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A B S T R A C T   

Introduction: ACL reconstruction is needed to restore the stability and biomechanics properties of the injured knee 
joints in order to reproduce the function of the native ACL. The single-bundle (SB) and double-bundle (DB) 
techniques are most commonly used to reconstruct the injured ACL. However, its superiority upon each other is 
still controversial. 
Presentation of case: This study presented a case series of six patients underwent ACL reconstruction, consisted of 
three patients with SB ACL reconstruction and three patients with DB ACL reconstruction with further T2 
mapping for joint instability evaluation. Only two DB patients showed consistent decreased value in every 
follow-up. 
Discussion: ACL tear can generate joint instability. Joint instability is resulted from two mechanisms of relative 
cartilage overloading. First, there is an abnormal load distribution due to shifting of the center of pressure of the 
tibiofemoral force, resulting in increased stresses on the articular cartilage of the knee joint. There is also an 
increase of translation between articular surfaces, resulting in increased shear stresses on the articular cartilage. 
A trauma of knee joint causes cartilage damage and increased oxidative and metabolic stress of chondrocytes, 
resulting in chondrocyte senescence acceleration. 
Conclusion: This case series showed inconsistent results to determine either SB or DB has a better outcome in joint 
instability, thus further larger studies are needed.   

1. Introduction 

Anterior cruciate ligament (ACL) of the knee functions to maintain 
structural stability of the knee and motor function. However, ACL injury 
is the most common knee injuries. The incidence is estimated to be 
>150,000 new ACL tear every year in United States. It could lead to 
moderate to severe instability and mechanical imbalance, which further 
resulting in cartilage degeneration, meniscus injury, and early-onset 
osteoarthritis of the knee. Therefore, ACL reconstruction is needed in 
order to reproduce the function of the native ACL [1,2]. 

The single-bundle (SB) and double-bundle (DB) techniques are most 
commonly used to reconstruct the injured ACL. However, its superiority 
upon each other is still controversial. Several meta-analyses stated that 
DB techniques resulted in better knee stability and kinematics over SB 
techniques [3]. However, there were also randomized trials stating that 
single-bundle technique showed a better clinical outcome than the 
double-bundle techniques [4]. 

The clinical outcomes were mostly evaluated by using clinical ex-
amination and scorings. Evaluation using MRI T2 mapping is still un-
common. Joint instability can be evaluated using MRI T2 mapping. In 
the early phase of osteoarthritis, it has been shown that T2 mapping is 
sensitive to T2 prolongation induced by cartilage degeneration, which 
marked by cartilage T2 values elevation along with the severity of 
osteoarthritis [5]. T2 relaxation time in focal areas of cartilage will be 
longer if the chondral matrix got damage and loss its collagen integrity. 

We presented a case series of six patients underwent ACL recon-
struction, divided into two groups: single-bundle and double-bundle 
techniques. The T2 mapping MRI value was measured three times, 
before the surgery, on the 3rd month of follow-up, and 6th month of 
follow-up. We measured the T2 value on six points on the femoral 
condyle (anterior, middle, and posterior on the sagittal plane; and 
medial, middle, and lateral condyle on the coronal plane) in range of 
interest 9,8–10,0 mm2 areas. The values were then averaged. This case 
report has been reported in line with the PROCESS Guideline [6]. 
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2. Case presentation 

We presented a case series of six patients underwent ACL recon-
struction, consisted of three patients with SB ACL reconstruction and 
three patients with DB ACL reconstruction (Table 1). All the patients 
were physically active and served in military service. All the primary 
reconstruction was done under one-year gap after the injury. We eval-
uated the compartments of the knee using MRI T2 mapping in sagittal 
and coronal view. We measured the T2 values before the surgery and 
during the follow-up, three and six months after the surgery (Table 2). 
MRI T2-mapping images in SB and DB ACL reconstruction patients was 
shown in Figs. 1 and 2. 

Patients in the SB group showed a consistent pattern of T2 value 
changes, where the values in the 3rd month tend to increase, followed 
with a decrease in the following 3 months. On the other hand, two pa-
tients from the DB group (DB1 and DB2) showed a consistent decrease of 
T2 value after operation. Interestingly, patient DB3 showed the similar 
trend observed in the SB group. 

It was concluded that only two patients in DB group showing a 
promising result of ACL reconstruction with consistent decreased value 
in every follow-up, while the others are needed to be further evaluated. 

3. Discussion 

ACL tear can generate joint instability. Joint instability is resulted 
from two mechanisms of relative cartilage overloading. First, there is an 
abnormal load distribution due to shifting of the center of pressure of the 
tibiofemoral force, resulting in increased stresses on the articular carti-
lage of the knee joint. There is also an increase of translation between 
articular surfaces, resulting in increased shear stresses on the articular 
cartilage. A trauma of knee joint causes cartilage damage and increased 
oxidative and metabolic stress of chondrocytes, resulting in chondrocyte 
senescence acceleration [7]. 

As the MRI T2 mapping value is supposed to be decreasing over the 
period of time, the results of this case series did not show the expected 
pattern. Only two patients underwent DB ACL reconstruction reported 
for having a consistent decreased value in every follow-up MRI exami-
nation. None of the other patients showed this pattern, moreover, it 
showed an increased value on the 3rd month of follow-up. 

There were already many conducted meta-analyses comparing SB 
and DB ACL reconstruction. Chen et al. included studies of ACL recon-
struction with the minimum of 3-year follow-up with the result of 
double-bundle ACL reconstruction improved knee rotational stability 
effectively with higher subjective functional scores compared to single- 
bundle techniques at the mid-term follow-up [8]. Several meta-analyses 
also produced similar results, that DB ACL reconstruction was superior 
in terms of knee kinematics restoration, especially anterior-posterior 
laxity [9], significantly lower the incidence of graft failure [4], 
improved also objective function and knee stability used as revision 
procedure regardless the primary techniques of reconstruction [9,10]. 
However, Dong et al. failed to show the superiority of double-bundle 
with the result there was no statistically significant difference in 

double-bundle and single-bundle ACL reconstruction [3]. 
Ahn et al. searched the possible risk factor for knee instability after 

ACL reconstruction and found that concomitant grade 2 medial cruciate 
ligament (MCL) injury and delayed reconstruction over 12 weeks from 
injury significantly predisposed joint instability postoperative ACL 
reconstruction. It also stated that reconstruction techniques, using either 
SB or DB, did not significantly cause joint instability after ACL recon-
struction [11]. However, in this presented case series, patient SB 1 and 2 
were both underwent the operation 3–6 months after the injury, while 
the others <3 month with nobody had any concomitant grade 2 MCL 
injury. 

Senorski et al. conducted a systematic review about factors affecting 
patient reported outcome after ACL reconstruction and found that 
younger age, male sex, non-smoker, and the absence of concomitant 
injuries were associated with superior outcomes after ACL reconstruc-
tion. Similar to Ahn et al., the study showed no significant difference of 
outcome between SB and DB group. However, patients underwent DB 
ACL reconstruction reported superior Knee injury and Osteoarthritis 
Outcome Score (KOOS) quality of life at 5th year follow-up [12,13]. All 
the patients included in this case series were all male, however, we could 
not further analyze as we did not include female patients. Patient SB 1 
and 2 are the youngest amongst all, with the age of 23 years old. Patient 
SB 3 and DB 2 shared the same age of 36 years old. Therefore, this could 
be one factor affecting the promising result of ACL reconstruction in 
patient SB 1 and 2. All of the patients has concomitant injuries, most 
commonly lateral meniscus tear. 

Evaluation of joint instability after ACL reconstruction with T2 
mapping was suggested. Kijowski et al. reported that adding T2 mapping 
on the evaluation protocol improved sensitivity in detecting cartilage 
lesion up to 88 % with moderate specificity [13]. Niki et al. also stated 
that T2 mapping was feasible to evaluate graft maturation after 
anatomic DB ACL reconstruction as it successfully detected purely 
tendinous portions of the graft [14]. However, T2 mapping also has 
several limitations. A “magic single effect” is a term when the technique 
of magic angle spinning was used to reduce the residual dipolar inter-
action of crystalline solids in nuclear MR spectroscopy. T2 relaxation is 
prone to this magic angle effects, when collagen fibers are oriented 55o 

relative to the applied magnetic field (B0), resulting in minimalization of 
relaxation mechanism and longer T2. Artifact from the magic angle ef-
fect can cause diagnostic error because elevated T2 value is associated 
with cartilage damage. In addition, T2 measurements are also not very 

Table 1 
Patients' characteristics.  

Patient Age Weight 
(kg) 

BMI (kg/ 
m2) 

Time of 
reconstruction 

Diagnosis Intraoperative 

SB 1  21  70 24,80 3–6 month ACL + lateral + medial meniscus 
(right) 

SB ACL reconstruction, medial + lateral menisectomy 

SB 2  21  70 22,86 3–6 month ACL + lateral meniscus (left) Meniscus tear lateral ➔ partial menisectomy, SB ACL 
reconstruction, cartilage intact 

SB 3  34  63 22,06 1–3 month ACL tear + meniscus tear middle & 
lateral (right) 

SB ACL reconstruction, lateral meniscus repair, meniscus medial 
normal 

DB 1  29  71 23,18 <1 month ACL + lateral meniscus (left) DB ACL reconstruction, meniscus or cartilage intact 
DB2  35  68 24,15 6–9 month ACL + lateral meniscus tear (right) DB ACL reconstruction + meniscus lateral partial tear 
DB 3  22  63 21,80 <1 month ACL + lateral meniscus (left) DB ACL reconstruction + stable tear medial meniscus  

Table 2 
T2 mapping value evaluated on pre-reconstruction, 3rd month, and 6th month 
follow-up.   

Pre-reconstruction 3rd month 6th month 

Single Bundle 1 78,61 89,73 56,28 
Single Bundle 2 61,11 66,57 43,84 
Single Bundle 3 48,43 63,43 51,33 
Double Bundle 1 84,72 81,96 80,78 
Double Bundle 2 81,94 74,28 70,06 
Double Bundle 3 45,75 47,13 44,39  
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reliable for the calcified and deep layer of cartilage, in which the spin- 
spin relaxation time is shorten [15]. 

This study has several limitations. In this study, the MRI T2 mapping 
evaluation was conducted only by one examiner, thus there might be a 
bias on the value, as there were inconsistent value changes between the 
views. The sample is too small to be analyzed, therefore, further larger 
and multi-centered studies evaluating the difference of SB and DB 
techniques in the term of joint instability using MR T2 mapping after 
ACL reconstruction is needed. 

4. Conclusion 

This case series showed inconsistent results to determine either SB or 
DB has a better outcome in joint instability, thus further larger studies 
are needed. MRI T2 mapping might be a promising diagnostic tool to 
evaluate the difference between SB and DB techniques in term of joint 
instability. 
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Fig. 1. MRI T2 mapping sagittal (up) and coronal (down) view from the pre-reconstruction (left), 3rd month follow-up (middle), and 6th month follow-up (right) of 
patient SB 1, showing consistent decreased value over time. 
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