
Introduction

Most anterior cruciate ligament (ACL) tears can and should
be diagnosed from clinical history and physical examina-
tion [1]; however, magnetic resonance imaging (MRI)
may provide useful information regarding the status of the
ACL ligament and the extent of associated bone and soft-
tissue derangements [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20]. The sensitivity and specificity
of multiple primary and secondary MRI features for diag-

nosing ACL tears have been extensively measured and
compared, either independently [10, 15, 17, 18, 19] or
combined [3, 6, 8, 12, 20]. The utility of MRI for diag-
nosing and distinguishing acute and chronic ACL tears
has been addressed [3, 5, 11]. The independent value of
conventional [4] and complementary [2, 7] MRI planes
and the intrinsic importance of various MRI sequences [6]
have been tested and discussed. The use of extremely thin
MRI sections has also been described [7]. In addition, the
feasibility of MRI for diagnosing ACL tears in a pediatric
population has been investigated [8]. In both adult and pe-
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diatric populations the overall sensitivity of MRI for diag-
nosing ACL tears has been reported to be 93%–100% and
specificity 85%–100%.

It has been suggested that MRI for detecting ACL tears
should be quantitatively evaluated to improve the repro-
ducibility and accuracy of the test. Special attention has
focused on quantifying the horizontalization of torn ACL.
This may be particularly subtle in chronic tears when a fi-
brous union between the two cruciate ligaments occurs [3,
5, 8, 9, 11, 14, 18, 19]. However, many of these measure-
ments have never been widely and systematically used,
probably because they are cumbersome and time consum-
ing. Our aim was to reevaluate and compare the diagnos-
tic utility of various quantitative parameters and nonquan-
titative imaging findings for diagnosing ACL tears by
MRI. Particular emphasis is put on the evaluation of three
different quantitative parameters, including a simplified
method for measuring the ACL angle.

Materials and methods

Study design

We retrospectively evaluated preoperative MRI studies in 100 pa-
tients whose ACL status had been surgically confirmed. Two differ-
ent groups of patients were considered. The first consisted of 
50 patients in whom ACL tear was arthroscopically confirmed and
repaired (44 men, 6 women; mean age 27.4±6.5 years, range 15–
41); only complete tears were included in the study. The second
group, considered as the control group, consisted of 50 other patients
whose meniscus had been explored and operated on by arthroscopy
and whose ACL had been found intact (31 men, 19 women; mean
age 41.5±13.1 years, range 11–71). One patient in the control group
was later found to have a partial ACL tear, but it was considered to
be related to recent trauma and subsequent to the MRI study.

The MRI studies of the 100 patients were performed in two dif-
ferent institutions, with a device of either 1.0 or 1.5 T. Slightly dif-
ferent MRI protocols were used although most patients underwent
the following sequences: axial T1-weighted sequence (TR/TE 500–
600/8–15 ms), sagittal proton density (PD) and T2-weighted 
sequence (TR/TE 2800–3350/15–86 ms), axial and/or coronal
T2*-weighted sequence (TR/TE 850–1100/17–31 ms, flip angle
30°), and axial or coronal fat-saturated PD-weighted sequence
(TR/TE 1800–2200/17–25 ms, flip angle 150).

All the MRI studies of the patients were retrospectively reviewed
on film hardcopies by a musculoskeletal radiologist (J.M.M.) and
an orthopedic surgeon (J.C.) who were blinded to the arthroscopic
findings, clinical history, and initial MRI interpretations. Patients
and controls were randomly mixed for imaging review. Various
categories of imaging signs were evaluated in both groups, includ-
ing quantitative parameters and nonquantitative imaging findings.
The quantitative parameters were measured with a hand-held go-
niometer by a single observer (J.C.). A single measurement was
performed in all the quantitative parameters. The evaluation of
nonquantitative MRI findings, which included ACL abnormalities,
secondary findings, and associated injuries was also performed by
a single observer (J.M.M.). All patients included in the study un-
derwent arthroscopic surgery. The medical charts and arthroscopic
reports of all patients were retrospectively reviewed to determine,
when possible, the age of the injury and the surgical findings; how-
ever, as the age of the ligamentous injury could not be consistently
ascertained in a significant number of patients, this parameter
could not be statistically evaluated.

Evaluation of quantitative parameters

The orientation of the ACL ligament was quantitatively evaluated
by measuring the ACL angle and the Blumensaat angle. The ACL
angle (Fig. 1a) is the angle formed by the intersection of two lines:
one tangential to the anterior aspect of the distal portion of the
ACL and the other tangential to the most anterior aspect of the in-
tercondylar eminence and perpendicular to the long axis of the
tibia, as seen on a midsagittal MRI image. The Blumensaat angle
(Fig. 1b) is the angle formed by the intersection of a line tangential
to the anterior aspect of the distal portion of the ACL and a second
line tangential to the intercondylar roof. By convention angles with
proximal vortexes are considered negative and those with distal
vortexes positive. A third quantitative parameter evaluated in the
study was the posterior cruciate ligament (PCL) angle (Fig. 1c),
formed by two lines tangential to the proximal and distal portions
of the PCL. These three quantitative parameters were measured in
both groups of patients, and appropriate threshold values were sta-
tistically determined. Those patients in whom the torn ACL could
not be identified at all on the sagittal plane of the corresponding
MRI examination were not included in the study. Those patients in
whom the entire PCL could not be identified on a single sagittal
image were also discarded.

Evaluation of nonquantitative findings

Various nonquantitative MRI signs were evaluated in both groups
of patients, including ACL abnormalities, secondary findings, and
associated injuries. The ACL was considered normal on MRI
when it was present as a continuous band of intermediate signal on
PD- and T2-weighted images. The ACL was considered torn when
one or more ACL abnormalities were found, including nonvisual-
ization, discontinuity, abnormal signal intensity, and focal or dif-
fuse thickening. Nonvisualization was determined when the ACL
could not be visualized in the coronal or axial planes. As noted
above, those patients in whom the ACL could not be identified on
the sagittal images were not included in the study. Discontinuity
was defined as a focal gap in the ligament, regardless of whether
the alignment of the distal portion was altered, found in at least
two different imaging planes. Abnormal signal intensity was de-
fined as focal or diffuse increased signal intensity on PD- and
T2-weighted images within the ligament. Focal or diffuse thickening
was defined whenever the thickness of the ACL was not uniform
or was 7 mm or greater.

Various secondary findings were evaluated in both groups of
patients, including the PCL line sign, anterior tibial displacement,
bone bruises, osteochondral injuries, and avulsion fractures. The
PCL line sign was considered positive when a line tangential to the
posterior aspect of the distal portion of the PCL failed to intersect
with the medullar cavity of the femur within its distal 5 cm. Ante-
rior tibial displacement was considered positive if the distance be-
tween two lines parallel to the long axis of the tibia, one tangential
to the posterior margin of the lateral femoral condyle and the other
tangential to the posterior aspect of the lateral tibial plateau, ex-
ceeded 5 mm. These two secondary findings were considered non-
quantitative parameters because, with adequate training, we were
able to interpret the feature without using rulers or scales. The
presence of bone bruises in the posterolateral tibial plateau, the lat-
eral femoral condyle, or both was evaluated on the fat-saturated
PD-weighted axial and coronal MRI images, and recorded as a sin-
gle parameter. Accentuated lateral femoral notch and chondral or
subchondral lesions other than bone bruises were recorded as os-
teochondral injuries. Segond fractures and other avulsion fractures
(particularly avulsion fractures of the intercondylar eminence) were
recorded separately.

Finally, associated injuries were evaluated in the MRI studies
of all patients, including evaluation of medial or lateral meniscal
tears and medial or lateral collateral ligamentous lesions.

218



Statistical analyses

ACL abnormalities, secondary findings, and associated injuries as
seen on MRI were compared for their association with ACL tears.
For descriptive analysis, quantitative parameters were evaluated
by calculating the mean and standard deviation, and categorical
parameters were evaluated by obtaining absolute and relative fre-
quencies. The most suitable threshold values for the quantitative pa-
rameters were calculated with univariate logistic regression analy-
sis. The sensitivity and specificity of all parameters were deter-
mined. Odds ratio and their 95% confidence intervals were also
calculated by logistic regression analysis. Statistical analyses were
all performed with commercially available software (SPSS 6.1).

Results

Table 1 summarizes the results of evaluating quantitative pa-
rameters, ACL abnormalities, secondary findings, and as-
sociated injuries as seen on MRI of patients with and
without ACL tear. Table 2 summarizes the results of the
quantitative study. All patients with torn ACL were posi-
tive for one of the quantitative parameters: 4 were positive
on one parameter, 13 on two, and 33 on three. In patients
with torn ACL the ACL angle averaged 25.9±6.7° (range
10–43), the Blumensaat angle 21.4±11.2° (–7 to 41), and
the PCL angle 111.5±17.6° (76–152). In patients with in-
tact ACL the ACL angle averaged 53.5±3.7° (48–64), the
Blumensaat angle –8.2±6.5° (–22 to 6), and the PCL angle
128.9±14.3° (95–166).

Once these measurements had been obtained, they were
analyzed statistically to determine the most appropriate
threshold values for identifying torn ACLs. These were
found to be 45° for the ACL angle, 0° for the Blumensaat
angle and 115° for the PCL angle. A threshold of 45° for
the ACL angle gave optimal statistical results: all of the
50 patients with torn ACL had an ACL angle of 45° or
greater, while all of the 50 patients with normal ACL had
an ACL angle less than 45°, with resultant sensitivity of
100% (95% CI: 92.9–100%) and specificity of 100%
(92.9–100%). A threshold of 0° for the Blumensaat angle
also gave good statistical results: 45 patients (90%) with
torn ACL had a Blumensaat angle larger than 0°, while
for 36 patients (72%) with intact ACL it was 0° or less,
with resultant sensitivity of 90% (78.2–96.7%) and speci-
ficity of 98% (89.3–99.9%). Finally, a threshold of 115°
for the PCL angle was also found to be appropriate: 35 pa-
tients with torn ACL (70%) had a PCL angle of 115° or
less, while 41 patients (82%) with intact ACL had a PCL
angle larger than 115°, with resultant sensitivity of 70%
(55.4%–82.1%), and specificity of 82% (68.6–91.4%).

With regard to ACL abnormalities 47 patients with torn
ACL were positive on at least one feature: 29 showed one,
14 two, 4 three, and no patient showed four. Discontinuity
was the single most frequent ACL abnormality among the
patients with torn ACL, giving a sensitivity of 66% (95%
CI: 51.2–79%) and specificity of 100% (92.9–100%).
Nonvisualization, abnormal signal intensity, and focal or
diffuse thickening were found less frequently in this group
of patients but still gave very high specificity for torn
ACL. In the group of patients with preserved ACL nonvi-
sualization or discontinuity was not found. In one patient
in the control group diffuse increased signal intensity was
noted in an otherwise preserved ACL, which was retro-
spectively interpreted as mucoid degeneration. In a sec-
ond control group patient focal thickening of the ACL
was found at arthroscopy, corresponding to an ACL gan-
glion cyst which was easily characterized on MRI. The di-
agnostic value of finding at least two different ACL ab-
normalities (including nonvisualization, discontinuity, and
abnormal signal intensity) for predicting ACL tears reached
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Fig. 1a–c Diagrams demonstrating angle measurements. a The
ACL angle was the angle formed by the intersection of two lines:
one tangential to the anterior aspect of the distal portion of the
ACL (thick dotted line), and the other tangential to the most ante-
rior aspect of the intercondylar eminence and perpendicular to the
long axis of the tibia (thick dotted line), as seen on a midsagittal
MRI image. b The Blumensaat angle was the angle formed by the
intersection of a line tangential to the anterior aspect of the distal
portion of the ACL (thick dotted line) and a second line tangential
to the intercondylar roof (thin dotted line). c The PCL angle is
formed by two lines tangential to the proximal and distal portions
of the PCL respectively (thin and thick dotted lines)



a sensitivity of 58% (95% CI: 43.2–71.8%) and a speci-
ficity of 100% (95% CI: 92.9%, 100%).

A total of 47 patients with torn ACL showed one or
more secondary findings on their MRI studies: 14 showed
1, 19 two, 11 three, 2 four, and 1 five (both types of avul-
sion injuries were considered as a single category). Ante-
rior tibial displacement was much more frequent than the
PCL line sign and reached a sensitivity of 74% (95% CI:
59.6–85.4%), although both parameters gave very good
specificity (100% and 98%, respectively). With regard to
bone bruises 20 patients with torn ACL (40%) had a bone
bruise on the posterior aspect of the lateral tibial plateau
while 24 (48%) showed a bone bruise on the lateral

femoral condyle. Considering both signs as a single imag-
ing feature, the sensitivity of bone bruises for detecting
ACL tear was 44% (95% CI: 30–59%) and specificity
100% (92.9–100%). The sensitivity of chondral, osteo-
chondral, and subchondral lesions for ACL tears was 46%
(32–61%) and specificity 100% (92.9–100%). The corre-
lation between MRI signs of bone bruise or osteochondral
injury and arthroscopic findings was poor: only three os-
teochondral lesions of the femoral condyle and one im-
paction fracture of the posterior aspect of the lateral tibial
plateau were found at surgery. Avulsion fractures were
unusual in our study. Two Segond fractures were found in
the group of patients with torn ACL. Another patient in
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Table 1 Quantitative parameters and nonquantitative MRI findings in ACL tears (NA not applicable)

Patients with  Patients with  Sensitivity Specificity Odds ratio 
ACL tears (n=50) normal ACL (n=50) (95% CI) (95% CI) (95% CI)

n % n %

Quantitative parameters
ACL angle ≤45°a 50 100 0 0 100 (92.9–100) 100 (92.9–100) NA
Blumensaat angle >0°b 45 90 14 28 90 (78.2–96.7) 98 (89.3–99.9) NA
PCL angle ≤115°c 35 70 9 18 70 (55.4–82.1) 82 (68.6–91.4) 14.2 (3.8–52.4)

ACL abnormalities
Nonvisualization 14 28 0 0 28 (16.2–42.5) 100 (92.9–100) NA
Discontinuity 33 66 0 0 66 (51.2–79) 100 (92.9–100) NA
Abnormal signal intensity 18 36 1 2 36 (22.9–58.8) 98 (89.3–99.9) 26 (3.2–21.1)
Focal/diffuse thickening 23 46 1 2 46 (31.8–60.7) 100 (22.9–100) NA

Secondary findings
PCL line sign 14 28 0 0 28 (16.2–42.5) 98 (89.3–99.9) 17.7 (2.16–14.5)
Anterior tibial displacement 36 72 0 0 74 (59.6–85.4) 100 (92.9–100) NA
Bone bruise (total) 22 44 0 0 44 (30–59) 100 (92.9–100) NA
Osteochondral injury (total) 23 46 1 2 46 (32–61) 100 (92.9–100) NA
Segond fracture 2 4 0 0 4 (0.5–13.7) 100 (92.9–100) NA
Other avulsion fractures 1 2 0 0 2 (0.5–10.7) 100 (92.9–100) NA

Associated injuries
Medial meniscal tear 10 20 38 76 20 (10–33.7) 24 (13.1–38.2) 0.08 (0.03–0.2)
Lateral meniscal tear 5 10 10 20 10 (3.3–21.8) 80 (66.3–3.9) 0.45 (0.14–1.47)
Medial collateral ligament 15 30 0 0 14 (5.98–26.7) 100 (92.9–100) NA
Lateral collateral ligament 3 6 0 0 6 (12.5–16.5) 100 (92.9–100) NA

a45° was used as the threshold angle measurement for diagnosing
ACL tear
b0° was used as the threshold angle measurement for diagnosing
ACL tear

c115° was used as the threshold angle measurement for diagnosing
ACL tear

Table 2 Results of the quantitative study (n number of patients at threshold angle measurement for diagnosing ACL tear; ACL angle:
≤45°, Blumensaat angle >0°, PCL angle: ≤115)

Patients with torn ACL Patients with intact ACL Sensitivity Specificity 
(95% CI) (95% CI)

Mean 95% CI n Mean 95% CI n

ACL angle 25.9 23.9 to 27.8 50 53.5 52.4 to 54.5 50 100 (92.9–100) 100 (92.9–100)
Blumensaat angle 21.4 18.2 to 24.6 45 –8.2 –10.1 to –6.4 36 90 (78.2–96.7) 98 (89.3–99.9)
PCL angle 111.5 106.5 to 116.5 35 128.9 124.8 to 133 41 70 (55.4–82.1) 82 (68.6–91.4)



the same group had an avulsion fracture of the inter-
condylar eminence of the tibia. Avulsion fractures, espe-
cially Segond fractures, were found to have low sensitiv-
ity for predicting ACL tears, but excellent specificity of
100% (95% CI: 92.9–100%). The diagnostic value of
finding at least two different secondary findings for pre-
dicting ACL tears reached a sensitivity of 38% (24.7–52.8%)
and specificity of 98% (89.3–99.9%).

MRI of patients with torn ACL showed various associ-
ated injuries: 10 patients (20%) showed medial meniscal
tears and 5 (10%) lateral meniscal tears. Comparison with
arthroscopic findings revealed the following: 15 true pos-
itives, 76 true negatives, 4 false positives, and 5 false neg-
atives. In the control group MRI revealed 38 medial
meniscal tears and 10 lateral meniscal tears in 46 patients;
two patients were found to have tears on both menisci.
Comparison with arthroscopic results gave the following
results: 48 true positives, 49 true negatives, 0 false posi-
tives, and 1 false negative (corresponding to one of the
three patients with double meniscal lesion). Four control
group patients with clinically suspected meniscal tear and
unremarkable MRI were operated on, with one each of the
following: pathological plica, ACL ganglion cyst, condy-
lar osteochondral lesion, and patellar chondromalacia. The
sensitivity and specificity of MRI for detecting meniscal
tears in each group was not calculated, as this was not the
purpose of the study. With regard to collateral ligamen-
tous injuries seen on MRI 15 patients (30%) showed signs
of previous medial collateral ligament sprain, and 3 (6%)
signs of previous lateral collateral ligament sprain. No pa-
tients in this group showed injuries to both ligaments or to
the PCL. There was no clear evidence in any control
group patients of medial or lateral collateral ligamentous

injury. The resultant sensitivity of meniscal or collateral
ligamentous lesions for predicting ACL tears was low and
the specificity variable.

Discussion

Previous studies evaluating the diagnostic sensitivity, speci-
ficity, and accuracy of MRI for diagnosing ACL tears
have yielded generally good but variable results. The dis-
crepancies may be due to minor variations in the use of in-
clusion criteria, imaging interpretation or statistical analy-
sis. Apart from such controversial issues as the need to
mask primary signs if secondary findings are to be accu-
rately evaluated [3] and the need to separate acute and
chronic ACL tears [5, 11, 19], the abundance of described
MRI features probably reflects the fact that many of them
reproduce the same pathogenic mechanism or pathologi-
cal consequence. In addition, it clearly suggests that pri-
mary ACL abnormalities, also called primary signs, may
not suffice for accurate diagnosis in all cases.

Quantitative evaluation of MRI aims to determine pre-
cise threshold values for various parameters which can be
used systematically or selectively to improve diagnostic
accuracy [3, 5, 8, 9, 11, 14, 18, 19]. Various MRI-based
quantitative parameters have been suggested for diagnos-
ing ACL tears, including the ACL angle, Blumensaat an-
gle, PCL angle or index, and anterior translocation of the
tibia. The ACL angle is an objective test for measuring the
horizontalization of the distal aspect of the ligament, which
is commonly appreciated on MRI images of torn ACL. The
Blumensaat angle provides similar information although
the reference plane is the intercondylar roof. The PCL an-
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Table 3 Review of the litera-
ture (NC not calculated)

aAngular values measured us-
ing the lateral tibial plateau as
the reference plane
bAngular values measured us-
ing the medial tibial plateau as
the reference plane
cAngular values measured us-
ing as the reference line that
tangential to the most anterior
aspect of the intercondylar em-
inence and perpendicular to the
long axis of the tibia, as seen
on a midsagittal MRI section

Gentili Lee McCauley Murao This study
et al. [5] et al. [8] et al. [9] et al. [11]

ACL angle
Normal ACL 55.6a NC NC 52.3b 53.5c

Torn ACL 29.9a NC NC 33.9b 25.9c

Cutoff <45 NC NC ≤45 ≤45
Sensitivity (95% CI) 91 NC NC 93 100 (92–100)
Specificity (95% CI) 97 NC NC 84 100 (92 – 100)

Blumensaat angle
Normal ACL –1.6 -4.1 NC NC –8.2
Torn ACL 25.8 27.9 NC NC 21.4
Cutoff >9 >9 NC NC >0
Sensitivity (95% CI) 91 94 (70–100) NC NC 90 (78–96)
Specificity (95% CI) 86 96 (75–100) NC NC 98 (89–99)

PCL angle
Normal ACL 123 122 113–114 NC 128.9
Torn ACL 106 105.7 96–97 NC 111.5
Cutoff <107 <114 <105 NC ≤115
Sensitivity (95% CI) 52 74 (51–96) 72–74 NC 70 (55–82)
Specificity (95% CI) 94 71 (51–91) 79–86 NC 82 (68–91)



gle or index reflects the increased buckling of the PCL,
which in turn reflects the anterior translocation of the tibia.
Finally, the anterior translocation of the tibia [20] expresses
anterior instability, which is one of the paramount clinical
features of ACL tears. We decided to consider anterior
translocation of the tibia as a nonquantitative parameter be-
cause adequate training allowed as assessing this parameter
correctly without rulers or scales. Once the three quantita-
tive parameters had been measured in both groups, we sta-
tistically determined the most appropriate threshold values

(Table 2) and compared our results with previously pub-
lished data (Table 3). We found the ACL angle to have op-
timal utility in predicting ACL tears. The diagnostic yield
of the Blumensaat angle was also good, while the perfor-
mance of the PCL angle was significantly worse.

Using the lateral tibial plateau as the reference plane
(Table 3), Gentili et al. [5] found that the ACL angle had a
sensitivity of 91% and a specificity of 97% in predicting
ACL tears. Using the medial tibial plateau, Murao et al.
[11] found a sensitivity of 93% and a specificity of 84%.
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Fig. 2 Frequency distribution
of ACL angles (a), Blumensaat
angles (b), and PCL angles (c)
in patients with torn (dark line)
and normal (grey line) ACL.
There is only minimal overlap-
ping of ACL angle values be-
tween the two groups of pa-
tients (a), while overlapping is
moderate for the Blumensaat
angle (b) and severe for the
PCL angle (c)



However, both methods of measuring the ACL angle re-
quire cumbersome postprocessing, as two different MRI
sections are required to draw the reference lines. In this
study we evaluated a simplified method for measuring the
ACL angle. By adopting as the reference plane the line tan-
gential to the most anterior aspect of the intercondylar em-
inence, as seen on the same sagittal MRI as the torn ACL
(Fig. 1a), we attempted to simplify the measurement of
the ACL angle. Using this method and choosing 45° as the
most appropriate threshold value, we found that the ACL
angle can reach a sensitivity of 100% (95% CI: 92.9–
100%) and a specificity of 100% (92.9–100%) for predict-
ing ACL tears. The overlapping of ACL angle values for
torn and normal ACL ligaments was minimal (Fig. 2a),
which reinforces the utility of the test. Although we were
not able to evaluate the inter- and intraobserver variability
of the test, we concluded that measuring the ACL angle
in this simplified fashion is a sufficiently reliable and
objective way for MRI-based quantitative determination
of ACL tear, with sensibility and specificity similar to
those obtained by other authors utilizing different meth-
ods.

The Blumensaat angle has been found to have slightly
negative values in normal individuals and becomes posi-
tive in torn ACLs (Table 3). Using a threshold value of 9°,
Gentili et al. [5] found the Blumensaat angle to have a
sensitivity of 91% and specificity of 86% for detecting ACL
tears. However, at a threshold value of 15° the sensitivity
decreased to 89% and the specificity reached 100% [5].
Using a threshold value of 9.5°, Lee et al. [8] found the
angle to have a sensitivity of 94% and specificity of 96%.
Our study shows that if the threshold value is greater than
0°, the sensitivity of the Blumensaat angle reaches 90%
(95% CI: 78.2–96.7%) and specificity 98% (89.3–99.9%).
Although our results indicate that the Blumensaat angle is
also very acceptable for predicting ACL tears, it may be
slightly worse than the ACL angle in this regard. Values
slightly overlapped in the pathological and control groups
(Fig. 2b), which hardly happened at all for the ACL angle.
Although our threshold value was slightly different, our
results agreed with those of previous studies.

The PCL angle has been found to decrease in patients
with ACL tears (Table 3). Using a threshold value of 107°,
Gentili et al. [5] found that the PCL angle had a sensitiv-
ity of 52% and specificity of 94% in predicting ACL
tears. Using a threshold of 105°, McCauley et al. [9]
found a sensitivity of 72–74% and specificity of 79–86%.
Using a threshold value of 114°, Lee et al. [8] found the
PCL angle to have a sensitivity of 74% and specificity of
71% for diagnosing ACL tears. The results of our study
suggested that 115° may be the optimal threshold value,
giving a sensitivity of 70% (55.4–82.1%) and specificity
of 82% (68.6–91.4%). In our population the PCL angles
significantly overlapped in both groups (Fig. 2c), thus di-
minishing the utility of the sign. Therefore the diagnostic
utility of measuring the PCL angle seems to be signifi-

cantly worse than measuring the ACL and Blumensaat an-
gle, which is in accordance with previous studies.

Other authors have shown that intrinsic abnormalities
in the ACL are the most reliable signs for predicting liga-
mentous tears [3, 8, 10, 14, 17, 18]. Although quantitative
parameters, secondary findings, and associated injuries
are worth noting and may increase observer’s confidence,
ACL abnormalities are still the mainstay of MRI diagno-
sis [3]. In our study we evaluated four different ACL in-
trinsic abnormalities, considering the ACL angle and the
Blumensaat angle as quantitative parameters from a dif-
ferent group. The single most useful nonquantitative ACL
abnormality was discontinuity, with a sensitivity of 66%
(95% CI: 51.2–79%) and specificity of 100% (92.9–100%).
Most authors have found discontinuity to be the most use-
ful primary sign, although Lee et al. [8] found it to reach
a sensitivity of 21% in the pediatric population. Our own
results may reflect the relatively strict criteria that we
chose; only discontinuity noted on two different imaging
planes was considered to be true discontinuity, which may
have had impact on statistical results. We found that ab-
normal signal intensity and ligamentous thickening to
have poor sensitivities, significantly worse than those found
by other authors. This may reflect the presumed chronic-
ity of our cases, which could not be demonstrated because
of insufficient data. Direct nonvisualization was noted
very inconstantly, which also reflected the inclusion crite-
ria: those cases with complete nonvisualization on the three
imaging planes were systematically excluded because of
the impossibility of performing quantitative analysis.

Secondary findings have been found to improve the ac-
curacy of MRI in predicting ACL tears [3, 5, 9, 10, 12, 13,
14, 15, 16, 17, 18, 19, 20]. We found that anterior tibial dis-
placement was the most useful indicator of ACL tears, with
a sensitivity of 74% (95% CI: 59.6–85.4%) and specificity of
100% (92.9–100%), which is in accordance with previously
reported data [3, 8, 14, 20]. Paradoxically, the sensitivity
and specificity of anterior tibial displacement evaluated in a
nonquantitative fashion were better than those found with the
PCL angle and the PCL line sign. In our study the PCL line
showed very low sensitivity although high specificity. The
other secondary findings, including bone bruises, osteo-
chondral injuries, and avulsion fractures, also had variably
low sensitivities but very high specificities. With regard to
bone bruises, usually considered to be important indirect
MRI signs, our poor results may indicate the long-standing
nature of many injuries and partly the inconsistency of MRI
protocols (owing to the retrospective nature of the investi-
gation and the diverse origin of the studies).

Associated injuries cannot be considered truly useful
predictors of ACL tears although they are common find-
ings in MRI knee studies with ligamentous injuries. Pre-
vious reports have shown that posterior displacement 
or uncovering of the posterior horn of the lateral menis-
cus may be an important ancillary finding of ACL tear
[3, 5, 8, 9, 18]. However, we did not evaluate this sign,
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which may be related to anterior translocation of the
tibia.

Our statistical analysis of various combinations of ACL
abnormalities and secondary findings revealed that no sin-
gle association within either of these two categories had a
better sensitivity or specificity than the ACL angle. How-
ever, ACL abnormalities and secondary findings should
always be carefully evaluated and never replaced by sim-
ple measurement of quantitative parameters. Secondary
findings are still useful, however, because the ACL may not
be completely visualized in a single MRI section, which
makes it difficult to thoroughly assess in a quantitative
fashion. Some anatomical features (the diameter of the in-
tercondylar notch) and volume average effects may make
ACL abnormalities more difficult to assess. It should also
be remembered that, although measuring the ACL angle
may increase diagnostic accuracy, measurement may not
always be possible or easy to reproduce.

Our study has several limitations. We did not assess the
intraobserver and interobserver agreement of the angle
measurements. This may have had some impact in the fi-
nal outcome. However, the agreement of our results with

previously published data seems to suggest that the bias
may have been nonsignificant. In addition, we could not
determine the exact chronology of the ligamentous injury
in many cases, thus making it impossible to distinguish
between acute and chronic lesions. This has been said to
be relevant, as chronically torn ACLs may scar to the
PCL, thus keeping the spatial location normal and giving
an abnormally high ACL angle [5, 11]. Finally, we did not
compare the results of our best imaging predictor, the
ACL angle, with those of physical examination, which re-
mains crucial for clinically diagnosing ACL tears [1].

In conclusion, we have demonstrated that MRI-based
quantitative parameters are good predictors for ACL tears
and may increase the overall sensitivity and specificity of
MRI in this regard. The ACL angle may be confidently mea-
sured in a single midsagittal MRI section, and a threshold
value of 45° can be considered the single most reliable quan-
titative parameter for predicting ACL tear in an MRI study.
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