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Abstract: In response to a threefold increase in osteoporotic vertebral fractures (OVF) at our 

institution over the past decade and the subsequent development of new fractures within a year in 

a third of cases, we evaluated the effectiveness of STIR MRI scans in conjunction with CT scans for 

initial OVF diagnosis. This study, conducted over five months, involved full spine sagittal STIR MRI 

scans alongside CT scans for patients over 50 with minor injury-related vertebral fractures. The 

independent assessments by radiologists and neurosurgeons of 64 patients revealed that while CT 

scans identified 161 fresh fractures, of which only 68 were previously reported, MRI detected 266 

fractures, 1.65 times more than CT. CT scans showed single fractures in 27% of patients and multiple 

fractures in 73%, whereas MRI identified single fractures in 9% and multiple fractures in 91% of 

patients. Additionally, MRI demonstrated a 1.5-fold increase in adjacent fracture detection. The use 

of MRI influenced treatment plans in 67% of cases. Given these findings, we advocate for including 

a STIR MRI of the entire spine alongside CT scans in OVF cases, as it significantly enhances fracture 

detection and can alter treatment strategies. 

Keywords: STIR MRI; CT; osteoporotic fracture; spine fracture; treatment planning; diagnosis 

protocol; surgical intervention; radiological assessment; osteoporosis 

 

1. Introduction 

The consequences and complications of osteoporotic fractures have a more profound impact on 

quality of life than the most severe complications of diabetes mellitus, such as vision loss and limb 

amputation [1]. In recent decades, the prevalence of osteoporosis has increased due to a sedentary 

lifestyle and rising life expectancy, leading to a higher incidence of fractures resulting from 

osteoporosis. The incidence of fractures occurring based on osteoporosis rises with advancing age 

[2]. 

It was reported in 2000 that approximately 9 million fractures resulting from osteoporosis were 

diagnosed worldwide, including 1.7 million wrist fractures, 1.6 million hip fractures, and 1.4 million 

clinical vertebral fractures. Of these 9 million fractures, 34.8% affected European individuals. In 

Europe, osteoporotic fractures have imposed a more significant disease burden (DALY) than 

common cancers, except lung cancer [3]. In the United States, 1.5 million osteoporotic fractures are 

diagnosed annually, including 700,000 vertebral fractures, 250,000 wrist fractures, 250,000 hip 

fractures, and 300,000 other limb fractures [4]. 

The prevalence of osteoporotic fractures in Europe ranges from 18% to 26% among women aged 

at least 50 [5]. In Hungary, the prevalence of osteoporotic vertebral fractures is 48 per 100,000 per 

year; however, this calculation is based solely on the number of hospitalized patients [2].  
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When there is a suspicion of osteoporotic vertebral fractures (OVF), employing radiological 

techniques like computed tomography (CT) and magnetic resonance imaging (MRI) is required. 

Deciding on what kind of imaging modality we have to use is widely controversial due to the time 

and resources required to do an MRI scan for each suspected patient. However, MRI is widely 

acknowledged as the most effective method for identifying bone contusions following trauma, which 

are typically indicative of a mix of trabecular microfractures, edema, and hemorrhage [6,7].  

It is important to highlight that CT scans alone may miss some cases of OVF [8]. However, meta-

analysis studies indicate that when CT scanning is combined with MRI, the effectiveness in detecting 

OVF significantly increases [8,9]. The usefulness of MRI in diagnosing spinal fractures has been 

discussed in previous reports, where the sensitivity of MRI in detecting vertebral fractures was 

regarded as 100% [10]. Additionally, MRI proves to be more effective than traditional radiographs or 

CT scans in revealing avascular necrosis and detecting occult fractures [11]  

It is essential to emphasize that while STIR sequence MR imaging has been acknowledged as 

more sensitive in detecting fresh fractures than CT scans, no previous analysis has investigated 

whether therapeutic implications or benefits are associated with detecting additional fractures. This 

approach, STIR MRI of the entire spine, is suitable for detecting fractures that are not yet detectable 

by CT scans [12]. Its sensitivity and specificity have been reported as exceeding 94% in diagnosing 

fractures resulting from osteoporosis [13–15], with a positive and negative predictive value exceeding 

90%. 

After the initial diagnosis of an osteoporotic vertebral fracture, regardless of whether it receives 

conservative or surgical treatment, there is a 34% likelihood of a secondary fracture occurring within 

one year. Secondary fractures manifest as contusions, wedges, or burst fractures [16]. An adjacent 

segment fracture is a new fracture that occurs after surgical intervention in a nearby segment. The 

risk of developing adjacent segment syndrome is higher among patients undergoing percutaneous 

vertebroplasty (PVP) than those receiving conservative treatment [17]. 

The classification of osteoporotic vertebral fractures has evolved from the previously accepted 

AO classification [18], giving rise to the Osteoporotic Vertebral Fracture Classification (OF) [19]. 

According to the OF classification, stage 1 fractures exhibit the sole sign of edematous changes in the 

vertebral body. These edematous changes are not visible on CT scans but can be detected as signal 

intensity enhancement on STIR sequence MR images. 

A notable increase in the occurrence of minor vertebral fractures associated with osteoporosis 

over a ten-year period at the Manninger Jenő National Traumatology Institute of Péterfy Sándor 

Street Hospital and Outpatient Clinic, from November 1, 2008, to October 31, 2018). Our experience 

suggests that performing solely CT scan alone is insufficient for detecting fresh fractures. 

The question arose about whether impending adjacent segment fractures can be observed in 

their initial form when diagnosing the first osteoporotic vertebral fracture using STIR sequence MR 

images. We hypothesize that the underlying factors for neighboring segment fractures, which may 

occur later, are already present during the first osteoporotic fracture in the form of early-stage 

abnormalities (e.g., contusions, edematous changes) detectable on STIR sequence MR images.  

We aimed to determine whether MR imaging using the STIR sequence can detect additional 

fractures besides CT-confirmed fractures. We also aimed to compare the number of fractures detected 

by CT and STIR sequence MR imaging and assess the therapeutic implications of STIR sequence MR 

imaging results, specifically how they influence the patient's conservative or surgical treatment plan. 

2. Materials and Methods 

In the scope of a prospective study conducted from July 1, 2019, to November 30, 2019, we 

investigated a cohort of patients aged 50 and above who had experienced minor injuries resulting in 

vertebral fractures. The inclusion criteria were as follows: patients aged 50 or older, thoracolumbar 

vertebral fractures resulting from minor trauma, concurrent full spine CT scan, and full spine sagittal 

STIR sequence MR imaging, with no more than 24 hours between the CT and MR examinations. 

Exclusion criteria included a history of tumors, ankylosing spondylitis, and diffuse idiopathic skeletal 

hyperostosis. 
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Initially, a CT scan of the thoracolumbar spine was performed, followed by a full spine sagittal 

STIR sequence MRI examination, which also helped minimize the time the patient was placed in an 

immobile position due to pain. 

Radiologists and neurosurgeons independently evaluated the CT and MR images. For each CT 

and MRI, the number of fresh fractures diagnosed by radiologists and neurosurgeons was assessed 

separately, broken down into cervical, thoracic, lumbar, and sacral segments. Additionally, we 

investigated whether individual CT and MR images indicated single (affecting a single vertebral 

body) or multiple (affecting more than one vertebral body) fractures, and in cases of multiple 

fractures, whether adjacent fractured vertebral bodies or distant (non-adjacent) fractured vertebral 

bodies were observed. 

 The number of fractures was considered a continuous variable, while the presence or absence 

of single or multiple fractures and neighboring fractures were treated as dichotomous variables. 

We examined whether the full spine sagittal STIR sequence MRI modified the conservative or 

surgical treatment plan established based on the CT examination. The treatment plan set with the CT 

examination was modified based on MR imaging when: 

1. The CT examination revealed a lumbar vertebral fracture but not a thoracic fracture, yet the 

concurrently conducted MR imaging confirmed a thoracic vertebral fracture. In these cases, the 

external orthosis was extended to the thoracic spine, and the modification of conservative 

treatment based on MR imaging is discussed. 

2. The fracture confirmed by CT imaging was deemed unstable (AO A3, A4 fracture), and 

concurrently conducted MR imaging revealed a fracture in the vertebral body below or above 

the planned surgical extension during the CT examination. In these vertebral bodies, bone 

cement was injected using the PVP method to prevent their presumed future collapse. In these 

cases, the modification of surgical treatment based on MR imaging is discussed. 

3. The fracture confirmed by CT imaging was not deemed unstable (AO A1, A2). However, the 

concurrently conducted MR imaging showed signal enhancement on STIR sequences in the 

peduncles and arches of the vertebrae or indicated ligamentous injury. In these cases, the 

conservative treatment based on the CT examination was modified to surgical therapy based 

on MR imaging. 

Data statistical analysis was performed using GraphPad Prism 10 software. Descriptive 

statistics, including mean ± standard deviation (SD), were used to summarize continuous variables. 

Categorical variables were presented as frequencies and percentages. We employed the Chi-square 

test for independence to assess the association between CT and STIR MRI in diagnosing the fractures. 

A p-value less than 0.05 was considered statistically significant. 

3. Results 

In a prospective study conducted between July 1, 2019, and November 30, 2019, 64 patients met 

the inclusion criteria. The gender distribution among patients was 64% female and 36% male, with 

an average age of 75.5 years (SD = 9.29). The youngest patient was 52 years old, while the oldest was 

91 years old. 

Based on the CT scans, 161 fresh vertebral fractures were diagnosed. On the STIR MRI, 266 

vertebral fractures were diagnosed (Table 1). This includes fractures shown only on the STIR 

sequence MRI and those confirmed by CT examination. The MR imaging identified 1.65 times more 

fractures (266/161) than the CT scans (Table 1). 
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Table 1. This table presents the number of fractured vertebrae diagnosed in each spinal column level, 

using CT and STIR sequence MRI. 

Fracture spine level Number of fractures diagnosed 
CT STIR MRI 

C 2 7 

Th 73 128 

L 85 129 

S 1 2 

Total diagnosed fractures 161 266 

Abbreviations: C: Cervical; Th: Thoracic; L: Lumbar; S: Sacral. 

Based on the results of the paired t-test (or one-sample t-test for the difference between the two 

samples), we significantly diagnosed more fractures with the STIR sequence MR imaging compared 

to CT scans (p(t) < 0.01, p = 5.34, SD = 2.46, SE = 0.31).  

CT scans identified single fractures in 27% of patients (17 cases), whereas MR imaging detected 

them in only 9% of patients (6 cases). In the case of multiple fractures, CT scans identified them in 

73% of patients (47 cases), while MR imaging detected them in 91% of patients (58 cases) (Table 2). 

Based on the chi-square test for independence and homogeneity, there was a significant 

difference in the number of single and multiple fractures diagnosed with CT scans versus SITR MR 

imaging, with a Chi-square value of (1; 128) = 6.41, p-value = 0.0113 (Table 2 and Figure 1). 

Table 2. This table shows the number of patients with a single fracture and/or multiple fractures using 

CT and STIR MRI separately. 

Fracture Type Single Fracture Multiple Fractures Marginal Total 
Type of Imaging 

CT 17 (13.3%) 47 (36.7%) 64 

STIR MRI 6 (4.7%) 58 (45.3%) 64 

Marginal Total 23 105 128 (Grand Total) 

Note: The percentage of each result is calculated from the overall Grand Total number. 

 

Figure 1. A CT scan displays a barely noticeable fracture of the ThXII vertebra (A). On the MRI STIR 

sequence, the ThXII vertebra fracture is more distinctly visible, also uncovering a previously 

undetected fracture of the LII vertebra (B). Red and yellow arrows show ThXII and LII vertebrae, 

respectively. 

Among multiple fractures involving multiple vertebral bodies, CT scans identified adjacent 

vertebral fractures in 74% of cases (35/47 cases), while STIR MR imaging detected them in 88% of 

cases (51/58 cases). Notably, the STIR MRI identified adjacent fractures in 1.5 times more patients 

than CT scans (Table 3). 
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Within multiple fractures involving multiple vertebral bodies, non-adjacent vertebral fractures 

were observed in 26% of cases by CT scans (12 cases) and in 12% of cases by STIR MR imaging (7 

cases) (Table 3 and Figure 1). 

Based on the chi-square test for independence and homogeneity, there was no significant 

difference in the number of adjacent and non-adjacent fractured segments diagnosed with CT scans 

versus STIR MR imaging, with a chi-square value of (1; 105) = 3.175, p-value = 0.0747 (Table 3). 

Table 3. This table shows the number of adjacent and non-adjacent fractures diagnosed in the patients 

who had multiple fractures using CT and STIR MRI separately. 

Multiple fractures 
diagnosed 

Number of Multiple fractures diagnosed (%) Marginal Total 
CT (n=47) STIR MRI (n=58) 

Adjacent Fracture 35 (33.3%) 51 (48.7%) 86 

Non-Adjacent 
Fractures 

12 (11.4%) 7 (6.6%) 19 

Marginal Total 47 58 105 (Grand Total) 

Note: The percentage of each result is calculated from the overall Grand Total number. 

In this context, the MRI altered the conservative or surgical treatment plan established by CT 

scans in 67% of patients (43 cases). In 33% of cases (21 instances), the STIR MR imaging results were 

inconclusive regarding treatment decisions (Figure 2). 

 

Figure 2. This figure demonstrates the effect of STIR MRI on the already established treatment plan 

based on CT. n= 64 patients, STIR MRI modified the treatment plan in 43 patients. 

More specifically, within this group, STIR MRI scans led to changes in the type of conservative 

therapy in 58% of cases (25 instances), conversion from conservative to surgical treatment in 30% of 

cases (13 instances), and changes in the type of the surgical treatment in 12% of cases (5 instances) 

(Figures 3). 

67%

33%

STIR MRI effect on treatment plan

Modified Unmodified
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Figure 3. This figure demonstrates the effect of STIR MRI on the type of the treatment changes. n=43 

patients. 

A notable case can be highlighted: A patient initially underwent a CT scan that identified 

fractures at the ThVII and ThIX vertebrae. However, subsequent STIR MRI imaging provided a more 

detailed assessment of the fracture types. Based on the CT findings, a long posterior spinal fixation 

was planned, from ThVII to ThX, accompanied by cementoplasty at ThVII and ThX. The STIR MRI 

revealed that the fracture at ThVII was only an AO1 type, where it was thought an AO3 type based 

on CT. Consequently, this led to a revised plan involving a shorter fixation range from ThVIII to ThX, 

while still proceeding with cementoplasty at ThVII and ThX (Figure 4).  

 

Figure 4. Sagittal section views of a patient with multiple fractures and subsequent intervention. (A) 

CT scan, (B) STIR MRI, offering enhanced fracture detection, and (C) illustrating the intervention 

implemented following STIR MRI. 

Based on the independent samples t-test, it can be concluded that there is a significant statistical 

correlation between the number of fractures diagnosed with STIR MR imaging versus CT imaging 

and the therapeutic impact of STIR MR imaging (p < 0.01). 

  

58%

12%

30%

Types of therapy changes by STIR MRI

Conservative therapy changes Surgical therapy changes

Conservative therapy to surgical therapy
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4. Discussion 

This study highlights the superior sensitivity of STIR sequence MR imaging over CT scans in 

detecting vertebral fractures in older patients. The finding that STIR MR imaging identified 1.65 times 

more fractures than CT scans underscores the potential underdiagnosis of vertebral fractures when 

relying solely on CT imaging. This has profound implications for clinical practice, particularly in the 

management of osteoporotic fractures. 

The increased detection of both single and multiple fractures by STIR MR imaging, as evidenced 

by the significant differences in the paired t-test and chi-square test results, suggests that STIR MR 

imaging could alter the clinical perception of the extent of injury. This is particularly relevant in 

osteoporotic fractures, where accurate diagnosis is crucial for effective treatment planning and better 

patient outcome. The study's findings reinforce the hypothesis that STIR sequence MR imaging could 

reveal early-stage abnormalities, possibly altering treatment from conservative to surgical or 

modifying surgical plans. 

In the late 1990s and around the turn of the century, it was already established that the sensitivity 

and specificity of STIR sequence MR imaging exceeded 94% [6–8]. The positive and negative 

predictive values were over 90% for diagnosing fractures resulting from osteoporosis [20]. 

Markus Lenski and colleagues aimed to assess the associated osteoporotic and long-standing 

fractures using STIR MR imaging in patients with recent traumatic fractures. Their approach 

involved STIR MR imaging, which identified associated fractures in 26% of cases and long-standing 

fractures in 60% of cases. The likelihood of associated fractures decreased as the number of long-

standing fractures and T-scores increased. Lower T-scores and fewer long-standing fractures were 

identified as risk factors for such fractures. STIR MR imaging helps detect missed spinal fractures in 

the thoracic and lumbar spine [21]. 

However, F. D. Lensing and colleagues' research shed light on the significantly lower sensitivity 

of STIR sequence MR imaging in individuals aged 57 and above compared to those younger than 57. 

Consequently, elderly patients with osteopenia may have acute fractures without an increased signal 

intensity on the STIR sequence MR imaging [22]. 

Paula J. Richards' research results suggest that if the lateral cervical CT results are negative, MR 

imaging is necessary. Furthermore, MR imaging is justified for local neurological abnormalities, 

intervertebral disc or spine column injuries, and preparation for surgery. In such cases, obtaining at 

least one sagittal STIR sequence MR image of the entire spine is advisable to detect non-contiguous 

fractures and edematous changes and conduct a detailed CT examination for edematous changes 

[23]. 

Similar to our approach, Ranjana Gupta and colleagues found that STIR sequence MR imaging 

should be included in routine spine examinations (lumbar spine). By adding the STIR sequence, they 

detected 24 conditions (fractures, atypical appendicitis, sacroiliitis, and joint degenerative changes) 

that were not diagnosable without the STIR sequence in a sample of 35 patients [24]. 

R.L. Williams and colleagues stated spinal instability can be rapidly diagnosed with MR imaging 

without additional tests. They examined 22 patients with fresh fractures and unstable spines using 

T1W gradient echo (GE) and STIR sequence MR imaging. They noted both bone and soft tissue 

injuries, as well as indirect signs of instability (e.g., soft tissue hemorrhage). Unlike us, they did not 

rely on CT scans and obtained STIR sequence and T1W GE images [25]. 

Giuseppe M. and colleagues aimed to quantify overlooked osteoporotic fractures and assess the 

role of MR imaging in early diagnosis and classification. They compared MR imaging to X-ray 

examinations. Their results showed that MR imaging modified the original diagnosis in 52% of 

patients. In 43.9% of cases, MR imaging detected one or more new fractured vertebrae that were not 

visible on X-rays. In 14 cases, MR imaging contradicted the fracture diagnosis made by X-ray 

examination [26].  

MRI identified contusions in 36.4% of cases (93 patients), which were not visible on X-ray 

examinations. MR imaging modified the classification of fractures in 28.9% of cases. These findings 

underscore the potential of MRI to provide more accurate and comprehensive information compared 

to traditional X-ray examinations [26]. 
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In contrast to the mentioned studies, we conducted research comparing the effectiveness of CT 

and MR imaging. A study published for the first time in 2005 by J. Grünhagen and colleagues aimed 

to classify spinal injuries using CT and MR imaging according to the Magerl classification [21]. They 

examined 46 fractured vertebrae of 39 patients using CT and MR imaging (transverse and sagittal 

T1W spin echo, sagittal T2W spin echo, and sagittal STIR sequence).  

Each fractured vertebra was categorized twice independently using CT and MR images 

according to the Magerl classification, and these classifications were then compared. The results 

showed that out of 46 fractures, only 5 received a different classification based on CT images 

compared to MR images. MR imaging revealed more bone lesions and detected the ligamentum 

longitudinal rupture in 5 patients [27]. 

Kofi-Buaku Atsina and colleagues examined the importance of full spine MR imaging after a full 

spine CT examination in cases of single or multiple vertebral fractures. They analyzed patients who 

had suffered blunt injuries and underwent both full spine CT and MR imaging. Sagittal T2W or T1W 

sequences were combined with the STIR sequence. The findings from CT and MRI were compared. 

A total of 156 patients were examined, and 29 had additional injuries (bone and/or soft tissue injuries) 

indicated by MR imaging compared to CT imaging. These other injuries were categorized as 

contusions or compression fractures without significant volume reduction, which the research group 

considered "likely not to have influenced the treatment plan" [28].  

However, they were unaware of whether these additional fractures influenced the treatment 

plan, as no neurosurgeons or spine surgeons were involved in the assessment; only radiologists 

participated.  

In contrast, our research systematically explored the influence of STIR sequence MR imaging 

results on treatment plans compared to plans based solely on CT imaging. Our findings 

demonstrated that in most cases (63%), the information derived from STIR MR imaging led to 

adjustments in the treatment plan, diverging from the initial plan constructed solely based on CT 

imaging. Furthermore, we did not rely exclusively on reporting during data collection but analyzed 

CT and STIR MR images slice by slice while searching for signs of fresh fractures. 

Moreover, the alteration of treatment plans in 67% of cases based on STIR MRI findings further 

demonstrates the clinical relevance of this imaging modality. This suggests that incorporating STIR 

MRI which takes only 5-10 minutes to complete into the diagnostic pathway could lead to more 

comprehensive management strategies for patients with osteoporotic fractures, potentially reducing 

the risk of secondary fractures and improving overall outcomes. 

The study conclusively demonstrates the superior efficacy of STIR sequence MR imaging over 

CT scans in detecting vertebral fractures in older patients. This advanced diagnostic capability 

significantly influences treatment plans, advocating for the integration of STIR MRI in evaluating 

osteoporotic fractures. These findings, highlighting the potential for improved patient outcomes 

through more accurate fracture detection, underscore the need for further research to establish STIR 

MRI as a standard diagnostic tool in osteoporosis management.  

Future research should validate these findings in a larger, more diverse population and explore 

the long-term outcomes of treatment modifications based on MR imaging. The potential for STIR MRI 

to significantly impact the management of osteoporotic fractures warrants further investigation. 
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