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Comparison of the cheese-wiring effects 
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ABSTRACT
Purpose: The goal of this study was to compare the cheese-wiring effects of three sutures with 
different coeffi cients of friction.
Materials and Methods: Sixteen human cadaveric shoulders were dissected to expose the distal 
supraspinatus and infraspinatus muscle tendons. Three sutures were stitched through the tendons: 
#2 Orthocord™ suture (reference #223114, DePuy Mitek, Inc., Raynham, MA), #2 ETHIBOND* 
EXCEL Suture, and #2 FiberWire® suture (FiberWire®, Arthrex, Naples, FL). The sutures were 
pulled by cyclic axial forces from 10 to 70 N at 1 Hz for 1000 cycles through a MTS machine. The 
cut-through distance on the tendon was measured with a digital caliper.
Results: The cut-through distance in the supraspinatus tendons (mean ± standard deviation, 
n = 12) were 2.9 ± 0.6 mm for #2 Orthocord™ suture, 3.2 ± 1.2 mm for #2 ETHIBOND* suture, 
and 4.2 ± 1.7 mm for #2 FiberWire® suture. The differences were statistically signifi cant analyzing 
with analysis of variance (P = 0.047) and two-tailed Student’s t-test, which showed signifi cance 
between Orthocord™ and FiberWire® sutures (P = 0.026), but not signifi cant between Orthocord™ 
and ETHIBOND* sutures (P = 0.607) or between ETHIBOND* and FiberWire® sutures (P = 0.103).
Conclusion: The cheese-wiring effect is less in the Orthocord™ suture than in the FiberWire® 
suture in human cadaveric supraspinatus tendons.
Clinical Relevance: Identifi cation of sutures that cause high levels of tendon cheese-wiring after 
rotator cuff repair can lead to better suture selection.
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INTRODUCTION

Rotator cuff tear is one of the most common injuries involving 
the shoulder. The tear most often involves the supraspinatus 
tendon. Without prompt treatment, the altered joint 
biomechanics can extend the tear to involve the infraspinatus 
tendon.[1,2] Repair of these injuries is based on individual patients 
with few protocols established to determine whether the 
patient best fi ts for steroid injection, physical therapy, or surgical 
intervention. However, surgery is generally recommended for 
all symptomatic patients younger than 60 with a full-thickness 
rotator cuff tear.[3] The expected outcome of surgery is a high 

fi xation strength, but many variables can affect the success of 
surgery including the patient’s age, tendon health, smoking, time 
from tear to surgery, arthroscopic technique, suture location, 
and suture selection.[4-7]

The choice of sutures has not been well studied. It has been 
reported that the suture location is a key factor in causing 
damage to the repaired tendons. Wieser et al.[8] found the 
ideal placement to be located in the center of the tendon just 
medial to the rotator cable. This fi nding is in contrast to Wang 
et al.[9] who found an ideal location of suture placement more 
medially at the muscle-tendon junction. Clearly, location of 
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the placed sutures is important in minimizing postsurgical 
tendon damage, but the properties of the sutures should also 
be a consideration. Unfortunately, it is not easy to evaluate 
different sutures because different types of repair defi ne surgical 
success differently. For example, rotator cuff repair requires 
suture stability under high load requirements, while fl exor 
tendon repair requires minimal friction. Nevertheless, there are 
several well-recognized suture properties including the tensile 
strength, knot security, stiffness, and resistance to fraying.[10-15]

Coeffi cient of friction is an inherent property of the suture, 
which has not been well investigated. Silva et al.[16] found that 
#3-0 FiberWire® sutures (FiberWire®, Arthrex, Naples, FL) had 
a lower coeffi cient of friction (0.054) than #3-0 ETHIBOND* 
sutures (with a coeffi cient of friction of 0.076) (ETHIBOND* 
EXCEL, Ethicon, Somerville, NJ). We speculate that coeffi cient 
of friction may be an important factor in determining how easy 
the suture cuts through the tendon, that is, the cheese-wiring 
effect. Our hypothesis is that the sutures with lower coeffi cient 
of friction may be easier to cut-through the tendon than the 
sutures with higher coeffi cient of friction. The present study 
was conducted to test this hypothesis.

MATERIALS AND METHODS

This study was conducted using human cadaveric supraspinatus 
and infraspinatus muscle tendons. Eight pairs of unembalmed 
human shoulders (n = 16) were obtained from donors through 
the Bureau of Anatomical Services, Louisiana State Department 
of Health and Hospitals. The average age of the donors was 
77.1 ± 9.8 years of age. The use of these deidentifi ed specimens 
was determined as “not human subjects study” by Tulane 
University Institutional Review Board (Project no. 206610-1). 
The specimens were stored at −20°C and thawed at room 
temperature prior to use. Only grossly intact tendons without 
obvious damage were used for the study. Twelve supraspinatus 
tendons (n = 12) were dissected out and detached distally from 
the greater tubercle of the humerus. The supraspinatus muscles 
remained attached to the scapula and the subscapularis and 
infraspinatus muscles remained undisturbed during testing of 
the supraspinatus tendons. After testing on the supraspinatus 
tendons, the infraspinatus tendons were dissected out and 
detached distally, while the infraspinatus muscle remained 
attached to the scapula. Only 5 infraspinatus tendons (n = 5) 
were not damaged and were used for testing. The three types of 
sutures used in this study were #2 FiberWire® suture (reference 
#AR-7200, Arthrex, Inc., Naples, FL), #2 ETHIBOND* EXCEL 
suture (reference #X519, Ethicon, Inc., Somerville, NJ), and 
#2 Orthocord™ suture (reference #223114, DePuy Mitek, Inc., 
Raynham, MA). FiberWire® suture is constructed of a multi-
strand, long chain ultra-high molecular weight polyethylene 
(UHMWPE) core with a braided jacket of polyester and 
UHMWPE. ETHIBOND* suture is composed of a braided 
polyester core coated with polybutilate. Orthocord™ suture 
is made with a braided polyethylene core coated with a 
copolymer of caprolactone and glycolide.

Biomechanical testing
We used a Bionix Servohydraulic Test System (MTS Systems 
Corporation, Eden Prairie, MN) for the mechanic tests. The 
scapula with the proximal attachment of supraspinatus (or 
infraspinatus) muscle was fi xed to the sensor stage using a 
custom-made frame [Figure 1a]. A single pass-through suture 
loop was placed through the supraspinatus (or infraspinatus) 
tendon approximately 5 mm distal to the muscle-tendon 
junction [Figure 1b]. The other end of the suture loop was 
attached to the actuator [Figure 1a]. The specimen was kept 
moist at all times by spraying of phosphate buffered saline.

In our pilot study, two shoulders were used to determine the 
testing conditions. A force of 10 N was applied to preload the 
tendon and the suture for 1 min. No cutting through of the tendon 
was observed by any of the three sutures at 10 N loading. A mark 
line (start line) was made on the tendon with a marker pen. Then, 
a 10-50 N at 1 Hz for 1000 cycles of cyclic pulling load was applied 
to the suture. At the end of 1000 cycles, any cut-through of the 
tendon by the suture was recorded manually with a digital caliper 
[Figure 1c]. Then, the load was returned to 10 N for 1 min. Next, 
this step was repeated at 10-70 N at 1 Hz for 1000 cycles. Again, 
the cut-through distance was recorded. Finally, this step was 
repeated at 10-100 N at 1 Hz for 1000 cycles. However, at this 
load, all three sutures completely cut-through the tendon when 
the load was approximately 80-85 N. Therefore, we decided to 
test each suture by applying 10-70 N at 1 Hz for 1000 cycles.

Twelve supraspinatus muscle tendons were tested fi rst, followed 
by testing fi ve infraspinatus muscle tendons. The three sutures 
were tested on each tendon side-by-side, with approximately 
5 mm inter-stitch distance. Each of the three sutures was 
stitched in an alternated order, so that the location of stitch 

Figure 1: Illustration of how the mechanic testing was performed. 
(a) The specimen was fi xed to the sensor of an MTS machine by 
a fi xation frame; the suture was stitched through the supraspinatus 
muscle-tendon and connected to the actuator; and a computer (not 
shown) controlled the electro-mechanical power source to drive the 
actuator to provide uniaxial tensile force loading on the suture, and 
recorded the load and displacement through the testing time period. 
(b) A representative close-up picture is showing the tendon and suture. 
(c) An illustration of how the cut-through in the tendon was recorded
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and order of testing were equally assigned to each suture. 
For example, on tendon #1, Orthocord™ suture was tested 
fi rst, followed by ETHIBOND* suture and then FiberWire® 
suture. On tendon #2, the order of testing was ETHIBOND*, 
FiberWire®, and Orthocord™. On tendon #3, the order of testing 
was FiberWire®, Orthocord™, and ETHIBOND*. On tendons 
#4-12, the alternating order was repeated. The three investigators 
(M.L., B.N., and A.D.) who performed the tests were blinded to 
the sources of the sutures during testing.

Measurement of the cut-through distance
After 1000 cycles of 10-70 N loading at 1 Hz were completed, 
the force was returned to 10 N. The cut-through distance 
[Figure 1c] was measured manually with a digital caliper. This 
cut-through distance is called displacement, which represents 
the cheese-wiring effect of the suture. The MTS machine also 
continuously recorded the axial displacement during the 1000 
cycles, which was the change of distance between the sensor 
and actuator, including the cut-through distance and stretching 
of the muscle, tendon, and suture.

Statistical analysis
The displacement and axial displacement were shown as means 
and standard deviations. The data was analyzed with analysis 
of variance (ANOVA) software provided by GraphPad Prism 
(GraphPad Software, Inc., La Jolla, CA) and using two-tailed 
Student’s t-test. The signifi cance was set at P < 0.05.

RESULTS

We found that the axial displacement, as recorded by the MTS 
machine, was proportional to the cyclic load applied to each 
suture [Figure 2a-f ]. In the tests of 12 supraspinatus tendons, the 
displacements (i.e., the cut-through distances on the tendons), 
as manually recorded with a digital caliper at the end of 1000 
cycles of loading, were 2.9 ± 0.6 mm for #2 Orthocord™ suture, 
3.2 ± 1.2 mm for #2 ETHIBOND* suture, and 4.2 ± 1.7 mm 

for #2 FiberWire® suture. Statistical signifi cance existed using 
ANOVA (P = 0.047) and comparing Orthocord™ to FiberWire® 
sutures (P = 0.026), however, the difference was not statistically 
signifi cant between ETHIBOND* and FiberWire® sutures 
(P = 0.103) or between Orthocord™ and ETHIBOND* 
sutures (P = 0.607) [Figure 3a]. The axial displacements, as 
recorded by the MTS machine from cycle 1 to 1000, were 
not statistically different among the three sutures [P > 0.05, 
Figure 3b]. However, the axial displacement from cycle 100 to 
1000, while not signifi cant with ANOVA, was clearly longer 
in FiberWire® suture than in Orthocord™ or ETHIBOND* 
sutures [Figure 3c]. The difference was statistically signifi cant 
between Orthocord™ and FiberWire® sutures (P = 0.022) and 
between ETHIBOND* and FiberWire® sutures (P = 0.011), 
but there was no statistical signifi cance between Orthocord™ 
and ETHIBOND* sutures (P = 0.510) [Figure 3d].

In the tests of 5 infraspinatus tendons, the displacements (i.e., 
the cut-through distances on the tendons), as manually recorded 
with a digital caliper at the end of 1000 cycles of loading, 
were 6.7 ± 2.0 mm for #2 Orthocord™ suture and 6.1 ± 0.6 
mm for #2 ETHIBOND* suture, which was not statistically 
signifi cant [P = 0.612, Figure 4a]. In contrast, #2 FiberWire® 
suture completely cut-through the infraspinatus tendon, which 
was >15 mm from start line to the distal end of the tendon. 
The axial displacements, as recorded by the MTS machine 
from cycle 1 to 1000, were not statistically different between 
Orthocord™ and ETHIBOND* sutures [P > 0.05, Figure 4b-c].

DISCUSSION

This study found that #2 FiberWire® suture cuts through the 
supraspinatus tendon easier than #2 Orthocord™ suture under 
1000 cycles of 10-70 N loading conditions. This fi nding was 
further supported by the tests with infraspinatus tendons, as 
#2 FiberWire® suture completely cut-through the tendon 
(>15 mm) whereas #2 Orthocord™ suture only cut-through <7 
mm. Similarly, #2 ETHIBOND* suture only cut-through the 
infraspinatus tendons for approximately 6 mm. These fi ndings 
suggest the #2 FiberWire® is more likely to cut-through the 
tendons than #2 Orthocord™ or ETHIBOND* suture. Although 
the difference is about 1 mm after 1000 cycles of loading at 
up to 70 N, the difference may be bigger at higher loads and/
or more cycles.

It is worth pointing out that the overall axial displacements 
caused by the three sutures were of no difference [Figure 3b], 
which is contradictory to our manual measurement [Figure 3a]. 
We consider that this axial displacement, as recorded by the 
MTS machine, was the change of distance between the actuator 
and the sensor, including the cut-through by the suture and 
the stretched length of the muscle, tendon and suture. Thus, 
this axial displacement does not accurately refl ect the cut-
through by the suture at the beginning of the cyclic loading 
when the loading mainly stretched the muscle and tendon. 
This explanation is supported by our fi nding that the axial 

Figure 2: Representative recordings of uniaxial cyclic loading force 
over time (a-c) and axial displacement over time (d-f)
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Figure 3: The displacements of sutures in the supraspinatus tendons recorded manually and automatically by the MTS machine. (a) The 
displacement (cut-through distance) of sutures measured manually with a digital caliper at the end of 1000 cycles of 10-70 N loading. (b) The 
overall axial displacements of sutures recorded by the MTS machine at the end of 1000 cycles of 10-70 N loading, which included the cut-through 
distance and the stretching of the muscle, tendon, and suture. (c) The axial displacements of sutures recorded by the MTS machine from 100 
to 1000 cycles of 10-70 N loading. (d) The axial displacements of sutures at the end of 1000 cycles, recorded by the MTS machine from 100 to 
1000 cycles of 10-70 N loading. The data represent means ± standard deviations (error bars, n = 12)

a

c

b

d

Figure 4: The displacements of sutures in the infraspinatus tendons recorded manually and automatically by the MTS machine. (a) The displacement 
(cut-through distance) of sutures measured manually with a digital caliper at the end of 1000 cycles of 10-70 N loading. (b) The overall axial 
displacements of sutures recorded by the MTS machine at the end of 1000 cycles of 10-70 N loading, which included the cut-through distance 
and the stretching of the muscle, tendon, and suture. (c) The axial displacements of sutures at the end of 1000 cycles, recorded by the MTS 
machine from 100 to 1000 cycles of 10-70 N loading. Of note, FiberWire® suture completely cut-through the infraspinatus tendons for a distance 
>15 mm. The data represent means ± standard deviations (error bars, n = 5)
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displacements from cycles 100 to 1000 [Figure 3c-d] were 
consistent to our manual measurement [Figure 3a], because at 
this late stage the axial displacement mainly refl ects the cut-
through after the muscle and tendon had already been stretched 
by the initial pulling loads.

We speculate that the observed differences in the cut-
through (or cheese-wiring effect) are due to the different 
coeffi cients of friction of sutures. It has been reported that 
#3-0 FiberWire® suture had a lower coeffi cient of friction than 
#3-0 ETHIBOND* suture.[16] This difference in friction may 
be caused by differences in material properties and the way 
how the strands are braided. FiberWire® suture is constructed 
of a multi-strand, long chain UHMWPE core with a braided 
jacket of polyester and UHMWPE. ETHIBOND* suture is 
composed of a braided polyester core coated with polybutilate. 
Orthocord™ suture is made with a braided polyethylene 
core coated with a copolymer of caprolactone and glycolide. 
Other physical properties of the sutures may also play a role. 
For example, it has been found that ETHIBOND* suture is 
considerably less stiff (13 ± 2 N/m) than FiberWire® suture 
(35 ± 6 N/m).[12] This indicates that the stiffer FiberWire® 
suture may be more likely to cut-through the tendons.

This study has some limitations since it was a laboratory study 
using human cadaveric tendons. First, no healing occurred in the 
cadaveric specimens. In live patients, healing may occur between 
the physical loads, so as to mitigate the cheese-wiring effect. 
Second, only a single pass-through stitch was tested. This could 
be meaningful in clinical situations where this type of suture 
method is used to restore the continuity of broken tendons. 
However, this fi nding may not be applicable to other suture 
methods such as mattress or fi gure of eight sutures. Finally, only 
10-70 N cyclic loading was tested. This was due to a limitation 
caused by the cadaveric tendon quality where a load of 80-85 N 
led to complete cut-through of the tendons. It is possible that 
higher loads may be applied to fresh (or live) tendons.

CONCLUSION

We found that #2 Orthocord™ and ETHIBOND* sutures cause 
less cheese-wiring effects than #2 FiberWire® suture in human 
cadaveric supraspinatus and infraspinatus tendons under 1000 
cycles of 10-70 N cyclic pulling loads.
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