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Clinical and Radiological Outcomes of All-inside Versus Complete Tibial
Tunnel Techniques in Anterior Cruciate Ligament Reconstruction using
Hamstring Tendon Autograft: A Prospective Comparative Study

Nitish Kumar', Rajnand Kumar', Nilesh Barwar’, Vivek Kumar', Sudhir Shyam Kushwaha',
Ajay Bharti'

Learning Point of the Article:
The all-inside ACL reconstruction technique is a reliable alternate to the full tibial tunnel technique with reduced incidences of post-
operative pain and reconstruction failure.

Introduction: Anterior cruciate ligament (ACL) reconstruction aims to restore knee stability and function while minimizing tunnel-related
complications. The all-inside technique was developed to preserve bone stock, reduce post-operative pain, and improved function. This study,
therefore, aimed to compare clinical and radiological outcomes between the all-inside and full tibial tunnel ACL reconstruction techniques.
Materials and Methods: The study prospectively enrolled 60 patients and divided in two groups, 30 patients in each, an all-inside and full tibial
tunnel group. At final follow-up, subjective functional scores were used to assess the functional outcome, and magnetic resonance imaging
(MRI) was used to assess socket/tunnel widening and graft characteristics. Subjective functional scores included the Lysholm knee score, the
International Knee Documentation Committee score, and the knee society score for pain and function. MRI was used to measure the value of
bone socket/tunnel widening, graft fiberintegrity, graftlaxity, and posterior cruciate ligament (PCL) buckling.

Results: At the final follow-up of 18-24 months, no significant differences were found with respect to femoral socket widening and subjective
function scores. However, a significantincrease in tibial tunnel diameter was found in the full tibial tunnel group compared to the all-inside group
(P<0.005). Knee stabilityand MRI parameters, including graft continuity, graft laxity, and PCL buckling, were comparable between groups.
Conclusion: Both surgical techniques result in satisfactory clinical and radiological outcomes following ACL reconstruction. However, the all-
inside technique offers a radiological advantage by significantly reducing tibial tunnel enlargement, likely due to closed socket creation and
suspensory fixation, making it a biomechanically favorable option without compromising functional results.

Keywords: Anterior cruciate ligament reconstruction, all-inside technique, full tibial tunnel technique, tunnel widening, suspensory fixation,
magneticresonance imaging.

Introduction

Anterior cruciate ligament (ACL) injury is considered one of
the most common knee injuries in the athletically active
population, resulting in functional instability of the knee joint

and impairment of athletic performance [1]. The purpose of
ACL reconstruction is to reproduce the structural and
functional properties of the ACL and to prevent further
degenerative complications of the joint [2]. Perhaps the most
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Figure 1:Graftharvestingand preparation.

controversial factor concerning the ACL-deficient knee is the
expected course of the untreated joint. Loss of ligament does
not necessarily result in poor function [3,4]. However, loss of
function of this ligament often results in severe problems for the
patient, with frequent re-injury, allowing the joint to be further
damaged. Reconstruction of ACL has evolved from an open
procedure to an arthroscopically-assisted technique, which has
reduced patient morbidity, improved cosmesis, and facilitates
early rehabilitation.

The all-inside ACL reconstruction technique is a relatively new
developmentin ACL surgery [ S]. This technique was originally
described over 20 years ago [6]. The all-inside ACL
reconstruction technique has emerged as a minimally invasive
alternative. Itinvolves the creation of a socket in place of tunnels
on both femoral and tibial sides using retrograde drilling,
allowing preservation of bone stock on the outer cortex and
reduction of soft-tissue trauma. This technique also facilitates

Figure 2: Retro-drilling system for tibial socket preparation.

graft tensioning on both ends and potentially reduces post-
operative pain and rehabilitation time.

The conceptual difference between full tunnel technique and
all-inside ACL reconstruction is that of “potting the graft "into a
compact bony socket as opposed to pulling a graft through a
full-length tunnel, this allow for more complete fill of the
aperture and socket with graft collagen and eliminates the need
for interference fixation, which can displace a graft to one
portion of aperture and can be deleterious to healing by limiting
interface area, as well as affecting the biological milieu [ 7]. Inall-
inside technique, preserved tibial cortex allows strong, low-
profile hybrid fixation.

Clinical and radiological comparisons between the All-inside
and complete tibial tunnel techniques have yielded variable
results with ongoing debate. Therefore, there is a need for
prospective comparative data to evaluate whether the
minimally invasive All-inside technique provides equivalent or
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Subjective Functional Scores at Final Follow-up

inside and full tibial tunnel group allocation was
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Figure 3: Functional scoresbetween 2 groups.

superior outcomes to the conventional complete tibial tunnel
method.

Materials and Methods

This study was a prospective comparative study from January
2022 to July 202S. Approval from the institutional ethics
committee was taken with IHEC Ref. No. IESC/T-57/January
03,2022. Atotal of 60 patients enrolled in the study, meeting the
inclusion criteria and divided into two groups: Group A all-
inside and Group B complete tibial tunnel. Inclusion criteria
were patients having an isolated ACL tear, which was confirmed
on magnetic resonance imaging (MRI), age -
15-55 years, male or female gender, time from

FSD(A)

injury to surgery is <1 year, and patient willingness
to participate and give informed and written
consent for the study. Exclusion criteria were
revision surgery, multi-ligament injuries,
inflammatory arthritis, and knee varus more than
10°.

Pre-operative evaluation

All patients had subjective instability and
functional impairment, confirmed by a positive
Lachman test, anterior drawer test, and/or pivot-
shift test findings. Radiological evaluation was
done with the help of X-ray knee AP and lateral
view,and MRIL.

Operative method

All patients fulfilling the inclusion criteria were
planned for arthroscopic ACL reconstruction. All-

o 5“0\(“

done on a 1:1 basis in each group. Basic steps are

similar in both groups, such as patient
positioning, pneumatic tourniquet applied at the
base of the thigh. Standard anteromedial and
anterolateral portals were made, and diagnostic
arthroscopy was done to confirm the torn ACL
and other associated knee injury. The
semitendinosus tendon was harvested when
planning for all-inside ACL reconstruction, and
the semitendinosus and gracilis were both
harvested for the full tibial tunnel group.
Quadrupled semitendinosus and S-strand

semitendinosus with gracilis were used for all-
inside and full tibial tunnel groups, respectively
(Fig. 1). The graft configuration differed between
the groups because the all-inside technique
requires a shorter but thicker graft that can be
adequately prepared using a quadrupled semitendinosus
tendon, allowing preservation of the gracilis. In contrast, the full
tibial tunnel technique requires a longer graft, and therefore,
both semitendinosus and gracilis tendons were harvested to
obtain sufficient graftlength and diameter.

Femoral preparation was done using an appropriate size of
reamer. The rimmer of the diameter of the prepared graft size
was used. The length of the socket on the femur side was
decided depending on the length of the graft prepared. In the
all-inside technique, FlippCutter was passed from outside to
inside. FlippCutter was introduced in the joint through the

Figure 4: Femoral socket diameterin sagittal and axial plane.
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TSD(A)

Figure 5:Tibial Socket/ Tunnel diameterin both sagittal and axial plane.

center of the tibial jig. Once the tibial jig was removed and the
cutter was flipped, it was withdrawn while drilling (Fig.2). The
depth of the socket depending upon the length of the graft, as

marking over the flip-cutter.

For the complete tibial tunnel group, the tibia is drilled through
and through by appropriate size reamer. The graft was pulled
into the joint through the anteromedial portal. The adjustable
button was flipped at the outer cortex of the femur, and the graft
was pulled through the anteromedial portal into the tibial
socket by pulling the fiber tape attached at the end of the graft
and fixed over the tibial cortex using an adjustable button
system button. For a complete tibial tunnel group graft pulled
through the tibia tunnel and pulled in femoral socket in a similar
fashion as all-inside and on the tibial side fixed with a
biodegradableinterference screw.

Rehabilitation protocol

Both groups were subjected to a similar
standard rehabilitation protocol. The
patients were allowed crutch-assisted partial
weight bearing within 6 weeks after surgery.
The operated knee was kept protected in a
long-hinged knee brace for a period of 8
weeks. The knee range of motion exercise
was started from the 1st post-operative day
with gradual attainment of full range by the

end of 8 weeks. Usually, the patients were allowed to bear
full weight on the operated knee after 6 weeks. Low-
speed treadmill jogging was started at 3—6 months, and
pre-injury sports activity was allowed at 9-12 months
following surgery.

Clinical assessment

At 18-24 months in final follow-up, the knee joint
stability was checked clinically with the anterior drawer
test, Lachman test, and pivot-shift test. Patients reported
objective functional scores, which included the Lysholm
knee score, the subjective International Knee
Documentation Committee (IKDC) score, and the
Knee Society Score (KSS) for pain and function was
obtained on standard questionnaire forms.

Radiological evaluation

At last, a follow-up of 18-24 months 3T MRI unit
(Philips, Holland) was done for all patients to assess
graft integrity and socket/tunnel enlargement. Bone
socket/tunnel enlargement was evaluated digitally by
non-contrast enhanced T2 non-fat saturation metal
artefact reducing software technique MRI in the oblique
coronal, sagittal, and axial planes, which measured the widths of
the bone tunnels in a line perpendicular to the long axis of the
socket/tunnels. The articular opening point of the bone tunnel
and the midpoint of the entrance and exit of the tunnel were
measured. The final readings for each position were obtained by
calculating the mean values of coronal and sagittal positions
measurement. Graft behavior and remaining posterior cruciate
ligament (PCL) buckling were evaluated.

Statistical analysis

Two independent investigators calculated the values of
socket/tunnel diameters measured during surgery and by MRI
at the final follow-up. Femoral and tibial socket diameters (FSD

Figure 6: (a-c) Magneticresonance imaging features of graft fibres.
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Table 1: Demographic data of both group

Widening of socket/tunnel

FSD and TSD/tibial tunnel diameter (TTD)was
measured at two points on follow-up MRIin both
sagittal and axial image, one at entrance of socket
and one at midpoint of socket/tunnel. Table 3
1.35 compares intra-operative and follow-up

diameters of the femoral socket and tibial

socket/tunnel between the all-Inside and the full
tibial tunnel group, along with the difference

All-inside Full tibial
group tunnel group P-value ¢-value
(MeantSD)  (Mean+SD)
Age (Years) 27.97+5.43 26.07£5.43 0.181
Gender (M:F) 22:08 26:04:00 0.333 -
Follow-uptime| 9 (71507 | 20504281 | 0197 | -131
(months)
SD: Standard deviation

socket/tunnel widening and corresponding P-

and TSDs) were measured at two points on either side of the
femur and tibia. One of the measured values was taken at the site
of entry of the socket and other at the midpoint of the socket.
Data were analyzed by using the Statistical Package for the
Social Sciences-20 software, and the data were presented in
Mean (standard deviation) and frequency (percentage). Within
change in the continuum variable was assessed by repeated
measures Analysis of Variance (ANOVA) (2-way ANOVA)
followed by post hoc comparison using the Bonferroni post hoc
test. P < 0.05 was taken as statistically significant.

Results
Patient characteristics

This study included data of 60 patients with complete ACL tear.
Ofthese, 30 patients (22 males and 8 females; mean age 27.97 +
5.43 years) underwent all-inside ACL reconstruction, while
another 30 patients (26 males and 4 females; mean age 26.07 +
5.43 years) underwent ACL reconstruction using the full tibial
tunnel Pre-operative patient characteristics are shown in (Table
1). There were no significant differences in gender, age, and
follow-up duration between all-inside and full tibial tunnel
groups.

Functional outcome

Functional outcomes were assessed at the final

values.

Femoral socket widening

Femoral socket widening is the difference between the
intraoperative socket/tunnel diameter, which is the same as the
drill diameter used, and the follow-up diameter of the socket on
MRI. In all-inside group, the mean intraoperative FSD at entry
of socket [FSD(A)] was 9.40 + 0.92 and at midpoint of socket
[FSD(M)] was 9.40 + 0.92. Follow-up mean FSD(A) was 9.79
+0.96and FSD(M) itwas 9.72 £0.95. In full tibial tunnel group,
the mean intraoperative FSD(A) was 9.00 £ 0.58 and FSD(M)
was 9.00 £ 0.58. Follow-up mean FSD(A) was 9.43 £ 0.61 and
FSD(M) it was 9.34 + 0.61. However, the difference in femoral
socket widening between the two techniques was minimal and
not statistically significant, with P = 0.1855 (Articular) and
0.4766 (midpoint) (Fig.4).

Tibial socket/tunnel widening

In all-inside group, the mean intraoperative TSD at entry of
socket [TSD(A)] was 9.63 + 0.85 and at midpoint of socket
[TSD(M)] was 9.63 + 0.85. Follow-up mean TSD(A) was
10.07 +£0.92, and SD(M) it was 10.0 + 0.90. In full tibial tunnel
group, the mean intraoperative TSD(A) was 10.07 + 0.92 and
TSD(M) was 10.07 £ 0.92. Follow-up mean TSD(A) was 12.4 +
0.67,and TSD(M) itwas 11.8 £ 0.60 (Fig. S).

follow-up visit, conducted between 18 and 24
months after surgery. Patient-reported knee

Table 2: Subjective functional score at final follow-up

function was evaluated using subjective knee All-Inside  Full tibial f-test P-value
scores, such as IKDC, KSS (Pain) and KSS group tunnel group
(Function), and Lysholm knee score (Table 2 and IKDC 93.5£7.30 | 94.1£6.01 —0.314 0.75
Fig.3). KSS(Pain) 95.154£5.79 | 96.55+4.76 1.03 0.307
KSS (Function) | 93.5+5.98 | 94.05+5.05 1.97 0.05

Radiological outcome Lysohlm kn

o . SO KNCE | 94 9546.83 | 94.5546.80 |  0.26 0.83
Radiological outcomes were assessed at the final score

follow-up visit, between 18 and 24 months after
surgery, with the help of MRI.

IKDC: International Knee Documentation Committee, KSS: Knee

Society Score
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Table 3: Intra-operative and follow-up diameter of bone Socket/Tunnel in both groups

Difference of

All-inside group Full tibial tunnel group
Socket/tunnel
Intra-op diameter Follow-up diameter Intra-op diameter di:n(::alt(:ev:-(lrl:m) betv‘:;i:fzirl:)g;lps I
(mm) (Mean£SD) (mm) (Mean+SD) (mm) (Mean£SD) (Mean2SD) (Mean<SD)
FSD(A) 9.40+0.92 9.79+0.96 9.00+0.58 9.43+0.61 0.41£0.33 0.1855
FSD(M) 9.40£0.92 9.72+0.95 9.00+0.58 9.34+0.61 0.33+0.32 0.4766
TSD/TTD(A) 9.63+0.85 10.07+0.92 10.07+0.92 12.4+0.67 0.74+0.41 0.0001
TSD/TTD(M) 9.63+0.85 10.0£0.90 10.00<0.90 11.8+0.60 0.59+0.38 0.0001

FSD(A): Femoral socket diameter at entry of socket, FSD(M): Femoral socket diameter at midpoint of socket, TSD(A):
Tibial socket diameter at entry of socket, TSD(M): Tibial socket diameter at midpoint of socket, TTD(A): Tibial tunnel
diameter at entry of socket, TTD(M): Tibial tunnel diameter at midpoint of socket, SD: Standard deviation

In contrast to FSD, TSD/TTD measurements demonstrated a
marked increase at follow-up in the Full Tibial Tunnel group
compared to the All-Inside group in both axial and mid-sagittal
planes. The difference in tibial tunnel widening between groups
was statistically highly significant in both views (P =0.0001).

Grafthealing

Healing of the hamstring tendon autograft and itsincorporation
to bone socket/tunnel were assessed on MRI, and features of
graftbehavior were evaluated.

Table 4 compares graft fiber characteristics between the All-
Inside group and the Full Tibial Tunnel group, with 30 patients
in each group. Graft fiber integrity (Fig. 6a) was preserved in all
patients in both groups, indicating complete graft continuity
irrespective of the surgical technique used. Graft fiber laxity
(Fig. 6b) was observed in 6 patientsin the All-Inside group and 7
patients in the full tibial tunnel group. PCL buckling (Fig. 6¢)
was noted in 11 patients in the all-Inside group and 10 patients
in the full tibial tunnel group (Fig. 6).

Statistical analysis showed no significant difference between

the two groups for any of the evaluated parameters (P = 1.00 for
all), suggesting that both surgical techniques provide
comparable graft fiber integrity and post-operative graft
behavior.

Discussion

This prospective study compared the functional and
radiological outcomes of ACL reconstruction performed using
the all-inside technique and the full tibial tunnel technique. To
the best of our knowledge and based on the available literature,
this is the first study to comprehensively evaluate and compare
both clinical and radiological parameters between these two
surgical techniques.

The baseline characteristics of patients, including age, gender,
body mass index, and duration of follow-up, were comparable
between the two groups. Functional outcomes assessed using
the Lysholm knee score, subjective IKDC score, and KSS for
pain and function showed no statistically significant
differences, indicating equivalent subjective clinical outcomes
with both techniques.

Table 4: Evaluation of graft fibres in both groups

The most important finding of this study was
significantly lower tibial tunnel enlargement
following all-inside ACL reconstruction

All-inside  Full tibial tunnel compared with the full tibial tunnel technique.

group (n=30)  group (n=30) P-value [ contrast, no statistically significant

difference was observed between the two

Graft fiber integrity 30/30 30/30 1 groups with respect to femoral tunnel
Graft fiber laxity 6/30 7/30 1 enlargement.

3 1130 The precise mechanism of femoral and tibial

PCL buckling 10/30 ! tunnel widening following ACL

PCL: Posterior cruciate ligament reconstruction remains incompletely
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understood and is believed to result from a combination of
biological and mechanical factors. Biological contributors
include cytokine-mediated inflammatory responses, toxic
effects of degradable fixation materials, and thermal bone injury
during drilling [8,9,10]. Mechanical factors include excessive
graft motion within the tunnel (bungee-cord and windshield-
wiper effects), increased fixation distance from the joint line,
and aggressive post-operative rehabilitation protocols
[11,12,13].

In the all-inside technique, both femoral and tibial sockets are
created using retrograde drilling and fixed with cortical
suspensory button devices, whereas the full tibial tunnel
technique typically employs suspensory femoral fixation
combined with tibial bioabsorbable interference screw fixation.
The significantly greater tibial tunnel enlargement observed in
the full tibial tunnel group suggests a relative disadvantage of
interference screw fixation on the tibial side.

Retrograde drilling has been shown to result in less tunnel
aperture damage compared with antegrade drilling, thereby
preserving cortical bone and limiting synovial fluid ingress into
the tunnel [14,15,16]. Closed bone sockets reduce exposure to
synovial fluid rich in inflammatory mediators, such as tumor
necrosis factor-alpha, interleukin-1 beta, interleukin-6, bone
morphogenetic proteins, and nitric oxide, all of which promote
osteoclastic bone resorption [9,10,17]. This biological
mechanism likely accounts for the reduced tibial tunnel
widening observed in the all-inside group.

Previous studies have also demonstrated that closed bone
sockets created through retrograde drilling effectively preserve
the tibial cortical bone. Furthermore, inside-out drilling allows
more accurate tunnel placement while minimizing the risk of
intra-articular tunnel rim fragmentation [18,19,20,21]. The use
of closed sockets combined with press-fit graft insertion further
limits synovial fluid penetration into the bone tunnel [22].

Adjustable loop cortical button devices permit closer
graft-socket approximation, thereby reducing graft motion and
minimizing both the bungee-cord and windshield-wiper
effects. Their ability to be re-tensioned enhances initial fixation
strength and improvesjointstability [ 11,23,24]. Biomechanical
studies have also demonstrated superior load-to-failure
characteristics with tibial suspensory fixation compared with
interference screw fixation [25].

Although interference screws provide graft compression, they
may mechanically expand the tunnel during insertion and
facilitate synovial fluid tracking, particularly when placed close
to the joint line, thereby contributing to tunnel enlargement
[26].Inaddition, bioabsorbable screws containing B-tricalcium
phosphate have been associated with greater tunnel widening
than pure poly-L-lactic acid screws, likely due to differences in

degradationkinetics andlocal tissue responses [27].

In the present study, both the all-inside and full tibial tunnel
ACL reconstruction techniques resulted in satisfactory
subjective functional outcomes. However, radiological
assessment demonstrated significantly less tibial tunnel
enlargement in the all-inside group, most likely attributable to
the use of closed bone sockets and suspensory fixation.
Reduced tunnel widening may indicate improved graft stability
and potentially better objective knee stability in the all-inside
group.

MRI evaluation of graft characteristics revealed preserved graft
fiber integrity with complete continuity in all patients,
irrespective of the surgical technique used. Graft fiber laxity and
PCL buckling were also comparable between the groups,
suggesting similar post-operative graft behavior. Polat et al.
reported that PCL buckling can be observed even in normal
knees [28]. However, several studies have described PCL
buckling as a secondary sign of ACL deficiency [29,30,31,32].
Yoo and Lim demonstrated a reduction in the degree of PCL
buckling following ACL reconstruction [33]. In contrast,
persistent graft laxity has been associated with unresolved PCL

buckling [29].

Opverall, these findings are consistent with previously published
literature, indicating that the all-inside ACL reconstruction
technique provides clinical outcomes comparable to the full
tibial tunnel technique while minimizing tibial bone loss and
enhancing mechanical stability. The all-inside technique,
therefore, appears to offer distinct biomechanical and
radiological advantages without compromising functional
results.

Conclusion

Both the all-inside and full tibial tunnel ACL reconstruction
techniques provide comparable functional outcomes, knee
stability, and graft integrity. However, the all-inside technique
demonstrates significantly less tibial tunnel enlargement.
Radiological advantage suggests preservation of tibial bone
stock, making the all-inside technique a reliable and
biomechanically favorable option without compromising
clinical results.

Clinical Message

The all-inside ACL reconstruction technique is superior to the full
tibial tunnel technique with reference to post-operative pain and
graft healing features, although long-term functional and
radiological outcome is comparable.
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