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Abstract In this study, mid to long-term results of
anterior cruciate ligament reconstruction with hamstring
tendons and Transfix technique were evaluated. Anterior
cruciate ligament (ACL) reconstruction with four-strand
hamstring tendon was performed with Transfix technique
on 271 (198 males, 73 females; mean age 25.7; 17–52)
patients with anterior cruciate ligament ruptures. The patients were followed up with clinical examination, Lysholm
and Tegner activity scales, IKDC scoring system, KT-1000
test and radiological examination. The mean follow-up
period was 82 (48–100) months; 204 (75%) patients had no
subjective complaints. According to the KT-1000 test, only
14 (5%) patients had more than 5 mm laxity postoperatively, whereas, 161 (59%) patients had more than 5 mm
laxity preoperatively. In addition to this, only 19 (7%)
patients had Lysholm scores less than 80 postoperatively,
whereas 154 (57%) patients scored less than 80 preoperatively. When compared with Tegner activity scale, 189
(70%) patients scored <6 preoperatively and only 24 (8%)
postoperatively; 78 (29%) patients scored D preoperatively
and only 5 (2%) patients scored D postoperatively on the
basis of the IKDC scoring system. Our functional results
were found to be satisfactory in more than 90% of patients.
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Commonly seen problems in ACL reconstruction such as
inaccurate graft placement and tunnel widening were found
to be consistent with the values in relevant literature.
However, we demonstrated that the functional results and
the stability of the knee were not related with tunnel widening. This study concludes that the reconstruction of ACL
with hamstring tendons and the Transfix technique is reasonably successful, safe and causes low morbidity. Furthermore, we believe that proper graft preparation, accurate
tunnel placement, notch-plasty, fixation and rehabilitation
program are all as important as the choice of graft and
fixation material.
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Introduction
In the last two decades, anterior cruciate ligament (ACL)
reconstructions are most often performed with patellar
tendon and hamstring grafts due to the comfort provided by
the arthroscopic techniques. These grafts have become the
standard grafts for ACL reconstruction both because of
their high biomechanical and biological compatibility and
less morbidity. Until the late 1990s, the patellar tendon was
accepted as the gold standard for ACL reconstruction because of the studies reporting high success rates with
patellar tendon. However, the improvements in the tendon
fixation materials recently have increased the success of
reconstruction procedures using hamstring techniques [1, 5,
6, 11, 23].
The purpose of this study was to find out the clinical
outcomes using Transfix technique with hamstring graft.
Our hypothesis was that using a Transfix device for
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femoral fixation would provide more stability and a less
complication rate, and consequently a better clinical outcome in the mid to long term. In addition, we would like to
give some useful tips, in the light of literature, to get a
satisfactory result.

Materials and methods

Knee Surg Sports Traumatol Arthrosc (2007) 15:965–972
Table 1 Demographic view of patients
Patient
Age (average year)

25.7 (17–52)

Male/female

198/73

Right/left

167/104

First injury–operation (average months)

18.6 (6–72)

Menisci injury
Medial

A total of 323 patients had arthroscopically aided ACL
reconstruction surgery with autogenous hamstring tendons
in three centers. Of these 323 patients, 271 patients, who
were followed up for a minimum of 4 years, were included
in this study. We included patients with chronic rupture of
the anterior cruciate ligament. Patients who had ACL
rupture associated with meniscal and/or chondral injuries
were also included. We excluded the patients with additional ligament injuries, osteoarthritis, infection and follow-up shorter than 4 years. Femoral fixation was done
with Transfix device in all patients. For the tibial tunnel
fixation, double staples were used in 107 patients, single
staple was used for 4 patients, bioabsorbable screw + staple were used in 109 patients, screw with a washer was
used in 10 patients, bioabsorbable screw + washer were
used in 6 patients and bioabsorbable screw only was used
in 35 patients. Of these 271 patients, ACL rupture was
caused by sports trauma in 242, by falling in 19 and by
traffic accident in 10 patients.
Of all patients, 198 (73%) were males and 73 (27%)
were females; 167 (62%) patients had right ACL reconstruction and 104 (38%) patients had left ACL reconstruction. The youngest patient was 17, the oldest patient
was 52 years old and the mean age was 25.7. The mean
period between the initial trauma and reconstruction
surgery was 18.6 months (6–72) (Table 1). We treated
meniscal and chondral injuries simultaneously with ACL
reconstruction.
The objective criteria used for the pre- and postoperative
evaluation of the patients were effusion, range of motion,
patellofemoral crepitation, thigh atrophy, anterior drawer
sign, Lachman test, pivot-shift test and KT-1000 measurements. We measured the range of knee motion by a
goniometer. The subjective criteria were numbness around
the wound, pain and feeling of giving way. We used a
general questionnaire for the description of these subjective
complaints.
Additionally, all patients were assessed functionally
according to Lysholm [27] and Tegner [40] activity scales
and the IKDC form [22]. Isokinetic muscle strength measurements were performed with Cybex II (Cybex NORM,
Lumex; Ronkonkoma, New York). The patients warmed up
with a bicycle for 5 min before the test. At first, the noninjured knee was tested and then the operated knee was

123

Number

66

Lateral

27

Both

21

Treatment of menisci
Primary repair

51

Partial resection

50

Freshening

13

Chondral injury
Grade
Number
Treatment of chondral injury

1, 2, 3, 4
19, 21, 12 –

Shaving

28

Microfracture

24

tested. Flexion and extension ‘‘peak torque’’ values were
recorded at a rate of 240/s during isokinetic muscle
strength measurements with the Cybex dynamometer. The
strength of the muscle groups were expressed in percentage
as a ratio of the operated side to the normal side. A ratio of
80% or above was accepted as normal [36].
The patients were examined radiologically with AP,
lateral and tunnel views and patella tangential view with
the knee at 45 flexion, and the position of the tunnels, any
narrowing of the joint space and osteophyte formation were
determined. The evaluation of arthritis was done according
to Ahlback [2] classification.
A total of 47 patients included in this study had previous
diagnostic arthroscopy and arthroscopic surgery for additional pathologies. The remaining 224 patients were treated
arthroscopically for additional intra-articular pathologies
during the reconstruction surgery (Table 1). Patients with
multiple ligamentous injuries around the knee were excluded. All patients were routinely evaluated at 3, 6, 12 and
24 months and at final follow-up 48–108 months after the
operation according to the criteria listed above. However,
only the results of the 6-month follow-up and the last
follow-up were presented in the related tables.
Tunnel widening
It was determined with the method described by L’Insalata
et al. [26]. Tracing the sclerotic margins, three separate
measurements were made at the articular exit of the tunnel,
at the midpoint of the tunnel and at the closest point to the
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implant on AP and lateral views. These three measurements performed by a single radiologist using a digital
caliper were averaged. The ratio of this average value to
the intraoperatively determined tunnel diameter according
to medical record was used to assess the tunnel widening.
Surgical technique
All patients received prophylactic first-generation cephalosporins preoperatively. Instability tests such as Lachman
and pivot-shift were repeated under general anesthesia.
After the necessary operative preparation was completed,
all compartments of the knee were evaluated arthroscopically. Additional lesions were treated in the same session
and before the reconstruction. To expose the site of tibial
tunnel entrance, a 4–5 cm oblique incision was made 2 cm
medial to the tibial tuberosity, beginning proximal and
medial to the pes tendons and extending parallel to the pes
tendons until its insertion. Semitendinosus (ST) and gracilis (G) tendons were harvested with a tendon stripper; both
tendons were sutured on each other to form a four-strand
graft. We performed a notch-plasty in patients with narrow
notch and then the preparation of the tibial tunnel exit site
was completed with a shaver. The tibial tunnel was drilled
with an angle of 55 using the Target PCL Oriented
Placement (POP) Marking Hook referenced guide system
(Arthrex, Naples, FL) developed by Morgan. The intra-
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articular exit site of the tunnel was rounded with a rasp or a
curette to avoid damage to the graft. The femoral tunnel
was drilled through the tibial tunnel using Transfix femoral
drill guide system (Arthrex, Naples, FL). The transtibial
guide was positioned at 1030 in the right knee and at 0130 in
the left knee, leaving 2–3 mm of posterior femoral cortex.
After the guide wire was inserted, the position of the guide
wire was checked with X-ray or fluoroscopy, if there was
any doubt, before the tunnel was drilled. After the femoral
and tibial tunnels were prepared, the graft was passed
through the tunnels with the aid of the Transfix guide wire
(Nitinol). The femoral fixation was done with the Transfix
screw. The tibial fixation, on the other hand, was done with
various fixation materials such as double staples, screw and
washer or bioabsorbable interference screw (Fig. 1a–d).
Postoperative rehabilitation
An accelerated rehabilitation program emphasizing early
motion and weight-bearing was applied. This program
consists of 6 phases of exercises.
Phase 1 It was applied in the preoperative period. The
goals were to obtain an equal range of motion as the noninjured knee, to overcome any extension lag, to reduce the
swelling and to increase the strength of the extensor
apparatus.

Fig. 1 A 34-year-old male
patient’s right knee.
a Intraoperative view after
graft fixation. b The view of
reconstructed graft on secondlook arthroscopy,
postoperatively after 3.5 years.
c Image demonstrates notchplasty area covered with fibrous
cartilage tissue. d The synovial
tissue bridge from the graft to
the femoral condyle
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Phase 2 It was applied during the first 3 postoperative
weeks. The aims were gaining full extension and as much
flexion as possible. Aggressive exercises were avoided
during this period. It included the closed chain kinetic
exercises aiming at good quadriceps strength and full
extension. Aggressive rehabilitation in this period may
increase pain and inflammation, which cause a negative
impact on rehabilitation. The patient was allowed weightbearing as tolerated with double crutches postoperatively.
Phase 3 It was applied between 3 and 6 weeks postoperatively. The muscle strength and full extension capability
gained during Phase 2 were maintained. The range of
motion was increased. The patient returned to normal daily
activities.
Phase 4 It was applied between 6 weeks and 4 months
postoperatively. The patient gained confidence to return to
sports activities.
Phase 5 It was applied between 4 and 6 months. The
patient began specific activities and preparation for
returning to sports.
Phase 6 After 6 months, the patient was allowed to return
to contact sports. The brace was continued for 6 weeks. We
used a brace with adjustable motion for a total of 6 weeks.
In the first two weeks, it was locked in full extension during
ambulation. In the last 4 weeks, range of motion with full
weight-bearing was allowed.
Evaluation of the statistical data
SPSS 8.0 (SPSS Inc. Chicago, IL, USA), two paired sample
tests, t-test and chi-square tests were used for statistical
analysis. Non-parametric Spearman correlation analysis
was used for the evaluation of tibial tunnel widening,
functional results and KT-1000 results. P < 0.05 with 95%
confidence interval was accepted as significant for all tests.
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patients compared to the preoperative findings. Five patients demonstrated torn menisci and we performed partial
meniscectomy in these patients. On the other hand, rerupture of the reconstructed ligament occurred in four cases.
These patients underwent re-surgery with the use of the
same technique and hamstring tendons of the contralateral
knee.
(a)

Subjective complaints: In the last control visit, the
patients were asked whether there were any changes
in their subjective complaints when compared to the
preoperative period. Out of 271 patients, 204 (75%)
stated that they had no complaints; 17 (6%) patients
had anterior knee pain; 18 (7%) had occasional
swellings in their knees; 8 (3%) complained of persistent feeling of giving way; and 24 (9%) described
numbness around the incision scar.
(b) Clinical evaluation: The preoperative and postoperative results for the anterior drawer test, Lachman test
and pivot-shift test are given in Table 2 (P < 0.001).
We found a significant decrease of knee laxitiy
postoperatively. Additionally, it was observed that the
flexion was restricted to <10 in 15 (6%) patients and
there was an extension deficit of 0–3 in 5 (2%)
patients.
(c) Evaluation with KT-1000: Preoperative and postoperative measurements were done for both knees in all
patients with KT-1000 Arthrometer (Medmetric, San
Diego, CA) by first applying a force of 20 lbs and
then applying maximum manual force. Most of the
patients demonstrated a decreased laxity with the
measurement of KT-1000 test postoperatively.
Preoperatively, 161 (59%) patients demonstrated a
laxity of more than 2 mm with KT-1000 test, while
only 14 (5%) patients showed a laxity of more than
2 mm postoperatively (P £ 0.0001). In addition, we

Table 2 The results of laxity test
Preoperative

Last follow-up

Grade 1

36 (13%)

67 (25%)

Grade 2

80 (30%)

16 (6%)

Grade 3

155 (57%)

–

–

0

189 (70%)

+

19 (7%)

59 (22%)

++

104 (38%)

23 (8%)

+++

148 (%55)

0

–

26 (10%)

259 (96%)

+

245 (90%)

12 (4%)

Anterior drawer

Results
The mean follow-up period was determined as 82 (minimum 48 and maximum 108) months. The study group was
formed of 271 patients who were followed up for a minimum of 4 years. A total of 16 cases underwent second-look
arthroscopy due to knee pain in 9 and a locking sensation in
7. On second-look artrhroscopy, we observed that the intercondylar notch was covered with fibrous cartilage tissue
completely. However, we did not take a biopsy from the
reconstructed tendon to avoid damage to the graft. Furthermore, we found progressive chondropathy in six
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Pivot shift
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detected that the number of patients with improved
knee stability was increased at the final follow-up
visit compared to the 6-month visit.
(d) Tests of muscle strength: The muscle strength on the
operated side was found to be less than 80% as that of
the non-injured side in only 12 (7%) patients with
Cybex II measurements. Furthermore, the muscle
strength was increased at the final follow-up visit
compared to the 6-month visit.
(e) Functional evaluation: The preoperative and postoperative functional evaluation were performed with
Lysholm score, Tegner activity level and IKDC
evaluation form. The preoperative Lysholm scores
were 90–94 in 9 (3%) patients, 85–89 in 35 (13%)
patients, 80–84 in 73 (27%) patients and below 80 in
154 (57%) patients. During the last control visit,
Lysholm scores were recorded as 95–100 in 79 (29%)
patients, 90–94 in 95 (35%) patients, 85–89 in 52
(19%) patients, 80–84 in 26 (10%) patients and 70–79
in 19 (7%) patients. The preoperative Tegner activity
level was calculated as 7 in 33 (12%) patients, 6 in 49
(18%) patients, 5 in 116 (43%) patients, 4 in 73 (27%)
patients. In the last control visit Tegner activity levels
were noted as follows: 10 in 22 (8%) patients, 9 in 51
(19%) patients, 8 in 70 (26%) patients, 7 in 67 (25%)
patients, 6 in 37 (14%) patients, 5 in 12 (4%) patients
and 4 in 12 (4%) patients (P < 0.0001). On the IKDC
standard knee ligament evaluation form preoperatively, 27 (10%) patients scored B, 166 (61%) scored
C and 78 (29%) scored D. However, in the last control
visit, 90 (33%) patients scored A, 144 (53%) patients
scored B, 32 (12%) patients scored C and 5 (2%)
patients scored D postoperatively (P < 0.0001).
(f) Radiological evaluation: Grade I and Grade II osteoarthritis findings were noticed in 69 (26%) patients
preoperatively, while the rate of osteoarthritis slightly
progressed to 75 (28%) patients.

The placement of the graft
The placement of the tunnels was evaluated with the
method described by Howell [19] on lateral roentgenograms. The tibial tunnel was placed in the middle 1/3 of the
tibial plateau in 220 (81%) patients, in the posterior 1/3 of
the plateau in 35 (13%) patients and in the anterior 1/3 of
the plateau in 16 (6%) patients. The angle between the
tibial plateau and the tibial tunnel was also measured in the
AP roentgenograms. This angle was found to be less than
70 in 238 (88%) patients and greater than 70 in 33 (12%)
patients. The position of the femoral tunnel was evaluated
according to the method described by Sommer [39]. The
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Table 3 Tibial and femoral tunnels widening
Location

6 months (%)

12 months (%)

Last follow-up (%)

Tibia (PA)

11.2 ± 4.9

12.1 ± 5.0

12.2 ± 5.6

Tibia (Lat)

10.5 ± 4.8

11.8 ± 5.2

11.8 ± 5.2

Femur (PA)

16.2 ± 7.6

18.2 ± 8.1

18.2 ± 8.1

Femur (Lat)

15.8 ± 6.5

17.9 ± 7.8

17.9 ± 7.8

graft was positioned in Zone 1 in 243 (85%) patients and in
Zone 2 in 28 (10%) patients in lateral views; the graft was
positioned in Zone A in 230 (85%) patients and in Zone B
in 41 (15%) patients in AP views.
Tunnel widening
We found that the tunnel widening was 18% on the femoral
side and 12% on the tibial side. There was no progressive
increment at the final follow-up compared to the 12-month
follow-up (Table 3).
Although tunnel widening was detected in our patients,
any statistically significant correlation between tunnel
widening and the level of activity, KT-1000 results and
IKDC scores could not be demonstrated (r = 0.115,
P ‡ 0.05).

Discussion
Improvements in the tendon fixation devices in the last
decade have increased the success rate of reconstructions
with hamstring tendon grafts. As a result, the hamstring
tendon has mostly become the graft of choice for ACL
reconstructions [9, 14, 35, 37]. Although excellent results
are reported for reconstructions with hamstring tendons,
complications such as laxity, tunnel widening and loss of
flexion strength are also observed [7, 10, 31, 32, 38].
When the last follow-up of the patients, who were followed up for an average of 82 months, are taken into
consideration, it is observed that the functional results are
successful. Although 154 (57%) patients received Lysholm
scores of less than 80 preoperatively, only 19 (7%) patients
were below 80 points postoperatively. According to Tegner
activity scale, 189 (70%) patients scored less than 6 preoperatively and only 24 (8%) scored less than 6 postoperatively. Preoperatively, 78 (29%) patients had an IKDC
score of D, whereas only 5 (2%) patients had an IKDC
score of D postoperatively. When our functional results are
evaluated altogether, it is noticed that the results are more
than 90% satisfactory.
Although successful results are obtained in ACL
reconstructions with hamstring tendons, some morbidity
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does occur. The most significant morbidity is the loss of
muscle strength and a decrease in the range of flexion [16,
31, 38]. Segawa et al. demonstrated that internal rotation
strength of the knee is decreased after reconstruction with
hamstrings [38]. In another study by Nakamura et al., the
90 flexion torque was observed to decrease after reconstruction with hamstrings [31]. In the meantime, another
study by Anderson et al. [4] has shown that following ACL
reconstruction with either hamstring or patellar tendon, no
significant difference in quadriceps and hamstring torque
power is seen between these groups and, furthermore,
the muscle strength returns to the preoperative level in
6 months to 1 year. In our study group, the flexion was
measured with a goniometer and the flexion strength was
measured with Cybex II test [36]. In the last control visits,
<10 restriction of flexion was detected in 15 patients and
loss of flexion and extension strength compared to the
normal knee was detected in only 12 patients. In a study by
Majima et al. [28], it was shown that muscle strength and
flexion arc are regained earlier with accelerated rehabilitation rather than conservative rehabilitation. Therefore, we
believe that the accelerated rehabilitation program we use
is very important for early recovery of muscle strength and
full range of flexion. Additional intra-articular pathologies
such as cartilage degeneration and meniscal tears must also
be ruled out.
In order to increase the safety of the fixation materials,
the medical industry continuously introduces new fixation
materials into the market. While choosing the fixation
material, easy availability, reasonable cost, easy applicability, sufficient biomechanical endurance and safety of use
are the reasons for preference [12, 41]. However, tibial
fixation, which is the weakest point of our ACL reconstruction, has not been solved yet. In this study, many
different devices were used for tibial fixation, because this
study was performed in three centers. On the other hand,
authors changed the devices as these devices evolved.
Therefore, we believe that this is one of the important
limitations of our study. In contrast, the medical industry
presents more powerful materials for femoral fixation into
the market. The Transfix fixation system introduced by EM
Wolf [43] in 1998 with a study on 94 patients has become
one of the widespread femoral fixation methods in use in
the recent years.
Various biomechanical studies have demonstrated the
tensile strength of the Transfix femoral fixation to be 737–
900 N and the stiffness was reported to be 77–116 N/mm
[3, 25, 30, 41]. This amount of tensile strength is well
above 450–500 N, which is the load to be resisted during
the 6–12 week period. Meanwhile, ACL reconstructions
with hamstring tendons in which the Transfix fixation
system was used yield approximately 90% successful
functional results. This fixation material is reported to be of
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quite safe strength and caused much less morbidity when
compared to the patient series in which the patellar tendon
was used [8, 18, 35, 42, 43]. The femoral fixation was done
with the Transfix technique (Arthrex, Naples, USA) in all
271 patients in our study group. For tibial fixation, staple
and its combinations were used in 220 (81%) patients. We
believe that the Transfix method is quite successful and
safe, since the functional results both during the first
6 months and in the last follow-up are almost 90% successful and the KT-1000 tests yielded stable knees in 95%
of the patients.
Although the Transfix technique is generally safe, few
complications such as migration, failure of the BioTransfix
screw and iliotibial band friction syndrome have been reported [29, 33, 34]. We did not encounter any complication
like that. We believe that this result was from our experience using the Transfix device.
The correct positioning of the graft is another important
factor in successful ACL reconstruction. The isometric
placement of the graft was thought to be of utmost
importance in the past. It was conceived over time that this
belief was wrong. Kinematic studies of the knee have
shown that the ACL does not have a single axis of motion
and the anteromedial and posterolateral bundles react differently to the same stress applications. For this reason, the
idea of correct tunnel placement rather than isometric graft
positioning has gained importance in the present day. The
femoral tunnel should be placed in 1030 or 0130 positions in
the frontal plane, posterior to the Blumensaat line in the
sagittal plane and 2–3 mm from the posterior cortex; the
tibial tunnel should be placed at an angle of less than 70
with the medial tibial plateau in the frontal plane and in the
middle third of the tibial plateau in the sagittal plane [1, 12,
41]. In case of improper graft positioning, problems such as
graft impingement, loss of extension or flexion and anterior
laxity might be seen [1, 20, 39]. Some authors suggest the
use of the anteromedial portal instead of the transtibial
guide for correct positioning of the femoral tunnel while
using the Transfix method [13, 17]. However, in a study by
Puyol et al. the lateral collateral ligament was shown to be
under risk of injury when the anteromedial portal was used
[34]. We prefer the transtibial guide when we reconstruct
the ACL with the Transfix technique. We believe that
applying varus stress and internal rotation to the knee
during the placement of the femoral tunnel, as described by
Aglietti et al. [1] and also used by us, is a very useful
maneuver. We also think that it is very important to check
the tunnel position with both X-ray and arthroscopy after
the K-wire is inserted towards the femoral notch. In our
opinion, to avoid graft impingement and restriction of knee
motion, the tibial fixation of the graft is as crucial as the
femoral tunnel placement. Before the tibial fixation, we
move the knee several times through the flexion–extension
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arc and complete the tibial fixation with the graft in its
longest position. According to the classification described
by Sommer et al. [39], the tunnels were placed exactly as
desired in more than 80% of our patients. The fact that only
20 (7%) patients had restriction of knee motion proves that
the tunnels were placed almost ideally. Considering our
successful functional and radiological results, we believe
that using the Transfix technique with the transtibial route
is quite safe.
One of the most important problems seen after ACL
reconstructions is the tunnel widening. Tunnel widening is
reported to occur more frequently, especially after reconstruction with hamstring tendons. Although the exact
mechanism is unknown, many factors such as the penetration of synovial fluid into the tunnel, the distance of the
implant to the joint exit site, sterilization with ethylene
oxide, immune reaction to allografts, inflammatory response against the ACL rupture, graft necrosis and the
movement of the graft inside the tunnel have been suggested as the cause of tunnel widening [1, 7, 10, 21, 24,
26, 32]. Studies have shown that: tunnel widening is seen
more frequently on the femoral side, and when the implant
is placed far from the joint, occurs more often with
reconstructions using hamstring tendons compared to
patellar tendon; there is no correlation between tunnel
widening and the clinical results and the stability of the
knee; and tunnel widening is observed during the first
6 months to 1 year and then stops progressing. On the
other hand, the impact of measurement error should be
taken into consideration for the measurement of tunnel
widening in cases where interference screws were used for
fixation [44]. Upon evaluation of 271 patients in our study,
we noticed that there was an average widening of 18% in
the femoral tunnel and 12 % in the tibial tunnel and there
was no progression between the measurements at the end
of 1 postoperative year and the last follow-up. Although we
detected tunnel widening, we could not demonstrate any
correlation between tunnel widening and activity level,
functional results and KT-1000 results. Therefore, our
findings were generally in accordance with literature.
The weak point in our study is that there is no control
group. However, comparative studies performed with
especially patellar tendon yield similar outcomes. These
common outcomes are as follows: generally there is no
significant difference in terms of functional results and
stability, less morbidity is seen with hamstring tendons and
it is more appropriate to use hamstring tendons in patients
with extensor mechanism problems [1, 5, 6, 11, 12, 15, 23,
41]. Therefore, we do not think that the absence of a
control group is very important.
Upon the analysis of the functional results and stability
tests of 271 patients followed up for 7 years, it has been
concluded that ACL reconstruction with hamstring tendons
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and the Transfix technique is quite safe, successful and
causes minimal morbidity. Additionally, we believe that
the preparation of the graft, the correct placement of the
tunnels, the notch-plasty, the fixation and the rehabilitation
phase are all as critical as the choice of graft and fixation
material, no matter which technique is to be used.

References
1. Aglietti P, Giron F, Buzzi R et al (2004) Anterior cruciate ligament reconstruction: bone–patellar tendon–bone compared with
double semitendinosus and gracilis tendon grafts. J Bone Joint
Surg 86(10):2143–2155
2. Ahlback S (1968) Osteoarthrosis of the knee: a radiographic
investigation. Acta Radiol Diagn (Stockh) 277(Supll):7–72
3. Ahmad CS, Gardner TR, Groh M et al (2004) Mechanical
properties of soft tissue femoral fixation devices for anterior
cruciate ligament reconstruction. Am J Sports Med 32(3):635–
640
4. Anderson JL, Lamb SE, Barker KL et al (2002) Changes in
muscle torque following anterior cruciate ligament reconstruction. Acta Orthop Scand 73(5):546–552
5. Aune AK, Holm I, Risberg MA et al (2001) Four-strand hamstring tendon autograft compared with patellar tendon–bone
autograft for anterior cruciate ligament reconstruction. Am
J Sports Med 29(6):722–728
6. Beynnon BD, Johnson RJ, Fleming BC et al (2002) Anterior
cruciate ligament replacement: comparison of bone–patellar
tendon–bone grafts with two strand hamstring grafts. J Bone Joint
Surg 84(9):1503–1513
7. Buelow JV, Siebold R, Ellermann A (2002) A prospective evaluation of tunnel enlargement in anterior cruciate ligament
reconstruction with hamstrings: extracortical versus anatomical
fixation. Knee Surg Sports Traumatol Arthrosc 10:80–85
8. Clark R, Olsen RE, Larson BJ et al (1998) Cross-pin femoral
fixation: a new technique for hamstring anterior cruciate ligament
reconstruction of the bone. Arthroscopy 14(3):258–267
9. Fabbriciani C, Milano C, Mulas PD et al (2005) Anterior cruciate
ligament reconstruction with doubled semitendinosus and gracilis
tendon graft in rugby players. Knee Surg Sports Traumatol
Arthrosc 13:2–7
10. Fauno P, Kaolund S (2005) Tunnel widening after hamstring
anterior cruciate ligament reconstruction is influenced by the type
of graft fixation used: a prospective randomized study. Arthroscopy 21(11):1337–1341
11. Freedman KB, D’Amato MY, Nedeff DD et al (2003) Arthroscopic anterior cruciate ligament reconstruction: a meta-analysis
comparing patellar tendon and hamstring tendon autografts. Am
J Sports Med 31(1):2–7
12. Fu FH, Bennett CH, Lattermann C et al (1999) Current trends
in anterior cruciate ligament reconstruction. Part 1: Biology and
biomechanics of reconstruction. Am J Sports Med 27(6):821–
830
13. Galla M, Uffmann J, Lobenhoffer P (2004) Femoral fixation
of hamstring tendon autografts using the Transfix device with
additional bone grafting in an anteromedial portal technique.
Arch Orthop Traumatol Surgery 124:281–284
14. Giron F, Aglietti P, Cuoma P et al (2005) Anterior cruciate
ligament reconstruction with double-looped semitendinosus and
gracilis tendon graft directly fixed to cortical bone: 5-year results.
Knee Surg Sports Traumatol Arthrosc 13:81–91
15. Gobbi A, Mahajan S, Zanazzo M et al (2003) Patellar tendon versus
quadrupled bone–semitendinosus anterior cruciate ligament

123

972

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Knee Surg Sports Traumatol Arthrosc (2007) 15:965–972
reconstruction: a prospective clinical investigation in athletes.
Arthroscopy 19(6):592–601
Goradia VK, Grana WA, Pearson SE (2006) Factors associated
with decreased muscle strength after anterior cruciate ligament
reconstruction with hamstring tendon grafts. Arthroscopy
22(1):80–86
Hantes ME, Dailiana Z, Zachos VC et al (2006) Anterior cruciate
ligament reconstruction using the Bio-Transfix femoral fixation
device and anteromedial portal technique. Knee Surg Sports
Traumatol Arthrosc 14:497–501
Harilainen A, Sandelin J, Janssen KA (2005) Cross-pin femoral
fixation versus metal interference screw fixation in anterior cruciate ligament reconstruction with hamstring tendons: results of a
controlled prospective randomized study with 2-year follow-up.
Arthroscopy 21(1):25–33
Howell SM, Clark JA (1992) Tibial tunnel placement in anterior
cruciate ligament reconstruction and graft impingement. Clin
Orthop 283:187–195
Howell SM, Gittins ME, Gottlieb JE et al (2001) The relationship
between the angle of the tibial tunnel in the coronal plane and
loss of flexion and anterior laxity after anterior cruciate ligament
reconstruction. Am J Sports Med 29(5):567–574
Iorio R, Vadala A, Argento G et al (2006) Bone tunnel enlargement after ACL reconstruction using autologous hamstring tendons: a CT study. Int Orthop doi:10.1007/S 00264–006-0118-7
Irrang JJ, Ho H, Harner CD et al (1998) Use of the International
Knee Documentation Committee guidelines to assess outcome
following anterior cruciate ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc 6:107–112
Jansson KA, Linko E, Sandelin J et al (2003) A prospective
randomized study of patellar versus hamstring tendon autografts
for anterior cruciate ligament reconstruction. Am J Sports Med
31(1):12–18
Klein YP, Lintner DM, Downs D et al (2003) The incidence and
significans of femoral tunnel widening after quadrupled hamstring anterior cruciate ligament reconstruction using femoral
cross pin fixation. Arthroscopy 19(5):470–476
Kousa P, Jarunen TLN, Vihavainen M et al (2003) The fixation
strength of six hamstring tendon graft fixation devices in anterior
cruciate ligament reconstruction. Part 1: Femoral site. Am
J Sports Med 31(2):174–181
L’Insalata JC, Klatt B, Fu FH et al (1997) Tunnel expansion
following anterior cruciate ligament reconstruction: a comparison
of hamstring and patellar tendon autografts. Knee Surg Sports
Traumatol Arthrosc 5:234–238
Lysholm J, Gillquist J (1986) Evaluation of knee ligament surgery results with special emphasis on use of a scoring scale. Am
J Sports Med 14:156–159
Majima T, Yasuda K, Tago H et al (2002) Rehabilitation after
hamstring anterior cruciate ligament reconstruction. Clin Orthop
397:370–380
Mısra R, Straver A, El-Shazly M (2006) Intraarticular protrusion
of malpositioned Transfix implant following ACL reconstruction.
Arthroscopy 22(2):226–229
Milano G, Mulas PD, Pinas S et al (2006) Comparison between
different femoral fixation devices for ACL reconstruction with

123

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

doubled hamstring tendon graft: a biomechanical analysis.
Arthroscopy 22(6):660–668
Nakamura N, Horibe S, Sasaki S et al (2002) Evaluation of active
knee flexion and hamstring strength after anterior cruciate ligament reconstruction using hamstring tendons. Arthroscopy
18(6):598–602
Nebelung W, Becker R, Merkel M et al (1998) Bone tunnel
enlargement after anterior cruciate ligament reconstruction with
semitendinosus tendon using endobutton fixation on the femoral
side. Arthroscopy 14(8):810–815
Pelfoit X, Monllau JC, Puig LL et al (2006) Iliotibial band friction syndrome after anterior cruciate ligament reconstruction
using the Transfix device: report of two cases and rewiev of the
literature. Knee Surg Sports Traumatol Arthrosc 14:586–589
Puyol N, David T, Bauer T et al (2005) Transvers femoral fixation in anterior cruciate ligament reconstruction with hamstrings
graft: an anatomic study about the relationships between transcondylar device and the posterolateral structures of the knee.
Knee Surg Sports Traumatol Arthrosc. doi:10.1007/S00167–0050024-3
Rose T, Hopp P, Venus J et al (2006) Prospective randomized
clinical comparison of femoral transfixation versus bioscrew
fixation in hamstring tendon ACL reconstruction: a preliminary
report. Knee Surg Sports Traumatol Arthrosc. doi:10.1007/
S00167-006-0034-9
Sachs RA, Daniel DM, Stone ML et al (1989) Patellofemoral
problems after anterior cruciate ligament reconstruction. Am
J Sports Med 17:760–765
Scranton PE, Bagenstose YE, Lantz BA et al (2002) Quadruple
hamstring anterior cruciate ligament reconstruction: a multicenter
study. Arthroscopy 18(7):715–724
Segawa H, Omori G, Koga Y et al (2002) Rotational muscle
strenght of the limb after anterior cruciate ligament reconstruction using semitendinosus and gracilis tendon. Arthroscopy
8(2):177–182
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