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Biomechanical Comparison of 3 Suture Anchor Configurations
for Repair of Type II SLAP Lesions

Benjamin G. Domb, M.D., John R. Ehteshami, M.D., Michael K. Shindle, M.D.,
Lawrence Gulotta, M.D., Mohamad Zoghi-Moghadam, Ph.D., John D. MacGillivray, M.D.,

and David W. Altchek, M.D.

Purpose: Our purpose was to compare 3 commonly used suture anchor configurations for repair of
type II SLAP lesions. Methods: Biomechanical testing was performed on 3 groups of 7 cadaveric
shoulders by use of an optical linear strain measurement system. Standardized type II SLAP lesions
were created and repaired via 3 suture anchor configurations: (1) a single simple suture anterior to
the biceps; (2) two simple sutures, one anterior and one posterior to the biceps; and (3) a single
mattress suture through the biceps anchor. Cyclic traction was applied to the biceps tendon, and strain
failure (defined as 2 mm of permanent displacement), yield, and pullout loads were measured.
Results: The mean load to strain failure was 63 N in group 1, 70 N in group 2, and 106 N in group
3. The mean load to ultimate failure was 140 N in group 1, 194 N in group 2, and 194 N in group
3. Strain failure load was significantly higher in the mattress suture group than in either of the other
two groups (P � .05). Groups 2 and 3 both had a significantly higher load to ultimate failure than
group 1. Conclusions: When type II SLAP lesions were subjected to cyclic traction, the load to strain
failure was greater with a single anchor and mattress suture than with one or two anchors with simple
sutures around the labrum. Fixation with two simple sutures appears to provide intermediate load to
strain failure. Clinical Relevance: The results of this study suggest that a single anchor with a
mattress suture may be a biomechanically advantageous construct for the repair of type II SLAP
lesions. Key Words: SLAP—Labrum—Repair—Biomechanics—Shoulder—Arthroscopy.
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njuries to the superior aspect of the glenoid labrum
near the insertion of the long head of the biceps are

he source of significant disability to patients, specif-
cally the overhead-throwing athlete.1-3 Andrews
t al.4 first described this lesion in 1985 and hypoth-
sized that the biceps tendon acted to “pull off” of the
abrum during the deceleration phase of throwing. In
990 Snyder et al.3 named these injuries SLAP lesions
nd classified them into 4 types. The most commonly
eported was a type II lesion, in which the superior
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abrum and the biceps anchor were avulsed off of the
lenoid.
Surgical repair of symptomatic type II SLAP le-

ions has become the standard of care. Many authors
ave reported favorable results using suture anchors or
ioabsorbable tissue tacks as a means to fix the labrum
o the glenoid.1-3,5-12 Although a variety of techniques
nd suture configurations have been described, biome-
hanical data comparing the initial strength of the
arious repairs are sparse. DiRaimondo et al.8 com-
ared the initial strength of repair of type II lesions
ith 2 suture anchor configurations (2 simple sutures
2 mattress sutures, both through the labrum) and 1

issue tack. They found that the 2 suture anchor con-
gurations were equivalent and both provided better
xation as compared with the tissue tack, although

his difference did not reach statistical significance.
anossian et al.13 showed that glenohumeral transla-
ion is increased by creation of a SLAP lesion and is
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136 B. G. DOMB ET AL.
ecreased by repair of the lesion, but they used only 1
epair technique. Although this study provides useful
nformation, there is no conclusive evidence to sup-
ort any one repair technique.
The purpose of this biomechanical study is to com-

are the initial fixation strengths for 3 suture anchor
onfigurations in the repair of type II SLAP lesions.

METHODS

adaver Preparation

Twenty-one fresh-frozen cadaveric shoulders were
btained. All donors were men aged under 65 years
mean age, 57.4 years) with no history of shoulder
njury or surgery. After thawing of the specimens at
oom temperature, soft tissues were dissected off of
he shoulders, sparing the biceps tendon and glenoid
abrum. The humerus was disarticulated from the gle-
oid. The biceps tendon and anchor, as well as the
lenoid labrum, were inspected to ensure that all were
ntact. The scapula was potted in resin and rigidly
ounted to a metal frame with 4 bolts. Standardized

ype II SLAP lesions were created according to the
rotocol used by DiRaimondo et al.8 The lesions were
reated by sharp dissection 5 mm medial to the gle-
oid rim and extended 7 mm from the anterior and
osterior borders of the biceps tendon. The bone den-
ity of the specimens was not tested because pullout of
he anchor from the bone was not expected to be the
ode of failure.

epair Techniques

The cadaveric shoulders were divided into 3 groups
y random assignment. All repairs were performed
ith Arthrex 3-mm Bio-SutureTak absorbable suture

nchors, loaded with No. 2 FiberWire (Arthrex, Na-
les, FL). Holes were predrilled in the glenoid rim at
45° angle to the glenoid face by use of the notched

rill guide, and the anchors were impacted to the
ecommended depth. This technique simulated the
echnique of anchor insertion through an anterior por-
al. All sutures were tied with 6 sliding half-hitches by
se of a knot pusher and standard arthroscopic knot-
ying technique.

In group 1 a single suture anchor was placed at the
nterior border of the biceps tendon. A simple knot
as tied by passing one limb of the suture over the

abrum and tying the knot over the top of the labrum

Fig 1). c
In group 2 two suture anchors were placed, one at
he anterior border and one at the posterior border of
he biceps tendon. A simple suture was tied around the
abrum from each anchor (Fig 2).

In group 3 a single suture anchor was placed di-
ectly medial to the biceps tendon, and a horizontal
attress stitch was tied over the top of the biceps

nchor in the following manner. A spinal needle was
sed to penetrate the biceps anchor 1 mm anterior to
he posterior border of the tendon. A No. 3 Prolene
uture (Ethicon, Somerville, NJ) was passed through
he spinal needle, and the needle was withdrawn. The
rolene suture was tied to one limb of suture from the
uture anchor and was used to pull the limb through
he biceps anchor from inferior to superior. The same
rocedure was repeated for the second suture limb,
assing it through the biceps anchor 1 mm posterior to
he anterior border of the tendon. The two sutures
ere then tied over the top of the biceps anchor,

ompleting the horizontal mattress suture (Fig 3). This
imulated our arthroscopic technique in which the
pinal needle is placed through the site of the portal of
eviaser and directed through the biceps anchor. The

pinal needle is used to pass the shuttle suture through
he labrum, which is then retrieved through the ante-
ior portal and used to pass the suture from the anchor.

iomechanical Testing

The scapula was potted in resin and mounted on a

FIGURE 1. Single simple suture (group 1).
ustom-made linear displacement platform (Parker
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137REPAIR OF TYPE II SLAP LESIONS
04XL). The biceps tendon was cut 4 cm from the
abrum, and the free end of the tendon was sand-
iched between two 1-cm2 strips of sandpaper by use
f Krazy Glue (Elmer’s Products, Columbus, OH).
his end was clamped to a 500-N load cell (ML-100T;
ransducer Techniques, Temecula, CA). A 7-mm
emispheric optical marker was placed in the superior
lenoid bone, 10 mm medial to the glenoid rim. A
econd marker was placed in the biceps tendon ap-
roximately 25 mm from the glenoid marker. An
ptical linear strain measurement system (I-MAQ Vi-
ion; National Instruments, Austin, TX) positioned
bove the shoulder was used to measure the displace-
ent of the biceps tendon–anchor complex from the

lenoid bone (Fig 4).
The testing method was based on the protocol of
iRaimondo et al.8 A traction load was applied to the
iceps tendon in a linear fashion under displacement
ontrol at an angle perpendicular to the glenoid face.

10-N preload was initially applied. Specimens were
yclically loaded with the target load beginning at 20

and increasing by 10-N increments with each cycle.

IGURE 2. Two suture anchors with simple sutures tied around
abrum (group 2).
etween cycles, the traction was returned to the base-
F
t

ine load of 10 N for 20 seconds. Testing was halted
hen a peak load of 200 N was reached or when the

oft tissues or implants failed. The testing control
ystem including collection of displacement and load
ata was performed with LabVIEW software (version
.0; National Instruments). Testing was performed on
he intact specimens and after creation and repair of
he SLAP lesion.

utcome Measures

Strain failure was defined as 2 mm of permanent
isplacement of the biceps anchor–labrum complex
IGURE 3. Single suture anchor with horizontal mattress suture
hrough biceps anchor (group 3).
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138 B. G. DOMB ET AL.
fter returning to the baseline load after completion
f a cycle. Ultimate failure was defined as the
aximum load tolerated before the implant broke or

ulled out or the labrum or biceps anchor tore.
tiffness was defined as the force per unit displace-
ent. The stiffness of the repaired specimen was
easured as a percentage of the stiffness of the

ntact specimen.

tatistical Analysis

Power analysis was performed before the study was
egun based on the results of DiRaimondo et al.8 in
heir comparison of screw-in anchors and tacks. On
he basis of an � of .05 and desired power of greater
han 0.80, we chose to include 7 specimens per group.

second power analysis was performed based on
he results of the first 4 specimens in each group. On
he basis of this sample, it was calculated that a
ample size of 6 per group would yield a power of
.87. The study was therefore continued with the
riginal sample size of 7 per group. Results were
ompared by use of the unpaired 2-tailed t test, with

n � of .05.
RESULTS

The mean load to strain failure was 63 N in group
, 70 N in group 2, and 106 N in group 3. The strain
ailure load was significantly higher in the mattress
roup than in either of the other two groups (P � .05).
he mean load to ultimate failure was 140 N in group
, 194 N in group 2, and 194 N in group 3. Groups 2
nd 3 both had a significantly higher load to ultimate
ailure than group 1. These results are shown in Fig 5.
ll failures involved pullout of the suture from within

he anchor.

FIGURE 4. Testing apparatus.
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FIGURE 5. Load to strain failure and ultimate failure.
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139REPAIR OF TYPE II SLAP LESIONS
The stiffness of the repaired specimens as a per-
entage of the stiffness of the intact specimens was
7% for a single simple suture, 26% for two simple
utures, and 29% for a single mattress suture. The
tiffness for the mattress suture was significantly
reater than that for the single simple suture (P � .05).
he other differences were not significant. These re-
ults are shown in Fig 6.

DISCUSSION

Arthroscopic repair of symptomatic type II SLAP
esions provides consistently good clinical results and
as become the standard of care.1-3,5-12 A variety of
echniques and suture configurations have been de-
cribed, but biomechanical data supporting the use of
ne over another are lacking.1,9,12,14-24 In this study the
nitial repair strengths of three suture configurations
ere compared. A single suture anchor in a mattress

onfiguration over the biceps anchor was found to
ithstand a higher load to strain failure than either of

he other two suture configurations.
Incorporating the biceps anchor in the fixation of

ype II SLAP lesions is a logical option because it
irectly addresses the pathophysiology of the lesion.
n type II SLAP lesions the long head of the biceps
endon and the superior labrum are detached from the
nsertion on the superior glenoid. Biomechanical stud-
es have shown that the long head of the biceps tendon
cts to depress the humeral head, limit shoulder ex-
ernal rotation, and confer anterior stability of the
lenohumeral joint.25,26 When this complex is dis-
upted, the shoulder is allowed to go into extreme
xternal rotation, putting undo stress on the inferior
lenohumeral ligament. This can eventually lead to
ubtle instability and continued pain. This phenome-
on is believed to be the reason why nonoperative
anagement and simple debridement of these lesions

ead to poor clinical results.27

To our knowledge, there is only one previous study
hat has specifically investigated the initial fixation
trength of type II SLAP lesions with suture anchors.8

his study compared the fixation strength of two su-
ure anchors in a simple configuration on either side of
he biceps anchor (group 1), two anchors each fixed in

mattress suture configuration (group 2), and a bio-
bsorbable tissue tack (group 3). The mattress sutures
id not incorporate the biceps anchor; instead, they
ere adjacent to it. The authors found that the suture

nchors were slightly stronger than the tissue tack, but
hey found no difference between the simple and

attress sutures. In their study the mean load to repair

F
s

ailure was 123 N in group 1, 114 N in group 2, and
5 N in group 3. The mean load to ultimate failure was
63 N, 161 N, and 145 N, respectively. In our study
he mean load to repair failure for the mattress con-
guration incorporating the biceps anchor was 106 N,
hereas the mean load to ultimate failure was 194 N.
s in our study, the previous authors also made the
bservation that all specimens failed at the glenoid-
abrum interface just below the biceps anchor.

In an effort to give context to our findings, we used
he testing protocol previously described by DiRai-
ondo et al.8 The same parameters were used with

egard to the model, the direction of applied traction,
he rate at which load was applied, the starting load
nd maximum loads, the parameters that define fail-
re, and the method to determine displacement. Our
esting apparatus comprised a custom-designed uniax-
al testing system in which traction on the long head of
he biceps is applied through a load cell attached to a
inear bearing, which allows alignment of the tendon
n the direction of the pull. The previous study used a
ervohydraulic testing machine. In our study the
arkers were placed on the superior side of the gle-

oid-labrum complex, whereas in the previous study
hey were placed on the inferior side. It is unknown
hat difference, if any, this may cause.
Several limitations are inherent in this study. First,

he open nature of our cadaveric model allowed direct
isualization for ideal placement of the suture anchor
nto the glenoid and facilitated placing, passing, and
ying of the sutures. These tasks can be quite chal-
enging when performed arthroscopically, and differ-
nces in surgeon skill and experience may limit the
eneralizability of the findings presented in this study.
he surgical technique for placement of a mattress
uture through the biceps anchor has been described
y Mileski and Snyder.9

Second, the manner in which the biceps anchor was
oaded may not accurately reflect the strains seen in
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IGURE 6. Stiffness of repaired specimens as a percentage of
tiffness of intact specimens.
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140 B. G. DOMB ET AL.
ivo. Our study only examined forces directed in one
irection, 90° perpendicular to the face of the glenoid.
lthough this provided a simple model in which to

ompare many samples, it does not reflect the com-
lex range of motion to which the shoulder is sub-
ected. Further studies may be warranted to evaluate
he strength of the repair with the shoulder in various
ositions.
Finally, this study was performed in vitro with

uman cadavers and may not accurately resemble the
iologic environment seen in vivo. As with any or-
hopaedic implant, fixation of the labrum to the gle-
oid with suture anchors is a temporizing procedure
ntil the tissue heals. The cadaveric model does not
ccount for the role of healing in the strength of the
epair. It is possible that certain suture configurations
ay result in strangulation of the tissue and inhibit

ealing. However, the vascular region of the labrum is
t the periphery, so placement of sutures at the mid-
ortion should not disrupt blood flow.28 In addition,
adavers are generally older than patients undergoing
LAP repairs, and therefore there may be differences

n tissue quality.

CONCLUSIONS

When type II SLAP lesions were subjected to cyclic
raction, the load to strain failure was greater with a
ingle anchor and mattress suture than with one or two
nchors with simple sutures around the labrum. Fixa-
ion with two simple sutures appears to provide inter-
ediate load to strain failure.

REFERENCES

1. Gartsman GM, Hammerman SM. Superior labrum anterior
posterior lesions: When and how to treat. Clin Sports Med
2000;19:115-124.

2. Handelberg F, Willems S, Shahabpour M, Huskin JP, Kuta J.
SLAP lesions: A retrospective multicenter study. Arthroscopy
1998;14:856-862.

3. Snyder SJ, Karzel PR, Del Pizzo W, Ferkel RD, Friedman MJ.
SLAP lesions of the shoulder. Arthroscopy 1990;6:274-279.

4. Andrews JR, Carson WJ Jr, McLeod WD. Glenoid labrum
tears related to the long head of the biceps. Am J Sports Med
1985;13:337-341.

5. Arciero RA, Taylor DC, Snyder RJ, Uhorchak JM. Arthro-
scopic bioabsorbable tack stabilization of initial anterior shoul-
der dislocation: A preliminary report. Arthroscopy 1995;11:
410-417.

6. Barber FA, Herbert MA, Click JN. Internal fixation strength of

suture anchors—Update 1997. Arthroscopy 1997;13:355-362.

7. Craft DV, Moseley JB, Cawley PW, Noble PC. Fixation strength of
rotator cuff repairs with suture anchors and the transosseous suture
technique. J Shoulder Elbow Surg 1996;5:32-40.

8. 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;32:727-733.

9. Mileski RA, Snyder SJ. Superior labral lesions in the shoulder:
Pathoanatomy and surgical management. J Am Acad Orthop
Surg 1998;6:121-131.

0. Rames RD, Karsel RP. Injuries to the glenoid labrum, includ-
ing SLAP lesions. Orthop Clin N Am 1993;24:45-53.

1. Shall LM, Cawley PW. Soft tissue reconstruction in the shoul-
der: Comparison of suture anchors, absorbable staples, and
absorbable tacks. Am J Sports Med 1994;22:715-718.

2. Snyder SJ, Banas MP, Karzel RP. An analysis of 140 injuries
to the superior glenoid labrum. J Shoulder Elbow Surg 1995;
4:243-248.

3. Panossian VR, Mihata T, Tibone JE, Fitzpatrick MJ, McGarry
MH, Lee TQ. Biomechanical analysis of isolated type II SLAP
lesions and repair. J Shoulder Elbow Surg 2005;14:529-534.

4. Lo IK, Burkhart SS. Triple labral lesions: Pathology and
surgical repair technique—Report of seven cases. Arthroscopy
2005;21:186-193.

5. Nord KD, Masterson JP, Mauck BM. Superior labrum anterior
posterior (SLAP) repair using the Neviaser portal. Arthroscopy
2004;20:129-133.

6. Yian E, Wang C, Millet PJ, Warner JJ. Arthroscopic repair of
SLAP lesions with a bioknotless suture anchor. Arthroscopy
2004;20:547-551.

7. Kartus J, Kartus C, Brownlow H, Burrow G, Perko M. Repair of
type-2 SLAP lesions using Corkscrew anchors. A preliminary report.
Knee Surg Sports Traumatol Arthrosc 2004;12:229-234.

8. O’Brien SJ, Allen AA, Coleman SH, Drakos MC. The trans-
rotator cuff approach to SLAP lesions: Technical aspects for
repair and a clinical follow-up of 31 patients at a minimum of
2 years. Arthroscopy 2002;18:372-377.

9. Burkhart SS, Morgan C. SLAP lesions in the overhead athlete.
Orthop Clin North Am 2001;32:431-441.

0. Samani JE, Martson SB, Buss DD. Arthroscopic stabilization
of type II SLAP lesions using an absorbable tack. Arthroscopy
2001;17:19-24.

1. Segmuller HE, Hayes MG, Saies AD. Arthroscopic repair
of glenolabral injuries with an absorbable fixation device.
J Shoulder Elbow Surg 1997;6:383-392.

2. Yoneda M, Hirooka A, Saito S, Yamamoto T, Ochi T, Shino
K. Arthroscopic stapling for detached superior glenoid labrum.
J Bone Joint Surg Br 1991;73:746-750.

3. Field LD, Savoie FH. Arthroscopic suture repair of superior
labral detachment lesions of the shoulder. Am J Sports Med
1993;21:783-790.

4. Fleega BA. Overlap endoscopic SLAP lesion repair. Arthros-
copy 1999;15:796-798.

5. Itoi E, Kuechie DK, Newman SR, Morrey BF, An KN. Sta-
bilizing function of the biceps in stable and unstable shoulders.
J Bone Joint Surg Br 1993;75:546-550.

6. Rodosky MW, Harner CD, Fu FH. The role of the long head of the
biceps muscle and superior labrum in anterior stability of the shoul-
der. Am J Sports Med 1994;22:121-130.

7. Burkhart SS, Morgan C. The peel-back mechanism: Its role in
producing and extending posterior type II SLAP lesions and its effect
on SLAP repair rehabilitation. Arthroscopy 1998;14:637-640.

8. Cooper DE, Arnoczky SD, O’Brien SJ, Warren RF, Di-
Carlo E, Allen AA. Anatomy, histology and vascularity
of the glenoid labrum. J Bone Joint Surg Am 1992;74:

46-52.


	Biomechanical Comparison of 3 Suture Anchor Configurations for Repair of Type II SLAP Lesions
	METHODS
	Cadaver Preparation
	Repair Techniques
	Biomechanical Testing
	Outcome Measures
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


