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Anterior cruciate ligament femoral side
retained stump technique reduces
enlargement of the femoral bone tunnel after
anterior cruciate ligament reconstruction

Xiaobo Li"*", Hanlin Li"*", Jixian Su'* and Ran Ding'"

Abstract

Background Enlargement of the bone tunnel has become an unavoidable early complication after anterior cruciate
ligament (ACL) reconstruction, whether it is a single or double-bundle ACL reconstruction. Preservation of the ACL
stump in ACL reconstruction reduces enlargement of the bone tunnel. The purpose of this study was to investigate
the question of whether single-bundle ACL reconstruction using the ACL femoral side retained stump technique
reduces enlargement of the femoral tunnel.

Methods Forty patients who underwent single-bundle reconstruction of the ACL were included in this study. The
patients were categorized into a Remnant preservation group (Group R) and the Non-remnant preservation group
(Group N). In the Remnant preservation group, a high-flexion femoral side retained stump technique was used
intraoperatively for the establishment of the femoral side bone tunnel, and in the Non-remnant preservation group,
the conventional femoral positioning method was used (we used a femoral positioning drill for localization and
drilling of the femoral bone tunnel), and MRI of the operated knee joints was performed at 6 months postoperatively.
We measured the internal diameter of the femoral bone tunnel at 5 mm from the intra-articular outlet of the femoral
bone tunnel on an MRI scan image perpendicular to the femoral bone tunnel. The size of the tunnel was compared
between the intraoperative drilling of the bone tunnel and the size of the bone tunnel at 6 months postoperatively.
Postoperative clinical assessment was Lysholm score.

Results After a 6-month follow-up of 40 patients, the diameter of the femoral tunnel at a distance of 5 mm from the
inner opening of the femoral tunnel was 10.96+0.67 mm and 10.11+0.62 mm in patients of group N and group R,
respectively, and the difference was statistically significant (P < 0.05).The diameter of the femoral tunnel at 6 months
postoperatively in group N and group R compared to the intraoperative bone tunnel increased by 2.58 +0.24 mm and
1.94+0.31 mm, and the difference was statistically significant (P <0.05).The femoral tunnel enlargement rates of group
N and group R were 30.94 +3.00% and 24.02 +5.10%, respectively, and the differences were significant (P<0.05).
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Conclusion ACL femoral side retained stump technique does not sacrifice the ideal location of the femoral tunnel
and is able to preserve the possible benefits of the ACL stump: reduced femoral tunnel enlargement.

Keywords Anterior cruciate ligament(ACL), Reconstruction, Remnant preservation, Femoral tunnel enlargement,

Femoral side preservation technique

Background

The anterior cruciate ligament (ACL) is a crucial stabi-
lising structure of the knee joint. Its primary function is
to restrict the forward movement and internal rotation
of the tibia. ACL injury results in anterolateral and rota-
tional instability of the knee joint [1, 2]. The most fre-
quent injury pattern is a non-contact mechanism during
rotation and jump landings with the knee slightly flexed
and valgus [3]. ACL injuries are a common type of knee
injury, and ACL reconstruction is a frequently performed
surgical procedure to effectively treat these injuries. The
surgical outcome can be affected by both the position and
enlargement of the bone tunnel [4]. Therefore, it is nec-
essary to find ways to reduce bone tunnel enlargement
after ACL surgery. In single-bundle ACL reconstruction,
whether using autologous hamstring tendon, autologous
patellar tendon, or allogeneic tendon, there is always
some degree of postoperative enlargement of the bone
tunnel [5-8]. The cause of postoperative enlargement of
the bone tunnel is currently unknown. It is believed that
the enlargement is caused by a combination of mechani-
cal and biological factors [9, 10]. Mechanical factors that
contribute to micromotion of the graft in the bone tun-
nel during ACL reconstruction with extracortical fixa-
tion in the femoral cortex include the ‘bungee effect’ or
‘windshield wiper effect;, localization of the bone tunnel,
graft fixation, and active rehabilitation in the early post-
operative period [10], localization of the bone tunnel [6],
fixation of the graft [11-13], and active rehabilitation in
the early postoperative period [14]. Biological factors
include cytokines (interleukin 1, interleukin 6, tumor
necrosis factor, nitric oxide, etc.) [15-17], inflammatory
mediators, the type of graft, the quality of the bone, and
osteoclastic necrosis resulting from the process of drill-
ing bone tunnels [18-21].

In ACL reconstruction, preservation of the ACL stump
has been shown to have many benefits: better ligamenti-
zation of the graft, better synovial coverage, blood supply
to the graft, better proprioception, and better stability of
the knee [22-24]. Additionally, preserving the ACL fem-
oral stump has the added benefits of closing the femo-
ral tunnel, preventing articular fluid leakage, facilitating
tendon healing, and preventing tunnel enlargement [25].
Previous studies have shown that in double-bundle ACL
reconstruction, the ACL stump can prevent the enlarge-
ment of the tibial bone tunnel. However, no scholars
have studied the preservation of the femoral side stump

in single-bundle ACL reconstruction to prevent the
enlargement of the femoral bone tunnel.

The aim of this study was to investigate the correla-
tion between femoral bone tunnel enlargement and ACL
stump preservation after single-bundle ACL reconstruc-
tion using hamstring tendon. This is the first study to
examine this relationship.

Materials and methods

We collected 40 patients who underwent single-bun-
dle ACL reconstruction from July 2019 to July 2022 at
our hospital (Table 1). Inclusion criteria: initial ACL
reconstruction, preoperative MRI and intraoperative
arthroscopic confirmation of ACL rupture, positive
Lachman test and/or axial shift test, clear history of
trauma; ACL rupture within 6 months, use of autologous
hamstring tendon for grafts, presence of ACL femoral
side stump, informed consent of the patient, unilateral
knee injury. Exclusion criteria: revision of ACL, multiple
ligament injuries, combined intercondylar crest fracture,
combined severe cartilage injury, combined other frac-
tures. All patients signed an informed consent form, and
the study was reviewed by the hospital ethics committee.
All patients completed three-dimensional CT of the knee
joint 3 days after surgery and MRI review of the knee
joint 3 months after surgery. The femoral tunnel position
is assessed using the lateral femoral condyle quadrant
method, as described by Bernard et al [26].

Arthroscopy was performed through anteromedial
(AM) and anterolateral (AL) manipulation and observa-
tion approaches. The integrity of the ACL was examined
arthroscopically (Fig. 1), meniscal and knee cartilage
injuries were examined, and intercondylar fossa stenosis
was examined.

The choice of surgical protocol depended on the intra-
operative record of the ACL remnants length measured
by the primary surgeon and the attending physician
using a tunnelling device (ACUFEX, Smith and Nephew
Inc.). The ACL femoral stumps preservation technique
was performed only when the primary surgeon and the
attending physician agreed that the length of the ACL
remnant was more than 25% of the original length of
the intact ACL and that the ACL remnant was not par-
tially disrupted at the tibial attachment site. These were
included in Group R. This determination is consistent
with earlier studies evaluating tibial tunnel [27]. If the
length of the ACL remnant is less than 25% compared
to the original length of the intact ACL, or if the tibial
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Table 1 Demographic data for both groups
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Group N(n=20) Group R (n=20) Pvalue
Age, year (mean+SD) 26.7+6.2 26.1+52 ns.
Gender (male/female) 16/4 18/2 ns.
Involved side (right/left) 9/11 8/12 ns.
Hight (cm) 175.1+6.1 1721451 n.s.
Weight (kg) 732+78 735+69 ns.
BMI (kg/m?) 238+14 248+2.1 n.s.

Fig. 1 Arthroscopic visualization of the preserved ACL femoral lateral
stump

attachment is disrupted, the remnant will be debrided
using an arthroscopic shaver or radiofrequency probe to
well visualize the location of the femoral tunnel. These
were included in Group N. Group R indicated preserva-
tion of the ACL stump and group N indicated no preser-
vation of the ACL stump.

Preparation and acquisition of grafts

Standard AM and AL incisions were taken. The patient
was placed in the supine position and epidural or general
anesthesia was administered. At 90° of flexion, the syno-
vial membrane and part of the infrapatellar fat pad were
removed, and the medial anterior end of the lateral femo-
ral condyle was fully exposed to facilitate observation and
positioning. The lateral femoral stump of the ACL has
grouped arthroscopically (whether it belonged to group
R or N) and then exited the arthroscope. An oblique skin
incision was made on the medial tibial deviation to reveal
the goosefoot tendon. The semitendinosus and gracilis
tendons were then removed with a tendon extractor.

Fig. 2a Establishment of the femoral bone tunnel for arthroscopic ACL
reconstruction: a coarse hollow drill is shown, in which the anterior edge
of the coarse hollow drill is tangent to the bifurcate ridge (the plumb line
between the lowest point of the cartilaginous rim of the lateral condyle of
the femur and the tibial plateau at 120 degrees of flexion), and the lower
edge is approximately 2 mm from the tibial plateau

Drilling of the femoral bone tunnel

After examining the lateral femoral footprint area using
arthroscopy from the AL approach, the lateral ACL
stump was preserved, and then the center of the footprint
was marked with a plasma knife using the AM approach.
The knee was flexed at 120°, and the plumb line between
the lowest point of the cartilaginous margin of the lat-
eral femoral condyle and the tibial plateau was used as a
localization marker for the creation of the femoral bone
tunnel (Fig. 2a and b). The appropriate depth of the bone
tunnel was created based on the length of the bone tun-
nel and the length of the graft. During the preparation of
the femoral bone tunnel, we preserved the stump of the
femoral side of the ACL. After the femoral bone tunnel
is established, we can see that the posterior wall of the
bone tunnel is intact (Fig. 3). For group N, the femoral
bone tunnel was drilled under the guidance of a femoral
offset guide (ACUFEX, Smith and Nephew Inc.), which
was placed through an AM portal. In the present study,
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Fig. 2b Arthroscopic exploration of the ACL: rupture of the ACL, but pres-
ervation of the ACL femoral side stump

Fig. 3 Femoral bone tunnel after arthroscopic ACL reconstruction: poste-
rior wall of the tunnel is intact

the mean value of intraoperative femoral bone tunnel was
8.2 mm in group R and 8.3 mm in group N.

Drilling of the tibial tunnel and fixation of grafts

The tibial bone tunnel was created through the AM por-
tal. In this study, we also preserved the tibial stump of
the ACL (Fig. 4). Finally, the tendon was introduced into
the bone tunnel from the tibial bone tunnel, confirming
that the Endobutton was flipped over and well apposed at
the outer portion of the osseous tunnel, and arthroscopy

Fig. 4 Arthroscopic ACL reconstruction: preservation of the tibial side
remnant of the ACL

Table 2 Comparison of Lysholm score

Preoperative Postoperative Pvalue
Group R 622+57 92.05+2.01 n.s
Group N 61.2+64 92.30£239 n.s
Pvalue n.s n.s -

confirmed that the previous markings on the graft were
flush with the entrance of the femoral osseous tunnel,
indicating that the graft was fully entered into the fem-
oral tunnel. An interference screw was placed with the
knee flexed at 30° to maintain pressure on the graft [16].
Graft impingement was assessed during the procedure
with the knee in full extension (Fig. 2).

Postoperative rehabilitation

Early postoperative support immobilization in the knee
extension position. At 2 weeks postoperatively, passive
mobility of the joint reaches 90°, isometric muscle exer-
cises are performed, and patellar mobility is practiced.
2-6 weeks after surgery, passive mobility reaches 120°,
active mobility reaches 115°, lower limb muscle strength
and proprioception exercises. 6-12 weeks after surgery,
return to normal joint mobility, return to normal walk-
ing, lower limb proprioception, and flexibility exercises.
12-22 weeks after surgery, lower limb sensitivity train-
ing, lower limb strength returned to 80% of the healthy
side, and special training gradually.

Clinical evaluation

All postoperative patients were subjected to clinical
examination and functional assessment 6 months after
surgery. This mainly includes Lysholm score (Table 2).
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MRI evaluation

All patients’ knees were examined by MRI at 6 months
postoperatively, and the enlargement of the bone tunnel
was assessed by measuring the width of the bone tunnel
on an MRI scan image perpendicular to the femoral bone
tunnel (Fig. 5a). All bone tunnel measurements were per-
formed by an experienced orthopedic surgeon. MRI data
obtained at follow-up were compared with the diameter
of the bone tunnel drilled intraoperatively. The values for
the tunnel enlargement are reported in percentages using
the following expression: (Enlargement/Intraoperative
drill size) x100% (Table 3).

Statistical analysis

Statistical analysis was performed using the SPSS soft-
ware package version 25.0 (SPSS, Chicago, IL). Differ-
ences between means were calculated using analysis of
variance (ANOVA) and paired samples t-test.

Results
Femoral bone tunnel location.

The bone tunnels were visualized using the 4x4 grid
method proposed by Bernard et al [2](Fig. 6). The femo-
ral bone tunnel locations were comparable between the
two groups, with measurements of 24.3+1.6x23.1+2.6
(group R) and 25.8+2.2x25.1+4.0 (group N), as shown
in Table 4. There was no significant difference in the loca-
tion of the femoral bone tunnel between group R and
group N.

Tunnel size during surgery and tunnel enlargement

The data of femoral bone tunnel measurements and
enlargement rate in all patients are shown in Table 3. As
can be seen in Table 2, there are 20 knees in group R and
20 knees in group N. The rate of femoral bone tunnel
enlargement (P=0.0 00) was significantly lower in group
R compared to group N. The difference in Lysholm scores
was not statistically significant in either group R or N.

Discussion

The most important finding of this study is that ACL
reconstruction using the ACL femoral side remnant-
preservation technique resulted in less enlargement of
the bone tunnel in the femur, thus making the late ACL
revision surgery easier while preserving the benefits of
the ACL stump.

ACL reconstruction is a standard procedure for the
treatment of ACL injuries and is currently obtain-
ing better clinical results, however, the related post-
operative complications have not been resolved.
Postoperative bone tunnel enlargement is a common
problem in ACL reconstruction [28, 29], occurring
mainly within 6 months after ACL reconstruction [29].
Although bone tunnel widening has been reported to
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Fig. 5a MRI of the knee 6 months after ACL reconstruction: This is a local-
ized scan image perpendicular to the femoral bone tunnel of the knee
joint(MRI has a scanning layer thickness of 5 mm)

Fig. 5b This is measurement of the internal diameter of the femoral tun-
nel at the level of an MRI scan perpendicular to the femoral tunnel(5 mm
from the internal portion of the tunnel)

Table 3 Measurements of femoral tunnel diameter

Group N Group R Pvalue
Intraoperative drill size 83+05 82+06 ns.
Diameter at 5 mm from inlet 1096+067 10.11+062 <0.05
(mm)
Enlargement (mm) 258+024 194+031 <005
Enlargement rate (%) 3094+3.00 24.02+5.10 <0.05
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Fig. 6 :The femoral tunnel position can be evaluated using the quadrant method.x, distance from the center of the footprint to the proximal border
along line t; y, distance from the center of the footprint to the Blumensaat line; x and y are expressed as percentages of t and h. ¢, total sagittal diameter
of lateral condyle along the Blumensaat line; h, maximum intercondylar notch height

Table 4 Tunnel locations in the femur

Group N Group R Pvalue
Femoral tun-  258+22x251+40 245+16%x23.1+26
nel location(%)
X 258+22 245+1.6 n.s.
y 251+40 23.1+26 ns.

have no significant correlation on clinical outcomes
[30], bone tunnel widening can move the bone tunnel to
a non-anatomic location [31] and affect the treatment
strategy for ACL revision surgery [29, 32]. However, the
specific etiology of tunnel widening remains unclear. The
mechanism of the occurrence of bone tunnel enlarge-
ment after ACL reconstruction is still unclear. The occur-
rence of tunnel enlargement may be multifactorial, and
most scholars believe that channel enlargement is caused
by the complex interaction of mechanical and biologi-
cal factors[57].The known mechanical factors include
the following: first, longitudinal movement (“bungee
effect”) and transverse movement (“windshield wiper
effect”) due to micromotion of the graft in the bone tun-
nel [33, 34]. Several previous in vitro experimental stud-
ies have pointed out that the site of fixation of the graft
affects the movement of the graft in the bone tunnel, i.e.,
the longer the distance between the points of fixation of
the graft, the significantly greater the longitudinal and
transverse movement of the graft [34]. This is due to the
fact that patients begin joint range-of-motion exercises
and weight-bearing walking before tendon-bone healing
is complete [33, 35, 36]. Second, the positioning of the
bone tunnel also affects the enlargement of the tunnel
[37, 38]. Higher and more anterior femoral osseous tract
positioning results in more femoral tunnel enlargement

[38]. In the 40 patients in this study, all the femoral and
tibial bone tunnels were in the proper position. In addi-
tion, intraoperative drill use, localized thermal necrosis
of the bone, and nonspecific inflammatory responses
may contribute to early tunnel enlargement after ACL
reconstruction [51]. Third, the fixation mode of the graft
[11, 12]. Currently, in ACL reconstruction, there are two
main fixation methods for the femoral side, one is extru-
sion interface screw fixation; the other is cortical suspen-
sion titanium plate, which is divided into adjustable tabs
and fixed tabs. Either type of fixation ultimately results in
varying degrees of enlargement of the bone tunnel. The
findings of some investigators have shown [16] that in
single-bundle ACL reconstruction, there is a more pro-
nounced widening of the femoral bone tunnel with fixa-
tion using fixation tabs compared to extruded interface
screws because the closer the femoral end fixation posi-
tion is to the joint line, which leads to less widening of
the femoral tunnel. So the closer the fixation is to the
joint, the lower the incidence of bone tunnel widening. In
the present study, all patients with lateral femoral grafts
underwent cortical external fixation with Endobutton-
suspended titanium plates, assuming that the mechanical
effects of bungee and windshield wipers resulted in more
widening of the tunnel at the exit. Fourth, an aggressive
rehabilitation program [50]. Fifth, the diameter of the
graft. The Tendon graft diameter was kept at 8 ~9 mm
[39]. In this study, all patients underwent single-bundle
ACL reconstruction, and too large a diameter of the graft
can cause excessive stress loading on the edges of the
bone tunnel thereby causing abnormal enlargement of
the bone tunnel [40].
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Most studies have shown that enlargement of the bone
tunnel after ACL reconstruction has no effect on clini-
cal outcomes, but enlarged bone tunnels may pose addi-
tional difficulties in ACL revision surgery. Recent studies
have shown that tunnel enlargement is accompanied by
changes in the anatomical position of the tunnel [31, 41],
which may be related to unevenly distributed mechani-
cal stresses on the tunnel wall [42]. Tunnel enlargement
results in an eccentric shift of the femoral tunnel posi-
tion in the anterior and distal directions. As a result, the
mechanical traction of the ACL graft constantly gener-
ates eccentric stresses on the tunnel wall, leading to tun-
nel widening [43]. Moreover, it has been shown that there
is an increase in case changes in the meniscus after ACL
revision surgery [44], which may lead to more severe
osteoarthritis. It has been estimated that up to 60% of
patients undergoing ACL revision reconstruction will
develop osteoarthritis of the knee within approximately
6 years [45]. This risk is twice that of initial ACL recon-
struction surgery [46]. ACL revision surgery is not sim-
ply an ACL reconstruction procedure, we need to be
aware of the causes of ACL graft failure. For ACL revi-
sion surgery, we also need a detailed preoperative plan,
to fully understand the details of the initial ACL recon-
struction surgery, such as the type of graft, the diameter
of the bone channel, and the fixation method. Emphasis
should be placed on analyzing the reasons for the failure
of the initial ACL surgery. The choice of revision graft for
ACL reconstruction plays an important role in the suc-
cess of the surgery. Because of the high re-tear rate and
poor clinical outcome of homografts [47, 48], the use of
homografts should be avoided as much as possible. The
selected graft should be of sufficient diameter. In revision
surgery, graft fixation is as important as graft selection.
Graft fixation should be firm and reliable, and double
fixation is necessary when the bone quality or quantity
of bone in the bone tunnel is poor [49]. For bone tun-
nel enlargement, revision of the ACL may require either
a one-stage revision or a two-stage revision. Most ACL
reconstructions can be accomplished with a one-stage
procedure. The ideal indication for a one-stage revision
would be complete nonanatomic positioning of the bone
tunnel and minimal enlargement of the old bone tunnel.
In this case, a new tunnel can be drilled at the anatomic
footprint of the ACL while maintaining an adequate bone
bridge between the old and new bone tunnels. Next is
the fully anatomically positioned old tunnel with no or
minimal enlargement, which can be achieved by enlarg-
ing the old tunnel and selecting a larger graft. If the bone
tunnel is positioned close to the anatomical structure
and the enlargement of the bone channel is between 14
and 16 mm, it can be managed in one stage [50]. Another
approach to address femoral bone tunnel enlarge-
ment is the use of over-the-top position reconstruction
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techniques [51]. The management of tunnel enlarge-
ment is a more problematic issue if the tunnel diameter
is >14—16 mm or if the tunnel is positioned to ride across
an anatomic stop [49]. In the first stage of the revision
procedure, the interference screws are removed and the
enlarged femoral bone tunnel is grafted. At the comple-
tion of the first stage, the sclerotic bone tunnel wall will
be fresh with a drill to promote healing of the implant.
The second stage revision surgery is usually performed
after 4—6 months [49]. On the one hand, this may leave
the patient’s knee in an unstable state for a prolonged
period of time, which can increase secondary injuries
such as meniscus. On the other hand, the lack of move-
ment of the knee joint while waiting for the second stage
of surgery can lead to knee stiffness and atrophy of the
muscles around the knee. Secondly, undergoing more
than one surgery can result in an unpleasant experi-
ence for the patient and an increase in medical expenses.
Therefore, widening of the bone tunnel may further com-
plicate revision surgery in these knees. Therefore, sur-
geons should fully recognize the adverse effects of bone
tunnel widening on ACL revision surgery and take mea-
sures to reduce bone tunnel widening after ACL recon-
struction. In this study, we adopted the ACL femoral
lateral disability preservation technique to prevent femo-
ral bone tunnel widening, thus avoiding the unfavorable
factors associated with bone tunnel widening.

Preservation of the ACL stump has both advantages
and disadvantages. In ACL reconstruction, the prevail-
ing view is to preserve the tibial ACL stump. As for the
femoral side stump, most of the operators chose to shave
off the ACL femoral side remnant because of the need to
visualization of the bony landmarks of the lateral femoral
condyle for accurate localisation. In the present study, we
preserved the ACL femoral side stump. The advantages
of preserving the stump have been widely studied. Cur-
rently, preservation of the ACL stump is an important
method to prevent enlargement of the bone tunnel.

Although the focus of this study was on the femoral
side to preserve the femoral side ACL stump, we also
preserved the tibial side ACL stump. In addition, preser-
vation of the stump has been shown to be a risk factor
for the development of arthrofibrosis, cyclops lesion and
intercondylar fossa impingement of the knee [52].

Most of the current studies have not yet agreed on the
time of occurrence of bone tunnel enlargement after
ACL reconstruction. Some scholars believe that postop-
erative bone tunnel enlargement after ACL reconstruc-
tion occurs mainly at 3 months postoperatively [51],
while others believe that bone tunnel enlargement occurs
within 3 months postoperatively and can last up to 9
months [53]. It has also been shown that the period of
maximum bone tunnel enlargement is 10 months post-
operatively and there is no further significant increase
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in the following period [54]. However, tunnel enlarge-
ment is usually maximized at 24 weeks postoperatively,
as reported in a related study [55]. In summary, we finally
chose the patient’s MRI at 24 weeks postoperatively for
bone tunnel measurements to assess postoperative tun-
nel enlargement.

It has been shown that enlargement of the bone tunnel
mainly occurs within 5 mm from the exit of the bone tun-
nel [54] and that the error in measuring the tunnel diam-
eter on the medial side of the femoral condyles due to the
inclination of the entrance was eliminated by measuring
the tunnel diameter at 5 mm from the entrance. There-
fore, in this study, we set the measurement of the bone
tunnel at 5 mm from the inner opening of the femoral
tunnel as a uniform standard for comparison purposes.

Tibial tunnel widening was not assessed in this study.
All patients were internally fixed on the tibial side with
bioabsorbable interference screws.

Our current study found that preservation of the ACL
femoral remnant in ACL reconstruction was associated
with a reduced incidence of femoral tunnel enlargement,
but it did not seem to affect the clinical outcomes on the
Lysholm score. The same results were reported by Hong
et al [56]. They performed ACL reconstruction using a
technique that preserved the remnant and showed that
this technique did not improve postoperative knee func-
tion scores or laxity.

This study also has some limitations. First, the num-
ber of patients in our study was small. Follow-up stud-
ies would like to include more patients for further study.
Second, immediate postoperative MRI was missing for
comparison. Third, the follow-up time of the current
study was only 6 months. Follow-up studies include MRIs
at 1 year, and 2 years postoperatively. Fourth, in the cur-
rent study, grafts we used only autologous hamstring
tendons and lacked comparison with the use of bone-
tendon-bone grafts. This is because previous studies have
shown that tunnel enlargement after ACL reconstruc-
tion using hamstring tendon grafts is greater than using
patellar tendon grafts. Finally, we did not assess the bone
density of the patients, as this may also affect bone tunnel
enlargement.

The present study is clinically relevant because it dem-
onstrates the changes in the femoral bone tunnel after
ACL reconstruction with or without preservation of the
ACL femoral remnant, and it also illustrates the advan-
tages of the ACL femoral side retained stump technique
in ACL reconstruction. The ACL femoral side retained
stump technique can reduce the enlargement of the
femoral bone tunnel and can reduce some unnecessary
troubles for future ACL revision surgery. At present, the
remnant-preserving technique has been favoured by sur-
geons at home and abroad.
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Conclusion

This study demonstrated no significant difference in
femoral tunnel localization between the Group N and
Group R. It is therefore concluded that the ACL femoral
side retained stump technique does not sacrifice the ideal
location of the femoral tunnel and is able to preserve the
possible benefits of the ACL stump: reduced femoral tun-
nel enlargement.
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