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Background: Coracoid transfer is the most common procedure for the treatment of traumatic anterior
shoulder dislocations with large glenoid bone defects; however, it is rarely used for the treatment of
throwing shoulders because of possible postoperative limited range of motion. This study aimed to
evaluate throwing function after coracoid transfer for shoulder instability.
Methods: The study included non-overhead athletes (n ¼ 11; Bristow-Latarjet [BL] group) who suffered
shoulder dislocation and underwent coracoid transfer on the dominant side of the shoulder and healthy
volunteers (n ¼ 20; C group) from the same population (overall age distribution: 18e22 years). All
participants were evaluated for shoulder function including ball-throwing abilities (e.g., ball velocity and
long-throw distance). In the primary analyses, we compared the maximum ball velocity and long-throw
distance between the groups using the repeated 2-way analysis of variance. In secondary analyses, all
other measurements were compared between the groups using the ManneWhitney U test.
Results: In the primary analysis, mean maximum ball velocity and long-throw distance in the BL and C
groups were 83.5 and 87.9 km/h versus 44.8 and 54.7 m, respectively, demonstrating no significant
differences between the groups. In the secondary analysis, only the range of external rotation with the
shoulder at the side was significantly lower in the BL group (P ¼ .046).
Conclusion: The throwing ability after coracoid transfer in non-overhead athletes is acceptable
compared to that in the matched population. Therefore, this procedure may be an option for treating
traumatic anterior shoulder dislocations with large bone defects in athletes such as goalkeepers,
handball, and basketball players at the recreational level.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Surgical treatment of traumatic anterior shoulder instability in
overhead athletes is challenging, especially in cases involving large
glenoid bone defects. To achieve joint stability in this case,
arthroscopic Bankart repair alone is not sufficient, as more than 25%
of the bone defects in cadaveric biomechanical studies and 13.5% in
clinical outcome studies, both relative to the glenoid width, were
reported to lead to poor outcomes.4,5,18,20

Coracoid transfer, also known as the BristoweLatarjet proced-
ure, is the most common procedure for this type of shoulder
s institutional review board;
0065).
D, Juntendo University, Fac-
ports surgery, 2-1-1, Bunkyo,

i).

ier Inc. on behalf of American Sho
d/4.0/).
dislocation.10,16 However, it tends to be avoided in the throwing
shoulder of overhead athletes because of its nonanatomic aspect of
coracoid tendon transfer, which is the main factor in the stabili-
zation mechanism and often results in complications of joint
contracture.17,22 In recent years, however, there have been clinical
reports of a small number of overhead athletes with shoulder
dislocationwho underwent the BristoweLatarjet procedure.1-3,7,8,11

The question arises as towhether the BristoweLatarjet procedure is
contraindicated in overhead athletes. In such cases, the details of
the extent to which the throwing ability is impaired remain
unclear.

The purpose of this study was to evaluate the throwing ability
after coracoid transfer for shoulder dislocation. We hypothesized
that after the BristoweLatarjet procedure in dislocated shoulders,
throwing ability would reasonably preserve.
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Table I
Demographics of participants.

Variables BristoweLatarjet group (n ¼ 11) Healthy control group (n ¼ 20) P

Age (y), median, 25e75 percentiles 21 (19-21) 20 (20-21) .39
Height (cm), median, 25e75 percentiles 177.5 (176.0-179.0) 178.0 (177.0-182.0) .63
Weight (kg), median, 25e75 percentiles 91.5 (83.5-103.0) 89.0 (83.0-97.0) .50
BMI (kg/m2), median, 25e75 percentiles 28.7 (26.9-30.1) 27.8 (26.7-29.8) .39
Dominant side of the shoulder (right:left) 11:0 19:1 .65
Experience of overhead sports (number) 3 8 .38
Duration between the surgery and examinations, median, 25e75 percentiles 31.9 (18.2-46.7) - -

BMI, body mass index.
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Methods

Participants

This studywas approved by the institutional review board of our
institute (#24-0065). Non-overhead athletes in a collegiate rugby
team aged 18e22 years were recruited during the offseason. Prior
to data collection, each participant provided written informed
consent and completed a form of agreement. A total of 31 athletes
agreed to participate and were enrolled and divided into two
groups: non-overhead athletes (n ¼ 11; Bristow-Latarjet [BL]
group) who suffered shoulder dislocation at least once and un-
derwent primary shoulder stabilization surgery (open
BristoweLatarjet procedure) on the dominant side of the shoulder,
and healthy volunteers in the same population (n ¼ 20; C group). It
is noted that not all participants underwent the surgery in our in-
stitutes, thus in this study we were not able to quantify preopera-
tive bone loss. Athletes who underwent shoulder surgery less than
1 year ago and those with any history of shoulder or elbow surgery
other than the primary coracoid transfer were excluded from the
study. The demographics of the participants (e.g., age, height,
weight, number of shoulder dislocation episodes, duration between
the surgery and examinations in the BL group, and experience of
overhead sports) were recorded before the examinations.
Functional evaluations

Functional evaluations were performed for range of motion
(ROM) on each side of the shoulder and muscle strength of the
shoulder in the external rotation (ER) and internal rotation (IR)
with the shoulder at 90� abduction. Measurements of passive ROM
of shoulder flexion, abduction, ER, and IR at the side, as well as 90�

and horizontal adduction in the supine position, were assessed
with one repetition using a goniometer. Muscle strength was
measured in the ER and IR at 90� abduction using a handheld
dynamometer, MicroFET2 (HOGGAN Scientific LLC, Salt Lake City,
UT, USA). We performed three trials of each motion and recorded
the peak force (N) for each trial. The median values of each trial
were referenced, and the strengths of the ER and IR were repre-
sented as ratios by following calculations: ER ratio ¼ median ER
strength in the dominant shoulder/median ER strength in the
nondominant shoulder; IR ratio ¼ median IR strength in the
dominant shoulder/median IR strength in the nondominant
shoulder.

The participants then processed ball-throwing tasks to measure
ball velocity and long-throw distance on the field. After a normal
warm-up, the participants pitched three balls with maximum ve-
locity of their own using a 5-ounce (142 g) standard regulation
baseball. For each pitch, the ball velocity was measured using a
radar gun (Velocity Speed Gun; Bushnell Corp., Overland Park, KS,
USA). Next, they threw the ball three times as far as possible, and
the distances were recorded. If the participant experienced
57
shoulder pain during the tasks, a numerical rating scale was used to
evaluate the degree of pain.

Statistical analysis

In the primary analyses, we compared the mean maximum ball
velocity and long-throw distance between the groups using
repeated two-way analysis of variance; these data were normally
distributed, as measured by the ShapiroeWilk test, and were thus
represented as mean values and 95% confidence intervals. In the
secondary analyses, we compared all other measurements (e.g.,
demographics, shoulder ROM, and strength parameters) to
demonstrate the characteristics between the groups. We used
either the ManneWhitney U tests or Fisher’s exact test, depending
on the data distribution. We represented these data as median
values, 25 and 75 percentiles because most of these data were not
normally distributed. Additionally, we addressed correlation co-
efficients to detect the degree of linear relationship between the
variables using Spearman’s rank correlation coefficient. An alpha
level of .05 was applied to all data as the threshold for statistically
significant differences, and all tests other than Fisher’s exact test
were 2-sided. Data analyses were performed using the SPSS soft-
ware for Macintosh (version 23.0; IBM Corp., Armonk, NY, USA).

Results

The demographic characteristics of the participants are pre-
sented in Table I. All participants completed the throwing tasks; 3
of 11 participants in the BL group had a pain score of 3 or more/10
on the numerical rating scale during the tasks, whereas no partic-
ipant in the C group had a pain score of more than 2. In the primary
analysis, mean maximum ball velocity (km/h) and long-throw
distance (m) in the BL and C groups were 83.5 (95% confidence
interval: 75.6e91.3) and 87.9 (82.0e93.7), and 44.8 (36.1e53.5) and
54.7 (48.1e61.3), respectively; the repeated 2-way analysis of
variance revealed no significant effect of both the groups and trial
orders in ball velocity (P ¼ .37, 40, respectively) or long-throw
distance (P ¼ .07, .14, respectively, Fig. 1). In the secondary anal-
ysis for the comparison of ROM and muscle strength between the
groups, only the range of ER at the side was significantly lower in
the BL group (P ¼ .046; Table II). Among the correlations between
the studied variables, ball velocity and long-throw distance showed
a strong correlation (rho ¼ 0.86) (Figs. 2 and 3). The overall sta-
tistical power of the comparison between the groups was
0.14e0.66.

Discussion

The present study compared non-throwing athletes because the
BristoweLatarjet procedure is not usually applicable to throwing
athletes. We first hypothesized that there was no difference in the
throwing abilities between the group of non-overhead athletes



Figure 1 Mean profile plots of throwing ability. (A) Maximum ball velocity and (B) Maximum long throw distance in each group. Black dots represent the BristoweLatarjet group;
blank dots represent the control group. Each bar represents a 95% confidence interval.

Table II
Functional evaluation and throwing ability of the participants.

Variables, median, 25e75 percentiles BristoweLatarjet (n ¼ 11) Healthy control (n ¼ 20) P

ROM of the dominant shoulder (degrees)
Flexion 170.0 (170.0e175.0) 177.5 (167.5e180.0) .27
Abduction 170.0 (165.0e180.0) 180.0 (170.0e180.0) .15
Horizontal adduction 100.0 (90.0e120.0) 100.0 (95.0e110.0) .90
External rotation at the side 50.0 (30.0e60.0) 60.0 (50.0e60.0) .046*

Internal rotation at the side 25.0 (23.0e33.0) 24.5 (22.5e28.5) .55
ER at 90�of abduction 85.0 (80.0e95.0) 95.0 (90.0e95.0) .18
IR at 90�of abduction 50.0 (50.0e60.0) 45.0 (42.5e52.5) .20

Muscle strength at abduction (ratio)
ER ratio 1.0 (0.7e1.1) 1.0 (1.0e1.1) .27
IR ratio 0.9 (0.8e1.2) 1.0 (1.0e1.1) .60
Maximum ball velocity (km/h) 87.0 (82.0e101.0) 91.5 (83.5e96.5) .53
Maximum long throw distance (m) 53.0 (35.0e59.0) 55.0 (46.5e66.0) .21

ROM, range of motion; ER, external rotation; IR, internal rotation.
The ER and IR ratios represent the muscle strength of the dominant side of the shoulder relative to that of the nondominant side.

*Significant.
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who underwent the BristoweLatarjet procedure for shoulder
dislocation on the throwing side and the normal control groupwith
the same background, and then failed to reject the above null hy-
pothesis. These results suggest that the coracoid transfer may
qualify as an acceptable treatment option for shoulder instability in
the throwing side in non-overhead athletes. However, our results
from athletes who do not have a pitching specialty may not
necessarily apply directly to throwing athletes.

In previous reports, shoulder dislocation remains a challenging
injury for the throwing shoulder, especially for baseball players; full
recovery of the throwing shoulder to preinjury levels with
arthroscopic Bankart repair was 20% for pitchers and 82% for in-
fielders.15 Although the present study did not include elite over-
head athletes, our findings showed that the best results of
postoperative athletes were 100 km/h in ball velocity and 60 m in
long-throw, suggesting that coracoid transfer might have a risk of
poor outcome for elite pitchers and outfielders. On the other hand,
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some clinical studies have demonstrated that the results of the
BristoweLatarjet procedure on the throwing shoulder were
reasonably acceptable.1-3,7,8,11 Gowd et al demonstrated that 67.9%
of patients (19 of 28) were able to return to throwing sports
without difficulty.7 Bauer et al also reported that 73% (8 of 11) of
handball players returned with no pain in the throwing shoulder.1

Kee et al reported an return-to-sports of 96%, and only 23.2%
returned to the same level of sports after an open Latarjet.11

Arthroscopic Latarjet may also improve the results over tradi-
tional open Latarjet.3 Overall, these reports suggest that the pro-
cedure can be a reliable treatment option even in overhead
athletes, depending on their sport, position, level, and the extent of
the bone defect, and especially for goalkeepers in football and
handball as well as basketball players.

Throwing is a complex movement that involves the proper use
of the entire body, in which not only the upper limbs centered on
the shoulder joint but also the lower limbs, hip joint, and trunk



Figure 2 Scatter plots of throwing ability. Spearman’s correlation coefficient (rho) ¼ 0.86. Black dots represent the BristoweLatarjet group; blank dots represent the healthy control
group.
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work together and cooperate in propulsion and rotational motion.13

In such complex motions, the maximum range of ER at 90�

abduction on the throwing side of the shoulder is important to
compete at a highly competitive level; this affects baseball pitchers’
ball velocity as well as the return to sports in overhead athletes.19 In
the present study, contrary to the restriction of ER of the shoulder at
the side, the range of ER at 90� abduction was not impaired in the
BristoweLatarjet group, which may explain the preservation of
throwing ability. The site of the structure responsible for shoulder
contracture depends on the direction of motion; the ER at the side
depends on the tightness of the anterosuperior articular capsule
and the subscapularis tendon as well as the pectoralis major, while
the ER at 90� abduction depends on the tightness of the anterior
and inferior articular capsule.9,14 In the BristoweLatarjet procedure,
the sling effect of the conjoint tendon is potent in stabilizing the
shoulder joint. The initial technique of Latarjet consisted in a
complete longitudinal section of subscapularis tendon to fix the
coracoid process to the anterior surface of the glenoid.12 This pro-
cess results in tightness of the anterior component after surgery,
subsequently affecting the ER. To minimize the invasion for the
subscapularis, Young et al21 introduced the essential modification
with a subscapularis-split transverse incision, which may also
contribute to preserve the anatomic running of the superior half of
the subscapularis as well as the kinematics of the shoulder. On the
other hand, it does not overly invade the anterior inferior glenoid,
that is, we assume that no procedure or intervention restricts the
ER at 90� abduction. Therefore, the BristoweLatarjet procedure
may not have a fatal effect on the throwing ability.

Another option for the surgical treatment of the throwing
shoulder with dislocation involving significant bone loss is free iliac
bone grafting. Recently, a systematic review of meta-analyses
demonstrated that the overall clinical outcomes, including a re-
turn to play, recurrence, complications, and later arthritic change,
were not significantly different between the two procedures.6 Since
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patients in these reports were not necessarily overhead athletes or
had large bone defects, we need to be cautious in the interpretation
of these results. The mechanism with which coracoid transfer
negatively affects the throwing ability requires a comparison be-
tween the two procedures and may be a scope for future study.

Although the present study demonstrated important findings, it
had several limitations. This study did not include any data before
surgery in the BL group or imaging examinations of the shoulders
investigated because a part of the participants underwent surgery
at other institutions. It should be noted that preoperative and
postoperative imaging evaluations may have influenced the results.
Additionally, the overall statistical power was 0.14e0.66, indicating
that type II error could be involved in the outcomes. The insufficient
sample size and background factors may have affected the results.
Further validation of throwing ability in postoperative shoulders
with large bone loss is required.

Conclusion

The present study demonstrated that the throwing ability
after coracoid transfer for traumatic anterior shoulder disloca-
tion in a population of non-overhead athletes was acceptable
compared to that in the matched population. Although careful
assessment is required before stabilization surgery, the
BristoweLatarjet procedure may be an option for the treatment
of traumatic anterior shoulder dislocations with large bone
defects and possibly in overhead athletes. Further clinical
investigations are warranted.
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Figure 3 Correlation matrix for representative variables. Black dots represent the BristoweLatarjet group; blank dots represent the healthy control group. ER, external rotation; IR,
internal rotation.
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