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ABSTRACT

Introduction: Anterior cruciate ligament (ACL) rupture is one of the most common lesions in 
knee traumatology; therefore the number of ACL reconstructions is increasing worldwide. Usu-
ally, an anteromedial (AM) accessory portal is required in anatomical positioning of the femoral 
tunnel, which is not absolutely necessary in this technique. Aim: Assessment of all-inside ACL 
reconstruction preliminary clinical results with adjustable loops and buttons on both femoral 
and tibial surfaces. Method: Our prospective study included 28 subjects (19 male, 9 female) 
with chronic ACL ruptures. The mean age of the study population was 27.72 ± 8.23 years. In 
all cases ACL reconstruction was carried out with the use of quadrupled semitendinosus auto-
grafts with adjustable loops and buttons on the femoral and tibial surfaces and anatomic place-
ment of both tunnels, using an outside-in technique, with flipcutters (Arthrex®). Clinical and ra-
diological evaluations were carried out before surgery and at 3 and 6 months postoperatively, 
with the Lysholm scoring system, the Tegner activity scale and anterior-posterior and latero-
lateral X-rays. Anterior knee laxity was measured in 25° of flexion using a portable arthrometer 
(RolimeterTM, Aircast®) and maximum manual force. Results: During the final follow-up, the 
Lysholm score was good and excellent in 27 cases, with a mean Lysholm score of 95.55 ± 4.63; 
all results were classified as good. The mean preoperative Tegner activity score was 3.46 ± 1.71 
(range: 1–7), and the post-operative mean score was 5.75 ± 2.24 (range: 2–10). We found no 
graft ruptures. Preoperative knee laxity measurements showed a mean displacement of 11.5 
± 3.1 mm and side-to-side differences of 5.6 ± 3.5 mm, while the postoperative measurements 
at the last follow-up were 6.3 ± 1.54 mm and 2.65 ± 1.86 mm, respectively. Conclusion: Short-
term clinical outcomes of all-inside ACL restoration with anatomic placement femoral and tibial 
tunnels seem to recommend this surgical option, with good subjective and objective results. 
Additional research will have to prove the long-term success.
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INTRODUCTION

Anterior cruciate ligament restoration with a complete tibial bone tunnel is a 
common orthopedic surgery technique, and its use evolved remarkably in re-
cent years.1 Usually, an anteromedial (AM) accessory portal is required for the 
anatomical positioning of the femoral tunnel. In the all-inside procedure, the 
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classic tibial and femoral osseous tunnels are replaced 
with a socket, and are drilled using an outside-in meth-
od, without the necessity of an accessory AM portal. The 
procedure was associated with reduced surgical invasion, 
faster recovery after the surgery, and reduced pain.2–6 Be-
ing a new technique, only few studies have reported the 
clinical and functional outcomes following all-inside ACL 
restoration.7,8 Therefore, our main objective was to assess 
the functional and clinical effectiveness of the anatomic 
all-inside ACL restoration technique during the 6 months 
follow-up. 

Methods

A prospective, single-center study was carried out in the Or-
thopedics and Traumatology Clinic No. 2 of Tîrgu Mureș, 
Romania. After obtaining patient informed consent, we 
included 28 patients aged 14 to 36 years with an ACL-defi-
cient knee, who opted to have ACL reconstructive surgery 
with autograft semitendinosus tendons. The inclusion cri-
teria were active patients who could not recommence their 
pre-injury level of activity due to instability concerns, and 
complete rupture of the ACL (as described by a radiologist 
on the magnetic resonance images).1,2 Exclusion criteria 
were revision procedures,1 previous high tibial osteotomy 
or other knee ligament reconstructions,2,3 previous contra-
lateral ACL reconstructions and chondral or subchondral 
lesions higher than grade 2 (Outerbridge classification).4,5 
In all cases, the ACL reconstruction was carried out with 
quadrupled semitendinosus autografts, with adjustable 
loops and buttons on the femoral and tibial side and ana-
tomic placement of both tunnels, using an outside-in tech-
nique, with flipcutters (Arthrex®). All the interventions 
were performed by a senior orthopedic-trauma surgeon or 
under his guidance. The patients had been followed-up at 3 
and 6 months postoperatively.

Assessment of the results

Functional outcome measures, including the Lysholm 
score and Tegner activity scale were used to assess the re-
sults, and were calculated before surgery, at each sched-
uled follow-up visit (3 and 6 months postoperatively). 
During the last visit, the anterior knee laxity was measured 
in 25° of flexion using a compact arthrometer (Rolim-
eterTM, Aircast®) and maximum manual force. Antero-
posterior and latero-lateral radiographs were performed 
preoperatively and at 6 months postoperatively in order 
to visualize the position of the buttons on the femoral and 
tibial surfaces.

The Lysholm Knee Scoring Scale is commonly applied 
to assess the results of knee ligament operations. Its first de-
scription was published in 1982, and even after 25 years of its 
implementation, the Lysholm score demonstrated accept-
able psychometric parameters as a patient-administered 
score.9 The current version contains 8 subscales (limp, sup-
port, locking, instability, pain, swelling, stair climbing and 
squatting). The values from each subscale are summed in 
order to provide a total normalized score. Scores vary from 
0 to 100, a higher value meaning a better outcome (excel-
lent 95–100; good 84–94; fair 65–83; poor <64). 

The Tegner Activity Scale seeks to offer a standardized 
system of grading functional daily and sports activities. It 
is often used in combination with the Lysholm Knee Scor-
ing Scale to assess subjects with ACL injuries. A score of 
0 equals retirement or disability due to knee difficulties, 
while a score of 10 corresponds to participation in elite 
competitive sports.

Statistical analysis

Descriptive statistics (mean, median, standard deviation) 
are reported for the included study population. Statistical 
analysis compared the results for each follow-up period 
(before the surgery and at 3 and 6 months postoperative-
ly). Demographic variables (sex, age, level of education) 
and smoking status were also examined. Differences be-
tween the scores were tested with the chi-square, t-test 
and 2-way repeated ANOVA measurements. A value of p 
equal to 0.05 is considered statistically significant. All cal-
culations were carried out using Microsoft Excel (Micro-
soft, Redmond, WA), and GraphPad (InStat) and EpiInfo 
v. 7.1.4.0 (Centers for Disease Control and Prevention, 
Atlanta, USA).

Results

Follow-up at 6 months was achieved for every patient in-
cluded in our study. There were 19 male (68%) and 9 fe-
male (32%) patients, with a mean age at surgery of 27 years 
(14 to 36 years). Other demographic characteristics, asso-
ciated lesions and smoking status are presented in Table 
1. The mechanism of injury occurred during sports in 13 
(46%) patients. A noncontact valgus-twisting deceleration 
situation was reported in 7 out of 13 cases, and a minor-
energy trauma for the others. Twenty patients presented 
with additional associated lesions, out of which 17 had 
meniscal injuries. The main symptoms reported were in-
stability in all cases, with swelling in 3 cases, and with pain 
alone in 5 patients. Injury to surgery mean time was 14 
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months (range 3 to 37 months). One patient developed a 
graft infection that required conservative treatment with 
intravenous antibiotic therapy (oxacillin and gentamicin) 
and immobilization for three weeks. 

The mean graft diameter for the ACL autografts was 8 ± 
1.11 mm (range 6.2 to 9.6 mm). Patient outcomes for pre-
operative, as well as 3 and 6 months postoperatively are 
presented in Table 2. The mean ± SD Lysholm score was 
53.8 ± 5.5 before the reconstruction and 95.55 ± 4.6 at the 
final 6-month follow-up (p <0.0001). The Tegner Activity 
Scoring scale differed significantly (p <0.0001) from base-
line (3.46 ± 1.7) compared to the last postoperative evalu-
ation (5.75 ± 2.2). The mean anterior laxity measured with 
the Rolimeter device was 11.4 ± 0.8 mm before surgery 
and decreased significantly to 6.3 ± 1.5 mm at the 6 months 
follow-up (p <0.0001). 

Radiographic assessment during the last follow-up 
proved an accurate TightRope button position in all pa-
tients, with no pathologic changes. There were no graft 
ruptures during the study, and no patient demonstrated 
limited range of motion at the final assessment. No differ-
ences in regards to Lysholm score, Tegner activity level 
and anterior-posterior knee laxity were found between 

smokers and non-smokers. The level of education had no 
significant influence on the outcomes.

Discussions

The primary finding of our study was that anatomic all-
inside ACL reconstruction showed good to excellent func-
tional outcomes. Anteroposterior knee instability was re-
stored at 6 months postoperatively, without complications 
such as stiffness, limited range of motion or persistent in-
stability. Lysholm scores and Tegner activity scores were 
significantly improved at 6 months follow-up compared 
with baseline. Even if the all-inside technique used for 
the ACL reconstruction has been used for several years, 
its clinical and functional effectiveness has not been inten-
sively studied. In 2015, Schurz et al. published a study eval-
uating clinical and functional results after ACL restoration 
by using the all-inside method.7 Similarly to our findings, 
they found a considerable improvement in Lysholm scores 
when comparing preoperative and postoperative scores 
(53.4 vs 93.1, p <0.0001), but with a longer clinical follow-
up (24 months). Tegner Activity Scoring Scale level also 
differed from preoperative state to the last follow-up (2 vs. 
6, p <0.0001). In addition to our study, they also evaluated 
the outcomes with the International Knee Documentation 
Committee (IKDC) score and analyzed pain level compar-
ing the Visual Analogue Scale (VAS) before and after the 
intervention. Significant VAS changes were observed at 
24 months of follow-up (5 vs. 0.1, p <0.0001) compared to 
baseline. The IKDC score also differed significantly, with 
a score of 44.6 before the surgery and 89.7 at 2 years af-
ter the intervention (p <0.0001). In a prospective study, 
Lubowitz et al. compared the outcomes between the all-
inside technique and full tibial tunnel technique with a 
24-month follow-up.8 At final follow-up, IKDC was no dif-
ferent between the groups, but VAS had significantly im-
proved in the all-inside technique group, proving the clini-
cal effectiveness of the procedure. Hussein et al. compared 
the single-bundle (SB) and double-bundle (DB) anatomic 
ACL restoration methods, evaluating the outcomes using 
Lysholm score, IKDC score, knee instability and pivot-

TABLE 1.  Patient demographics and characteristics 

Variable Value

Sex, male/female, n 19/9

Age at surgery, y, mean ± SD 27 ± 8.2

Body mass index, mean ± SD 24 ± 3.1

Injury to surgery time, mo, mean ± SD 14 ± 23

Meniscus lesions, n

Medial 11

Lateral 6

Collateral ligaments injury, n

Medial 3

Lateral –

Smokers, n 11

Level of education

Less than high school 15

High school diploma or above 13

TABLE 2.  Patient outcomes 

Preoperative Postoperative 
at 3 months

Postoperative 
at 6 months

Preoperative 
vs. 6 months  

(p value)

Lysholm score 53.8 ± 5.5 75.2 ± 10 95.5 ± 4.6 <0.0001

Tegner score 3.4 ± 1.7 5.5 ± 0.9 5.7 ± 2.2 <0.0001

Laxity, mm (Rolimeter) 11.4 ± 0.8 6.3 ± 1.5 6.3 ± 1.5 <0.0001
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shift test for rotational instability, with a follow-up of 30 
months.10 They did not find any significant differences be-
tween the anatomic SB and DB techniques with respect to 
the Lysholm score (93.9 vs. 93.5), the IKDC score (93.3 vs. 
93.1), knee instability and pivot-shift test. The SB group 
results were in accordance with the findings of the current 
study. They concluded that anatomical DB ACL restora-
tion is not better than the SB technique. One advantage 
of the anatomic all-inside ACL restoration consists in the 
preservation of the gracilis tendon. Moreover, Crall et al. 
published a paper in which they describe an anatomic all-
inside ACL restoration technique using an autograft har-
vested from the quadriceps tendon.11 Its described advan-
tages are a denser collagen matrix, a larger uniform graft, 
and less associated morbidities (numbness, pain with 
kneeling, anterior knee pain). An ACL tear is frequently 
associated with the rupture of the anterolateral ligament 
and anterolateral instability. Smith et al. described a mini-
mally invasive technique, in which the reconstruction of 
the anterolateral ligament can be integrated easily and with 
minimum costs (equipment, expertise, operative time) in 
the anatomic all-inside ACL reconstruction procedure.12

This study also had few limitations. The inclusion of pa-
tients with associated lesions can be considered a limita-
tion, but in the current circumstances, an isolated rupture 
of the ACL is rare. The study had no control group, and the 
follow-up time can be considered too short by some au-
thors. Additionally, we did not use evaluation parameters 
such as the VAS score, therefore, subjective pain could not 
be assessed optimally. Also, the sample of patients might 
be too small to allow clear comparisons and development 
of recommendations. 

Conclusions

Good to excellent preliminary outcomes of the anatomic 
all-inside ACL restoration seem to confirm the clinical 

and functional effectiveness of this technique based on a 
6-month follow-up period. However, additional research 
with longer follow-up periods is required in order to prove 
the long term success of the procedure.
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