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Abstract

Purpose Glenoid augmentation using free bone blocks for anterior shoulder instability has been proposed as an alternative to
or bail-out for the Latarjet procedure. The purpose of this investigation was to systematically review and compare outcomes
of patients undergoing glenoid augmentation using free bone block autografts versus allografts.

Methods A systematic review using PubMed, MEDLINE, Embase, and the Cochrane Library databases was performed in
line with the PRISMA statement. Studies reporting outcomes of patients treated with free bone block procedures for anterior
shoulder instability with minimum 2-year follow-up were included. Random effects modelling was used to compare patient-
reported outcomes, return to sports, recurrent instability, non-instability related complications, and development of arthritis
between free bone block autografts and allografts.

Results Eighteen studies comprising of 623 patients met the inclusion criteria for this investigation. There were six stud-
ies reporting on the use of allografts (of these, two used distal tibial, three iliac crest, and one femoral head allograft) in
173 patients and twelve studies utilizing autografts (of these, ten used iliac crest and two used free coracoid autograft) in
450 patients. Mean age was 28.7 +4.1 years for the allograft group and 27.8 + 3.8 years for the autograft group (n.s). Mean
follow-up was 98 months in autograft studies and 50.8 months for allograft studies (range 24-444 months, n.s). Overall
mean increase in Rowe score was 56.2 with comparable increases between autografts and allografts (n.s). Pooled recurrent
instability rates were 3% (95% CI, 1-7%; I*=77%) and did not differ between the groups (n.s). Arthritic progression was
evident in 11% of autografts (95% CI, 2-27%; =90%) and 1% (95% CI, 0-8%; P=63%) of allografts (n.s). The overall
incidence of non-instability related complications was 5% (95% CI, 2—10%; I>=81%) and was similar between the groups
(n.s). Pooled return to sports rate was 88% (95% CI, 76-96%; I> =76%).

Conclusion Glenoid augmentation using free bone block autograft or allograft in the setting of recurrent anterior shoulder
instability with glenoid bone loss is effective and safe. Outcomes and complication incidence using autografts and allografts
were comparable. Due to the high degree of heterogeneity in the data and outcomes reported in available studies, which
consist primarily of retrospective case series, future prospective trials investigating long-term outcomes using free bone
block autograft versus allograft for anterior shoulder instability with glenoid bone loss are warranted.

Level of evidence 1V.

Keywords Shoulder instability - Bone block - Glenoid reconstruction - Glenoid augmentation - Allograft - Autograft - Iliac
crest bone graft - Distal tibial allograft

Introduction

Anteroinferior glenoid bone loss is common following
traumatic anterior shoulder dislocation, occurring in 22%
of initial dislocations and up to 90% of recurrent shoulder
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instability cases [19, 28, 34, 39]. In patients with significant
glenoid bone loss undergoing isolated soft tissue stabiliza-
tion, recurrent instability rates are reported to range between
11 and 35% [6, 14, 27, 40, 43]. As such, the extent of gle-
noid bone loss is critical in determining appropriate surgical
management in patients with anterior shoulder instability
[24]. Specifically, patients with significant anterior glenoid
bone loss, traditionally greater than 20-25% of the glenoid
width, and according to more recent data as little as 13.5%
[13], require bony augmentation to the glenoid.

Effective glenoid augmentation can be achieved using a
variety of techniques, namely coracoid transfer and free bone
block grafting [38]. Coracoid transfer procedures, particu-
larly the Latarjet procedure, remains the gold standard for
the management of anterior glenoid bone loss. However,
the Latarjet procedure produces a nonanatomic reconstruc-
tion, altering the normal position of the conjoint tendon with
inability to reproduce the cartilaginous surface of the ante-
rior glenoid [15, 46]. Moreover, long-term rates of recurrent
instability following the Latarjet procedure vary, occurring
in as low as 0% and up to 19.3% of patients [8, 15, 32, 46].
Outcomes following the Latarjet procedure may be also
complicated by graft resorption and malunion, screw loos-
ening, migration or breakage, loss of external rotation due
to subscapularis scarring, musculocutaneous nerve injury,
and development/progression of glenohumeral arthritis [7,
48, 50]. Glenoid reconstruction using a free bone block
(Fig. la—e) was developed to combat some of the limita-
tions of the Latarjet procedure, gaining popularity as an
alternative or revision option in the setting of failed Latarjet
[25, 29]. Sources of autograft bone blocks include iliac crest
bone graft ICBG) [2, 4, 9, 21, 24, 25, 35, 38, 45], distal
clavicle [42], and free partial-thickness coracoid (leaving
the conjoint tendon attached) [3, 44]. Sources of allograft
bone blocks include distal tibia (DTA) [15, 29, 30], proxi-
mal tibia [36], distal femur [36], iliac crest [1, 41, 49], and
femoral head [46]. Multiple studies have reported that free
bone block reconstruction improves stability by creating a
more anatomic reconstitution of the natural glenoid arc and
concavity [16, 23], with reported recurrent instability rates
ranging from 0 to 8.7% [4, 21, 24, 30]. Free bone block
augmentation also serves as a revision option in the setting
of a failed Latarjet procedure and in the setting of massive
glenoid bone loss exceeding the dimensions that a coracoid
autograft is capable of reconstituting [21, 30].

While several investigations have reported successful
restoration of shoulder stability through various bone graft-
ing procedures in patients with large glenoid defects, [2, 4,
9, 24, 30] no investigation has systematically analyzed and
compared clinical outcomes following glenoid restoration
utilizing autograft versus allograft free bone blocks. The
purpose of this review was to evaluate the patient reported
outcomes (PROs), recurrent instability rates, return to sport
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(RTS) rate, and all other complications following free bone
block grafting while comparing outcomes between free
bone block autografts versus allografts. We hypothesized
that there would be no significant differences in outcomes,
recurrent instability, return to sport, and other complication
rates between free bone block autografts versus allografts
for anterior shoulder instability.

Materials and methods
Data sources and searches

A systematic review was performed in line with the PRISMA
guidelines. PubMed, MEDLINE, Embase, and Cochrane
library were systematically searched for relevant articles
from January 2000 to December 19, 2019. The reference
lists of original and review articles were also screened. The
search was limited to English language articles or articles
with English translation. The search strategy combined the
following search terms: [("glenoid" OR “glenohumeral” OR
“shoulder instability”) AND (“*graft*’ OR “bone block”
OR reconstruct®* OR augment*)].

Selection criteria

Predefined eligibility criteria were clinical trials and obser-
vational studies (cohort studies and case-series) that reported
clinical outcomes following anterior shoulder stabilization
using a free bone block procedure with minimum of five
patients and 2-year follow-up. Exclusion criteria consisted
of: (1) studies not providing PROs or recurrent instability
rate, (2) studies reporting the use of bone blocks in the set-
ting of shoulder arthroplasty, (3) case reports and technique
articles reporting the outcomes of less than five patients,
and (4) medical conference abstracts. Investigations from
the same institutions were separately reviewed to identify
studies likely reporting on the same cohort of patients. When
these were identified, the most comprehensive study was
included, while the rest were omitted following mutual dis-
cussion with the senior author.

Data extraction and quality assessment

The initial screening of records was performed based on
titles and abstracts. Three reviewers (R.G., E.D.H.,D.M.K.)
reviewed the articles and extracted manuscripts indepen-
dently. Screening of the articles was performed in the fol-
lowing systematic approach: assessment of duplicate arti-
cles, content within the article title, content of the abstract,
and full-text review. Full-text review was performed dur-
ing the study selection process if necessary, to determine
if the articles satisfied inclusion and exclusion criteria.
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Fig. 1 a—e Left shoulder of a 42-year-old male with recurrent insta-
bility following arthroscopic Bankart repair and an open Latarjet pro-
cedure. The patient underwent glenoid reconstruction using a distal
tibial allograft. a A distal tibial allograft articular surface. b A pre-

Discrepancies were resolved by mutual discussions, of
which none were encountered. The following information
was extracted: publication year, study design, level of evi-
dence, mean age, sample size, approach, graft type (auto-
graft/allograft), graft origin (e.g., iliac crest, distal tibia,
etc.), follow-up (minimum, mean, and range), prior sur-
geries, radiographic and clinical outcomes, complications,

pared allograft. ¢ Temporary fixation of the allograft using a K-wire.
d Fixation of the allograft to the glenoid using two screws. e Second-
look arthroscopic view from a posterior viewing portal of the glenoid
and adjacent graft

and specific remarks. We corresponded with study authors
to provide additional information when necessary.
Quality assessment was performed using The Meth-
odological Index for Non-randomized Studies (MINORS)
checklist [18] and the Newcastle—Ottawa Quality Assess-
ment Scale [37]. Studies were grouped according to free
bone block graft source (autograft versus allograft). Baseline
comparison of patient characteristics between groups were

@ Springer



Knee Surgery, Sports Traumatology, Arthroscopy

evaluated using weighted means, independent ¢ tests, and
two-proportion z-tests. Studies were expected to have high-
levels of heterogeneity due to non-identical patient popula-
tions, varying indications for surgery, variable surgical tech-
niques, and non-consistent reporting of outcomes. Therefore,
we used the DerSimonian—Laird method [10-12, 17] to
calculate pooled effect sizes. Heterogeneity was evaluated
using the /% value [17] and pooled effects reported with 95%
confidence intervals (CI95%). Binomial data was assessed
using a random effect meta-analysis of proportions to syn-
thesize rates of recurrent instability, other complications,
development and progression of glenohumeral arthropathy,
and return to sports. Glenohumeral arthropathy was defined
in all available studies by the presence of glenohumeral
arthritis based on the classification system by Samilson and
Prieto [33]. Continuous data was analyzed using random
effect meta-analysis of pooled means to report differences
in PROs including the Visual Analog Scale (VAS), Rowe
score, American Shoulder and Elbow Score (ASES), West-
ern Ontario Shoulder Instability Index (WOSI), subjective
shoulder value for sports (SSVS), Constant score, University
of California, Los Angeles (UCLA) shoulder score, Walch-
Duplay, simple shoulder test (SST), Oxford Shoulder Insta-
bility Score (OSIS), Disabilities of the arm, shoulder and
hand (DASH) score, Oxford Shoulder Score (OSS), and Sin-
gle Assessment Numeric Evaluation (SANE) questionnaires.
Only PROs with a minimum of two studies in each treatment
group reporting on change from preoperative to postopera-
tive scores were analyzed in the meta-analysis. Outliers were
defined as studies with effects that had an upper bound of
CI95% lower than the minimum pooled effect or studies with
effects that have a lower bound of CI95% higher than the
maximum pooled effect. Outliers were then removed from
the pooled analysis to minimize distortion of results. Forest
plots were used to present summarized results of the meta-
analyses. Statistical significance was determined as p <0.05.
All statistical analyses were performed using R software
(Version 3.6.2).

Results
Literature selection

A literature search of the PubMed, MEDLINE, Embase, and
Cochrane Library databases was performed yielding a total
of 2016 studies. After removal of duplicates, a total of 1364
abstracts were identified. Screening abstracts and full manu-
scripts resulted in 18 studies meeting inclusion criteria. Of
these, one study was supplied to us by the authors, as our
search only produced a presentation abstract of the study
[30]. The PRISMA flow diagram is presented in Fig. 2.

@ Springer

There were six studies reporting on the use of allografts
in 173 patients (of these, two used distal tibial, three iliac
crest, and one femoral head allograft), while 12 studies used
autografts in 450 patients (of these, ten used iliac crest and
two used free partial-thickness coracoid autograft). There
was one Level I study [25], and 17 level III or IV studies.
Overview of studies reporting on outcomes of glenoid recon-
struction using autografts and allografts are presented in
detail in Tables 1 and 2, respectively.

Patient demographics

Average age at the time of surgery for patients undergo-
ing glenoid reconstruction with an autograft and allograft
was 28.7+4.1 and 27.8 + 3.8, respectively (n.s). At least
263 patients in the autograft studies and 66 patients in
the allograft studies had a prior stabilization procedure.
Mean follow-up was 98 months in the autograft studies and
50.8 months for allograft studies (range 24—-444 months,
n.s).

Surgical characteristics

Seventy-nine patients who had autograft reconstruction
underwent an arthroscopic procedure, while the remaining
(n=357) patients were treated using an open procedure. Sur-
gical approach was not reported in a single study comprising
14 patients [9]. Seventy-eight patients receiving an allograft
reconstruction underwent an arthroscopic procedure com-
pared to 95 patients undergoing an open approach.

Of the patients who underwent bone augmentation proce-
dure using an allograft, grafts were obtained from the iliac
crest (n=283), distal tibia (n=_81), and femoral head (n=9).
Patients treated with autografts had bone obtained from the
iliac crest (n=332) or coracoid (n=118).

Outcomes

Outcomes of individual studies are reported in detail in
Table 3 for autografts and Table 4 for allografts.

Recurrent instability

A total of 40 patients reported recurrent instability following
free bone block procedures.

The overall random pooled summary estimate of the
proportion of patients with recurrent instability following
glenoid reconstruction with an autograft was 3% (95% ClI,
0-8%; I?’=81%), while patients with allograft reconstruc-
tion was 3% (95% CI, 0-9%; > =62%). (Fig. 3a, b) No sta-
tistically significant difference in recurrent instability was
appreciated between allografts and autografts (n.s) (Fig. 3).
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Fig.2 PRISMA flow chart

Records identified through
datadase searching
(n = 2016)

Additional records identified
through other scurces
(nwl)

] [ Identification )

Records after duplicates removed
(n = 13643)

Screening

Patient-reported outcomes (PROs)

All studies reporting preoperative PROs demonstrated sig-
nificant improvement at final follow-up. Relatively high
shoulder-specific PRO scores and a high patient satisfac-
tion rate was reported in all studies regardless of graft type
(Tables 3 and 4).

Overall pooled increase in Rowe scores was 56.2, while
no statistically significant difference in the increase in Rowe
scores was appreciated when comparing allografts (58.2
pooled increase) and autografts (50.9 pooled increase, n.s)
(Fig. 4).

Athletes and return to sports

RTS rate was reported in nine studies with a minimum
return to sports rate of 67% [1-4, 21, 24, 41, 44, 45]. Only
one study with 26 patients reported RTS rate after glenoid
reconstruction with allograft (RTS rate=67%), while the

Records excluded
(n=1299)

Records screened
(n=1364)

y

Full-text articles excluded,

Nt mamnman 2 g Blow g (v e LK

Full-zext articles assessed
for elgidility
(n = 65)

Do i it reparted | = 2W

(n=47)

Studies included in
Qualtative synthesis
(Systematic Review)

(n=18)

remaining studies used autografts (RTS rate=90%, n.s).
Overall pooled return to sports rate was 88% (Fig. 5).

Complications

Complications are reported in Table 3 (autograft) and
Table 4 (allograft). Three patients (0.5%) were reported
to have hardware failure or screw pullout [18, 49]. Four
patients (0.6%), from four different studies had postopera-
tive fracturing of the graft [2, 4, 24, 25]. Two patients (0.3%)
had postoperative subscapularis insufficiency [15, 38]. One
patient (0.2%) required shoulder arthrodesis following a
failed rotational osteotomy for recurrent dislocations [21].
Two procedures (0.3%) were reported to be complicated by a
superficial surgical site infection [21, 44]. Three of the eight
studies reporting on the use of ICBG autografts reported
variable rates of donor site discomfort, hypoesthesia or
superficial donor site infection [21, 25, 45].
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Table 2 Overview of studies on glenoid reconstruction with allografts

MINORS NOS

Mean follow  Prior surgery

up (range)

(m)

Approach

Graft type Graft origin

No. shoulders Mean

Study design

(LOE)

Journal (y)

Study

patient

age (y)

45 (24-111) 32 with prior

Open

Allograft DTA

25

50

Am J Sports Meds  Cohort study (III)

Frank et al. [15]

surgery

47 (36-60) Failed Latarjet in

(2018)
Am J Sports Meds

14

Open

Allograft DTA

25.5

31

Case series (IV)

Provencher et al.

all patients

54 (27-109) NR

(2019)
J Orthop (2018)

[28]
Abdelshahed et al.

10

5 30 Allograft Cryopreserved Open

Case series (IV)

iliac crest

[1]

Taverna et al. [41]

Arthroscopic  29.6 (24-33) NR 15

Iliac crest

Allograft

25.5

26

Case series (IV)

Knee Surg Sports

Trauma Arthros-

copy (2018)
Am J Sports Meds

10

39 (24-64) NR

Arthroscopic

Iliac crest

26.3 Allograft

52

Case series (IV)

Zhao et al. [49]

(2014)
Am J Sports Meds

14

90 (54-168) 3 with prior stabi-

34.6 Allograft Femoral head Open

9

Case series (IV)

Weng et al. [46]

lization surgery

(2009)

Y years, LOE level of evidence, m months, MINORS methodological index for non-randomized studies, NOS Newcastle-Ottawa Scale, NR not recorded, ICBG iliac crest bone graft, DTA distal

tibial allograft

There was no significant difference in the pooled estimate
of the number of complications between autograft and allo-
graft studies (n.s) (Fig. 6).

Radiographic outcomes

Reported union rates of the graft to the glenoid were at least
78% [3, 30, 41], with several studies reporting a solid union
in all patients (Tables 3, 4) [35, 45, 46, 49]. Data regard-
ing graft resorption was inconsistent, with several studies
reporting no graft resorption [2, 4, 35, 46], while several
other studies reported graft resorption at various rates [3,
21, 30, 49]. Data was not sufficient to allow for comparative
analysis between graft type.

Glenohumeral arthropathy

Six studies using autografts and two studies using allografts
reported on the rates of glenohumeral arthropathy as defined
by Samilson and Prieto [2, 4, 21, 24, 33, 35, 38, 41, 49].
Patients with reported glenohumeral arthritis had predomi-
nately grade 1 arthropathy and if progression was noted, the
increase was primarily by 1 grade of arthritis [33]. However,
several patients were reported to develop moderate-to-severe
dislocation arthropathy [24, 38, 49]. While progression of
arthropathy was reported in some studies [4, 21, 45], other
studies did not find progression of arthropathy [2, 49].
Pooled arthritic progression rates were 11% for the autograft
studies (95% CI, 2-27%; 12=90%) and 1% (95% CI, 0-8%;
P =63%) for the allograft studies (n.s) (Fig. 7).

Discussion

The main findings from this study were that glenoid aug-
mentation using either free bone block autograft or allograft
was successful in restoring shoulder stability, with low rates
of recurrent instability following surgery regardless of graft
type. There was a significant improvement in PROs scores
and RTS rates were good to excellent in both groups. All
other complications were uncommon, while radiographic
evaluation of graft union was limited based on reported data.
In the patients that developed arthropathy, most had mild
disease, with few developing moderate or severe arthropathy.
A trend, though not statistically significant, for arthropathy
progression was appreciated with use of autograft versus
allograft.

Patients with recurrent anterior shoulder instability with
significant glenoid bone loss are better managed with gle-
noid augmentation compared to soft-tissue procedures [5, 9].
When utilizing a free bone block, graft bone can be obtained
from a variety of sources. The choice of graft is often dic-
tated by prior surgeries, with allograft or autograft harvested
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Fig.3 Random effects modeling
for proportion of patients under-
going glenoid augmentation
using allografts (upper section)
and autografts (lower section)
with reported recurrent instabil-
ity. 95%ClI confidence interval,
ES effect size

Fig.4 Random effects modeling
comparing mean Rowe scores
between patients undergoing
glenoid augmentation using
allografts (upper section) and
autografts (lower section).
95%CI confidence interval, ES
effect size

Author

ES 95% ClI

Graft = Allograft

Abdelshahed 2018 0.20 [0.01;0.72]
Frank 2018 0.02 [0.00; 0.11]
Provencher 2019 0.00 [0.00; 0.11]
Taverna 2018 0.00 [0.00;0.13]
Weng 2009 0.22 [0.03; 0.60]
Zhao 2014 0.06 [0.01;0.16]

Random effects model 0.03 [0.00; 0.09]
Heterogeneity: 12 = 62%, 1 = 0.0152, p = 0.02

Graft = Autograft

Anderl 2016 0.00 [0.00; 0.22]
Arianjam 2015 0.12 [0.03; 0.27]
Auffarth 2008 0.00 [0.00; 0.08]
Deml 2016 0.00 [0.00; 0.23]
Lunn 2008 0.09 [0.02; 0.21]
Moroder 2018 0.00 [0.00; 0.10]
Moroder 2019 0.07 [0.01;0.23]
Rahme 2003 0.23 [0.14; 0.34]
Scheibel 2008 0.00 [0.00; 0.31]
Steffen 2013 0.08 [0.02; 0.20]
Venkatachalam 2016 0.01 [0.00; 0.06]
Warner 2004 0.00 [0.00; 0.28]

Random effects model 0.03 [0.00; 0.08]

Heterogeneity: 32

n

=81%, v~ =0.0303, p <0.01

Random effects model 0.03 [0.01; 0.07]
Heterogeneity: /% = 77%, t° = 0.0248, p < 0.01
Residual heterogeneity: 12=78%, p <0.01

Author

Graft = Allograft
Zhao 2014
Weng 2009

MD 95% CI

57.10 [46.71; 67.49]
60.00 [47.06; 72.94]

Random effects model 58.24 [50.14; 66.34]
Heterogeneity: I =0%, 1t =0, p =0.73

Graft = Autograft
Anderl 2016
Moroder 2019
Arianjam 2015
Warner 2004

41.00 [14.15; 67.85]
41.00 [16.50; 65.50]
44.80 [12.07;77.53]

66.00 [46.79; 85.21]

Random effects model 50.88 [37.20; 64.56]

2 A A A
8%, 12 = 35.0832, p = 0.30

Heterogeneity: /- =18

Random effects model 56.23 [49.47; 62.98]
Heterogeneity: = 0%, r= 0,p =048
Residual heterogeneity: = 0%, p =0.44

Weight
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B 6.6%
—_— 5.9%
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Fig.5 Random effects mod-
eling for proportion of patients
undergoing glenoid augmenta-
tion using allografts (upper
section) and autografts (lower
section) who returned to sports.
95%CI confidence interval, ES
effect size

Fig.6 Random effects mod-
eling for proportion of patients
undergoing glenoid augmenta-
tion using allografts (upper
section) and autografts (lower

section) who experienced a non-

instability related postoperative
complication. 95%CI confi-
dence interval, ES effect size

@ Springer

Author ES 95% ClI

Graft = Allograft

Taverna 2018 0.67 [0.35; 0.90]
Random effects model 0.67 [0.39; 0.89]
Heterogeneity: not applicable

Graft = Autograft

Anderl 2016 1.00 [0.75; 1.00]
Arianjam 2015 0.76 [0.59; 0.89]
Auffarth 2008 0.94 [0.79; 0.99]
Lunn 2008 0.72 [0.57; 0.84]
Venkatachalam 2016 0.85 [0.74; 0.92]
Warner 2004 1.00 [0.63; 1.00]

Random effects model 0.90 [0.78; 0.97]
Heterogeneity: ’=78%,1°=0 0282, p <0.01

Random effects model 0.88 [0.76; 0.96]

Heterogeneity: 2= 76%, 1° = 0.0278, p < 0.01
Residual heterogeneity: 12=78%, p <0.01

Author ES 95% CI

Graft = Allograft

Abdelshahed 2018 0.20 [0.01;0.72]
Frank 2018 0.10 [0.03; 0.22]
Provencher 2019 0.00 [0.00; 0.11]
Taverna 2018 0.12 [0.02; 0.30]
Weng 2009 0.00 [0.00; 0.34]
Zhao 2014 0.12 [0.04; 0.23]

Random effects model 0.06 [0.01; 0.14]

Heterogeneity: /- = 66%, ™ = 0.0183, p = 0.01

Graft = Autograft

Anderl 2016 0.07 [0.00; 0.32]
Arianjam 2015 0.00 [0.00; 0.10]
Auffarth 2008 0.02 [0.00; 0.11]
Deml 2016 0.00 [0.00; 0.23]
Lunn 2008 0.15 [0.06; 0.29]
Moroder 2018 0.03 [0.00; 0.15]
Moroder 2019 0.38 [0.21; 0.58]
Rahme 2003 0.00 [0.00; 0.05]
Scheibel 2008 0.00 [0.00; 0.31]
Steffen 2013 0.21 [0.10; 0.35]
Venkatachalam 2016 0.04 [0.01;0.10]

Random effects model 0.05 [0.01; 0.11]
Heterogeneity: 1% = 86%, t° = 0.0382, p <0.01

Random effects model 0.05 [0.02; 0.10]
Heterogeneity: e 81%, = 0.0307, p <0.01
Residual heterogeneity: fF= 82%, p <0.01

Weight
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Fig.7 Random effects modeling
for proportion of patients under-
going glenoid augmentation
using allografts (upper section)
and autografts (lower section)
with documented progression of
dislocation arthropathy. 95%CI
confidence interval, ES effect
size

Author ES 95% ClI Weight
Graft = Allograft

Taverna 2018 0.04 [0.00;0.20)] ——— 12.4%
Zhao 2014 0.00 [0.00;0.07] —: 13.1%
Random effects model 0.01 [0.00; 0.08] <>- 25.5%
Heterogeneity: I =63%, 7™ =0.0123, p =0.10

Graft = Autograft

Anderl 2016 0.00 [0.00;0.22] ——F— 11.4%
Auffarth 2008 0.15 [0.06; 0.28] —— 13.0%
Lunn 2008 0.13 [0.05; 0.26] ——— 13.0%
Rahme 2003 0.45 [0.34, 0.57] : > 13.4%
Steffen 2013 0.15 [0.06; 0.28] —— 13.0%
Warner 2004 0.00 [0.00;0.28] 10.7%
Random effects model 0.11 [0.02; 0.27] O 74.5%
Heterogeneity: /“ = 90%, t° = 0.0579, p < 0.01 :

Random effects model 0.07 [0.01; 0.21] ——————— 100.0%

Heterogeneity: /2 = 92%, 1> = 0.0747, p < 0.01
Residual heterogeneity: /% = 88%, p < 0.01

[ N D I
00.05 0.15 0.25

from a remote site for patients with recurrent instability fol-
lowing a failed Latarjet procedure. The majority of patients
in this review had a prior soft tissue stabilization procedure,
with others reporting history of a failed bone augmentation
procedure. As such, graft choice is dictated by multiple vari-
ables, including the size of bone necessary to successfully
reconstitute the deficient glenoid, availability of allografts
and surgeon comfort. As graft selection was not explicitly
discussed in the majority of studies, further investigations
examining patient and surgeon factors dictating appropriate
graft selection are warranted.

Failure of free bone block augmentation, defined by
recurrent shoulder instability, occurred infrequently, with
comparable rates between treatment groups. The study by
Rahme et al. [44] reported on the use of the Eden—Hybinette
technique, involving harvest and fixation of iliac crest bone
graft to the anterior glenoid. The authors reported recurrent
instability in 20% of patients, with 44% requiring reopera-
tion. The Eden-Hybinette procedure has been criticized for
inferior results with higher rates of recurrence and arthritic
development [45], leading the technique to fall into disuse in
recent decades. However, others studies continue to advocate
its use as a viable option for the management of recurrent
instability [31, 45]. Overall this review demonstrates that
both free autograft and allograft bone grafts are effective in
successfully augmenting significant glenoid bone loss with
low rates of recurrent instability, with neither group demon-
strating superior outcomes.

While pooled data analysis was limited due to the het-
erogeneity of reported outcomes, PROs demonstrated

improvement following both allograft and autograft proce-
dures. The Rowe score for instability was found to increase
approximately 50 points (on 100-point scale) after both
autograft and allograft procedures, with no significant dif-
ference between the graft types. As reported by Plath et al.
[26], patients undergoing shoulder stabilization possess high
preoperative expectations, with up to 99% of patients expect-
ing a normal or nearly normal shoulder following surgery.
Moreover, 95% of patients expect to RTS at the same level
with slight to no restrictions, with 71% expecting no pain,
and 61% anticipating no risk of developing glenohumeral
arthritis. Excellent PROs and a high RTS rate were reported
in the studies included in our analysis, demonstrating that
the outcomes following free bone block procedures using
either autograft or allograft are likely to meet patient expec-
tations when successfully performed in patients with appro-
priate clinical indications.

No difference in the rates of glenohumeral arthropathy
was appreciated when comparing outcomes following auto-
graft versus allograft. The development or progression of
glenohumeral arthritis remains one of the primary concerns
in patients with recurrent anterior instability. Restoring gle-
nohumeral stability using glenoid augmentation is critical
to minimize the risk for arthritis development and progres-
sion, especially in younger patients [28, 34]. Studies have
shown that approximately 20% of patients with instability
and bone loss from the anteroinferior glenoid requiring bony
augmentation develop arthritis, with approximately 50% of
patients possessing preexisting arthritis experiencing pro-
gression [20, 22]. Multiple investigations have identified

@ Springer
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lateral overhang of the graft, resulting in an incongruent
joint surface, as a risk factor for the development of arthritis
and worse outcomes [47, 48]. As such, appropriate graft
placement and evaluation for the development or progression
of glenohumeral arthropathy following glenoid augmenta-
tion using a free bone block autograft or allograft is essential
to ensure successful outcomes.

The high rate of glenohumeral arthropathy following free
bone block autograft in our review is attributed primarily to
the findings reported by Rahme et al., with 47% of patients
developing glenohumeral arthritis following bone block
autograft using the Eden-Hybinette technique [31]. A pos-
sible technical issue accounting for the high rate of arthropa-
thy may be secondary to shortening of the subscapularis by
1 cm, as the authors found patients developing arthropathy
reported more limitations in shoulder external rotation post-
operatively. It is also important to note that Rahme et al.
reported outcomes with an average follow-up of 29 years
(range 22-37 years), the longest follow up of any study in
this review [31]. As such, the average follow-up time of the
studies in this review may be too short to accurately predict
the long-term incidence of dislocation arthropathy, warrant-
ing additional studies examining long-term outcomes using
free bone block augmentation.

This review was not without limitations. The majority of
studies in this review were of lower levels of evidence, with
16 case series, one cohort study, and one randomized con-
trolled trial. Data analysis was limited by the heterogenous
reporting of outcomes in the individual studies, primarily in
regard to radiographic analysis of the bony augmentation,
assessment of arthritis, and return to activities and sports
rates. Moreover, different PROs were collected in each study,
further limiting our ability to perform any meaningful com-
parisons between studies and groups. Aside from the differ-
ent origins of the bone block itself, the surgical techniques
were heterogenous as the performance of capsular closure,
capsulorraphy, and subscapularis management were incon-
sistent, introducing a number of potential confounding vari-
ables into our analysis. The development of glenohumeral
arthropathy has generally been observed in patients with
longer-term follow up [22]; however, few studies in this
analysis had follow up greater than 15 years. Finally, the
indications for use of a free bone block and the decision to
use allograft versus autograft were infrequently reported and
cannot be inferred based on the available data.

Conclusions

Glenoid augmentation using free bone block autograft or
allograft in the setting of recurrent anterior shoulder instabil-
ity with glenoid bone loss is effective and safe. Outcomes
and complication rates using autografts and allografts were

@ Springer

comparable. Due to the high degree of heterogeneity in the
data and outcomes reported in available studies, which con-
sist primarily of retrospective case series, future prospec-
tive trials investigating long-term outcomes using free bone
block autograft versus allograft for anterior shoulder insta-
bility with glenoid bone loss are warranted.
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