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Background: Few studies have compared clinical outcomes between the traditional Latarjet procedure for anterior shoulder
instability and the congruent arc modification to the Latarjet procedure.

Purpose: To systematically evaluate the literature for the incidence of recurrent instability, clinical outcomes, radiographic
findings, and complications for the traditional Latarjet procedure and the congruent arc modification and to compare results of
each search.

Study Design: Systematic review; Level of evidence, 4.

Methods: A systematic review and meta-analysis was conducted according to the PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) guidelines. We included studies published between January 1990 and October 2020 that
described clinical outcomes of the traditional Latarjet and the congruent arc modification with a follow-up range of 2 to 10 years.
The difference in surgical technique was analyzed using a chi-square test for categorical variables, while continuous variables were
evaluated using a Student t test.

Results: In total, 26 studies met the inclusion criteria: 20 studies describing the traditional Latarjet procedure in 1412 shoulders,
and 6 studies describing the congruent arc modification in 289 shoulders. No difference between procedures was found regarding
patient age at surgery, follow-up time, Rowe or postoperative visual analog scores, early or late complications, return-to-sport
timing, or incidence of improper graft placement or graft fracture. A significantly greater proportion of male patients underwent
glenoid augmentation using the congruent arc modification versus traditional Latarjet (P < .001). When comparing outcomes, the
traditional Latarjet procedure demonstrated a lower incidence of fibrous union or nonunion (P ¼ .047) and broken, loose, or
improperly placed screws (P < .001), and the congruent arc modification demonstrated improved outcomes with regard to overall
return to sport (P< .001), return to sport at the same level (P< .001), incidence of subluxation (P¼ .003) or positive apprehension (P
¼ .002), and revision surgery for recurrent instability (P ¼ .027).

Conclusion: Outcomes after the congruent arc modification proved at least equivalent to the traditional Latarjet procedure in terms
of recurrent instability and return to sport, although early and late complications were equivalent. The congruent arc procedure may
be an acceptable alternative to traditional Latarjet for the treatment of anterior shoulder instability with glenoid bone loss; however,
long-term outcomes of this procedure are needed.
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Owing to the natural bony architecture of the glenohumeral
joint, the shoulder is inherently unstable, representing the
most frequently dislocated joint in the human body.14,17

After a traumatic anterior shoulder dislocation, glenoid bone
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loss (GBL) from the anteroinferior surface is common, occur-
ring in up to 22% of initial dislocations and 90% of patients
with recurrent shoulder instability.28,42,46,49 In the US popu-
lation alone, the reported incidence of glenohumeral joint
instability is 23.9 cases per 100,000 patient-years,13,22 with
younger age, male sex, and involvement in contact sports or
military duties being known risk factors for anterior insta-
bility after injury.13,51

In the setting of anterior inferior GBL, multiple investiga-
tionshavereported inferior outcomesandahighrateof failure
with recurrent instability after surgical stabilization using
isolated arthroscopic soft tissue procedures.11 In patients with
GBL measuring as little as 13% of the glenoid width, bony
augmentation is required to effectively restore shoulder sta-
bility.11,20,40 The Latarjet procedure represents an acceptable
treatment method for anterior GBL, capable of restoring bony
stability through a transfer of coracoid process and conjoint
tendon to the anterior glenoid.30,38,43 The traditional Latarjet
procedure requires an osteotomy at the elbow of the coracoid,
followed by transfer and fixation of the coracoid to the anterior
glenoid such that the lateral surface is flush with the articular
surfaceof the glenoid.7-9 The congruent arc modification to the
Latarjet involves rotating the coracoid 90� along its longitu-
dinal axis, allowing the curvature on the inferior surface to
help re-create the natural curvature of the glenoid arc, report-
edly improving joint congruity and stability.16,23 Investi-
gations have also reported that the congruent arc
modification reduces the need for decortication of the coracoid
while mitigating the glenohumeral contact forces experienced
within the joint from the traditional Latarjet procedure.16,23

Although previous investigations have examined differ-
ences in radiographic outcomes between the traditional and
congruent arc techniques, data regarding clinical outcomes
between the techniques are limited. The purpose of this
systematic review was to analyze patient-reported out-
comes (PROs), the incidence of recurrent instability,
return-to-sport (RTS) rates, and other complications in
patients undergoing open traditional Latarjet versus con-
gruent arc Latarjet for anterior shoulder instability with
significant GBL. We hypothesized that there would be no
significant differences on any postoperative outcome
between techniques.

METHODS

Data Sources and Searches

A systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic

reviews and Meta-Analyses) guidelines.36 We identified all
literature related to clinical outcomes of the traditional
Latarjet procedure and the congruent arc modification that
was published from January 1990 to October 2020. Two
reviewers (S.R.P.M. and M.W.K.) independently conducted
searches in August 2020 using the following databases:
PubMed, Biosis Previews, SPORTSDiscus, PEDro, and
EMBASE. The search strategy for the classic Latarjet pro-
cedure included the following terms: “anterior shoulder
instability” OR “shoulder instability” AND “Latarjet” OR
“open Latarjet” OR “Latarjet procedure” OR “coracoid
transfer”. A search of the congruent arc modification to the
Latarjet procedure included the following terms: “anterior
shoulder instability” OR “shoulder instability” AND
“congruent arc” OR “modified Latarjet” OR “modified
Bristow-Latarjet” OR “modified coracoid transfer.”

Inclusion criteria consisted of studies written in or trans-
lated into English that reported on patients with anterior
shoulder instability and significant GBL who underwent
open traditional Latarjet or the congruent arc modification
with a minimum 2-year and maximum 10-year follow-up;
the studies also needed to document PROs, the incidence
of recurrent instability (characterized by dislocation,
subluxation, or shoulder apprehension), postoperative
radiographic findings, and/or any other postoperative
complications. Exclusion criteria involved non–English
language studies, studies utilizing free bone block
procedure, cadaveric or laboratory studies, studies utilizing
an arthroscopic approach, studies with less than 2-year or
more than 10-year follow-up, studies failing to indicate
fixation surface in the description of surgical technique,
and studies not reporting PROs, recurrent instability, or
other complications. Investigations from similar
institutions were reviewed separately to identify studies
potentially reporting on the same cohort of patients. When
these were identified, the most comprehensive study was
included, whereas the remaining studies were omitted
after mutual discussion with the senior author (M.R.K.).
After the literature search and application of inclusion/
exclusion criteria, all articles selected for inclusion were
cross-referenced to ensure no studies were overlooked
during the initial search. No further articles were
identified during this process.

Data Extraction and Quality Assessment

The modified Coleman Methodology Score (mCMS), meth-
odological index for non-randomized studies (MINORS)
scale, and Newcastle-Ottawa Scale (NOS) were used to
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assess the quality of the studies identified in this investi-
gation. The mCMS criteria for evaluation are based on sub-
sections of the CONSORT (Consolidated Standards of
Reporting Trials) statement for randomized controlled
trials15; scoring follows a scale of 0 to 100, where scores from
85 to 100 are considered excellent, 70 to 84 good, 55 to 69 fair,
and <55 poor. The MINORS score is a validated scale asses-
sing nonrandomized case-control or cohort studies based on
12 criteria (8 criteria for noncomparative studies); each cri-
terion is judged as 2 (indicating adequate), 1 (indicating inad-
equate), and 0 (indicating criterion was not reported).47

Scores are reported as a percentage of total possible points.
The NOS assesses the quality of case-control or cohort stud-
ies based on 10 criteria evaluating patient selection, compa-
rability of data, and outcomes.48 Each article was
independently scored by 2 authors (S.R.P.M., M.W.K.) for
each of the 3 assessment tools. Any discrepancies in the score
were discussed with the senior author.

Data extracted from the selected articles included
patient distribution of sex and age, mean follow-up time,
incidence of recurrent instability, RTS, PROs, and other
complications after treatment with either the traditional
Latarjet or the congruent arc modification. Recurrent
instability was characterized by the incidence of recurrent
dislocation, subluxation, or positive apprehension and was
analyzed separately owing to differences in reporting
between studies. All other complications were character-
ized based on the incidence of permanent or transient nerve

injury; hematoma; infection; pathologic findings on imag-
ing with a requirement for further intervention (eg, errors
in screw fixation, graft fractures, pseudarthrosis, or incom-
plete bone union); and any other complication requiring
reoperation or revision stabilization. Complications were
further subdivided into early (nerve injury, hematoma,
infection), late (screw fixation, graft fractures, pseudoar-
throsis), and reoperations for continued instability. Radio-
graphic findings of any type (symptomatic or
asymptomatic) were noted separately and included inciden-
tal findings of errors in graft placement, errors in screw
fixation, graft fractures, pseudarthrosis, or incomplete
bone union with no clinical effect noted. Differences in sur-
gical technique were analyzed using a chi-square test for
categorical variables (patient sex, RTS rate, incidence of
instability, and all other complications), whereas continu-
ous variables (patient age, mean follow-up, RTS timing,
visual analog scale [VAS], and Rowe scores) were evaluated
using a Student t test. A P value <.05 was considered sta-
tistically significant for this study. All statistical analyses
were performed using SPSS Version 23 (IBM) software.

RESULTS

Literature Selection

Results of the search process are displayed in Figure 1. A
total of 745 studies describing the traditional Latarjet

Full-text ar�cles assessed for eligibility

· Tradi�onal Latarjet: n = 81
· Congruent arc: n = 65
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Studies included in qualita�ve synthesis
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Records screened

· Tradi�onal Latarjet: n = 745
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· Tradi�onal Latarjet: n = 745
· Congruent arc: n = 190

Figure 1. PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) flowchart of the study search and
inclusion process.
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procedure and 190 studies for the congruent arc technique
were identified. After assessing the title and abstract, 81
Latarjet and 65 congruent arc articles were selected for
further evaluation. Of these, 61 studies reporting on the
Latarjet technique were excluded for the following reasons:
follow-up time less than 2 years (n ¼ 20), follow-up time
more than 10 years (n ¼ 7), surgical technique other than
traditional Latarjet (n ¼ 23), inadequate description of the
articulating surface used to fix the coracoid graft (n ¼ 9),
and inability to discern results when 2 or more surgical
methods were compared (n ¼ 2). Of the studies describing
the congruent arc modification, 58 were excluded for the
following reasons: not utilizing the congruent arc modifica-
tion (n ¼ 50), follow-up time less than 2 years (n ¼ 5),
arthroscopic approach (n ¼ 2), and failure to report on
PROs in the postoperative period (n ¼ 1).

After application of the exclusion criteria, 20 studies on
the traditional Latarjet procedure were selected for further
analysis: 9 were prospective or comparative studies of
evidence level 3, and 11 were level 4 case series. Initially,
7 studies on the congruent arc procedure were selected for
further analysis; however, 2 studies from the same institu-
tion reported an overlapping group of patients, resulting in
the earlier published study being eliminated. Therefore,
6 studies were ultimately included in the congruent arc
search: 1 study was a level 3 prospective study and 5 stud-
ies were level 4 case series investigations.

No significant difference was found in overall quality
between studies describing the traditional Latarjet versus
the congruent arc modification, as indicated by scores on
the mCMS (P ¼ .246), MINORS (P ¼ .768), and NOS (P ¼
.770). The individual and mean scores for the 3 assessment
tools are reported in Table 1.

Patient Characteristics

Patient baseline characteristics are described in Table 1. A
total of 1412 shoulders were identified in 1388 patients
undergoing traditional Latarjet, consisting of 83% (1112
of 1340) male patients. Sex was not reported in 48
patients in 1 study.14 Bilateral procedures were reported
for 24 patients.7,8,19,24,52 For the congruent arc modifica-
tion, a total of 289 shoulders were identified in 288 patients
with 93% (269 of 288) of patients being male. One
patient underwent bilateral augmentation in the congruent
arc group.1 Male patients made up a significantly greater
proportion of patients undergoing stabilization using the
congruent arc modification when compared with the tradi-
tional Latarjet cohort (P < .001). No significant difference
between the 2 groups was found in age at the time of surgery
(P ¼ .59) or mean follow-up time (P ¼ .26).

Recurrent Instability

Of the 26 included studies, recurrent instability was defined
by recurrent dislocation only in 9 studies,1,2,5,8,14,24,33,35,41

dislocation or subluxation in 13 studies,k and dislocation,

subluxation, or positive apprehension in 3 studies,29,53,54

although 1 study did not report on recurrent instability.9

Overall, recurrent instability was reported in 95% (n ¼ 19
of 20) of studies examining the traditional Latarjet proce-
dure and 100% (n ¼ 6 of 6) of studies describing the congru-
ent arc technique. Individual reports of recurrent instability
are listed in Appendix Table A1, and overall incidence
according to surgical procedure is summarized in Table 2.
No significant difference between the groups was observed
in the incidence of recurrent dislocation (P ¼ .92), although
the incidence of recurrent subluxation (P < .001) and posi-
tive apprehension (P¼ .001) was significantly more common
after the traditional Latarjet procedure.

Patient-Reported Outcomes

Individual PROs are included in Appendix Table A1. No
significant difference was noted in improvement in Rowe
score (P¼ .29) or postoperative VAS score (P¼ .65) between
the 2 techniques (Table 2).

RTS Rate

The RTS rate was reported in 9 studies describing the tra-
ditional Latarjet procedure, consisting of 453 patients with
90.2% returning to any level of sport (409 of 453) (Appendix
Table A1).8-10,17,21,29,32,41,52 Postoperative level of competi-
tion was reported in 9 studies, with 56.1% of patients (254
of 453) participating in the same sport at the same level of
competition as before surgery.8-10,17,21,29,32,41,52 The RTS
timing was noted in 3 studies (164 patients), with an overall
mean time of 7.01 months (range, 6.3-8.1 months).9,10,41

For the congruent arc technique, 4 studies (226 patients)
discussed RTS, with 97.3% of patients (220 of 226) able to
return (Appendix Table A1).5,12,44,45 Patient postoperative
level of competition was included in 3 studies, with 91.2% of
patients (156 of 171) competing at the same level of compe-
tition as they had been before surgery although the remain-
der reduced their level of competition, changed sports, or
ceased competition.5,44,45 The mean RTS time was reported
in 2 studies (161 patients), with an overall mean of 5.02
months (range, 4.9-5.2 months).44,45

The overall RTS rate was significantly greater for
patients who had undergone the congruent arc modifica-
tion (P < .001). In addition, return to the same sport at the
same level was significantly greater after the congruent arc
modification (P < .001), although no significant difference
was found in the mean RTS time was between the 2 groups
(P ¼ .081) (Table 2).

Other Complications

Fifteen studies utilizing the traditional Latarjet technique
reported on postoperative clinical complications, with 56
total complications identified in 830 shoulders (6.7%)
(Appendix Table A1).{ Five studies describing the congru-
ent arc modification reported on the incidence of

kReferences 6, 7, 10, 12, 17, 19, 21, 25, 31, 32, 44, 45, 52. {References 2, 6-8, 10, 21, 24, 25, 29, 31, 35, 41, 52-54.
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postoperative complications; 9 complications were identi-
fied in 287 shoulders (3.1%).1,5,12,44,45 The overall incidence
of postoperative complications was significantly higher for
the traditional Latarjet procedure than for the congruent
arc procedure (P ¼ .024). On subset analysis, no difference
between procedures was seen in the incidence of early com-
plications (P¼ .45) or late complications (P¼ .41), although
the incidence of reoperation for instability was significantly
higher for the traditional Latarjet procedure (P ¼ .022)
(Table 2).

Radiographic Findings

Postoperative radiographs were obtained for 554 shoulders
in the traditional Latarjet cohort and 212 shoulders in
the congruent arc modification cohort. Radiographic

findings reported for individual studies are included in
Table 2. Incidence of osteoarthritis was available for
312 shoulders in 6 studies describing the traditional
Latarjet, with new cases or progression of osteoarthritis
identified in 13.4% of shoulders (n ¼ 42 of 312; 27 new, 15
progressions).2,21,31,32,35,52 Incidence of osteoarthritis was
available for 65 shoulders in 1 study describing the con-
gruent arc modification based on imaging taken at
3 months postoperatively, with osteoarthritis identified
in 1.5% of shoulders (n ¼ 1 of 65; 1 new).

No significant difference was found in the incidence of
improper graft placement (either medialization or laterali-
zation of the graft) (P ¼ .15) or incidence of graft fracture
(P ¼ .59) between the 2 groups, although the congruent arc
group demonstrated a higher incidence of fibrous or non-
union (P ¼ .047) and broken, loose, or improperly placed
screws (P < .001) (Table 2).

TABLE 1
General Characteristics of Articles Included in Analysisa

Study Quality

Lead Author (Year) LOE mCMS MINORS, % NOS
No. of

Shoulders Sex, M/F, n
Age at Surgery, y,

Mean (Range)
Mean Follow-up

(mo)

Traditional Latarjet

Ali2 (2020) 3 54 62.50 6 15 12/3 28 (range NR) 30.5
Bah6 (2018) 3 54 58.30 7 43 36/7 24.5 (16-37) 47.3
Balestro7 (2015) 4 70 81.25 5 12 7/4 28.6 (16.6-43.3) 24
Baverel8 (2018) 3 71 62.50 5 110 88/18 22.1 (16-29.7) 46.3
Beranger9 (2016) 4 63 50 5 47 46/1 27.9 (18-45.7) 46.8
Bessiere10 (2013) 4 63 75 7 51 49/2 25 (16-45) 66
Cautiero14 (2017) 4 57 43.75 4 48 NR 25.9 (18-46) 53
De Carli17 (2019) 3 73 70.83 5 73 48/25 28 (16-41) NR (min 72)
Di Giacomo19 (2020) 4 70 75 5 358 287/57 30.6 (16-68) 75
Domos21 (2020) 4 71 56.25 5 45 26/19 15.7 (13-17) 79.2
Ersen24 (2017) 3 55 54.17 4 65 42/20 31.2 (range NR) 39.2
Flinkkilä25 (2015) 4 57 56.25 4 52 45/7 28.4 (17-62) 50
Jeon29 (2018) 3 62 58.33 5 31 26/5 27.4 (21-46) 30.9
Kee31 (2017) 4 62 50 5 110 100/10 23.8 (14-52) 31
Kee32 (2018) 4 63 50 4 56 54/2 27.2 (18-43) 67.1
Lateur35 (2018) 4 52 50 5 32 27/5 30.5 (16-57) 48
Privitera41 (2018) 4 71 50 5 73 64/9 25.8 (15-58) 51.6
Yang52 (2016) 3 55 62.50 5 54 41/11 23.2 (15-51) 42
Zhu53 (2017) 3 77 87.50 6 44 32/12 34.8 (range NR) 37.4
Zimmermann54 (2016) 3 66 66.67 5 93 82/11 30.8 (range NR) 120
Overall mean/total — 63.3 61 5.1 1412 1112/228 27.46 51.81

Congruent Arc

Abdelhady1 (2015) 4 57 50 5 14 9/4 24.4 (18-29) 33.64
Aurich5 (2015) 4 67 43.75 5 6 5/1 26.5 (16-41) 36
Burkhart12 (2007) 4 68 68.75 5 102 46/1 (NR in 55) 26.5 (16-41) 59
Khatar33 (2016) 4 77 56.25 4 62 54/2 26.8 (19-40) 28
Ranalletta44 (2018) 4 65 62.50 6 65 63/2 26.8 (17-58) 44
Rossi45 (2018) 3 69 75 6 100 92/8 26.6 (17-50) 58
Overall mean/total — 67.2 59 5.2 289 269/19 26.58 47.13
P valueb .246 .768 .770 < .001 .59 .26

aF, female; LOE, level of evidence; M, male; mCMS, modified Coleman Methodology Scale; min, minimum; MINORS, methodological index
for non-randomized studies; NOS, Newcastle Ottawa Scale; NR, not reported; -, not relevant.

bBold P value indicates a statistically significant difference in mean values between procedures.
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DISCUSSION

Of the 26 studies we identified for this review, no significant
difference was observed between the 2 procedures regarding
age at the time of surgery (27.46 vs 26.58; P ¼ .59), postoper-
ative follow-up time (51.81 vs 47.13; P ¼ .26), difference in
Rowe score (38.5 vs 58.1; P ¼ .29) or postoperative VAS score
(1.44 vs 1.3; P ¼ .65), early (1.4% vs 2.1%; P ¼ .45) or late
complications (3.0% vs 2.1%; P¼ 0.41), graft placement (P¼
.15), or incidence of graft fracture (1.9% vs 1.2%; P ¼ .59).
Male patients were significantly more likely to undergo aug-
mentation using the congruent arc modification versus tra-
ditional Latarjet (P< .001). When comparing procedures, we
found that the incidence of all instability events, specifically
recurrent subluxation and positive apprehension, was sig-
nificantly higher in patients after traditional Latarjet com-
pared with the congruent arc modification (3.5% vs 0%; P <
.001 and 12.3% vs 1.8%; P ¼ .001, respectively). Further-
more, fewer reoperations for instability were reported for the
congruent arc modification (P ¼ .022). The overall RTS rate
as well as RTS at the same level of competition were signif-
icantly greater with the congruent arc modification (P< .001
for both), although no difference between procedures was
found in time to RTS (P ¼ .081). The incidence of fibrous
or nonunion and radiographic findings of broken, loose, or
improperly placed screws was greater for the congruent arc
modification (P < .001 and P ¼ .047, respectively).

Regarding baseline patient characteristics, both cohorts
consisted predominantly of men in the third decade of life.
These findings are consistent with previous epidemiological

studies identifying male sex and age between 20 and
29 years as the most heavily weighted nonmodifiable risk
factors associated with recurrent anterior shoulder insta-
bility requiring bony augmentation.13,22,34,50 Anterior
shoulder dislocation generally occurs as a result of acute
trauma to the shoulder in abduction. Therefore, the higher
incidence of male patients’ experiencing anterior shoulder
instability with significant GBL may be related to greater
male participation in contact sports or involvement in mil-
itary training.13,50,51 However, it is unclear why we found a
greater proportion of men were treated with the congruent
arc modification compared with traditional Latarjet, as the
rationale behind surgeon preference was not documented
in most studies.

When examining recurrent instability, no differences
were observed in the rate of recurrent dislocations,
although patients undergoing surgery with the traditional
Latarjet were more likely to report recurrent subluxation
and positive apprehension. Improved stability with the con-
gruent arc modification may be explained by anatomic
differences in the reconstituted glenoid surface during
glenoid augmentation. Previous anatomic and computed
tomography studies have aimed to quantify the amount of
bone available for glenoid surface augmentation with the
coracoid process seated in different positions. These inves-
tigations have demonstrated the reconstruction of 29% to
36% of the glenoid surface area using the traditional Latar-
jet procedure, although up to 53% of the glenoid may be
restored using the congruent arc modification.4,27,37,39 Res-
toration of a larger surface area of contact at the

TABLE 2
Comparison of Outcomes Between Traditional Latarjet and the Congruent Arc Modification

Outcome Traditional Latarjet Congruent Arc P Value

Recurrent instability, n/N (%)
Dislocation 32/1155 (2.8) 10/349 (2.9) .92
Subluxation 37/1059 (3.5) 0/267 (0) < .001
Apprehension 56/457 (12.3) 2/112 (1.8) .001

Patient-reported outcomes, mean (range)
Rowe improvement 48.5 (21.7-51.1) 58.1 (43.6 to 78.3) .29
Postoperative VAS 1.44 (0.7-2.8) 1.3 (1.2 to 1.4) .65

RTS, n/N (%)
Overall 409/453 (90.3) 220/226 (97.3) < .001
Same sport, same level 254/453 (56.1) 156/171 (91.2) < .001

RTS timing, mo, mean (range) 7.01 (6.3-8.1) 5.02 (4.9 to 5.2) .081
Complications, n (%) (n ¼ 830 shoulders) (n ¼ 287 shoulders)

Overall 56 (6.7) 9 (3.1) .024
Early complications 12 (1.4) 6 (2.1) .45
Late complications 25 (3.0) 6 (2.1) .41
Reoperation for instability 15 (1.8) 0 (0) .022

Radiographic findings
Graft placement, n (%) .15

Medialized 8 (3.2) 4 (2.4)
Lateralized 21 (8.5) 8 (4.9)
Acceptable 219 (88.3) 152 (92.7)

Errors in screw fixation: n/N (%) 2/176 (1.1) 4/ 212 (1.9) < .001
Graft fracture: n/N (%) 4/208 (1.9) 2/165 (1.2) .59
Fibrous union/nonunion: n/total (%) 16/487 (3.3) 14/212 (6.6) .047

Bold P values indicate a statistically significant difference between groups (P < .05). RTS, return to sport; VAS, visual analog scale.
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glenohumeral joint may translate to greater stability
among patients undergoing surgical correction with the
congruent arc procedure. However, underreporting of
instability among the congruent arc studies should also
be considered, as only 3 studies analyzed subluxation and
2 studies reported the incidence of positive apprehension
for the congruent arc modification compared with 13 stud-
ies and 8 studies for the traditional Latarjet procedure,
respectively.

Patients undergoing coracoid transfer using the congru-
ent arc modification performed better in RTS measures,
including overall RTS incidence and return to prior level
of competition, although differences in RTS timing were not
significant between procedures. Multiple studies have pre-
viously identified arm-intensive sports or collision sports as
risk factors for failed RTS, with a large portion of patients
undergoing both traditional Latarjet and congruent arc
modification competing in contact or collision
sports.5,10,12,32,41,44 Therefore, a difference in preoperative
classification of sports activity cannot readily explain the
disparity between postoperative outcomes. However, a pre-
vious study evaluating patients who had undergone arthro-
scopic shoulder stabilization found additional factors
including kinesiophobia (fear of recurrent injury), aging,
and changes in social support or interest as influential in
the decision to return to play. Two studies on the tradi-
tional Latarjet procedure reported that the primary moti-
vator for patients to change or cease sports was fear of
recurrent injury, although a change in career interest for
competitive athletes was noted as a secondary cause.17,32 In
our analysis, a greater incidence of apprehension was
reported for the traditional Latarjet procedure. In addition,
although not significantly different, the mean age of
patients treated with traditional Latarjet was almost 1 year
older and the mean follow-up time was approximately 6
months greater than that of patients treated with the con-
gruent arc modification. As such, fear of recurrent injury in
the setting of apprehension and changes in interest because
of age may contribute to the significant differences found in
time to RTS between the 2 procedures.

The overall incidence of complications was higher in
patients treated using the traditional Latarjet procedure
compared with the congruent arc group. Specifically, the
reoperation rate for instability was significantly higher for
traditional Latarjet, although early and late complications
owing to surgical technique were not significantly different
between techniques. The greater incidence of instability
necessitating reoperation may be due to the reduced sur-
face area of articulation reconstructed during the tradi-
tional Latarjet procedure when compared with the
congruent arc modification, as discussed previ-
ously.4,27,37,39 In contrast, the congruent arc modification
resulted in a greater incidence of complications due to sur-
gical technique encompassing symptomatic errors in screw
fixation and fibrous/nonunion, although no difference was
found in graft positioning. Previous studies involving com-
puter and cadaveric models have consistently demon-
strated a reduced surface area for fixation with the
congruent arc modification when compared with the tradi-
tional Latarjet technique.23,27,39 Based on these results,

more frequent complications of graft malpositioning, errors
in screw fixation, and rates of nonunion or fibrous union are
anticipated with the congruent arc modification because of
the technical challenges associated with a smaller area of
fixation.

The findings of this investigation, as well as results from
previously published studies, reflect a concern for new-
onset or worsening osteoarthritis in patients treated with
the traditional Latarjet procedure.3,39 The congruent arc
modification demonstrates greater success in restoration
of the native radius of curvature of the glenoid and provides
a greater articulating surface during augmentation.18,39

Previous anatomical and biomechanical studies show these
factors as leading to reduced contact pressures at the gle-
nohumeral joint, which may subsequently result in better
long-term results in the development of postsurgical osteo-
arthritis.26,39 However, in our analysis, only 1 study44

describing clinical outcomes of the congruent arc reported
on incidence or progression of postsurgical osteoarthritis.
Therefore, future investigation reporting long-term results
is warranted to better understand the incidence of osteoar-
thritis for the congruent arc modification.

Although RTS and complication rates favored the use of
the congruent arc modification, subjective PROs did not
vary significantly between the 2 procedures. Specifically,
improvement in Rowe scores and postoperative VAS scores
were comparable, though slightly better for patients who
had received stabilization with the congruent arc modifica-
tion. These findings may be related to the decreased inci-
dence of subluxation, apprehension, complication rates,
and higher RTS rates after the congruent arc modification
as well as to anatomic improvements in glenoid arc
restoration.

Limitations

This study is not without limitations. In our search, 20
studies comprising 1412 shoulders were identified describ-
ing the traditional Latarjet procedure, although only 6
studies comprising 288 shoulders were identified describ-
ing the congruent arc modification. Overall, these findings
demonstrate a relative paucity of literature describing clin-
ical outcomes after the congruent arc modification. There-
fore, the results of this study must be interpreted with
caution when comparing the clinical outcomes of the 2 tech-
niques. Owing to the inherent nature of a systematic
review, substantial heterogeneity existed between study
populations regarding PRO scores. As current practice in
orthopaedic surgery offers no guidelines designating a
standardized clinical shoulder evaluation tool, we identi-
fied a total of 16 different clinical measurement tools uti-
lized among the 26 studies analyzed. Therefore, direct
comparison of postoperative functional status was limited,
and only Rowe score and VAS score were reported consis-
tently enough to allow for any meaningful statistical anal-
yses between groups. Future efforts should be made to
establish a standard, clinically validated shoulder assess-
ment tool or a methodology to compare different shoulder
scores. Moreover, despite the reported statistical values,
the true clinical relevance or clinically significant benefit
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between techniques was not established, warranting future
investigations evaluating thresholds required to achieve
meaningful clinical outcomes based on PROs after both
techniques. Finally, we could not identify any studies on
the long-term outcomes of the congruent arc modification
to the Latarjet procedure.44 Therefore, the incidence of
arthritis in comparison with the traditional Latarjet proce-
dure remains largely unknown.

CONCLUSION

In this comparison of current clinical data between the tra-
ditional Latarjet procedure and the congruent arc modifi-
cation, no difference was found in patient age at the time of
surgery, Rowe or postoperative VAS scores, early or late
complications, or incidence of radiographic errors in screw
fixation, graft fracture, or fibrous union. A significantly
greater proportion of men underwent glenoid augmenta-
tion using the congruent arc modification versus Latarjet.
The congruent arc modification demonstrated improved
outcomes with regard to RTS, the incidence of subluxation
or positive apprehension, revision surgery for recurrent
instability, and graft placement when compared with the
traditional Latarjet procedure. Based on the results of our
investigation, the congruent arc procedure remains an
acceptable modification to the traditional Latarjet proce-
dure, providing at least comparable midterm clinical out-
comes in RTS, instability, and complications, although
these findings are limited by a scarcity of literature describ-
ing clinical outcomes of the congruent arc modification.
Further studies are necessary to evaluate osteoarthritic
changes in patients undergoing shoulder stabilization with
the congruent arc modification as well as long-term out-
comes of both surgical techniques.
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APPENDIX

TABLE A1
Outcomes After Glenoid Augmentation Based on Techniquea

Lead Author
(Year)

Recurrent
Instability RTS, n/N

Clinical Outcomes
(Mean Values) Complications, n/N

Radiographic
Findings

Traditional Latarjet

Ali2 (2020) D: 3/15
S: 0
A: NR

NR n ¼ 15
� Rowe (post): 78
� WOSI (post): 670
� ROM (post):

- FF: loss of 17�

- Abd: loss of 32�

- IR: loss of 9�

- ER: loss of 16�

n ¼ 2/15 (1 reoperation)
� Recurrent instability: 3

(1 treated with iliac crest
graft)

� Broken screw with
instability

n ¼ 15
Arthritis: 1 mild

Bah6 (2018) D or S: 5
A: 6/43

NR n ¼ 43
� Rowe (post): 92.8
� WDS (pre vs post):

37.2 vs 93.6
� SSV (pre vs post):

26.6 vs 89.5
� VAS (pre vs post):

6.01 vs 2.8
� ROM (pre vs post):

- FF: 155.6� vs 163.1�

- ER at 0�: 60.2� vs 56.5�

- ER at 90�: 72.5� vs 72.2�

n ¼ 2/43 (1 reoperation)
� Recurrent instability: 1

(treated with iliac crest
graft)

� Vascular necrosis of graft: 1

NR

Balestro7 (2015) D: 1/12
S: 3/12
A: NR

NR n ¼ 12
� SSV (post): 90.8
� WDS (post):

- Excellent: 3/12 (25%)
- Good: 4 (33.3%)
- Medium: 3 (25%)
- Poor: 2 (16.6%)

n ¼ 1/12 (reoperation for
recurrent instability)

n ¼ 12
� Graft placement: all

acceptable
� Osteolysis: 8 partial,

4 severe

Baverel8 (2018) D: 3/110
S: 0/110
A: 12/110

� Overall: 102/106
� Same level: 66/106
� RTS timing: NR

n ¼ 106
� Rowe (pre vs post):

55.7 vs 77.4
� SSV (pre vs post): 50 vs 89
� SPORTS (pre vs post):

5.3 vs 7.8
� WOSI (pre vs post):

1094 vs 271

n ¼ 5/110 (all reoperations)
� Recurrent instability: 2

(required iliac crest graft)

n ¼ 110
� Graft fracture: 1
� Fibrous/nonunion: 2
� Osteolysis: 3 severe

Beranger9

(2016)
NR � Overall: 47/47

� Same level: 37/47
� RTS timing: 6.3

n ¼ 47
� WOSI (post): 276.4

NR NR

Bessiere10

(2013)
D: 5/51
S: NR
A: 16/51

� Overall: 40/50
� Same level: 36/50
� RTS timing: 6.34

n ¼ 51
� ASES (post): 85
� SF-12 (post): 109.3
� SST (post): 11
� SSV (post): 90.9
� VAS (post): 1.62

n ¼ 3/51 (all reoperations)
� Revision of instability:

1 (with nonunion)
� Painful screw: 1 (required

operative removal)
� Infection: 1 (required open

lavage)

NR

Cautiero14

(2017)
D: 1/48
S: NR
A: NR

100% (No. NR) n ¼ 25
� QuickDASH (post): 1.9
� Rowe (post): 94.7
� ROM (vs nonop side):

- ER at 0�: –13�

- ER at 90�: –12�

NR n ¼ 22
� Fibrous/nonunion: 3
� Osteolysis: 13

partial

De Carli17

(2019)
D: 0/40
S: 0/40
A: 2/40

� Overall: 36/40
� Same level: 29/40
� RTS timing: NR

n ¼ 40
� Rowe (post): 95.6
� UCLA (post): 32.2
� WOSI (post): 111
� ER at 0� (post): 4.1� loss

NR NR

(continued)
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TABLE A1 (continued)

Lead Author
(Year)

Recurrent
Instability RTS, n/N

Clinical Outcomes
(Mean Values) Complications, n/N

Radiographic
Findings

Di Giacomo19

(2020)
D: 5/358
S: 12/358

NR n ¼ 358
� SANE (post): 88
� WOSI (post): 265

NR NR

Domos21 (2020) D: 2/45
S: 1/45
A: 11/45

� Overall: 40/40
� Same level: 30/40
� RTS timing: NR

n ¼ 45
� CMS (post): 84
� Rowe (post): 95
� SSV (post): 95
� WDS (post): 85

n ¼ 8/45 (6 reoperations)
� Painful screw: 5 (required

arthroscopic screw
removal)

� Infection: 1 (required open
lavage)

� Wound problems
(unspecified): 2

n ¼ 45
Arthritis: 4 new OA

Ersen24 (2017) D: 2/65
S: NR
A: NR

NR � ASES (pre vs post):
55.7 vs 92.9

� CMS (pre vs post):
55.7 vs 91.6

� Rowe (pre vs post):
24.5 vs 94.3

n ¼ 1/65 (reoperation)
� Broken screw: 1 (required

surgical revision)

n ¼ 65
Fibrous/nonunion: 3

Flinkkilä25

(2015)
D: 1/49
S: 6/49
A: NR

NR n ¼ 49
� Oxford (post): 19.9
� SSV (post): 84.9
� WOSI (post): 89.3

n ¼ 1/52 (reoperation)
� Surgical stabilization

for instability: 1

NR

Jeon29 (2018) 2/31 (not
specified)

� Overall: 30/31
� Same level: 6/31
� RTS timing: NR

n ¼ 31
� Rowe (pre vs post):

41 vs 91.1
� UCLA (pre vs post):

22.3 vs 32.3
� VAS (pre vs post):

1.8 vs 0.7
� ROM (pre vs post):

- FF: 166.6� vs 162.9�

- ER at 0�: 65.2� vs 57.9�

- ER at 90�: 79.2� vs 68.9�

n ¼ 0/31 NR

Kee31 (2017) D: 2/110
S: 4/110
A: NR

NR n ¼ 110
� Rowe (pre vs post):

36.5 vs 87.6
� UCLA (pre vs post):

23.6 vs 32.6
� VAS (pre vs post):

3.1 vs 1.6
� ROM (pre vs post):

IR, ER, FF, Abd ¼ NS

n ¼ 5/110 (2 reoperations)
� Screw loosening with

recurrent dislocation:
1 (revision with iliac graft)

� Traumatic dislocation:
1 (required subscapularis
repair)

� Musculocutaneous
neuropathy 3 (transient)

n ¼ 110
� Graft placement: 6

medialized, 11
lateralized, 93
acceptable

� Broken/loose screw:
1

� Fibrous/nonunion: 4
� Arthritis: 12 new

OA, 8 OA
progression

Kee32 (2018) D: 1/56
S: 2/56
A: NR

� Overall: 54/56
� Same level: 9/56
� RTS timing: NR

n ¼ 56
� Rowe (pre vs post):

51 vs 88.6
� UCLA (pre vs post):

23.2 vs 31.6
� VAS (pre vs post):

3.4 vs 1.4
� ROM (pre vs post):

FF, ER at 0�, IR ¼ NS

NR n ¼ 56
� Graft placement:

0 medialized, 4
lateralized, 52
acceptable

� Fibrous/nonunion: 1
� Arthritis: 2 new OA,

2 OA progression

(continued)
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TABLE A1 (continued)

Lead Author
(Year)

Recurrent
Instability RTS, n/N

Clinical Outcomes
(Mean Values) Complications, n/N

Radiographic
Findings

Lateur35 (2018) D: 1/32
S: NR
A: 1/31

NR n ¼ 32
� ASES (post): 95.87
� CMS (post): 94.9
� SSV (post): 96.9
� WOSI (post): 42.44
� VAS (post): 0.65

n ¼ 3/32 (1 reoperation)
� Impingement: 1 (surgically

corrected)
� Intraoperative fracture:

1 (required tenodesis)

n ¼ 32
� Graft placement: 2

medialized, 6
lateralized, 24
acceptable

� Graft fracture: 1
� Fibrous/nonunion: 2
� Osteolysis: 1 partial,

1 severe
� Arthritis: 2 new OA

Privitera41

(2018)
D: 6/73
S: 0/73
A: 10/73

� Overall: 55/73
� Same level: 36/73
� RTS timing: 8.1

n ¼ 73
� ASES (post): 87.9
� VAS (post): 1.3
� WOSI (post): 557

n ¼ 7/73 (5 reoperations)
� Paresthesia: 1 (no

intervention)
� Painful screws: 1 (surgical

removal)
� Impingement: 1 (surgical

subacromial and
subcoracoid
decompression)

� Traumatic posterior
instability: 1 (posterior
capsular plication)

� Biceps tenosynovitis:
1 (biceps tenodesis)

� Rotator cuff tear: 1 (reverse
total shoulder
arthroplasty)

� Painful traumatic graft
fracture: 1 (nonop
treatment)

NR

Yang52 (2016) D: 1/54
S: 7/54
A: NR

� Overall: 5/10
� Same level: 5/10
� RTS timing: NR

n ¼ 52
� SANE (post): 83.6
� WOSI (post): 385

n ¼ 13/52 (all reoperations)
� Revisions for instability:

4 (all with iliac crest graft)
� Infection: 3 (all required

open lavage)
� Painful hardware:

5 (required removal)
� Broken screw: 1 (required

removal)

n ¼ 54
� Broken/loose screw:

1
� Graft fracture: 2
� Fibrous/nonunion: 2
� Osteolysis: 17

partial
� Arthritis: 6 new OA,

5 OA progression
Zhu53 (2017) D: 0/44

S: 0/44
A: 0/44

NR n ¼ 44
� ASES (pre vs post):

77.6 vs 93.3
� CMS (pre vs post):

89.5 vs 96.5
� Rowe (pre vs post):

39.8 vs 97.1

n ¼ 0/44 n ¼ 38
� Graft placement: all

acceptable
� Fibrous/nonunion: 0
� Osteolysis: 32

partial, 4 severe

Zimmermann54

(2016)
D: 1/93
S: 2/93
A: 8/93

NR n ¼ 93
� SSV (post): 89 (change,

pre vs post: 37.95)

n ¼ 5/93 (all reoperations)
� Reoperation for instability:

1
� Hematoma: 1 (required

surgical evacuation)
� Removal of hardware: 1
� Screw replacement: 1
� SLAP tear: 1 (required

repair)

NR

(continued)
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TABLE A1 (continued)

Lead Author
(Year)

Recurrent
Instability RTS, n/N

Clinical Outcomes
(Mean Values) Complications, n/N

Radiographic
Findings

Congruent Arc

Abdelhady1

(2015)
D: 1/14
S: NR
A: NR

NR n ¼ 14
� Rowe (pre vs post):

47.5 vs 91.1

n ¼ 0/14 NR

Aurich5 (2015) D: 0/6
S: NR
A: NR

� Overall: 6/6
� Same level: 3/6
� RTS timing: NR

n ¼ 6
� Rowe (pre vs post):

16.67 vs 95

n ¼ 0/6 NR

Burkhart12

(2007)
D: 4/102
S: 0/102
A: 1/47

� Overall: 53/55
� Same level: NR
� RTS timing: NR

n ¼ 47
� CMS (post): 94.4
� WDS (post): 91.7
� ROM (post):

- FF: 179.6� (2.4� gain)
- ER at 0�: 50.2� (5.1� loss)

n ¼ 2/102
� Hematoma: 2 (1 required

drainage)

n ¼ 47
� Broken/loose screw:

2
� Fibrous/nonunion: 1

Khatar33 (2016) D: 0/62
S: NR
A: NR

NR n ¼ 62
� ASES (pre vs post): 44.09

vs 90.87
� Rowe (pre vs post): 20.26 vs

83.95
� ROM (pre vs post):

- Abd: 143.68� vs 169.12�

- ER: 51.58� vs 77.63�

- IR: 50.09� vs 67.28�

- FF: 152.11� vs 168.77�

NR NR

Ranalletta44

(2018)
D: 0/65
S: 0/65
A: 1/65

Overall: 65/65
Same level: 62/65
RTS timing: 5.2 mo

� ASOSS (pre vs post):
40 vs 86

� Rowe (pre vs post):
37.5 vs 90

� VAS (pre vs post):
3.4 vs 1.4

� ROM (pre vs post):
FF, ER, IR ¼ NS

n ¼ 3/65 (2 reoperations)
� Painful screw: 1 (surgically

removed)
� Infection: 2 (1 treated with

open lavage, 1 treated with
oral antibiotics)

n ¼ 65
� Graft position: 1

medialized, 3
lateralized, 61
acceptable

� Broken/loose screw:
1

� Graft fracture: 1
� Fibrous/nonunion: 5
� Arthritis: 1 new OA,

0 OA progression
Rossi45 (2018) D: 0/100

S: 0/100
A: NR

Overall: 96/100
Same level: 91/100
RTS timing: 4.9 mo

� ASOSS (pre vs post): 46.3
vs 88.1

� Rowe (pre vs post): 43.8 vs
96.1

� VAS (pre vs post): 3.3 vs
1.2

� ROM (pre vs post): FF, ER,
IR ¼ NS

n ¼ 4/100 (3 reoperations)
� Painful screw: 2 (surgically

replaced, 1 surgically
removed)

� Infection: 2 (1 with open
lavage and intravenous
antibiotics, 1 oral
antibiotics)

n ¼ 100
� Graft position: 3

medialized, 5
lateralized, 91
acceptable

� Broken/loose screw:
1

� Graft fracture: 1
� Fibrous/nonunion: 8

aAbd, abduction; A, apprehension; ASES, American Shoulder and Elbow Surgeons; ASOSS, Athletic Shoulder Outcome Scoring System;
CMS, Constant-Murley score; D, dislocation; ER, external rotation; FF, forward flexion; IR, internal rotation; NR, not reported; NS, not
significant; OA, osteoarthritis; QuickDASH, shortened version of Disabilities of the Arm, Shoulder and Hand; ROM, range of motion; RTS,
return to sport; S, subluxation; SANE, Single Assessment Numeric Evaluation; SF-12, 12-Item Short Form Health Survey; SLAP, superior
labrum anterior to posterior; SPORTS, subjective patient outcome for return to sports; SST, Simple Shoulder Test; SSV, Subjective Shoulder
Value; UCLA, University of California, Los Angeles; VAS, visual analog scale; WDS, Walch-Duplay Score; WOSI, Western Ontario Shoulder
Instability.
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