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Abstract

Background: All-inside anterior cruciate ligament reconstruction (ACLR) is a novel technique that has gained atten-
tion due to its minimally invasive and graft-saving properties. However, studies comparing MRI-based graft maturity
between all-inside and standard ACLR are lacking.

Purpose: This study focused on the functional, knee laxity, and MRI-based graft maturity characteristics of all-inside
and standard single-bundle ACLR.

Study Design: Randomized controlled trial (RCT).

Methods: Fifty-four patients were randomly assigned to an all-inside reconstruction group (n=27) or standard
reconstruction group (n=27). Using the same rehabilitation strategy. The Tegner, International Knee Documentation
Committee, and Lysholm scores were recorded at postoperative months 3, 6, and 12 to assess functional recovery.
MRl was conducted to measure the signal/noise quotient (SNQ) of the intra-articular graft to assess the maturity. A
higher SNQ indicates lower graft maturity. Knee laxity was assessed using GNRB arthrometer at the postoperative
month 12.

Results: The graft SNQ of the all-inside group was significantly higher than that of the standard group at postop-
erative month 6 (p < 0.05). There was no statistical difference in graft SNQ between the two groups at postoperative
months 3 and 12 (p>0.05). Both groups exhibited the highest SNQ in the middle region of the graft, followed by the
proximal region, and the distal region. Functional scores improved significantly for both groups and had no statistical
difference (p>0.05). The knee laxity was higher in the all-inside group (p < 0.05) at postoperative month 12. There was
no correlation between the functional scores and graft maturity in both groups (p > 0.05).

Conclusions: All-inside and standard single-bundle ACLR show good functional outcomes; however, knee laxity was
relatively higher in the all-inside ACLR group than in the standard ACLR group. Moreover, both techniques exhibited

*Correspondence: Iwjnu2003@126.com

2 Peking University Shenzhen Hospital, Lianhua Road 1120, FuTian District,
ShenZhen City, GuangDong Province 518036, People’s Republic of China
Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, 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://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-022-05231-x&domain=pdf

Lin et al. BMC Musculoskeletal Disorders (2022) 23:289

Page 2 of 10

maturity.

Date of registration: 09/23/2018.

poor maturity in the middle graft region and the best in the distal region. Graft maturity with all-inside ACLR is inferior
to that with standard ACLR in the early postoperative stages. There is no correlation between knee function and graft

Trial registration: Clinical trial registration numbers: ChiCTR1800018543.
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Introduction

Anterior cruciate ligament (ACL) tear is one of
the most common sports-related injuries [1]. The
odds of developing knee osteoarthritis after ACL
injury are approximately four times higher than in
a non-injured knee [2]. Mayo and Robson [3] first
attempted to repair ACL in 1895. Subsequently, in
1995, the standard anatomic anterior cruciate liga-
ment reconstruction (ACLR) gradually became
mainstream and continues to be so to this day. In
pursuit of a more minimally invasive technique,
Lubowitz [4] proposed the first generation of the all-
inside ACLR technique based on its predecessors in
2006 and its modified versions in 2011 [5]. The pri-
mary technical difference between our standard and
all-inside ACLR technique is establishing the tibial
tunnel and graft fixation. The former uses a full tibial
tunnel and screw compression fixation, whereas the
latter uses a bone socket structure and cortical sus-
pension fixation.

Many studies have concluded that there is no differ-
ence between all-inside and standard ACLR in terms
of functional recovery and that all-inside ACLR is
better than the latter in terms of pain reduction and
slowing tunnel widening [6-10]. Lubowitz thought
that the bone socket structure used in all-inside ACLR
could reduce the accumulation of bioinvasive factors
that slows down the widening of the tunnel [11]. How-
ever, some authors have concluded that knee stability
after all-inside ACLR is insufficient [12] and the graft
failure rate is higher than that after standard ACLR
[13]. The reason for the inadequate stability and high
refurbishment rate after all-inside ACLR remains
highly controversial. We hypothesize that this may be
related to the premature return to motion when the
graft is immature or at least not fully healed. How-
ever, studies investigating MRI-based graft maturity of
all-inside and standard ACLR are lacking. Therefore,
this study focused on the functional, knee laxity, and
MRI-based graft maturity characteristics of the all-
inside and standard single-bundle ACLR techniques
1 year postoperatively to better assess the differences
in outcomes.

Methods

This was a prospective randomized controlled trial and
was approved by the hospital’s ethics review committee
and registered at the national clinical registration center.

Participants

Patients who underwent single-bundle ACLR in our
department between September 2018 and July 2019 and
meet the criteria were included in the study. All patients
were randomly assigned to the all-inside ACLR group
or the standard ACLR group using the random number
table method. The sample size was determined via power
analysis. The inclusion criteria for participants were his-
tory of trauma and MRI showing ACL discontinuity or
hyperintense signal, age 18—45 years, body mass index
(BMI) of 18-28, and informed consent and signed rele-
vant documents. The patients were excluded if they had
any of the following: injured > 12 months ago; combined
collateral ligament, posterior cruciate ligament, cartilage
injury of more than 3 degrees and a meniscus grade III
injury; history of ACLR surgery; generalized ligament
laxity; severe underlying diseases or uncooperative fol-
low-up; and bilateral ACL injury.

Clinical evaluation

The Tegner, International Knee Documentation Commit-
tee (IKDC), and Lysholm scores were recorded at postop-
erative months 3, 6, and 12 to assess functional recovery.
At postoperative month 12, a GNRB arthrometer (Gen-
ourob, France) was used to assess knee laxity. Arthrom-
eter measurement was performed as follows, under
knee flexion of 30°and at 134-N load, the tibia anterior
movement of the ACLR and normal contralateral knee
was measured separately. The difference is obtained by
subtracting the two measurements. The measurement
was repeated three times and the value with the greatest
difference was taken. The greater the anterior laxity, the
more relaxed the knee joint. Data collectors and patients
were not aware of the surgical approach. Only the sur-
geon was aware of the grouping. The study procedure is
indicated in Fig. 1.
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The patients were followed up for 3, 6 and 12
months after ACL reconstruction, and the
following items were recorded: Tegner score,
score,
GNRB Relative tibial mobility, SNQ value of
ACL in the articular cavity segment

Lysholm score,

Fig. 1 Flow diagram of the whole study

MRI analysis

The signal/noise quotient (SNQ) of the proximal,
middle and distal regions of interest (ROI) of the
intra-articular graft was measured using 3.0-T MRI
(Extremity 18 3 T Tim Coil, SIEMENS, Germany) at
postoperative months 3, 6, and 12 to observe the graft
maturity law. All patients were required to rest for
60 min before measurement. Using fat-suppressed pro-
ton density (FS-PD) sequence. Thickness was 3 mm.
Repetition time (TR) was 3140 ms. Echo time (TE) was
36 ms. Flip angle was 150°. Scan time was 118 s. Matrix
was 320 x 256. Field of view (Fov) was 160 mm. From a
sagittal image (Pd-tse-fs-sag) to select the interface that
clearly showed graft and quadriceps tendon ROI. The
graft ROI was located at the proximal (near the femoral
tunnel), distal (near the tibial tunnel), and the middle
(between them) regions. The ROI for the quadriceps
tendon was located 2 cm above the patellar attachment
point [14]. The signal value of the point 2 cm anterior
to the tibial tuberosity was used as the background sig-
nal. The area of ROI signal measurement was controlled
at 10-sq.mm (with an allowable error of <0.5-sq.mm).
The MRI-based graft SNQ is used widly to assess graft
maturity [15]. A higher SNQ indicates lower graft

maturity. Graft SNQ was calculated using the following
formula.

Graft SNQ=(Graft ROI mean signal value — Quadri-
ceps tendon ROI mean signal value) / Background mean
signal value.

The MRI scan was perform at a single magnet for all
patients, and the whole process was completed by a fixed,
blinded radiologist. The location of the proximal, distal,
and middle ROI have been presented in Fig. 2.

Surgical techniques

All operations were performed by Prof. W Li who is an
experienced orthopedic trauma surgeon specializing in
sports medicine. The patient was placed in the supine
position after lumbar anesthesia, with the lower leg
hanging over the edge of the bed. A subpatellar antero-
medial and anterolateral approach was used to perform
knee arthroscopy, and a planing knife was used to clean
the subpatellar fat pad and synovial membrane. The
injury was explored, the ACL tibial and femoral stumps
were cleaned, and the posterior edge of the lateral wall
of the intercondylar socket of the femur was exposed.
Using an anteromedial approach, the entry point was
prepped using a microfracture cone and marked slightly
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and background ROI

Fig. 2 Location of the proximal, distal, and middle regions of interest (ROI) of the intra-articular graft, and the location of the quadriceps tendon

posteriorly above the midpoint of the lateral wall of the
resident’s crest.

The all-inside reconstruction technique was performed
via an anteromedial approach using an inverted drill
(Arthrex, USA) to drill a 2-cm hole in the femoral bone

tract in a retrograde fashion (Fig. 3). Standard recon-
struction was also performed via an anteromedial
approach using an ordinary drill to drill the bone tract
in a prograde fashion, with the size of the bone tract
depending on the diameter of the grafted tendon. For

reconstruction technique

Fig. 3 Tendon graft preparation and drilling of the tunnel bone socket structure in the all-inside single-bundle anterior cruciate ligament
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creating the tibial tunnel, both reconstruction techniques
used an internal port that was located at the center of
the C-shaped stop of the ACL tibia and an external port
located approximately 3 cm medially to the tibial tuber-
osity. For the all-inside reconstruction technique, the
tibial tunnel was drilled using an inverted drill (Arthrex,
USA), and the drill wing was opened to enlarge the tract
in a retrograde fashion to a depth of approximately 2 cm.
For the standard reconstruction technique, a guide pin
was first placed and the full-length tibial tunnel was
drilled along the guide pin.

The autologous tendons were collected for graft prepa-
ration before drilling the tunnel. The size of the graft was
used to determine the size of the tunnel. Both techniques
were performed by making an oblique incision on the
skin at approximately 3 cm medial to the tibial tuberos-
ity to expose the semitendinosus and gracilis tendon,
and the tendon was retrieved using a tendon retriever.
All-inside reconstruction involved only a single harvest
of the semitendinosus tendon, and the extracted tendon
was double-folded to create a four-stranded single-bundle
structure (Fig. 3) The ends of the graft tendon were con-
nected with an adjustable TightRope (Arthrex, USA). The
diameter and length of the graft were recorded intraoper-
atively. The prepared grafted tendon was entered through
the arthroscopic port, and the retraction cord guided the
grafted tendon through the femoral tunnel. The adjust-
able steel plate was then attached outside the bone cor-
tex and fixed by tightening and knotting it. Next, the tibial
guide cord was tractored to the tibial tunnel along with
the lead on the other side of the grafted tendon, and the
traction tibial guide cord pulled the tendon lead out, pull-
ing the tendon into the tibial tunnel. Standard reconstruc-
tion involved harvesting the semitendinosus and gracilis
tendon, folding them in half to prepare a four-stranded
single-bundle structure, and attaching an adjustable steel
plate to one end of the graft tendon, and securing it with
an ordinary traction wire at the other end. The graft end
with an adjustable steel plate was guided through the
tibial tunnel to the femoral tunnel, and the steel plate was
then stuck outside the femoral cortex and fixed by knot-
ting it. Another graft end on the tibial side was fixed with
an absorbable interference screw (DePuy Mitek, USA).

For standard ACLR, the graft was tightened using the
traction rope after placement, and the knee was stretched
and flexed 10 times. Finally, the knee was tightened at 15
degrees of flexion and fixed with an interference screw.
For all-inside ACLR, only the adjustable loop was tight-
ened and knotted outside the tibial tunnel when the knee
was flexed at 15 degrees. After the graft was completely
fixed, it was confirmed via arthroscopy that the tendon
provided no torsion, the tension was good, and there
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was no impact between the graft and the femoral con-
dyle. The joint cavity was flushed, and the incisions were
sutured and bandaged, and the affected limb was fixed
with a straight leg brace. The patient was then returned
to the ward.

Postoperative rehabilitation

The rehabilitation protocol for both groups was the
same. The patient was gradually weight-bearing on the
affected limb from the third day to the first week postop-
eratively. From weeks 2 to 4, the patient practiced knee
flexion with a goal of 90 degrees. During postoperative
week 4, the use of crutches was stopped, and full weight-
bearing was achieved. During postoperative month 3,
the knee was flexed to 130 degrees, and squatting exer-
cises against the wall were started. Flexibility and tech-
nique training was started in postoperative month 4, and
patients returned to \to non-contact sports activities at
postoperative month 6 and to pivoting sports including
competitive, confrontational, physical contact sports at
postoperative month 9.

Statistical analyses

Power analysis was used to determine the sample size (a
err prob=>5%, 1-B err prob=80%). IBM SPSS 21.0 statis-
tical software was applied to outcomes data analysis. The
measurement data were expressed as mean = standard
deviation (M £SD). For comparison between two inde-
pendent groups, the data met the normal distribution
criteria using independent samples t-test and Pearson
correlation analysis. The data did not meet the normal
distribution using Mann—Whitney U-test and Spearman
correlation analysis. A p value of<0.05 was considered
statistically significant.

Results

Patient demographics

Fifty-four patients who underwent ACLR at our depart-
ment were randomly assigned to the all-inside group
(n=27) or the standard group (n=27). During the
follow-up, one patient in the standard group and two
in the all-inside group were lost follow-up as they lived
abroad. At the end of the follow-up period, the all-inside
and standard groups included 25 and 26 patients, respec-
tively. There were no statistical differences in the demo-
graphic data of the two groups (p >0.05). The graft length
was significantly shorter in the all-inside group than in
the standard group (p<0.001). There was no statistically
significant difference in the graft diameters of the two
groups (p>0.05; Table 1).
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Table 1 Demographic data and graft size of the participants

Demographic Data All-inside group Standard group P value

(n=25) (n=26)

Men:women, n 22:3 23:3 n.s
Operative side, left/right, n 9/16 12/14 n.s

Age, mean=£SD,y 313458 299+46 n.s
Body mass index, mean = SD, kg/m? 240432 236425 n.s
Diameter of grafts, mean 4 SD, mm 79403 78+03 ns
Length of grafts, mean £ SD, cm 6.6+0.2 8.1+03 <0.001°

n.s., no significant difference between the two groups, p>0.05

@ Statistical significance between the two groups, p <0.05

Table 2 Clinical outcomes in the all-inside and standard groups

Groups Preoperative’ 3 months? 6 months?® 12 months?®
All-inside group
Tegner  2.70+1.84 2.70+£0.95 415+£1.13 6.70+£0.95
score
IKDC 509842203 608841452 7396+1195 8737+6.72
score
Lysholm 5835+22.18 7652+1440 8641+941 94.19+6.16
score
GNRB N N N 2.87+1.23°
Standard group
Tegner 2784185 2.594+0.84 444+£1.01 6.52+1.05
score
IKDC 470442253  59.74+£1382 78344920 86.86+8.18
score
Lysholm 5500+£2263 7674+1253 87811693 9267 +5.76
score
GNRB N N N 2.27+1.34°

2 Clinical outcomes in the all-inside and standard groups before operation and
then at postoperative months 3, 6, and 12

Values are shown as mean £ SD; N, not measured

b Comparison between the two groups show a significant difference, p <0.05

Clinical findings

There were no statistical differences in the Lysholm, Teg-
ner, and IKDC scores of the all-inside and standard group
(p>0.05) preoperatively and at postoperative months 3,
6, and 12. Knee stability was restored in both groups at
postoperative month 12, but arthrometery showed that
the difference in the tibial anterior movement of the
ACLR and normal contralateral knees was significantly
greater in the all-inside group than in the standard group
(p=0.048; Table 2).

Graft maturity on MRI

There were no cases of revision surgery in either group,
and there were no adverse effects such as infection and
instability or stiffness of joints. MRI was performed at
postoperative months 3, 6, and 12. The graft SNQ in the
all-inside group tended to increase from postoperative

month 3 to month 6 and gradually decreased from post-
operative month 6 to month 12. The graft SNQ in the
standard group gradually increased with time during the
follow-up period. Both groups showed the highest SNQ
in the middle ROI of the graft, followed by the proximal
region, and the lowest was the distal region (Fig. 4).

There was no statistical difference in the graft SNQ
between the two groups at postoperative months 3 and
12 (p>0.05). The graft SNQ increased in both groups
in postoperative month 6 than at postoperative month
3. Nonetheless, the increase in the all-inside group was
more obvious and reached a peak; the difference between
the two groups was significant (p < 0.05; Fig. 5).

Correlation analysis

Correlation analysis was conducted for the functional
scores and SNQ of the proximal, distal, and middle ROIs
of the all-inside and standard groups at postoperative
months 3, 6, and 12. There was no correlation between
the functional scores and graft maturity for both groups
(p>0.05; Table 3).

Discussion

Intra-articular biohealing of grafts after ACLR includes
a cell necrosis phase within 3 months postoperatively,
cell regeneration revascularization and graft remode-
ling phase after three months [16—18]. This study found
no significant differences in the graft maturity of the
all-inside and standard ACLR groups at 3 months post-
operatively. This suggests that both techniques follow a
similar healing process during hematologic reconstitu-
tion stages. However, the graft maturity after all-inside
ACLR was significantly lower than that after standard
ACLR 6 months postoperatively. This may be related to
chronic mechanical injuries, including “bungee” and
“wiper” caused by suspension fixation when the fre-
quency of exercises increases [19]. In contrast, stand-
ard ACLR interference screw fixation can provide a
stable environment before surrounding bone resorption.
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Table 3 Correlation analysis between functional scores and graft SNQ®

p value/correlation All-inside group (n=25) Standard group (n=26)

coefficients®

Proximal Middle Distal Proximal Middle Distal

Tegner 3m 0.67 /0.09 0.64/0.10 0.52/0.13 0.43/0.16 0.47/0.14 0.98/0.01
6m 0.68/0.08 0.74/0.07 0.35/0.19 0.24/-0.23 0.93/-0.02 0.83/0.04
12m 0.22/-0.25 0.24/-0.23 0.34/-0.20 0.98/-0.01 0.93/0.02 0.91/0.02

IKDC 3m 0.46 /-0.15 0.94/0.02 0.54/0.12 0.10/0.32 0.15/0.28 0.99/ 0.004
6m 0.73/-0.07 0.66/-0.09 0.82/-0.05 0.67/0.09 0.11/032 0.80/0.05
12m 0.81/-0.05 042/-0.16 0.58/-0.11 040/0.17 042/0.16 0.97/0.01

Lysholm 3m 0.86/0.04 0.36/0.18 0.70/0.08 0.17/0.27 0.27/0.22 0.80/0.05
6m 0.95/0.01 0.63/-0.10 0.93/0.02 0.19/0.26 0.67/0.09 0.74/-0.07
12m 040/-0.17 0.16/-0.28 0.81/-0.05 0.10/0.33 0.16/0.28 0.06/0.36

b Correlation analysis between functional scores and the SNQ of the proximal, distal, and middle ROI of the all- inside and standard group at postoperative months 3,

6,and 12
@ All p values were > 0.05; there was no significant correlation

However, graft maturity after standard ACLR at 1 year
postoperatively was not better than that after all-inside
ACLR. Putnis et al. [20] came to the same result that all-
inside and standard ACLR provided comparable MRI
graft signal intensity at 1 year postoperatively. This rever-
sal might have occurred due to tunnel widening. Zhang
et al. revealed that tunnel widening was associated with
poor graft maturity [21]. Most studies have shown that
tunnel widening is more significant after standard ACLR
than after all-inside ACLR [10, 20]. The reason may be
that interfering screw increases the diameter of the tun-
nel and promotes bone resorption, resulting in continu-
ous erosion of synovial fluid. Because bioerosion factors
also play an important role in tunnel widening [22].

The results also revealed that the standard ACLR graft
SNQ gradually increased during 1-year follow-up. None-
theless, Van Dyck et al [23] concluded by systematic
evaluation that the graft SNQ of standard ACLR peaked
6 months postoperatively and decreased over time. The
two results are inconsistent; however, the differences may
be related to the different rehabilitation strategies and the
need for the study population to return to exercise and
work postoperatively. Patients with aggressive rehabilita-
tion strategies or high postoperative exercise as well as
the need to return to work quickly may have poor com-
pliance and overactivity, leading to delayed graft matu-
ration postoperatively. In addition, there is evidence of
continuous metabolic activities in the graft within 1 year,
and it can last up to 2 or more years [21, 24, 25]. There
may be significant individual variability in the biological
healing of the graft. Therefore, any premature or exces-
sive motor state before completing graft ligamentization
may delay graft maturity; this may have contributed to
the delayed appearance of the SNQ-decreasing trend in
standard ACLR in our study.

According to our study, all-inside and standard ACLR
exhibited the worst maturity in the middle graft region,
followed by the graft near the femoral tunnel; the tibial
side showed the best maturity. Putnis et al. [26] deter-
mined that the graft signal near the tibial tunnel was
significantly lower than that of the femoral side. As the
middle region of the graft is the primary area subjected to
distraction forces and is far from the tunnel, graft hema-
tologic reconstruction may be slower than the two ends.
Some studies have shown that ligament stump preser-
vation around the tunnel hole positively promotes graft
maturation [27]. This suggests that graft healing may first
occur in the bone tunnel and the two ends before pro-
gressing to the middle region of the graft. Therefore, the
middle graft region is at a disadvantage and subjected to
more distraction injury, contributing to its worst matu-
rity. The graft near the femoral tunnel is less mature than
that at the tibial side, probably because the angle between
the graft and the femoral tunnel hole is large. In contrast,
the tibial side of the graft is more vertical; some studies
have shown that the graft-bending angle can affect early
maturity [28]. Additionally, the femoral side graft passes
between the femoral condyles. Therefore, there is a risk
of impingement during flexion and extension activities,
thus delaying the maturity of the femoral side graft.

Notably, knee laxity after all-inside ACLR is not bet-
ter than that after standard ACLR, which may be related
to returning to exercise prematurely after all-inside
ACLR. Darren et al. [29] showed that 69.2% of studies
on all-inside techniques allowed cutting and rotational
movements at 6—9 months postoperatively. It may be
that most patients have good functional improvement
at 6-9 months postoperatively. However, our research
shown that the graft maturity of all-inside ACLR was
significantly worse than that of the standard ACLR at
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6 months postoperatively, and there is no correlation
between functional recovery and graft maturity, which is
in agreement with the studies of Marcus and Zhang et al.
[14, 30]. Therefore, using a more conservative rehabilita-
tion strategy, all-inside ACLR is expected to have better
performent than standard ACLR in improvving knee lax-
ity, althoug further evidence is still needed.

Limitations

This study had several limitations. First, the small sample
size resulted in low statistical power; therefore, a study
with larger sample size is required to draw more reliable
conclusions. Second, data on clinical outcomes and SNQ
follow-up time were limited, making the exact change
tendency at 2-5 years unclear. Third, the SNQ based
on MRI mostly reflected the water content in the graft,
which is an indirect evidence of graft maturity. Finally,
there was no standard method of measuring the SNQ of
ACLR graft; therefore, we chose the quadriceps tendon
for tissue normalization; however, this does not rule out
deviations in measurement technology.

Conclusions

All-inside and standard single-bundle ACLR show good
functional outcomes; however, knee laxity was relatively
higher after all-inside ACLR. In addition, both tech-
niques exhibit the worst maturity in the middle graft
region and the best in the distal region. All-inside ACLR
graft maturity is inferior to standard ACLR at the early
postoperative stages as it requires a more conservative
rehabilitation strategy. There is no correlation between
knee function and graft maturity.
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