
harvest of the hamstring tendon does not injure the extensor 
mechanism and produces less pain than harvest of the patellar 
tendon. However, the tendon to bone healing and the fixation 
method can become an issue with the hamstring tendon, which 
is unlike the patellar tendon. 
  A large number of femoral tunnel fixation systems have been 
introduced and used in ACL reconstruction surgery with 
autogenous hamstring tendon. In general, three types of ACL 
graft fixation mechanisms for the femoral tunnel exist, and 
these can be classified according to the amount, application site 
and distribution: compression, expansion and suspension5). 
Compression fixation is achieved with interference screws. A 
typical example of expansion devices is the cross pin system and 
that of a cortical suspension device is the Endobutton CL (Smith 
& Nephew Endoscopy, Andover, MA, USA).
  The Endobutton system has been widely used as a fixation 
device for a quadruple hamstring graft6). However, there is a 
certain elasticity in the graft-implant complex, and the fixation 
point of the Endobutton system is relatively far from the joint 
line, resulting in graft-tunnel motion of up to 3 mm under a 
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Purpose: We aimed to compare cross-pin fixation and Endobutton femoral fixation for hamstring anterior cruciate ligament (ACL) reconstruction 
with respect to clinical and radiographic results, including tunnel widening and the progression of knee osteoarthritis (OA).
Materials and Methods: Between August 2002 and August 2005, 126 autogenous hamstring ACL reconstructions were performed using either cross 
pins or Endobutton for femoral fixation. Fifty-six of 75 patients in the cross-pin group and 35 of 51 patients in the Endobutton group were followed 
up for a minimum of 4 years. We compared the clinical and radiological results between the groups using the International Knee Documentation 
Committee (IKDC) evaluation form, the KT-2000 arthrometer side to side difference, the amount of tunnel widening and the advancement of OA on 
radiographs.
Results: There were no significant differences in the IKDC grades between the groups at the 4 year follow-up. There was no significant difference 
in the side to side difference according to KT-2000 arthrometer testing. Also, there were no significant differences in terms of tunnel widening or 
advancement of OA on radiographs.
Conclusions: Endobutton femoral fixation showed good results that were comparable to those of cross pins fixation in hamstring ACL 
reconstruction.
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Introduction

  The selection of a graft and the method of graft fixation are 
critical in anterior cruciate ligament (ACL) reconstruction 
surgery1,2). ACL reconstruction with hamstring tendon provides 
sufficient strength for early rehabilitation and activity3,4). Indeed, 
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physiologic load7,8). It has been reported that this intra-tunnel 
motion has been associated with tunnel widening9).
  Clark et al.10) described transcondylar femoral cross pin fixation. 
In the case of cross pin fixation, the anchor point is close to 
the joint, and the pin in the tunnel itself has the effect of graft 
expansion. For this reason, it has been reported that tunnel 
widening less commonly occurs with the cross pin system11,12). 
However, a correlation between tunnel widening and knee laxity 
has not been shown13-16).
  The purpose of this retrospective study was to compare the 
clinical and radiological results of Endobutton femoral fixation 
for reconstruction with those of cross pin fixation. 

Materials and Methods

  After Institutional Review Board approval, we performed a 
retrospective review of 131 cases of single incision, arthros-
copically assisted, primary ACL reconstruction with quadrupled 
semitendinosus and gracilis tendon autograft from August 
2002 to August 2005. Patients with osteoarthritis (OA) at the 
time of surgery and those with multi-ligaments injury were 
excluded. One hundred twenty-six autogenous hamstring 
ACL reconstructions were performed using either cross pins 
or Endobutton CL for femoral fixation with an 8 mm diameter 
tunnel width. The early operations were mainly performed with 
cross pins and the latter operations were mainly performed with 
an Endobutton CL. Fifty-six of the 75 cross pin patients and 35 
of the 51 Endobutton patients were followed up for a minimum 
of 4 years. The patients were divided into two groups according 
to the method of femoral tunnel fixation. The patients in whom 
we used the Rigidfix femoral cross pin fixation system (Mitek, 
Norwood, MA, USA) and the Intrafix (Mitek) device for tibial 
fixation were classified as the Cross pin group. The patients in 
whom we used the Endobutton CL suspensory femoral fixation 
and a bioabsorbable interference screw with a metal screw and 
washer for tibial fixation were classified as the Endobutton group. 

Table 1 shows the patient demographics.
  Clinical follow-up on 91 knees (Cross pin group, 56; Endobutton 
group, 35) included the International Knee Documentation 
Committee (IKDC) evaluation form classification and KT-
2000 arthrometer measurements. The radiographic evaluation 
included the anteroposterior (AP) and lateral radiographs. For 
correction of magnification, we used a 10 mm metal ball. The 
ball was taped to the skin on the midline of the lateral side of the 
knee on the AP radiograph, and the ball was taped posteriorly 
in the midline of the knee on the lateral radiograph. Three 
orthopaedic surgeons who were independent of the surgical 
team digitally measured the femoral and tibial tunnel width at 
1 cm from the aperture of the femoral and tibial tunnels at the 
joint. The measurement was performed perpendicular to the 
long axis of the tunnels. The tunnel widening was measured on 
the immediate postoperative radiographs and the last follow-up 
radiographs. The average data of three measurements were used 
for statistical analysis. To compare the advancement of OA, the 
degree of OA using the Kellgren-Lawrence grade17) was measured 
on the preoperative and last follow-up radiographs. The patients 
who developed arthritic changes underwent additional standing 
AP radiography.
  The same surgical procedure, including conditioning the graft 
and graft preparation with sutures, was applied to both groups. 
The location of the tibial tunnel was in the posteromedial 
aspect of the ACL footprint and a trans-tibial femoral tunnel 
was drilled as far posterolaterally as possible. The starting point 
of the tibial guide was made at the midpoint of the tibial face 
between the tibial tubercle and the posteromedial aspect of the 
tibia. Regarding the femoral tunnel fixation method, the Cross 
pin group (Rigidfix system) had 30 mm of the graft within the 
tunnel and 2 poly-L-lactide, 3.3 mm bioabsorbable cross pins 
placed across the graft according to the manufacturer’s protocol. 
In the Endobutton group (Endobutton CL system), a 15-40 
mm closed loop Endobutton was used according to the tunnel 
length of the femoral cortex. The same rehabilitation protocol 
was applied in both groups following reconstruction. Full weight 
bearing ambulation with crutches was allowed immediately 
after operation except for the meniscal repair patients. Gradual 
full range of motion with a brace was allowed from the 2nd 
postoperative week.
  Statistical comparisons were performed between the groups. 
The normally distributed continuous variables were analyzed 
using the student’s t-test. Ordinal variables were analyzed using 
the chi-square test. The level of statistical significance was set at 
p<0.05 for all the tests. All the statistical analyses were performed 

Table 1. Comparison of the Demographic Data between the Two 
Groups

Cross pins 
group (n=56)

Endobutton 
group (n=35)

p-value

Age at surgery (yr)   31.2±10.9   30.2±10.0 0.664

Male:Female 52:4 30:5 0.298

Follow-up (mo) 57.4±8.4 55.5±7.4 0.287

Meniscal tears 22 16 0.545
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with SPSS ver. 13.0 (SPSS, Inc., Chicago, IL, USA).

Results

  Both groups had comparable demographic data (Table 1). All 
the patients in both groups showed abnormal (C) or severely 
abnormal (D) grades of the IKDC classification preoperatively. 
At 4 years follow-up, the percentage of normal (A) and nearly 
normal (B) patients was not significantly different in both 
the Cross pin group (46 of 56, 82.1%) and the Endobutton 
group (28 of 35, 80%) (p=0.799) (Table 2). With respect to the 
side-to-side difference on the KT-2000 arthrometer testing, 
no significant differences were found between the Cross pin 
group (2.1±1.0 mm) and the Endobutton group (2.5±1.1 mm) 
(p=0.09). The percentage of normal (A) and nearly normal (B) 
patients in instrumented ligament examination item of the IKDC 
classification were not different in both the Cross pin group (55 of 
56, 98.2%) and the Endobutton group (34 of 35, 97.1%) (p=1.000) 
(Table 3). Both groups showed similar improvements in terms of 
laxity at the last follow-up.
  On the tunnel width measurements using radiographs taken 
at 4 years postoperatively, both the femoral and tibial tunnels 
were enlarged sagittally and coronally in both groups (Fig. 1). 
There were no significant differences in the amount of femoral 
and tibial tunnel widening in both groups (Table 4). At the final 
follow-up, 5 patients in the Cross pin group and 2 patients in the 

Endobutton group showed radiographic advancement of OA of 1 
grade according to the Kellgren-Lawrence scale.

Discussion

  ACL reconstruction surgery is one of the most common 
procedures in sports traumatology18). The selection of the graft 
depends on the surgeon’s preference and the available tissues19). 
Among the autogenous tissues, the most commonly used grafts 
are currently the patellar tendon and the quadrupled hamstrings. 
Each of these grafts has been shown to have sufficient load-to-
failure strength and stiffness to replace the ACL3). Graft fixation is 
also important. To promote an early return to daily life and sports 
activities, a strong graft with fixation that can endure the strain 
put on the knee during early rehabilitation is essential20).
  ACL graft fixation mechanisms can be classified according 
to the amount, application site and distribution of forces that 
resist graft pullout. To et al.4) reported in a cadaver study that the 
stiffness of a graft-graft fixation complex is largely dependent 
on the fixation method and less on the graft itself, and that the 
close-to-joint transcondylar fixation method in that respect was 

Fig. 1. Examples of a (A) Cross pin group patient’s radiographs and 
an (B) Endobutton group patient’s radiographs with digital tunnel 
measurements.

Table 2. International Knee Documentation Committee Scores 
Comparison between the Two Groups

Preoperative 4 years postoperative

Cross pin 
group (n=56)

Endobutton 
group (n=35)

Cross pin 
group (n=56)

Endobutton 
group (n=35)

A   0   0   4   3

B   0   0 42 25

C 27 14   7   4

D 29 17   3   3

A: normal, B: nearly normal, C: abnormal, D: severely abnormal.

Table 3. KT-2000 Side to Side Differences at 4 Years Follow-up

Side to side difference 
(mm)

Cross pins group
(n=56)

Endobutton group
(n=35)

<3 46 27

3-5   9   7

>5   1   1

>10   0   0

Table 4. Tunnel Widening in the Femur and Tibia at the Last Follow-up

View
Cross pin 

group (n=56)
Endobutton 

group (n=35)
p-value

Femoral AP (mm) 11.3±0.9 11.3±1.2 0.848

Femoral lateral (mm) 11.4±0.9 11.7±0.8 0.116

Tibial AP (mm) 11.5±0.7 11.5±0.9 0.986

Tibial lateral (mm) 12.0±1.0 11.9±1.0 0.816

AP: anteroposterior.
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superior to the Endobutton system. Milano et al.5) used 9 different 
kinds of femoral fixation methods and showed that the greatest 
failure loads were reported for Transfix (Arthrex, Naples, FL, 
USA). Rigidfix and Endobutton were included in an intermediate 
subset. In another animal experiment, the interference screw and 
the Rigidfix fixation demonstrated inferior fixation biomechanics 
compared to the Bio-Transfix (Arthrex) and Endobutton 
techniques21).
  According to previous studies, tunnel widening after ACL 
reconstruction was more likely to develop with the use of 
hamstring grafts compared to bone-patellar tendon-bone 
(BTB) grafts9,14). The two main reasons for this are: fixation 
method using interference screws and bone to bone healing. 
The interference screw provides fixation close to the aperture of 
the tunnel and the bony end of the BTB readily integrates with 
the surrounding bony tunnel. In addition, there was a study that 
showed that bioabsorbable interference screws can cause more 
tunnel widening compared to metal screws22).
  Several theories have been developed to account for tunnel 
widening following ACL reconstruction, including mechanical 
and biological contributions. Within the tunnel, up and down 
motion (a bungee effect) and side to side motion (the motion 
of windshield wipers) can occur. Extravasation of synovial fluid 
that contains various cytokines into the tunnel around the graft 
may be increased by this motion and this interferes with the soft 
tissue-to-bone healing23). In the suspensory fixation system, these 
interactions are likely to occur.
  Baumfeld et al.11) reported that the 2 cross pin fixation method 
called Rigidfix showed less femoral tunnel widening compared 
to the Endobutton method, and tunnel widening could lead 
to failure after reconstruction surgery. Fauno and Kaalund12) 
reported that tunnel widening is influenced by the mechanical 
properties of the implants and more patients with increased knee 
laxity were in the extracortical fixation (Endobutton fixation) 
group compared to the close-to-joint fixation (Transfix) group. 
However, the clinical results were considered successful in both 
groups.
  In the present study, we compared 2 different fixation systems 
and each had its own characteristics. One is a double cross pins 
system called Rigidfix, and the other is a suspensory system 
called Endobutton. According to previous studies, significantly 
more femoral tunnel widening developed with the use of a 
suspensory system compared to that of the double cross pin 
system for quadrupled hamstring grafts11,12). In this current study, 
we attempted to verify this phenomenon and its relationship 
with the clinical results obtained in our patients. However, there 

was no difference in the femoral and tibial tunnel widening 
between the 2 femoral fixation systems. Additionally, there were 
no statistical differences in the functional outcomes, such as the 
IKDC classification and the KT-2000 arthrometer side to side 
difference. The clinical results were considered successful in both 
groups.
  There are disagreements regarding the timeline of tunnel 
widening. Some authors reported that tunnel widening is an 
acute phenomenon that occurs during the first 6 weeks after 
surgery, while others reported that it continues to develop over 
the first 1 to 2 years following ACL reconstruction24-27). Simonian 
et al.16) observed that tunnel widening did not develop between 
the first 3 and 12 months. Fink et al.25) reported that tunnel 
widening peaked at 6 weeks following graft fixation. Pinczewski 
et al.27) have observed that tunnel widening progressed up until 2 
years after reconstruction. In this study, both the cross pin group 
and the Endobutton group showed similar tunnel widening at 4 
years postoperatively. 
  The limitations of our study are the followings. This study was a 
retrospective study, and the follow up loss rate was high (27.8%). 
In addition, we did not measure serial tunnel widening during 
the follow up period of more than 4 years. Identification of the 
serial change in tunnel widening and its relationship with the 
clinical results in both groups would be an interesting study with 
long-term follow-up. In this study, we used two different graft 
fixation methods for the tibial tunnel for each group. Although 
there have been disagreements about the relationship between 
tibial tunnel widening and fixation methods10,18), the difference 
in the tibial tunnel fixation method could have affected the 
development of femoral tunnel widening in this study. Intrafix 
and bioabsorbable screws were located inside the tibial tunnel 
and each device would have affected the tunnel widening in 
a different way. Serial follow-up data of postoperative tunnel 
widening should have been clearly compared with those of the 
last follow-up.
  
Conclusion

  Endobutton femoral fixation showed good results comparable 
to those of cross pin fixation in hamstring ACL reconstruction. 
Tunnel widening following reconstruction developed in both 
groups, and this did not lead to failure of surgery. We conclude 
that both cross pin and Endobutton CL are useful materials for 
femoral tunnel fixation in hamstring ACL reconstruction surgery. 
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