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Abstract
Background: Individualized rehabilitation based on graft maturity is necessary to optimize patient
function and prevent graft re-injury. But there is a lack of studies on graft maturity in the all-inside single-
bundle anterior cruciate ligament reconstruction.

Hypothesis/Purpose: Compared to the difference in graft maturity, functional scores, and stability
between all-inside and anatomical single-bundle anterior cruciate ligament reconstruction, it was
assumed that the stability of all-inside reconstruction is relatively insu�cient, and its graft maturity is
worse than the anatomical reconstruction.

Study Design: Randomized controlled clinical trial.

Methods: Fifty-four patients were recruited in this study and randomly assigned to the all-inside
reconstruction group (n = 27) and the anatomical reconstruction group (n = 27) using the same
rehabilitation strategy. The Tegner, International Knee Documentation Committee, and Lysholm score
were recorded at postoperative 3rd, 6th, and 12th month to assess functional recovery. Magnetic
resonance imaging was conducted to measure the Signal/Noise quotient (SNQ) of the intra-articular graft
to observe the maturity. Stability was assessed using GNRB relaxation measuring instrument at the
postoperative 12th month.

Results: The graft SNQ of the all-inside group was signi�cantly higher than that in the anatomical group
during the postoperative 6th month (p < 0.05). There was no statistical difference in graft SNQ between
the two groups at postoperative 3rd and 12th month (p > 0.05). Both groups exhibited the graft’s highest
SNQ in the middle region, followed by the proximal region, and the lowest was the distal region.
Functional scores improved signi�cantly in both groups and had no statistical difference (p > 0.05). The
stability recovered well in both groups during the postoperative 12th month, but the GNRB relaxation was
higher in the all-inside group (p < 0.05). There was no correlation between functional scores and graft
maturity in the two groups (p > 0.05).

Conclusions: All-inside reconstruction graft maturity is inferior to the anatomical reconstruction during
postoperative 6th month, which may cause relatively insu�cient stability of all-inside reconstruction
compared with anatomical reconstruction under the same rehabilitation strategy. A more conservative
rehabilitation strategy for all-inside reconstruction around the postoperative 6th month may achieve better
stability.

Introduction
An anterior cruciate ligament (ACL) tear is one of the most common sports-related injuries [1, 2]. The lack
of active treatment often causes joint instability, hence, increasing the risk of osteoarthritis [3]. From the
�rst attempt to repair ACL by Mayo and Robson [4] in 1895, to the anatomical single-bundle ACL
reconstruction became mainstream gradually in 1995, then to the �rst generation of all-inside single-
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bundle ACL reconstruction technique (AIT-ACLR) by Lubowitz [5] in 2006, and to the second generation
re�nement in 2011 [6]. At this time, AIT-ACLR has been greatly simpli�ed and attracted attention.
Lubowitz proposed that the “bone socket” structure used in AIT-ACLR could reduce the accumulation of
bioinvasive factors, such as joint �uid and thus slow down the widening of the tunnel [7]. Many studies
have also concluded that there is no difference between AIT-ACLR and anatomical single-bundle ACL
reconstruction in functional recovery. Still, AIT-ACLR is better than the latter in pain reduction and slowing
tunnel widening [8–12]. However, some authors have concluded that knee stability after AIT-ACLR is
insu�cient [13, 14] and has a higher graft failure rate than anatomical reconstruction [15]. The reason for
the inadequate stability and high refurbishment rate after AIT-ACLR is still highly controversial, which may
be related to the premature return to motion when the graft is immature or at least not fully healed.
Unfortunately, the research on AIT-ACLR graft maturity is rare, leading to the inability to develop a
rehabilitation strategy that conforms to graft maturity law.

Ma et al [16] concluded that individualized rehabilitation based on graft maturity is necessary to optimize
patient function and prevent graft re-injury. Van et al [17] also concluded that magnetic resonance
imaging (MRI)-based assessment of graft maturity is essential for selecting the appropriate time to
resume exercise after surgery. Therefore, the study of graft maturity after AIT-ACLR will help make
reasonable and accurate rehabilitation decisions. In this study, it was assumed that the stability of all-
inside reconstruction is relatively insu�cient, and its graft maturity is worse than anatomical
reconstruction. The difference in graft maturity, functional scores, and stability between all-inside and
anatomical single-bundle ACL reconstruction will be compared, which will help make better rehabilitation
strategy.

Method
This was a prospective randomized controlled trial approved by the hospital’s ethics review committee
and registered at the national clinical registration center. Clinical Protocol for the clinical trial is included
as a Supplement.

Participants
Fifty-four patients who underwent ACL single-bundle reconstruction in our department between
September 2018 to July 2019 were enrolled. This54 patients were randomly assigned to an AIT-ACLR
group (all-inside group, n = 27) and the anatomical single-bundle ACL reconstruction group (anatomical
group, n = 27) using the random number table method. The inclusion criteria for participants were (1)
history of acute trauma, and MRI showing ACL discontinuity or hyperintense signal, (2) age 18–45 years,
(3) 18 ≤ body mass index (BMI) ≤ 28, and (4) patient’s informed consent and signed relevant
documents. The participants were excluded if they had any of the following: (1) injury-time > 12 months,
(2) combined with remaining ligament injury, (3) history of ACL reconstruction surgery, (4) patients with
ligamentous release signs, (5) patients with severe underlying disease or uncooperative follow-up, and (6)
bilateral ACL injury.
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Clinical Evaluation
The Tegner, IKDC, and Lysholm scores were recorded during postoperative 3rd, 6th, and 12th months to
assess functional recovery. During postoperative 12th month, GNRB (Genourob, France) relaxation
measuring instrument was performed to record the tibial anterior movement gap between knees under
134-N load and to assess stability. Data collectors and patients were not aware of the surgical approach.
Only the surgeon was aware of the grouping. The study procedure is indicated in Figure 1.

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 during postoperative 3rd, 6th, and 12th months to observe
the graft maturity law. From a sagittal T-two image, to select the interface that clearly showed graft and
quadriceps tendon ROI. Graft ROI was located at the “proximal (near the femoral tunnel),” “distal (near the
tibial tunnel),” and the “middle (between them).” Quadriceps tendon ROI was located at 2-cm above the
patellar attachment point. The signal value of the 2-cm anterior to the tibial tuberosity was used as the
background signal. ROI signal measurement area was controlled at 10-sq.mm (with an allowable error of
0.5-sq.mm or less). Graft SNQ = (Graft ROI mean signal value – Quadriceps tendon ROI mean signal
value)/Background mean signal value. See Figure 2 for details.

Surgical Techniques
The same group of experienced surgeons performed all procedures. The patient was placed in the supine
position after lumbar anesthesia, with the lower leg hanging down over the edge of the bed. A subpatellar
anteromedial and anterolateral approach was taken to place the knee arthroscopy, and a planing knife
was used to clean the subpatellar fat pad and synovial membrane, exploring the injury, the ACL tibial and
femoral stops were cleaned, and the posterior edge of the lateral wall of the intercondylar socket of the
femur was exposed. An anteromedial approach was added, and the entry point was prepped using a
microfracture cone and marked slightly posterior above the midpoint of the lateral wall of the resident’s
crest.

The all-inside reconstruction technique was performed using an anteromedial approach, by an inverted
drill (Arthrex, USA) to drill the femoral bone tract 2-vm in length in a retrograde fashion (see Figure 3 for
details). The anatomical reconstruction technique was also performed using 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 tibial tunnel creation, both all-inside reconstruction
and the anatomical reconstruction had an internal port located at the center of the C-shaped stop of the
ACL tibia and an external port located approximately 3-cm medial to the tibial tuberosity. For the all-inside
reconstruction, the tibial tunnel was also drilled using an inverted drill (Arthrex, USA), and the drill wing
was opened to enlarge the tract retrogradely to a depth of approximately 2-cm. For the anatomical
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reconstruction, a guide pin was placed �rst, and the full-length tibial tunnel was drilled thoroughly along
the guide pin.

To harvest the autologous hamstring tendon, both techniques were performed with an oblique incision of
the skin at approximately 3-cm medial to the tibial tuberosity to expose the semitendinosus and gracilis
tendon, and the tendon was retrieved using a tendon retriever. All-inside reconstruction needed only a
single harvest of the semitendinosus tendon, and the removed semitendinosus tendon was double-folded
to make a four-stranded single-bundle structure (see Figure 3 for details) The ends of the graft tendon
were connected with an adjustable steel plate using a rope loop. The diameter and length of the graft
were recorded intraoperatively. The prepared grafted tendon was entered through the arthroscopic port,
and the retraction cord guided the grafted tendon through and �lled the femoral tunnel, and then the
adjustable steel plate was stuck outside the bone cortex and tightened and knotted to �x 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 pulling the tendon into the tibial tunnel.
Anatomical reconstruction requires to harvest 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 then the steel plate
was stuck outside the femoral cortex and �xed with a knot, and another graft end on the tibial side was
�xed with absorbable compression screws.

After complete �xation of the two types of grafts, arthroscopic con�rmation of the tendon without torsion
and good tension was performed, and the tension was adjusted to determine whether it was isometric
and whether there was intercondylar impingement between the graft and femur. The joint cavity was
�ushed, and the incisions were sutured and bandaged using pressure after reexamination, and the
affected limb was �xed with a straight leg brace and returned to the ward.

Postoperative Rehabilitation
The same rehabilitation protocol was used in both groups. The patient was gradually weight-bearing on
the affected limb from the 3rd day to the 1st week after surgery. From 2nd to the 4th week, the patient
practiced knee �exion with a goal of 90 degrees. During postoperative 4th week, the crutches were
abandoned, and full weight-bearing was achieved. During postoperative 3rd month, the knee was �exed
to 130 degrees, and squatting exercises against the wall were started—�exibility training and technique
training during postoperative 4th month. Return to non-contact sports activities at 6th month after
surgery.

Statistical Analysis
IBM SPSS 21.0 statistical software was applied to data analysis. The measurement data were expressed
as mean ± standard deviation (M ± SD). For comparison between two independent groups, the data met
the normal distribution using independent samples t-test and Pearson correlation analysis. The data did
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not meet the normal distribution using Mann-Whitney U-test and Spearman correlation analysis. p < 0.05
is considered statistically signi�cant.

Results

Patient Demographics
Fifty-four patients were enrolled in the study between Sep 2018 and Jul 2019 and were randomly
assigned to the all-inside group (n = 27) and the anatomical group (n = 27). During the follow-up, one
case lost follow-up in the anatomical group and two cases in the all-inside group because of the patient’s
workplace. There were no statistical differences in demographic data between the two groups (p > 0.05).
The graft length was signi�cantly shorter in the all-inside group than the anatomical group (p = 0.000).
There was no statistically signi�cant difference in graft diameter between the two groups (p > 0.05). See
Table 1 for details.

Table 1
Demographic Data and Graft size of the Participants

Demographic Data All-inside group(n =
25)

Anatomical group(n =
26)

P value

Men: women, n 22:3 23:3 n.s.

Operative side, left/right, n 9/16 12/14 n.s.

Age, mean ± SD, y 31.3±5.8 29.9±4.6 n.s.

Body mass index, mean ± SD,
kg/m2

24.0±3.2 23.6±2.5 n.s.

Diameter of grafts, mean ± SD, mm 7.9±0.3 7.8±0.3 n.s.

Length of grafts, mean ± SD, cm 6.6±0.2 8.1±0.3 0.000*

n.s. No signi�cant difference between the two groups, p > 0.05.

*Statistical signi�cance between the two groups, p < 0.05.

Clinical Findings
Before the operation and during postoperative 3rd, 6th, 12th month, there was no statistical difference in
Lysholm, Tegner, and IKDC scores between the all-inside and anatomical group (p > 0.05). Stability was
well restored in both groups during postoperative 12th month, but GNRB relaxation was greater in the all-
inside group than in the anatomical group, with a statistical difference (p = 0.048 < 0.05). See Table 2 for
details.
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Table 2
Clinical Outcomes in the All-inside and Anatomical Group

Groups Preoperative# 3 month# 6 month# 12 month#

All-inside group      

Tegner score 2.70±1.84 2.70±0.95 4.15±1.13 6.70±0.95

IKDC score 50.98±22.03 60.88±14.52 73.96±11.95 87.37±6.72

Lysholm score 58.35±22.18 76.52±14.40 86.41±9.41 94.19±6.16

GNRB N N N 2.87±1.23*

Anatomicalal group      

Tegner score 2.78±1.85 2.59±0.84 4.44±1.01 6.52±1.05

IKDC score 47.04±22.53 59.74±13.82 78.34±9.20 86.86±8.18

Lysholm score 55.00±22.63 76.74±12.53 87.81±6.93 92.67±5.76

GNRB N N N 2.27±1.34*

#Clinical outcomes in the all-inside and anatomical group before operation and then at postoperative
3rd, 6th, and 12th month. Values are shown as mean ± SD. N: Not measured.

*Comparison between the two groups have a signi�cant difference, p  0.05.

MRI Graft Maturity Findings
There were no cases of revision surgery in either group, and there were no adverse effects such as
infection or dysfunction. The MRI was performed during postoperative 3rd, 6th, and 12th months. See
Figure 4 for details.

The graft SNQ in the all-inside group tended to increase from postoperative 3rd month to 6th month and
gradually decreased from postoperative 6th month to 12th month. The graft SNQ in the anatomical group
gradually increased with time during the follow-up period. The graft SNQ law of the all-inside group
presented a “mountain” shape and the anatomical group graft SNQ law presented a “staircase” shape
(see Figure 5 for details). 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.

There was no statistical difference in the graft SNQ between the two groups during postoperative 3rd, and
12th months (p > 0.05). At the postoperative 6th month, the graft SNQ increased in both groups than the
postoperative 3rd month. Still, the increase in the all-inside group was more obvious and reached a peak,
and there was a statistical difference between the two groups (p < 0.05). See Figure 6 for details.

Correlation Analysis
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Correlation analysis between functional scores and the SNQ of the proximal, distal, and middle ROI of the
all-inside and anatomical group at postoperative 3rd, 6th and 12th months. There was no correlation
between functional score and graft maturity for both groups (p > 0.05). See Table 3 for details.

Table 3
Correlation Analysis Between Functional Score and Graft SNQ #

P value* All-inside group(n = 25) Anatomical group(n = 26)

Proximal Middle Distal Proximal Middle Distal

Tegner 3 month 0.671 0.641 0.523 0.429 0.472 0.975

6 m 0.677 0.738 0.348 0.244 0.931 0.826

12 m 0.218 0.243 0.341 0.980 0.928 0.908

IKDC 3 month 0.463 0.938 0.542 0.101 0.154 0.986

6 m 0.729 0.659 0.818 0.672 0.110 0.796

12 m 0.810 0.422 0.583 0.395 0.424 0.966

Lysholm 3 month 0.859 0.364 0.702 0.174 0.269 0.796

6 m 0.952 0.627 0.930 0.190 0.667 0.740

12 m 0.395 0.156 0.810 0.097 0.163 0.062

# Correlation analysis between functional scores and the SNQ of the proximal, distal, and middle ROI of
the all-inside and anatomical group during postoperative 3rd, 6th, and 12th month.

* All P values were greater than 0.05; there was an insigni�cant correlation.

Discussion
ACL rupture is now mostly advocated to be reconstructed arthroscopically using autologous or allograft
tendons. After reconstruction, the graft underwent a biological healing process to become a mature graft
[18]. Graft healing consists of two regions of healing: intra-bone tunnel healing and intra-articular healing,
in which there are three distinct stages of the intra-articular healing process of the graft, namely, early
cellular necrosis, cellular regeneration and hematologic reconstruction, and graft remodeling [19, 20].
Early necrosis occurs within four weeks postoperatively and is characterized by graft necrosis and an
abnormal decrease in cell numbers [21, 22]. Cellular regeneration and hematologic reconstitution begin at
postoperative 4th –12th week [23] when the greatest changes in cellular activity and extracellular matrix
occur. A certain degree of rehabilitation load is helpful to stimulate cellular regeneration and hematologic
reconstitution. Still, due to the knowledge regarding mechanism underlying of the graft are limit at this
stage, and excessive load should be avoided to damage the graft [21]. The remodeling phase begins
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during the postoperative 12th week, and this process is a continuous transformation of graft morphology
and mechanical strength to normal ACL.

Many factors in�uence the biological healing process of these grafts. The commonly known factors
include the preservation of the ACL stump, preservation of the popliteal tendon stop, or the location of the
bone tunnel-opening pattern, the type of graft, and bending angle. Some studies have concluded that the
retention of the stump has a positive effect on graft synovialization and thus promoting graft maturity
[24]. However, it has been suggested that stump can increase the intra-articular volume causing
intercondylar socket impingement, which causes an increased incidence of postoperative limited knee
extension [25], so whether to preserve the stump for ACL reconstruction is controversial and requires
further clinical validation. Liu et al [26] found that graft MRI signal intensity was relatively low and
unchanged after ACL reconstruction with preservation of the popliteal stop, and Ru�lli et al [27] also
concluded that grafts with stop preservation, had good morphology and better maturity. This may be
because the retention of the stop can somewhat bypass the �rst two stages of biological healing and
thus enhance the ligamentization process, but there are still relatively few studies, and the long-term
e�cacy needs to be demonstrated further. Graft bending angle can also in�uence early maturity [28],
where the anatomical positioning of the femoral tunnel is an essential factor in�uencing the graft
bending-angle.

In fact, the tunnel structure, graft �xation, and rehabilitation strategies may also have a critical combined
effect on graft maturity. This study showed that the maturity of the middle region of the intra-articular
graft after all-inside and anatomical reconstruction performed the worst, followed by the distal region. It
may since the middle region of the graft is the main part subjected to distraction forces, and the distal
region of the graft is close to the tibial tunnel that easily affected by the tibial tunnel. Because the tibial
tunnel is the main difference between all-inside and anatomical reconstruction, and some studies believe
that all-inside reconstruction cortical suspension �xation is prone to produce mechanical effects such as
“bungee” and “wiper” [29] in the early stage, while the anatomical reconstruction with interference screw
�xation is relatively �rmer in the early stage, which may be the reason why all-inside reconstruction graft
maturity is worse than anatomical reconstruction in the �rst six months after surgery. However, the
unique “bone socket” structure used in all-inside reconstruction may be the major reason for the trend of
getting worse �rst then getting better of graft maturity. Because the blind end of the “bone socket”
structure is a good barrier to the bone destruction by bioerosive factors such as joint �uid and promotes
tendon-bone healing, increases the stability of graft attachment in the tunnel, inhibits the mechanical
effects of pulling and friction, thus, accelerating graft maturity.

It is worth noting that even though graft maturity after all-inside reconstruction improved well in the late
follow-up period, it was found that knee stability after all-inside reconstruction was not better than that of
anatomical reconstruction, which may be related to returning to exercise prematurely when the graft was
immature after all-inside reconstruction. Suppose the difference in graft maturity between the two
techniques is ignored, and the same rehabilitation intensity is used, the graft of all-inside reconstruction
cannot withstand the load and anatomical reconstruction, which will cause laxity, severe ones leads to
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dislocation and fracture, which will eventually require revision surgery. Darren et al [30] mentioned in a
systematic evaluation that 61.5% of the studies on all-inside techniques allowed jogging at 2–4 months
postoperatively, and 69.2% allowed cutting and rotational movements to resume at 6–9 months
postoperatively. The fact that so many studies chose to allow patients to return to exercise up to six
months postoperatively may be because they made rehabilitation decisions based solely on
postoperative functional recovery and ignored the role of graft maturity. This study concluded that good
improvement in knee function was obtained after all-inside reconstruction, but there was no correlation
between functional recovery and graft maturity. Good functional recovery did not mean that the graft was
well matured, which is consistent with the studies of Marcus and Zhang et al [31, 32], so it is
unreasonable to make rehabilitation decisions based on postoperative functional recovery alone, and we
still need to consider the graft maturity.

In clinical practice, the appropriate time to restore exercise status after all-inside reconstruction is often
based on the rehabilitation strategy of anatomical reconstruction. Sill, this study shows that there is a
signi�cant difference in graft maturity between all-inside reconstruction and anatomical reconstruction
during postoperative 6th month, only after that there is a gradual improvement, and Insigni�cant
difference in graft maturity between the two groups at one year after surgery. Therefore, it is necessary to
adopt a more conservative rehabilitation strategy after all-inside reconstruction than anatomical
reconstruction, mainly to avoid premature and overly aggressive rehabilitation training around
postoperative 6th month. Follow-up, further research is required to develop scienti�c rehabilitation
strategies that match the graft maturity of the all-inside reconstruction so that a better recovery of knee
stability can be achieved after all-inside reconstruction.

Limitations
This study had several constraints. First, the small sample size resulted in relatively low statistical power,
and a study with a larger sample size is required to �nd more reliable conclusions. Second, data on
clinical outcomes and SNQ values follow-up time were short, so the exact change tendency at 2–5 years
remains unclear. Third, the SNQ values based on MRI mostly re�ected the water content in the graft,
which is still indirect evidence for graft maturity.

Conclusion
All-inside reconstruction achieves the same functional recovery as anatomical reconstruction but shows
relatively insu�cient stability, possibly due to prematurely returning to motion when the graft was
immature. The graft maturity of all-inside reconstruction was the worst around the postoperative 6th
month, worse than anatomical reconstruction, implying that rehabilitation strategies for all-inside
reconstruction should be more conservative than those for anatomical reconstruction to achieve better
stability. Additionally, there is no correlation between knee function and graft maturity, so rehabilitation
strategy based solely on functional improvement should be made with caution.
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Figure 1

Flow diagram of the whole study.
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Figure 2

The location of the proximal, distal, and middle regions of interest (ROI) for intra-articular graft, and the
location of the quadriceps tendon and background ROI.

Figure 3

Tendon graft preparation method and drilling of tunnel “bone socket” structure of all-inside single-bundle
anterior cruciate ligament reconstruction technique.
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Figure 4

MRI appearance and signal value measurement of intra-articular graft in the same patient during the 3rd,
6th, and 12th months after surgery.
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Figure 5

The SNQ of the proximal, distal, and middle ROI of the all-inside and anatomical group during
postoperative 3rd, 6th, and 12th month. All-inside group graft SNQ presented a “mountain” shape, and the
anatomical group graft SNQ presented a “staircase” shape. Both groups showed the highest SNQ of the
graft in the middle region, followed by the proximal region, and the lowest was the distal region. “#” and
“*” indicated a statistical difference between the two.
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Figure 6

The SNQ of the proximal, distal, and middle ROI of the all-inside and anatomical group at postoperative
3rd, 6th, and 12th month. The SNQ of the all-inside group in the middle and distal region was signi�cantly
higher than the anatomical group during the postoperative 6th month (#p  0.05). There was no
statistical difference between the rest of the time or region (p  0.05).


