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Abstract 

X-rays are widely used radiological modality for making an assessment of the integrity of a Reconstructed ACL by studying the 

location and orientation of the tunnels. But tunnels are at best radiologically detectable surrogates in the bones for the soft tissue 

radiolucent structure i.e ligament which really is coursing between the bones and not actually within bones. It is, therefore only 

natural to turn to MRI, an accepted reliable modality for diagnosing the torn/intact ACL preoperatively, to assess the adequacy of 

reconstructed ACL postoperatively as well. We studied, the MRI of 44 patients, with their Instability substantially relieved/cured 

in the post op period (follow up ranging from 7 months to 110 months) for Integrity/Continuity of the reconstructed ACL 

including its signal characteristics. We found that 15.6% patients’ had their MRI reported as Non Visualization  of the ACL, 

53.3% showed hyperintense signal with partial tear (high grade/low grade) and remaining 31.1% only showed normal graft but 

with Hyperintense signal still persisting, when in fact all these patients had clinically stable knee, without any symptoms or signs 

of Instability. In one case, Hyperintense signal was found persisting even at 110 months after the reconstruction. None of the case 

had signal characteristics of a Normal ACL. While correlating these MRI findings with clinical examination and Lysholm & 

IKDC scores it was amply clear that a postoperative MRI is highly inefficient and misleading modality for assessing the integrity 

of reconstructed ACL and is not recommended for assessment of a reconstructed ACL in a clinically stable knee.  

 

INTRODUCTION 

Advances in orthopedic and arthroscopic surgical procedures of the knee like, ligament reconstruction as well as 

articular cartilage and meniscus repair techniques have resulted in a significant increase in the number of patients 

undergoing arthroscopic knee surgery 1Anterior cruciate ligament surgeries occupy a significant proportion of 

everyday orthopedic procedures, particularly because of the increasing number of sports injuries 2,3 The aim of 

surgery is to restore functional stability to the ACL deficient knee, to prevent anterior translation of tibia in relation 

to femur and to prevent excessive internal rotation during pivoting, valgus and varus stresses.4 ACL reconstruction 

has further been demonstrated to reduce joint susceptibility to degeneration as it promotes protection of cartilage and 

menisci.5  

While X-rays are ubiquitous and easily available modality for making an assessment of the adequacy of a given 

ACL reconstruction, and help assess the placement and orientation of the tunnels, Skiagrams are giving only an 



Indian Journal of Basic and Applied Medical Research; December 2019: Vol.-9, Issue- 1, P. 471-483 
 

472 
www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

indirect indication to the health of Reconstructed ACL because tunnels are, at best, radiologically detectable 

surrogates in the bones for the soft tissue radiolucent ligament which really is coursing between the bones and does 

not actually lie within bones. 

Magnetic resonance imaging (MRI) has always been a useful preoperative tool to confirm a disruption of the ACL 

and to assess for potential associated injuries. It is, therefore only natural to turn to MRI, to assess the adequacy of 

reconstructed ACL in postoperative period. MRI is said to be valuable post-operatively to assess graft healing and 

maturation, to determine its position, and to evaluate, potential complications or re-injury6,7,8. 

This study is conducted to evaluate the efficiency of MRI as a postoperative modality for assessment of Integrity 

and function of the reconstructed ACL. 

MATERIAL AND METHODS 

This study was conducted in the Department of Orthopaedic Surgery of a tertiary Care Hospital of an Govt. 

Industrial Organisation at New Delhi from April 2018 to May 2019. Sample size is calculated by assuming a 95% 

confidence level, 0.80 standard deviation, and a confidence interval of + 12%(Values of Lysholm Scores) using 

formula 

Sample Size Formula = (Z-score)2 * StdDev*(1-StdDev) / (margin of error)2 

The sample size thus calculated was 43 cases. All cases of ACL reconstruction conducted in last seven years (and at 

least more than 6 months back) were listed form OT records and records of the surgeon. Cases which had undergone 

any other ligament reconstruction/augmentation or had undergone meniscus repair, cartilage defect treatment or any 

other major procedure were excluded and remaining cases were actively pursued on their provided contact numbers 

to report to the Institute for follow up clinical assessment and MRI. Enrolment for the study was done on first come 

first served basis. Further enrolment was stopped when 44 subjects were enrolled. Only those cases were included 

which had no reported instability symptoms and had good objective signs of stability as assessed by Lachman Test, 

Pivot Shift Test, Anterior Drawer Test and Lysholm and IKDC Scores. Radiological Evaluation was done with X-

rays and MRI. Femoral Tunnel Angle in AP & Lat view, Tibial Tunnel Angle in AP & Lat view, Femoral Tunnel 

placement and Tibial Tunnel Placement in Lateral view were measured (as shown in Figure 1 & Figure 2) for 

adequacy of tunnels by comparing it with values reported in Literature.  

Radiological Assessment on MRI is described in detail as below 

ACL inclination angle in Sagittal section of MRI [figure 3]. A single sagittal proton density image best showing 

the ACL was selected. Tibial Reference was Mid-diaphyseal Tibial Axis obtained by connecting midpoints on two 

horizontal lines parallel to the Physeal scar, the first drawn at the distal most extent of available Tibia in selected 

MRI spot and second drawn proximally on the diaphysis half the distance of the most distal line. The tibial 

horizontal line (THL) was drawn perpendicular to this line at the most distal portion of the ACL. The angle between 

a line drawn parallel to the anterior most fibers of the ACL and the THL was designated as the ACL inclination 

angle. 

ACL inclination angle in Coronal MRI [figure 4]. Attempt was made to select three coronal proton density 

images best showing the ACL - one showing tibial attachment, another showing femoral attachment and third one 

through the mid substance (Figure 4). In a few cases all three such images could not be identified and then one 
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(Figure 5) or two images, as applicable were selected. The coronal angle was defined as the angle between the line 

which best defines the course of the intra-articular part of the graft and a line connecting the deepest points of the 

medial and lateral tibial plateau. When measurements were obtained on more than one image mean of the angle was 

taken. 

Collected data was tabulated in Excel sheet. Results were analysed using The statistical software SPSS version 25.0. 

P-value less than 0.05 considered as significant at 95% confidence level. 

RESULTS: 

Demographic measurement such as age and gender of patients were noted. Our patients were in the age group 18-57 

years with an average age of 30 year. Majority patients were males. Anterior drawer test, Lachman test, Pivot shift 

test, are presented below in Table 1, Table 2 and Table 3 Respectively. All Clinical tests reveal a good restoration of 

stability in operated Knee 

IKDC and Lysholm scoring was carried out and is presented in Charts 1 & Chart 2. The mean IKDC score was 

79.04+10.63. The mean Lysholm score was 92.05+5.87. Functional Scores reveal that the patients had stable 

functional knee. 

X-ray knee- AP view and lateral view were done. Femoral Tunnel Angle, Tibial Tunnel Angle, Tibial Tunnel 

Placement were noted in AP view. In lateral views- Femoral Tunnel Placement, Tibial Tunnel Angle and Tibial 

Tunnel Placement were measured. The measurements are shown in Table 4. Measurements were found to lie within 

ranges recommended in literature indicating that reconstruction done in the cohort was technically comparable to the 

literature.   

MRI were evaluated for ACL inclination angle in Sagittal and Coronal View as shown in Table 4. Measurements 

were found to lie within ranges recommended in literature indicating that ACL inclination was good in the cohort.  

The radiologist impression of the ACL graft was also tabulated in Table 6.                                   

Reliability of MRI assessment of ACL Integrity in long term follow up of ACL reconstruction 

 

 

Figure 1- Outline diagram of knee joint LATERAL VIEW showing various radiological measurements. 

Representative Cases 

<α = Femoral Tunnel Angle 
AP View 

<β = Tibial Tunnel Angle AP 

View  
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Case1- ACL reconstruction 15 months post surgery: IKDC Score  =98.85:Lysholm Score = 100: Tibial Tunnel 

Angle = 52° (AP) ; 53° (Lat): Femoral Tunnel Angle = 34°: Femoral Tunnel Placement = 25.92% 

MRI  ACL Signal Type = non visualization 

 

 

Case 2 : ACL reconstruction 24 months duration since surgery:IKDC Score = 87.35: Lysholm Score = 100 :Tibial 

Tunnel Angle = 62° (AP) ; 59° (Lat):Femoral Tunnel Angle = 47° :Femoral Tunnel Placement = 12.82%  

MRI ACL Signal Type = Hyperintense signal  

 

 

Case3:ACL reconstruction with button Locked in Soft Tissues with Femoral Tunnel widening (48months duration 

since surgery): IKDC Score = 85.05: Lysholm Score =94:Tibial Tunnel Angle = 81ᵒ[AP] ;62ᵒ[LAT]:Femoral Tunnel 

Angle =51ᵒ: Femoral Tunnel Placement =25.64 

MRI ACL Signal Type = Nonvisualisation 
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Case 4: ACL reconstruction 110 monthsduration since surgery: IKDC Score = 94.25: Lysholm Score = 100 : Tibial 

Tunnel Angle= 64ᵒ[AP] /62ᵒ[LAT]: Femoral Tunnel Angle =28ᵒ: Femoral Tunnel Placement =32.25% 

MRI ACL Signal Type =Hyperintense signal 

 

 

Figure 3, showing the measurement of ACL inclination angle in Sagittal section of MRI. 

 

Figure 4: showing the measurement of ACL inclination angle in Coronal section of MRI 
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Figure 5: Measurement of ACL inclination angle in Single midsubstance Coronal section image  

Table 1- Distribution of study subjects based on Anterior drawer test 

Anterior drawer test 
 

Frequency Percent 

Negative 9 20.45 

Grade 1 with soft end feel 32 72.74 

Grade 2 with Soft End feel 3 6.81 

Total 44 100.0 
 

Table 2- Distribution of study subjects based on Lachmann test 

Lachmann test 
 

Frequency Percent 

Negative 5 11.36 

Grade 1 39 88.64 

Total 44 100.0 

 

Table 3- Distribution of study subjects based on Pivot Shift test 

Pivot ShiftTest 
 

Frequency Percent 

Negative 40 90.91 

Shift without Click 4 9.09 

Click 0 0 

Clunk 0 0 

Jerk 0 0 
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Chart 1: IKDC Score Distribution Chart. Mean and Standard Deviation shown at Corner. 

 

  

Chart 2: Lysholm Score Distribution Chart. Mean and Standard Deviation shown at Corner. 
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TABLE 4: Angle and Placement Parameters of Tunnels on Xrays (Column 2-6) and ACL Inclination angles on MRI 

(Column 7-8) 
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Number 44 44 44 44 44 44 35 
Mean 65.432 43.409 62.227 34.277 28.420 49.318 61.400 
Median 65 43 62 33.77 27.235 48 62 

Std. 
Deviation 

9.725 9.853 7.136 7.134 7.647 6.938 8.742 

Minimum 49 20 51 17.77 12.82 35 49 

Maximum 83 60 84 49.01 45.65 65 82 

 

TABLE 5: Comparison of Radiological Parameters with similar studies in literature 

Tunnel Parameter Our Study  Name of Authors Angle 

Mean AP Femoral tunnel angle 43.41 ± 9.85 Moghtadaei et[9]   al  40.2° ± 8.6° 

Femoral tunnel placement 28.42%±7.65%. Nema et al[11] 30.59% ± 10.77 

% 

AP Tibial tunnel angle 65.43± 9.73 Nema  et al[11] 67.56° ± 8.9° 

Lateral Tibial Tunnel Placement  34.28%±7.13%. Nema  et al[11] 35.17%± 7.41% 

ACL Inclination Angle in Sagittal 

View 

49.46° ±6.93° Ilingworth et al[10] < 55 Degree 

ACL Inclination Angle in Coronal 

View 

61.05 ±8.86. Gracci et al [14] < 75 Deg 

 

 

 

 

 

 

 



Indian Journal of Basic and Applied Medical Research; December 2019: Vol.-9, Issue- 1, P. 471-483 
 

479 
www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

Table 6- Distribution of study subjects based on the type of signal quality of reconstructed ACL in MRI 

Signal quality of reconstructed ACL Frequency Percent 

ACL not visualized /complete tear 6 13.63% 

Hyperintense signal / partial tear 24 54.55% 

Hyperintense signal / normal graft 14 31.82% 

Total 44 100% 

 

 

 

DISCUSSION 

 ACL reconstruction has evolved significantly from intra articular non-anatomic reconstruction, to extra articular 

reconstruction, back to intra articular reconstruction (performed arthroscopically), to now, the advent of anatomic 

insertion site restoration. Anatomical ACL graft positioning is considered a key factor for proper postoperative knee 

function and restoration of the physiological kinematics of the femorotibial joint in ACL reconstruction9.While X-

ray remain the mainstay of assessment of Graft positioning by study placement and orientation of tunnels, Clinical 

Tests of Instability including Functional Scores continues to remain the mainstay of functional outcome assessment. 

Both the modalities are however in-direct pointers of an efficient reconstruction technique and effective functional 

restoration.  

Considering that preoperatively, an image of the torn ACL was obtained with MRI in addition to clinical 

assessment, a tendency to order an MRI for postoperative image of the reconstructed ACL is understandable. In an 

industrial set up like ours, where an extraneous motivation on part of employees to avoid joining the original 

strenuous job profile is a persistent suspicion, need to obtain an independent Imaging evidence to the intact ACL is 

compelling. But in our anecdotal experience, such postoperative MRI assessment only created greater confusion and 

never really helped. So therefore this study was designed. 

6

1424

ACL not visualized /complete tear

Hyperintense signal / normal graft

Hyperintense signal  /  partial tear
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We studied the postoperative MRI’s for signal intensity and Integrity of the reconstructed ACL in patients who were 

not complaining of any instability and had already been restored to their original job. We found that of all of these 

patients were found to have clinical evidence of good stability as assessed by Clinical tests (Table 1, Table 2 and 

Table 3), Excellent to good Function as assessed by Clinical Scores (Chart 1 & Chart 2) and good technical 

placement of their tunnels parameters as assesses on Xrays (Table 4).  Not only the clinical tests revealed good 

restoration of stability, their subjective scores (IKDC, Lysholm) were mean IKDC score of 79.04 and Lysholm score 

92.04, indicating good functional and stability outcomes and their tunnel parameters and Reconstructed ACL 

inclinations (Table 4). were lying within the ranges recommended in literature (Table 5) indicating adequacy of 

technical aspects . 

ACL inclination angles were calculated on MRI spots and values were again found to be well within the values 

prescribed in literature (Table 5). In this regard it may be worthwhile to point out that in 9 of the 44 cases, none of 

the coronal image was found to be representative of the ACL orientation and hence Coronal ACL inclination angle 

data is based upon 35 cases. Further No single Coronal ACL spots ever show the full trajectory of ACL and we have 

therefore modified the ACL Coronal Inclination Angle measurements to be calculated as mean of three angles one 

each at Tibial attachment, mid-substance and Femoral attachment. 

Considering that Functional as well as radiological parameters compare favourably with similar studies in literature, 

the ACL reconstruction in the cohort selected in this study can be regarded as successful at long term follow up of 7 

months to 110 months.  But the Radiologists assessment of the Reconstructed ACL viewed in MRI study in these 

same cases was quite contradictory to the clinical impression. Only 31.8% were reported as “normal graft” but in 

these cases also the signal was always reported “Hyperintense” Sometimes this Hyperintense signal was found 

persisting even at 110 months after the reconstruction. This reported Hyperintensity was always source of anxiety 

with respect to the possibility of impingement and therefore continued normal health of the reconstructed ACL. 

But even more contradictory were the remaining cases which constituted more than two third of the cohort. 54.6% 

showed hyperintense signal with partial tear variously reported as high grade partial tear to low grade partial tear. In 

fact 13.6% patients’ MRI were reported as Non Visualization of the ACL interpreted by Radiologists as Complete 

tear when infact even these patients had clinically stable knee, without any symptoms or signs of Instability. 

However, to their credit radiologists invariably advised clinical correlation. When correlating these MRI findings 

with clinical examination and score it was amply clear that a postoperative MRI is highly inefficient technique for 

assessing the integrity of reconstructed ACL.  

On reviewing literature, we found that Grassi et al 10 had already noted that hyperintensity is common in a 

reconstructed ACL.  He has opined, that from the histological point of view, hyperintense signal was correlated to 

the presence of new hypervascular and hypercellular reparative tissue. This process has been referred to as “graft 

ligamentization’’ by Amiel D et al11 

Ali Naraghi et al7 in their study of postoperative MRI of BPTB reconstruction observed “during the first 3 

postoperative months, the reconstruction graft tendon typically demonstrates uniformly low signal intensity on T1- 

and T2-weighted images” Our study does not include cases with follow up less than 7 Months and this change has 

not been investigated in our study. 
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Ali Naraghi et al however investigated Longer follow up MRI’s of BPTB reconstruction as well. They remarked that 

after 2-3 months “there is progressive vascularization of the periligamentous soft tissues with subsequent 

synovialization and modeling. During this phase, which may last 12 to 18 months, the graft may display 

enhancement post IV contrast administration as well as increased signal intensity on T1- and T2-weighted imaging 

because of the synovial proliferation12 Stockle et al13 and  Voghl et al14 noticed that “The graft construct may appear 

inhomogeneous and be difficult to visualize adequately on MRI particularly at 1 year postoperatively”  

 All the foregoing studies refer to the changes in BPTB graft and it implies that Hyperintensity or even non-

visualization of BPTB ACL graft in MRI is not uncommon. In our study however all cases had undergone 

Hamstring tendon graft reconstruction and these changes may not be applicable automatically to our findings but the 

process of Graft Ligamentisation is a physiological response and can be logically expected to occur as much in 

Hamstring graft as in BPTB graft and changes of Hyperintense signal including non-visualisation in a some cases as 

observed in our study can well be correlated and explained. Infact in his article, Ali Naraghi et al remarks as much 

“hamstring tendon ACL graft displays similar MRI signal changes to the BPTB graft over the postoperative 

period”7.  

Hamstring tendon graft is, however, not one strand structure unlike BPTB tendon. Murakami et al12 observes that 

Hamstring tendon grafts in addition to changes seen in BPTB tendon “may demonstrate areas of linear increased 

signal intensity and fluid in-between the four bundles of the graft construct in the absence of a graft tear”. In BPTB 

tendon graft this finding would be abnormal and is suggestive of tear but occurs normally in hamstring tendon. We 

believe this may be the reason of more than 54% of cases in our study being reported as High Grade/Low Grade 

partial tear. 

To summarize the findings of this study, in 44 cases of ACL reconstruction done 7 months to 7 year in past, who all 

have been restored to their original job profile in an industrial organization, the clinical tests showed good evidence 

of stability, the clinical Lysholm scores were 92.04±5.87 against a Lysholm score of 84.3 reported in literature15 and 

IKDC score of 79.041+10.63  against a IKDC score of  83.15 reported in literature13 even at Long term indicating a 

good restoration of ACL function, Radiological signal characteristics as observed on MRI continues to show Low 

grade to High grade partial tear in more than 54% of the cases while showing Complete tear and nonvisualisation in 

another 13.6% cases. These finding, when interpreted in entirety, clearly imply that MRI is an inefficient method of 

assessing Integrity of a reconstructed ACL even in the long term. Clinical examination and functional scores 

coupled with X-ray assessment of the adequacy and correct orientation of tunnel is better correlated to patients’ 

recovery. 

We would like to state that an important limitation of our study was a smaller sample size, the MRI reporting by 

different radiologist at different outsourced centers possibly having different abilities in reading postoperative MRI’s 

and the inability to include CT scan with 3D reconstruction in our study to corroborate with our radiological 

findings. Further our study did not include any collection of data to arrive at Specificity and sensitivity values of 

MRI in postoperative assessment and that again would require a much larger sample. With regard to sample 

calculation in methodology it must be pointed out that parameter used for calculating these sample were Clinical 
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Scores values in ACL Reconstruction studies and we could not find any reference to any study that evaluated the 

efficiency of MRI in assessment of integrity of Reconstructed ACL  

In conclusion we state that :  

a: Clinical results of ACL reconstruction, in reference to Tests of Instability and functional scores, are sustained over 

longer follow ups and angle and placement parameters on X-rays described by various authors are good guide for 

assessment of a successful ACL reconstruction. 

b:MRI which is a direct method to view the reconstructed ACL is an unreliable method for assessment of Effective 

ACL reconstruction, even after several years post-surgery. Besides non visualization of ACL in 13.6% of cases MRI 

radiologists reported the ACL to have in partial or complete tear in further 54.5% cases (high grade/low grade) and 

A normal ACL in only 31.8% but again with Hyperintense signal raising alarm about continued ACL integrity over 

further follow up. Unlike the radiologists, clinicians have the benefit of examining patients for signs of instability 

and having elicited negative history of instability along with Objective Clinical scores which should be relied more 

compared to MRI appearances of reconstructed ACL.  

d: However, if one discounts the signal characteristics, Angles of ACL inclination (Sagittal & Coronal) can be 

measured on MRI and are good way to assess the placement of ACL graft. Besides Sagittal ACL angle, coronal 

angle is equally important as recommended by Grassi et al.10 However Non-visualisation of ACL is even more 

common on Coronal MRI spots as compared to Sagittal. Coronal ACL inclination angles are also much more 

difficult to infer, because the full length of ACL is never visible in single spot of MRI. In this regard, we are 

proposing that one may take  three spots, one showing part attaching to tibial tunnel, 2ndmidsubstance, and third 

showing at femoral attachment and a mean of these three may be able to give a more complete picture. However 

often all three spots may not be available and one or two as applicable then should be relied.  
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