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Purpose: The aim of this retrospective study was to evaluate the clinical outcomes of the patients who
underwent primary anterior cruciate ligament (ACL) reconstruction surgery with either hamstring
autograft or freeze-dried tibialis anterior allograft, which performed by the same surgeon using the same
ﬁxation technique.
Methods: In this retrospective study, patients who had primary ACL reconstruction using either fourstrand hamstring autograft (FSH) or freeze-dried irradiated tibialis anterior allograft (FDT) between
2012 and 2015 were evaluated. Patients who were skeletally mature with a minimum follow-up of 24
months and who had no previous surgery from the affected knee were included; patients who had
multiple ligament injuries or chondral lesions over Outerbridge grade 2 were excluded from the study.
Patients were grouped according to the graft type used in ACL reconstruction. Tegner activity scale and
Lysholm knee scoring scale were used to assess patients' activity levels and functional status preoperatively and at the ﬁnal follow-up. KT-2000 arthrometer measurements were done at the ﬁnal follow-up
to evaluate anterior laxity.
Results: There were 27 patients (mean age 27 ± 8.9 years) in the FSH group and 36 patients (mean age
27.1 ± 6.7 years) in the FDT group. The mean follow-up time was 38.2 ± 3.5 months for the FSH group and
41 ± 6.1 months for the FDT group. There were no statistically signiﬁcant differences between the groups
when preoperative and postoperative Tegner-Lysholm scores were compared (Tegner P ¼ 0.583, 0.742;
Lysholm P ¼ 0.592, 0.249). The mean anteroposterior laxity and side-to-side differences measured by KT2000 were 4.1 mm and 2.1 mm for the FSH group, respectively; 4.2 mm and 2.2 mm for the FDT group,
respectively. There was not a statistically signiﬁcant difference (P ¼ 0.745, 0.562 respectively).
Conclusions: Primary ACL reconstruction with a single loop freeze-dried irradiated tibialis anterior
allograft revealed comparable results with four-strand hamstring autograft in non-athlete patients.
Level of evidence: Level III, Therapeutic study.
© 2018 Turkish Association of Orthopaedics and Traumatology. Publishing services by Elsevier B.V. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Anterior cruciate ligament (ACL) reconstruction can be performed by different types of grafts and ﬁxation methods.1e3 Bonepatellar tendon-bone (BPTB) and four-strand (quadruple, double-
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loop) hamstring (FSH) autografts are the most common graft options currently.1,2 Bone-tendon type autografts were considered the
best for rapid bone-to-bone integration with lower failure rates
while having more donor site morbidity. However, the use of FSH
autografts seem to have relatively less morbidity than BPTB autografts and recently popularized in ACL reconstruction.2,3
Allografts are another option in ACL reconstruction. Various
systematic reviews had shown no signiﬁcant differences between
allografts and autografts, although there is still concern about graft
selection due to lack of prospective, well-controlled studies in the
literature.4e7 Fresh-frozen and cryopreserved allografts for ACL
reconstruction were examined well in the literature; however,
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there are not enough studies about the use of freeze-dried tendon
only allografts. Freeze-drying process alters the strength of the
bone tissue in BPTB allografts, which cause higher failure rates.8
However, its disadvantage in tendon only graft is not so clear.
In our institute, we used freeze-dried tibialis anterior allograft
(FDT) for the reconstruction of ACL for two years and had an opportunity to observe the results. The aim of this retrospective
study was to evaluate the clinical outcomes as means of knee
laxity test and Tegner-Lysholm score of the patients who underwent primary ACL reconstruction surgery with either FSH autograft or FDT allograft performed by the same surgeon using the
same ﬁxation technique.

end of 3 months, plyometric exercises and at the end of 6 months,
contact sports were allowed.

Material and methods

Statistical analysis

This retrospective study was performed after having the
approval of our institution's ethical review board. Between 2012
and 2015, patients who underwent primary ACL reconstruction
with the diagnosis of symptomatic ACL deﬁciency were participated in this study. Patients who were skeletally mature (between
16 and 50 years old) with a minimum follow-up of 24 months and
who had no previous surgery from the affected knee were
included in this study. Patients who had multiple ligament injuries or chondral lesions over Outerbridge grade 2 (Outerbridge
grade 3e4) were excluded. The patients were grouped depending
on the used graft type; either FSH autograft or FDT allograft. We
discussed the option of allograft with the patients and decisions
were made depending on the patients' demands. There were no
professional athletes in both groups. All operations were performed by the same surgeon.

All data were analyzed by using SPSS Statistics version 22.0
software (SPSS Inc, IBM, Chicago, IL, USA). Differences between two
independent groups were evaluated by ManneWhitney U test and
T-test in accordance with ShapiroeWilk normality test. Categorical
variables were compared by non-parametric chi-square test. P
values lower than 0.05 (p < 0.05) were considered as statistically
signiﬁcant.

Operative technique
All operations were performed under spinal anesthesia. Patients were placed supine on the operating table with the knee
ﬂexed down over the end of the table. Pneumatic tourniquet was
used. For the FSH group, a longitudinal incision was made over
pes-anserinus. The semitendinosus and gracilis tendons were
harvested with a closed loop tendon stripper and the remaining
muscle tissues over the harvested graft were cleaned. For the FDT
group; allograft rehydrated for 30 min in a warm saline. Free ends
of those grafts were prepared with Ethibond (No. 5), using the
Krakow technique. Quadruple tendon was prepared using FSH
autograft, and double tendon was prepared using FDT allograft
FSH group.
Arthroscopic anterior cruciate ligament surgery was done in a
trans-tibial technique. Partial meniscectomies were performed
when necessary. Femoral ﬁxation was done with a metal TransFix
cross-pin (ConMed Linvatec, Largo, FL, USA) sent from the lateral
femoral condyle. Then the knee was positioned in full extension,
the graft was held tight while an assistant was performing posterior drawer maneuver and the graft was ﬁxed by a bioabsorbable interference screw. The ﬁxation was augmented by a
ligament staple.

Patient evaluation
Tegner activity scale and Lysholm knee scoring scale were used
to assess patients' activity levels and functional status preoperatively and at the ﬁnal follow-up. KT-2000 arthrometer (MEDmetric
Corporation, San Diego, CA, USA) measurements were done at the
ﬁnal follow-up. Anteroposterior laxity of the affected side and sideto-side differences were measured in millimeters using the manual
maximum test with the knee positioned at 15 degrees of ﬂexion.

Results
A total of 72 patients who underwent ACL reconstruction between 2012 and 2015 in our institution were found through data.
After exclusion, 63 patients were enrolled in this study. The mean
follow-up time was 38.2 ± 3.5 months (ranges, 34e50 months) for
the FSH group and 41 ± 6.1 months (ranges, 33e54 months) for the
FDT group. There were 27 patients (3 females, 24 males) in the FSH
group and 36 patients (3 females, 33 males) in the FDT group. The
mean age was 27 ± 8.9 years (ranges, 16e49 years) in the FSH group
and 27.1 ± 6.7 years (ranges, 18e46 years) in the FDT group. There
was not a statistically signiﬁcant difference when the ages and
follow-up time of the groups were compared (p > 0.05). The demographic data and types of the injuries of the patients were
shown in Table 1.
There were 14 meniscal tears (51.8%) in the FSH group and 19
(52.7%) in the FDT group (p > 0.05). Meniscal debridement was
performed for the meniscal tears. None of the patients had
meniscal sutures. Outerbridge grade 1e2 chondral pathologies
were found in 5 of 27 (18.5%) patients in the FSH group and 8 of 36
patients (22.2%) in the FDT group (p > 0.05). The mean tunnel
diameter, which was prepared according to the diameter of the
graft, was 8.5 mm for the FSH group and 7.8 mm for the FDT group.
The difference was not statistically signiﬁcant (p > 0.05) (Table 2).
The mean preoperative and postoperative Tegner activity scale
results were 5.7 ± 1.3 (ranges, 4 to 8) and 5.3 ± 1 (ranges, 4 to 7),
respectively for the FSH group; 5.1 ± 1.3 (ranges, 4 to 7) and 4.9 ± 1
(ranges, 4 to 7), respectively for the FDT group. The average

Table 1
The demographic data of the patients and their types of the injuries.

Rehabilitation
a

An easy understood self-rehabilitation program, which starts at
postoperative ﬁrst day was taught to all the patients. This consists
of some active and passive quadriceps strengthening exercises and
limitation of some activities. In the ﬁrst 4 weeks, partial-weight
bearing was allowed with the use of crutches and knee ﬂexion
exceeding 90 was avoided. After that, full-weight bearing and
gradually increased amount of knee ﬂexion were allowed. At the

Age (years)
Genderb
Follow-up (months)a
Types of the injuriesb
Sports
Falling
Other
a
b

FSH group (n ¼ 27)

FDT group (n ¼ 36)

P value

27 ± 8.9 (16e49)
3 female/24 male
38.2 ± 3.5 (34e40)

27.1 ± 6.7 (18e46)
3 female/33 male
41 ± 6.1 (33e54)

0.415
0.000
0.122

25 (92.6%)
1 (3.7%)
1 (3.7%)

32 (88.9%)
4 (11.1%)
0

Mean values with "± standard deviation" and (ranges).
Number of the patients and (percent).
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Table 2
Arthroscopic ﬁndings and tunnel diameters of the patients.

Meniscal teara
Medial meniscus
Lateral meniscus
Both
Chondral pathologya
Grade 1
Grade 2
Tunnel diameterb
a
b

FSH group (n ¼ 27)

FDT group (n ¼ 36)

P value

14 (51.8%)
12 (44.4%)
1 (3.7%)
1 (3.7%)
5 (18.5%)
3 (11.1%)
2 (7.4%)
8.5 ± 0.6 (7e9)

19 (52.7%)
17 (47.2%)
2 (5.5%)
0
8 (22.2%)
5 (13.9%)
3 (8.3%)
7.8 ± 0.8 (7e9)

0.942

0.721

0.063

Number of the patients and (percent).
Mean values with "± standard deviation" and (ranges).

decrease in Tegner activity scale was 0.4 for the FSH group and 0.2
for the FDT group. The average decrease in FSH group was more
than FDT group, and the difference was statistically signiﬁcant
(p < 0.05). The mean preoperative Lysholm score was 50.9 ± 12
(ranges, 25 to 70) for the FSH group and 52.6 ± 12 (ranges, 30 to 81)
for the FDT group. There was not a statistically signiﬁcant difference
between the groups (p > 0.05). Postoperative Lysholm scores were;
94.7 ± 3 (ranges, 89 to 100) for the FSH group and 93.9 ± 4 (ranges,
86 to 100) for the FDT group. There was not a statistically signiﬁcant
difference between the groups (p > 0.05). According to TegnerLysholm grading scale (84e90 good, >90 excellent), 3 patient had
good, and 24 patients had excellent results in the FSH group; 8
patients had good, and 28 patients had excellent results in the FDT
group (Table 3).
The mean anteroposterior laxity and side-to-side differences
measured by KT-2000 were 4.1 mm and 2.1 mm for the FSH group,
respectively; 4.2 mm and 2.2 mm for the FDT group, respectively.
There was not a statistically signiﬁcant difference (p > 0.05) (Table 4).
There were no infections, graft failures, implant failures or graft
reactions during the follow-up of the patients. Only one patient
underwent second-look arthroscopy in the FTD group at postoperative 3rd month because of the limited ﬂexion resistant to
physical therapy. Range of motion was gained under anesthesia and
the condition of the graft was excellent (Fig. 1).
Discussion
In the reconstruction of the ACL, choice of the ﬁxation technique
is primarily based on the training and the experience of the
Table 3
Tegner activity and Lysholm knee scores of the patients.

Tegner Activity Scorea
Preoperative
Postoperative
Decrease in Tegner score
Lysholm Knee Scorea
Preoperative
Postoperative

FSH group (n ¼ 27)

FDT group (n ¼ 36)

P value

5.7 ± 1.3 (4e8)
5.3 ± 1 (4e7)
0.4

5.1 ± 1.3 (4e7)
4.9 ± 1 (4e7)
0.2

0.583
0.742
0.047

50.9 ± 12 (25e70)
94.7 ± 3 (89e100)

52.6 ± 12 (30e81)
93.9 ± 4 (86e100)

0.592
0.249

Bold value indicates there is statistically signiﬁcant decrease of Tegner activity scale
in FSH compared to FDT group.
a
Mean values with "± standard deviation" and (ranges).

Table 4
KT-2000 arthrometer measurements of the patients at the ﬁnal follow-up.

KT-2000a
Anterior tibial displacement (mm)
Side-to-side difference (mm)
a

FSH group
(n ¼ 27)

FDT group
(n ¼ 36)

P value

4.1 ± 0.8 (3e6)
2.1 ± 0.9 (1e4)

4.2 ± 0.9 (3e6)
2.2 ± 0.7 (0e4)

0.745
0.562

Mean values with "± standard deviation" and (ranges).

Fig. 1. Second look arthroscopic image. The freeze-dried tibialis anterior allograft at
3rd postoperative month.

surgeon. However, surgeons and patients still have an opportunity
to choose the graft type that is suitable for the technique and the
needs of the individual.9 In our institute, we had been routinely
using four-strand hamstring autograft with cross-pin for femoral
ﬁxation and bio-absorbable interference screw augmented with
ligament staple for tibial ﬁxation in ACL reconstruction. Then, we
were introduced to freeze-dried tibialis anterior allografts; and
began to offer that option to our patients until the social security
institution limited its use to only revision ACL surgeries. During this
period we discussed pros and cons of the allograft with the patients
and majority of them accepted the use of allograft.
There are various options when choosing an allograft for the ACL
reconstruction. Besides the origin of the graft, preservation and
sterilization methods are variable.10 Each type of graft can be freshfrozen, cryopreserved or freeze-dried. Sterilization can be done
with ethylene-oxide or gamma radiation. Each application has
some disadvantages. In the literature, ethylene-oxide was shown to
cause synovitis and irradiation was shown to decrease the strength
of the graft.2,3,6,8,11 It was also reported that irradiated fresh-frozen
allografts were more likely to fail than non-irradiated ones.2,12,13
We did not observe any graft failure during the study despite the
freeze-dried allografts that we used were all irradiated (1.05e1.55
Mega Rads). Irradiation alters the tissue by creating free radicals in
water containing parts. While freeze dried allografts have less
water load they may not be altered by irradiation as much as fresh
frozen ones.
Fresh-frozen and cryopreserved allografts have more allogenic tissue load, which may cause undesired immunologic responses.6,8,11,14 Therefore, freeze-dried allografts are less
immunogenic compared to fresh-frozen and cryopreserved allografts. Freeze-dried allografts can also be kept at room temperature
for 3e5 years. However, fresh-frozen and cryopreserved grafts
require expensive storage equipment, which may not be available
in many centers. Despite these advantages, there are limited studies
in the literature about the clinical use of freeze-dried tendon allografts in the ACL reconstruction. Early studies about the use of
freeze-dried allografts had shown unacceptable failure rates. In
these studies, all of the authors reported the results of BPTB allografts, which were sterilized with ethylene-oxide.15e18 It is known
that freeze-drying reduces the strength of the bone tissue and in
addition to that, ethylene-oxide causes synovitis, which may lead to
higher failure rate.13
In this study, we used freeze-dried low-dose irradiated tibialis
anterior tendons that have at least 20 cm length and 7 mm width,
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which are adequate for the ACL reconstruction. We had at least
35 mm femoral tunnel length, and we always had more than enough
graft length for the tibial ﬁxation, even for an additional staple. This
is an important advantage of the freeze-dried tendon allografts,
which ease the operation when compared to freeze-dried bonetendon-bone allografts with limited length. In the literature, there is
still debate about the impact of the graft diameter on the failure
rates of ACL reconstructions.19 Failures in ACL reconstruction not
only depend on the graft diameter but also the graft type, ﬁxation
method and else.19 Mean graft diameter was 7.9 mm in the study
group and 8.1 mm in control group in the study of Spragg et al.19 In
our study, the mean tunnel diameter of the FTD group was 7.8 mm
and 8.5 mm in the FSH group. The mean allograft diameter in our
study was comparable to Hamstring autograft group in the study of
Spragg et al. The mean graft diameter in the FSH group was relatively larger than the FTD group in our study, however; there was no
statistically signiﬁcant difference between two groups when the
graft diameters and clinical results were compared.
One of the advantages of allografts is the shorter operation
time.20 However, freeze-dried allografts need to be rehydrated at
ﬁrst, and it takes up to 30 min. Using warm saline decreases the
required time. During that period, the graft should not be squeezed
or bent because dried ﬁbers crack if not fully rehydrated. Thus, as
soon as the initial examination was done, freeze-dried graft should
be soaked in warm saline to not to waste time for rehydration.
In this retrospective study, we had no patients who underwent
meniscal repair for the meniscal pathologies found during ACL
reconstruction. Besides, our study group did not include any patients with accompanying Outerbridge 3e4 chondral pathologies,
which need simultaneous surgical intervention. Sofu et al reported
that short-term clinical outcomes following ACL reconstruction
were not affected by partial meniscectomies performed simultaneously.21 In a prospective, minimum 10-year follow-up clinical
study, Bottoni et al reported that the failure rate of ACL reconstruction was independent of meniscal and chondral pathologies.22
When we compared the preoperative and postoperative Tegner
activity scores, there were no statistically signiﬁcant differences
between two groups. However, the decrease in the Tegner activity
scale was signiﬁcantly more in FSH group, which can be explained
by the protective behavior of the patients. Even though the
decrease in the Tegner activity scale was not obvious, many of our
patients told us that they become more protective about their knee
after ACL reconstruction. The higher failure rate of allografts in
patients with higher activity levels was conﬁrmed in the literature.14,23 The reason for successful results with the absence of
allograft failures in our study might be a consequence of relatively
sedentary lifestyles of our patients or stopping the activities that
caused the injury, such as playing soccer at artiﬁcial grass ﬁelds.
Besides them, all patients were non-athletes in this study. Studies,
comparing the results of auto- and allografts in ACL reconstruction
mostly could not ﬁnd signiﬁcant differences in Lysholm scores.24,25
When the ﬁnal Lysholm scores were evaluated, there was an increase within the both groups, but there was no signiﬁcant difference between the groups.
We used KT-2000 arthrometer to evaluate the anterior knee
laxity. Our results revealed that there was not any patient with
anterior knee laxity at postoperative 3-year follow-up. In a longterm study (10-year follow-up) with cryopreserved tibialis anterior/posterior tendon allograft in ACL reconstruction, authors reported good clinical results and <3 mm side-to-side difference with
KT-1000 measurements.26
The main limitations of this study were relatively short followup time and limited study population. Additionally, it was a retrospective evaluation of a prospectively followed patient group. On
the other hand, this study is the ﬁrst study about the use of freeze-

dried tibialis anterior allografts in which excellent to good clinical
outcomes according to Tegner-Lysholm grading scale were achieved. This study may be a reference to further clinical trials about
those allografts, which have some advantages over fresh-frozen
and cryopreserved allografts.
Conclusion
Primary ACL reconstruction with a single loop freeze-dried
irradiated tibialis anterior allograft revealed comparable results
with four-strand hamstring autograft in non-athlete patients in
short-term follow-up.
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