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Abstract
Purpose The aim of this study was to define the subjective and objective clinical results of all-inside surgical technique at 
a medium-term follow-up and to compare these results with those obtained from antero-medial (AM) ACL reconstruction 
technique using hamstrings (HS) or bone-patellar tendon-bone (BpTB) grafts to detect eventual superiority of one technique 
to another.
Methods A retrospective analysis of routinely collected data was conducted. Inclusion criteria were ACL reconstruction 
through all-inside technique or AM technique with HS or BpTB performed between January 2015 and May 2018; age between 
15 and 30 year old; minimum 24 months’ available follow-up. Exclusion criteria were contralateral ACL reconstruction; need 
for any other associated procedures during surgery. Clinical outcomes were assessed with KOOS, Lysholm, Tegner scores 
and KT-1000 device.
Results According to the selection criteria, 157 patients were enrolled and divided subsequently into 3 groups: all-inside 
(51 patients), AM-HS (53 patients) and AM-BpTB (53 patients). A significant postoperative improvement of each score in 
all groups was detected. The mean KT-1000 was 3.1 ± 1.0 mm in all-inside group, while 3.3 ± 1.4 mm and 2.5 ± 0.4 mm in 
AM-HS and AM-BpTB groups, respectively. Comparing the results obtained, no statistically significant difference was found 
between the three techniques (p = 0.27). Statistically significant differences were highlighted in surgical duration: all-inside 
method was the longest (117′), followed by AM-BpTB surgery (101′) and AM-HS technique (87′).
Conclusions The all-inside technique showed good postoperative results at medium-term follow-up. It could be a valuable 
solution for ACL reconstruction, especially in young patients due to its less invasiveness, despite surgical skills and time 
needed.
Levels of evidence Level IV.
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Introduction

Anterior cruciate ligament (ACL) surgical reconstruction 
dates back to the late nineteenth century when Dr. Robson 
performed the first successful ACL repair on a 41-year’s 
old coal miner [1, 2]. Over the years, the techniques were 
changed and improved, becoming less invasive. The great-
est innovation occurred in the eighties with the introduc-
tion of arthroscopy [3]. From that moment, the technique 
was further modified and optimized in order to overcome 
the open procedure making the reconstruction less inva-
sive, lowering complications, intra-operative bleeding 
and postoperative pain to provide quick recovery [3]. Fol-
lowing and implementing these principles, the all-inside 
reconstruction technique was conceived [4, 5].

The all-inside technique for ACL reconstruction [5], 
compared to the traditional Antero-Medial (AM) or Tran-
stibial methods, features substantial improvements includ-
ing two closed-socket tunnels, double (femoral and tibial) 
suspensory fixation and smaller skin incisions [6]. That 
allows the graft insertion to be performed through an 
arthroscopic portal, minimizing postoperative bleeding, 
soft tissue damage and especially bone loss (reduction 
from 54 to 64%) and postoperative pain [7–9].

Because of this, all-inside technique, side by side with 
all-epiphyseal and hybrid techniques may be a valuable 
option for younger patients with open growth plate in 
order to preserve and guarantee a physiological skeletal 
growth [10].

Moreover, according to recent studies [11–13] the all-
inside and the AM techniques ensure more anatomical 
femoral tunnel placement if compared to the transtibial 
technique, which is mandatory to obtain good clinical 
outcomes and lower the graft failure risk [14]. Looking 
further, the AM technique, despite its flexibility due to the 
independent femoral and tibial tunnels placement, could 
be technically demanding and often leads to a very short 
femoral tunnel with potentially unstable button fixation, 
whereas the all-inside technique enables a more precise 
and anatomical-oriented femoral tunnel drilling, straight 
to the ACL footprint as recommended in the literature [11, 
13, 15, 16].

All-inside surgical technique, because of the sockets 
obtained by retrograde drilling, requires shorter prepared 
graft (5–7 cm against 11–13 cm of the standard methods 
[7, 17, 18]) so allows to harvest only the semitendinosus 
tendon, saving the gracilis muscle. The classic bone-patel-
lar tendon-bone (BpTB) autograft can also be used with 
this surgical technique, flipping the bone plug at one side 
as described [19].

In this context, the aim of this study was to define 
the subjective and objective clinical results of all-inside 

surgical technique at a medium-term follow-up and to 
compare these results with those obtained from antero-
medial (AM) ACL reconstruction technique using ham-
strings (HS) or bone-patellar tendon-bone (BpTB) grafts 
to detect eventual superiority of one technique to another.

Material and methods

A retrospective monocentric (CTO Hospital—Città della 
Salute e della Scienza, Turin (Italy)) analysis of patients 
aged between 15 and 30 years old with diagnosis of ACL 
injury who underwent arthroscopic reconstruction from 
January 2015 to May 2018 at was conducted.

The inclusion criteria were: ACL injury, age range at sur-
gery of 15–30 years old; The exclusion criteria were: mul-
tiligamentous knee instability; associated meniscal injuries 
or cartilaginous lesions (Outerbridge < 2); homologous or 
synthetic tendons grafts choice; previous controlateral ACL 
reconstruction; ACL reconstruction failed surgical revision; 
concomitant antero-lateral ligament reconstruction or lat-
eral tenodesis (e.g., Arnold-Coker) for residual rotatory knee 
instability (e.g., pivot-shift grade 2 or more, antero-lateral 
ligament disruption, Segond fracture, etc.); postoperative 
follow-up less than 24 months.

ACL reconstructions were performed using three differ-
ent techniques: all-inside surgical technique using a dou-
ble button suspension system (GraftLink® All-Inside ACL 
Reconstruction with ACL TightRope® RT and TightRope® 
ABS—Arthrex©, Naples, FL, U.S.) for a four strands Sem-
itendinosus autograft; AM technique using hamstrings (HS) 
and GraftMax™ Button ALB (ConMed Corporation, Largo, 
FL, U.S.) on the femoral side and Genesys™ Matryx® Inter-
ference Screw (ConMed Corporation, Largo, FL, U.S.) on 
the tibial side; AM technique using bone-patellar tendon-
bone (BpTB), with GraftMax™ Button BTB (ConMed 
Corporation, Largo, FL, U.S.) on the femoral side and 
Genesys™ Matryx® Interference Screw (ConMed Corpo-
ration, Largo, FL, U.S.) on the tibial side. All surgical ACL 
reconstruction was performed by two senior surgeons [LS, 
LD].

At our institution, the surgical technique was routinely 
chosen based on age (20 years old or lower) for all-inside 
technique, while for patients older than 20 years, HS or 
BpTB harvesting was selected based on a multifactorial 
decision-making including sports and working activity, 
characteristics of predicted grafts such as HS diameter and 
BpTB length and preference of the patient.

We collected the following data: age at surgery, sex, pre-
injury sport and the type of trauma that led to ACL disrup-
tion. Furthermore, knee function during daily and sports 
activities, perceived quality of life and return to sport activ-
ity were evaluated through specific questionnaires (Knee 
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Injury and Osteoarthritis Outcome Score [KOOS], Lysholm 
Knee Questionnaire and Tegner activity scale) submitted to 
the 3 groups before surgery and at the follow-up. Moreo-
ver, postoperative physical examination at follow-up was 
performed by the same operator [AP] including knee laxity 
evaluation with KT-1000® instrument (MEDmetric, San 
Diego, CA, U.S.). For each knee, three different measure-
ments were performed; measurements were also taken in the 
contralateral knee to better identify abnormalities or differ-
ences with the native knee. The measurements were taken 
by exerting a postero-anterior force of 89 N, thus recording 
the value of the emission of the second sound.

All-inside ACL reconstruction was performed as 
described by Cerulli et al. [7]. The surgical procedure could 
be divided in two key part: the semitendinosus harvest and 
the arthroscopic reconstruction time. We harvested the 
semitendinosus graft through a mini-open approach with a 
tendon stripper. The required graft length is 6/6.5 cm; in all 
the 51 patients, the harvested tendon’s length was longer 
than 25 cm, so it was possible to fourfold it. During the 
arthroscopic reconstruction, a 90° femoral aimer (Femoral 
ACL Marking Hook for RetroConstruction Drill Guide®—
Arthrex©, Naples, FL, U.S.) and a 50° tibial aimer (Tibial 
ACL Marking Hook for RetroConstruction Drill Guide®—
Arthrex©, Naples, FL, U.S.) were pointed to the anatomi-
cal ACL footprints. The retrograde sockets using FlipCut-
ter® III Drill (Arthrex©, Naples, FL, U.S.) measured about 
2 cm. At the end of the procedure, the surgical times were 
recorded, and the same was done during ACL reconstruction 
with AM techniques.

Postoperative protocol for ACL reconstruction was the 
same for every group, consistent with the main guidelines 
in the literature [20–22].

Statistical methodology

Data collected were analyzed using IBM SPSS® (Data Anal-
ysis and Statistical Software): a Kolmogorov–Smirnov test 
of normality was used to study the values distribution in all 

data series. Except for the recorded surgical times, all series 
of values had a non-normal distribution; therefore, Wilcoxon 
Signed-Rank test was applied to compare preoperative and 
follow-up values of each score. Moreover, Kruskal–Wallis 
test for independent measures was used to compare the dif-
ferent results between the surgical techniques, while one-
way ANOVA test for independent measures (and post hoc 
correction tests like Tukey’s HSD, Scheffé, Bonferroni and 
Holm) was used to compare the different surgical times. The 
significance was set at p < 0.05.

Results

According to the inclusion and exclusion criteria, 157 
patients were enrolled: 51 patients operated with all-inside 
method; 53 patients treated with the AM method using 
hamstrings autograft; 53 patients operated with the AM 
technique using bone-patellar tendon-bone autograft. The 
gender distribution was 114 males and 43 females. Mean 
age at the surgery was 23.4 ± 5.2 (16 – 30) years old in the 
examined population, while it was 18.1 ± 1.1 years in the 
all-inside group, 23.0 ± 2.3 years in the AM-HS group and 
25.3 ± 3.5 years in AM-BpTB group. The means of follow-
up ranged from 36.5 ± 8.4 months in all-inside group to 
41.2 ± 14.2 months of AM-BpTB group (all the sample’s 
features are reported in Table 1).

The cause of ACL disruption was evaluated for each 
patient (Fig. 1): 91.7% were due to sport-trauma, mainly 
soccer (53.6%), followed by skiing, volleyball and basketball 
(8.2% for each sport). Injuries not related to sports were 
8.3% (5.2% road accidents and 3.1% accidental falls).

All the descriptive statistics are reported in Tables 1 and 
2 and represented in Figs. 2, 3 and 4.

For each group, the results of preoperative score of each 
questionnaire submitted to the patients were compared with 
the postoperative ones through Wilcoxon Signed-Rank 
test (Tegner pre-op vs Tegner post-op; KOOS pre-op vs 
KOOS post-op and Lysholm pre-op vs Lysholm post-op). A 

Table 1  Table 1 Description of 
the sample (AM: antero-medial)

All-inside AM with hamstrings AM with bone-
patellar tendon-
bone

Number of patients 51 53 53
Gender
 M 33 38 43
 F 18 15 10

Mean age at surgery time (years old) 18.1 ± 1.1 (16–20) 23.0 ± 2.3 (21–30) 25.3 ± 3.5 (21–30)
Mean surgical time (min) 117 ± 23 (70–180) 101 ± 21 (50–155) 87 ± 22 (55–140)
Mean age at follow-up (years old) 21.5 ± 1.6 (18–24) 26.6 ± 2.7 (23–34) 28.2 ± 3.3 (24–34)
Mean follow-up (months) 36.5 ± 8.4 (24–58) 38.8 ± 11.3 (24–58) 41.2 ± 14.2 (24–59)
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statistical significant improvement was detected (p < 0.01) 
in each score for every surgical technique. Moreover, Tegner 
scores before injury were studied and compared with Tegner 
values after surgery: a statistically significant worsening was 
highlighted (p < 0.01) in each surgical group.

The KT-1000 results obtained in both knees in each 
patient were compared by Wilcoxon Signed-Rank test. The 
average KT-1000 value for the all-inside group was 3.1 ± 1.0 
(1.3–5.0) mm for the operated side and 2.1 ± 0.8 (1.0–4.0) 
mm for the contralateral one. No statistically significant 
difference was detected (p = 0.16) between those values. In 
the AM-HS group, the mean KT-1000 value were 3.3 ± 1.4 
(1.3–6.0) mm for the operated knee and 2.1 ± 0.8 (0.9–3.8) 
mm for uninjured one. No statistical significant difference 
was detected too (p = 0.66). Finally, the mean KT-1000 
measurement for the AM-BpTB group was 2.5 ± 0.4 
(2.0–3.0) mm, 2.2 ± 1.1 (1.0–4.3) mm in the contralateral 
knee. No statistical difference was found (p = 0.15).

Data obtained were compared in order to verify 
any difference between the three techniques through 

52
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Fig. 1  Causes ACL injuries

Table 2  Clinical outcomes for each surgical technique (AM-HS: antero-medial technique with hamstrings graft; AM-BpTB: antero-medial tech-
nique with bone-patellar tendon-bone graft; Pre-op: preoperative value; Post-op: postoperative values)

All-inside AM-HS AM-BpTB

Pre-injury Pre-op Post-Op Pre-injury Pre-op Post-op Pre-injury Pre-op Post-op

KOOS 
(Min–Max)

66.1 ± 9.0 
(38–73)

89.5 ± 9.6 
(63–100)

67.8 ± 8.8 
(36–79)

89.2 ± 9.0 
(72–100)

64.3 ± 8.5 
(34–70)

88.8 ± 7.7 
(71–
100)

Lysholm 
(Min–Max)

61.5 ± 9.7 
(25–70)

92.4 ± 12.9 
(45–100)

62.4 ± 9.2 
(27–83)

91.2 ± 9.0 
(61–100)

64.9 ± 9.2 
(35–80)

91.8 ± 8.4 
(68–
100)

Tegner 
(Min–Max)

8.0 ± 1.3 
(5–9)

3.4 ± 0.5 
(3–4)

5.5 ± 1.8 
(3–9)

8.0 ± 1.4 
(2–9)

2.8 ± 0.4 
(2–4)

6.1 ± 2.2 
(2–9)

7.6 ± 1.6 
(3–10)

3.2 ± 0.4 
(3–4)

5.9 ± 1.9 
(3–9)

KT-1000 
(Min–Max)

3.1 ± 1.0 
(1.3–5.0)

3.3 ± 1.4 
(1.3–6.0)

2.5 ± 0.4 
(2.0–
3.0)

66.1 67.8 64.3

89.5 89.2 88.8
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Fig. 2  Different KOOS scores for each ACL reconstruction technique
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Kruskal–Wallis test for independent measures. Specifi-
cally, the postoperative results of the Tegner scale, KOOS 
and Lysholm score were compared and no statistical signif-
icant difference emerged (p = 0.56, p = 0.73 and p = 0.24, 
respectively). The results obtained with the KT-1000 were 
also matched, but no statistical significant difference was 
detected (p = 0.27) between the three surgical techniques.

At the end, the duration of the surgical intervention was 
recorded (Table 1) and compared between the three surgi-
cal methods: a statistically significant difference was high-
lighted (one-way ANOVA Test for independent measures: 
p < 0.01). All the post hoc correction tests (Tukey’s HSD, 
Scheffé, Bonferroni and Holm) underlined a statistically 
significant difference between all-inside durations and 
AM-BpTB or AM-HS ones (p < 0.01); while the difference 
of the duration between AM-BpTB method and AM-HS 
technique was no statistically significant (p = 0.06).

Although the longer surgical duration of all-inside ACL 
reconstruction technique than the antero-medial ones, we 
had no complications in terms of stability, reconstruction 
failures, deep vein thrombosis (DVT) and infections for all 
the 157 ACL reconstructions performed. However, only 82 
patients (52.2% out of all) restored the pre-injury Tegner 
level after surgery, regardless of the surgical technique 
used. In addition, we reported 4 ACL reconstruction fail-
ures (2 in the AM-HS group and 2 in the all-inside group; 
none in AM-BpTB group) due to high energy trauma 
occurred during sport activity (soccer) at a mean time 
of 1.6 ± 0.2 (1.3 –1.8) years from surgery in the follow-
up period. Those patients had no clinical or radiological 

signs of instability prior to the second injury. All 4 patients 
underwent ACL revision surgery.

Discussion

Anterior cruciate ligament reconstruction is an established 
and widespread surgical technique. Despite so, uncertain-
ties remain: appropriate timing of surgery, graft selection, 
fixation methods of the graft, operative techniques and reha-
bilitation after surgery [23].

The aim of this study was to evaluate the clinical and 
functional outcomes of patients who underwent all-inside 
ACL reconstruction at medium-term follow-up and then, to 
compare this technique with two different ACL reconstruc-
tion methods (antero-medial technique using hamstrings or 
bone-patellar tendon-bone grafts).

Different questionnaires were used to evaluate the patient 
reported functional results of the ACL reconstruction before 
and after surgery. The Knee Injury and Osteoarthritis Out-
come Score (KOOS) was used: it takes into account symp-
toms, pain, daily life activities, sports activities and quality 
of life. Statistically significant improvement in KOOS scores 
comparing preoperative (average 66.1 ± 9.0) and postopera-
tive (mean 89.5 ± 9.6) periods was found. These results are 
consistent with Kouloumentas et al. [24] (95.3 ± 3.8) and in 
Sarraj et al. [25] (89.5 ± 9.6) studies. A further subjective 
rating scale, Lysholm Knee Questionnaire, was also used. 
This scale focuses on the residual subjective instability, the 
pain experienced and in which situation it occurs. The data 

Fig. 4  Different Tegner activity 
scale outcomes for each ACL 
reconstruction technique
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obtained (61.5 ± 9.7 preoperatively and 92.4 ± 12.9 postop-
eratively) were similar to those reported in the literature by 
Volpi et al. [26] (94.9 ± 5.1), Schurz et al. [27] (mean 91.1) 
and Sarraj et al. [25] (89.9 ± 5.7). The results we obtained 
reinforce the excellent outcomes shown in the literature and 
prove the effectiveness of this technique.

The ability to perform physical activities and sports (pro-
fessional or not) was assessed through Tegner activity scale. 
Data evaluation showed a significant improvement between 
pre- and postoperative period (from 3.4 ± 0.5 to 5.5 ± 1.8). 
However, comparing pre-injury data (mean 8.0 ± 1.3) to 
the postoperative ones, there was a statistically significant 
worsening. In fact, the 52.2% of patients returned to the pre-
injury sport level. This percentage is similar compared to 
Ardern et al.’s studies [28, 29]. As the authors described 
in their systematic review, from 44 to 88% of the patients 
returned to their preinjury level, and only 55% returned to 
competitive level sport. Many factors seem to influence the 
return to sport, but in the literature these are not strongly 
evident: younger age seems to favor the return to sport as 
men have greater odds than women, or elite-athletes than 
non-elite athletes [28].

The KT-1000 allows objective evaluation of the anterior 
cruciate ligament laxity. Measurements we obtained after 
surgical reconstruction of the ACL (mean 3.1 ± 1.0 mm) 
were consistent with major studies in the literature [27, 30, 
31]. However, it is difficult to compare our data with the 
ones reported in the literature: very few works describe the 
procedure and N force applied during the test.

Our opinion is important to highlight that we did not find 
difference between the operated knee and the uninjured one 
(2.1 ± 0.8 mm). Same results were obtained in other tech-
niques we used (AM-BpTB and AM-HS).

Secondary endpoint of the study was designed to evalu-
ate the results of the all-inside method compared to the two 
antero-medial surgical techniques that used either ham-
strings or bone-patellar tendon-bone autologous graft.

Both in subjective and objective evaluation scales, no 
statistically significant difference emerged between those 
techniques. Based on the recent Connaughton et al. [6] and 
Fu et al. reviews [32], our results are consistent with the 
literature.

All-inside technique allows a precise graft positioning on 
the femoral and tibial side which brings physiological advan-
tages, crucial to promote revascularization and ligamentiza-
tion [33]. Further advantages are the bone sparing sockets 
that result in less postoperative pain, faster postoperative 
recovery and an important convenience in case of possible 
revision [7–9].

However, it is important to emphasize the surgical com-
plexity of this technique. Different pitfalls must be known 
to avoid complications (e.g., a suture passing wires manage-
ment in a little space under arthroscopy view). That means 

longer surgical time than other “traditional” procedures [5] 
especially when those pitfalls are ignored and adverse events 
occur. Although it is widely demonstrated that complications 
rate increase with the surgical duration, in our experience, 
we had no complications as previously described.

Limitations

This study has some limitations. First, the study setting pre-
sents the intrinsic limitations of retrospective design. Sec-
ondly, patient selection was based on age, diagnosis and the 
performed technique. Moreover, we reported a medium-term 
follow-up and a small sample, especially after stratification. 
Furthermore, measurements with KT-1000 were not taken 
in the preoperative period and the actual economic analysis 
was not considered. Finally, despite clinical analysis was 
performed by the same surgeon, surgical procedures were 
executed by two different surgeons leading to a less stand-
ardized technique.

Future directions

ACL reconstruction, according to the results of the present 
study and recent literature, seems to bring similar clinical 
result and failure rate regardless of technique used and graft 
selection. Future direction in the field of ACL reconstruc-
tion, consequently, may led towards a more tailored approach 
that combine reconstruction of ACL to associated procedure 
(e.g., ALL reconstruction [34], RAMP lesion identification 
and repair [35] that may strengthen the construct reducing 
residual laxity, pivot shift and, as a result, reduce failure 
rate). Further study along this path is needed.

Conclusions

The present study found good postoperative results in 
patients treated with all-inside and AM technique at 
medium-term follow-up. A significant (p < 0.05) postopera-
tive improvement of each score (KOOS, Lysholm, Tegner 
-scores and KT-1000) in all groups was detected. Comparing 
the results obtained, no statistically significant difference 
was found between the three techniques (p = 0.27). Statis-
tically significant differences were highlighted in surgical 
duration: all-inside method was the longest (117′), followed 
by AM-BpTB surgery (101′) and AM-HS technique (87′). 
According to our data, despite slightly longer operative time 
required when compared to antero-medial (AM) there was 
no difference in major complications and graft failure rate.

Funding Open access funding provided by Università degli Studi di 
Torino within the CRUI-CARE Agreement. This research did not 



471European Journal of Orthopaedic Surgery & Traumatology (2021) 31:465–472 

1 3

receive any specific grant from funding agencies in the public, com-
mercial, or not-for-profit sectors.

Compliance with ethical standards 

Conflicts of interest All the authors, their immediate family, and any 
research foundation with which they are affiliated did not receive any 
financial payments or other benefits from any commercial entity re-
lated to the subject of this article.

Availability of data and material Not applicable.

Code availability  Not applicable.

Ethical Approval In light of the Italian law, we are not required to ask 
for Committee Approval for this type of studies. However, each author 
certifies that his or her institution has approved the human protocol for 
this investigation and that all investigations were conducted in con-
formity with ethical principles of research. The study was performed 
in accordance with the ethical standards in the 1964 Declaration of 
Helsinki and was carried out in accordance with relevant regulations 
of the Italian National Health Care System. All authors certify they not 
have signed any agreement with a commercial interest related to this 
study, which would in anyway limit publication of any data generated 
for the study or to delay publication for any reason.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Human and animal rights This article does not contain any studies with 
animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. Robson AWVI (1903) Ruptured crucial ligaments and their repair 
by operation. Ann Surg 37(5):716–718

 2. Hazzard S (2014) ACL Reconstruction history and current 
concepts. J Orthopaedics Phys Assist 2(2):6–12. https ://doi.
org/10.2106/JBJS.JOPA.15.00034 

 3. Potalivo G, Placella G, Sebastiani E (2011) History of the "All-
Inside" technique and its clinical application. J Orthopedics 
3(2):81–86

 4. Lubowitz JH, Ahmad CS, Anderson K (2011) All-inside anterior 
cruciate ligament graft-link technique: second-generation, no-
incision anterior cruciate ligament reconstruction. Arthroscopy 
27(5):717–727. https ://doi.org/10.1016/j.arthr o.2011.02.008

 5. Blackman AJ, Stuart MJ (2014) All-inside anterior cruciate 
ligament reconstruction. J Knee Surg 27(5):347–352. https ://doi.
org/10.1055/s-0034-13819 60

 6. Connaughton AJ, Geeslin AG, Uggen CW (2017) All-inside 
ACL reconstruction: how does it compare to standard ACL 
reconstruction techniques? J Orthop 14(2):241–246. https ://doi.
org/10.1016/j.jor.2017.03.002

 7. Cerulli G, Zamarra G, Vercillo F, Pelosi F (2011) ACL reconstruc-
tion with "the original all-inside technique". Knee Surg Sports 
Traumatol Arthrosc 19(5):829–831. https ://doi.org/10.1007/s0016 
7-010-1371-2

 8. Benea H, d’Astorg H, Klouche S, Bauer T, Tomoaia G, Hardy P 
(2014) Pain evaluation after all-inside anterior cruciate ligament 
reconstruction and short term functional results of a prospective 
randomized study. Knee 21(1):102–106. https ://doi.org/10.1016/j.
knee.2013.09.006

 9. Benea H, d’Astorg H, Klouche S, Bauer T, Tomoaia G, Hardy 
P (2017) Corrigendum to "Pain evaluation after all-inside ante-
rior cruciate ligament reconstruction and short term functional 
results of a prospective randomized study. Knee 21:102–106. 
Knee 24(1):166. https ://doi.org/10.1016/j.knee.2016.10.015

 10. Cordasco FA, Mayer SW, Green DW (2017) All-inside, all-epi-
physeal anterior cruciate ligament reconstruction in skeletally 
immature athletes: return to sport, incidence of second surgery, 
and 2-year clinical outcomes. Am J Sports Med 45(4):856–863. 
https ://doi.org/10.1177/03635 46516 67772 3

 11. Nakamura K, Nakamura T, Horie M, Katagiri H, Otabe K, 
Nakagawa Y, Amemiya M, Sekiya I, Muneta T, Koga H (2019) 
Anatomic femoral tunnel placement is difficult by the transtibial 
technique: comparison of three different femoral tunnel drilling 
techniques in double-bundle anterior cruciate ligament recon-
structions. Knee Surg Sports Traumatol Arthrosc. https ://doi.
org/10.1007/s0016 7-019-05740 -8

 12. Burnham JM, Malempati CS, Carpiaux A, Ireland ML, Johnson 
DL (2017) Anatomic femoral and tibial tunnel placement during 
anterior cruciate ligament reconstruction: anteromedial portal all-
inside and outside-in techniques. Arthrosc Tech 6(2):e175–e282. 
https ://doi.org/10.1016/j.eats.2016.09.035

 13. Forsythe B, Kopf S, Wong AK, Martins CA, Anderst W, Tash-
man S, Fu FH (2010) The location of femoral and tibial tunnels in 
anatomic double-bundle anterior cruciate ligament reconstruction 
analyzed by three-dimensional computed tomography models. J 
Bone Joint Surg Am 92(6):1418–1426. https ://doi.org/10.2106/
JBJS.I.00654 

 14. Chen Y, Chua KH, Singh A, Tan JH, Chen X, Tan SH, Tai BC, 
Lingaraj K (2015) Outcome of single-bundle hamstring anterior 
cruciate ligament reconstruction using the anteromedial versus 
the transtibial technique: a systematic review and meta-analysis. 
Arthroscopy 31(9):1784–1794. https ://doi.org/10.1016/j.arthr 
o.2015.06.001

 15. Robert HE, Bouguennec N, Vogeli D, Berton E, Bowen M (2013) 
Coverage of the anterior cruciate ligament femoral footprint using 
3 different approaches in single-bundle reconstruction: a cadaveric 
study analyzed by 3-dimensional computed tomography. Am J 
Sports Med 41(10):2375–2383. https ://doi.org/10.1177/03635 
46513 49898 9

 16. Lubowitz JH, Akhavan S, Waterman BR, Aalami-Harandi A, 
Konicek J (2013) Technique for creating the anterior cruciate 
ligament femoral socket: optimizing femoral footprint anatomic 
restoration using outside-in drilling. Arthroscopy 29(3):522–528. 
https ://doi.org/10.1016/j.arthr o.2012.10.007

 17. Crall TS, Gilmer BB (2015) Anatomic all-inside anterior cru-
ciate ligament reconstruction using quadriceps tendon auto-
graft. Arthrosc Tech 4(6):e841–e845. https ://doi.org/10.1016/j.
eats.2015.08.004

 18. Haber DB, Brook EM, Whitlock K, Matzkin EG (2018) Predicting 
quadrupled graft length and diameter using single-strand tendon 
dimensions in all-inside anterior cruciate ligament reconstruction. 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2106/JBJS.JOPA.15.00034
https://doi.org/10.2106/JBJS.JOPA.15.00034
https://doi.org/10.1016/j.arthro.2011.02.008
https://doi.org/10.1055/s-0034-1381960
https://doi.org/10.1055/s-0034-1381960
https://doi.org/10.1016/j.jor.2017.03.002
https://doi.org/10.1016/j.jor.2017.03.002
https://doi.org/10.1007/s00167-010-1371-2
https://doi.org/10.1007/s00167-010-1371-2
https://doi.org/10.1016/j.knee.2013.09.006
https://doi.org/10.1016/j.knee.2013.09.006
https://doi.org/10.1016/j.knee.2016.10.015
https://doi.org/10.1177/0363546516677723
https://doi.org/10.1007/s00167-019-05740-8
https://doi.org/10.1007/s00167-019-05740-8
https://doi.org/10.1016/j.eats.2016.09.035
https://doi.org/10.2106/JBJS.I.00654
https://doi.org/10.2106/JBJS.I.00654
https://doi.org/10.1016/j.arthro.2015.06.001
https://doi.org/10.1016/j.arthro.2015.06.001
https://doi.org/10.1177/0363546513498989
https://doi.org/10.1177/0363546513498989
https://doi.org/10.1016/j.arthro.2012.10.007
https://doi.org/10.1016/j.eats.2015.08.004
https://doi.org/10.1016/j.eats.2015.08.004


472 European Journal of Orthopaedic Surgery & Traumatology (2021) 31:465–472

1 3

Arthroscopy 34(1):243–250. https ://doi.org/10.1016/j.arthr 
o.2017.08.257

 19. Bradley JP, Tejwani SG (2009) All-inside patellar tendon ante-
rior cruciate ligament reconstruction. Sports Med Arthrosc Rev 
17(4):252–258. https ://doi.org/10.1097/JSA.0b013 e3181 bf664 f

 20. van Grinsven S, van Cingel RE, Holla CJ, van Loon CJ (2010) 
Evidence-based rehabilitation following anterior cruciate liga-
ment reconstruction. Knee Surg Sports Traumatol Arthrosc 
18(8):1128–1144. https ://doi.org/10.1007/s0016 7-009-1027-2

 21. Ardern CL, Glasgow P, Schneiders A, Witvrouw E, Clarsen B, 
Cools A, Gojanovic B, Griffin S, Khan KM, Moksnes H, Mutch 
SA, Phillips N, Reurink G, Sadler R, Silbernagel KG, Thorborg 
K, Wangensteen A, Wilk KE, Bizzini M (2016) Consensus state-
ment on return to sport from the First World Congress in Sports 
Physical Therapy. Bern Br J Sports Med 50(14):853–864. https ://
doi.org/10.1136/bjspo rts-2016-09627 8

 22. Sanders TL, Finnoff JT, Dahn DL (2017) Rehabilitation of the 
surgically reconstructed and nonsurgical anterior cruciate liga-
ment. In: Scott WN (ed) Surgery of the Knee, 6th edn. Elsevier, 
Amsterdam, pp 712–723.e4

 23. Vaishya R, Agarwal AK, Ingole S, Vijay V (2015) Current trends 
in anterior cruciate ligament reconstruction: a review. Cureus 
7(11):e378. https ://doi.org/10.7759/cureu s.378

 24. Kouloumentas P, Kavroudakis E, Charalampidis E, Kavroudakis 
D, Triantafyllopoulos GK (2019) Superior knee flexor strength 
at 2 years with all-inside short-graft anterior cruciate ligament 
reconstruction vs a conventional hamstring technique. Knee 
Surg Sports Traumatol Arthrosc 27(11):3592–3598. https ://doi.
org/10.1007/s0016 7-019-05456 -9

 25. Sarraj M, de SA D, Shanmugaraj A, Musahl V, Lesniak BP, (2019) 
Over-the-top ACL reconstruction yields comparable outcomes 
to traditional ACL reconstruction in primary and revision set-
tings: a systematic review. Knee Surg Sports Traumatol Arthrosc 
27(2):427–444. https ://doi.org/10.1007/s0016 7-018-5084-2

 26. Volpi P, Bait C, Cervellin M, Denti M, Prospero E, Morenghi E, 
Quaglia A (2014) No difference at two years between all inside 
transtibial technique and traditional transtibial technique in ante-
rior cruciate ligament reconstruction. Muscles Ligaments Tendons 
J 4(1):95–99

 27. Schurz M, Tiefenboeck TM, Winnisch M, Syre S, Plachel F, 
Steiner G, Hajdu S, Hofbauer M (2016) Clinical and functional 
outcome of all-inside anterior cruciate ligament reconstruction at 
a minimum of 2 years’ follow-up. Arthroscopy 32(2):332–337. 
https ://doi.org/10.1016/j.arthr o.2015.08.014

 28. Ardern CL, Taylor NF, Feller JA, Webster KE (2014) Fifty-five 
per cent return to competitive sport following anterior cruciate 

ligament reconstruction surgery: an updated systematic review 
and meta-analysis including aspects of physical functioning and 
contextual factors. Br J Sports Med 48(21):1543–1552. https ://
doi.org/10.1136/bjspo rts-2013-09339 8

 29. Ardern CL (2015) Anterior cruciate ligament reconstruction-not 
exactly a one-way ticket back to the preinjury level: a review of 
contextual factors affecting return to sport after surgery. Sports 
Health 7(3):224–230. https ://doi.org/10.1177/19417 38115 57813 1

 30. Yasen SK, Borton ZM, Eyre-Brook AI, Palmer HC, Cotterill ST, 
Risebury MJ, Wilson AJ (2017) Clinical outcomes of anatomic, 
all-inside, anterior cruciate ligament (ACL) reconstruction. Knee 
24(1):55–62. https ://doi.org/10.1016/j.knee.2016.09.007

 31. De Sa D, Shanmugaraj A, Weidman M, Peterson DC, Simu-
novic N, Musahl V, Ayeni OR (2018) All-inside anterior cruciate 
ligament reconstruction-a systematic review of techniques, out-
comes, and complications. J Knee Surg 31(9):895–904. https ://
doi.org/10.1055/s-0038-16274 46

 32. Fu CW, Chen WC, Lu YC (2020) Is all-inside with suspensory 
cortical button fixation a superior technique for anterior cruciate 
ligament reconstruction surgery?. A systematic review and meta-
analysis. BMC Musculoskelet Disord. https ://doi.org/10.1186/
s1289 1-020-03471 -3

 33. Lee BI, Kim BM, Kho DH, Kwon SW, Kim HJ, Hwang HR 
(2016) Does the tibial remnant of the anterior cruciate ligament 
promote ligamentization? Knee 23(6):1133–1142. https ://doi.
org/10.1016/j.knee.2016.09.008

 34. Saithna A, Thaunat M, Delaloye JR, Ouanezar H, Fayard JM, 
Sonnery-Cottet B (2018) Combined ACL and Anterolateral Liga-
ment Reconstruction. JBJS Essent Surg Tech 8(1):e2. Published 
2018 Jan 10. https ://doi.org/10.2106/JBJS.ST.17.00045 

 35. Sonnery-Cottet B, Daggett M, Fayard JM et al (2017) Anterolat-
eral ligament expert group consensus paper on the management 
of internal rotation and instability of the anterior cruciate liga-
ment—deficient knee. J Orthop Traumatol 18(2):91–106. https ://
doi.org/10.1007/s1019 5-017-0449-8

 36. DePhillipo NN, Moatshe G, Brady A et al (2018) Effect of menis-
cocapsular and meniscotibial lesions in ACL-deficient and ACL-
reconstructed knees: a biomechanical study. Am J Sports Med 
46(10):2422–2431. https ://doi.org/10.1177/03635 46518 77431 5

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.arthro.2017.08.257
https://doi.org/10.1016/j.arthro.2017.08.257
https://doi.org/10.1097/JSA.0b013e3181bf664f
https://doi.org/10.1007/s00167-009-1027-2
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.7759/cureus.378
https://doi.org/10.1007/s00167-019-05456-9
https://doi.org/10.1007/s00167-019-05456-9
https://doi.org/10.1007/s00167-018-5084-2
https://doi.org/10.1016/j.arthro.2015.08.014
https://doi.org/10.1136/bjsports-2013-093398
https://doi.org/10.1136/bjsports-2013-093398
https://doi.org/10.1177/1941738115578131
https://doi.org/10.1016/j.knee.2016.09.007
https://doi.org/10.1055/s-0038-1627446
https://doi.org/10.1055/s-0038-1627446
https://doi.org/10.1186/s12891-020-03471-3
https://doi.org/10.1186/s12891-020-03471-3
https://doi.org/10.1016/j.knee.2016.09.008
https://doi.org/10.1016/j.knee.2016.09.008
https://doi.org/10.2106/JBJS.ST.17.00045
https://doi.org/10.1007/s10195-017-0449-8
https://doi.org/10.1007/s10195-017-0449-8
https://doi.org/10.1177/0363546518774315

	All-inside technique in ACL reconstruction: mid-term clinical outcomes and comparison with AM technique (Hamstrings and BpTB grafts)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 
	Levels of evidence 

	Introduction
	Material and methods
	Statistical methodology

	Results
	Discussion
	Limitations
	Future directions

	Conclusions
	References




