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 Background: It is challenging to entirely show the anterior talofibular ligament (ATFL) and accurately diagnose ATFL injury 
with traditional 2-dimensional (2D) magnetic resonance imaging (MRI). With the introduction of 3.0T MRI, a 
3-dimensional (3D) MRI sequence can achieve images with high spatial resolution. This study aimed to evalu-
ate the accuracy of 3D MRI and compare it with 2D MRI in diagnosing ATFL injury.

 Material/Methods: This was a prospective study in which 45 patients with clinically suspected ATFL injury underwent 2D MRI, 3D 
MRI, and 3D model reconstruction followed by arthroscopic surgery between February 2018 and April 2019. 
Two radiologists who had over 11 and 13 years of musculoskeletal experience assessed the injury of ATFL in 
consensus without any clinical clues. Arthroscopic surgery results were the standard reference of MRI accuracy.

 Result: The 3D MRI results of ATFL injury showed the sensitivity of diagnosis of complete tears of 83% and specificity 
of 82%. The partial tears diagnosis sensitivity was 78%, and specificity was 100%. The sensitivity of diagnosis 
of sprains was 100%, and the specificity was 97%. The 3D MRI accuracy of diagnosis was 98% for no injury, 
98% for sprain, 91% for partial tear, and 82% for complete tear. The difference in the diagnosis of sprain and 
partial tears by 3D MRI and 2D MRI was statistically significant (P<0.05). A 3D reconstruction model was suc-
cessfully created for all patients.

 Conclusions: 3D MRI may be a reliable and accurate method to detect ATFL injury. The 3D reconstruction model using 3D 
MRI sequences has excellent prospects in application.
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Background

The ankle sprain that occurs during daily life and sport ac-
tivities is mainly accompanied by a varus injury, which has a 
high risk of damaging the lateral ligament [1,2]. Injury to the 
anterior talofibular ligament (ATFL) alone accounts for 80% 
of total injuries to the ankle ligament [3]. Clinically, X-rays of-
ten show no fractures after ankle sprains. Consequently, doc-
tors neglect to treat lateral ligament injury, which can then 
lead to traumatic severe osteoarthritis and osteonecrosis of 
the ankle joint, seriously inhibiting the quality of life of pa-
tients. Magnetic resonance imaging (MRI) is usually the diag-
nostic device chosen in cases with delayed healing and per-
sistent symptoms of an ankle sprain and in elite athletes. The 
ATFL is oriented obliquely and is thinner than a normal liga-
ment. Therefore, it cannot be detected in its entirety on the 
conventional 2-dimensional (2D) sequence, which uses rela-
tively thick slices (3-4 mm) [4]. With the introduction of 3.0T 
MRI, images with high spatial resolution from using 3-dimen-
sional (3D) MRI sequences can be obtained [5]. An optimized 
plane can be chosen to visualize the ATFL clearly and entirely; 
also, a 3D reconstruction model can be obtained through 3D 
sequences, thus helping to improve understanding of the in-
jury by displaying the ligament damage visually. Diagnosing 
ATFL damage with 3D MRI provides an essential, timely, and 
accurate diagnosis that allows a surgeon to decide whether 
surgery is needed [6].

Our study aimed to assess the accuracy of 3D MRI, compared 
with 2D MRI, in diagnosing ATFL injury, using arthroscopic sur-
gery findings as the standard reference of accuracy.

Material	and	Methods

Patients

The study included 45 patients who underwent arthroscopic 
surgery on 1 ankle in the Wuhan Union Hospital. This study 
was approved by the Ethics Committee of the hospital). All 
participants had signed informed consent before the study. All 
patients who underwent arthroscopy had symptoms of chron-
ic ankle instability: lateral ankle pain and swelling for over 6 
months and point tenderness over the lateral portion of the 
ankle on physical examination. The inclusion criteria were as 
follows: (1) lateral ankle pain and swelling after conservative 
treatment of at least 6 weeks; (2) positive clinical clues (an-
terior drawer test + or talar tilt test +); (3) point tenderness 
on the lateral ankle; (4) the sprain occurred at least 6 months 
prior to going to hospital; and (5) history of recurrent sprain 
and 2 or more sprains on the same ankle. Patients who had 
a history of previous ankle surgeries, ankle fracture, or rheu-
matoid disease were excluded from the study. From February 

2018 to April 2019, 45 patients (27 men and 22 women; mean 
age, 32.1 years, range, 18–58 years) were included in the study.

All patients were examined using a 3.0-T MRI with a knee in-
spection coil. They were placed in a supine position, with the 
ankle in a neutral position. They were positioned and exam-
ined by the same scanning technician. The MRI conditions 
were as follows: 3D sequence, proton density-weighted tur-
bo spin-echo, repetition time/echo time: 6.3/3.2); 30° flip an-
gle; voxel, 0.6 mm isotropic; and acquisition, 8–9 min. Two ra-
diologists who had over 11 and 13 years of musculoskeletal 
experience assessed the injury of ATFL in consensus without 
any clinical clues. The MRI images were stored in the DICOM 
3.0 standard format and in Mimics 16.0 software. Then, a 3D 
reconstruction model of the ATFL was built. All patients also 
underwent 2D MRI scan sequences.

The arthroscopic assessment was performed before surgery by 
a senior ankle surgeon who had more than 17 years of related 
surgical experience. The surgeon examined the condition of 
the ligaments of the ankle. All patients undergoing arthroscopy 
had over 6 months from injury to surgery. The damage criteria 
were as follows: (1) sprain: the ligament was intact but thinner 
or looser; (2) complete tear: the ligament had definite disconti-
nuity; and (3) partial tear: the ligament fiber had partial adhe-
sion, intact continuity was observed, and the fiber surface was 
coarsely cut. The findings of arthroscopy were the standard 
reference of MRI accuracy. Patients needing ankle arthrosco-
py were selected for this study based on our inclusion criteria: 
all enrolled patients had chronic ankle instability symptoms 
and point tenderness. Other associated ligament injuries are 
not discussed in detail because they are outside the scope of 
this article. The study flow chart (Figure 1).

Statistical analysis

The statistical data were analyzed using SPSS software ver-
sion 22 (SPSS Inc, Chicago, IL, USA). The confidence inter-
val was 95%. The chi-square test was used to compare the 
accuracy, sensitivity, specificity, and positive and negative 

Included patients (n=45)
Chronic ankle instability symptom+point tenderness

2D MRI scanning (n=45)

Arthroacopic evaluation (n=45)

2D MRI scanning+3D model reconstruction (n=45)

Figure 1. study flow chart.
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predictive values of the ATFL between 2D MRI and 3D MRI. 
Sensitivity=(true positive/(false negative+false positive)); 
specificity=(true negative/(true negative+false positive)); and 
accuracy=((true positive+true negative)/(true positive+true 
negative+false negative+false positive)). A P value <0.05 indi-
cated a statistically significant difference.

Results

A total of 45 patients underwent a 2D MRI scan, 3D MRI scan, 
and arthroscopy. All 3D MRI sequences were reconstructed into 
a 3D ATFL model. According to the classification of ankle dam-
age, 8 normal ATFL, 7 sprains, 14 partial tears, and 16 complete 
tears of ATFL were detected by arthroscopy. However, differ-
ences were found between the findings of 2D MRI and 3D MRI 
(Table 1). MRI and arthroscopic surgery findings in the diag-
nosis of ATFL were inconsistent (Table 2). According to the 3D 
MRI findings, the sensitivity of diagnosis of normal ATFL was 
89%, specificity was 100%, and accuracy was 98%. The sen-
sitivity of the diagnosis of sprains was 100%, the specificity 
was 97%, and the accuracy was 93%. The sensitivity of the 

diagnosis was 78% for partial tears, with specificity and accu-
racy of 100% and 91%, respectively. The positive predictive val-
ue of 3D MRI findings ranged from 86% to 100%, the negative 
predictive value ranged from 87% to 100%, and the findings 
of 3D MRI were more accurate than those of 2D MRI (Table 3). 
The difference in the diagnosis of sprain and partial tears by 
3D MRI and 2D MRI was statistically significant (P<0.05). Our 
findings showed that 3D MRI was more accurate for minor in-
juries, since it is easier to detect minor damage with 3D im-
aging. All 3D reconstruction models were visible and achieved 
the desired goal.

Discussion

Our study was performed to assess the significance of 3D MRI 
in the diagnosis of ATFL injury. We found that 3D MRI was 
more reliable in diagnosing minor injuries, especially sprains 
and partial tears, while there was no significant difference be-
tween 2D MRI and 3D MRI in the diagnosis of normal and com-
plete rupture. 3D MRI is important for the diagnosis of liga-
ment injury in chronic ankle sprain of patients, including elite 

Injury
Anterior talofibular ligament

2D MRI 3D MRI Surgery

Normal 14 9 8

Sprain 4 6 7

Partial tear 10 18 14

Complete tear 17 12 16

Table 1. General information of anterior talofibular ligament injuries.

Anterior talofibular ligament

2D MRI (+) 2D MRI (–) 3D MRI (+) 3D MRI (–)

Normal

 Surgery (+) 7 7 8 1

 Surgery (–) 1 30 0 36

Sprain

 Surgery (+) 3 1 6 0

 Surgery (–) 4 37 1 38

Partial tear

 Surgery (+) 7 3 14 4

 Surgery (–) 7 28 0 27

Complete tear

 Surgery (+) 7 10 10 2

 Surgery (–) 9 19 6 27

Table 2. Comparison of MRI and arthroscopic results.
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MRI Accuracy Sensitivity Specificity Positive Negative P value

Normal

 2D MRI 82 50 97 88 81
0.179

 3D MRI 98 89 100 100 97

Sprain

 2D MRI 89 75 93 43 97
0.032

 3D MRI 98 100 97 86 100

Partial tear

 2D MRI 78 70 80 50 90
0.025

 3D MRI 91 78 100 100 87

Complete tear

 2D MRI 58 41 68 44 66
0.353

 3D MRI 82 83 82 63 93

Table 3. Comparison of 2D and 3D MRI in diagnosing anterior talofibular ligament.

Figure 2.  A 2-dimensional MRI image of a 45-year-old patient 
with anterior talofibular ligament (ATFL) injury, 
revealing a complete ATFL tear (arrow).

Figure 3.  A 3-dimensional (3D) MRI image of a 45-year-old 
patient with an anterior talofibular ligament (ATFL) 
partial tear (arrow); this image was on the same 
section of 2D MRI. A break in 1 of the ATFL bundles 
was observed, but the ATFL was still consistent.
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athletes. A timely and clear diagnosis is conducive to making 
timely choices of surgical or other treatment and to helping 
patients recover the function of the ankle quickly. Chronic an-
kle instability can affect the knee, hip, and even the spine. 3D 
MRI is a very promising device for ankle sprain.

Commonly used imaging methods for the clinical diagnosis of 
a ligament injury include stress X-ray, arthrography, MRI, and 
arthroscopy. MRI has the ability to display soft tissues and the 
advantages of noninvasiveness, rapid evaluation, multiplanar 
display, and no radiation damage. Numerous studies have re-
ported that MRI examination has a high diagnostic value [7–9]. 
Kumar et al. reported a sensitivity of ATFL tears of 60%, ac-
curacy of 72%, and specificity of 87% [10]. Park et al. report-
ed lower ATFL tear sensitivity (44-75%), but higher specificity 
(78–88%) [11]. Kumar et al. and Park et al. used the 2D MRI 
sequence, and their findings were consistent with the results 
of the present study in which MRI showed more injury than 
did surgery, probably because MRI is more sensitive to dam-
age, and some damage was invisible under arthroscopy. In the 
present study, 3D MRI showed ATFL tear sensitivity of 78% to 
100%, specificity of 97% to 100%, and accuracy of 82% to 
100%. These values were higher than those of 2D MRI, as the 
3D MRI sequences had thinner sections compared with normal 
sequences. The ATFL could be observed only on several sec-
tions using a normal 2D MRI sequence owing to its anatomy. 
However, the 3D MRI sequence had more sections to show the 
ATFL tear. As shown in Figure 2, the 2D MRI sequence showed 
complete ATFL tear with poor tension, but on the same sec-
tion, the 3D MRI sequence showed that 1 of the ATFLs was in-
tact with poor tension (Figure 3), and the results were consis-
tent with those of surgery (Figure 4). The 3D reconstruction 

model visually presented the information of the ATFL quickly 
and clearly (Figure 5). The 3D MRI showed advantages in di-
agnosing ATFL injury, as it significantly improved the diagnos-
tic rate of ATFL injury. However, it had some limitations, in-
cluding increased time to scan the selected area, requirement 
of relatively scarce radiology medical resources, and a high fi-
nancial cost. Therefore, it could not be applied in all regions.

The 3D MRI sequence was input into the Mimics software, and 
the 3D reconstruction model was obtained to visualize the ATFL 
injuries. The section thickness of the 3D MRI scan was 0.3 mm, 
which was less than that of a 2D section (3–4 mm) [12]. The 
ATFL emanates from the anterior edge of the lateral malleo-
lus and is attached to the talus neck. It is about 2 cm long and 
6 mm to 8 mm wide [13]. The 3D MRI has more sections to 
show ATFL injury [14], and hence can display the injury more 
accurately. In this study, 3D MRI showed the potential for an 
improvement in accuracy and specificity in the diagnosis of 
ATFL injury. The 3D reconstruction model also showed encour-
aging results and had clinical significance in visualizing the in-
jury. As shown in Figure 4, the condition of the ATFL could be 
directly observed using the 3D reconstruction model. In gen-
eral, an experienced foot and ankle doctor can accurately di-
agnose ATFL damage using 3D MRI, but it is a challenge for 
young doctors or doctors in other fields, and patients can un-
derstand their condition only through the doctor’s explanation. 
The 3D models can shorten the learning curve of doctors and 
help patients understand the condition by themselves. The 3D 
reconstruction of bones is very common, but the reconstruc-
tion of ligaments needs further exploration [15]. The 3D re-
construction can be used in anatomical visualization, formula-
tion of personalized diagnosis and treatment plans, simulation 
of surgical procedures, educational tools for medical research, 

Figure 4.  An arthroscopic image of a 45-year-old patient with an 
anterior talofibular ligament (ATFL) partial tear. The an 
ATFL had weakened tension and was partially broken. 
The results were consistent with those of MRI.

Figure 5.  A 3-dimensional reconstruction model showing an 
anterior talofibular ligament partial tear. The results 
were consistent with arthroscopic surgery findings.
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medical training and teaching, communication among clinical 
staff, and patient education [16–19].

The 3D reconstruction model is a very promising technology. It 
can intuitively display the damage to ligaments, which is con-
ducive to doctor-patient communication before surgery and 
improves the patient’s understanding of the condition. A per-
sonalized anatomical model helps doctors simulate an oper-
ation before surgery. The 3D reconstruction model has been 
widely used in the field of orthopedics [20,21]. It can be re-
constructed from many kinds of data [10], and the 3D MRI se-
quence data are a good choice. Our next study will explore 
how to better perform 3D model reconstruction and simulate 
an operation before surgery.

References:

 1. Waterman BR, Owens BD, Davey S et al: The epidemiology of ankle sprains 
in the United States. J Bone Joint Surg Am, 2010; 92(13): 2279–84

 2. Gerber JP, Williams GN, Scoville CR et al: Persistent disability associated 
with ankle sprains: A prospective examination of an athletic population. 
Foot Ankle Int, 1998; 19(10): 653–60

 3. Malliaropoulos N, Papacostas E, Papalada A et al: Acute lateral ankle sprains 
in track and field athletes: An expanded classification. Foot Ankle Clin, 2006; 
11(3): 497–507

 4. Kim YS, Kim YB, Kim TG et al: Reliability and validity of magnetic resonance 
imaging for the evaluation of the anterior talofibular ligament in patients 
undergoing ankle arthroscopy. Arthroscopy, 2015; 31(8): 1540–47

 5. Teramoto A, Akatsuka Y, Takashima H et al: 3D MRI evaluation of morpho-
logical characteristics of lateral ankle ligaments in injured patients and un-
injured controls. J Orthop Sci, 2020; 25(1): 183–87

 6. Tan DW, Teh DJW, Chee YH: Accuracy of magnetic resonance imaging in di-
agnosing lateral ankle ligament injuries: A comparative study with surgi-
cal findings and timings of scans. Asia Pac J Sports Med Arthrosc Rehabil 
Technol, 2016; 7: 15–20

 7. Shengxuan C, Chen W, Xin M et al: Reliability and validity of different an-
kle MRI scanning planes for the anterior talofibular ligament injury diag-
nosis: A cadaveric study. J Orthop Surg Res, 2019; 14(1): 69

 8. Jisook Y, Gyu CJ, Koo LY et al: MRI of the anterior talofibular ligament, ta-
lar cartilage and os subfibulare: Comparison of isotropic resolution 3D and 
conventional 2D T2-weighted fast spin-echo sequences at 3.0 T. Skeletal 
Radiol, 2016; 45(7): 899–908

 9. Kanamoto T, Shiozaki Y, Tanaka Y et al: The use of MRI in pre-operative 
evaluation of anterior talofibular ligament in chronic ankle instability. Bone 
Joint Res, 2014; 3(8): 241–45

 10. Kumar V, Triantafyllopoulos I, Panagopoulos A et al: Deficiencies of MRI in 
the diagnosis of chronic symptomatic lateral ankle ligament injuries. J Foot 
Ankle Surg, 2007; 13(4): 171–76

This study had limitations. First, the sample size was small, 
and very few patients had complete ligament rupture, which 
affected the results. Second, all patients included in the study 
were selected by an experienced surgeon, and thus our results 
might not truly reflect the evaluation of the use of 3D MRI in 
diagnosing ATFL.

Conclusions

In conclusion, 3D MRI may be a reliable and accurate method 
to detect ATFL injury. The 3D reconstruction model using 3D 
MRI sequences has very good application prospects.

Conflicts of interest

None.

 11. Park HJ, Cha SD, Kim SS et al: Accuracy of MRI findings in chronic lateral 
ankle ligament injury: Comparison with surgical findings. Clin Radiol, 2012; 
67(4): 313–18

 12. Kim TH, Moon SG, Jung HG et al: Subtalar instability: Imaging features of 
subtalar ligaments on 3D isotropic ankle MRI. BMC Musculoskelet Disord, 
2017; 18(1): 475

 13. Khawaji B, Soames R: The anterior talofibular ligament: A detailed mor-
phological study. Foot (Edinb), 2015; 25(3): 141–47

 14. Atsushi T, Yoshihiro A, Hiroyuki T et al: 3D MRI evaluation of morphologi-
cal characteristics of lateral ankle ligaments in injured patients and unin-
jured controls. J Orthop Sci, 2020; 25(1): 183–87

 15. Ripley B, Levin D, Kelil T et al: 3D printing from MRI data: Harnessing strengths 
and minimizing weaknesses. J Magn Reson Imaging, 2017; 45(3): 635–45

 16. Mamoru S, Yasuo O, Atsushi K et al: Rapid prototyping of temporal bone 
for surgical training and medical education. Acta Otolaryngol, 2004; 124(4): 
400–2

 17. Zheng YX, Yu DF, Zhao JG et al: 3D printout models vs. 3D-rendered im-
ages: Which is better for preoperative planning? J Surg Educ, 2016; 73(3): 
518–23

 18. Silberstein JL, Maddox MM, Dorsey P et al: Physical models of renal malig-
nancies using standard cross-sectional imaging and 3-dimensional print-
ers: A pilot study. Urology, 2014; 849(2): 268–72

 19. Bernhard JC, Isotani S, Matsugasumi T et al: Personalized 3D printed mod-
el of kidney and tumor anatomy: A useful tool for patient education. World 
J Urol, 2016; 34(3): 337–45

 20. Ma L, Fan Z, Ning G et al: 3D Visualization and augmented reality for or-
thopedics. Adv Exp Med Biol, 2018; 1093: 193–205

 21. Bagaria V, Bhansali R, Pawar P: 3D printing- creating a blueprint for the 
future of orthopedics: Current concept review and the road ahead! J Clin 
Orthop Trauma, 2018; 9(3): 207–12

e927920-6
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Xu Y. et al.: 
3D MRI to Diagnose Ligament Injury

© Med Sci Monit, 2021; 27: e927920
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


