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Abstract
Purpose Magnetic resonance imaging (MRI) is the gold standard image examination for anterior cruciate ligament (ACL) 
lesion diagnosis. Our hypothesis was that measuring the posterior cruciate ligament inclination angle (PCLIA) using MRI 
images may be an auxiliary tool to aid the recognition of ACL insufficiency. The purpose of this study was to compare the 
PCLIA measurement in MRIs of individuals with and without ACL injury.
Methods The PCLIA was measured by two radiologists in 65 knee MRIs of patients with intact ACL (control group) and 
in 65 knee MRIs of people with ACL injury (study group). In both groups, the posterior cruciate ligament was intact. The 
control group was included 35 men (53.8%) and 30 women (46.1%). The patients' average age was 38.7 years (range 15–75; 
SD ± 14.8 years). In this group, 31 (47.6%) MRIs were from right knees and 34 (52.3%) were from left knees. The study group 
consisted of 45 men (69.2%) and 20 women (30.7%). The patients' average age was 36.8 years (range 14–55; SD ± 10.3 years). 
In this group, 33 (50.7%) were right knees and 32 (49.2%) were left knees. PCLIA was formed by the intersection of two 
lines drawn in MRI sagittal images. The first passed tangentially to the articular surface of the tibial condyle and the second 
was drawn over the fraction of the ligament that originated where the first crossed the PCL, outlined proximally.
Results The average PCLIA was 44.2 ± 3.8° in the control group and 78.9 ± 8.6° in the study group. Statistical analyses 
showed that the PCLIA was higher in the group with ACL injury (p < 0.05).
Conclusion
The PCLIA was significantly higher in individuals with ACL injuries. The measurement of this angle using MRI images 
may allow for detection of ACL insufficiency and thus assist in an individualized and precise approach to the treatment of 
injuries to the ACL.
Clinical relevance PCLIA may be a way to detect ACL insufficiency and thus help surgeons to decide which patient might 
need ACL reconstruction.
Level of evidence III.

Keywords Anterior cruciate ligament · Insufficiency · Magnetic resonance imaging · Posterior cruciate ligament

 * Julio Cesar Gali 
 jcgali@pucsp.br

 Tyago Araujo Almeida 
 araujotyago@hotmail.com

 Daniela Cristina de Moraes Miguel 
 danielacristina1984@yahoo.com.br

 Samir Alexandre Nassar 
 drsamirnassar@centromedicosorocaba.com.br

 Julio Cesar Gali Filho 
 julioc41@hotmail.com

 Nicholas P. Drain 
 drainn@upmc.edu

 Freddie F. Fu 
 ffu@upmc.edu

1 Department of Surgery, Faculty of Medical Science 
and Health, Catholic University of Sao Paulo, Rua Joubert 
Wey, 290, Sorocaba, SP 18030‑070, Brazil

2 Santa Lucinda Hospital, Sorocaba, SP, Brazil
3 Centro Médico Sorocaba, Sorocaba, SP, Brazil
4 Núcleo de Ortopedia e Traumatologia do Esporte, Sorocaba, 

SP, Brazil
5 Department of Orthopaedic Surgery, University of Pittsburgh 

Medical Center, Pittsburgh, PA, USA

http://orcid.org/0000-0003-2369-6322
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-021-06789-0&domain=pdf


125Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:124–130 

1 3

Introduction

The diagnosis of an anterior cruciate ligament (ACL) 
injury may be made by clinical examination and has been 
shown to have comparable accuracy, specificity, sensitiv‑
ity, and predictive value to magnetic resonance imaging, 
MRI [1, 13, 15]. The ACL is composed of a group of 
fibers. Consequently, an injury may result in damage to 
only a portion of these fibers, characterizing a partial ACL 
tear (pACL). The diagnosis and frequency of pACL tears 
has increased and the range of injuries varies consider‑
ably [24]. Regarding clinical examination, a high‑grade 
Lachman test, anterior drawer test, or pivot shift test cor‑
relate with increased probability of complete ACL tear 
[8]. Higher grades of both Lachman and pivot shift test 
are associated with a greater likelihood of complete ACL 
tears, compared to pACL tears [4].

pACL injuries are more difficult to diagnose than com‑
plete tears using MRI [14]. Van Dyck et al. reported that 
many pACL tears may be indistinguishable on MRI from 
either a complete tear or mucoid ligament degeneration 
[22]. According to Shu et al., preoperative MRI showed 
11 partial thickness tears (32.4%), however, arthroscopic 
evaluation revealed 20 partial thickness tears (58.8%) in 
the same study population [18]. In contrast, Zhao et al. 
reported an accuracy of MRI diagnosed pACL tears of 
94.7% [26].

For optimal diagnosis of ACL injury, a full clinical 
evaluation, including physical examination and imaging 
is necessary. With regard to imaging, determining the 
posterior cruciate ligament of inclination angle (PCLIA) 
may provide valuable information to aid the diagnostic 
accuracy of ACL injury using MRI. When there is incom‑
petence of the ACL, there is potential for tibial anteri‑
orization and consequent PCL deformation. Alterations in 
the PCL as a sign of an ACL injury on MRI have already 
been described [10, 17, 21, 23, 25]. It has been sought 
to improve the possible deficiencies found in the exist‑
ing literature by conducting a research study with an ade‑
quate sample size, and with simple and easily reproducible 
measures of PCL changes in the context of ACL injury, 
as measured on MRI. The objective of our study was to 
verify whether there was a difference in PCLIA measured 
with MRI in patients with ACL injury compared to those 
with an intact ligament to determine its utility in ACL 
insufficiency diagnoses and in guiding treatment choice. 
Our hypothesis was that PCLIA, measured by MRI, was 
higher in patients with ACL injuries.

Materials and methods

Research approval was obtained from the Ethics Com‑
mittee of our institution under the Number CAAE: 
33438720.0.0000.5373. One hundred and thirty 3 T MRIs 
of knees from 130 patients were used for analysis. Of 
these, 65 were from individuals who had an intact ACL 
on MRI scans, constituting the control group, and 65 MRIs 
from individuals with injured ACLs, which constituted the 
study group. The sample size was calculated to detect a 
difference of 15° in the PCLIA values between the control 
and study groups at the 5% significance level.

The ACL was considered intact when viewed as a con‑
tinuous group of fibers with low signal intensity, precise 
limits, taut between its femoral and tibial insertion sites, 
and directed at a more acute angle than the roof of the 
intercondylar fossa [7]. On the other hand, the ACL was 
characterized as injured if there was fiber discontinuity, 
malalignment, and even nonvisualization of the ligament 
in chronic cases [6]. In our study, the diagnosis of whether 
the ACL was injured or intact was certain.

In the control group, 35 individuals were male (53.8%) 
and 30 were female (46.1%). The mean age of these 
patients was 38.7 years, with a standard deviation (SD) 
of ± 14.8, ranging from 15 to 75 of years age. In this 
cohort, 31 knees were right (47.6%) and 34 (52.3%) were 
left. The study group consisted of 45 males (69.2%) and 
20 females (30.7%). In this cohort, 33 (50.7%) were right 
knees and 32 (49.2%) were left (Tables 1, 2). The mean 
age of these patients was 36.8 ± 10.3 years, ranging from 
14 to 55 years of age. The frequency of patients in each 
group, according to age groups grouped into decades, is 
shown in Table 3 and Fig. 1.

Table 1  Distribution of patients by gender

Group Frequency of researched gender Total

Female Male

Study 20 (15.3%) 45 (34.6%) 65 (50%)
Control 30 (23%) 35 (26.9%) 65 (50%)
Total 50 (38.4%) 80 (61.5%) 130 (100%)

Table 2  Distribution of patients by laterality

Group Laterality Total

Right Left

Study 33 (25.3%) 32 (24.6%) 65 (50%)
Control 31 (23.8%) 34 (26.1%) 65 (50%)
Total 64 (49.2%) 66 (50.7%) 130 (100%)
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Two radiologists (DCMM and SAN) independently meas‑
ured the PCLIA in 130 MRIs of the knees of patients in both 
the control and study groups using the Carestream PAC soft‑
ware version 12.1.5.7014. The PCLIA measurements were 
performed twice by each examiner, on different days, and 
the reported angle for each examiner was the average of the 
two measurements taken. It was determined that an average 
of the two radiologists’ measurements would be reported if 
results demonstrated high inter‑rater agreement.

The angle was defined by the intersection of two lines 
drawn on the sagittal MRI images where the PCL was best 
visualized. The first line passed tangentially to the articular 
surface of the tibial condyle and the second line was drawn 
over the portion of the ligament that originated where the 
first line crossed the PCL, delineated in the proximal direc‑
tion (Fig. 2). This was done directly on computer images 
and the software provided angle measurements in degrees 
with two decimal points. We reported angles to one deci‑
mal point. Subsequently, PCLIA values were statistically 
analyzed to determine whether there was a significant dif‑
ference between the control and study groups and to assess 
agreement between the observers' measurements.

Statistical analysis

Sample size calculation revealed that a number of 65 MRIs 
of patients with an intact ACL and 65 scans with the liga‑
ment injured was significant to detect a difference of 15° in 

PCLIA between control and study groups with a significance 
level of 5%. Power analysis of our research was checked on 
Welch’s T test, with a 95% confidence interval. It has been 
chosen to use non‑parametric tests and data normality was 
assessed using the Shapiro–Wilk and Kolmogorov–Smirnov 
tests, with 95% confidence. Wilcoxon's non‑parametric test 
was used to determine whether the measurements taken 
by the two radiologists were significantly different, that is, 
whether the difference between them could be considered 
equal to zero. The non‑parametric Mann–Whitney U test 
was used to check whether the mean PCLIA in the RMS of 
patients with ACL injury was equal to that of patients with 
intact ACL.

To reach the cut‑off point for the PCLIA measurements, 
a confidence interval of 95% of the mean was applied. This 
was obtained by adding and subtracting twice the SD of 
the mean of the PCLIA values obtained in each group. The 
lower and upper limits of these ranges were considered the 
cut‑off points for the study and control groups, respectively. 
If the PCLIA value obtained in the MRI of a patient in the 
study group was lower than the cut‑off point, it was consid‑
ered a false negative (FN) and if the PCLIA value found in 
the MRI of a person in the control group was higher than the 
cut‑off point, it was considered a false positive (FP).

Table 3  Distribution of patients 
in age groups

Age range in decades and percentages

Group 10–20 21–30 31–40 41–50 51–60 61–60  + 70 Total

Study 4 (6.1) 13 (20.0) 22 (33.8) 21 (32.3) 5 (7.6) – – 65 (99.9)
Control 7 (10.7) 13 (20.0) 20 (30.7) 13 (20.0) 4 (6.1) 6(9.23) 2 (3.0) 65 (99.9)

Fig. 1  Distribution of patients according to age groups grouped into 
decades. x-axis age groups, y-axis number of patients

Fig. 2  T1 MRI image illustrating posterior cruciate ligament inclina‑
tion angle (PCLIA). Line 1 was passed tangentially to the articular 
surface of the tibial condyle and line 2 was drawn over the fraction of 
the ligament that originated where the first crossed the PCL, deline‑
ated in the proximal direction
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The sensitivity of the evaluators' measurements was 
calculated by dividing the number of true positive (TP) 
measurements by the sum of the TP and FN measurements, 
and the specificity was determined by the ratio between 
the true negative (TN) measurements and the sum of the 
FP and TN measurements. The accuracy of the evalua‑
tors' measurements was estimated by dividing the number 
of correct assessments by total assessments {(TN + TP)/
(TN + TP + FN + FP)}.

Results

The power of our data was 0.9946. The statistical and p 
value results were − 1.471 and 0.141, respectively, so we 
did not reject the null hypothesis that the difference in the 
results of the two evaluators was equal to zero, with 95% 
confidence. The study and control groups consisted of sub‑
jects between the ages of 21 and 50 years old in 86.1% and 
70.7%, respectively, of each group’s total.

The mean PCLIA between groups was significantly dif‑
ferent, with a mean angle of 79.0 ± 7.4° in patients with 
ACL injuries (study group) compared to mean an angle of 
44.5 ± 3.4° in patients with an intact ACL (control group) 
(p < 0.05). The evaluators’ average measurements for 
each group are shown in Table 4. The Mann–Whitney test 
revealed good inter‑rater agreement, with evaluators' meas‑
urements relatively equal (p < 0.001), thus allowing analysis 
using the average of the two measurements. The frequency 
of PCLIA measurements in patients in the control and study 
groups can be seen in Fig. 3.

The 95% confidence interval for the average PCLIA angle 
in the study group ranged from 64.2° to 93.8°. In the control 
group, 95% confidence interval ranged from 33.7° to 51.3°. 
The mean PCLIA, lower and upper cut‑off points, as well 
as minimum and maximum PCLIA values are displayed 
in Table 5. Thus, PCLIA measurements above 64.2 were 
indicative of ACL injury and below 51.3 suggested an intact 
ACL. No patient in the study group had a PCLIA lower than 
64.2, while two patients in the control group had a PCLIA 
higher than 51.3.

Among all measurements, there were no FN results 
whereas two measurements made by examiner 1 in the con‑
trol group were higher than the cut‑off point representing 

two FP results. Consequently, the sensitivity of measure‑
ments of evaluators 1 and 2 was 100%, and the specificity for 
the measurements of evaluators 1 and 2 was 97% and 100%, 
respectively, and the accuracy of the evaluators' measure‑
ments was 99.2%.

Discussion

The most important finding of this study was a higher 
PCLIA in individuals with ACL injury compared to those 
with an intact ACL. The larger proportion of subjects aged 
21–50 found in the study group suggests that ACL injuries 

Table 4  Mean evaluators’ 
measurements and evaluators’ 
average value in the control and 
study groups

SD standard deviation

Group Evaluator 1 Evaluator 2 Evaluators’ average 
value

Average SD Average SD Average SD

Study 78.7 9.8 79.3 7.5 79.0 7.4
Control 44.2 4.1 45.0 3.6 44.5 3.4

Fig. 3  Frequency of PCLIA measurements in control and study 
groups. Blue control group, green study group

Table 5  PCLIA average value and cut‑off lower and upper limits with 
95% confidence interval

LL lower limit, UL upper limit

Group PCLIA 
average

Cut‑off 
LL

Cut‑off 
UL

Min value Max value

Study 79.0 ± 7.4 64.2 93.8 48.0 97.9
Control 44.5 ± 3.4 37.7 51.3 33.7 52.3
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are more common in younger, likely more active, individu‑
als. This finding supplements the homogeneity of baseline 
characteristics found between groups. Regarding gender, 
there was a higher percentage of males in the study group 
compared to the control group (69.2% vs. 53.8%), although 
female athletes have been reported to be at greater risk of 
ACL injury than male athletes in contact and fixed‑object 
high‑impact rotational landing sports [11].

The frequency of partial injuries described in the litera‑
ture varies between 10 and 47% [12, 22]. pACL injuries 
may present with nonspecific symptoms, such as repeated 
pain, swelling or instability [19]. The parameters for defin‑
ing a pACL tear on MRI exams include the presence of 
a high‑intensity signal in the ligament, which may also 
display a wavy course and/or focal thinning, but which 
maintains its continuity and orientation [3].

Jog et al. reported that in patients with pACL injury, 
histological examination of an intact band revealed that 
the integrity of the remaining material was altered, with a 
histological response similar to that a complete ACL tear 
[9]. Fayard et al. demonstrated that 39% of pACL tears in 
young and active patients, treated conservatively, evolved 
to a partial injury to a complete ACL tear [5].

A systematic review revealed that pACL tears are 
symptomatic and ligament laxity may progress over time, 
making the indications for surgical treatment of partial 
and complete ACL injuries similar [16] and Barton et al. 
showed that pACL transection in an ovine model leads to 
degenerative changes in the trabecular bone mineral den‑
sity and alterations in structural integrity of the remaining 
intact ligament [2]. Stone et al. reported that the main 
determinant for guiding treatment of a patient with pACL 
tear depended on the functional competence of the liga‑
ment [20].

pACL tears may still allow for sufficient stability and 
the conclusion of a competent ACL if the stabilization pro‑
vided by its elongated or intact fibers still has the capacity 
to limit mobility within physiological limits. Likewise, the 
ligament may be insufficient and thus deemed incompetent 
if this stabilizing capacity is impaired. In the case of ACL 
insufficiency, there is tibial anteriorization, with consequent 
modification of the shape of the PCL and alteration of the 
PCLIA. Thus, measuring this angle can aid in the diagnoses 
ACL injuries and improve therapeutic planning.

Schweitzer et al. reported PCL alterations resulting from 
ACL rupture in the MRIs of 22 patients [17]. In their study, 
lines adjacent and parallel to the posterior margins of the 
distal portions of the PCL were delineated and when a line 
did not cross the medullary cavity of the femur, it was con‑
sidered positive. This methodology accurately predicted an 
ACL injury in 86.3% of patients, however, the study may 
have been under‑powered to detect a clinically significant 
difference with a sample size of 22 patients.

Tung et al. evaluated the mean curvature of the PCL in 
the MRIs of patients undergoing knee arthroscopy, with 50 
MRIs of ACL injuries and 53 MRIs of an intact ACLs. The 
mean curvature of the PCL in the MRIs of patients with 
ACL injuries was 0.40 ± 0.12° and 0.27 ± 0.06° in MRIs of 
intact ACLs (p < 0.0001). However, there was an overlap in 
the distribution of PCL curvature values between the two 
cohorts [21]. In contrast, our study did not have such overlap 
between the PCLIA measurements in each cohort.

McCauley et al. measured the angle of the PCL in the 
MRIs of 68 patients with arthroscopically proven ACL 
injuries. This angle was formed by two lines, one passing 
through the central portion of the tibial insertion of the liga‑
ment and the other traced across the central portion of the 
femoral insertion. The authors concluded that a PCL angle 
smaller than 105° should be considered strong evidence of 
an ACL tear [10]. Although this method of measurement 
is relatively easy to perform, evaluation of sensitivity and 
specificity by two evaluators revealed sensitivities of 72% 
and 74% and specificities of 79% and 86%. In the present 
study, the sensitivity of the measurements of evaluators 1 
and 2 was 100%, and their specificity was 97% and 100%, 
respectively.

Van Dyck et al. defined a hyperbuckled PCL as one with 
vertical alignment of their middle and distal fibers and 
demonstrated 100% specificity in 61 MRIs of unstable ACL 
injuries, confirmed by clinical and arthroscopic examina‑
tion. However, the authors did not present an objective 
numerical value for the degree of deformation [23]. Yoo 
and Lim evaluated 38 MRIs from patients, before and after 
ACL reconstruction. They found that in cases of chronic 
ACL injuries, the change in the preoperative shape of the 
PCL disappeared after ACL reconstruction surgery [25]. 
This study focused on post‑operative changes and may have 
been under‑powered with a sample size of 38 patients and 
the methodology performed is quite complicated and dif‑
ficult to be reproduced.

Compared to other methods of measuring PCL alterations 
by MRI in the context of ACL injury found in the existing 
literature, we adopted a simple, reproducible, and quanti‑
fiable criterion that demonstrated a significant difference 
between injured and intact ACLs. Furthermore, our study 
was adequately powered to detect a clinically significant dif‑
ference, and showed high sensitivity and specificity.

The present study has limitations. First, we did not cor‑
relate the results of MRI measurements on the knees of the 
patients investigated to the clinical or arthroscopic exami‑
nation of these cases, because the diagnosis was made 
exclusively by MRI analysis. However, the radiologists 
who performed the PCLIA measurements included in this 
study assessed MRI images of cases where the diagnosis 
of damaged or intact ACL was certain. Second, the data 
were comprised of frankly injured and intact ACLs, and thus 
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excluding cases that could be diagnosed as partial injuries, 
so we could not assess PCLIA in pACL tears. Nevertheless, 
we could question the mechanical properties of the remain‑
ing ACL fibers [3]. Certainly future studies are needed fur‑
ther delineate the appearance and biomechanical behavior of 
pACL injuries, and the consequences of pACL insufficiency.

The clinical relevance of this study is that PCLIA pro‑
vides useful diagnostic information for detecting ACL insuf‑
ficiency in MRIs, thus aiding in the diagnosis and subse‑
quent treatment of ACL insufficiency.

Conclusions

The PCLIA was significantly higher in patients with ACL 
injuries when compared to individuals with an intact ACL. 
The measurement of this angle using MRI images may 
improve diagnosis of an ACL insufficiency.
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