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Article focus
 � This study evaluated the mechanical per-

formance, under low-load cyclic loading, 
of different knotless suture anchor designs: 
sutures completely internal to the anchor 
body (e.g. SpeedScrew, ArthroCare Corp., 
Austin, Texas) and sutures external to 
the anchor body and adjacent to bone 
(e.g. MultiFIX P, ArthroCare).

 � Mechanical performance of knotless 
suture anchors that have sutures external 

to the anchor body was hypothesised to 
be inferior to that of anchors with sutures 
completely internal to the anchor body.

 � Mechanical performance of knotless 
suture anchors that have sutures exter-
nal to the anchor body was hypothe-
sised to be affected by bone quality.

Key messages
 � Anchors that had sutures external to  

the anchor body exhibited inferior 

Knotless anchors with sutures external 
to the anchor body may be at risk for 
suture cutting through osteopenic bone

Objectives
This study evaluated the mechanical performance, under low-load cyclic loading, of two 
different knotless suture anchor designs: sutures completely internal to the anchor body 
(speedscrew) and sutures external to the anchor body and adjacent to bone (MultiFIX p).

Methods
Using standard suture loops pulled in-line with the rotator cuff (approximately 60°), anchors 
were tested in cadaveric bone and foam blocks representing normal to osteopenic bone. 
Mechanical testing included preloading to 10 n and cyclic loading for 500 cycles from  
10 n to 60 n at 60 mm/min. The parameters evaluated were initial displacement, cyclic 
displacement and number of cycles and load at 3 mm displacement relative to preload. 
Video recording throughout testing documented the predominant source of suture  
displacement and the distance of ‘suture cutting through bone’.

Results
In cadaveric bone and foam blocks, MultiFIX p anchors had significantly greater initial 
displacement, and lower number of cycles and lower load at 3 mm displacement than 
speedscrew anchors. Video analysis revealed ‘suture cutting through bone’ as the pre-
dominant source of suture displacement in cadaveric bone (qualitative) and greater 
‘suture cutting through bone’ comparing MultiFIX p with speedscrew anchors in foam 
blocks (quantitative). The greater suture displacement in MultiFIX p anchors was pre-
dominantly from suture cutting through bone, which was enhanced in an osteopenic 
bone model.

Conclusions
Anchors with sutures external to the anchor body are at risk for suture cutting through bone 
since the suture eyelet is at the distal tip of the implant and the suture directly abrades 
against the bone edge during cyclic loading. suture cutting through bone may be a signifi-
cant source of fixation failure, particularly in osteopenic bone.
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mechanical performance compared with anchors that 
had sutures completely internal to the anchor body.

 � Suture cutting through bone was more pronounced 
throughout cyclic loading in anchors that had sutures 
external to the anchor body compared with anchors 
that had sutures completely internal to the anchor body.

 � Anchors with sutures external to the anchor body and 
directly against bone are at risk for suture cutting 
through bone particularly in patients with osteo penic 
bone.

Strengths and limitations
 � Mechanical performance of knotless suture anchors 

was evaluated in cadaveric bone and three foam blocks 
representing bone quality from normal to osteopenic.

 � ‘Suture cutting through bone’ was evaluated using 
video recordings of mechanical tests.

 � Bone quality of cadaveric bone was not measured 
quantitatively.

Introduction
Rotator cuff tears are the most common cause of pain in 
the adult shoulder. The prevalence of rotator cuff tears 
increases with age and over half of the population older 
than 60 years are reported to have some degree of rotator 
cuff tearing even in shoulders without symptoms.1 
Surgical repair of torn rotator cuff tendons is currently an 
option for individuals who have failed conservative 
treatment. While the clinical results are relatively success-
ful, re-tear rates following rotator cuff repair have been 
reported to be as high as 10% to 90%.2 In addition, 
patients older than 60 years have lower healing rates than 
younger patients due to a multitude of factors.3 Poor bio-
logical healing potential may be an important factor in 
older patients. However, failure of mechanical fixation 
may also be a critical factor and can be directly influenced 
by the surgeon. In this elderly population, surgeons are 
faced with not only poor soft-tissue quality but also poor 
bone quality when performing rotator cuff repair.

over the last few decades, surgical procedures for 
rotator cuff tendon fixation to bone have evolved dra-
matically.4 originally, open transosseous techniques 
were the benchmark in rotator cuff repair where sutures 
were passed through bone tunnels and the tendon was 
tied directly onto the greater tuberosity. eventually suture 
anchors were developed which allowed firm fixation of 
sutures to the bone. These ‘traditional’ suture anchors 
had multiple pairs of sutures attached to the anchor, 
which allowed the procedure to be performed arthro-
scopically, but still required the complex surgical task of 
arthroscopic knot tying. With the advent of knotless 
suture anchors,5 various designs were developed with 
different methods of anchor fixation and suture locking 
mechanisms.5-10

Knotless suture anchors can generally be divided into 
two major designs according to the way the sutures are 

handled with respect to the anchor body. Internal knot-
less suture anchors have sutures which are completely 
internal to the anchor body while external knotless suture 
anchors have sutures (on the side of loading) external to 
the anchor body (Fig. 1).11 Furthermore, internal knotless 
suture anchors, e.g. SpeedScrew anchor (ArthroCare 
Corp., Austin, Texas), typically have a suture locking sys-
tem completely internal to the anchor body, whereas the 
external knotless suture anchors, e.g. MultiFIX P anchor 
(ArthroCare), at least partially rely on an interference 
suture locking mechanism between anchor surface and 
bone. Since the suture locking mechanism relies on an 
interference fit between the anchor and bone, our previ-
ous studies have demonstrated that external knotless 
suture anchors may be at risk for loss of tendon fixation 
particularly in osteopenic bone.11

In addition, many of these external knotless suture 
anchor design have a suture eyelet, which is distal on the 
anchor body (Fig. 1). This eyelet position may predispose 
the anchor-suture construct to failure, as under cyclic 
loading, the sutures may abrade against the adjacent 
bone resulting in the suture cutting through bone.

As far as we are aware, no study has demonstrated 
this possible effect of suture cutting through bone and 
compared the difference between the two major anchor 
designs (internal and external), either in experimental  
or clinical settings. understanding possible unfavorable 
effects specific to anchor designs will help surgeons use 
appropriate anchors in rotator cuff repair considering 
variable aspects (e.g., bone quality, type of repair con-
struct, area of anchor placement).

Therefore, the purpose of this study was to evaluate 
the mechanical performance of these two types of knot-
less anchors: sutures completely internal to the anchor 
body and sutures external to the anchor body and 

Fig. 1

Two major designs of knotless suture anchors according to the way the sutures 
are handled with respect to the anchor body: (left) internal knotless suture 
anchor (e.g. SpeedScrew anchor), (right) external knotless suture anchor (e.g. 
MultiFIX P anchor).
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adjacent to bone, in particular focusing on the suture 
cutting through bone. Foam blocks with different densi-
ties were used in addition to cadaveric bones to isolate 
the effect of bone quality. We hypothesised that the 
external knotless suture anchors would demonstrate 
more suture cutting through bone than internal knot-
less suture anchors and that this would be affected by 
bone quality.

Materials and Methods
Knotless suture anchors. Anchors tested were 5.5 mm 
SpeedScrew and 4.5 mm MultiFIX P representing an 
internal and external anchor, respectively. Both anchors 
were tested in human cadaveric humeral heads and foam 
blocks.
Cadaveric bone. In order to simulate the clinical condi-
tion of the shoulder following a rotator cuff repair, eight 
anchors of each design were randomly inserted into the 
tuberosities of six paired cadaveric specimens (46 years 
to 55 years), with a deadman’s angle (i.e. 45°)12 until 
the horizontal laser line was flush to the bone surface. 
All anchors were tested using a standard suture loop 
(40.5 mm length) and pulled in-line with the rotator cuff 
(approximately 60°).

Mechanical tests were performed using a lloyd lRX 
Plus with a 1000 N load cell and NeXYGeN Plus 3.0 soft-
ware (both lloyd Materials Testing, West Sussex, united 
Kingdom). Mechanical testing was preloading and cyclic 
loading. Preloading to 10 N at 60 mm/min was followed 
by holding the preload of 10 N for ten seconds. Cyclic 
loading was 500 cycles from 10 N to 60 N at 60 mm/min.13

The parameters evaluated were the initial displace-
ment from the preload (10 N) to the peak (60 N) of the 
first cycle and the cyclic displacement from the peak of 
the first cycle to the peak of the 500th cycle. In addition, 
the number of cycles and the load at 3 mm displacement 
relative to the preload were determined. If the displace-
ment relative to the preload did not exceed 3 mm after 
500 cycles, then the number of cycles at 3 mm displace-
ment relative to the preload was 500 and the load at 3 
mm displacement relative to the preload was 60 N. video 
recording was used throughout the tests for all the tested 
anchors to document the predominant source of suture 
displacement.
Foam blocks. To evaluate the effect of suture cutting 
through the bone, the two anchors (5.5 mm SpeedScrew, 
4.5 mm MultiFIX P) were further tested in foam blocks 
representing a spectrum of bone quality from normal to 
osteopenic bone (i.e. 20/8, 15/8, 8/8 foam). Individual 
anchors were tested in individual polyurethane foam 
bone blocks (General Plastics Manufacturing Co., 
Tacoma, Washington) where 20/8 foam had a 3 mm 20 
pcf (pounds per cubic foot) layer laminated on a 8 pcf 
block, 15/8 foam had a 3 mm 15 pcf layer laminated on a 
8 pcf block and 8/8 foam was a 8 pcf block. In all, five sam-
ples of each foam and anchor combination were tested. 

To simulate the pull of the rotator cuff, all anchors were 
inserted at an angle of 90° to the foam surface and then 
tested through suture loops (40.5 mm length) pulling at 
60° from the axis of the anchor. The mechanical testing 
protocol and parameter definitions were similar for the 
foam blocks tests and cadaveric bone test as described 
previously. video from a standardised top-down view 
was recorded for all anchors tested in 15/8 foam and 
distances of ‘suture cutting through bone’ were visually 
measured using a ruler with 1 mm increments placed 
beside each individual anchor. video recording was also 
used to document the predominant source of suture 
displacement.
Statistical analysis. In all, four samples were sufficient to 
detect a difference in the means of 1 mm with a standard 
deviation (sd) of 0.5 mm (alpha = 0.05 and power = 0.80; 
STATA 11.0, StataCorp, College Station, Texas). Based 
on this a priori power analysis, groups were allocated 
a minimum of five samples. Data were analysed using 
Kruskal-Wallis tests with Conover post hoc analysis when 
not normally distributed or analysis of variance (ANovA) 
with linear contrasts when normally distributed.

Results
Cadaveric bone. In human bone, all of the SpeedScrew 
and MultiFIX P anchors completed the loading proto-
col. Initial displacement was greater for the MultiFIX P 
anchors than the SpeedScrew anchors (p < 0.05; Fig. 2a).  
Cyclic displacement was greater for the MultiFIX P 
anchors than the SpeedScrew anchors (p < 0.05; Fig. 2b).  
All of the MultiFIX P anchors reached 3 mm of displace-
ment relative to the preload before reaching the peak of 
the first cycle (Fig. 2c). The number of cycles and load at 
3 mm displacement relative to the preload were greater 
for the SpeedScrew anchors than the MultiFIX P anchors 
(p < 0.05; Figs 2c and 2d). Qualitative video analysis 
revealed a large amount of ‘suture cutting through bone’ 
even with the initial cycle, particularly by MultiFIX P 
anchors, whereas SpeedScrew anchors did not show as 
much displacement. Thus, ‘suture cutting through bone’ 
was considered to be the predominant source of suture 
displacement.
Foam blocks. Data from two tests were not analysed due 
to technical errors: one SpeedScrew in 8/8 foam and one 
MultiFIX P in 20/8 foam.

In osteopenic foam (8/8 foam), four out of five 
MultiFIX P anchors failed during cyclic loading by 
anchor pullout; whereas no SpeedScrew anchors 
failed out of four tested (p < 0.05; Fisher’s exact test). 
The initial displacement was greater for MultiFIX P 
anchors compared with SpeedScrew anchors 
(p < 0.05; Fig. 3a) but data for cyclic displacement was 
available for only one MultiFIX P anchor due to the 
anchor failure of the remaining MultiFIX P anchors 
(Fig. 3b). The number of cycles and load at 3 mm dis-
placement relative to the preload were greater for the 
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Mechanical performance of knotless suture anchors in cadaveric bone: a) initial displacement from the preload to the peak of the first cycle; b) cyclic displace-
ment from the peak of the first cycle to the peak of the 500th cycle; c) number of cycles at 3 mm displacement relative to the preload; d) load at 3 mm displace-
ment relative to the preload.*MultiFIX P different than SpeedScrew (p < 0.05; analysis of variance or Kruskal-Wallis tests).

SpeedScrew compared with the MultiFIX P anchors 
(p < 0.05; Figs 3c and 3d).

In 15/8 foam and 20/8 foam, both initial and cyclic 
displacement were greater for MultiFIX P compared with 
SpeedScrew anchors (p < 0.05; Figs 3a and 3b). In 15/8 
foam and 20/8 foam, the number of cycles at 3 mm dis-
placement relative to the preload was greater for the 
SpeedScrew compared with the MultiFIX P anchors 
(p < 0.05; Fig. 3c); however, there was no statistical dif-
ference in the load at 3 mm displacement relative to 
the preload (Fig. 3d).

Comparing the different foams, SpeedScrew anchors 
were not affected by bone quality for any of the four param-
eters evaluated (Fig. 3). MultiFIX P anchors had greater ini-
tial displacement in 8/8 foam compared with both 15/8 and 
20/8 foam (p < 0.05; Fig. 3a). likewise, the number of cycles 
and load at 3 mm displacement relative to the preload were 
less for MultiFIX P anchors in 8/8 foam compared with both 
15/8 and 20/8 foam (p < 0.05; Figs 3c and 3d).

video analysis of the 15/8 foam block tests revealed 
significant ‘suture cutting through bone’ as a predomi-
nant source of suture displacement, especially during ini-
tial cycles (Fig. 4). ‘Suture cutting through bone’ was 
greater for MultiFIX P than SpeedScrew anchors at all of 
the various cycles evaluated (p < 0.05; Fig. 4).

discussion
The current study confirmed our hypothesis that knotless 
suture anchors (where the sutures are external to the anchor 
body) have inferior mechanical performance when com-
pared with anchors where the sutures are completely inter-
nal to the anchor body. This study demonstrated that the 
greater suture displacement in the ‘external’ type anchors 
was predominantly due to ‘suture cutting through bone’, 
which was enhanced in an osteopenic bone model.

There are a number of different factors which are 
important in suture anchor-based constructs for secure 
tendon fixation to bone (e.g. anchor fixation in bone, 

Fig. 2a Fig. 2b

Fig. 2c Fig. 2d
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suture fixation to tendon, knot security, loop security).14 
For example, poor bone quality has been linked with 
decreased pullout strength of suture anchors in cadav-
eric15-18 and foam models.16 Therefore clinically, care 
should be taken when placing anchors in osteopenic 
bone. Similarly, in the current study, the MultiFIX P 
anchors showed more frequent anchor pullout failures  
in earlier cycles in the osteopenic bone model than in  
the healthier bone models, which was consistent with 
Pietschmann et al.8 According to their study, maximum 
failure load decreased when comparing osteopenic 
humeri with healthy humeri for both Swivelock and 
Pushlock anchors, which are both external anchors. 
Although the purpose of the study from Pietschmann et 
al8 was to investigate the effect of bone mineral density  
on anchor-to-bone fixation, their findings led to the 
speculation that anchors with suture-to-anchor fixation 
dependent on interference between anchor and bone 
were affected by bone mineral density. The findings of 
the current study support this previous speculation 

regarding external anchors. Furthermore, our findings 
demonstrate that ‘suture cutting through bone’ was  
the predominant suture displacement for external 
anchors.

While the bone-anchor interface is critical for anchor 
fixation in bone, in external anchors, the bone-anchor 
interface is also critical for suture locking and there-
fore, any compromise to the bone-anchor interface 
may also affect knot security and loop security.14 
Furthermore, in this study we also demonstrated that 
the MultiFIX P anchors had more suture displacement 
and suture cutting through bone at earlier cycles in an 
osteopenic bone model. This tendency was not 
observed with SpeedScrew anchors. Interestingly, this 
mode of failure has previously been described when 
transosseous rotator cuff repair constructs have been 
tested under cyclic loading. The transosseous method 
similarly relies on the lateral bone of the greater tuber-
osity for fixation. under cyclic loading it has been 
shown that the suture can cut through the weak 

Fig. 3a Fig. 3b

Fig. 3c Fig. 3d
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‘Suture cutting through bone’ during cyclic loading of knotless suture anchors in 15/8 foam.*MultiFIX P different than SpeedScrew (p < 0.05; analysis of 
variance). sd, standard deviation.

metaphyseal bone leading to tendon displacement 
and construct failure.19

We believe that the MultiFIX P anchor and, indeed, 
many external knotless anchors of similar design (e.g. 
Pushlock, Swivelock) are predisposed to a similar failure 
mechanism. These external anchors are not only reliant 
on the bone-anchor interface for suture locking, but also 
have a suture eyelet positioned distal on the anchor. 
Therefore, under loading conditions, these designs 
expose the entire suture length against the bone (along 
the medial aspect of the anchor hole) and can lead to 
suture cutting through bone. This is in contrast to the 
SpeedScrew anchor (i.e. internal knotless anchor) where 
the sutures are routed through the internal aspect of the 
anchor. These anchors minimise any suture exposure to 
the bone (along the medial aspect of the anchor hole) 
and, therefore, the effect of suture cutting through the 
bone. Furthermore, the anchor body itself may reinforce 
the medial aspect of the anchor hole and be protective to 
this potentially detrimental effect.

When a suture abrades against the adjacent bone 
(e.g., in external knotless suture anchors), this cannot 
only lead to loss of knot and loop security, but also 
breakage of the surrounding bone and enlargement of 
the anchor hole; this could result in loss of anchor stabil-
ity and early catastrophic anchor failure (i.e. anchor pull-
out). Indeed, four of the MultiFIX P anchors pulled out 
early during cyclic loading in our osteopenic foam 
model. each of these factors (i.e. knot security, loop 
security, and anchor fixation in bone) may collectively 
contribute to gap formation at the tendon bone inter-
face, and potentially, to failure of the mechanical con-
struct. We speculate that this may be especially 

concerning in elderly patients who not only are predis-
posed to osteopenic bone, but also have poor soft-tissue 
quality, decreased vascular supply and arguably poorer 
healing potential.20

Clinically, if a knotless anchor is to be used for a rotator 
cuff repair in osteopenic bone, an anchor with the sutures 
completely internal to the anchor body should be consid-
ered. This is particularly relevant if the surgeon performs a 
single row repair, as cyclic loading stress from the rotator 
cuff tendon is transferred directly to the suture and anchor, 
as we simulated in this study. However, if the knotless 
anchor is to be used as a lateral row fixation device as part 
of a double row construct, the effect of suture cutting 
through bone may be less concerning. In these con-
structs, the load would be predominantly focused on the 
medial anchors (especially if the medial sutures are tied), 
and the load on the lateral knotless anchors and sutures 
may be minimal.21,22 For younger patients with healthy 
bone, the effect of suture cutting through bone should  
be lessened. However, surgeons should still be aware of 
the possible adverse effect as bone quality can be locally 
inconsistent, even in ‘healthy’ bone.23

There are number of limitations in our study. First, this 
is a biomechanical study where the anchors were tested 
in cadaveric bones and foam blocks, and therefore may 
not necessarily represent in vivo conditions. However, 
we aimed to isolate the effects of suture cutting through 
bone from other multiple factors involved in the clinical 
situation after a rotator cuff repair, which may not  
be practical in in vivo or clinical studies. Comparative 
clinical studies evaluating different knotless anchor 
designs are necessary to establish whether suture han-
dling is associated with fixation failure. Secondly, the 
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mechanical testing was performed using a suture loop 
rather than a tendon construct. While this may be consid-
ered a ‘worse-case’ scenario, we chose this design to iso-
late the factors related to the anchor and sutures, 
particularly the effect of ‘suture cutting through bone’.  
In vivo, other factors related to the tendon factor (e.g. 
tendon strain, suture hole widening, suture cutting 
through tendon) may affect the overall result. Thirdly, 
while we chose MultiFIX P and SpeedScrew as represent-
atives of two knotless suture anchor types, there are 
many other knotless suture anchors with variable fea-
tures. other different anchor properties, such as size, 
shape and suture locking mechanism, may additionally 
affect the results. However, in the current study, the 
suture loop was pulled in-line with the rotator cuff 
(approximately 60°) in order to isolate ‘suture cutting 
though bone’ because this angle permits oblique contact 
between the suture and the bone. We believe the two 
anchor types tested in our study represent internal and 
external knotless suture anchors and the principles and 
results are still valid. lastly, although we tested anchors 
in cadaveric humeral bone, no attempt was made to 
determine the overall bone quality. While we did ran-
domly assign the anchor and location to the cadaveric 
specimens to minimise the effect of cadaveric bone qual-
ity, we did not perform any bone testing (e.g. bone den-
sitometry). However, it has previously been shown that 
even within the same cadaveric humeri, local bone qual-
ity can be significantly different within the cadaveric sam-
ple23 and therefore overall bone densitometry 
measurements may be misleading. As previous studies 
have evaluated the mechanical performance of suture 
anchors tested in foam blocks representing osteopenic 
bone,16 we chose to validate the principle of the effect of 
osteopenia in a foam block model to provide a uniform 
reproducible testing apparatus.

In conclusion, knotless suture anchors with sutures 
external to the anchor body may be at risk of losing ten-
don and anchor fixation due to ‘suture cutting through 
bone’, particularly when combined with osteopenic 
bone. This may be clinically relevant if these types of 
anchors are used in elderly patients with poor bone qual-
ity, particularly when used as a single row construct.
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