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Background: Knee injuries encountered in clinical practice can involve avulsions of the biceps femoris from the fibula and proximal
tibia. Advances in tendon repair methods now allow for repairs with increased surface areas using modern suture anchor tech-
niques. Despite descriptions of repair techniques, there are no biomechanical studies on the biceps femoris for comparison.

Purpose/Hypothesis: The objective of this controlled laboratory study was to determine the failure load of the native biceps
femoris distal insertion and to evaluate modern repair techniques. Our hypothesis was 2-fold: (1) Suture repairs to the tibia and
fibula would perform better on tensile testing than repairs to the fibula alone, and (2) complex bridge repairs, similar to those
frequently used in rotator cuff surgery, would perform better on tensile testing than simple repairs.

Study Design: Controlled laboratory study.

Methods: A total of 40 paired, fresh-frozen cadaveric specimens were dissected, identifying the biceps femoris and its insertion on
the proximal tibia and fibula. The native biceps femoris footprint was left intact in 8 specimens and tested to failure on a uniaxial
materials testing machine evaluating tensile properties, while in the other 32 specimens, the biceps femoris insertion was dissected
using a No. 15 scalpel blade, underwent repair, and was then tested to failure on a uniaxial materials testing machine evaluating
tensile properties. Four repair constructs were evaluated, with 8 specimens allocated for each: construct 1 involved a simple repair
(ie, passing suture through tissue in a running Krackow fashion and tying at the anchor site) to the fibula with 2 suture anchors,
construct 2 involved a simple repair to the fibula and tibia with 3 suture anchors, construct 3 was a fibular repair with a tibial suture
bridge involving the fibula and tibia and 3 suture anchors, construct 4 involved a transosseous repair through the fibula and 1 suture
anchor on the tibia. Analysis of variance was used to evaluate for significance of the mean failure load and stiffness between
groups.

Results: The mean (±95% CI) failure loads were the following: native biceps femoris, 1280 ± 247.0 N; simple fibular repair, 173 ± 84.6
N; simple fibular and tibial repair, 176 ± 48.1 N; fibular repair with tibial suture bridge, 191 ± 78.5 N; and transosseous repair, 327 ± 66.3
N. The mean stiffness values were the following: native, 46 ± 13.0 N/mm; simple fibular repair, 16 ± 5.1 N/mm; simple fibular and tibial
repair, 14 ± 5.4 N/mm; fibular repair with tibial suture bridge, 13 ± 2.8 N/mm; and transosseous repair, 15 ± 2.5 N/mm. Interconstruct
comparison of failure loads revealed no statistical difference between constructs utilizing anchors alone. The transosseous repair
showed a significant difference for the failure load when compared with each anchor repair construct (P ¼ .02, .02, and .04 for
constructs 1, 2, and 3, respectively). Interconstruct comparison of stiffness revealed no statistical difference between all constructs
(P > .86). None of the repair techniques re-created the failure load or stiffness of the native biceps femoris tendon (P ¼ .02).

Conclusion: In this biomechanical study, no difference was found between the mean failure loads of different biceps femoris
repair constructs involving suture anchors alone and No. 2 braided polyester and ultra–high-molecular-weight polyethylene suture.
A technique involving transosseous fibular tunnels and 2-mm suture tape illustrated a greater mean failure load than repairs relying
on suture anchors for fixation.

Clinical Relevance: Understanding the tensile performance of biceps femoris repair constructs aids clinicians with preoperative
and intraoperative decisions. Current biceps femoris repair techniques do not approximate the native strength of the tendon.
A transosseous style of repair offers the highest failure load.
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An avulsion injury of the distal biceps femoris can occur as
an isolated injury or as part of a multiligament injury

pattern, with or without concomitant injuries to additional
lateral knee structures.‡ Because of the functional impor-
tance of the biceps femoris, surgical intervention is
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frequently considered after an avulsion injury.§ While this
injury is rare, we have occasionally seen it in our clinical
practice. Multiple surgical repair techniques have been
described, including sutures alone, suture anchors, and trans-
osseous fixation.4,5,8,11,15,19,28 As advances in tendon repair
methods have been made, there are now methods of repair
with increased surface areas using modern suture anchor
techniques. However, a biomechanical study evaluating sim-
ple methods of repair as well as advanced complex methods is
lacking. As we have encountered these injuries in clinical
practice, we have questioned the superiority of modern tech-
niques to historical techniques. Understanding the tensile
performance of biceps femoris repair constructs will aid clin-
icians with preoperative and intraoperative decisions.

Repair strength is of significance and is often studied
because of its implications for healing potential and reha-
bilitation protocols. Through qualitative, quantitative,
and biomechanical study, the anatomy and strength of the
fibular collateral ligament, popliteofibular ligament, and
popliteus tendon have been thoroughly
described.3,9,10,16,22 While the anatomy of the biceps
femoris has also been quantitatively and qualitatively
described2,9,10,13,20-24 (Figure 1), biomechanical testing of
its tendinous insertion and repair technique is lacking.
Furthermore, previously reported repair methods have
been simplistic and have not attempted to re-create the nor-
mal anatomy; repair techniques have historically addressed
only the insertion on the proximal fibula without consid-
eration of the insertion on the tibia.2,4,5,8,11,15,19,24,28

The objective of this controlled laboratory study was to
determine the failure load of the native biceps femoris distal
insertion and to evaluate modern repair techniques of the
distal biceps femoris. Our hypothesis was 2-fold: (1) Suture
repairs to the tibia and fibula would perform better on ten-
sile testing than repairs to the fibula alone, and (2) complex
bridging repairs, similar to those frequently used in rotator
cuff surgery, would perform better on tensile testing than
simple repairs. Evaluation of the failure load and stiffness
for different biceps femoris repair constructs will aid the
clinician in decisions regarding the optimal repair
technique.

METHODS

Forty fresh-frozen cadaveric specimens were acquired from
Science Care and used for the study. The mean specimen
age was 59.3 ± 6.89 years (range, 28-66 years), the mean
height was 66.9 ± 3.52 inches (range, 61-72 inches), and the
mean weight was 200.0 ± 56.90 lb (range, 100-315 lb).

Eighteen specimens were from male donors, and 22 were
from female donors. The specimens were randomly
assigned to 1 of 5 groups (n ¼ 8 each) to test the native
strength of the biceps femoris, simple repair to the fibula
alone, simple repair to the fibula and tibia, fibular repair
with a tibial suture bridge to the fibula and tibia, and
transosseous repair to the fibula and tibia. Of the 40 speci-
mens, 32 were matched-pair knees from 16 donors. To
ensure a more even distribution of samples and avoid bias,
we avoided allocating both specimens of a pair to a single
group. The mean and SD of the groups were calculated for
donor age, weight, and height as well as male versus
female ratio (Table 1).

Our medical education institution is licensed to receive
cadaveric specimens for research and training purposes,
and our institution does not require institutional review
board approval for cadaveric biomechanical studies.

Specimens were dissected using a lateral approach, and
all skin was removed. The iliotibial band and biceps femoris
were identified and separated, and the biceps femoris
was freed down to its insertion on the fibular head. The
cadaveric specimens ended at the midtibia without distal
ankle structures including the syndesmosis. The tibia and
fibula were cleared of all remaining soft tissues, and the

Figure 1. The insertional locations and footprint areas of the
biceps femoris, fibular collateral ligament (FCL), and antero-
lateral ligament, with footprint surface area presented as the
mean (range) in mm2. Reprinted with permission from Branch
and Anz.2
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knee disarticulated. The proximal tibial fibular ligaments
were kept intact, which represents the injury pattern
encountered in clinical practice. Specimens were then pot-
ted using polyvinyl chloride (PVC) cylinders and automo-
tive body filler (Bondo; 3M).

We selected 8 specimens per group, as this number has
proven to be a sufficient sample size in previous mechanical
testing of the native medial and lateral structures of the
knee.9,29 Additionally, on power analysis, it was deter-
mined that a sample size of 8 specimens per group would
yield at least 80% power to detect the minimal between-
group difference in the maximum failure load of 75 N
assuming a nonparametric comparison of 4 groups, a group
SD of �50 N, and a type I error probability of .05.

The first group of 8 specimens served to evaluate native
tensile properties without dissection of the biceps femoris
from the fibula/tibia. The remaining 4 groups all under-
went repair of the biceps femoris after its insertions were
dissected free with a No. 15 scalpel blade. Four repair
constructs were evaluated: simple repair involving 2
suture anchors and repair to the fibula alone (simple
fibular repair), simple repair involving 3 suture anchors
and repair to the fibula and tibia (simple fibular and
tibial repair), complex repair involving 3 suture anchors
and repair to the fibula and tibia in a transosseous-
equivalent fashion (fibular repair with a tibial suture
bridge), and transosseous repair involving tunnels across
the fibula and 1 suture anchor on the tibia (transosseous
repair) (Figures 2-5). We had encountered the simple
fibular repair in training and within the literature,8,11 the
senior author (A.W.A.) had adopted the simple fibular and
tibial repair after completion of a recent anatomic study on
the biceps femoris,2 we designed the fibular repair with a
tibial suture bridge for testing based on the senior author’s
experience with double-row rotator cuff repair, and the
transosseous repair was designed after a review of rotator
cuff biomechanical studies.27 A transosseous repair to the
proximal fibula was mentioned in the original case report of
isolated avulsions of the biceps femoris insertion by
Sebastianelli et al.19

The simple fibular repair construct (Figure 2) involved 1
double-loaded 4.5-mm biocomposite suture anchor (Cork-
screw; Arthrex) inserted at the proximal fibular insertion
of the biceps femoris and 1 single-loaded 3.0-mm biocompo-
site suture anchor (SutureTak; Arthrex) inserted at the
distal fibular insertion of the biceps femoris. For each
suture, 1 limb was passed through the tendon and then run

proximally for 4 locking passes and returned distally for 4
locking passes in a Krackow fashion to create a leading
limb.7 The remaining limb of each suture was passed once
through the tissue, creating a post limb. The leading limb
and post limb were tied using 2 same-sided hitches followed
by 3 alternating half-hitches.

The simple fibular and tibial repair construct (Figure 3)
involved 1 double-loaded 4.5-mm suture anchor (Cork-
screw) at the proximal fibular insertion of the biceps
femoris, one 3.0-mm suture anchor (SutureTak) at the dis-
tal fibular insertion of the biceps femoris, and one 3.0-mm
suture anchor (SutureTak) at the tibial insertion of the
biceps femoris. All sutures were passed and tied as
described above for each suture anchor.

The fibular repair with a tibial suture bridge construct
(Figure 4) involved one 3.0-mm suture anchor (SutureTak)
at the proximal fibular insertion of the biceps femoris, one
4.5-mm suture anchor (Corkscrew) at the distal fibular
insertion of the biceps femoris, and one 2.9-mm friction-

TABLE 1
Donor Morphological Characteristicsa

Native Simple Fibular Repair
Simple Fibular and

Tibial Repair
Fibular Repair With
Tibial Suture Bridge Transosseous Repair

Age, y 58.5 ± 6.74 (46-66) 60.0 ± 4.03 (53-64) 56.6 ± 12.30 (28-66) 61.1 ± 4.61 (53-66) 60.1 ± 3.68 (53-66)
Height, inches 65.8 ± 2.58 (61-70) 65.0 ± 2.67 (61-70) 67.4 ± 4.06 (62-72) 67.9 ± 3.68 (62-72) 68.1 ± 4.08 (64-73)
Weight, lb 210 ± 39.2 (160-260) 191 ± 45.9 (120-250) 203 ± 77.1 (100-315) 202 ± 70.6 (100-315) 192 ± 55.9 (100-260)
Male:female ratio 3:5 3:5 4:4 4:4 4:4

aValues are expressed as mean ± SD (range) unless otherwise specified. There were no significant differences between donor group
demographics (P > .05 for all).

Figure 2. Biceps femoris repair construct: simple fibular
repair.
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securing suture anchor (PushLock; Arthrex) at the tibial
insertion of the biceps femoris. The suture of the proximal
fibular 3.0-mm suture anchor and 1 suture of the double-
loaded 4.5-mm suture anchor were passed and tied in

a running Krackow fashion as described above. The
remaining suture of the 4.5-mm suture anchor was passed
in a horizontal fashion through the distal component of the
biceps femoris and then placed into a 2.9-mm friction-
securing suture anchor (PushLock) on the tibia, producing
a transosseous-equivalent construct.

The transosseous repair construct (Figure 5) involved
drilling two 2-mm tunnels from posterior to anterior
through the fibula. The proximal tunnel entered the poste-
rior aspect of the fibula approximately 8 mm from the pos-
terior tip of the styloid and exited the anterior aspect of the
fibula approximately 8 mm from the anterior/proximal
aspect of the fibula. The distal tunnel entered the posterior
aspect of the fibula approximately 14 mm from the poste-
rior tip of the styloid and exited the anterior aspect of the
fibula approximately 14 mm from the anterior/proximal
aspect of the fibula. The tunnels were drilled in a fashion
to leave an approximate 4-mm bone bridge between the
two. A 2-mm suture tape (FiberTape; Arthrex) was passed
proximally for 4 passes in a running Krackow fashion and
returned distally for 4 passes in the same fashion. The
suture tape was passed through the bone tunnels and tied
over the bone bridge created between the tunnels. The
limbs of the suture tape were passed in a horizontal fashion
through the distal component of the biceps femoris and
then placed into a 3.5-mm biocomposite screw-in suture
anchor (SwiveLock; Arthrex) at the tibial insertion of the
biceps femoris.

All suture anchors were loaded with No. 2 braided
polyester and ultra–high-molecular-weight polyethylene
suture (FiberWire; Arthrex), and sutures were passed

Figure 4. Biceps femoris repair construct: fibular repair with
tibial suture bridge.

Figure 5. Biceps femoris repair construct: transosseous
repair.

Figure 3. Biceps femoris repair construct: simple fibular and
tibial repair.
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utilizing a free curved needle. Insertion of the suture
anchors followed the manufacturer’s recommended
technique.

All specimens were tested to failure on a uniaxial mate-
rials testing machine (Model 5565; Instron) with a 1 degree
of freedom holder and a screw side-action specimen mount
with freeze augmentation (Figure 6). After the specimen
was secured with the screw side-action clamp, dry ice was
loaded into the clamp until specimen freeze was confirmed
with complete ice crystal formation over the entirety of the
clamp and adjacent tendon-muscle tissue. Specimens were
kept moist with saline solution after dissection and repair.
Tensile testing was performed within an hour of repair con-
struct placement. The tensile testing protocol included a
5-N preload period for 10 seconds, a preconditioning period
with cyclic loading, and a period of load to failure. Through-
out testing, tensile load and displacement were recorded at
10 Hz. The preconditioning period involved 20 cycles from 5
to 30 N at 0.5 mm/s, and the load-to-failure period involved
an increase in force at a rate of 0.5 mm/s until failure. The
tensile load was applied parallel to the fibular shaft to
simulate the knee in full extension. Throughout the entire
testing process, actuator force and displacement were cap-
tured, and a displacement curve was generated by use of
mechanical testing software (Bluehill 2; Instron). The fail-
ure load was defined as the first loss of structural integrity
as illustrated by the initial peak on the displacement curve.

Stiffness values were determined by calculating the slope of
the load-displacement curve during initial loading of the
construct from 5 to 30 N. The included region was linear
and sufficiently below the failure load to ensure that non-
linear deformation was excluded. Specimens were moni-
tored for slippage within the clamp visually during
testing as well as on posttest analysis of the displacement
curve. Data are presented as means with 95% CIs. All data
were checked for normality of distribution, and analysis of
variance was chosen to evaluate for statistical significance
of the maximum failure load and stiffness between groups.
Statistical significance was defined as P < .05.

RESULTS

The mean (95% CI, low-high) failure loads were the follow-
ing: native, 1280 (1033-1527) N; simple fibular repair, 173
(88.4-257.6) N; simple fibular and tibial repair, 176 (127.9-
224.1) N; fibular repair with tibial suture bridge, 191 (112.5-
269.5) N; and transosseous repair, 327 (260.7-393.3) N. The
mean (95% CI, low-high) stiffness values were the following:
native, 46 (33-59) N/mm; simple fibular repair, 16 (10.9-21.1)
N/mm; simple fibular and tibial repair, 14 (8.6-19.4) N/mm;
fibular repair with tibial suture bridge, 13 (10.2-15.8) N/mm;
and transosseous repair, 15 (12.5-17.5) N/mm. Intercon-
struct comparison of the mean failure load between the 3
repair groups involving suture anchors alone revealed no
statistical difference. The transosseous repair had a signifi-
cantly higher failure load when compared with simple fibu-
lar repair (P¼ .02), simple fibular and tibial repair (P¼ .02),
and fibular repair with tibial suture bridge (P ¼ .04). Inter-
construct comparison of stiffness revealed no statistical dif-
ference between all constructs (P > .86). None of the repair
techniques re-created the failure load or stiffness of the
native biceps femoris tendon (P ¼ .02). The native biceps
femoris tendon exhibited the highest mean failure load and
stiffness values (Table 2).

The mode of failure for all suture anchor repair con-
structs was sequential anchor pullout, with the exception
of 1 specimen in the simple fibular and tibial repair group
failing because of knot failure. The primary mode of failure
for the transosseous repair construct was suture cut-
through of the transosseous tunnel, with the exception of
1 specimen failing because of knot failure and 1 specimen
failing because of suture tape failure.

Figure 6. Uniaxial testing construct.

TABLE 2
Maximum Failure Load and Stiffness of Repair Constructsa

Maximum Failure
Load, N

Stiffness,
N/mm

Native 1280 (1033-1527) 46 (33-59)
Simple fibular repair 173 (88.4-257.6) 16 (10.9-21.1)
Simple fibular and tibial repair 176 (127.9-224.1) 14 (8.6-19.4)
Fibular repair with tibial

suture bridge
191 (112.5-269.5) 13 (10.2-15.8)

Transosseous repair 327 (260.7-393.3) 15 (12.5-17.5)

aValues are expressed as mean (95% CI, low-high).
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DISCUSSION

This cadaveric study evaluated the tensile strength of 4
distal biceps femoris repair constructs: simple repair to the
fibula, simple repair to the fibula and tibia, fibular repair
with a tibial suture bridge to the fibula and tibia, and trans-
osseous repair to the fibula and tibia. While there was not a
superior construct regarding stiffness, transosseous repair
to the fibula and tibia had a higher mean failure load than
all other constructs, with a mean of 327 N. While we
hypothesized that a fibular repair with a tibial suture
bridge would prove stronger than a simple repair and that
repair to the tibia and fibula would prove stronger than
repair to the fibula alone, this was not observed in our
testing. In all tested repair constructs, it should be noted
that the tested technique is a function of the entire con-
struct, including tendinous quality, suture type, suture
quantity, anchor type, anchor number, and anchor position.

The majority of described biceps femoris repair
techniques have involved either direct suture repair at the
myotendinous junction, suture anchor repair onto the
fibula, or transosseous repair.4,5,8,11,15,19,28 Despite
descriptions of repair techniques, there are no biceps
femoris biomechanical studies for comparison. The fibular
repair with a tibial suture bridge construct in this study
was designed with previous transosseous-equivalent
rotator cuff studies in mind to achieve fixation to a
larger area of the footprint. In our study, all repair con-
structs utilizing suture anchors performed similarly on
tensile testing, while a transosseous-style repair per-
formed superiorly to those involving suture anchors
alone. The differences observed in this study may be
attributable to the porous nature of the proximal fibular
head, as reflected in the predominant mode of failure
being anchor cutout and suture cut-through of the fibula.
This anatomic limitation should be considered clinically
when surgeons evaluate repair options.

Isolated tension in the biceps femoris during both activ-
ities of daily living and rehabilitation is difficult to define.
Past studies have focused on the hamstring complex as
opposed to isolated intratendinous tension of single muscle
units during activity. Furthermore, a biomechanical study
has shown variability in both absolute maximum stress and
corresponding knee flexion angle between flexible and
inflexible persons.12 In the absence of formal biomechanical
data regarding the forces generated by the biceps femoris, a
conservative postoperative protocol is warranted. Sebastia-
nelli et al19 utilized immobilization for 4 weeks at 60� of
flexion, between 4 to 6 weeks active motion is allowed
within 30� to 60�, progressing to free range of motion after
6 weeks, and progressive resistive exercises after 8 weeks.
With modern repair techniques, we have not limited range
of motion after biceps femoris repair but only limited
patients to nonweightbearing for 6 weeks.

A limitation of this study is the advanced age of the speci-
mens and the lack of bone density study on the specimens,
which could be used to more effectively allocate the groups.
Biceps femoris tears are more likely in younger patients
with active lifestyles. The mean age of the specimens in this
study was 59.3 years, which has an effect on suture anchor

fixation. Cadaveric repair analysis is also limited, as it tests
time-zero repair strength, which does not account for
strength that occurs as tissue heals. Additionally, this
study involved unidirectional tensile force, whereas a
repair in vivo will be subject to a more complex combination
of tensile, shear, and torsional forces during physiological
knee motion. Using a nonanatomic loading profile in the
study could have led to sequential anchor/suture failure
and variability in loading angle, and consequently to inac-
curate strength values. An additional weakness is that the
specimens in the transosseous repair group were not paired
to another group. A better design may have been to pair the
transosseous repair group to the fibular repair with a tibial
suture bridge group, leaving the native group unpaired.

A possible confounder between the transosseous-
equivalent and transosseous repair groups is the difference
in the tibial knotless suture anchor used: 2.9-mm push-in
versus 3.5-mm screw-in. Variation in the suture anchor
number and suture material is also a weakness of this
study. Ideally, more variables regarding design would have
been held constant; however, we designed the study to test
the tensile properties of 4 constructs that we have used
clinically, instead of what was biomechanically ideal for the
study design. For example, in addition to the design of the
transosseous repair contributing to its superior testing
result, one also must consider that 2-mm suture tape was
used in this group as opposed to No. 2 braided polyester and
ultra–high-molecular-weight polyethylene suture.

The uniaxial materials testing machine applied force in a
vector that represented near–full extension of the knee.
Clinical case reports have indicated that this is the position
of injury.5,8,19,28 We felt that a design mimicking the injury
scenario would be the best tensile setup; however, it could
be argued that after surgery, maximal hamstring contrac-
tion could be a possible mode of failure of repair, which
occurs in knee flexion.

In conclusion, this cadaveric study demonstrated that
transosseous biceps femoris repair is stronger than suture
anchor repair. Repair strength and stiffness did not
approach the native values of the biceps femoris.
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