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Abstract Harvesting both the semitendinosus and graci-
lis tendons for anterior cruciate ligament (ACL) recon-
struction has a negative impact on muscle strength as well
as knee function and stability. With a new “All-inside”
technique, using only one hamstrings tendon (semitendi-
nosus or gracilis) is possible because of a reduction in
length requirements. The research question of this in vitro
study was whether the use of only one hamstrings tendon
(semitendinosus or gracilis) could restore knee kinematics
and in situ force in the ACL to the level of an intact knee.
Ten human cadaveric knees were tested in the following
conditions: (1) intact, (2) ACL-deficient, and (3) ACL
reconstruction with the “All-inside” technique using the
(a) single semitendinosus tendon graft, or (b) single gracilis
tendon graft. Using a robotic testing system, external loads,
i.e. (1) an anterior tibial load of 134-N and (2) combined
rotatory loads of 10-Nm valgus and 5-Nm internal tibial
torques, were applied. The multiple degrees of freedom
knee kinematics and the in situ forces in the ACL and ACL
grafts were determined. In response to a 134-N anterior
tibial load, the use of either graft could restore anterior
tibial translation to within 1.3 mm of the intact knee. The
in situ forces in the two grafts were not significantly
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different from those of the intact ACL. Under the com-
bined rotatory loads, both grafts could restore knee kine-
matics as well as the in situ force in the grafts to the level
of the intact ACL. The “All-inside” technique using either
the semitendinosus or gracilis tendon for ACL recon-
struction could satisfactorily restore time-zero knee kine-
matics and the in situ forces in either graft to those for the
intact ACL, supporting clinical findings.

Keywords ACL - ACL reconstruction -
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Introduction

Anterior cruciate ligament (ACL) reconstruction using
hamstrings tendons, typically both the semitendinosus and
gracilis tendons as a quadrupled (QSTG) autograft, has
gained popularity because these grafts are thought to pro-
vide sufficient initial stiffness and offer advantages over
the bone-patellar tendon-bone graft in terms of reducing
inferior patellar contracture, quadriceps weakness, exten-
sion deficits, anterior knee pain, as well as donor site
morbidity [7, 10, 18, 25, 32, 34, 35]. However, harvesting
both tendons for use in the QSTG autograft also presents
new issues that include the loss of active knee flexion at
deeper flexion angles and lower internal tibial torque as
well as muscular weakness that directly impacts knee
function and stability [29, 31, 50]. Even at 9 months after
surgery, the strength of the hamstrings muscles are reduced
[50]. Such a reduction would be detrimental to athletic
performance, especially in sports, such as wrestling, foot-
ball, and soccer, which require extensive use of the ham-
strings muscles [3, 5, 8, 11]. Further, the semitendinous
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tendon is needed to prevent excessive anterior tibial
translation when the knee is near full extension [37].
Therefore, it would be desirable to preserve as much of the
hamstrings tendon as possible for ACL reconstruction,
particularly for younger and more athletic patients [20].

Recently, a clinical alternative, namely the “All-inside”
technique, has been adopted for ACL reconstruction [9, 24,
38]. In this technique, the femoral and tibial tunnels are
manually drilled only halfway through the bones for graft
fixation. Thus, the effective length of the graft required is
significantly less than traditional full tunnel methods. As a
result, only one hamstrings tendon (either the semitendi-
nosus or gracilis), folded in triple or quadruple strands, is
needed as an ACL replacement autograft, and thus, one
tendon could be spared. A clinical study of 622 patients at
19—48 months postoperatively found 96% patient satis-
faction [9]. There were no graft failures and all could return
to pre-injury levels of activity, with good muscle function
and knee stability. Nevertheless, it is necessary to back up
these positive results with supporting scientific data.

Thus, the objective of this in vitro study was to evaluate
the use of one hamstring tendon (semitendinosus or grac-
ilis) graft in the “All-inside” technique for ACL recon-
struction in terms of the restoration of knee kinematics and
in situ force of the ACL to the level of an intact knee under
applied loads simulating clinical exams. As the reduced
tunnel length would allow a semitendinosus tendon graft
folded in triple form or a gracilis tendon graft folded in
quadruple form, we hypothesized that ACL reconstruction
using only the semitendinosus or gracilis tendon autograft
could restore the normal knee kinematics and the in situ
forces in the ACL to the levels of the intact knee. Secondly,
since the semitendinosus and gracilis tendon grafts have
similar cross-sectional dimensions and biomechanical
properties [14, 43, 51], we further hypothesized that there
would be no significant differences between reconstruc-
tions using either the semitendinosus or the gracilis grafts
in terms of knee kinematics and in situ forces in the graft.
To test our hypotheses, the intact, ACL-deficient, and
reconstructed knees were tested on a robotic/universal
force moment sensor (UFS) testing system between full
extension and 120° of knee flexion, and the 5 degrees of
freedom (DOF) knee kinematics as well as the in situ
forces in the intact ACL and the ACL replacement grafts
could be measured and compared. This unique system is
capable of obtaining data accurately without contacting the
ligament or its replacement graft [12, 21].

Methods

Ten fresh-frozen human cadaveric knees (54 £ 8.7 years
of age; range, 42—-64 years) were used in this study. On the
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basis of our previous data, a power analysis was performed
(power = .80, significance level = .05), so that differences
of 2 mm for anterior tibial translation and 20 N for in situ
force measurements could be detected. It was determined
that 10 knees were required for this study. Each specimen
was screened for a history of osteoarthritis, lower limb
trauma, and neurologic disease. Specimens were stored in
airtight plastic bags at —20°C until 24 h before testing,
when they were thawed at room temperature [27, 45].
Clinical and arthroscopic examination of the knee joint was
performed to confirm the presence of an intact and func-
tional ACL, as well as the presence of any bony abnor-
malities and osteoarthritis. The semitendinosus and gracilis
tendons were harvested from each knee to be used as the
ACL replacement grafts, using a tendon stripper. The grafts
were then wrapped in saline-soaked gauze to prevent
dehydration.

In preparation for testing, the femur and tibia were then
cut approximately 20 cm from the joint line and all soft
tissues were removed approximately 10 cm away from the
joint line on both the femur and tibia, while leaving the
joint intact. The fibula was rigidly fixed to the tibia with a
cortical screw to maintain its anatomic position. The femur
and tibia were each secured within custom-made aluminum
cylinders by using an epoxy compound (Fibre Glass-
Evercoat, Cincinnati, Ohio) with transfixing bolts. The
specimen was then mounted in a robotic/UFS testing sys-
tem [12, 13, 21, 33]. The femoral side was rigidly mounted
to the base of the robotic manipulator (KUKA Model KR
210), while the tibial side was attached to the end-effector
of the robotic manipulator via a load cell (Model Theta,
ATTI Industrial Automation) (Fig. 1). The robotic manipu-
lator has a position and orientation accuracy and repeat-
ability of less than 0.1 mm and 0.1°, respectively. The UFS
is capable of measuring 3 forces and 3 moments in a
Cartesian coordinate system fixed with respect to the sen-
sor. Using the robotic/UFS testing system, the knee kine-
matics and the in situ forces in the intact ACL and the ACL
replacement grafts were obtained. Throughout the experi-
ment, the specimens were kept moist with 0.9% saline
solution.

The sequence of tests performed and the data acquired
are outlined in Table 1. The path of passive flexion—
extension of the intact knee from full extension to 120° of
flexion was first determined by the robotic/UFS testing
system in 1° increments by means of minimizing all the
external forces and moments. This path serves as the ref-
erence position from which external loads are applied and
kinematics data are collected [17, 22, 42, 47]. Two external
loading conditions were applied to the knee: (1) a 134-N
anterior tibial load with the knee at full extension, 15, 30,
60, 90, and 120° of flexion; and (2) a combined 10 N m of
valgus torque and 5 N m of internal-external tibial torque
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Fig. 1 A photograph of a specimen tested on the robotic/universal
force-moment sensor (UFS) testing system. a 6-DOF robotic manip-
ulator; b UFS; ¢ Human cadaveric knee

at 15° and 30° of knee flexion. The anterior tibial load
simulates clinical examinations such as the anterior drawer
and the Lachman tests, which are commonly used for the
diagnosis of ACL deficiency. The combined rotatory load
(CRL) statically simulates the pivot-shift test, which is
another examination used to determine knee instability,
especially rotatory instability due to ACL injury [30, 40,

Table 1 Experimental protocol and corresponding data acquired

Knee State

1. Intact Knee

41]. The 5 DOF kinematics of the intact knee (i.e., ante-
rior—posterior, medial-lateral, and proximal—distal trans-
lations, as well as internal-external and varus-valgus
rotations) were recorded at each flexion angle. The in situ
force in the ACL could be determined by carefully tran-
secting the ACL through a medial mini-arthrotomy. The
medial mini-arthrotomy was done during specimen prepa-
ration; therefore, any effect of performing this procedure
was consistent throughout the experiment. Then, the 5 DOF
kinematics of the intact knee were repeated by the robotic
manipulator in position-control mode for the ACL-defi-
cient knee, while the UFS measured the new forces and
moments. On the basis of the principle of superposition, the
vector difference in forces measured between the intact and
the ACL-deficient states represented the in situ force in the
ACL [12, 33]. To assess changes in knee kinematics
associated with ACL deficiency, the same external loading
conditions previously applied to the intact knee were again
applied to the ACL-deficient knee, and the resulting 5 DOF
kinematics were determined.

Subsequently, the ACL reconstructions were performed
by one orthopedic surgeon (GZ) using the “All-inside”
technique, using the (1) semitendinosus tendon alone and
(2) the gracilis tendon alone. Each reconstruction required
approximately 50 min, and the order of the reconstructions
was randomized among knees. The ACL reconstruction
was performed using a single femoral tunnel and a single
tibial tunnel. The femoral tunnel was drilled using a free-
hand technique using an inside-out technique through the
mini-arthrotomy and was placed as posterior as possible
within the intercondylar notch (without breaking the pos-
terior wall of the femoral condyle) at approximately the

Data Acquired

Kinematics In-Situ Force

Path of passive flexion/extension

Applied load —— > Intact knee

Transect ACL

1I. ACL Deficient

» ACL

Repeat intact kinematics

Applied load

» ACL(-) knee

III. Semitendinosus Applied load —— > Reconstructed Knee (ST)

Tendon Graft**
Release graft

1V. Gracilis
Tendon Graft**
Release graft

**Qrder of reconstructions was randomized

Repeat ST knee kinematics

Repeat GR knee kinematics

» ST Graft

Applied load —— > Reconstructed Knee (GR)

»GR graft
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10 o’clock position in the right knee and at approximately
the 2 o’clock position in the left knee. The optimal
placement of the tunnel was marked with a 90° awl. A
guide wire was placed at the marked optimal position and
drilled through the femoral condyle at 120° of knee flexion.
The tunnel was initially drilled completely through the
bone with a 4.5-mm-diameter cannulated drill (EndoButton
Drill, Acufex, Smith and Nephew, Andover, MA) over the
guide wire. The tibial tunnel was made in the middle of the
footprint of the tibial insertion of the ACL using a Protac
tibial guide set (Acufex, Smith and Nephew, Andover,
MA) at 60°, and was initially drilled using an outside-in
technique with a 4.5-mm-diameter cannulated drill over the
guide wire. The final drilling of the tunnels was made with
a special manual retro-drill that has “drill-wings” which
are turned out inside the joint and used to create the final
half-tunnels starting from the inside of the joint. The
diameter of the manually drilled half-tunnels were typically
in range of 7-9 mm, the depth of the femoral tunnel was in
range of 3040 mm and the depth of tibial tunnel was 20—
30 mm. The dimensions of the tripled semitendinosus
tendon graft and quadruplicated gracilis tendon used for
each All-inside reconstruction are provided in Table 2.
The femoral side was first fixed using an EndoButton
CL (Smith and Nephew). The graft was then pulled through
the tibial tunnel, and the knee was preconditioned by
moving the knee through 5 cycles of the full range of knee
flexion while applying a 22-N pretension. Finally, the tibial
side was fixed using a cortical screw and washer as a post.
For both reconstructions, the graft was fixed at 30° of knee
flexion. Each graft was fixed while a 67-N posterior tibial
load and 22-N of initial graft tension were maintained.

Table 2 Dimensions of the hamstrings tendon grafts (mean £+ SD)

Length (mm) Diameter (mm)

8.1+0.2
73+£03

Semitendinosus graft 86 £5
Gracilis graft 84 5

Previous studies have shown that applying 67-N of pos-
terior load during the fixation of the graft can more closely
restore the knee kinematics and in situ force in the ACL
graft to those of intact knee [15].

After each reconstruction, the same external loading
conditions applied to the intact knee were repeated on the
ACL-reconstructed knee to obtain the corresponding
5-DOF knee kinematics. The forces in the grafts were
obtained using the superposition principle by releasing the
grafts and replaying the knee kinematics of the recon-
structed knee to measure the changes in forces.

Statistical methods

Because all variables were measured on the same speci-
men, statistical analysis of knee kinematics and in situ
forces was performed using a 1-factor repeated measures
analysis of variance (ANOVA), with knee state as the
factor. Statistical significance was set at P < 0.05. A
Bonferroni posthoc analysis was done to evaluate the
effects of ACL reconstruction at specific angles of knee
flexion.

Results

In response to a 134-N anterior tibial load, the anterior
tibial translation for the intact knee increased from full
extension to 30° of flexion, and then remained roughly
level through 120° of flexion (Table 3). After ACL tran-
section, the values for anterior tibial translation signifi-
cantly increased by two to threefold throughout the range
of flexion angles tested, and were 5.2-9.8 mm higher than
the intact knee (P < 0.05). After ACL reconstruction, the
anterior tibial translation was restored to within 1.3 mm of
the intact knee using either the single semitendinosus or
single gracilis autograft. For example, the values at full
extension were only 0.5 and 0.4 mm higher than the intact
knee, respectively (P > 0.05). These values were also 3.9—

Table 3 Anterior tibial translation (mm) in response to a 134-N anterior tibial load (mean £+ SD)

Flexion angle (degrees) Intact knee (mm)

ACL-deficient knee (mm)

ACL-reconstructed knee (mm)

Semitendinosus graft Gracilis graft

Full extension 34 +0.8 9.7 £ 3.1*
15 49 + 15 13.0 &+ 3.3*%
30 6.8 £ 2.0 16.6 + 3.3*
60 7.0+ 26 14.2 + 3.4%
90 64+ 26 11.9 + 3.0*
120 7.0+22 12.2 + 2.3*

39+ 19 38+ 1.8
58+2.0 55+£22
77+ 15 73 £ 15
79 £ 1.4 76 £1.6
75 +24 70+ 19
83125 75+ 18

* P < 0.05 compared with all other knee states
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9.3 mm lower than the ACL-deficient knee throughout
knee flexion (P < 0.05). There were no significant differ-
ences between the two reconstructions (P > 0.05). In fact,
the maximum difference between the graft protocols was
only 0.8 mm at 120° of flexion (P > 0.05).

The resultant in situ forces in the intact ACL in response
to a 134-N anterior tibial load increased slightly from full
extension to 15° and 30° of knee flexion (137 £ 10 N)
before decreasing steadily until 120° of knee flexion
(76 £ 21 N) (Fig. 2). After ACL reconstruction, the trends
for in situ force of the replacement grafts were similar to
those for the intact ACL throughout the range of knee
flexion. For the single semitendinosus graft, the corre-
sponding values for the graft were 121 4+ 30 N at 30° of
knee flexion and 54 £ 22 N at 120° of knee flexion and
were not statistically different compared with the intact
ACL (P > 0.05) (Fig. 2). The same was true for the single
gracilis graft where the corresponding values were
125 £ 29 N to 66 £ 19 N, respectively (P > 0.05). Fur-
ther, no statistical differences were detected between the
two autografts (P > 0.05) with the only exception at 120°

180 —A— Intact ACL
—f}— Semitendinosus Graft
—0— Gracilis Graft

)

- -
8 8
y ©

In-situ force (N
@0
o

0 T T T T T T T T
FE 15 30 60 90 120

Knee flexion angle (degrees)

Fig. 2 In-situ force of the intact ACL versus the single semitendi-
nosus and single gracilis grafts in response to a 134-N anterior tibial
load. The only significant difference was between the single
semitendinosus and single gracilis grafts at 120° of knee flexion
(+P < 0.05)

of knee flexion where the in situ force of the single semi-
tendinosus graft was on average 12 N lower (P < 0.05).

In response to the combined rotatory loads, values for
the coupled anterior tibial translation increased from 15 to
30° of knee flexion under all experimental conditions
(Table 4). After transection of the ACL, the anterior tibial
translation values increased by three to eightfold compared
to the intact knee at 15 and 30° (P < 0.05). With recon-
struction, the coupled anterior tibial translation signifi-
cantly decreased by 3.1-3.5 mm in comparison with the
ACL-deficient knee (P < 0.05). After ACL reconstruction,
the anterior tibial translation was restored to within 0.4 mm
of the intact knee using either the single semitendinosus or
single gracilis autograft (Table 4). No significant differ-
ences were detected when comparing the coupled anterior
tibial translation of either reconstruction procedure to the
intact knee or when comparing the two reconstruction
procedures to each other (P > 0.05).

Under all experimental conditions, the internal tibial
rotation increased from 15 to 30° of knee flexion (Table 4).
After transection of the ACL, the internal tibial rotation
values significantly increased by 1.8 at 15° (P < 0.05) but
not at 30° of knee flexion (P > 0.05). Values for internal
tibial rotation were restored to within 0.7 and 1.1° of the
intact state at 15 and 30° of knee flexion, respectively, for
both the single semitendinosus graft (P > 0.05) and single
gracilis graft (P > 0.05). When comparing the two graft
protocols, no statistical differences could be shown
(P > 0.05).

Under the combined rotatory load, the resultant in situ
force of the intact ACL was 83 + 34 N at 15° and
73 £ 36 N at 30° of knee flexion (Fig. 3). The corre-
sponding values for the single semitendinosus graft were
within 9 N of the intact knee (74 &= 30 N and 67 + 35 N,
respectively), while the values for the single gracilis graft
were within 2 N (85 £ 28 N and 75 £ 30 N, respec-
tively). No statistically significant differences could be
found between the in situ force of the grafts and the intact
ACL (P > 0.05). Further, there were no statistically

Table 4 Knee kinematics in response to combined rotatory loads (mean £ SD)

Flexion angle

Intact knee

ACL-deficient ACL-reconstructed knee (mm)

(degrees) (mm) knee (mm) Semitendinosus Gracilis
graft graft
Anterior tibial translation (mm) 15 05+ 1.7 4.0 £ 2.4%* 0.8 £2.0 0.5+20
30 2.1 £25 5.6 £ 3.3* 25+24 23+23
Internal tibial rotation (degrees) 15 13.7 £ 4.1 15.5 4 3.8** 144 + 4.5 143 + 4.8
30 20.1 £ 4.3 21.1 £ 45 209 £ 49 212+ 438

* P < 0.05 compared with all other groups
** P < 0.05 compared to intact knee
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Fig. 3 In-situ force of the intact ACL and reconstruction grafts in
response to combined rotatory loads of 10 N-m of valgus and 5 N-m
of internal torques

significant differences between the grafts, with a maximum
difference of 11 N (P > 0.05).

Discussion

In this controlled laboratory study, quantitative data on
knee kinematics as well as the in situ forces in the single
hamstrings tendon autografts used for ACL reconstruction
in an “All-inside” technique were determined in human
cadaver knees by means of a robotic/UFS testing system.
With an anterior tibial load and combined rotatory loads
designed to mimic clinical exams, it was found that either
autograft, i.e. semitendinosus or gracilis, could restore the
knee kinematics to within 1.3 mm of those of the intact
knee. Further, the resultant in situ forces in the grafts were
not significantly different to those of the intact ACL,
supporting our hypothesis. In addition, the knee kinematics
and in situ forces of the intact ACL obtained in our study
were similar to those published in the literature [17, 22, 36,
44, 47]. Our data suggest that only one hamstrings tendon
in triple or quadruple strands could be used as an autograft
for ACL reconstruction because the length of the needed
graft is shortened using “All-inside” procedures, while the
cross-sectional area remained similar to standard QSTG
grafts.

Further, both the kinematics of the reconstructed knee
and in situ forces of the single semitendinosus and single
gracilis grafts were not different from each other under
these loading conditions, except at 120° of flexion in
response to the anterior tibial load. These results are not
surprising since the semitendinosus and gracilis tendons
have similar biomechanical properties [14, 43, 51], and the
final single semitendinosus tendon graft and single gracilis
tendon graft are folded in multiple strands such that their
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dimensions are comparable (Table 2). As such, in this
time-zero study, there is no clear biomechanical advantage
for harvesting one hamstrings tendon over another in terms
of restoring knee kinematics and in situ force of the graft
near the levels of the normal ACL.

Using our robotic/UFS testing system, our research
center has previously published data on ACL reconstruc-
tion using a QSTG autograft and has found it could restore
knee kinematics and in situ force in the ACL [44, 47, 48].
When the autograft was placed in the femoral insertion site
of the PL bundle [48], the anterior tibial translation under a
134-N anterior tibial load was found to be within 2 mm of
the intact knee from full extension to 90° of knee flexion.
Additionally, the QSTG graft was able to restore the in situ
force of the ACL graft to within 17 N throughout the range
of knee flexion studied. Similarly, in response to combined
rotatory loads, the QSTG graft was able to restore coupled
anterior tibial translation and internal tibial rotation, as well
as the in situ force of the QSTG graft to within 6 N of the
intact ACL at 15 and 30° of knee flexion. Interestingly, the
data in the current study using one hamstrings tendon were
similarly effective compared to those of the QSTG tendon
autograft in terms of restoring knee kinematics as well as in
situ force of the replacement graft to the levels of the intact
knee.

In more recent years, double bundle ACL reconstruction
procedures have gained in popularity, as they are thought
to better recreate the natural anatomy of the ACL [1, 4, 6,
16, 19, 26, 28, 29, 39, 46, 47, 49]. Our research center has
compared an anatomic double-bundle reconstruction to a
single-bundle reconstruction at the femoral insertion site of
the PL bundle [48]. In this case, in response to anterior
tibial and combined rotatory loads, both reconstructions
were able to restore anterior tibial translation and in situ
force in the ACL graft near those for the intact knee at
flexion angles near knee extension. However, the double-
bundle procedure was able to better restore anterior tibial
translation in deeper flexion. Thus, to reproduce the com-
plex function of the ACL throughout the range of knee
flexion, reproducing both bundles of the ACL may have
biomechanical advantages. On the other hand, a more lat-
erally placed single-bundle reconstruction, such as the one
used in the current study, may also work quite well,
especially with the knee near extension where the ACL is
most needed. This is especially important since long-term
clinical data on double-bundle ACL reconstruction are not
yet available, and better clinical outcomes with double
bundle ACL reconstruction procedures has yet to be
demonstrated [23].

Due to concerns about harvesting both the semitendi-
nosus and gracilis tendons and the resulting impact on knee
function and stability [2, 29, 31], it would be important
to preserve one of the two hamstring tendons by the
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“All-inside” technique. Moreover, this novel surgical
approach may have other apparent advantages. Since the
tunnels are drilled manually from the inside-out, there is a
decrease in length of the bone tunnels, and as a result,
reduced bone loss. Also, the tunnel lengths can be adjusted
for optimum fixation.

There are limitations of this study, however. First,
cadaveric knees were tested in vitro, and thus, only rep-
resent a time-zero analysis that does not capture the effects
of the in vivo healing response or additional cyclic loading.
Second, the relatively simple external loading conditions in
this study are a simulation of those used in clinical
examinations. In vivo loading conditions, such as those
during the pivot movements, which involve the iliotibial
band as well as other muscle loads, were not included.
Third, the level of externally applied loads used in this
study is lower than those experienced while performing
activities of daily living, thus forces in the grafts were less
than that could potentially fail the graft [48]. Future studies
will be performed on our robotic/UFS testing system using
in vivo loading conditions and higher load levels in order to
fully evaluate the “All-inside” technique.

Nevertheless, this study provided new and quantitative
information. By measuring knee kinematics while the knee
undergoes unrestricted motion in multiple degrees of
freedom, the in situ force in the ACL and ACL replacement
grafts were determined in a non-contact manner. More
importantly, since a common reference position could be
established, the experimental data collected for an intact
knee, ACL-deficient knee, and ACL-reconstructed knee
with single semitendinosus or single gracilis graft protocols
were from the same cadaveric specimen, thus eliminating
the large inter-specimen variation, and yielding significant
increases in the statistical power [12].

In the end, the findings of this controlled laboratory
study give confidence to those in the clinical setting that
ACL reconstruction using the “All-inside” technique with
either the semitendinosus and gracilis tendons was suffi-
cient to maintain initial postoperative knee stability. The
data also show that the in situ force in the grafts is also at
the appropriate levels, i.e. compared to the intact ACL as
well as those found for the commonly used QSTG tendon
graft. Thus, we were able to positively answer our research
question that at time-zero the “All-inside” technique could
restore knee kinematics and in situ force of the ACL to the
level of an intact knee and may have merit for continued
use in ACL reconstruction procedures.

Conclusions

An “All-inside” technique using either the semitendinosus
or gracilis tendon for ACL reconstruction could

satisfactorily restore initial knee kinematics and the in situ
forces in either graft to those for the intact ACL. These data
also compared favorably to published results using both
hamstrings as a quadrupled tendon autograft. These results
in human cadaveric knees support the clinical findings
using the “All-inside” procedure with only a single ham-
strings tendon graft for ACL reconstruction.
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