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Abstract

Purpose The purpose of this study was to determine the

biomechanical effects of placing the biceps tenodesis stitch

at the musculotendinous junction versus in the tendon only.

Placing the stitch at the musculotendinous junction was

hypothesized to result in a significantly weaker repair than

stitching in the tendon only.

Methods Testing was performed on two groups of six

matched pairs of long head of the biceps (LHB) with

enclosed musculotendinous junction and muscle belly.

Specimens were randomly distributed between two groups.

The same baseball whipstitch configuration was performed

using the same suture material in both groups. In group 1,

the stitch configuration started 1 cm proximal of the mus-

culotendinous junction (tendon tissue only). For contra-

lateral specimens, the baseball whipstitching included the

distal 1 cm of the musculotendinous junction. Specimens

were pulled to failure at a rate of 60 mm/min. Ultimate

failure load and failure pattern were recorded.

Results Average ultimate failure load of group 2 was sig-

nificantly higher than group 1 (mean increase 18.6 %, range

-9.7 to 35.8 %; p = 0.046). A cut-through failure pattern

was observed for all specimens in both groups. There were

highly significant correlations between ultimate failure load

and tendon thickness (p = 0.004, s = 0.636), age of the

specimen (p = 0.002, s = 0.724), and gender (p = 0.004,

s = -0.739). No significant difference between the groups

regarding tendon diameter was observed.

Conclusions Baseball whipstitching of the LHB includ-

ing the distal part of the tendon and the musculotendinous

junction was stronger than sutures placed in the tendon

alone. These results suggest that suture pattern affects

initial strength of repair, and therefore may affect decisions

regarding early post-operative rehabilitation or ultimate

clinical outcomes. Inclusion of the musculotendinous

junction should be considered clinically for improved time

zero strength of the repair construct.

Keywords Biceps tenodesis � Musculotendinous

junction � Stitch location � Baseball whipstitch

Introduction

Studies have shown excellent results after subpectoral

biceps tenodesis for the treatment of disorders of the long

head of the biceps (LHB) [6–8, 13]. While reported com-

plications are low with subpectoral tenodesis, there have

been reported failures clinically with loss of fixation and

the development of a Popeye deformity [8]. The senior

surgeon (P.J.M.) has observed cases where the fixation

screw and LHB tendon remained attached to the proximal

humerus but there appeared to be a failure distal to the

initial tenodesis site.

Several studies have described the fixation strength of

the biceps tenodesis construct using interference screws,
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suture anchors or other fixation devices [2, 5, 10, 11].

However, no study has investigated the effect of the stitch

location on suture–tendon construct strength. The muscu-

lotendinous junction of the LHB, which is defined as the

region between the proximal tendinous region and distal

muscle belly, consisting of both tendon and muscle tissue,

was reported to be 2 cm from the superior boarder and

about 3 cm proximal from the inferior border of the pec-

toralis major tendon [3, 4]. Based on the close anatomic

relationship between the musculotendinous junction and

the subpectoral region, incorporation of the musculoten-

dinous junction in the tenodesis stitching during subpec-

toral biceps tenodesis is a reasonable surgical option.

Understanding the effect of stitch location on the time zero

suture–tendon construct strength is useful information

clinically, as the stitch location can be adjusted intra-

operatively to improve construct strength.

The purpose of this study was to determine the effect of

stitch location on the ultimate failure strength of the suture–

tendon interface for biceps tenodesis. Placing the stitch at the

musculotendinous junction was hypothesized to result in a

significantly weaker repair than stitching in the tendon only.

Materials and methods

A total of six matched pairs (n = 12) of fresh-frozen

human cadaveric shoulders (3 males, 3 females, mean age

51 years, range 44–56 years) were used for this study.

Specimens were thawed at room temperature 24 h prior to

testing. All soft tissues were dissected. The LHB were

visually inspected and no preexisting injuries were identi-

fied. The LHB tendon was cut 4 cm proximal to the mus-

culotendinous junction, and the muscle belly was cut 5 cm

distal of the proximal end of the musculotendinous junc-

tion. Institutional Review Board approval was not required

because the use of cadaveric specimens is exempt at our

institution.

Biomechanical testing

Specimens were randomly distributed between two groups.

Paired specimens were prepared with the same stitch

configuration in differing locations. A baseball whipstitch

configuration with a total of eight throws with a pitch of

5 mm between sutures was performed in all specimens. No.

2 long-chain ultra-high molecular weight polyethylene

(UHMWPE) suture core with a braided jacket of polyester

and a tapered needle (26.5 mm, � circles) (FiberWire,

Arthrex Inc., Naples, FL) was used. Both ends of the

baseball whipstitch were tied around a 20-mm-diameter

rod using 10-half slings each, creating loops later used to

load the repair construct during biomechanical testing. In

group 1 (3 left, 3 right, mean tendon width: 4.8 mm; range

4.0–5.8 mm), the baseball whipstitch configuration ended

1 cm proximal to the musculotendinous junction,

Fig. 1 Depicted is the biceps

tendon whipstitch configuration

using baseball stitches

consisting of four throws with a

constant pitch of 5 mm. a The

stitch is located at the distal

tendon only, starting 1-cm

proximal of the end of the

musculotendinous junction

(single asterisk). b The stitch

includes the proximal 1 cm of

the musculotendinous junction

(double asterisk) and the distal

part of the tendon
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incorporating tendon tissue only. In group 2 (contralateral

side) (3 left, 3 right, mean tendon width: 5.1 mm; range

3.5–6.3 mm), the baseball whipstitch configuration incor-

porated the proximal 1 cm of the musculotendinous junc-

tion tissue (Fig. 1). Biomechanical testing was performed

using a dynamic tensile testing machine (ElectoPuls

E10000, Instron Inc., Norwood, MA). The accuracy for this

system has been calibrated and verified to be equal to or

better than ±0.25 % of the indicated force. Three centi-

metres of the distal muscle bellies of each specimen was

fixed in a custom clamp, which was rigidly fixed to the

base of the test frame (Fig. 2). The proximal 2 cm of the

musculotendinous junction were free of the clamping

device in all specimens. Specimens were preloaded with a

tensile force of 5 N for 2 min and then pulled to failure at a

rate of 60 mm/min. Ultimate failure load and the tendon

width 4 cm above the proximal end of the musculotendi-

nous junction were recorded for every specimen. Tendon

thickness was assessed with digital calipers (Swiss

Precision Instruments, Inc., Garden Grove, CA) with a

manufacturer reported accuracy of 0.03 mm by a single

investigator (U.J.S.).

Statistical analysis

Wilcoxon signed-rank test was used to compare central

tendency between groups and Kendall’s tau (s) was used to

assess correlation. Statistical significance was declared for

p\ 0.05. All statistical analyses were performed using

statistical analysis software (SPSS Version 20, IBM Inc.,

Chicago, IL).

Results

The results are summarized in Table 1. There were no

significant differences between the groups regarding ten-

don diameter and side. Ultimate failure loads varied

highly, both across all specimens, and within study groups

[group 1 (tendon only): mean 143 N, median 152 N,

range 72–186 N; group 2 (tendon including musculoten-

dinous junction): mean 167 N, median 161 N, range

91–239 N]. In contrast to our pre hoc hypothesis, baseball

whipstitching including the proximal part of the muscu-

lotendinous junction had significantly higher ultimate

failure loads compared to those which were located fur-

ther proximal in the tendon tissue only (mean 18.6 %,

range -9.7 to 35.8 %; p = 0.046) (Fig. 3). Ultimate

failure loads of each specimen in relation to the stitch

location are illustrated in Fig. 4. Superior strength was

observed in five of the six specimens (83 %) of group 2.

A saw-through failure of the suture through the tissue was

observed for all specimens at the distal end of the base-

ball whipstitch sutures. There were highly significant

correlations between ultimate failure load and tendon

thickness (p = 0.004, s = 0.636), age of the specimen

(p = 0.002, s = 0.724), and the gender (p = 0.004,

s = -0.739). Specifically, ultimate failure load increased

with increased tendon thickness, decreased with increased

age, and was higher in male specimens.

Discussion

The most important finding of this study was that suture

configurations for LHB which incorporated the proximal

part of the musculotendinous junction had higher ultimate

failure strengths than a more proximal location involving

the tendon tissue only. Therefore, our pre hoc hypothesis

was rejected. Additionally, we found a significant corre-

lation between ultimate failure load and tendon width,

gender, and the age of the specimen.

Fig. 2 Study set-up: the muscle belly is fixed to a clamping device.

The proximal 2 cm of the musculotendinous junction are free of

clamping. Both ends of the stitch suture were tied in a loop with a

consistent diameter of 20 mm, which were used to load the repair

construct
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The studies by Jarrett et al. [3] and LaFrance et al. [4]

have shown the close anatomic relationship between

musculotendinous junction of the LHB and the pectoralis

major tendon. Thus, extension of the stitch configurations

into the MJT is a reasonable surgical strategy in subpec-

toral biceps tenodesis by placing the suture anchor or

tenodesis screw close to the inferior border of the pectoralis

major tendon.

The superior suture–tendon interface strength of a

baseball whipstitch within the musculotendinous junction

may be the result of increased tendon width that is avail-

able at the musculotendinous junction, where both muscle

tissue and a high percentage of tendon tissue are present.

All failures occurred at the tendon–suture interface by a

saw-through mechanism. The individual parallel stitches

can be placed further apart if an increased tissue width is

available. Therefore, a superior stress distribution between

the tendon–suture interface can be achieved, resulting in

increased overall strength. Similarly, we observed a sig-

nificant correlation between decreased tendon width and

reduced ultimate failure load.

Generally, average ultimate failure loads (group 1:

143 N, group 2: 167 N) were in accordance with the prior

literature. Previous reports of ultimate failure loads ranged

between 69 N and 187 N after suture anchor tenodesis with

failures at the suture–tendon interface, primarily by a saw-

through failure mechanism [2, 5, 10]. Golish et al. [2]

reported a considerably lower average ultimate failure load

of 69 N. However, average age of the specimens (82 years)

was substantially higher than the present study, which

likely caused inferior tissue quality. In contrast, Patzer

et al. [10] reported slightly higher ultimate failure loads

(mean 187 N) using a modified lasso-loop stitch. No

information on the suture material was reported. Differ-

ences in stitch configuration and the suture material may

influence the suture–tendon interface strength and cause

the slight difference in results. However, the same authors

Table 1 Failure loads and tendon width of matched pair specimens

Specimen Age Gender Group 1: tendon only Group 2: MTJ and tendon Failure load diff (%)

Side Width (mm) Failure load (N) Side Width (mm) Failure (N)

Pair 1 46 Female Left 4.1 110 Right 5.9 131 19.1

Pair 2 50 Female Right 4.4 128 Left 4.9 154 20.3

Pair 3 56 Male Right 5.4 176 Left 6.3 239 35.8

Pair 4 56 Male Left 5.2 186 Right 4.7 168 -9.7

Pair 5 52 Male Right 5.8 183 Left 5.3 219 19.7

Pair 6 44 Female Left 4.0 72 Right 3.5 91 26.4

Mean 50.7 – – 4.8 143 – 5.1 167 18.6

SD 4.6 – – 0.8 47 – 0.7 55 12.9

(MTJ musculotendinous junction; Failure Load Diff: relative difference of the failure loads between the two stitch locations in matched

specimens)

Fig. 3 Comparison of mean suture–tendon interface strength

between both stitch locations: tendon only versus tendon including

the proximal part of the musculotendinous junction. A significant

matched paired difference was observed (p\ 0.05). (MTJ musculo-

tendinous junction)

Fig. 4 Ultimate failure loads for each specimen in relation to the

stitch location are presented. The ultimate failure load was superior

when the stitch included the proximal part of the musculotendinous

junction in five of the six specimens. (MTJ musculotendinous

junction)
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reported an average ultimate failure load of only 111 N

after performing biceps tenodesis with suture anchors and

the same suture material used in the present study. Con-

sidering all reports, the weakest link of a LHB tenodesis

with suture anchors seems to be the suture–tendon inter-

face. The improved strength of the suture–tendon interface

when including the musculotendinous junction in the

stitching has clinical implications, as higher time zero

strength of the repair construct can be expected.

With interference screw fixation of the biceps in a bone

socket, there may be other factors contributing to the

strength of the construct. For example, the interface

between biceps tendon and tenodesis screw is reportedly

stronger than the tendon–suture interface. Average reported

ultimate failure load ranges between 170 and 252 N [2, 5,

10, 11]. In some cases, the LHB tendon might not be fix-

ated by the tenodesis screw. In these cases, the tendon

fixation will rely on the suture–tendon interface and the

knot strength. Although rare, cases of clinical failures with

Popeye deformities have been reported after biceps teno-

desis [8].

This study has implicit limitations. First, this study

represents a time zero evaluation and does not account for

the biological restoration processes. It is also possible that

other suture configurations could improve time zero

strength. Sakaguchi et al. [12] reported a significant

increase of ultimate failure loads by using Krackow stit-

ches compared to baseball whipstitches. Therefore, a

higher suture–tendon interface strength might be achieved

with a Krackow stitch configuration, possibly avoiding the

saw-failure. However, baseball whipstitches represent a

common suture stitch configuration used for tendon

preparation [1, 9]. Additionally, no conclusions can be

drawn on the effect of a further distal stitch location on

the strength of the suture–tendon interface. A single

thickness measurement was made for each tendon, and

therefore, the repeatability of these measurements is

unknown and may have contributed some error. However,

error was minimized by using a single investigator to

perform these measurements. Finally, all baseball whip-

stitches were performed using the same suture material. It

is unknown what effect the suture material might have on

the ultimate failure strength of the suture–tendon

interface.

The strengths of this study are its matched pair design

and the use of a consistent technique, a consistent stitch

configuration, and consistent suture material for all speci-

mens; resulting in a well-controlled and reproducible bio-

mechanical model. Additionally, the age of the specimens

was comparable to the age of patients who are typically

candidates for biceps tenodesis [14]. Further biomechanical

studies are necessary to evaluate the effect of different

suture materials and a further distal stitch location on the

time zero strength of the suture–tendon interface. These

results suggest that suture pattern affects initial strength of

repair, and therefore may affect decisions regarding early

post-operative rehabilitation or ultimate clinical outcomes.

Additional clinical studies are needed to determine whether

the improved time zero strength of stitching within the

musculotendinous junction results in reduced failure rates

and improved long-term patient outcomes.

Conclusion

Baseball whipstitching of the LHB within the proximal

aspect of the musculotendinous junction and the distal

tendon results in improved time zero strength of the suture–

tendon interface compared to baseball whipstitching posi-

tioned proximal to the musculotendinous junction in the

tendon only. When using suture anchors for biceps teno-

desis with a whipstitch suture configuration, higher time

zero construct strength can be achieved by positioning the

stitches within the proximal aspect of the musculotendi-

nous junction. Inclusion of the musculotendinous junction

should be considered clinically for improved time zero

strength of the repair construct.
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