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Abstract

Purpose:
The purpose of this systematic review was to investigate variability in biomechanical testing protocols
for laboratory-based studies using suture anchors for glenohumeral shoulder instability and SLAP

lesion repair.

Methods:

A systematic reviewing of Medline, Embase, Scopus and Google Scholar using Covidence software
was performed for all biomechanical studies investigating labral-based suture anchor repair for
shoulder instability and SLAP lesions. Clinical studies, technical notes or surgical technique
descriptions, or studies treating glenoid bone loss or capsulorraphy were excluded. Risk of bias (ROB)
was assessed with the ROBINS-I tool. Study quality was assessed with the QUACS (Quality
Appraisal for Cadaveric Studies). Heterogeneity was assessed with the 12 statistic.

Results:

A total of 41 studies were included. ROB was serious and critical in 27 studies, moderate in 13, and
low in one; six studies had high quality, 21 good quality, 10 moderate quality, 2 low quality, and 2
very low quality. 31 studies used and 22 studies included cyclic loading. Angle of anchor insertion
was reported by 33 studies. The force vector for displacement varied. The most common directions
were perpendicular to the glenoid (9), and antero-inferior or anterior (8). The most common outcome
measures were load to failure (35), failure mode (23), and stiffness (21s). Other outcome measures
included load at displacement, displacement at failure, tensile load at displacement, translation, energy
absorbed, cycles to failure, contact pressure, and elongation.

Conclusion:

This systematic review demonstrated a clear lack of consistency in those cadaver studies that
investigated biomechanical properties following surgical repair with suture anchors for shoulder
instability and SLAP lesions. Testing methods between studies varied substantially with no universally

applied standard for preloading, load to failure and cyclic loading protocols, insertion angles of suture
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anchors, or direction of loading. To allow comparability between studies standardisation of testing

protocols is strongly recommended.

Keywords:
Shoulder instability; laboratory studies; cadaveric studied; suture anchors; biomechanical properties;

load to failure; systematic review

Clinical relevance
The demonstrated heterogeneity between testing protocols for basic science biomechanical studies

makes between study comparisons difficult. Standardised testing protocols are recommended.

Introduction

Shoulder instability is common among young athletes, and most often occurs in the anterior direction.
1.2 The optimal treatment for traumatic anterior glenohumeral dislocations remains controversial. 3#
However, the available evidence suggests that young active adults engaging in highly demanding
physical activities benefit from primary surgery. 35 If surgery is indicated modern arthroscopic repairs
include the use of suture anchors, and the results provide equivalent outcomes to open surgery. ®Ideal
insertion of suture anchors should be performed 2-3 mm from the glenoid rim at an angle of 45
degrees. 7 Superior labral anterior to posterior tears were first described by Andrews, ® and the term
SLAP lesion was later introduced by Snyder et al in 1990. ? If symptomatic repair with suture anchors

is performed it predictably results in and good to excellent outcomes in over 80% of patients. 1012

Over the past 30 years, numerous studies have reported on the influence of several biomechanical
variables for suture anchors that are used to treat shoulder instability. 131 However, several authors

have raised criticism that variation in testing methodology may not allow between study comparisons.



1922 Tn general, testing protocols for biomechanical studies should be standardized to allow for

1920 and this standardization would also help to reduce variability between

meaningful comparisons,
research groups. !%* For example, Virk et al. performed a systematic review comparing
biomechanical studies of disc repair devices and was unable to delineate common test parameters,
concluding there was too much variation in testing methodology and reporting of results. °
Furthermore, Steiner et al. reported that axial compressive testing in small animal fracture models can
lead to measurement errors of up to 80%, and bending tests show a large dependency on loading
direction. 2! Gedney reported that strain rates with wire tie tests are speed dependent, and increasing
speeds from 2 in/min to 16 in/min resulted in a 7% increase in peak load and 200% decrease in
elongation. 2? Finally, a recent systematic review investigated rotator cuff repair methods in cadaver

models, and reported substantial variation for testing protocols with respect to scapular orientation,

simulation of muscle activation, capsular status, and rotator cuff force. 23

The purpose of this systematic review was to investigate variability in biomechanical testing protocols
for laboratory-based studies using suture anchors for glenohumeral shoulder instability and SLAP
lesion repair. It was hypothesized that studies used a variety of different biomechanical test protocols

and variables, compromising the ability to compare between study results.

Methods

The methods described in the Cochrane Handbook were used to perform this systematic review. 2 The
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guideline statements

were used to report the results of this review. 25

Eligibility Criteria
All biomechanical studies for shoulder instability using labrum-based and capsulo-labral
repair techniques for both anterior and posterior shoulder instability, SLAP repair, and

general laboratory-based biomechanical testing of shoulder suture anchors were included.
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Clinical studies, technical notes, or descriptions of surgical techniques were excluded.
Studies investigating treatment of glenoid bone loss or studies testing capsulorraphy
techniques were also excluded. Conference proceedings or abstracts, expert opinions (level

V), systematic reviews, meta-analyses, and review articles were also excluded.

Information Sources and Literature Search

The Covidence software program was utilized to assist screening all available studies. This software
allows screening by title and abstract, applying inclusion and exclusion criteria. A systematic search
utilizing Medline, Embase, Scopus, and Google Scholar databases was performed to identify all
publications in the English and German literature from January 1970 through February 2021. The
following search terms, its synonyms, and all possible combinations were utilized: “cadaveric”,

“biomechanical”, “shoulder”, “glenohumeral” “instability”, “labrum repair”, “anchor”, “stabilization”.

In addition, all references of the included articles were also reviewed for missing studies.

Data extraction and quality assessment

Two independent reviewers screened all titles and abstracts based on the criteria described. Each study
was assessed as eligible by voting yes, maybe, or not eligible. All voting was blinded and all
references that were deemed eligible were carried forward for full text review. Discrepancies between
the reviewers (EH, NP) were discussed and resolved by consensus. Maybe votes were carried forward
into full text screening. For studies that met the inclusion criteria, an electronic data extraction form
was used to obtain the following information from each article: author, journal, and year of
publication, conflicts of interest, sample size, testing and surgical protocols, and outcomes. The level
of evidence (LOE) was extracted from the full text, and if no LOE was identified the LOE was
established in line with recent guidelines. 26 Risk of bias was assessed using the ROBINS-I tool. 27 The
ROBINS-I tool examines the following domains of bias: confounding, selection bias, bias in
classification of interventions, bias due to deviations from intended interventions, bias due to missing

data, bias related to measurement of outcome, and bias in the selection of the reported results. Each
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domain of bias is evaluated with one of the following responses: “yes”, “probably yes”, “probably
no”, and “no”, with probable responses having similar implications as “yes” or “no” but are not

absolute. The categories of judgement for each study are low, moderate, serious, and critical risk of

bias. 7

Methodological quality of the cadaveric studies was assessed with the QUACS scale. 2 The QUACS
scale was initially constructed to assess quality of observational cadaveric studies and includes 13
items: basic information about sample, methods are described comprehensively, condition of the
examined specimens is reported, education of researcher is stated, findings are observed by more than
one researcher, results are presented thoroughly, statistical methods are adequate, details about
consistency of findings are given, photographs are included, study is discussed within context of the
current evidence, clinical implications are discussed, limitations are addressed. 28 If these individual
items were present a ‘yes’ was scored. The sum of all scores was then converted into a percentage to
harmonize the scoring system. 2 A score of >90% was then defined as high quality, a score of 80% as
good quality, a score between 60-79% as moderate quality, a score between 40-50% as low quality
and a score below 40% as very low quality. These scores were adapted from measurement of observer
agreement. 3! It is recognized that this adoption may have resulted in observer bias. However,

interobserver agreement was 0.93, reducing the likelihood of significant error.

Data Synthesis and Analysis
Heterogeneity within and between studies was assessed with the |2 statistic. The I statistic and
publication bias were calculated using the Comprehensive Meta-Analysis software package (CMA),

version 3 (Biostat Inc, Englewood, NJ, USA).



Results

Study selection and characteristics

The initial search was performed on February 1%, 2021 and identified a total of 3204 studies.
Following removal of duplicates and abstracts, the full text versions of 1831 articles were appraised.
1729 of these articles were then excluded, and 102 full text articles were evaluated. After further
detailed review, forty-one articles remained and were included in the qualitative synthesis (tables 1-3).
13-15,17.1831-66 Of those studies, three described the general properties of suture anchors in shoulder
instability using polyurethan foam 31-33 and one study used fresh frozen specimens. 3° Nine studies
tested suture anchors for SLAP repairs, 13143541 and 28 studies 1518:1942-66 tested suture anchors for the
treatment of Bankart lesions. The details of study selection are summarized in the PRISMA Flow
Diagram in figure 1. Overall agreement between the two reviewers for final eligibility was excellent
(kappa value 0.88, 95% CI 0.84-0.92). All 41 included studies were published in English between

1993 and 2020 [tables 1-3].

Risk of bias

The findings of the risk assessment for bias using the ROBINS-I tool are summarized in
table 4. If the authors did not perform bone density measures for their specimens the risk of
bias was considered serious, and 23 of the 28 studies using fresh frozen cadavers fulfilled

13,14,34-39,41,45,46,49-54,57-59,62,64  This assessment was based on the study y Ambrose

this criteria.
et al., who demonstrated that results of biomechanical studies lacked consistency and were
associated with variability of bone mineral density. ¢ Four studies had an overall critical
risk of bias. 164345 These studies were all performed in the 1990s and were downgraded to
critical for bias in the classification of interventions. Twenty-three studies — !31434-41.454849-
54,57,58,6162.64 did not measure bone density and were assessed as having a serious overall risk

of bias, and 13 studies 17:31-33:49,55,56,59,60.63,6566 had an overall moderate risk of bias. Only one

study was assessed as low risk of bias. 17



Study Quality

Utilizing the QUACS scale, two of the general shoulder instability articles 3132 had high quality, one
study moderate quality, 3* and one study low quality [table 5]. 3* For the treatment of SLAP lesions,
one study had high quality, ' six studies good quality, 133536373940 and one study moderate quality. 3%
Only three studies investigating suture anchors for shoulder instability had high quality. 3°-¢! Fifteen

17,18,43,44,47,48,50-52,54-56,62,65,66

studies had good quality, eight studies had moderate quality,

33,45,49,53,57,58,63.64 one study low quality, 15 and two studies #>46 had very low quality. Overall, 27 of the
42 (64%) included studies had either good or high quality. The funnel plot for publication bias [Figure
2] appeared asymmetrical, and Eggers’ test (Eggers intercept 3.894, standard error 0.782 [95% CI:
2.309-5.478], z-value 23.86, p=0.0001) suggested publication bias. Heterogeneity using the | statistic

was calculated to be 96.05; according to the Cochrane Handbook this suggests considerable

heterogeneity. 4

Testing Methods and Test Set-up

Testing methods varied substantially between studies and there was no consistency.
However, there was consistency with regards to loading. All studies, with the exception of
Uggen et al.,, % have used a materials testing machine for preload, load to failure, and cyclic
loading. Thirty-one studies preloaded specimens prior to testing, but the loads varied
between 1 to 25N. Load to failure loading rates ranged from 1 mm/sec to 5 mm per minute.
The most common load to failure speed was 12.5 mm/sec but only 4 of the 41 studies used

32,33,56,62 Twenty—one studies 13,14,32,3539,40,43,45,46,48,49,54,55,58,59,63-66

this speed. included cycling

loading, but the protocols varied between studies [tables 1-3]. There was no consistency for

17,55,,59,61

cycling loading protocols, and only four studies used the same protocol; three

studies 33%¢1 ysed a previously published protocol. !

Sixteen studies reported the angle of suture anchor insertion, and 13 studies used a 45° degree

insertion angle while three studies used a 30° degree insertion angle. The force vector of pull load
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varied between studies. In nine studies the force vector was directed perpendicular to the glenoid.
18,31,34,35,39.40,52,54.66 [n eight studies the force vector was directed anterior or antero-inferior.

17,38,51,55,56,57,59,61 [n eight studies the force vector was not reported. 3%33:41:42:45,50,62,64 QOther studies used

13,63 14,36 15,43 in

a force vector perpendicular to anchor insertion, posterior direction, vertical direction,

46,48,53 37,49

line with anchor insertion, in line with glenoid, % or various angles posterior direction and

three studies used humeral translations. 444758

Outcome Measures
Load to failure, mode of failure, and stiffness were the most commonly reported outcome measures.

14,15,17,18,32-34,36-42,45-52,54-66

Thirty-five studies included load to failure and this was the most commonly

used outcome measure. Twenty-three studies reported failure mode. 13:17:32-35,37-39,48,49,51,53,55,56,59,66

Twenty-one studies reported stiffness as an outcome measure. 417-31,35,36-38,39,40,44,47,49-55,58,61,63,65
Other outcome measures included load at displacement, displacement at failure, tensile load at

displacement, translation, energy absorbed, cycles to failure, contact pressure, and elongation (tables

1-3).

Discussion

The results of this systematic review established a clear lack of consistency between
laboratory-based studies investigating biomechanical properties for surgical repair with
suture anchors in shoulder instability and SLAP lesions. The testing methods varied
substantially, with no universally applied standard for preloading, load to failure, and cyclic
loading protocols. Similarly, the authors have used different insertion angles for suture
anchor placement into the glenoid, resulting in considerable wvariability. In addition, only
38% of the studies described the insertion angles in their methods. The direction of loading
is defined by the vector at which the anchors were loaded with regards to the orientation of
the glenoid. The direction of loading of the anchors and constructs also varied highly, and

ten different directions of load were used by the 41 studies included. Load to failure was the
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most commonly used outcome variable and was reported by 81% of the studies; mode of
failure (56%) and stiffness (51%) were other commonly reported outcome measures.
Uncommon outcome measures included load at displacement, displacement at failure,
tensile load at displacement, translation, energy absorbed, cycles to failure, contact pressure,

and elongation.

Cadaveric studies are important and indispensable tools to investigate surgical implants and
techniques. However, to allow study comparability it is imperative that study design, methodology,
and  outcome = measures  are similar. The lack of widely accepted or
universally followed standard protocols may not allow reliable and valid comparisons. Comparability
is even more important when synthesizing qualitative and quantitative studies, and the variability in
study methodology possibly prohibits comparison between seemingly uncombinable and
incomparable studies. %8 In fact, it makes systematic reviews reliably unreliable, if the included studies
use different study designs and testing protocols. ® One could strongly argue that the clear lack of
consistency with regards to testing methods, testing set-up, and outcome measures demonstrated by
this systemic review could be viewed as a worst-case scenario. Classical test theory has proposed that
the true score can only be obtained on repeated measurements. % As the result of the inability to
validate individual studies by independent researchers, this lack of validation then creates doubts
regarding the legitimacy of their study conclusions. Furthermore, although these studies may have
internal consistency, they cannot be generalized or validated. Interestingly, the study quality of the
included studies in this systematic review was good or high in 66%, and only one study (2%) had low
quality. This suggests that the studies themselves do not suffer from major methodological issues, but

the lack of standardisation of testing protocols simply does not allow comparisons or validation.

Risk of bias was high or critical in 27 of the 41 included studies in this review. The most common
reason for the serious risk of bias assessment was the lack of bone density measures performed for the

human cadaveric specimens used in the testing protocol. Twenty-three studies (57%) did not measure
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bone density, and the item ‘bias in selecting of participants’ was assessed by both reviewers as serious.
It may of course be argued that bone density is not an important denominator, and has only minor
influence on the study results both within and between studies. However, Ambrose et al. clearly
demonstrated that interference screw fixation of tendons in bone specimens with a T-score of -2.5
(BMD 0.325 g/cm?) had only 50% of the ultimate strength compared to normal bone density (0.50

g/cm?). 7 This observation ¢’

therefore provides a very powerful argument that bone density
assessment should be included in human cadaver studies, and supports the omission as a serious risk
of bias. According to Cochrane, this proportion of high risk of bias alone is sufficient to affect the
interpretation of results. 24

Prior publications have previously reported inconsistent study design and testing methods. %23
Williamson et al. performed a systematic review of cadaveric methodology for studies involving
rotator cuff repair and instability and also described considerable variability for scapula orientation,
muscle activation strategies, and status of the joint capsule. 2* This heterogeneity of study protocols
has affected other subspecialty areas as well, and when Virk et al. compared biomechanical studies of
disc repair devices they also could not identify any common features across models. 1 They
concluded that direct comparison of results from preclinical models is not possible, and called for
greater standardisation of biomechanical models. !° Although testing methodologies for biomechanical
studies have evolved over the past 50 years standard testing protocols have not been developed,

making comparisons between experiments difficult and conclusions about in vivo performance

challenging. 7°

It seems obvious that biomechanical studies suffer from lack of comparability. The reasons are mainly
related to the large variance between study protocols which reduces external but also internal validity,
as the individual study results cannot be confirmed nor refuted by other authors. To maintain a high
standard of science and enable researchers and clinicians to compare studies, it seems imperative to

develop standardized protocols for basic biomechanical cadaver studies. For pharmacological studies
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this has already been implemented and is governed by legislation. For example, the Federal Drug
Administration [FDA] has clear guidelines for comparability protocols for human drugs and biologics,
and there is no compelling reason why the orthopaedic community cannot develop similar protocols. 7!
Paschos et al. have previously provided some guidance in this regard, and suggested that study
methodology should be reproducible, validated and based on already established models. 7 One
potential solution to achieve study validity is to require previously described protocols with supporting

references. 7> However, this approach still allows variability rather than standardisation.

Limitations

One of the limitations of this systematic review is the lack of validated quality assessment tools. The
tools used to assess study quality was the QUACS scale. The QUACS scale has an ICC of 0.87, with a
strong association between expert rating and the means of the QUACS scale. 2 Wilke et al. developed
this scoring system, defining high, good, moderate, and low quality, and these definitions themselves
may have caused observer bias. 28 In addition, the limitations of this systematic review also reflect the
limitations of the included studies. Risk of bias was high for 23 studies, and this assessment was
primarily based on the lack of bone density assessment. This criterion was developed by the authors,

and it is possible that this definition has itself resulted in bias.

Conclusion

This systematic review demonstrated a clear lack of consistency in those cadaver studies that
investigated biomechanical properties following surgical repair with suture anchors for shoulder
instability and SLAP lesions. The testing methods between studies varied substantially with no
universally applied standard for preloading, load to failure and cyclic loading protocols, insertion
angles of suture anchors, or direction of loading. In order to allow comparability between studies

standardisation of testing protocols is strongly recommended.

12



References

[1] Kraeutler MJ, Currie DW, Kerr ZY, Roos KG, McCarthy EC, Comstock RD. Epidemiology of
shoulder dislocations in high school and collegiate athletics in the United States 2004-2005 through
2013/2014. Sports Health 2018; 10 (1):85-91

[2] Kraeutler MJ, McCarthy EC, Belk J, Wolf BR, Hettrich CM, Ortiz SF, et al. Descriptive
epidemiology of the MOON shoulder instability cohort. Am J Sports Med 2018; 46 (5):1064-1069

[3] Bishop JA, Crall TS, Koch MS. Operative versus nonoperative treatment after primary traumatic
anterior glenohumeral dislocation: expected-value decision analysis. J Shoulder Elbow Surg 2011; 20
(7):1087-1094

[4] Apostolakos JM, Wright-Chisem L, Taylor SA, Dines JS. Anterior glenohumeral instability:

Current review with technical pearls and pitfalls of arthroscopic assisted soft-tissue stabilization.
World J Orthop 2021; 12 (1):1-13

[5] Handoll HHG, Almaiyah MA, Rangan A. Surgical versus non-surgical treatment for acute anterior
shoulder dislocation. Cochrane Database Syst Rev 2004; 1: CD004325

[6] Miura K, Tsuda E, Tohyama H, Iwahori Y, Mae T, Mochizuki Y, et al. Can arthroscopic Bankart
repairs using suture anchors restore equivalent stability to open repairs in the management of
traumatic anterior shoulder dislocation? A meta-analysis. J Orthop Sci 2018; 23 (6):933-941

[7] Provencher MT, Ghodadra N, Romeo AA. Arthroscopic management of anterior instability: pearls,
pitfalls and lessons learned. Orthop Clin North Am 2010; 41 (3): 325-337

[8] Andrews JR, Carson WG, McLeod WD. Glenoid labrum tears related to the long head of the
biceps. Am J Sports Med 1985; 13 (5):337-341

[9] Snyder SJ, Karzel RP, Del Pizzo W, Ferkel RD, Friedman MJ. SLAP lesions of the shoulder.
Arthroscopy 1990; 6 (4):247-279

[10] Rhee YG, Lee DH, Lim CT. Unstable isolated SLAP lesions: clinical presentation and outcome
of arthroscopic fixation. Arthroscopy 2005; 21 (9):1099

[11] Jo YH, Oh HK, Jeong SY, Lee BG. National trends in the repair of isolated superior labral tear
from anterior to posterior in Korea. J Korean Med Sci 2020; 35 (34):e285

[12] Takeuchi Y, Sugaya H, Takahashi N, Matsuki K, Tokai M, Morioka T, et al. Superior labral
injuries in elite gymnasts: symptoms, pathology and outcomes after surgical repair. Orthop J Sports
Med 2020; 8 (7):2325967120935001

[13] DiRaimondo CA, Alexander JW, Noble PC, Lowe WR, Lintner DM. A biomechanical
comparison of repair techniques for type II SLAP lesions. Am J Sports Med 2004; 32 (3):727-733

13



[14] Nolte PC, Kaare MA, Midtgaard KS, Ciccotti M, Miles JW, Tanghe KK, et al. Biomechanical
comparison of knotless all-suture anchors in type II SLAP lesions: a cadaveric study. Arthroscopy
2020; 36 (8):2094-2102

[15] Hecker AT, Shea M, Hayhurst JO, Myers ER, Meeks LW, Hayes WC. Pull-out strength of suture
anchors for rotator cuff and Bankart lesion repairs. Am J Sports Med 1993; 21 (6):874-879

[16] Lacheta L, Brady A, Rosenberg SI, Dornan GJ, Dekker TJ, Anderson N, et al. Biomechanical
evaluation of knotless and knotted all-suture anchor repair constructs in 4 Bankart repair
configurations. Arthroscopy 2020; 36 (6):1523-1532

[17] Nho SJ, Frank RM, Van Thiel GS, Wang FC, Wang VM. A biomechanical analysis of anterior
Bankart repair using suture anchors. Am J Sports Med 2010; 38 (7):1405-1412

[18] Provencher MT, Verma N, Obopilwe E, Rincon LM, Tracy J, Romeo A, et al. A biomechanical
analysis of capsular plication versus anchor repair of the shoulder: can the labrum be used as a suture
anchor? Arthroscopy 2008; 24 (2):210-216

[19] Virk S, Chen T, Meyers KN, Lafage V, Schwab F, Maher SA. Comparison of biomechanical
studies of disc repair devices based on a systematic review. Spine J 2020; 20 (8): 1344-1355

[20] Gonzalez-Blohm SA, Doulgeris JJ, Lee WE, Shea TM, Aghayev K, Vrionis FD. The current
testing protocols for biomechanical evaluation of lumbar spinal implants in laboratory setting: a
review of the literature. Biomed Res Int 2015:506181

[21] Steiner M, Volkheimer D, Myers N, Wehner T, Wilke HJ, Claes L, et al. Comparison between
different methods for biomechanical assessment of ex-vivo fracture callus stiffness in small animal
bone healing studies. PLos One 2015; 10 (3):¢0119603

[22] Gedney R. Tensile testing basics, tips and trends. Quality Mag 2005; 1: 84035
[23] Williamson P, Mohamadi A, Ramappa AJ, DeAngelis JP, Nazarian A. Shoulder biomechanics of
RC repair and instability: a systematic review of cadaveric methodology. J Biomech 2019; 82:280-290

[24] Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions. Version 5.1.9
[updated March 2011]. The Cochrane Collaboration

[25] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analysis: the PRISMA statement. Int J Surg 2010; 8:336-341.

[26] Hohmann E, Feldman M, Hunt TJ, Cote MP, Brand JC. Research Pearls: How do we establish the
level of evidence? Arthroscopy 2018; 34 (12):3271-3277

[27] Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. BMJ 2016; 355:14919

14



[28] Wilke J, Krause F, Niederer D, Engeroff T, Niirnberger F, Vogt L, Banzer W. Appraising the
methodological quality of cadaveric studies: validation of the QUACS scale. J Anat 2015; 226
(5):440-446

[29] Jud L, Fotouhi J, Andronic O, Aichmair A, Osgood G, Navab N, et al. Applicability of
augmented reality in orthopaedic surgery — a systematic review. BMC Muskuloskelet Disord 2020; 21
(1):103

[30] Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics
1997; 33 (1):159-174

[31] Denard PJ, Adams CR, Fisher NC, Piepenbrink M, Wijdicks CA. Knotless fixation is stronger
and less variable than knotted constructs in securing a suture loop. Orthop J Sports Med 2018; 21
(6):2325967118774000

[32] Barber FA, Herbert MA. All-suture anchors: a biomechanical analysis of pullout strength,
displacement and failure mode. Arthroscopy 2017; 33 (6):1113-1121

[33] Godry H, Jettkant B, Seybold D, Venjakob AJ, Bockmann B. Pullout strength and failure mode of
industrially manufactured and self-made all-suture anchors: a biomechanical analysis. J Shoulder
Elbow Surg 2020; 29 (7):1479-1483

[34] Leedle BP, Miller MD. Pullout strength of knotless suture anchors. Arthroscopy 2005; 21 (1):81-
85

[35] Domb BG, Ehtseshami JR, Shindle MK, Gulotta L., Zoghi-Moghadam M, MacGillivray JD, et al.
Biomechanical comparison of 3 suture anchor configurations for repair of type I SLAP lesions.
Arthroscopy 2007; 23 (2):135-140

[36] Morgan RJ, Kuremsky MA, Peindl RD, Fleischli JE. A biomechanical comparison of two suture
anchor configurations for the repair of type II SLAP lesions subjected to a peel-back mechanism of
failure. Arthroscopy 2008; 24 (4):383-388

[37] Yoo JC, Ahn JH, Lee SK, Lim HC, Choi KW, Bae TS, et al. A biomechanical comparison of
repair techniques in posterior type II superior labral anterior and posterior (SLAP) lesions. J Shoulder
Elbow Surg 2008; 17 (1):144-149

[38] Baldini T, Snyder L, Peacher G, Bach J, McCarty E. Strength of single- versus double-anchor
repair of type II SLAP lesions: a cadaveric study. Arthroscopy 2009; 25 (11):1257-1260

[39] Sileo MJ, Lee SJ, Kremenic 1J, Orishimo K, Ben-Avi S, McHugh M, et al. Biomechanical
comparison of a knotless suture anchor with standard suture anchor in the repair of type II SLAP tears.
Arthroscopy 2009; 25 (4):348-354

[40] Uggen C, Wei A, Glousman RE, ElAttrache N, Tibone JE, McGarry MH, et al. Biomechanical
comparison of knotless anchor repair for type I SLAP lesions. Arthroscopy 2009, 25 (10):1085-1092

15



[41] Grieshober JA, Palmer JE, Kim H, Jaffe JT, Paryavi E, Hasan SA, et al. Comparison of curved
and straight anchor insertion for Bankart repair. Orthopedics 2019; 42 (2):e242-¢246

[42] Klein AH, Harner CD, Fu FH. The Bankart lesion of the shoulder: a biomechanical analysis
following repair. Knee Surg Sports Traumatol Arthroscopy 1995; 3:117-120

[43] Wetzler MJ, Bartolozzi AR, Gillespie MJ, Roth CA, Ciccotti MG, Snyder-Mackler L. Fatigue
properties of suture anchors in anterior shoulder reconstructions: Mitek GII. Arthroscopy 1996; 12
(6):687-693

[44] Mohammed KD, Sonnabend DH, Goldberg J, Hutabarat S, Walker P, Walsh WR. Biomechanical
performance of Bankart repairs in a human cadaveric shoulder model. Am J Sports Med 1998; 26
(6):831-835

[45] Roth CA, Bartolozzi AR, Ciccotti MG, Wetzler MJ, Gillespie MJ, Snyder-Mackler L, et al.
Failure properties of suture anchors in the glenoid and the effects of cortical thickness. Arthroscopy
1998; 14 (2):186-191

[46] Zumstein M, Jacob HAC, Schneeberger AG. In vitro comparison of standard and knotless metal
suture anchors. Arthroscopy 2004; 20 (5):517-520

[47] Mueller MB, Fredrich HH, Steinhauser E, Schreiber U, Arians A, Imhoff AB. Biomechanical
evaluation of different suture anchors for the stabilization of anterior labrum lesions. Arthroscopy
2005; 21 (5):611-619

[48] Sparks BS, Nyland J, Nawab A, Blackburn E, Krupp R, Caborn DNM. Biomechanical
comparison of screw-in suture anchor-suture combinations used for Bankart repair. Arch Orthop
Trauma Surg 2010; 130:321-327

[49] Ranawat AS, Golish R, Miller MD, Caldwell III PE, Singanamala N, Treme G, et al. Modes of
failure of knotted and knotless suture anchors in an arthroscopic Bankart repair model with the
capsulolabral tissues intact. Am J Orthop (Belle Mead NJ) 2011; 40 (3):134-138

[50] Gillis RC, Donaldson CT, Kim H, Love J, Dreese JC. Arthroscopic suture anchor capsulorrhaphy
versus labral-based suture capsulorrhaphy in a cadaveric model. Arthroscopy 2012; 28 (11):1615-1621

[51] Mazzocca AD, Chowaniec D, Cote MP, Fierra J, Apostolakos J, Nowak M, et al. Biomechanical
evaluation of classic solid and novel all-soft suture anchors for glenoid labral repair. Arthroscopy
2012; 28 (5):642-628

[52] Kamath GV, Hoover S, Creighton A, Weinhold P, Barrow A, Spang JT. Biomechanical analysis
of a double-loaded glenoid anchor configuration. Am J Sports Med 2013; 41 (1):163-168

[53] Dwyer T, Willett TL, Dold AP, Petrera M, Wasserstein D, Whelan DB, et al. Maximum load to
failure and tensile displacement of an all-suture glenoid anchor compared with a screw-in glenoid
anchor. Knee Surg Sports Traumatol Arthrosc 2016; 24 (2):357-364

16



[54] Lim TK, Koh KH, Lee SH, Shon MS, Bae TS, Park WH, et al. Inferior anchor cortical
perforation with arthroscopic Bankart repair: a cadaveric study. Arthroscopy 2013; 29 (1):31-36

[55] Martetschlager F, Michalski MP, Jansson KS, Wijdicks CA, Millett PJ. Biomechanical evaluation
of knotless anterior and posterior Bankart repair. Knee Surg Sports Traumatol Arthrosc 2014; 22
(9):2228-2236

[56] Frank RM, Mall NA, Gupta D, Shewman E, Wang VM, Romeo AA, et al. Inferior suture anchor
placement during arthroscopic Bankart repair: influence of portal placement and curved drill guide.
Am J Sports Med 2014; 42 (5):1182-1189

[57] Hanna J, Esquivel AO, Lemos D, Pandghi NG, Staron JS, Lemos SE. Biomechanical properties
of labral repair: simple versus vertical suture pattern. Orthopedics 2015; 38 (2):81-86

[58] McDonald LS, Thompson M, Altchek DW, McGarry MH, Lee TQ, Rocchi V], et al. Double-row
capsulolabral repair increases load to failure and decreases excessive motion. Arthroscopy 2016; 32
(11):2218-2225

[59] Judson CH, Charette R, Cavanaugh Z, Shea KP. Anatomic and biomechanical comparison of
traditional Bankart repair with bone tunnels and Bankart repair utilizing suture anchors. Orthop J
Sports Med 2016; 4 (1):232596711621882

[60] Erickson J, Chiarappa F, Haskel J, Rice J, Hyatt A, Monica J, Dhawan A. Biomechanical
comparison of a first- and second-generation all-soft suture glenoid anchor. Orthop J Sports Med
2017; 5 (7):2325967117717010

[61] Judson CH, Voss A, Obopilwe E, Dyrna F, Arciero RA, Shea KP. An anatomic and
biomechanical comparison of Bankart repair configurations. Am J Sports Med 2017; 45 (13):3004-
3009

[62] Kramer JD, Robinson S, Purviance C, Montgomery III W. Analysis of glenoid inter-anchor
distance with an all-suture anchor system. J Orthop 2018; 15 (1):102-106

[63] Ntalos D, Huber G, Sellenschloh K, Briem D, Piischel K, Morlock MM, et al. Biomechanical
analysis of conventional anchor revision after all-suture anchor pullout: a human cadaveric shoulder
model. J Shoulder Elbow Surg 2019; 28 (12):2433-2437

[64] Ruder JA, Dickinson EY, Peindl RD, Habet NA, Trofa DP, Fleischli JE. Cyclic and load-to-
failure of all-suture anchors in human cadaveric shoulder glenoid bone. Arthroscopy 2019; 35
(7):1954-1959

[65] Lacheta L, Brady A, Rosenberg SI, Dornan GJ, Dekker TJ, Anderson N, et al. Biomechanical

evaluation of knotless and knotted all-suture anchor repair constructs in 4 Bankart repair
configurations. Arthroscopy 2020; 36 (6):1523-1532

17



[66] Giilecyiiz MF, Pietschmann MF, Scharpf A, Eid AS, Michalski S, Simon JM, et al. Revisability

of polyetherketone suture anchors utilized in primary and revision Bankart repair. J Orthop Science
2020; 25 (5):830-835

[67] Ambrose CG, Kiebzak GM, Sabonghy EP, Tabor OB, Peindl RD, Clanton TO, et al.
Biomechanical testing of cadaveric specimens: importance of bone mineral density assessment. Foot

Ankle Int 2002; 23 (9):850-855

[68] Sandelowski M, Voils CI, Barroso J. Comparability work and the management of difference in
research synthesis studies. Soc Sci Med 2007; 64 (1):236-247

[69] Nunnally JC, Bernstein IH. The assessment of reliability. Psychometr Theory 1994; 3:248-292

[70] Costi JJ, Ledet EH, O’Connell GD. Spine biomechanical testing methodologies: the controversy
of consensus vs scientific evidence. JOR Spine 2021; 4 (1):e1138

[71] https://www.fda.gov/files/drugs/published/Comparability-Protocols-for-Human-Drugs-and-
Biologics--Chemistry--Manufacturing--and-Controls-Information-Guidance-for-Industry.pdf

[Accessed 29 April 2021].

[72] Paschos NK, Brand JC, Rossi MJ, Lubowitz J. Methods to improve arthroscopic and orthopaedic
biomechanical investigations: a few of our favorite things. Arthroscopy 2019; 35 (11):2967-2969

18



J

=
.g Records identified through Additional records identified
g database searching through other sources
b= (n=3204) (n=3)
o
L]
=
J Y Y
R Records after duplicates removed
(n=1831)
1)
=
'c
§ y
L=
n Records screened - Records excluded
(n=1831) i (n=1729)
—
v
Full-text articles assessed Full-text articles excluded, with
Z for eligibility > reasons
E (n=102) (n=61)
)
= 1. Review article (n =4)
2.  Wrong outcomes reported (n =15)
3. Wrong study design (n = 38)
4.  Wrong intervention (n =4)
Y
'g A 4
o
% Studies included
£ (n=41)
—
Figure 1:

The initial search identified a total of 3207 studies; 1831 records were screened, 102 full text articles assessed for

eligibility and 41 studies were included in the qualitative synthesis.
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Figure 2: The funnel plot for publication bias is asymmetrical. Eggers’ test (Eggers intercept 3.894, standard error 0.782

[95% CI: 2.309-5.478], z-value 23.86, p=0.0001) suggested publication bias.
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Table 1: Studies included in the qualitative assessment investigating general shoulder instability suture anchor repairs

2
Author Devices Specimens Number | Testing Method Test Set-Up Outcome Measures
Leedle GII Mitek, Knotless | Fresh N=15 MTS Instron Anchor insertion angles unknown Load to Failure 3
(2005) Mitek, Panalok Frozen Preload: not mentioned Vector perpendicular to glenoid Failure mode
San Antonio Human Load to failure @ 3.3 mm/sec 4
USA
Denard Corkscrew, Polyurethan | N=104 MTS Instron Anchor insertion perpendicular to glenoid | Stiffness. 5
(2009) Swivelock foam blocks Preloading 5 N 1mm/sec Vector perpendicular to glenoid Load at 3 mm displacemegt
Munich Load to failure 1 mm/sec Displacement at failure 7
Germany
Barber All suture anchors Polyurethan | N=130 MTS Instron Anchor insertion angle unknown Load to Failure
(2016) foam blocks, Preload 10N, Vector unknown Failure Mode 8
Plano porcine bone 200 cycles 10-100N, 0.5 Hz Displacement
USA Load to failure @ 12.5 mm/sec
Godry Y-Knot All Suture Polyurethan | N=17 MTS Instron Anchor insertion angle unknown Load to failure
(2020) Anchor foam blocks Pretension 10N Vector unknown Failure Mode
Diisseldorf Self-made-anchor Load to failure 12.5 mm/sec
Germany
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Table 2: Studies included in the qualitative assessment investigating SLAP lesion suture anchor repairs

Author Devices Specimens Number Testing Method Test Set-Up Outcome Measures Other Measures
Di Raimondo Corkscrew, Fresh Frozen N=21 MTS Bionix Anchor placement 45° to glenoid Failure mode Displacement:
(2004) Suretac Human Preload 10N surface Separation of 2 mm or until ultimate surface markers, optical
New York Incremental tensile load of 10N load Vector perpendicular to anchor failure measures
USA to 200 N @10N/sec Camera 20Hz
Relaxation between increments to
baseline for 20 sec
Domb Bio-SutureTak | Fresh Frozen N=21 MTS brand not mentioned Anchor placement 45° to glenoid Failure mode Displacement:
(2007) Human Preload 10N surface Stiffness surface markers, optical
New York Incremental tensile load of 10N load Vector perpendicular to glenoid Separation of 2 mm or until ultimate measures
USA to 200 N @10N/sec Relaxation failure Camera 20Hz
between increments to baseline for
20 sec
Morgan Bio SutureTak | Fresh Frozen N=16 MTS Bionix Anchor placement 45° to glenoid Load to failure
(2008) Human Preload 10 N surface Stiffness
Charlotte Load to failure 25mm/min Vector posterior direction Repair failure (2 mm displacement)
USA
Yoo Mini Revo Fresh Frozen N=15 MTS Instron Anchor placement 45° to glenoid Load to failure Reflective marker
(2008) Human Preload 10N surface Failure mode Video analysis
Seoul Increment at 10N rate 10N/sec to 200 | Vector 20° posterior to vertical Stiffness Camera 50Hz
South Korea N or failure glenoid axis Tensile load @ 2 mm displacement
Baldini BioZip Fresh Frozen N=20 MTS Instron Anchor placement 45° to glenoid Load to failure
(2009) Human Load to failure @ 0.833 mm/sec surface Failure mode
Denver Vector anterior direction Stiffness
USA
Sileo Lupine, Fresh Frozen N=10 MTS Systems Eden Prairie Anchor placement 45° to glenoid Load to failure
(2009) Bioknotless Human Preload 10N, surface Failure mode
New York Mitek 25 cycles 10-20N Vector perpendicular to glenoid Repair failure (displacement 2mm)
USA 25 cycles with 10N increments until
failure at 1Hz
Uggen Bio Pushlock, Fresh Frozen N=12 Custom Made Manual System Anchor placement 45° to glenoid Load to failure
(2009) Bio-SutureTak | Human Preconditioned 10 cycles 2.2 Nm surface Stiffness
Los Angeles Load to failure preconditioned 10 Vector perpendicular AP, SI translation @ 15+20N
USA cycles 0-1 mm @20 mm/min then Load @ 2 mm displacement
loaded until failure with 20 mm/min Yield load
Yield displacement, Displacement @
failure
Energy absorbed @ failure
ROM: external/internal rotation pre-post
Grieshober Juggerknot Fresh Frozen N=10 MTS Bionix Curved versus straight guides Load to failure
(2019) Human Load to failure @0.5 mm/sec Vector unknown
Baltimore
USA
Nolte Knotless Fresh Frozen N=20 MTS Instron Anchor placement 45° to glenoid Load to failure Video documentation
(2020) FiberTak Human Preconditioned SN surface Failure mode
Vail Q-Fix 10 cycles 5-20N @1Hz Vector 90° posterior to glenoid face Stiffness
USA Load to failure @1mm/sec Load to displacement @ 1+2mm
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Table 3: Studies included in the qualitative assessment investigating Bankart lesion suture anchor repairs

Author Devices Specimens Number Testing Method Test Set-Up Outcome Measures Other Measures
Hecker Acufex Fresh Frozen N=20 MTS Instron Anchor entry unknown Load to failure
(1993) wedge/rod Human Preload 1-2N Vector vertical Failure mode
Boston anchors Load to failure 1 mm/sec
USA
Klein GII Mitek Fresh Frozen =6 MTS Instron Anchor entry unknown Load to failure
(1995) Human Not reported Vector unknown
Pittsburgh
USA
Wetzler GII Mitek Fresh Frozen | N=22 MTS Instron Anchor entry unknown Failure mode
(1996) Human Cycling @2Hz Vector vertical Cycles to failure
Philadelphia Load unknown (stress ratio between
USA minimum and maximum load 0.15)
Mohammed GII Mitek, Fresh Frozen | N=20 MTS Bionix Anchor standard entry Insertion | Failure mode
(1998) Acufex T-Fix | Human Humeral head displacement angles unknown Stiffness
Sydney @25mm/min Humeral head translation Peak Load
Australia anterior Energy to peak load
Elongation of capsulolabral
complex
Roth GII Mitek Fresh Frozen | N=22 MTS Instron Anchor standard entry, Load to failure
(1998) Statak 3.5 Human Cycles @2Hz 30-350N Insertion angles unknown
Newark Load lowered until 10% of anchors Vector unknown
USA reached 50,000 cycles
Zumstein GII Mitek, Fresh Frozen N=7 MTS Instron Anchor 30° angle Load to failure
(2004) Knotless Human 25 cycles from 25-50N @20mm/min Vector in line with anchor
Zurich Mitek, 25 cycles from 25-75N
Switzerland Increase by 25N per new cycle until
failure
Mueller Fastak, Fresh Frozen | N=28 MTS Instron Anchor insertion angle unknown | Load to failure
(2005) Panalok, Human Humeral Head displacement @20 Humeral head translation Stiffness
Munich Suretac Bone density mm/min anterior direction Mean anterior translation
Germany @failure
Provencher Corkscrew Fresh Frozen | N=14 MTS Systems Eden Prairie Anchor insertion 40° to glenoid | Load to failure
(2008) Human Preload 10N Vector 90° to glenoid Failure mode
Chicago Bone density Load to failure 3mm/sec
USA
Nho PEEK Fresh Frozen | N=30 MTS Systems Eden Prairie Anchor angle unknown Load to failure Displacement:
(2010) SutureTak, Human Preload 5N for 2 min Vector antero-inferior Failure mode surface markers, optical
Chicago PEEK Bone density 100 cycles @1Hz from 5-25N Stiffness measures
USA Pushlock Load to failure 15mm/min Ultimate load @ 2mm Camera 48Hz
displacement
Elongation amplitude at final
cycle
Sparks BioFastak Fresh Frozen | N=24 MTS Bionix Anchor insertion 45° to glenoid Load to failure
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(2010) Bio Mini- Human Preload 25N Vector in line with anchor Failure mode

Louisville Revo Bone density 25 cycles 25-50N @0.2 Hz insertion

USA 25N load increase every 25 cycles

Ranawat Bioknotless Fresh Frozen | N=16 MTS Adelaide Testing Machine Anchor insertion angle unknown | Load to failure

(2011) Mitek Human Preload 5N Vector 30° angle to glenoid Failure mode

Ann Arbor Bio-Suture 100 cycles 20-80N @0.5 mm/sec Stiffness

USA Tak Load to failure 1.25 mm/sec

Gillis Bio Fresh Frozen | N=24 MTS brand not mentioned Anchor insertion angle unknown | Load to failure Camera Motion System

(2012) SutureTak Human 22N compressive load Vector unknown Anterior-posterior translation

Baltimore Anterior-Posterior 10N load @0.1

USA mm/sec

Load to failure 0.1 mm/sec

Mazzocca SutureTac, Fresh Frozen | N=12 MTS Systems Eden Prairie Anchor angle unknown Failure mode

(2012) JuggerKnot Human Preconditioning 10 cycle 1 Hz 0-1-N Vector antero-inferior Load to failure

Farmington 10N preload Stiffness

USA Load to failure 3 mm/min Load at 2 mm displacement
Absorbed energy

Kamath Mitek Lupine | Fresh Frozen N=20 MTS Instron Anchor insertion angle unknown | Load to failure,

(2012) Human Preconditioning 10 cycles 1Hz 0-30N Vector perpendicular to glenoid Stiffness

Chapel Hill Reset to 10N preload Displacement @ failure

USA Load to failure @0.33 mm/sec Load @ 2 mm displacement,
Energy @ failure
Energy @2mm displacement

Dwyer Yknot, Bio Bovine tibia =8 MTS Instron Anchor insertion angle unknown | Failure mode

(2013) Mini-Revo Fresh Frozen =8 Preload 10 N Vector in line with anchor Stiffness

Toronto Human Load to failure 10 mm/min

Canada Displacement @ 50N

Lim BioSutureTak | Fresh Frozen | N=12 MTS Instron Anchor insertion angle Load to failure

(2013) Human Preload 10N perpendicular Stiffness

Seoul 500 cycles 10-60N @1Hz Vector orthogonal to glenoid Yield load

Korea

Martetschlacger Bio Pushlock | Fresh Frozen | N=18 MTS Instron Anchor insertion angle unknown | Load to failure

(2013) Human Preload 5N for 2 min Vector antero-inferior Failure mode

Vail Bone density 100 cycles 5-25N at 1Hz Stiffness

USA Load to failure 5 mm/min Maximum load @ 2 mm
displacement
Energy

Frank BioRaptor Fresh Frozen | N=30 MTS Systems Eden Prairie Anchor insertion angle unknown | Load to failure

(2014) Human Preload 10N Vector 45° antero-inferior Failure mode

Chicago Bone density 250 cycles 10-60N @1Hz

USA Load to failure 12.5 mm/sec

Hanna Corkscrew Fresh Frozen | N=20 MTS Systems Eden Prairie Anchor insertion angle unknown | Load to failure

(2015) Human Preload 5N Vector antero-inferior Peak contact pressure

DetroiUSA Load to failure 15mm/min Mean contact pressure
Contact area

McDonald Bio Fresh Frozen | N=12 MTS Systems Eden Prairie Anchor insertion angle unknown | Load to failure
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(2016) SutureTak Human Preconditioning with cyclic loading 1-2 | Humeral head translation Stiffness

Irvine mm for 10 cycles anterior Energy and deformation @

USA Load to failure 60 mm/min Yield load, Energy and

deformation @ ultimate load

Judson Bio Suturtak | Fresh Frozen | N=22 MTS Systems Corp Anchor insertion angle unknown | Load to failure Digital video tracking

(2016) Human Preload 5N for 5 minutes Vector ant-inf 0° from the system

Farmington Bone density Cyclic loading 100 cycles 5-25N @ 1Hz | glenoid surface Tracking markers on

USA Load to failure @ 15 mm/min glenoid and capsule,
manual caliper
measures

Ericksson Juggerknot, Fresh Frozen N=20 MTS Instron Anchor angle 45° Load to failure

(2017) Bioraptor Human Preload 5 mm at 1N/sec Vector in line with anchor Load to 2 mm displacement

New Brunswick Bone density 25 cycles 5-25N at 15 mm/min

USA Load to failure at 15 mm/min

Judson Bio- Fresh Frozen | N=24 MTS Systems Corp Anchor angle 135° Load to failure Digital video tracking

(2017) SutureTak Human Preload 5N for 5 minutes Vector in line with glenoid Failure mode system

Farmington Cyclic loading 100 cycles 5-25N @ 1Hz | antero-inferior Stiffness Tracking markers on

USA Load to failure @ 15 mm/min Gap formation glenoid and capsule,

Displacement after 100 cycles | manual caliper

measures

Kramer Juggerknot Fresh Frozen N=12 MTS Instron Anchor 45° to glenoid Load to failure

(2018) Human 5N Preload Vector unknown Stiffness

San Francisco Load to failure 12.5 mm/sec

USA

Ntalos Yknot, Fresh Frozen | N=10 MTS Systems Eden Prairie Anchor angle unknown Load to failure Video Analysis

(2019) CrossFT Human Preload 20N Vector perpendicular to anchor Stiffness Frames/sec unknown

Hamburg Bone density Cyclic loading from 50N increase by insertion Number of cycles

Germany 0.05N at each cycle at 1 Hz until failure Gap Displacement

Ruder Suturefix Fresh Frozen | N=28 MTS Systems Eden Prairie Anchor insertion 30° relative to | Load to failure

(2019) Ultra Human Preload 10N @1N/sec for 5 sec glenoid surface Failure mode

Charlotte Iconix 1 200 cycles 10-60N @1 Hz Vector unknown Displacement @ 100+200

USA Q-Fix Load to failure @ 33mm/s cycles

JuggerKnot

Lacheta FiberTak Fresh Frozen N=30 MTS Instron Anchor angle unknown Load to failure Surface markers Optical

(2020) Human Preconditioning with cyclic loading at 5- | Vector in line with glenoid Stiffness measures

Vail 15N for 10 cycles Strain @ 200 N Video Analysis 1Hz

USA Load to failure 5 mm/min

Giilecyiiz Pushlock Fresh Frozen | N=7 MTS Zwick Anchor angle unknown Load to failure

(2020) Human Preload 25N Vector 90° to glenoid surface Failure mode

Munich Bone density 25 cycles @20mm/min @25 N Maximum displacement

Germany increased by 25 N every 25 cycles until

failure
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Table 4: Risk of Bias Assessment with the ROBINS-I tool

Bias Due to Bias in Bias in Bias due to Bias due to Bias in Bias in selection of Overall risk of bias
Confounding selecting of classification | deviations missing data measurement | the reported result
participants of from of outcomes
interventions intervention

Leedle 2005 Low Serious Low Moderate Low Moderate Low Serious
Denard 2009 Low Low Low Low Low Moderate Low Moderate
Barber 2016 Low Low Low Moderate Low Low Low Moderate
Godry 2020 Low Low Low Moderate Low Low Low Moderate
Di Raimondo 2004 Low Serious Low Moderate Low Moderate Low Serious
Domb 2007 Low Serious Low Low Low Moderate Low Serious
Morgan 2008 Low Serious Low Low Low Moderate Low Serious
Yoo 2008 Low Serious Low Low Low Moderate Low Serious
Baldini 2009 Low Serious Low Low Low Low Low Serious
Sileo 2009 Low Serious Low Low Low Moderate Low Serious
Uggen 2009 Low Serious Low Low Low Moderate Low Serious
Grieshober 2019 Low Serious Low Serious Low Low Low Serious
Nolte 2020 Low Serious Low Low Low Moderate Low Serious
Hecker 1993 Low Low Critical Low Low Low Low Critical
Klein 1995 Moderate Critical Critical Low Low Moderate Low Critical
Wetzler 1996 Low Serious Critical Low Low Moderate Low Critical
Mohammed 1998 Low Serious Critical Low Moderate Moderate Low Critical
Roth 1998 Low Serious Low Moderate Low Moderate Low Serious
Zumstein 2004 Low Serious Low Low Low Low Low Serious
Mueller 2005 Low Low Moderate Moderate Low Moderate Low Moderate
Provencher 2008 Low Low Low Low Low Low Low Low
Nho 2010 Low Low Low Moderate Low Moderate Low Moderate
Sparks 2010 Low Low Low Low Low Low Low Low
Ranawat 2011 Low Serious Low Low Low Low Low Serious
Gillis 2012 Low Serious Moderate Moderate Low Moderate Low Serious
Mazzocca 2012 Low Serious Moderate Moderate Low Moderate Low Serious
Kamath 2012 Low Serious Moderate Moderate Low Moderate Low Serious
Dwyer 2013 Moderate Serious Low Moderate Low Moderate Low Serious
Lim 2013 Low Serious Low Moderate Low Moderate Low Serious
Martetschlaeger 2013 Low Low Moderate Moderate Low Moderate Low Moderate
Frank 2014 Low Low Low Moderate Low Moderate Low Moderate
Hanna 2015 Low Serious Low Moderate Low Moderate Low Serious
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Mc Donald 2016 Low Serious Low Moderate Low Moderate Low Serious
Judson 2016 Low Low Low Moderate Low Moderate Low Moderate
Ericksson 2017 Low Low Moderate Low Low Moderate Low Moderate
Judson 2017 Low Serious Moderate Low Low Moderate Low Serious
Kramer 2018 Low Serious Low Moderate Low Moderate Low Serious
Ntalos 2019 Low Low Moderate Moderate Low Moderate Low Moderate
Ruder 2019 Low Serious Moderate Low Low Moderate Low Serious
Laccheta 2020 Low Low Moderate Moderate Low Moderate Low Moderate
Giilecytiz 2020 Low Low Moderate Moderate Low Low Low Moderate
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Table 5: Study quality of the included studies assessed with the QUACS scale

Objective | Basic Applied Study Education | Findings | Results Statistical | Details Photographs | Study Clinical Limitations | Quality
Stated Information | methods are reports of are presented | methods about included discussed | implications | are

about described condition | dissecting | observed | thoroughly | appropriate | consistency within are addressed

sample is comprehensively | of the researcher | by more and of findings context discussed

included examined | is stated than one precise are given of

specimens researcher current
evidence

Leedle 2005 yes yes no no no no yes yes yes yes no yes no Low
Denard 2009 yes yes yes yes yes yes yes yes yes yes yes yes yes High
Barber 2016 yes yes yes yes no yes yes yes yes yes yes yes yes High
Godry 2020 yes yes yes no no yes no yes no yes yes no yes Moderate
Di Raimondo 2004 yes yes yes no no yes yes yes yes yes yes no yes Good
Domb 2007 yes yes yes no no yes yes yes yes yes yes yes yes Good
Morgan 2008 yes yes yes no no yes yes yes yes no yes yes yes Good
Yoo 2008 yes yes yes no no yes yes yes yes yes yes no yes Good
Baldini 2009 yes yes yes no no yes yes no yes yes yes no yes Moderate
Sileo 2009 yes yes yes no no yes yes yes yes yes yes no yes Good
Uggen 2009 yes yes yes no no yes yes yes yes yes yes yes yes Good
Grieshober 2019 yes yes yes no yes yes yes yes yes yes yes yes yes High
Nolte 2020
Hecker 1993 yes no yes no no yes yes yes yes no yes no no Low
Klein 1995 yes no yes no no yes yes no no no no no no Very Low
Wetzler 1996 yes yes yes no no yes yes yes yes yes yes yes yes Good
Mohammed 1998 yes yes yes no no yes yes yes yes yes yes no yes Good
Roth 1998 yes yes yes no no yes yes no yes no no yes yes Moderate
Zumstein 2004 yes no yes no no yes yes no no no no no yes Very low
Mueller 2005 yes yes yes no no yes yes yes yes yes yes yes yes Good
Provencher 2008 yes yes yes no no yes yes yes yes yes yes yes yes Good
Nho 2010 yes yes yes no no yes yes yes yes yes yes yes yes Good
Sparks 2010 yes yes yes no no yes yes yes yes yes yes yes yes Good
Ranawat 2011 yes no yes no no yes yes yes yes yes yes no yes Moderate
Gillis 2012 yes yes yes no no yes yes yes yes yes yes yes yes Good
Mazzocca 2012 yes yes yes no no yes yes yes yes yes yes yes yes Good
Kamath 2012 yes yes yes no no yes yes yes yes yes yes no yes Good
Dwyer 2013 yes no yes no no yes yes yes yes yes yes no yes Moderate
Lim 2013 yes yes yes no no yes yes yes yes yes yes yes yes Good
Martetschlaeger 2013 yes yes yes no no yes yes yes yes yes yes yes yes Good
Frank 2014 yes yes yes o o ves yes yes yes yes yes yes yes Good
Hanna 2015 yes no yes no no yes yes yes yes yes yes yes no Moderate
Mc Donald 2016 yes yes yes no no yes yes yes yes yes yes no yes Moderate
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Judson 2016 yes yes yes yes no yes yes yes yes yes yes yes yes High
Ericksson 2017 yes yes yes yes no yes yes yes yes yes yes yes yes High
Judson 2017 yes yes yes yes no yes yes yes yes yes yes yes yes High
Kramer 2018 yes yes yes yes no no yes yes yes yes yes no yes Good
Ntalos 2019 yes yes yes no no no yes no no yes yes no yes Low
Ruder 2019 yes no yes no no no yes yes yes yes yes yes yes Moderate
Lacheta 2020 yes yes yes no no no yes yes yes yes yes yes yes Good
Giilecyiiz 2020 yes yes yes yes no no yes yes yes yes yes yes yes Good
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