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ABSTRACT
Objective: Acute ankle inversion injury (AAII) is one of the most common injuries seen in emergency departments (EDs). Although MRI is valuable for diag-
nosis, its use in the ED is often limited by time, cost, and patient comfort. Moreover, severe post-traumatic symptoms can raise concern for misdiagnosis and 
prompt unnecessary MRI requests. Therefore, the true necessity of early MRI after AAII has increasingly been questioned.

Materials and Methods: A total of 464 patients were included in the study. Group A consisted of 319 patients who underwent MRI during their initial evalua-
tion after trauma, while Group B included 145 patients who received MRI during follow-up based on clinical suspicion. Grade 2 and Grade 3 ligament injuries, 
osteochondral injuries, tendon injuries, and non-displaced fractures were considered clinically significant pathologies. The proportion of clinically significant 
findings was compared between the two groups.

Results: MRI revealed pathologies that could lead to functional impairment in 79.3% of Group A and 96.5% of Group B (p<0.001). Ligament injury was present 
in 48.4%, most commonly ATFL tears (42%). Bone and osteochondral lesions were found in 47.6% of patients. All Grade 3 lesions were located in the talus 
and associated with sports-related trauma (p<0.001). Bone-cartilage lesions were found in 56.5% of sports injuries vs. 46.1% of non-sports injuries (p=0.109).

Conclusion: MRI performed after initial symptom improvement yields greater diagnostic accuracy and reduces unnecessary ED imaging. MRI should be selec-
tively reserved for cases with persistent clinical suspicion on physical examination or when results may alter management.
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INTRODUCTION
Acute ankle inversion injuries (AAII), which can affect carti-
lage, bone, and soft tissues, are among the most common 
reasons for emergency department (ED) visits.[1–5] In the ED, 
diagnostic imaging options include direct radiographs, com-
puted tomography (CT), and magnetic resonance imaging 
(MRI). MRI is considered the most appropriate modality for 
detecting soft-tissue damage and bone injuries.[6–10]

In the acute phase of trauma, pain and swelling may cause 
minor injuries to mimic more serious conditions, often 
prompting unnecessary MRI requests in the emergency set-
ting.[3,11] This, in turn, places an additional burden on the ED 
and raises overall healthcare costs.[3] On the other hand, de-
laying MRI may postpone diagnosis and potentially lead to 

missed injuries.[12,13] Determining the most appropriate tim-
ing for MRI in patients with AAII is therefore essential for 
guiding clinical decision-making.

In recent years, MRI has become more readily accessible, 
particularly in emergency and outpatient settings, which 
may have inadvertently led to a decline in reliance on phys-
ical examination findings. However, the cornerstone of di-
agnosing ankle sprains remains a thorough clinical history 
and physical examination; MRI should be reserved for cases 
in which clinical suspicion persists or when the findings may 
alter the treatment plan.[14,15]

The primary aim of this study was to evaluate whether per-
forming MRI immediately in ED conditions is appropriate 
for patients with suspected tissue injury following AAII. Giv-
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en the limited data in the literature regarding the optimal 
timing and clinical impact of MRI in this patient population, 
assessing the diagnostic value and influence of early MRI on 
clinical management is warranted. With this objective, our 
study aimed to contribute to the standardization of acute 
imaging algorithms. Furthermore, the large patient cohort 
allowed us to provide demographic data that may offer addi-
tional insight into the current literature on AAII.

MATERIALS and METHODS
Between April 2014 and April 2020, the medical records of 
663 patients who presented to the ED of a trauma center with 
acute ankle inversion injuries (AAII) were reviewed retro-
spectively. The study was conducted in accordance with the 
principles of the Declaration of Helsinki and was approved 
by the Biruni University Clinical Research Ethics Committee 
(Approval No: 2020/42-04; approval date: 29.07.2020). Writ-
ten informed consent was obtained from all patients during 
their initial and follow-up evaluations.

The inclusion criteria for this study consisted of patients 
aged 18 years or older who presented with an ankle sprain 
caused by an inversion mechanism, had initial X-ray imag-
ing available, and whose X-rays were nonspecific at the time 
of presentation. Patients with ankle sprains resulting from 
non-inversion mechanisms, injuries caused by direct impact 
or high-energy trauma, a history of chronic ankle instability, 
and pregnant patients were excluded from the study.

The MRI images and corresponding radiology reports were 
obtained from the hospital’s digital database, and all pathol-
ogies were classified and analyzed retrospectively. A total of 
464 patients who met the inclusion criteria were enrolled. 
Of these, 319 patients who underwent MRI as part of their 
initial diagnostic evaluation were assigned to Group A, while 
145 patients who received initial treatment without MRI and 
were later imaged between days 3 and 7 based on follow-up 
examination were assigned to Group B.

Injury Classification
Ankle sprain-related ligament injuries were classified as 
Grade 1, 2, or 3.[5,6,16–18] Grade 1 injuries involve minimal dam-
age and are characterized by mild swelling, ecchymosis, and 
only slight difficulty with weight bearing. Grade 2 injuries 
present with moderate damage, including partial tears of 
the lateral ligament complex and anterolateral tenderness, 
typically without significant laxity. In contrast, Grade 3 inju-
ries represent complete ruptures, manifesting with marked 
symptoms and evident clinical instability.

Grade 1 injuries are generally managed conservatively with 
simple bandaging, rest, or basic orthoses, whereas Grade 
2 and Grade 3 injuries may require immobilization and, 
in some cases, surgical intervention.[17,19] For this reason, 
Grades 2 and 3 were defined as functionally significant le-
sions in this study.[15,17,19–23]

For bone-cartilage injuries, including subchondral, chon-
dral, and osteochondral lesions, the Roemer and Bahndorf 
classification was used.[24,25] Grade 1 lesions involve subchon-
dral microfractures and bone marrow edema, Grade 2 le-
sions represent subchondral impaction, and Grade 3 lesions 
consist of chondral or osteochondral defects. While Grade 1 
lesions are typically managed conservatively, Grades 2 and 
3 may require immobilization and potential surgical inter-
vention. Therefore, Grades 2 and 3 were considered clinical-
ly significant injuries likely to cause functional impairment.
[24,26,27] Nondisplaced fractures visible only on MRI (and not on 
X-ray) were also classified as clinically significant, since they 
require immobilization with casting.[28]

Tendon injuries were graded as follows: Grade 1 for mild 
strains, Grade 2 for partial tears, and Grade 3 for full-thick-
ness tears.[29–31] While Grade 1 tendon injuries are typically 
managed conservatively, Grades 2 and 3 may require im-
mobilization or surgical repair. Consequently, Grades 2 and 
3 tendon injuries were considered clinically significant in-
juries.[29,30]

Consequently, Grade 1 ligament, tendon, and bone-cartilage 
lesions were considered to cause minimal structural dam-
age, not result in functional impairment, and typically re-
solve with conservative treatment.[29,30] Therefore, they were 
not regarded as clinically significant on MRI. In contrast, 
Grade 2 and Grade 3 bone-cartilage, ligament, and tendon 
injuries, as well as non-displaced fractures, were classified 
as clinically significant findings on MRI.

Radiological Studies
MRI was performed using a large-scale 3D MRI system (3.0 
Tesla Signa Pioneer 97-channel, GE, USA) with a 17-channel 
in vivo coil. The patients' feet were fixed in the supine position 
using pad straps and sandbags with slight plantar flexion. 
Axial, coronal, and sagittal fat-suppressed proton-weighted 
images were obtained with a 15-cm FOV (TR 3000 ms, TE 
30 ms); sagittal T1-weighted spin-echo images with a 15-cm 
FOV (TR 466 ms, TE 9.7 ms); and sagittal gradient-weighted 
images with a 15-cm FOV (TR 2300 ms, TE 37 ms). Accord-
ing to the course of the CFL and ATFL, 4-mm sections were 
obtained. The intersection gap was 0.5 mm. The number of 
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sections was determined according to ankle size. The imag-
ing time ranged from 15 to 20 minutes. Radiological findings 
were assessed by one senior radiologist, and all discrepan-
cies were resolved by consensus.

Statistical Analysis
The statistical analysis was carried out using the Statistical 
Package for the Social Sciences (SPSS) version 21 (IBM®, Ar-
monk, NY, USA). Categorical variables were presented as fre-
quencies and percentages. Continuous data were expressed 
as mean±standard deviation (SD) or median, according to the 
data distribution. Categorical and continuous characteristics 
of the groups were compared using the χ² test and the inde-
pendent t-test or Mann-Whitney U test, according to the data 
distribution. Statistical significance was defined as p<0.05.

RESULTS
A total of 464 patients were classified into Group A (n=319) 
and Group B (n=145). All included patients completed the 
follow-up assessments. In Group A, 170 patients were male, 
and the median age was 35 years (IQR 28–47, range 18–70). 
In Group B, 96 patients were male, with a median age of 33 
years (IQR 26–45, range 18–62). There were no statistically 
significant differences between the groups in terms of age 
distribution, sex ratio, or injury mechanism (all p>0.05), in-
dicating that the groups were demographically comparable.

On MRI, clinically significant pathological findings—defined 
as Grade 2 and Grade 3 ligament, tendon, and osteochondral 
lesions, as well as non-displaced fractures—were detected 

in 253 of 319 patients (79.3%) in Group A and 140 of 145 pa-
tients (96.5%) in Group B (p<0.001) (Fig. 1). A total of 43 pa-
tients (9.2%), including 24 in Group A and 19 in Group B, had 
non-displaced fractures identified on MRI but not visible on 
X-ray. Among the Group B cases, 11 patients received initial 
immobilization with a splint, whereas eight patients did not. 
In these eight cases, no increase in fracture displacement 
was observed despite allowing full weight bearing.

Overall, 84.6% of patients had injuries of varying severity 
involving different tissues (Table 1). ATFL injuries were ob-

Figure 1. Comparison of the presence of pathological 
findings in MRI between Group A and Group B

Table 1: The frequencies of ligament, bones, tendon and  cartilage injuries which were detected by MRI in both groups

Lesion category n %

Ligaments 225 48.4 •	 ATFL (%42); Grade 1: %7.8, Grade 2: %19.6, Grade 3: %14.6 
•	 CFL (%11.6); Grade 1: %8.6, Grade 2: %2.5, Grade 3: %0.4
•	 Deltoid (%11.6); Grade 1: %0.9, Grade 2: %9.7, Grade 3: %1.1
•	 PTFL (%3.4); Grade 1: %2.4, Grade 2: %1.1

Non-displaced fractures 43 9.2 •	 Distal Tibia (%2.4), 
•	 Talus (%1.7), 
•	 Lateral Malleol (%3.0), 
•	 Calcaneus (%1.3), 
•	 Other (%0.8).

Bone-cartilage lesions 221 47.6 •	 Grade 1: %34.5, Grade 2 : %10.8, Grade 3: %2.4

Tendons 80 17.2 •	 Peroneus brevis (%6.5); Grade 1: %2.8, Grade 2: %3.7
•	 FHL (%5.2); Grade 1: %5.0, Grade 2: %0.2), 
•	 Achilles (%1.7); Grade 1: %0.6, Grade 2: %1.1), 
•	 Tibialis posterior (%1.3; Grade 1: %1.1, Grade 2: %0.2 
•	 Peroneus longus (%2.6); Grade 1

MRI: Magnetic resonance imaging; ATFL: Anterior talofibular ligament; CFL: Calcaneofibular ligament; PTFL: Posterior talofibular ligament; FHL: Flexor hallucis 
longus ligament
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served in 195 patients (42%), of whom 71 (15.3%) had iso-
lated injuries. CFL injuries occurred in 54 patients (11.6%), 
PTFL injuries in 16 (3.44%), syndesmosis injuries in 4 
(0.86%), and deltoid ligament injuries in 55 (11.8%). Com-
bined ATFL and CFL injuries were detected in 48 patients 
(10.3%), combined ATFL and deltoid ligament injuries in 
35 patients (7.5%), and combined injuries of the ATFL, CFL, 
PTFL, and deltoid ligament in five patients (1.07%). Tendon 
injuries were detected in 80 patients (Table 1).

Osteochondral injuries of the foot and ankle bones were 
observed in 221 patients (47.6%), including 160 patients 
(34.5%) with Grade 1, 50 patients (10.8%) with Grade 2, 
and 11 patients (2.4%) with Grade 3 lesions. All Grade 3 
lesions were located in the talus and were associated 
with sports-related trauma (p<0.001) (Fig. 2). Among the 
464 patients, 69 (14.9%) had a history of sports-related 
injury, of whom 39 (56.5%) had osteochondral lesions. 
Among the remaining 395 non-sports-related AAII cas-
es, 182 (46.1%) had osteochondral lesions (p=0.109) (Fig. 
1). While the overall incidence of osteochondral lesions 
in non-sports-related AAII was not significantly different 
from that in sports-related cases, Grade 3 lesions were no-
tably more frequent in sports-related injuries.

DISCUSSION
In this study, it was demonstrated that MRIs requested based 
on persistent clinical suspicion and physical examination 
after symptom improvement detected clinically significant 
pathological findings at a higher rate compared to MRIs 
performed during the acute phase. Furthermore, a substan-
tial portion of MRIs requested in the ED or at initial evalu-
ation were found to be unnecessary. MRI is a valuable tool 
for assessing ligament, tendon, cartilage, and bone marrow 
pathologies, offering the highest sensitivity (93–96%) and 
specificity (100%) for diagnosing ankle ligament injuries.
[2,9,32] Although MRI is primarily used in clinical practice for 
evaluating chronic complaints, overlooked pathologies that 
can only be detected by MRI in the acute phase may delay 
critical diagnoses and negatively affect treatment outcomes.
[7,11,33] Therefore, MRI can be considered in the early period. 
While some authors suggest that appropriate physical ex-
amination may be sufficient for diagnosing isolated ATFL 
injuries, MRI has been reported to provide important con-
tributions to differential diagnosis.[5,34] However, there is no 
clear consensus in the literature regarding which patients 
should undergo MRI and at what time interval.[6,7,10]

Performing MRI in the acute post-trauma period under ED 
conditions is often challenging. Patient cooperation may be 

reduced due to anxiety, claustrophobia, or other psychiatric 
conditions, while severe pain and prolonged scanning time 
may further limit compliance. Minor injuries in the early 
phase of trauma can mimic more serious clinical condi-
tions due to pain and swelling, potentially leading clinicians 
to request unnecessary MRIs.[3,11] Such imaging, which does 
not significantly contribute to diagnosis, may increase both 
ED workload and healthcare costs. Therefore, developing a 
standardized approach to MRI use would enhance the effi-
ciency and rationality of the diagnostic process, preventing 
both morbidity related to untreated serious early lesions and 
unnecessary imaging in the ED.

In our study, clinically significant findings were detected 
in 253 of 319 patients (79.3%) in Group A, who underwent 
MRI in the acute phase, and in 140 of 145 patients (96.5%) 
in Group B, who underwent MRI following symptom regres-
sion and re-evaluation (p<0.001) (Fig. 1). This indicates that 
a substantial portion of acute-phase MRIs may have limited 
diagnostic contribution and a high rate of unnecessary im-
aging. In contrast, MRIs directed by repeat physical exam-
ination after clinical improvement demonstrated a markedly 
higher rate of lesion detection. Therefore, repeating physical 
examination after acute pain and edema have subsided may 
improve diagnostic accuracy and reduce unnecessary MRI 
requests. In cases of suspected functional impairment in the 
acute phase, initial conservative management followed by 
repeat evaluation appears to be a more rational approach 

Figure 2. Incidence and grade distribution of osteochondral 
lesions in patients with AAII. Osteochondral lesions were 
detected in 221 of 464 patients (47.6%). The figure illustrates 
the distribution of lesion grades among these patients. All 
Grade 3 lesions were observed in the talus, and all of these 
cases were associated with sports-related trauma (p<0.001)

AAII: Acute ankle inversion injuries
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(Fig. 3). This strategy reduces ED workload and promotes 
more efficient use of healthcare resources, confirming that 
physical examination remains a primary and guiding diag-
nostic tool in ankle trauma.

Among the total of 464 patients, 69 cases of sports-related 
AAII were observed, of which 39 patients (56.5%) had os-
teochondral lesions (Grade 1–3), compared to 182 of 395 
patients (46.1%) without a history of sports-related trauma 
(p=0.109). In the literature, it has been shown that bone-car-
tilage and bone marrow lesions are more frequently associ-
ated with sports injuries.[6,9,10] However, the fact that all Grade 
3 osteochondral lesions detected in our study were localized 
in the talus and all were found to be associated with sports 
injuries (p<0.001) is consistent with the literature indicat-
ing that advanced-stage OCLs are closely related to trauma 
(Fig. 2).[27,33] This finding indicates that high-grade talar le-
sions pose a particularly significant risk in sports-related 
injuries. Moreover, the literature also emphasizes that the 
timing of MRI is critical in athletes.[7,12] Therefore, perform-
ing MRI in the early period increases diagnostic accuracy 

in athletes, reveals accompanying advanced-grade lesions, 
and directly influences clinical management.

Fractures not visible on radiographs were identified by MRI in 
43 patients (9.2%), consistent with previously reported rates 
of 11.3% and 4.2%.[6,7] MRI serves as a complementary meth-
od for detecting microtraumatic or non-displaced fractures 
that may be missed on X-ray. Early undetected fractures, if 
subjected to weight bearing, can lead to displacement, pro-
longed recovery, and worse prognosis.[33] In follow-up exam-
inations, 19 patients in Group B had non-displaced fractures 
initially undetected on X-ray; 11 received immobilization with 
a splint in the ED, while eight did not. Interestingly, none of 
these eight patients experienced complications despite early 
weight bearing, supporting the clinical sufficiency of symp-
tom-guided MRI performed later during follow-up.

In our study, 84.6% of patients had injuries in at least one 
soft tissue structure, indicating that AAII involves clinically 
meaningful tissue damage rather than a simple sprain. The 
ATFL was the most commonly affected ligament, with inju-
ries observed in 195 patients (42%) (Table 1), consistent with 
the literature identifying the ATFL as the most frequently 
injured ligament in ankle sprains.[20,35,36] Complex ligament 
injuries were also observed: combined ATFL and CFL injuries 
in 48 patients (10.3%), combined ATFL and deltoid ligament 
injuries in 35 patients (7.5%), and simultaneous injuries of 
the ATFL, CFL, PTFL, and deltoid ligament in five patients 
(1.07%). This distribution suggests that ankle sprains often 
involve injury to at least one ligament, and in some cases, 
multiple ligaments are affected concurrently.[20,35,37]

This study has several limitations. Its retrospective design re-
stricted the analysis to existing records. Additionally, being a 
single-center study limits patient diversity and the generaliz-
ability of findings due to potential variations in clinical prac-
tice. MRI assessments were performed by a single experienced 
musculoskeletal radiologist, ensuring interpretative consis-
tency and standardization. However, interobserver reliability 
could not be evaluated, limiting generalizability. Despite these 
limitations, the large sample size and data obtained under 
real clinical conditions constitute the strengths of this study.

CONCLUSION
Acute ankle inversion injuries (AAII) are common and may 
cause functional impairment from bone-cartilage or soft 
tissue damage. MRI is valuable for evaluation, but acute 
pain and swelling can lead to unnecessary scans, increas-
ing costs and complexity. Re-examination after symptom 
resolution improves diagnostic accuracy and better guides 

Figure 3. Treatment algorithm in acute ankle inversion 
injuries
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MRI use. Radiographs without pathology should first be 
managed symptomatically, with MRI reserved for persistent 
clinical suspicion. Physical examination remains the pri-
mary tool, while MRI is indicated only when it may alter 
management. In athletes, early selective MRI may be war-
ranted due to higher functional risk.
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