
Romanian medical JouRnal – Volume 71, no. 3, 2024 241

original articles
Ref: Ro Med J. 2024;71(3) 
DOI: 10.37897/RMJ.2024.3.14

Role of diffusion weighted imaging in assessment of 
anterior cruciate ligament pathology

Hossam Gamal Sharkas, Mena Elerian Youssef Ekladious, Lobna Abdelmoneim Habib, 
Hossam Moussa Sakr

Radiology Department, Faculty of Medicine, Ain Shams University, Cairo, Egypt

AbStRAct
Background. The anterior cruciate ligament (ACL) is a structure that is vital to preserving the knee's normal stability. 
However, because the ACL is the ligament that sustains injuries the most frequently, it is essential to distinguish between 
complete and incomplete tears in order to treat patients with incomplete tears without surgery.
To diagnose cruciate ligament tears, knee joint magnetic resonance imaging (MRI) is frequently used. But sometimes it's 
difficult because edema may hide the ligament fibers. ADC mapping may be useful to confirm whether or not the ligament 
is continuous for an appropriate diagnosis of incomplete tears because it has been demonstrated that ligament fibers are 
better visible on diffusion weighted imaging (DWI) and ADC mapping.
Objective. To ascertain how anterior cruciate ligament (ACL) tears are diagnosed and classified as partial or complete 
using diffusion-weighted (DW) magnetic resonance imaging (MRI) and to compare it with conventional MRI sequences.
Results. For partial tears, 10 cases (50%) were identified using arthroscopy/follow-up, while observer 1 identified 12 cases 
(60%) and observer 2 identified 9 cases (45%) using DWI/ADC.
For complete tears, 10 cases (50%) were identified using arthroscopy/follow-up, while observer 1 identified 8 cases (40%) 
and observer 2 identified 11 cases (55%) using DWI/ADC. 
Conclusions. DWI and ADC are useful tools for diagnosing tears, particularly complete tears, but that caution should be 
exercised when using these techniques to diagnose partial tears.
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Abbreviations (in alphabetical order):
ACL  –  anterior cruciate ligament
ADC   –  apparent diffusion coefficient
DWI  –  diffusion weighted imaging
MRI   –  magnetic resonance imaging
NPV  –  negative predictive value

PCL   –  posterior cruciate ligament
PD   –  proton density
PPV   –  positive predictive value
SPAIR – spectral attenuated inversion 
     recovery

IntRoductIon

The ACL, which is made up of functionally sepa-
rate anteromedial (AM) and posterolateral (PL) bun-
dles, is one of the key components preserving the 
knee joint's anteroposterior and rotational stability 
[1].

Originating from the anteromedial portion of the 
intercondylar region of the tibial plateau, this strong 
band composed of collagenous fibers and connective 

tissue spreads posteromedially to attach to the lateral 
femoral condyle [2].

Magnetic resonance imaging (MRI) is a helpful 
pre-operative technique in the field of ACL damage 
that can be used to confirm an ACL disruption and 
evaluate for any concomitant injuries [3].

It can be challenging to identify partial ACL tears 
through physical examination. However, numerous 
studies highlight how inadequate the usual MRI tech-
niques in identifying a partial ACL tear [4].
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It has been demonstrated that ligament fibers are 
more visible on apparent diffusion coefficient (ADC) 
mapping; hence, ADC mapping may be able to con-
firm whether or not the ligament is continuous [5].

A ligament segment appears hypo intense on ADC 
mapping because it contains a lot of collagen and little 
water. Because ligament fibers would be easier to see 
on an ADC map, facilitating the determination of the 
ligament's continuity, this investigation was conduct-
ed [6].

Comparable findings were obtained in the diag-
nosis and discrimination between total and partial 
ACL and PCL injuries when the DW sequence was 
added to traditional MR sequences [7].

Aim of the work
To compare diffusion-weighted (DW) MRI with 

standard MRI sequences and ascertain the utility of 
DW MRI in the diagnosis and distinction of partial 
and total anterior cruciate ligament (ACL) damage.

MEtHodS

This was a prospective study approved by Ain 
Shams University Ethics Committee conducted on 20 
patients after informed consents were obtained, they 
all were with clinically suspected ACL pathology. Our 
study lasted from September 2021 to September 2023. 
Patients were collected by consecutive sampling. The 
inclusion criteria were patients with clinically sus-
pected ACL pathology, females and males of all age 
groups, while exclusion criteria were individuals who 
were ineligible for MR imaging or who had under-
gone knee surgery or were unable to give written con-
sent.

Study design
Every patient that was a part of the trial under-

went the following: thorough clinical examination 
and proper history taking as regards the onset, dura-
tion, character, precipitating factors, as well as asso-
ciated symptoms. Before starting the examination, 
the patient had the procedure explained to him/her. 
Revision of the patient’s clinical history was per-
formed and then MRI of the knee was done on a 
Philips, Achieva 3 Tesla high field MRI unit with a 
standard extremity coil used. The patient was posi-
tioned supine, the MRI study included some or all of 
the conventional pulse sequences with added sagittal 
DWI and ADC mapping with b values (0.400 and 800) 
and parameters as shown in Table 1. The afflicted 
knee joint was subjected to an MRI evaluation using 
both conventional and DW/ADC sequences. The ACL 
was assessed based on the following criteria:  (a) If 
the ACL was seen as continuous stretched line of hy-
pointense signal (in conventional and DW/ADC se-

quences) then it was considered intact. (b) If not, then 
it was considered tear; partial or complete as fol-
lowed (in conventional sequences): 1. if it had a Fuzzy 
wavy contour, thin but continuous band or intersti-
tial focal or diffuse hyperintense signal then it was 
considered partial tear, and 2. if there was definite 
disruption with or without sagging of the fibers, then 
was considered complete tear. In DW/ADC sequenc-
es, if it displayed thin but continuous hypointense 
band, it was considered partial; if it showed definite 
fibers disruption, then was considered complete tear.

The results for both sequences were evaluated 
separately by two high experienced radiologists in 
musculoskeletal imaging, and the results were com-
pared with clinical diagnoses, follow up and arthro-
scopic results when available.

tAbLE 1. MRI protocol parameters
Protocol TR TE FOV SL GAP MATRIX
Sagittal T1 605 14 160 3 0.3 512 × 256
Sagittal T2 3382 100 160 3 0.3 512 × 256
Sagittal PD            3100 41 160 3 0.3 512 × 256
Axial T2 3382 100 160 3 0.3 512 × 256
Coronal T2 
(fat sat) 3070 80 160 3 0.3 512 × 256

Sagittal SPAIR 3500 110 160 3 0.3 512 × 256

DWI SAG 4150 79/124 170 1.8 0.2 512 × 256
SPAIR: Spectral attenuated inversion recovery, 
PD: Proton density

Statistical methods
The Statistical Package for Social Science (IBM 

Corp., Released 2017) was used to analyze the data 
that was gathered. Both MedCalc Statistical Software 
version 18.11.6 (MedCalc Software bvba, Ostend, 
Belgium; https://www.medcalc.org; 2019) and IBM 
SPSS Statistics for Windows, Version 25.0 (Armonk, 
NY: IBM Corp.) are available for download. Every 
p-value that was published was two-tailed, with a 
value of p <0.05 regarded as significant.

RESuLtS

The study included 20 patients with knee problem 
suggesting anterior cruciate ligament (ACL) injury. 
The majority of the patients (85.0%) were males, 
while only a small proportion (15.0%) were females. 
The mean age of the patients was 30.15 years, with a 
standard deviation of 7.59 years, and the age range of 
the patients was from 18.0 to 44.0 years.

For complete tears, as per the operative findings 
in 7 patients, the kappa values were 1.00 for both ob-
servers, indicating perfect agreement between DWI/
ADC and arthroscopy with sensitivity, specificity, PPV, 
NPV, and accuracy values were all 100% for complete 
tears. Meanwhile, as per the follow-up clinical diag-
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tAbLE 2. Validity of DWI and ADC in diagnosis of complete tears in comparison to arthroscopic or FU findings as gold standard
Arthroscopic findings 6-12 months follow up clinical outcome

Observer 1 Observer 2 Observer 1 Observer 2

No complete 
tear

Complete 
tear

No complete 
tear

Complete 
tear

No complete 
tear

Complete 
tear

No complete 
tear

Complete 
tear

№ № № № № № № №
DWI and ADC

No complete tear 1 0 1 0 9 2 8 0
Complete tear 0 6 0 6 0 2 1 4

P 0.008 0.008 0.021 0.002
kappa 1 1 0.581 0.831

Sensitivity (%) 100 100 50 100
Specificity (%) 100 100 100 88.9

PPV (%) 100 100 100 80
NPV (%) 100 100 81.8 100

Accuracy (%) 100 100 84.6 92.3
*: Significant when p value <0.05

tAbLE 3. Validity of DWI and ADC in diagnosis of partial tears in comparison to arthroscopic findings or FU as gold standard
Arthroscopic findings 6-12 months follow up clinical outcome

Observer 1 Observer 2 Observer 1 Observer 2
No partial  
tear

partial  
tear

No partial  
tear

partial  
tear

No partial  
tear

partial  
tear

No partial  
tear

partial 
tear

№ № № № № № № №
DWI and ADC

No partial  tear 6 0 6 0 2 6 4 4
Partial  tear 0 1 0 1 2 3 0 5

P 0.008 0.008 0.569 0.105
kappa 1 1 0.001 0.435

Sensitivity (%) 100 100 33.3 55.6
Specificity (%) 100 100 50 100

PPV (%) 100 100 60 100
NPV (%) 100 100 25 50

Accuracy (%) 100 100 38.5 69.2
*: Significant when p value <0.05

tAbLE 4. Validity of DWI and ADC in comparison to conventional MRI as a gold standard
Conventional MRI

Observer 1 Observer 2

Partial tear Complete 
tear

Partial tear Complete 
tear

Intact (sprain) Partial thickness tear Intact (sprain) Partial thickness tear
№ № № № № №

DWI and ADC
Partial 
tear

Intact (sprain) 6 0 0 3 0 0

Partial thickness tear 0 4 2 1 5 0

Complete tear 0 0 8 0 1 10
P <0.001* <0.001*

kappa 0.932 0.914
*: Significant when p value <0.05

noses, the kappa values were 0.581, and 0.831 respec-
tively, in the remaining 13 patients. The sensitivity 

and specificity were 50, 100 respectively for observer 

1 and 1000, 88.9 respectively for observer 2 (Table 2).
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For partial tears, as per the operative findings in 7 
patients, the kappa values were 1.00 for both observ-
ers, indicating perfect agreement between DWI/ADC 
and arthroscopy with sensitivity, specificity, PPV, 
NPV, and accuracy values were all 100% for partial 
tears. Meanwhile as per the follow up clinical diagno-
ses in the remaining 13 patients the kappa values 
were 0.001, 0.435 respectively. The sensitivity and 
specificity were 33.3, 50 respectively for observer 1 
and 55.6, 100 respectively for observer 2 (Table 3). 

Inter-observer correlations of the validity of DWI 
and ADC to conventional MRI between two musculo-
skeletal radiologists were statistically significant with 
kappa values were 0.932 for observer 1 and 0.914 for 
observer 2 (Table 4), indicating a high degree of agree-
ment between DWI/ADC and conventional MRI So, the 
results suggested that DWI/ADC may be a valid alter-
native to conventional MRI for identifying ACL inju-
ries.

dIScuSSIon

Together, the ACL and PCL create a cross, or "x," in 
the knee to stop the tibia from flexing or extending 
too far in relation to the femur. When the knee is un-
der varus or valgus stress, the ACL also stabilizes the 
knee's rotation. ACL sprains and tears are frequent 
knee injuries; in the US, they are estimated to occur 
in 100,000 to 200,000 cases annually [8].

Partial tears of the ACL are frequently difficult to 
diagnose clinically, whereas complete tears can. In 
certain situations, more testing is required for verifi-
cation. When a partial ACL tear is diagnosed defini-
tively, clinical information, imaging results, and, if 
required, arthroscopic findings are combined [9].

On an MRI, ACL damage is easily diag-
nosed; however, a typical MRI makes it 
very difficult to tell whether the ACL is par-
tially or totally torn. Future advancements 
in MRI sensitivity and specificity for the 
identification of partial tears should be at-
tainable thanks to the creation of new se-
quences with oblique views [10].

While the central nervous system (CNS) 
was the primary target of early diffu-
sion-weighted imaging (DWI) research, 
more and more study is currently being 
conducted on other systems as well. There 

tAbLE 5. Overall results of DWI / ADC in diagnosis of tears in comparison to arthroscopic and follow up findings as gold standard

Arthroscopy and follow up DWI & ADC

Observers 1 and 2 Observer 1 Observer 2
№ % № % № %

Partial tear 10 50 12 60 9 45

Complete tear 10 50 8 40 11 55

Total 20 100 20 100 20 100

tAbLE 6. Overall validity of DWI / ADC in diagnosis of tears in comparison to 
arthroscopic and follow up findings as gold standard

Gold standard Arthroscopic Follow up

DWI and ADC DWI and ADC
Complete tear partial tear Complete tear partial tear

Sensitivity (%) 100.0 100.0 75.0 44.4

Specificity (%) 100.0 100.0 94.4 75.0

PPV (%) 100.0 100.0 85.7 80.0

NPV (%) 100.0 100.0 89.5 37.5

Accuracy (%) 100.0 100.0 88.5 53.8

is recorded use of DWI in the musculoskeletal system 
[11].

Therefore, the goal of the current prospective 
study was to ascertain how anterior cruciate liga-
ment (ACL) tears are diagnosed and classified as par-
tial or full using diffusion weighted (DW) magnetic 
resonance imaging (MRI) and to compare it with con-
ventional MRI sequences.

The current study conducted on 20 patients with 
ACL pathology, who recruited from Ain Shams uni-
versity hospitals.

Regarding the demographic data Mlv et al. [12] ex-
amined the demographic details of patients treated 
at a tertiary care facility in India for anterior cruciate 
ligament surgery. He examined a total of 124 patients 
with ACL problem operated for reconstruction. The 
patients' average age was 27.97 years. Eleven patients 
(8.9%) were female, while one hundred and thirteen 
(91.1%) were male. In our study we also concluded 
that the majority of the patients (85.0%) were male, 
while only a small proportion (15.0%) were female. 
The patients' mean age was 30.15 years.

Arora et al. [7] found that adding DW sequence to 
conventional MR sequences showed good results in 
diagnosis and differentiation between complete and 
partial ACL and PCL tears. The study involved 30 pa-
tients with clinically suspected ACL/PCL injuries of 
the knee and examined the role of DW-MRI in evalu-
ation of ACL and PCL tears. This corroborated our 
findings that DWI/ADC and MRI had a high degree of 
agreement. So, we also suggested that DWI/ADC could 
be a valid alternative to conventional MRI for identi-
fying ACL injuries.

Our findings similarly supported a research by 
Delin et al. [5] that looked at 85 patients to assess the 
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accuracy and dependability of DW MRI in conjunc-
tion with traditional MRI in differentiating between 
complete and incomplete ACL injuries. According to 
the study's findings, ADC mapping combined with 
traditional MRI is a repeatable technique that im-
proves the accuracy of differentiating between com-
plete and partial ACL rupture.

Unlike Park et al. [13], who investigated the value 
of the quantitative evaluation of DW MRI in the diag-
nosis of ACL rupture, DWI and ADC mapping se-
quences were assessed subjectively in both our study 
and Delin et al.'s [5]. He discovered that there was no 
difference between the ADC values of the damaged 
ligament and the normal ligament. He came to the 
conclusion that as the sensitivity and accuracy of DW 
imaging were found to be lower than those of con-
ventional MRI, adding the DWI to the conventional 
MRI did not improve diagnostic performance.

By comparing the results of MRI and arthroscopy, 
Zhao et al. [14] discovered that the accuracy rate of 
MRI in diagnosing a complete tear was 92.86%, and 
for a partial tear, it was 94.74%. These results were 
comparable to those of arthroscopic investigation in 
diagnosing ACL injury, and the diagnostic outcomes 

were consistent between the two techniques. On the 
other hand, our study found that as regard validity of 
DWI and ADC in diagnosis of ACL tears compared to 
arthroscopy as gold standard, both observers identi-
fied one patient as having partial tear while six pa-
tients were identified as having complete tears using 
DWI/ADC, showing perfect agreement between DWI/
ADC and arthroscopy. So, the findings imply that 
DWI/ADC might be a good substitute to conventional 
MRI for identifying complete ACL tears (Figures 1 
and 2).

According to Chen et al. [15] and Van Dyck et al. 
[16], prior research indicated that the very high sen-
sitivities and specificities of conventional MRI (rang-
ing from 55% to 98% and 50% to 97%, respectively) in 
the diagnosis of ACL injury meant that the addition of 
the DWI could not demonstrate a discernible differ-
ence in the diagnostic performance. However, our 
results showed that conventional MRI showed better 
agreement than DWI/ADC regarding both complete 
and partial tears (Figure 3). In addition, complete 
tear had better agreement between methods than 
partial tear, which concluded that the validity of DWI 
and ADC may be somewhat dependent on the type of 

FIGuRE 1. Male patient, 32 years old with history of left knee twisted injury.
(A) Sagittal SPAIR, MRI of the left knee. The anterior cruciate ligament is showing thickened fibers with high diffuse 

interstitial signal.  (B) sagittal ADC and (C) sagittal DWI revealed thinned yet intact fibers of the ACL with increased signal 
intensity. Intraoperative findings revealed partial tear

A b c

FIGuRE 2. Female patient, 29 years old with history of left knee sudden giving way.
(A) Sagittal SPAIR, MRI of the left knee. The anterior cruciate ligament is showing interrupted continuity.  (B) sagittal ADC 

and (C) sagittal DWI revealed ill definition of the fibers of the ACL. Intraoperative findings revealed complete tear

A b c
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tear, as they were useful tools for diagnosing tears, 
particularly complete tears, but that caution should 
be exercised when using these techniques to diag-
nose partial tears.

Our study also agreed with Naraghi A et al. [17] 
who found that when compared to complete ACL 
tears, the accuracy of MR imaging for identifying par-
tial tears was much lower, with accuracy rates as low 
as 25% to 53% and sensitivities and specificities of 
62% to 81% and 19% to 97%, respectively.

Van Dyck et al.'s [16] investigation of the function 
of three Tesla magnetic resonance imaging (MRI) of 
the knee ACL in distinguishing between complete 
and incomplete tears led to the conclusion that MRI 
at 3.0 Tesla is a very reliable technique for identifying 
ACL injuries. Even at 3.0 Tesla, it is still challenging to 
distinguish between complete and incomplete ACL 
tears and to identify incomplete ligament tears which 
agreed with our study, in which all the patients were 
examined using three Tesla MRI machine and yet on 
comparing to gold standard findings, conventional 
MRI showed better agreement than DWI/ADC regard-
ing complete and partial tears (Figure 3). In addition, 

FIGuRE 3. Male patient, 20 years old with history of twisting left knee during sports. 
(A) Sagittal SPAIR, MRI of the left knee. The anterior cruciate ligament is showing interrupted continuity.  (B) sagittal ADC 

and (C) sagittal DWI revealed thinned yet with few intact fibers of the ACL with increased signal intensity. Lack of 
improvement on follow up suggested complete tear

A b c

complete tear had better agreement between meth-
ods than partial tear. Furthermore, the results also 
suggest that the validity of DWI and ADC may be 
somewhat dependent on the type of tear, with lower 
performance characteristic values for partial tears 
compared to complete tears.

The present study results suggested that the valid-
ity of DWI and ADC may be dependent on the observ-
er, as evidenced by the differing sensitivity and spec-
ificity values between the two observers. However, 
both observers achieved high levels of accuracy over-
all (Figure 4), indicating that DWI and ADC may be 
reliable tools for diagnosing complete tears. This con-
firmed Delin et al. research [5]. An expert radiolo-
gist's reading criteria for typical sequences are rela-
tively constant, although their evaluations differ, 
leading to interpretive discrepancies. Only one read-
er, R1, had nearly 100% intra-observer agreement 
when diffusion mapping was introduced; this was 
probably due to his greater expertise. When it came 
to the diffusion sequences, reader 2's intra-observer 
agreement was still moderate (0.45).

FIGuRE 4. Male patient, 35 years old with history of sports injury twisted left knee. 
(A) Sagittal SPAIR, MRI of the left knee. The anterior cruciate ligament is showing rather thickened fibers yet 

with preserved fibers continuity.  (B) sagittal ADC and (C) sagittal DWI revealed rather thickened yet with intact 
fibers of the ACL. Improvement on follow up after conservative treatment suggested ACL sprain

A b c
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Limitations of the study
Our study had some limitations such as the small 

sample size. We might have been able to uncover 
more meaningful results with a larger sample size. 
Another limitation was that only few papers found 
covering this subject which led to lack of satisfactory 
comparison of our results with other studies. Fur-
thermore, not all of the MRI findings in our investiga-
tion had operational confirmation.

concLuSIonS 

Our research revealed that DWI/ADC yielded com-
parable results to conventional MRI sequences in 
identifying full versus partial ACL injuries and diag-
nosing them could be a highly valid and reliable tool 
for diagnosing complete ACL tears. Yet, caution 
should be exercised when using these techniques to 
diagnose partial tears.
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