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Background: The Latarjet and iliac crest bone graft transfer (ICBGT) procedures are competing treat-
ment options for anterior shoulder instability with glenoid bone loss.

Methods: In this bicentric prospective randomized study, 60 patients with anterior shoulder instability
and glenoid bone loss were included and randomized to either an open Latarjet or open ICBGT
(J-bone graft) procedure. Clinical evaluation was completed before surgery and 6, 12, and 24 months
after surgery, including the Western Ontario Shoulder Instability index, Rowe score, Subjective Shoulder
Value, pain level, satisfaction level, and work and sports impairment, as well as assessment of instability,
range of motion, and strength. Adverse events were prospectively recorded. Radiographic evaluation
included preoperative, postoperative, and follow-up computed tomography analysis.

Results: None of the clinical scores showed a significant difference between the 2 groups (P > .05).
Strength and range of motion showed no significant differences except for diminished internal rotation
capacity in the Latarjet group at every follow-up time point (P < .05). A single postoperative traumatic
subluxation event occurred in 2 ICBGT patients and 1 Latarjet patient. The type and severity of other
adverse events were heterogeneous. Donor-site sensory disturbances were observed in 27% of the
ICBGT patients. Computed tomography scans revealed a larger glenoid augmentation effect of the
ICBGTs; this, however, was attenuated at follow-up.

Conclusion: The Latarjet and ICBGT procedures for the treatment of anterior shoulder instability with
glenoid bone loss showed no difference in clinical and radiologic outcomes except for significantly
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worse internal rotation capacity in the Latarjet group and frequently noted donor-site sensory distur-

bances in the ICBGT group.

Level of evidence: Level I; Randomized Controlled Trial; Treatment Study
© 2019 The Author(s). This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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Soft-tissue stabilization procedures for the treatment of
anterior shoulder instability were proved to be less effective
in patients with extensive glenoid bone loss.'' Therefore,
bone grafting techniques are recommended instead of soft-
tissue stabilization procedures in the case of extensive
glenoid bone loss.'”

Among these bone grafting techniques are 2 competing
types of procedures: coracoid transfer techniques and
free bone grafting techniques. A commonly used coracoid
transfer procedure is the modern-type Latarjet procedure,
which involves the transfer of the coracoid process
along with the attached conjoined tendons to the anterior
glenoid rim through a permanent horizontal split of the
subscapularis.” The Latarjet procedure stabilizes the
shoulder primarily by means of the combined bone grafting
and sling effect.”*% A commonly used free bone grafting
technique is the modern Eden-Hybinette procedure or iliac
crest bone graft transfer (ICBGT), which involves har-
vesting a bone graft from the iliac crest and transferring it
through a temporary horizontal subscapularis split to the
anterior glenoid rim.*®" The ICBGT primarily aims at
stabilizing the shoulder by means of restoring the glenoid
concavity."***  Although several modifications exist
including arthroscopic execution, options for bone graft
fixation, alternative bone harvesting sites, or use of allo-
grafts, both described procedures maintain their distinctive
character, 3-48:17:26.34.35.41.47.52.56-62.66

Although several articles on the clinical outcomes of both
procedure types have been published and the superiority of
one technique over the other has been a common topic at
several shoulder conferences, no randomized comparative
trials with a high level of evidence are currently available.”*"
The goal of this study was to perform a prospective ran-
domized trial comparing both competing techniques to pro-
vide more reliable data for discussion. The hypothesis of
the study was that the results after ICBGT would be better
than the results after coracoid transfer for the treatment of
anterior shoulder instability with glenoid bone loss.

Methods
General information

The study was designed as a bicentric prospective randomized
trial and was registered online prior to its beginning (ISRCTN

registry), including the prespecified outcome parameters. The
defined inclusion criteria were (1) anterior shoulder instability
with recurrent dislocations (>2) and (2) glenoid bone loss
affecting at least 15% of the glenoid articular surface measured
with the Pico method® on 3-dimensional computed tomography
(CT) scans. The exclusion criteria were (1) any concomitant
shoulder pathologies (eg, cuff tears, nerve lesions, and osteoar-
thritis > 1°), (2) any previous surgical procedures on the affected
shoulder except for open or arthroscopic Bankart repair, (3)
neuromuscular pathologies including seizure disorders, (4) history
of infection, (5) compliance problems (eg, alcohol or drug abuse),
and (6) unwillingness to participate in the study.

A total of 60 consecutive patients fulfilling the inclusion and
exclusion criteria were enrolled in the study by 1 of the 4 involved
surgeons (as discussed later). Patients were assigned to the
Latarjet or ICBGT intervention with a 1:1 allocation ratio based
on an allocation sequence that was generated by a professional
statistician using a computer-based block randomization process
(block size of 6) and was placed in sequentially numbered sealed
envelopes. The recruitment period was between 2012 and 2015.
After baseline assessment, patients underwent the assigned sur-
gical stabilization procedure. Longitudinal follow-up included
clinical and radiologic evaluation. The follow-up rate decreased
from 97% at 6 months to 95% at 12 months and to 90% at final
follow-up, 24 months after surgery (29 of 30 ICBGTs and 25 of 30
Latarjet cases). Follow-up for the last patient was concluded in
2017 (Fig. 1). Reporting of the clinical trial was accomplished
according to the CONSORT (Consolidated Standards of Reporting
Trials) guidelines for reporting randomized controlled trials.

Interventions

Patients were assigned to receive either an open Latarjet procedure
according to the technique described by Young et al®> or an
open ICBGT according to the J-bone graft technique described
by Auffarth et al.* The Latarjet procedure is characterized by release
of the pectoralis minor tendon, osteotomy of the coracoid close to the
base with the conjoined tendon and parts of the coracoacromial
ligament left attached, a permanent horizontal split of the sub-
scapularis, a vertical split of the capsule, transposition of the cora-
coid to the anterior glenoid rim flush with the glenoid articular
surface, fixation with 2 screws, and attachment of the lateral aspect of
the capsule to the stump of the coracoacromial ligament on the graft.
The J-bone graft technique is characterized by a temporary hori-
zontal split of the subscapularis and capsule, monocortical incom-
plete osteotomy of the anterior glenoid neck, implant-free press-fit
insertion of a J-shaped bicortical bone graft harvested from the iliac
crest, surface shaping of the graft with an electrical burr to restore the
articular concavity, and side-to-side closure of the subscapularis.
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2012 - 2015:

n=91

Meeting inclusion criteria

Excluded (n = 31)

Enroliment

- Refused to participate (n = 7)
- Compliance problem (n = 2)

- Osteoarthritis >1°(n = 5)

- Ehlers Danlos/MDI (n = 7)

- Previous surgery other than
Bankart (n = 7)

Randomized

n=60

- Neurological pathology (n = 3)

lliac-crest bone graft transfer:

n=30

Latarjet:

n=30

Lost to follow-up (n = 1)
— - changed contact information
without notice (n = 1)

2-year follow-up:
n =29 (97%)

Figure 1

Both trial sites are referral centers for shoulder surgery. Two
surgeons per center completed the interventions. All 4 surgeons
are specialized shoulder surgeons with extensive experience per-
forming both techniques. The postoperative period of sling
immobilization, as well as the rehabilitation protocol, was the
same for both interventions.

Clinical outcome assessment

Baseline examination before surgery included the following: a
pathology-specific medical history (number of dislocations, time
since first dislocation, cause of dislocation, previous surgical
stabilization, and bilateral affection); instability testing including
the apprehension test™” and relocation test’”; hyperlaxity assess-
ment using the Beighton score’; standardized clinical scores in
terms of the Western Ontario Shoulder Instability (WOSI) index
(main outcome measurement),”>>® Rowe score,* Subjective
Shoulder Value (SSV),”” Athletic Shoulder Outcome Scoring
System (ASOSS) value,”’ numeric pain rating scale (from 0 to
10),”" shoulder-specific work activity level (from O to 2), and
shoulder-specific sports activity level (from 0 to 7); abduction
strength assessment using a dynamometer; and assessment of
range of motion using a goniometer. Internal rotation capacity was
recorded as the highest vertebral level a patient could reach with
the hand of the affected side on his or her back.

Lost to follow-up (n = 5)
——— - changed contact information
without notice(n = 5)

2-year follow-up:
n =25 (83%)

Flowchart of trial. MDI, multidirectional instability.

Longitudinal follow-up examinations were performed 6, 12,
and 24 months after surgery, including the WOSI index (main
outcome measurement), Rowe score, SSV, ASOSS score (if the
shoulder-specific sports activity level at baseline was >4),
numeric pain rating scale, level of satisfaction with surgery (from
0 to 5), abduction strength, and range of motion, as well as
recording of any adverse events including assessment of the
recurrence of instability with the following parameters: disloca-
tion, subluxation, apprehension positive (apprehension test and
relocation test), and apprehension negative. Because of increased
awareness triggered by our preliminary findings and other newly
published findings,'” the following secondary outcome parameters
were added to the protocol at the final follow-up time point:
internal and external rotation assessment in 90° of abduction using
a goniometer; internal and external rotation strength assessment
in 0° of abduction, neutral rotation, and 90° of elbow flexion
using a dynamometer; and scapular dyskinesis evaluation ac-
cording to Kibler.”® These parameters do not fulfill the same
quality requirements as the prespecified primary or secondary
outcome parameters mentioned earlier and therefore should be
considered only tertiary.

Radiologic outcome assessment

Patients underwent preoperative, postoperative, and follow-up
CT examinations using a CT scanner with a 0.625-mm slice
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Table I Comparison of preoperative group characteristics
ICBGT Latarjet procedure P value

Age, mean =+ SD (range), yr 29 + 9 (18-57) 31 + 8 (18-47) 446
Sex, n 28 M/2 F 28 M/2 F >.999
No. of instability episodes, mean + SD (range) 19 + 19 (3-80) 16 + 18 (2-80) .263
Period of instability, mean + SD (range), mo 67 + 65 (5-264) 85 + 57 (5-228) .100
Cause of instability: major trauma/moderate trauma, n 29/1 27/3 .612
Bilateral instability: yes/no, n 24/6 22/8 .542
Beighton score for hyperlaxity (range, 0-7), n .229

0 13 19

1 6 2

2 6 5

3 1 0

4 3 4

5 0 0

6 1 0

7 0 0
No. of previous soft-tissue stabilization attempts .954

0 17 15

1 8 13

2 3 2

3 2 0
Shoulder-specific work activity level (range, 0-2), n .396

21 18

1 8 10

2 1 2
Shoulder-specific sport activity level (range, 0-7), n .102

0 2 2

1 0 0

2 2 2

3 4 6

4 6 12

5 5 3

6 4 3

7 7 2

ICBGT, iliac crest bone graft transfer; SD, standard deviation; M, male; F, female.

thickness. All measurements and plane reconstructions were
accomplished using a plane-reconstruction plug-in for Impax EE
R20 (version III; Agfa HealthCare, Mortsel, Belgium). The gle-
noid defect area was calculated according to the validated Pico
method®’ on standardized en face views of 3-dimensional
reconstructions of the CT scans according to the previously
published spoon technique.*® In addition, glenoid depth, diameter,
and version were measured in the standardized axial imaging
plane according to a previously published method that features
high reliability.** The glenoid track concept was used to identify
on-track and off-track Hill-Sachs defects on 3-dimensional CT
scans as described by Di Giacomo et al.*’

Statistics

Prior to the beginning of the study, a power analysis based on the
minimal clinically important difference of the main outcome
measurement (WOSI index, 10.4%),37'38 a power of 80%, and an
expected follow-up rate of 88% was performed. During the trial,
data were collected on report forms and later entered into
spreadsheets for further analysis. Group characteristics and

outcome variables were tested for normal distribution using the
Kolmogorov-Smirnov test. For group comparisons at the different
time points, the Mann-Whitney U test, ¢ test, %> test, or Fisher
exact test were used. All reported tests were 2-tailed, and P < .05
was considered statistically significant.

In this randomized trial, all enrolled patients were allocated
according to the randomization sequence and received the
assigned intervention along with the postoperative treatment.
Therefore, the intention-to-treat analysis corresponds to a per-
protocol analysis in this trial.

Results

Both groups showed no significant differences regarding
their preoperative characteristics (Table I).

Clinical outcome

At no follow-up time point did the WOSI index (main
outcome measurement) show a statistically significant
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Figure 2 Longitudinal comparison of Western Ontario Shoulder Instability (WOSI) index (main outcome measurement) (A), Rowe score

(B), Subjective Shoulder Value (C), and Athletic Shoulder Outcome Scoring System (ASOSS) score (D) at different time points between
patients receiving an iliac crest bone graft transfer (/CBG) and patients receiving a Latarjet procedure. Statistically significant differences

are marked (*). Pre-op, preoperatively.

difference between the 2 groups (Fig. 2, A). Similarly, both
procedures did not significantly differ regarding the Rowe
score, SSV, or ASOSS score at any follow-up time point
except for the preoperative Rowe score (P =.005) (Fig. 2,
B-D).

Although no statistically significant differences between
the 2 groups were found regarding abduction and external
rotation at any time, internal rotation capacity was better in
the ICBGT group at 6 months (P =.001), 12 months (P =
.002), and 24 months (P = .013) (Fig. 3, A-C). Similarly,
external rotation at 90° of abduction showed no difference
between groups, whereas internal rotation at 90° of
abduction was significantly different at 24 months’ follow-
up (P = .044) (Fig. 3, D). No significant difference in
the longitudinal abduction strength follow-up or the inter-
nal and external rotation strength assessment at final
follow-up was noted between the 2 groups (Fig. 4).

No dislocation was recorded after either type of surgery
within the monitored period. A single postoperative trau-
matic subluxation event occurred in 2 patients (6.7%) in the
ICBGT group and 1 patient (3.3%) in the Latarjet group.
The apprehension and relocation tests, without any history
of postoperative instability episodes, were positive in 3
patients (10.0%) in the ICBGT group and 2 patients (6.7%)
in the Latarjet group. No statistically significant differences
were observed regarding the stability parameters.

Complications in the ICBGT group included 8 sensory
disturbances around the scar of the donor site (26.7%) and
2 cases of superficial wound infection at the donor site
(6.7%), as well as 1 graft fracture (3.3%) 1 year after sur-
gery due to a bicycle fall with subsequent graft reunion and
without residual subjective or objective instability. Com-
plications in the Latarjet group included 1 nonunion of the
graft without clinical consequence (3.3%), 1 case of screw
irritation requiring revision surgery (3.3%), and 1 case of
postoperative hematoma without the need for surgical
revision (3.3%). Scapular dyskinesis was noted in 4 patients
(13%) after the Latarjet procedure and 1 patient (3%) after
ICBGT at final follow-up. No significant differences were
noted between the ICBGT group and Latarjet group
regarding the pain level (0.3 & 0.8 vs. 0.4 £+ 0.5, P =.180)
and satisfaction level (4.8 £+ 0.8 vs. 4.9 + 0.3, P = .812).

Radiologic outcome

Analysis of the CT scans revealed a significantly increased
postoperative glenoid augmentation effect of the ICBGT in
terms of increased surface area (P = .001), reduced defect
area (P = .003), increased diameter (P = .009), increased
depth (P = .034), and higher retroversion (P = .002)
compared with the Latarjet procedure. However, at 12 and
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24 months’ follow-up, only the defect area was signifi-
cantly lower in the ICBGT group (P = .023 and P = .030,
respectively); all other parameters showed no statistically
significant difference (Fig. 5).

Before surgery, off-track Hill-Sachs lesions were found
in 83% of patients in the ICBGT group and 68% of those in
the Latarjet group (P =.2006). After surgery, the percentage
of patients with off-track defects was reduced to 14% in the
ICBGT group and 28% in the Latarjet group (P = .310).
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Figure 4 Comparison of abduction, internal rotation, and
external rotation strength at the 24-month follow-up time point
between patients receiving an iliac crest bone graft transfer
(ICBGT) and patients receiving a Latarjet procedure. No signifi-
cant differences were noted.

Follow-up CT scans revealed an off-track defect in 28% of
ICBGT patients and 20% of Latarjet patients (P = .516).

Discussion

The main finding of our study is that the ICBGT and the
Latarjet procedure did not show any significant difference
regarding the main outcome measurement (WOSI index) at
any of the observed time points after surgery. Thus, our
study hypothesis was not confirmed. Similarly, no differ-
ence was seen in the Rowe score, SSV, or ASOSS score.
Even though no other randomized comparative trials are
available, similar findings have been published in 2 level III
matched-cohort studies: 1 comparing the Latarjet procedure
with the J-bone graft technique (ICBGT)'"” and the other
comparing the Latarjet procedure with the distal tibia
allograft procedure (which can be considered a derivative
technique of the ICBGT).”

The longitudinal recording of range of motion showed
no difference in abduction and external rotation; however,
internal rotation was shown to be significantly worse by 2
to 3 vertebral levels on average after the Latarjet procedure
than after ICBGT at 6, 12, and 24 months’ follow-up. A
significant difference in internal rotation capacity by a
mean of 6° was also found in 90° of abduction. Although
the causes thereof remain speculative, a possible explana-
tion is the permanent split of the subscapularis by the
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Figure 5 Longitudinal comparison of glenoid defect area (A), glenoid diameter (B), glenoid depth (C), and glenoid retroversion (D)

between patients receiving an iliac crest bone graft transfer (/CBG) and patients receiving a Latarjet procedure. Statistically significant

differences are marked (*). Pre-op, preoperatively.

conjoined tendon with possible structural affection or
movement restriction of the muscle and tendon. For
example, a biomechanical study on the sling effect after the
Latarjet procedure revealed a significant loss of general
rotation capacity in 90° of abduction if the conjoined
tendon was loaded instead of unloaded. Although the trend
was similar in adduction of the arm, no statistically sig-
nificant difference was found.”® Another possible explana-
tion might be the larger number of prior open Bankart
repairs in the Latarjet group (n = 4) than in the ICBGT
group (n = 1), which might have negatively affected the
subscapularis musculotendinous unit muscle.”” This dif-
ference, however, was not statistically significant (P =
.353) and average preoperative internal rotation capacity in
both groups was very similar, which makes this explanation
unlikely. An interesting finding was that the strength
measurements at final follow-up showed no significant
differences between the Latarjet and ICBGT groups. A
case-control study with isokinetic comparison of the
strength of patients after the Latarjet procedure revealed a
combined internal and external rotation strength deficit and
reduced endurance 1 year after surgery compared with the
healthy, contralateral side.'® However, Edouard et al
showed that this weakness might already be present pre-
operatively” and that, 6 months after the Latarjet proced-
ure, patients recover their preoperative rotation
strength.”” Similarly, other studies found no internal rota-
tion strength difference between the operated side and
nonoperated side after the Latarjet procedure as long as a

subscapularis split instead of an L-shaped tenotomy was
pe:rformed.“'48 However, as in our study, internal rotation
strength measurement accomplished in a functional posi-
tion of 0° of abduction, neutral rotation, and 90° of elbow
flexion or even in a belly-press position does not specif-
ically isolate the subscapularis activity from the other
strong internal rotators.

No statistically significant difference was noted between
groups regarding postoperative stability. This reflects the
results of previous case series reports that showed the high
rate of stabilization success of both procedures even in the
long teml.1_1()_18,2().42_45,54.55

Although the shoulder-related adverse event rate was
very low in the ICBGT group (n = 1, 3.3%), donor
site—related adverse events were rather frequent, mostly
involving sensory disturbances around the scar (n = 8,
26.7%). These issues resulting from harvesting bone graft
from the iliac crest are well known™'**" and are a primary
reason for the increased reports on alternative techniques
using allografts or other donor sites.””*'"-*79%¢ Although
the Latarjet procedure shows a clear advantage because of
the lack of additional donor-site morbidity, shoulder join-
t-related adverse events can occur, including graft
nonunion and screw irritation with the necessity for
removal (n = 2, 6.7%). These adverse events have also
been well described in the literature' " and are a primary
reason for the investigation of alternative fixation tech-
niques using resorbable material or suture buttons.’"
Although our trial seems to show a disadvantage of the
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Latarjet procedure compared with the ICBGT in this re-
gard, it must be considered that the J-bone graft is only an
implant-free subgroup of the family of ICBGTs and that
similar implant-related problems might be observed with
non—-implant-free ICBGT techniques. Finally, the extra-
anatomic nature of the Latarjet procedure with release of
the pectoralis minor tendon, transposition of the conjoined
tendons, and a permanent split of the subscapularis could
be a matter of concern as it might lead to scapular dyski-
nesis'” and make revision surgery more complicated.’’
However, the data collected in this study are not suitable
to support or disprove these concerns.

The CT scans revealed a larger glenoid augmentation
effect of the ICBGT immediately after surgery. Whereas
the Latarjet graft size is limited by the extent of the cora-
coid process,’ the graft size of the ICBGT is limited by the
dimensions of the iliac crest, which typically offers a larger
bone stock. Nonetheless, remodeling processes as previ-
ously described for the ICBGT**** and Latarjet proced-
ure'”? attenuate this difference over time with a comparable
bony augmentation effect of both procedures with the
exception of slightly but significantly smaller coverage of
the glenoid defect area in the Latarjet group. The burden of
preoperative off-track Hill-Sachs lesions seemed to be
slightly higher in the ICBGT group; however, the differ-
ence was not significant. Either procedure successfully
transformed off-track Hill-Sachs lesions into on-track Hill-
Sachs lesions in most patients. It is interesting to note that
both patients who experienced subluxation after the ICBGT
had off-track Hill-Sachs defects before and after surgery
whereas the 1 patient in the Latarjet group showed an on-
track defect before and after surgery. However, the num-
ber of patients with recurrent instability episodes was too
small to find any associations with remnant glenoid defects
or persisting off-track Hill-Sachs lesions.

Limitations

Because of the strict inclusion and exclusion criteria,
a homogeneous study population was created and the
comparison of both interventional groups showed compa-
rable preoperative clinical and radiographic parameters,
offering reassurance regarding the effectiveness of the
randomization procedure. Although this is necessary to
ensure comparability, it also limits the applicability of the
presented conclusions to selected cases. In addition,
external validity is compromised to a certain extent by the
fact that both procedures were performed by 4 highly
specialized shoulder surgeons, which theoretically might
have a positive impact on the outcome and reduce the risk
of complications.

The moderately lower final follow-up rate in the Latarjet
group (83%) than in the ICBGT group (97%) paired with
the inability to reach the patients lost to follow-up raises the

potential for attrition bias. However, the follow-up rates at
the 6- and 12-month time points were comparably high in
both groups (97% vs. 97% and 93% vs. 97%, respectively)
with no differences compared with the 24-month time point
regarding the superiority of one intervention over the other
in the various outcome measures.

An orthopedic resident not involved in the interventions
assessed outcome parameters at each institution. Owing to
the nature of both interventions, blinding of the patients
was not possible and blinding of the outcome examiners
was not feasible. This lack of blinding creates the risk
of bias. However, this risk is reduced by the fact that the
main outcome measurement is a patient-reported subjective
score.

Conclusion

The Latarjet and ICBGT procedures for the treatment
of anterior shoulder instability with glenoid bone
loss showed no difference in clinical and
radiologic outcomes except for significantly better in-
ternal rotation capacity in the ICBGT group. Both
procedures resulted in a different spectrum of compli-
cations, with donor-site sensory disturbances being
frequently noted in the ICBGT group.
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