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Abstract
Purpose To compare clinical outcomes and tunnel widening following anterior cruciate ligament reconstruction (ACLR) 
performed with an all-inside technique (Group A) or with a bioabsorbable tibial screw and suspensory femoral fixation 
(Group B).
Methods Tunnel widening was assessed using computed tomography (CT) and a previously validated analytical best fit 
cylinder technique at approximately 1-year following ACLR. Clinical follow-up comprised evaluation with IKDC, KSS, 
Tegner, Lysholm scores, and knee laxity assessment.
Results The study population comprised 22 patients in each group with a median clinical follow-up of 24 months (range 
21–27 months). The median duration between ACLR and CT was 13 months (range 12–14 months). There were no signifi-
cant differences in clinical outcome measures between groups. There were no differences between groups with respect to 
femoral tunnel widening. However, there was a significantly larger increase in tibial tunnel widening, at the middle portion, 
in Group B (2.4 ± 1.5 mm) compared to Group A (0.8 ± 0.4 mm) (p = 0.027), and also at the articular portion in Group B 
(1.5 ± 0.8 mm) compared to Group A (0.8 ± 0.8 mm) (p = 0.027).
Conclusion Tibial tunnel widening after ACLR using hamstring tendon autograft is significantly greater with suspensory 
femoral fixation and a bioabsorbable tibial interference screw when compared to an all-inside technique at a median follow-up 
of 2 years. The clinical relevance of this work lies in the rebuttal of concerns arising from biomechanical studies regarding 
the possibility of increased tunnel widening with an all-inside technique.
Level of evidence III.

Keywords All-inside · ACL reconstruction · Tunnel widening · Bioabsorbable screw · Retrograde drilling

Introduction

In 1995, Morgan et al. first described all-inside anterior cru-
ciate ligament reconstruction (ACLR) using both tibial and 
femoral sockets, and the avoidance of drilling complete tun-
nels. Although there are now many variations of all-inside 
ACLR, recent systematic review has demonstrated that the 
overall strategy is associated with low graft failure rates and 
significant improvements in clinical outcomes with respect 
to knee function, pain, stability, and patient satisfaction at 
short-term follow-up. However, there are only a small num-
ber of comparative studies [8, 17, 23] and therefore the pro-
posed benefits over standard techniques remain unproven. 
One of the theoretical benefits is a decrease in the incidence 
of tunnel widening (TW) [12]. This is a phenomenon that 
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frequently occurs after ACLR, particularly with hamstring 
tendon grafts. It is reported to occur predominantly in 
the first 6 weeks after surgery. The main clinical concern 
with tunnel widening is that in the event of graft failure, 
enlargement of tunnels can compromise single stage revi-
sion ACLR, and result in the need for bone grafting and a 
two-stage procedure.

The pathophysiology of tunnel widening is multifactorial. 
Mechanical, surgical and biological factors have all been 
implicated in the etiology [4, 5, 16, 28]. However, the inter-
action between factors is not completely understood and for 
this reason, the rate of tunnel widening after ACLR must 
be specifically evaluated for different variations of surgical 
technique. To the knowledge of the authors only one previ-
ous study has specifically evaluated tunnel widening after 
all-inside ACLR in a comparative study. Mayr et al. demon-
strated that femoral tunnel widening after all-inside ACLR 
using suspensory fixation was significantly greater than 
following ACLR with aperture fixation with interference 
screws for both tibial and femoral tunnels [18]. Although 
the latter is a frequently used technique, a multi-national 
registry based review of contemporary practice reveals that 
in Denmark, Norway, Sweden and the UK the most popu-
lar graft choice is hamstring tendon autograft fixed with an 
interference screw on the tibia and suspensory femoral fixa-
tion [25]. The aim of this study was therefore to compare 
tunnel widening following this technique against all-inside 
ACLR. The study hypothesis was that a significantly greater 
degree of tibial tunnel widening would be observed with the 
all-inside technique when compared to ACLR fixed with 
an interference screw on the tibia and suspensory femoral 
fixation.

Materials and methods

Patients who underwent hamstring tendon autograft ACLR 
for a chronic ACL rupture (> 3 months from the date of 
injury) with either the graftlink all-inside technique [14] 
or with suspensory femoral fixation and a tibial interfer-
ence screw between January 2016 and June 2016 were 
considered for study eligibility. Patients were excluded if 
they had sustained a multi-ligament injury, or had a Segond 
fracture, but patients with meniscal and/or chondral injuries 
were included. Further exclusion criteria were a history of 
previous knee injury/surgery, patients aged over 40 years 
and those with a body mass index (BMI) greater than 30. 
Informed consent was obtained from all patients.

Surgical technique

For both surgical techniques, the tunnels were drilled cor-
responding to graft diameter. The femoral tunnel center 

was located at approximately 40% of the proximal–distal 
distance of the lateral notch and was centered between 
the lateral intercondylar ridge and the posterior articular 
margin. This point was centered over the lateral bifurcate 
ridge at a distance equivalent to the planned tunnel radius, 
plus an additional 2.5 mm from the posterior articular car-
tilage. The center of the tibial tunnel was located at 40% 
of the medial–lateral width of the interspinous distance, in 
line with the posterior edge of the lateral meniscal anterior 
horn, approximately 15 mm anterior–posterior cruciate 
ligament [1].

Group A: all‑inside ACLR

In the all-inside group, patients underwent ACL recon-
struction performed with the graftlink technique [14]. The 
harvested semitendinosus tendon was quadrupled to obtain 
a final graft length of no more than 75 mm, and sewn 
in linkage with a TightRope-RT adjustable loop cortical 
button (Arthrex, Naples, FL, USA) and a high strength 
suture (No. 0 FiberWire; Arthrex, Naples, FL, USA) on 
each side of the graft. Standard anterolateral (AL) and 
anteromedial portals were used. With a standard guide 
set at 60–65°, a 25-mm tibial socket was created at the 
anatomic ACL insertion point using a specific retrodrill 
(Flipcutter, Arthrex, Naples, FL, USA). A 25-mm femoral 
socket was created with an outside-in technique using a 
standard guide set approximately 100°–110° and the same 
retrodrill as on the tibial side. Using a shuttle suture on 
both sides, the graft was introduced into the knee through 
the AM portal and fixed first on femoral side, then on tibial 
side with the “flip-then-fill technique” [14].

Group B: femoral suspensory fixation and tibial 
interference screw

Patients underwent ACLR with an outside-in technique 
and doubled semitendinosus and gracilis tendons (DGST) 
autograft. The tibial tunnel was drilled over a wire that 
was placed in the anatomic tibial ACL insertion point 
using the Arthrex footprint guide set at 60°–65° with a 
standard anterograde drill. On the femoral side, a 25-mm 
bone socket was drilled with an outside-in technique and 
using the Arthrex footprint guide with drill sleeve set 
at approximately 100°–110° employing a Flipcutter ret-
rodrill (Arthrex, Naples, USA). The graft was then passed 
fixed with an adjustable loop length device on the femur 
(TightRope-RT Arthrex, Naples, FL, USA) and an absorb-
able interference screw (Deltascrew, Arthrex, Naples, FL, 
USA), sized 1 mm greater than graft diameter, on the tibia.
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Postoperative rehabilitation

All patients were placed in an extension brace for 2 weeks. 
Isometric exercises were commenced on the second post-
operative day and patients were encouraged with progres-
sive weight bearing as tolerated. After 2 weeks, the brace 
was removed and an emphasis placed on regaining full 
range of motion. Cycling and swimming were permitted 
from 4 weeks onwards. Patients participated in progres-
sive functional activities including running at 3 months 
and a return to sport specific training at 6–8 months after 
surgery.

Postoperative clinical evaluation

As part of the standardized follow-up for ACLR at our insti-
tution, all patients underwent standard knee ligament exami-
nation, specifically including an evaluation of Lachman’s 
test, side-to-side laxity difference testing using a knee lax-
ity-testing device (KT-1000; MEDmetric, San Diego, CA, 
USA) and the pivot-shift test. The Lachman test was graded 
as negative (normal anterior–posterior translation with a 
firm end point), positive 1+ (increased anterior–posterior 
translation as compared with the contralateral side with a 
firm end point) and positive 2+ (increased anterior–posterior 
translation as compared with contralateral side with no firm 
end point). The pivot-shift test was graded 0 (negative), 1 
(glide), 2 (jerk), and 3 (subluxation) [10]. In addition, the 
IKDC Knee Examination Form, Knee Society Score (KSS) 
for pain and function, and Tegner and Lysholm scores were 
recorded pre-operatively and at final follow-up.

Radiological evaluation

All patients underwent post-operative CT to assess tunnel 
widening at approximately 1 year following ACLR [16]. A 
16-slice MSCT scanner Philips MX 8000 with post-process 
multislab reconstruction on sagittal and coronal planes 
(slice thickness 1 mm, retrorecons 0.75 mm) was used for 
the evaluation. Scanning was performed from a level just 
above the femoral tunnel to a level below the external aper-
ture of the tibial tunnel. The CT images were exported to an 
image analysis software (Mimics v1.6, Materialise, Leuven, 
Belgium) and a manual segmentation of the bone structures, 
bone tunnels and fixation devices was performed using bone-
soft tissue density variation. The segmentation process relies 
on using bone-soft tissue density variation on CT images, 
adjusting a density range to highlight bone anatomy on CT 
scan images. Manual revision of the CT images was per-
formed to correct errors, and assure that the outline of the 
bone and tunnels was appropriately filled. This allowed the 

creation of a specific 3D bone model of the knee joint for all 
patients (Fig. 1a, b).

Tunnel diameter was evaluated using the best fit cylinder 
technique reported in detail by Crespo et al. who used the 
Mimics v1.6, Materialise software, that allows an analyti-
cal cylinder to be fitted to the 3D cast of the entire tunnel 
length and then measured [Fig. 2a–c]. This method was 
selected because Crespo et al. [3] demonstrated that this 
method provided a high correlation with the drill sizes used, 
demonstrated high inter-rater agreement concluded that this 
was the best method to evaluate ACL tunnel size in a 3D 
model. Moreover, it has previously been validated, and has 
demonstrated high intraobserver and interobserver reliabil-
ity and accuracy intraclass correlation coefficient (95% CI): 
0.745 [0.553–0.862] and intra-rater agreement (ICC [95% 
CI]) were totally automated, with total agreement (ICC of 
1.00). The measurement accuracy was ± 0.02 mm [3, 26].

In the tibial tunnel of Group B, careful attention was paid 
to the position of the interference screw: when the screw 
head was found to protrude from the bone tunnel (Fig. 3 a, 
b), thereby artificially enlarging the diameter of the best fit 
cylinder, to avoid this bias, a line of the tunnel border was 
drawn through the screw. To assess changes in tunnel widen-
ing in both groups, the diameters of the tunnels measured at 
follow-up (T1) were compared with the diameter of the drill 
used at surgery (T0) in each patient.

Statistical analysis

Institutional review board approval from University of Rome 
La Sapienza was granted for the study.

Fig. 1  CT images of all patients were exported to an image analy-
sis software (Mimics v1.6, Materialise, Leuven, Belgium) and a 
manual segmentation of the bone structures, bone tunnels and fixa-
tion devices was performed, allowing for the creation of a specific 3D 
bone model of the knee joint for all patient (a left knee, anterior view 
of an all inside technique; b left knee, posterior view of an all inside 
technique)
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Statistical analysis generated standard descriptive sta-
tistics: means, standard deviations, and proportions. The 
Wilcoxon test was used to evaluate differences between 
pre-operative and follow-up results in each group. The 
Mann–Whitney U test was applied to verify differences 
between the two groups. Statistical significance was set at 
P < 0.05. The Statistical Package for Social Sciences (SPSS) 
software version 22 was used for all calculations. A sam-
ple size calculation for a continuous outcome superiority 
trial was performed using the sealedenvelope.com online 
based software and published tunnel widening data from 
Mayr et al. [18]. This demonstrated that 40 patients were 
required to have a 90% chance of detecting, as significant 
at the 5% level, an increase in the primary outcome meas-
ure from 111.1 ± 10.8% (tibial tunnel widening reported by 
Mayr et al. [18] with an interference screw) in the control 
group to 122.4% (tibial tunnel widening with an all-inside 
technique) in the experimental group.

Results

The overall study population comprised of 44 patients (22 
in each group) who underwent ACLR for a chronic ACL 
injury. The mean time between injury and surgery was 8 
months (range 5–13 months). The median duration of clini-
cal follow-up after ACLR was 24 months (range 21–27 
months). The median duration of time between ACLR and 

post-operative CT evaluation was 13 months (range 12–14 
months).

The baseline characteristics of the two groups are shown 
in Table 1.

No significant differences were detected between the two 
groups with respect to any of the clinical or patient-reported 
outcome measures assessed. This information is summarized 
in Tables 2 and 3.

Radiological evaluation

Tunnel widening data are summarized in Table 4. In Group 
A, the mean drill diameter at T0 was 9.3 ± 0.5. This was 
significantly increased at T1 by 30% to a mean femoral 
tunnel diameter of 12.1 ± 0.9 mm at the middle portion 
(P = 0.02), and by 28% to a mean diameter of 12 ± 1.7 mm 

Fig. 2  a Right knee, 3D model 
of tibia, bone socket and 
fixation device of an all-inside 
technique; b right knee, 3D cast 
of tibial bone socket of an all-
inside technique; c right knee, 
creation of an analytical best fit 
cylinder fitted to the 3D cast of 
the articular portion of the tibial 
bone socket of an all-inside 
technique

Fig. 3  Left knee, screw protru-
sion from the tibial bone tunnel 
in the control group (a frontal 
view; b lateral view)

Table 1  Baseline characteristics

Variable Group A Group B P value

Age 32.5 ± 6.7 31.7 ± 7.1 n.s.
Sex (M;F) 15;7 17;5 n.s.
Dominant side involvement 15 13 n.s.
Time from diagnosis to interven-

tion (months)
7.3 ± 2 8.1 ± 3.4 n.s.

Meniscal lesions (medial;lateral) 2;3 2;4 n.s.
Condral lesions (femur;tibia) 2;0 1;0 n.s.
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at the articular portion (P = 0.04). The mean tibial tunnel 
diameter was increased at T1 by 8% to 10.1 ± 0.6 mm at the 
middle portion (n.s.) and significantly increased by 9% to 
10.1 ± 1 mm at the articular portion (P = 0.02).

In Group B, the mean drill diameter at T0 was 8.6 ± 0.5. 
This was significantly increased at T1 by 23% to a mean 
femoral tunnel diameter of 10.6 ± 1.2 mm at the middle por-
tion (P = 0.01) and by 25% to 10.8 ± 1 mm at the articular 
portion (P = 0.01). The mean tibial tunnel diameter increased 
significantly by 27% to 11.1 ± 1.6 mm at the middle portion 
(P = 0.01) and 17% to 10.1 ± 1.2 mm at the articular portion 
(P = 0.02).

The differences in tunnel widening between groups are 
summarized in Table 5. No differences were found between 
groups with respect to femoral tunnel widening. However, 

there was a significantly larger increases in tunnel widen-
ing on the tibial side, at the middle portion, in Group B 
(2.4 ± 1.5  mm) compared to Group A (0.8 ± 0.4  mm) 
(P = 0.027), and also at the articular portion in Group 
B (1.5 ± 0.8 mm) compared to Group A (0.8 ± 0.8 mm) 
(P = 0.027).

Discussion

The main findings of this study were that tibial tunnel wid-
ening was significantly greater following ACLR performed 
with femoral suspensory fixation and a tibial interference 
screw fixation when compared to the all-inside technique 
and that there was no significant differences between 
groups with respect to femoral tunnel widening or clinical 
outcomes.

The potential reasons for the differences between groups 
with respect to tibial tunnel widening can be considered with 
respect to biomechanical and biological issues, respectively. 
It is recognized that tunnel widening is greater with ham-
string tendon grafts when compared to BTB and also that 
most tunnel widening occurs in the first 6 weeks after sur-
gery. This suggests that reducing the time to graft to bone 
healing, by improving the biological environment, may 
reduce the extent of tunnel widening. Bone ingrowth has 

Table 2  Clinical outcomes

a Median (range values)
b Mean ± SD

Group A Pre-op (range) Post-op (range) P value

Tegner  scorea 6 (6–9) 6 (5–9) n.s.
Lysholm  scorea 59 (31–85) 95 (74–100) P = 0.01
Kss for  paina 63 (19–87) 96 (92–100) P = 0.01
Kss for  functiona 80 (20–90) 100 (100) P = 0.01
IKDCa 50 (11.5–60.9) 91 (87.4–100) P = 0.01
KT  1000b 9.5 ± 2.4 mm 1.7 ± 1.2 mm

Table 3  Clinical outcomes

a Median (range values)
b Mean ± SD

Group B Pre-op (range) Post-op (range) P value

Tegner  scorea 7 (6–8) 6 (6–8) P = 0.02
Lysholm  scorea 57 (27–81) 90 (72–100) P = 0.005
Kss for  paina 58 (19–87) 95 (92–100) P = 0.005
Kss for  functiona 80 (20–90) 100 (100) P = 0.005
IKDCa 50 (11.5–60.9) 94 (87.4–98.9) P = 0.005
KT  1000b 10.1 ± 2.6 mm 2.1 ± 1.2 mm

Table 4  Radiological findings

Statistically significant differences are reported in bold italics
Tunnel widening from T0 (drill diameter) to T1 (follow-up)
a Data expressed as mean values ± standard deviation

Variable Group A P value Group B P value

T0 T1 T0 T1

Femoral middle  portiona 9.28 ± 0.51 12.11 ± 0.91 0.02 8.61 ± 0.5 10.61 ± 1.19 0.01
Femoral articular  portiona 9.32 ± 0.52 12.01 ± 1.69 0.04 8.59 ± 0.5 10.81 ± 1.01 0.01
Tibial middle  portiona 9.30 ± 0.51 10.12 ± 0.61 n.s. 8.62 ± 0.5 11.09 ± 1.61 0.01
Tibial articular  portiona 9.32 ± 0.49 10.09 ± 1.01 0.02 8.60 ± 0.5 10.08 ± 1.22 0.01

Table 5  Radiological findings

Statistically significant differences are reported in bold italics
Comparison between mean tunnel widening at T1 (follow-up) of 
groups
a Values expressed as difference (Δ) between tunnel diameter at T1 
(follow-up) and at T0 (drill diameter); ± standard deviation

Femoral side Tibial side

Δ Middle Δ Articular Δ Middle Δ Articular

Group  Aa 2.71 ± 1.21 2.62 ± 1.59 0.81 ± 0.41 0.79 ± 0.78
Group  Ba 2.12 ± 0.91 2.18 ± 0.50 2.42 ± 1.51 1.51 ± 0.81
P value n.s n.s 0.027 0.027
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been reported to be slowest at the tunnel apertures and this 
may be a result of the “synovial bathing effect” [27]. It is 
postulated that retrograde drilling may reduce this effect 
because it is associated with less subchondral bone frag-
mentation as well as fewer fracture fragments at the tibial 
tunnel aperture compared to anterograde drilling [19]. Ret-
rograde drilling may therefore limit the amount of synovial 
fluid migration from the joint to the bone tunnel [27]. This 
is partly supported by Lanzetti et al. [13] who reported that 
when using cortical suspensory fixation, femoral sockets 
created using an outside-in technique were associated with 
significantly less widening than those sockets created with a 
trans-tibial technique. Similarly, the use of a cortical adjust-
able loop length device, which allows complete filling of 
sockets by the graft may also reduce the empty space avail-
able for synovial fluid migration [24].

Suspensory fixation may offer other biological advan-
tages over interference screw fixation. Several authors 
have reported that interference screws provide a limited 
tendon–bone contact area because much of the tunnel cir-
cumference is occupied by the screw itself, while adjustable 
loop systems provide a greater contact zone [15, 29], and 
allow “four-zone direct graft healing” which has been asso-
ciated in animal study with the absence of tunnel widening 
on radiographic and histologic assessments [29]. In contrast, 
from a biomechanical perspective, it is suggested that extra-
cortical suspensory fixation may actually increase the risk of 
tunnel widening due to graft micro-motion within the tun-
nels on the longitudinal axis (the “bungee cord effect”) and 
transverse axis (the “windshield wiper effect”) [8]. This is 
therefore a concern with the all-inside technique which uses 
two adjustable loop suspensory fixation devices, particularly 
because of recent reports of loop lengthening with adjustable 
suspensory fixation devices, which may result in increased 
graft micro-motion. However, some recent biomechanical 
studies showed no significant loop lengthening using two 
adjustable loop suspensory devices for femoral tibial fixation 
[21, 22]. Moreover, no evidence of increased tunnel widen-
ing was noted in this study with the all-inside technique, 
when compared to a standard technique, and this allowed us 
to reject the study hypothesis.

Bioabsorbable screws are also associated with other 
disadvantages. Despite their widespread use, they are 
well recognized for their association with migration, cyst 
formation, biological/immunological responses to the 
screw itself, and tunnel widening [2, 20]. However, to the 
knowledge of the authors, specific data on tunnel widening 
with the bioabsorbable DeltaScrew (Arthrex, Naples, FL, 
USA) used for tibial fixation, in association with suspen-
sory femoral fixation, has not been published. It should be 
emphasized that bioabsorbable screws should not be con-
sidered as a single category because different biomaterial 
compositions may be associated with different degrees of 

tunnel widening. Karikis et al. [11], in a study of patients 
undergoing ACLR with interference screw fixation in both 
femoral and tibial tunnels, demonstrated a reduction in 
the tibial tunnel diameter at a mean follow-up of 5 years 
when a bioabsorbable screw was used (Matryx; ConMed 
Linvatec, Largo, FL, USA). It is not possible to determine 
whether the differences in tibial tunnel widening between 
the current study and the findings of Karikis et al. are due 
to the material properties of the respective screws or due 
to difference in other aspects of the surgical technique, 
including the femoral fixation or the length of follow-up.

There is a complex interplay of biomechanical and bio-
logical factors that influence tunnel widening after ACLR. 
Although the exact mechanisms through which tunnel wid-
ening occurred in the different groups in this study can-
not be determined, it can be concluded that tibial tunnel 
widening in all-inside ACLR is significantly lower than 
in patients undergoing tibial fixation with a bioabsorb-
able screw. It could also be stated that the use of sockets 
instead of full tunnels confers preservation of bone for 
revision surgery but this was not specifically evaluated in 
the current study.

This study demonstrated excellent overall clinical results 
in both groups. However, it is unlikely that it was adequately 
powered to detect a difference in clinical outcomes between 
groups. Despite that it is important to highlight that the out-
comes of ACLR in the all-inside group showed excellent 
return to sport, knee stability, low graft rupture rate and 
a high Lysholm, Tegner and IKDC score. This is in keep-
ing with other authors reporting the outcomes of all-inside 
ACLR.

This study has some limitations. The primary limitation 
was the retrospective design, which has inherent limitations 
due to the risk of bias and confounding. However, patients 
included in both groups were not significantly different 
demographically. The assumption that the tunnel diameter 
at T0 was the same as the drill diameter used could also 
be considered a limitation but this choice was determined 
by the reliability between drill diameter and CT measure-
ments in the early post-operative period reported by previ-
ous authors [9, 30], and the benefit of minimizing radiation 
exposure. The overall study population was relatively small 
but this was based upon a sample size calculation and inclu-
sion of an adequate number of patients to evaluate tunnel 
widening. A further limitation was that the median follow-up 
period was only 2 years. This was considered to be appro-
priate because Fink et al. [6] and Harris at al [7] reported 
that most tunnel enlargement occurs within the first 6 weeks 
after surgery, and Mayr et al. [18] reported that the tunnels 
usually increased in size up to 6 months postoperatively, and 
decreased slightly after a year.

The clinical relevance of this work lies in the rebuttal of 
concerns arising from biomechanical studies regarding the 
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possibility of increased tunnel widening with an all-inside 
technique.

Conclusions

Tibial tunnel widening after ACLR using hamstring ten-
don autograft is significantly greater with suspensory fem-
oral fixation and a bioabsorbable tibial interference screw 
when compared to an all-inside technique at a median 
follow-up of 2 years.
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