during these
techniques, the native bands are adjacent to each other
rather than divergent, as they are after UCL reconstruction
with an ulnar tunnel. Because these 2 bands take up dif-
fering loads depending on the degree of elbow flexion, their
orientation to each other is likely important.30 If the dis-
tance between the bands is widened (as occurs with UCL
reconstruction with the modified Jobe and docking techni-
ques), this relationship may be significantly altered. Addi-
tionally, use of a single tunnel or socket on the ulna does not
permit re-creation of the large attachment site surface area
recently described for the native UCL on the ulna.9

The nonanatomic nature of current reconstruction con-
figurations may represent an area for improvement and
reduced RTP times. Numerous studies performed on the
reconstruction of other commonly injured ligaments (eg,
the anterior cruciate ligament [ACL]) have demonstrated
improved results and more natural joint kinematics when
ligaments are reconstructed in a more anatomic fash-
ion.16,32,35,41,49 Accordingly, the primary purposes of this
study were to (1) describe a novel anatomic UCL recon-
struction technique with palmaris tendon autograft,
designed to better replicate native UCL anatomy and (2)
biomechanically compare this with the docking technique.
Our hypothesis was that the ultimate load to failure for the
anatomic technique would not be inferior to the docking
technique.
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METHODS

Specimen Preparation

A total of 16 fresh-frozen cadaveric upper extremities
(8 matched pairs; mean ± SD age, 55.9 ± 7.9 years; 7 male,
1 female) were utilized for this study. Cadaveric specimens
were purchased from an accredited tissue bank (Science
Care). Specimens were allowed to thaw overnight prior to
surgery. The palmaris longus tendon was procured from all
specimens and were subsequently stripped of all soft tis-
sues other than the elbow joint capsule and ligamentous
structures. The proximal humerus and wrist were trans-
ected, and each was potted in fiberglass resin (402 Bondo;
3M) for later biomechanical testing. The proximal UCL was
completely detached from the medial epicondyle on all spe-
cimens to simulate a complete UCL disruption. The liga-
ment was then split centrally in line with its fibers down to
the level of the ulnohumeral joint. Afterward, the speci-
mens were randomized to receive UCL reconstruction via
the docking technique (group 1) or the novel anatomic UCL
reconstruction technique with the palmaris autograft
(group 2). Specimens were randomized so that within each
matched pair, one side would receive the docking technique
and the contralateral side would receive the anatomic tech-
nique. To maintain consistency across specimens, a UCL-
specific set of guides was used for the drilling of humeral
sockets for both techniques and the ulnar tunnel for the
docking technique.

Docking Technique

The docking technique was performed as previously
described.8 In brief, a 4.0-mm socket was drilled to a depth
of 15 mm at the humeral footprint, and 2 smaller (2 mm)
perforating tunnels were created from the anterior
humerus to the base of this socket. Looped passing sutures
were passed through these small perforating tunnels out to
the large socket. On the ulnar side, two 3.5-mm sockets
were drilled 7 mm apart, anterior and posterior to the sub-
lime tubercle so that they converged at their base. These
tunnels were created approximately 10 mm distal to the
joint line. A No. 2-0 absorbable suture was used for repair
of the native capsule and ligament. The suture was placed
prior to graft passage but was not tied until after the graft
was passed. A reinforced nonabsorbable suture (Arthrex
Inc) was run in a Krakow fashion in one end of the palmaris
autograft. The graft was passed through the ulnar tunnel,
and the sutured end was docked into the humeral socket.
Maximal manual tension was applied to the graft as the
elbow was cycled 5 times through an arc of flexion and
extension, and the free end of the graft was marked at the
level of the humeral socket. An additional Krakow suture
was placed at this level, and excess graft was excised. The
free end was then shuttled into the socket and docked. The
graft was once again tensioned and cycled. With the arm in
30� of flexion and a varus load applied, the graft was
secured by tying the sutures over the bone bridge on the
humerus. The suture previously placed in the native

capsule and ligament was then tied to ensure that the graft
remained extra-articular (Figure 1).

Anatomic UCL Reconstruction Technique

A 4.0-mm socket with a depth of 15 mm with 2 small (2-mm)
perforating tunnels was created in the humerus in the same
fashion as the docking technique. Two separate shuttling
sutures were used to pass the free ends of an unassembled
all-suture adjustable suspensory loop (Arthrex Inc) from the
smaller 2-mm tunnels out through the larger 4-mm socket.
The palmaris graft was folded over in half, and the suspen-
sory loop was assembled around the midportion of the graft.
The suspensory loop was tensioned so that the graft was
reduced 10 mm into the humeral socket (two-thirds of total
socket depth to allow for additional space for sequential ten-
sioning after the graft was fixed on the ulna) (Figure 2A).
Attention was turned to the ulna. Just distal to the joint line
(5 mm), two 1.3-mm all-suture anchors (FiberTak; Arthrex
Inc) were placed in the anterior and posterior aspects of the
native ligament footprint. These were spaced approximately
5 mm apart, tagged, and laid aside (Figure 2B). A No. 2-
0 absorbable suture was used for repair of the native capsule
and ligament. The suture was placed prior to graft passage
but was not tied until after the graft was passed.

The 2 distal limbs of the graft were sutured together with
a closed-loop No. 0 nonabsorbable suture (FiberLoop;
Arthrex, Inc) in a whipstitch fashion, and excess graft was
excised. The looped suture was cut to create 2 free suture
ends, which were loaded onto an intramedullary cortical
suspensory button (Arthrex Inc) (Figure 2C). The sutures
from the 2 anchors near the joint line were passed around
each limb of the graft (anterior sutures passed around the
anterior limb and posterior sutures around the posterior
limb). The graft was tensioned and cycled. With the arm
in 30� of flexion and a varus load applied, the sutures from
the anchors were tied around each limb of the graft to
secure it at the proximal aspect of the triangular-shaped
native UCL footprint on the ulna. For fixation at the distal
apex of the ulnar footprint, a 3.2-mm drill hole was placed
in a unicortical fashion. The suspensory button was
inserted into the intramedullary canal and deployed, and
sutures were tensioned to reduce the graft to the ulna.
Sutures were tied over the top of the graft to create a

Figure 1. Ulnar collateral ligament reconstruction with the
docking technique.
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closed-loop construct. The suspensory loop on the humeral
side was tensioned once again, and the suture ends were tied
over the bone bridge to create a closed-loop construct (Figure
2D). The suture previously placed in the native capsule and
ligament was then tied to ensure that the graft remained
extra-articular.

Biomechanical Analysis

For testing, all specimens were loaded onto an Instron Model
E10000 Electropuls Dynamic Test Instrument with a com-
bination force and torque load cell with 10-kN and 100-N�m
capacity. Similar to previous investigations, samples were
oriented at 90� of elbow flexion with the humerus oriented
vertically and secured inline with the system actuator (Fig-
ure 3).11,12,36,45 A valgus rotational torque was applied to the
humerus at a constant rate of 5 deg/s while the forearm was
held stationary. The elbow was loaded at this constant rate
until ultimate mechanical failure of the construct occurred.
Maximal torque (N�m), rotation stiffness (N�m/deg), and
mode/location of failure were recorded for each specimen.

Data Analysis

Summary statistics such as mean ± SD, median, ranges,
and standard error of measurement are provided for each
reconstruction technique. For the comparison of continuous

variables, a 2-tailed Student t test was used to assess dif-
ferences in maximum load to failure and rotational stiffness
between the study groups. These results are reported with
their corresponding mean differences, 95% CIs, and P
values. Only P values <.05 were considered to represent
statistical significance.

RESULTS

The results of biomechanical testing are provided in Table 1.
In brief, the mean ultimate load to failure for elbows in the

Figure 2. Ulnar collateral ligament (UCL) reconstruction with the novel anatomic UCL reconstruction technique. (A) The graft is
fixed into a socket on the humerus via adjustable loop fixation. (B) All-suture suture anchors are placed in the ulna and (C) tied to
secure the graft at the proximal UCL footprint. (C) A looped suture is used to run a whipstitch in the graft, and this suture is loaded
onto a cortical button, (D) which is secured at the distal aspect of the native UCL footprint.

Figure 3. Biomechanical testing apparatus.
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docking technique group was 23.8 ± 6.1 N�m, as opposed to
31.9 ± 8.4 N�m in the anatomic technique group (mean dif-
ference, 8.1 N�m; 95% CI, 0.23-15.97; P ¼ .045). Mean rota-
tional stiffness was 1.9 ± 0.7 versus 2.3 ± 0.9 N�m/deg for the
docking and anatomic groups, respectively (mean differ-
ence, 0.4 N�m/deg; 95% CI, –0.47 to 1.27; P ¼ .338). In all
8 (100%) docking technique specimens, the mode of failure
was suture pullout from the graft on the humeral side. For
the anatomic technique, 7 of 8 (88%) specimens failed sec-
ondary to suture pullout from the graft on the ulnar side,
while 1 of 8 (12%) failed because of a medial epicondyle
fracture.

DISCUSSION

Although other ligament reconstruction procedures (eg,
ACL and medial collateral ligament [MCL] reconstructions)
have been refined to mimic native anatomy, this is not yet
the case for the UCL of the elbow.16,32,35,41,49 Given the
complex and dynamic forces through the UCL during the
throwing motion, a more anatomic reconstruction geometry
that more closely mirrors native anatomy may be of benefit.
Accordingly, the purpose of this study was to (1) describe a
novel anatomic UCL reconstruction technique designed to
better replicate native UCL anatomy and (2) biomechani-
cally compare this with the docking technique. The primary
findings of this study were that the mean load to failure for
elbows in the docking technique group was 23.8 ± 6.1 versus
31.9 ± 8.4 N�m in the anatomic technique group. This ulti-
mate load to failure of 32 N�m is greater than that of other
described UCL reconstruction/repair techniques12,20,36,42,45

and similar to that of the native ligament.1,28 While the
most common mechanism of failure was suture pullout
from the graft, this occurred on the ulnar side of the ana-
tomic technique, as opposed to the humeral side in the dock-
ing technique. In both cases, this is the site of the free ends
of the graft. The primary difference is that the free ends of
the graft in the anatomic technique are primarily secured
with a looped whipstitch, and backup fixation is provided by
the more proximal all-suture anchors.

Previous biomechanical work on the native UCL has
demonstrated a load to failure of approximately 22.7 to 34
N�m.1,28 The ideal reconstruction technique would be able
to provide similar strength to that of the native ligament.
Unfortunately, current techniques have been unable to
mimic this. In biomechanical studies where the docking
technique was performed on cadaveric elbows and then

subjected to biomechanical testing, the load to failure aver-
aged 4.85 to 18.86 N�m.12,36,42,45 In studies where biome-
chanical testing was performed on cadaveric elbows after
the modified Jobe technique, the load to failure was found
to average 8.9 to 20.9 N�m.20,42 Dugas et al20 investigated
the load to failure of UCL repair with internal bracing and
found it to be a mean of 23.6 N�m. These load-to-failure
rates are lower than what has previously been described
for the native ligament. This study, however, has shown
that by utilizing the anatomic technique described, the
load-to-failure rate averages 31.9 N�m. This result is supe-
rior to those of the most commonly used techniques as well
as that demonstrated with ligament repair and internal
bracing, and the load to failure is most similar to that of
the native ligament.

This newly described anatomic technique provides several
unique advantages over the most commonly used UCL
reconstruction techniques (Table 2). The anatomic-based
reconstruction approach has been very successful for other
injured ligaments in the body. Previous studies comparing
anatomic and nonanatomic ACL reconstruction demon-
strated that patients with the anatomic reconstruction had
better clinical and functional outcomes,32 as well as stability
that more closely resembled the native ligament.35,41

TABLE 1
Biomechanical Testing for the Docking and Anatomic Techniques

Mean SD Range Median Mean Difference 95% CI P Value

Ultimate load to failure, N�m 8.1 0.228 to 15.972 .045
Docking 23.8 6.1 16.1 to 31.2 22.7
Anatomic 31.9 8.4 16.6 to 46.2 31.9

Rotational stiffness, N�m/deg 0.4 –0.465 to 1.2265 .338
Docking 1.9 0.7 0.8 to 2.6 2.2
Anatomic 2.3 0.9 0.8 to 3.8 2.4

TABLE 2
Potential Advantages of Utilizing the Novel Anatomic

Technique for Ulnar Collateral Ligament Reconstruction

Ulnar Side Humeral Side

Increased tendon-to-bone
contact

Decreased suture burden in the
socket

Multipoint fixation
Larger surface area (may be

target for biologic
augmentation)

No need to drill ulnar tunnel
(may reduce risk to ulnar
nerve injury)

Potential for larger graft size
without additional bone
removal

For revision setting, prior ulnar
tunnels can be spanned and
avoided

Sequential retensioning of graft
after fixation

Allows for measurement of graft
diameter prior to drilling the
socket

Increased tendon-to-bone
contact in the humeral socket,
which may promote healing

Sequential retensioning of graft
after fixation
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Similarly, contemporary knee MCL repair or reconstruction
techniques have been designed to more closely replicate
native anatomy, and these have demonstrated favorable out-
comes.16,34 While anatomic reconstructions have been very
successful for ligaments of the knee, the elbow has its own
unique biomechanical characteristics. As a result, it is cur-
rently unclear if a similar approach to the elbow would also
produce superior outcomes. Further investigation is neces-
sary to determine if the observations of ligament reconstruc-
tions of the knee are applicable to the elbow as well.
However, the anatomic UCL technique may allow for more
robust initial fixation strength, which may allow for some
improvement in rehabilitation and RTP times. Although the
initial strength may improve RTP times, a multitude of fac-
tors likely affects RTP rates and times: surgical technique,
concomitant procedures, player motivation, quality of reha-
bilitation, interval thrower program, individual thrower bio-
mechanics, and psychological factors.

The novel anatomic technique relies on cortical surface
healing on the ulna rather than bone tunnel healing, as in
the docking and Jobe techniques. Additionally, although
bone-to-tendon contact was not directly measured, it was
observed to have increased in the anatomic technique as
compared with the docking technique because of the
enlarged ulnar footprint that mimics that of the native lig-
ament . Recent studies on tendon-to-bone healing following
biceps tenodesis have suggested that surface healing is as
good as, if not better than, bone tunnel healing.40,43,47 Tan
et al47 performed a study comparing the tendon-to-bone
healing for bone tunnel and cortical surface techniques in
a rabbit model and found no significant difference between
the groups in terms of mean failure loads, stiffness, and
mean volume of newly formed bone. Histological analysis
at 8 weeks demonstrated direct tendon-bone interdigitation
and early fibrocartilaginous zone formation at the tendon-
bone interface on the outer cortical surface. In the speci-
mens with intracortical fixation, only 5% of new bone
formed in the bone tunnel, while 95% of new bone formed
on the cortical surface, suggesting that surface healing may
be the primary mode of healing even for intracortical grafts.
Similarly, Park et al43 found no significant difference in
clinical outcomes when comparing interference screw and
suture anchor techniques for biceps tenodesis, but there
was a much higher failure rate with the interference screw
method than with the suture anchor method, especially in
patients with a high work level.

This new technique maintains the same benefits that the
docking technique has relative to the Jobe technique—
namely, decreased bone removal, flexor-pronator preserva-
tion, avoidance of routine ulnar nerve transposition, and
robust graft tensioning.8 Additionally, the anatomic tech-
nique more closely replicates native ligament anatomy (in
terms of ulnar footprint and overall geometry), increased
tendon-to-bone contact on the ulna, multipoint fixation on
the ulna, and a larger surface area on the ulna. This larger
surface area may also provide a target for biologic augmen-
tation. Additionally, there is no need to drill tunnels on the
ulna, which may reduce risk to ulnar nerve injury as com-
pared with techniques that require an ulnar tunnel.
Because an ulnar tunnel is not required, a larger-

diameter graft could potentially be utilized without having
to remove additional ulnar bone. This technique may also
prove valuable in revision settings where prior ulnar tun-
nels have compromised proximal ulnar bone stock. With
the anatomic UCL reconstruction technique, prior ulnar
tunnels can be spanned and completely avoided.

On the humeral side, the flipped configuration of the
graft (vs a traditional docking technique) has a number of
potential benefits as well. This arrangement decreases the
suture burden in the socket, and it allows for measurement
of graft diameter prior to drilling of the socket, allowing the
surgeon to create a more precisely sized socket. Both of
these advancements increase tendon-to-bone contact in the
humeral socket and may promote healing. Also, the adjust-
able suspensory loop fixation on both sides allows for
sequential retensioning of the graft after fixation.

There were several limitations to this study. Similar to
that of other cadaveric studies, the mean age of specimens
in this study was 56 years, which is older than the typical
patient who undergoes UCL reconstruction. This study did
not investigate laxity data during loading. There were mul-
tiple variables between techniques, so it is difficult to know
which is most important in determining load-to-failure
strength (adjustable loop on humeral side, increased fixa-
tion point on ulna, button vs tunnel, etc). The native liga-
ment was not evaluated in this study, which prevents a
direct comparison of the ultimate load to failure for the
anatomic technique to the native ligament for these speci-
mens. Future studies could be performed to directly com-
pare the native ligament with the anatomic technique.
Additionally, this study assessed load to failure at time zero
and did not include cyclic loading testing. Therefore, this
study did not account for the tendon-to-bone healing that
would be anticipated in the postoperative period. Finally,
similar to other works, this study relied on a biomechanical
load-to-failure model that did not replicate the natural
mechanism of injury (the rapid throwing motion). Clinical
correlation is needed to further assess this newly designed
anatomic technique.

In addition to these limitations, there are potential dis-
advantages to the anatomic technique. Although there was
not any difficulty flipping the intracortical button in these
cadaveric specimens, this could be a difficulty for some sur-
geons in the clinical setting. Finally, this technique
requires an increased number of fixation devices as com-
pared with the docking technique, which has the potential
to add significant financial cost to the procedure.

CONCLUSION

Ultimately, the anatomic UCL reconstruction technique
demonstrated higher load to failure from valgus torque as
compared with the docking technique, and this load to fail-
ure was comparable with that of the native UCL demon-
strated in previous studies. Increased initial strength may
allow for earlier initiation of throwing postoperatively.
There are additional potential benefits conferred by this
technique, and future clinical study and technique optimi-
zation are needed.
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