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Abstract 
Purpose: To assess the ligamentization of the hamstring graft after arthroscopic anatomic single bundle 

anterior cruciate ligament (ACL) reconstruction using MRI at one year postoperatively. 

Patients and Methods: 25 patients (22 males and 03 females) underwent arthroscopic anatomic single 

bundle ACL reconstruction using hamstring tendon autograft. After ACL reconstruction, the 

ligamentization of the hamstring graft at one year postoperatively was evaluated on MRI by assessing the 

signal intensity of the graft and the integration of the graft on the tibial side. The graft integration at the 

level of the tibial tunnel was evaluated by the presence or absence of synovial fluid at the tunnel-graft 

interface. 

Results: MRI signal intensity of the ACL grafts was low in 13 (52%) cases, intermediate in 10 (40%) 

cases, and high in 1 (4%) case. Presence of synovial fluid at the graft interface was observed in 3 (12%) 

cases. The graft ligamentization was present in 23 (92%) cases, as indicated by the Figueroa score of 3-5. 

Conclusion: The phenomenon of ligamentization of ACL grafts after anatomical ACL reconstruction 

occurs within 1 year after surgery. MRI is a good tool to evaluate graft integration and graft 

ligamentization after ACL reconstruction. 
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Introduction  

After ACL reconstruction, the graft undergoes several phases of healing in the intra-articular 

graft region and at the site of graft-to-bone incorporation. The changes in the biological and 

mechanical properties of the healing graft in its intraarticular region are described as the 

ligamentization process. The biological changes from the time of reconstruction until around 

the 4th postoperative week is the early graft healing phase, characterized by the graft necrosis, 

and hypocellularity. The proliferation phase, between the 4th and 12th postoperative week, is 

characterized by a maximum of cellular activity and changes of the extra-cellular matrix, 

which are paralleled by the lowest mechanical properties of the reconstructed knee during 

healing. The ligamentization phase follows directly after the proliferation phase and involves 

the ongoing process of continuous remodeling of the healing graft toward the morphology and 

mechanical strength of the intact cruciate. 

The appearance of the ACL graft on MRI varies with the type of graft used and with time after 

graft placement [1, 2]. In the immediate postoperative period on sagittal MR images, the intra-

articular portion of the graft appears as a thick band of homogeneously low signal intensity 

that extends parallel and posterior to the intercondylar notch [3, 4]. The tendon grafts undergo a 

series of biological changes, including initial avascular necrosis, revascularization, cellular 

repopulation and resynovialization, and finally, remodeling. The amount of revascularization 

tissue influences the MRI signal intensity of the graft, particularly during the first 2 years 

postoperatively [5]. Between the first 1–3 months after ACL reconstruction, thick proliferating 

synovial tissue (periligamentous tissue) envelopes the graft and provides its vascular supply [6, 

7]. This mass of synovial tissue gradually decreases and becomes a thinner synovial fold that 

surrounds the ligamentous tissue, after approximately 1 year. The process of gradual 

transformation of the patellar or hamstring tendon into tissue very similar to the native ACL is 

referred to as “ligamentization” [7] This process could be indirectly monitored through MRI, as 

it has been proved that poor biomechanical properties and an incomplete graft maturation are 

related to a hyperintense graft signal on MRI [8, 9] 
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Patients and Methods 

This study was a prospective study conducted at Government 

Hospital for Bone and Joint Surgery, Srinagar from 

September 2015 to September 2017, after approval of the 

institutional board.  

The study included 25 patients: 22 males and 3 females, aged 

between 18–45 years. Informed consent was obtained from all 

the cases. Arthroscopic anatomic single bundle ACL 

reconstruction was performed using quadrupled hamstring 

tendon autograft. MRI evaluation of the operated knees was 

done at one year postoperatively (Table 1). 

Graft ligamentization at the intra-articular portion of graft was 

assessed by evaluating the signal intensity of the graft and the 

integration of the graft on the tibial side as described by 

Figueroa [10] et al. The graft integration at the level of the 

tibial tunnel was evaluated by the presence or absence of 

synovial fluid at the tunnel-graft interface. 

 

Figueroa’s Score 

 
Graft Integration: Synovial fluid at tunnel-graft 

interface 
Points 

Positive 1 

Negative 2 

Graft Ligamentization: Graft signal pattern (> 50%)  

Hypointense 3 

Isointense 2 

Hyperintense 1 

 

The Figueroa score is based on the sum of the points achieved 

in the 2 items: 2-points represents an insufficiently mature 

graft, while a score between 3 and 5 points represents a good 

ligamentization process and graft integration. 

MRI signal intensity of graft was classified according to the 

protocol of Kanamiya [11] et al. 

1. Low signal intensity was the same as that of the patellar 

tendon. 

2. Intermediate signal intensity was the same as that of 

gastrocnemius muscle. 

3. High signal intensity was greater than intermediate signal 

intensity. 

 

Results 

MRI signal intensity of the ACL grafts was low in 13 (52%) 

cases, intermediate in 10 (40%) cases, and high in 1 (4%) 

cases. In one patient, graft was invisible and signal intensity 

was not availible.  

Presence of synovial fluid at the interface was observed in 3 

(12%) cases. 

Figueroa score was between 3-5 in 23 (92%) cases, indicating 

good ligamentization. In one patient, the ligamentization was 

absent as indicated by presence of fluid at graft tunnel 

interface and high signal intensity of the graft.  

The MR appearance of the ACL grafts was catagorised into 3 

types on the basis of signal intensity and continuity of the 

ligament, according to Rak’s method [13]. 

 

Well defined type: the graft was visualized as smooth, 

continuous band with low intensity over the entire course. 

This type of graft was observed in 13 (52%) cases. 

 

Intermediate type: Signal intensity increased and a low 

signal band was visualized only in part of the graft. This type 

of graft was observed in 10 (40%) cases. 

 

Indiscernible type: The graft was not identified through the 

joint cavity due to markedly increased signal intensity. This 

type of graft was observed in 1 (4%) case. In one patient graft 

was not visible and signal intensity was not available. 

 

  
 

Fig 1: Sagittal MR images 12 months after ACL reconstruction 

showing the absence of synovial fluid at the bone–tendon graft 

interface and an hypointense signal of the intra-articular portion of 

the graft, indicating good ligamentization of ACL graft. (Well 

defined type grafts) 

 

  
 

Fig 2: Sagittal MR images 12 months after ACL reconstruction 

showing intermediate signal intensity within the graft substance due 

to graft revascularization. (Intermediate type grafts) 

 

  
 

Fig 3: Sagittal MR images of a 38-year-old male 12 months after 

ACL reconstruction showing hyperintense signal of the acl graft 

indicating poor ligamentization (Indiscernible type graft). Also the 

tibial tunnel is found to be located anterior to Blumensatt’s line, 

outside the normal anatomic position. 
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Table 1: Post-Operative MRI evaluation 

 

S. No. Graft Type on MRI 
MRI Graft 

Signal Intensity 

Ligamentization 

Synovial fluid at graft tunnel interface Figueroa's Score Ligamentization 

1 Well defined type Low Absent 3+2 = 5 Good 

2 Intermediate type Intermediate Absent 3+2=5 Good 

3 Intermediate type Intermediate Absent 1+2=3 Good 

4 Well defined type Low Absent 3+2=5 Good 

5 Well defined type Low Absent 3+2=5 Good 

6 Indiscernible type High Present 1+1=2 INSUFFICIENT 

7 Well defined type Low Absent 1+2=3 Good 

8 Intermediate type Intermediate Absent 1+2=3 Good 

9 Intermediate type Intermediate Absent 3+2=5 Good 

10 Well defined type Low Absent 3+2=5 Good 

11 Well defined type Low Absent 3+2=5 Good 

12 Intermediate type Intermediate Present 2+1=3 Good 

13 Intermediate type Intermediate Absent 3+2=5 Good 

14 Intermediate type Intermediate Absent 1+2=3 Good 

15 Intermediate type Intermediate Absent 1+2=3 Good 

16 Well defined type Low Absent 3+2=5 Good 

17 Not available Not available Not available Not available Not available 

18 Well defined type Low Absent 3+2 = 5 Good 

19 Well defined type Low Absent 3+2=5 Good 

20 Intermediate type Intermediate Present 1+2=3 Good 

21 Intermediate type Intermediate Absent 3+2 = 5 Good 

22 Well defined type Low Absent 3+2=5 Good 

23 Well defined type Low Absent 3+2=5 Good 

24 Well defined type Low Absent 3+2=5 Good 

25 Well defined type Low Absent 3+2=5 Good 

 

Discussion 

According to MRI findings in our patients, the graft were 

categorized as well defined type in 13 (52%) patients, as 

intermediate type in 10 (40%) patients and as indiscernible 

type in 1 (4%) patients as per Rak’s method. In our study 

intermediate signal intensity with a low signal band in some 

portion of graft was found in the grafts of 10 (40%) patients. 

In these patients, the graft was ligamentized indicated by 

absence of synovial fluid at the graft tunnel interface. In one 

patient with with high signal intensity of graft with synovial 

fluid at the interface, ligamentization was absent. The tibial 

tunnel was found to be anterior to the tangent of the 

Blumensatts line. 

It has been reported that signal intensity of clinically stable 

ACL grafts increases up to 12 months after surgery and then 

decreases over the subsequent 12 months [12]. This increase 

has been attributed to revascularization and cellular 

infiltration [13] and has been considered an indeterminate 

finding in the assessment of graft integrity [14].  

Jansson et al. [15] reported that during the postoperative phase 

(12–18 months), the graft may normally show a degree of 

intrasubstance increased signal intensity on T1- and T2-

weighted images that is reflective of synovial and neovascular 

proliferation around and within the graft, which is referred to 

as ‘‘neoligamentization’’ of graft tissue. However a long term 

follow up study conducted by Saupe et al. [16] showed that 

small amounts of increased intrasubstance graft signal can be 

seen after anterior cruciate ligament (ACL) reconstruction at 

long-term follow-up (>4 years) on intermediate-weighted and 

T2-weighted MR images in approximately two thirds of 

patients (70% and 64%, respectively). Also in a pictorial 

essay done by Recht and Kramer [17] and a study done by 

Saupe et al. [16] they reported that T2-weighted images may 

also show regions of increased signal intensity within an 

intact graft, if such signal was not iso-intense relative to fluid 

and not traversing the full thickness of the graft construct. 

Based on the current literature, the graft SI changes are often 

seen and probably not clinically significant.  

Marumo [18] et al demonstrated that the phenomenon of 

ligamentization occurs in the successfully reconstructed 

human ACL within 1 year after surgery. Moreover, they have 

found that after ACL reconstruction using autografts, the 

biochemical characteristics of the graft resembled those of the 

native ACL [18]. Falconiero [19] et al concluded that by 12 

months after ACL reconstruction with autografts, the graft 

resembles a normal ACL. 

 

Conclusion 

The phenomenon of ligamentization of ACL grafts after 

anatomical ACL reconstruction occurs within 1 year after 

surgery. MRI is a good tool to evaluate graft integration and 

graft ligamentization after ACL reconstruction. 
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