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Abstract

:

Despite its high incidence rate, vertebral fragility fracture (VFF) is frequently underdiagnosed due to the absence of marked symptoms. This study evaluated the diagnostic accuracy of our suggested physical examinations and compared them with that of plain radiographs. Patients over 65 years of age with sudden back pain within the preceding 3 weeks were enrolled. Physical examinations in three different positions and a closed-fist percussion test were performed, and the presence of VFF was evaluated through confirmatory radiographic tools. We assessed the diagnostic accuracy of each physical examination and compared them with the interpretation of plain radiographs and examined the patient-reported pain locations based on the VFF level. A total of 179 patients were enrolled. The forward bending in supine (FB-SU) test demonstrated superior diagnostic values (sensitivity: 90.6%, specificity: 71.2%), which outperformed those of plain radiographs (sensitivity: 68.9%, specificity: 71.9%). The location of patient-reported pain was generally close to or lower than the index fracture level. FB-SU showed the highest diagnostic accuracy and was more valuable than plain radiographs in diagnosing acute VFF. FB-SU is a simple and affordable screening test. If positive, physicians should highly suspect VFF even when based on vague evidence of acute fracture provided by plain radiographs.
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1. Introduction


Vertebral fragility fracture (VFF) is the most common type of osteoporotic fracture; its prevalence increases with age and can greatly vary worldwide [1]. A recent study reported that the prevalence of morphometric VFF can be as high as 26% to 34% in women ≥50 years old, according to race [2]. Despite this high prevalence, VFF has been underdiagnosed because it can present with rather mild or ambiguous initial symptoms and frequently occurs without a trauma history. Moreover, up to two-thirds of VFFs are not clinically diagnosed at the time of trauma [3]. As such, the suspicion of VFF can act as the first step toward preventing a delayed diagnosis and ensuring the appropriate time for osteoporosis treatment [4]. A neglected vertebral fracture might result in kyphotic deformity and nonunion, and these sequelae can be severely disabling to the affected individuals, leading to social and economic burdens on the community [5].



Plain radiographs have been in widespread use as a first-line tool to detect vertebral fracture; however, despite high specificity, they are known to have poor sensitivity [6]. The high variability between interpreters is another problem, with a false-negative rate of 34% being reported [7]. Furthermore, the correlation between symptoms and imaging findings is low, especially in patients with osteoporosis [8]. Computerized tomography (CT) and magnetic resonance imaging (MRI) can be confirmatory tools [9], but these are not always available, and there are cost and time constraints with conducting them for all patients visiting primary clinics.



With the increased incidence of VFF in an aging society, the suspicion of VFF based on patient history and focused physical examinations have been emphasized [10]. However, clinical suspicion itself is still not easy for physicians, especially for those who are not familiar with spine care, and there is a lack of data to identify reliable physical examination methods to discriminate the presence or absence of VFF [11].



This study aimed to investigate the diagnostic value of suggested physical examinations in three different positions, supine, sitting, and standing, for acute VFF, and to compare their accuracy to that of the plain radiograph, which is the most-used first diagnostic exam.




2. Materials and Methods


2.1. Study Participants


This study was approved by the institutional review board and registered with the Clinical Research Information Service (KCT0002631). The population was prospectively enrolled by four independent institutions between November 2017 and November 2019. All participants were screened and evaluated for eligibility by individual authors before inclusion. The participants were persons over 65 years of age who complained of sudden-onset (within the past 3 weeks) back pain with or without minor trauma, corresponding to the definition of fragility fracture (which would not normally result in a fracture, such as a fall from a standing height or less [12]) in the outpatient clinic of each hospital. Patients who were associated with a traffic accident, high-energy trauma, back pain treated with medication in the last 3 months, and other comorbidities affecting back pain were excluded (Figure 1). Demographic data including age, body mass index (BMI), and bone mineral density (BMD) were investigated [13].




2.2. Physical Examinations


All physical examinations were performed at the first clinical visit. The location of the pain and tenderness area were documented. Patient-drawn pain locations on the human figure diagram (Figure 2) were divided into intercostal, flank (12th rib to iliac bone), and gluteal areas. Tenderness was examined with a closed-fist percussion sign, which required the examiner to stand behind the seated patient and evaluate the entire length of the spine using firm, closed-fist percussions [14].



Then, eight index physical examinations were serially performed in three different positions. The supine position, forward bending in supine (FB-SU), and backward bending in supine (BB-SU) tests were performed. While performing the FB-SU test, the patient was instructed to slightly bend their back forward and attempt to touch areas around their knee with both hands. In the BB-SU test, the patient was instructed to lift their buttock slightly, just enough to slide the examiner’s hands in the area. Then, the patient was positioned in a sitting position; and sitting for 5 s (SIT), forward bending in sitting position (FB-SI), and backward bending in sitting position (BB-SI) tests were performed. The FB-SI test required the patient to bend forward and touch the dorsum of their feet, while the BB-SI test required the patient to bend the back backward and gaze at the ceiling. Finally, the patient was instructed to stand up and perform standing for 5 s (STAND), sitting to standing, standing to sitting (SIT-STAND), and walking 10 steps (WALK) (Figure 3). If the patients were able to perform each index physical examination, the result was deemed negative; however, if the patients could not perform due to pain or discomfort, the result was deemed positive.



The presence of acute VFF was evaluated through confirmatory radiographic tools (serial radiographs, CT, and MRI). All patients were examined with plain radiographs. If the patient underwent CT or MRI, acute VFF was immediately diagnosed if CT or MRI examinations were unavailable, the patients were subjected to a serial plain radiograph at 2 and 4 weeks of follow-up. If further morphometric collapse or sclerotic changes on suspected vertebra were noted, the diagnosis for acute VFF was confirmed in each institution.




2.3. Evaluation of Plain Radiograph


Initial radiographs of all patients were provided to two independent evaluators (rater 1: orthopedic spine surgeon with 5 years of experience; rater 2: 3rd-year orthopedic resident). A patient-drawing diagram regarding pain location was provided with the radiograph, and the interpretation of the presence and location of acute VFF was recorded. This interpretation process was repeated twice at two-week intervals for both evaluators. The acute fracture levels were divided into 3 groups: thoracic, thoracolumbar (T11 to L1), and lumbar spines.




2.4. Statistical Analysis


The sample size was based on the result of a previous study that reported a fracture prevalence of 55.8% (67 fracture cases out of 120 patients), a sensitivity of 55.5%, and a discordance rate between MRI and plain radiograph of 48.5% [15]. Under the assumption that physical examination results improved sensitivity to 81.5%, with the fracture proportion in the study group being 60%, the necessary sample size was 174 cases with α = 0.05 and a power of 80%. Presuming a dropout rate of 15%, we decided to enroll a total of 205 patients. As a diagnostic accuracy study, we followed Standards for Reporting Diagnostic Accuracy Studies 2015 guidelines [16]. We calculated each physical examination’s sensitivity, specificity, and accuracy using a 2 × 2 contingency table for diagnosing fragility fracture. The McNemar test was conducted to evaluate whether the difference between diagnostic examinations was statistically significant [17]. Furthermore, the McNemar test was used to evaluate the difference between confirmatory diagnosis and each diagnostic examination, and that between the plain radiograph and each diagnostic examination.



Descriptive statistics were used for group comparisons. The demographic data and their statistical significance were compared between fracture and non-fracture groups and were analyzed with a two-sample t-test using SPSS ver. 19.0 software (IBM/SPSS; Armonk, New York, NY, USA). A p-value < 0.05 was considered statistically significant. The reliability of radiographic interpretation for the presence of acute VFF was evaluated with kappa values, and the strength of agreement was assessed with the kappa value agreement range as defined by Cohen [18].





3. Results


3.1. Demographics


A total of 205 patients were first enrolled. Of these, 18 patients who were unable to perform all the physical examinations, 2 patients with a previous diagnosis of fibromyalgia and renal stone, and 6 patients without confirmatory radiographic results were excluded. Finally, 179 patients were enrolled in our study and divided into the fracture group (n = 106) and the non-fracture group (n = 73) (Figure 1). The mean age of the patients was 73.96 years (95% CI: 72.84–75.08), of which 35 were men and 144 were women. Demographic data including age, height, weight, BMI, and BMD (lumbar, femur neck, and hip total) demonstrated no significant differences between the fracture and non-fracture groups. We evaluated 74 patients for the presence of acute VFF with serial radiographs, 23 patients with CT, and 82 patients with MRI (Table 1).




3.2. Diagnostic Values of Physical Examinations


The sensitivity, specificity, and accuracy were evaluated for the eight index physical examinations, as shown in Table 2, and their comparative values are demonstrated in scatter plot diagrams (Figure 4). Cross-tabulation diagrams of the physical examinations are provided in Table 3.



The FB-SU test demonstrated superior diagnostic value compared with the other physical examinations, with a sensitivity of 90.6%, specificity of 71.2%, and accuracy of 82.7%. Plain radiographic interpretation of acute VFF with clinical symptoms had diagnostic value with a sensitivity of 68.9%, specificity of 71.9%, and accuracy of 70.12%, thereby underperforming against the accuracy of FB-SU by more than 10%. Other physical examinations, including BB-SU, SIT, FB-SI, BB-SI, STAND, SIT-STAND, and WALK, demonstrated extremely low sensitivity values ranging from 14.2% to 37.7% and, in contrast, showed higher specificity values ranging from 87.7% to 100%. In the case of tenderness, which is the physical examination most frequently performed in clinics, the sensitivity, specificity, and accuracy were 45.3%, 75.3%, and 57.5%, respectively.



The McNemar test results revealed that only FB-SU and plain radiographic interpretations by rater 2 demonstrated significant diagnostic values (p > 0.025) compared with the confirmatory results. Additionally, the McNemar test results between physical examinations and plain radiographic interpretations by rater 2 showed that FB-SU was a more valuable diagnostic tool, having a higher sensitivity value of 90.6% compared with that of rater 1 at 69.3% (Table 2). No significant or minor adverse events occurred as a result of the suggested physical examinations.




3.3. Reliability of Plain Radiograph


The intra-rater reliability of rater 1 showed a kappa value of 0.777 (substantial agreement), while that of rater 2 showed 0.552 (moderate agreement). The inter-rater reliability between the two raters demonstrated a kappa value of 0.474, which indicated moderate strength of agreement.




3.4. Location of Patient-Drawing Pain Based on Fracture Level


In the case of thoracic fracture, the most frequent location of pain was the flank area, and thoracolumbar and lumbar fractures showed that the location of pain was mostly in the flank and gluteal areas. Upon analysis of the location of paraspinal pain correlated with fracture levels, the pain was largely located distal to the fracture level (flank area in 60% of thoracic fractures, the gluteal area in 35% of thoracolumbar fractures, and 48% of lumbar fractures (Figure 5)).





4. Discussion


This multicenter study aimed to evaluate the diagnostic accuracy of suggested physical examinations for acute VFF. FB-SU had the most reliable diagnostic accuracy for acute VFF among the suggested physical examinations, which was higher than those of plain radiographs, which are thought to be an appropriate first-line screening test in suspecting vertebral fracture by most physicians.



The ideal screening test should be reproducible, cost-effective, non-invasive, and have high sensitivity and specificity. A test with both sensitivity and specificity close to 90% is generally regarded as having acceptable diagnostic performance [19], but high sensitivity may be desired over specificity, especially when the disease is severe and intervention at an early clinical stage is beneficial [20]. Considering the requirements as a diagnostic test, FB-SU can be sufficiently applied as a preliminary diagnostic test for acute VFF.



The other seven suggested physical examinations, compared with FB-SU, showed higher specificity but much lower sensitivity, which means that the majority of patients with VFFs can perform these examinations without severe pain interrupting the examinations. Although various factors can be responsible, the most probable factor might be the stability around the fractured vertebra by guarding paravertebral musculatures, these muscle contractions significantly decreasing the motion around the fracture site [21]. The forward-bending postures in our study required greater change in compressive motion than backward-bending postures, and appeared to be less guarded by the surrounding musculatures. Therefore, backward-bending postures (BB-SU and BB-SI), whether in the supine or sitting position, can mask the pain due to the abovementioned guarding of muscles. Static spine postures, such as SIT, STAND, and WALK, can be similarly explained and does not provide motion stress at fractured vertebra from a change in position. The FB-SI and SIT-STAND tests showed relatively higher sensitivity compared with other examinations except for FB-SU. These tests may be prone to greater change in position, especially in flexion posture. However, compared with the FB-SU test, they can be performed in conditions of relative back extension using a support, such as a chair or bed, with both hands. In contrast, the FB-SU test induces flexion stress in the supine position by the requirement of touching both hands to the area around the knee, and it is considered to increase the sensitivity to pain. During the patient interview, most of the patients with VFF could not immediately rise in the supine position and had to rise following turning to the side due to pain, which is another illustration of a situation in which pain is most likely to occur. Postacchini et al. [22] suggested that certain physical examinations such as sitting, lying supine, and turning around on the back elicit pain-related behavior, which are evident enough to suspect, or even diagnose, the presence of a vertebral fracture with an accuracy of 80–87%, which is similar to that of FB-SU (82.7%). However, it is difficult to identify the behavior responsible for pain because authors have comprehensively judged pain using only continuous videotaped motion, and a small sample size with different times of injury might be a confounding factor. Thus, the rationale for our physical examinations was to divide these continuous pain-provoking motions into specific positions and movements, such as FB-SU, and to identify their independent effectiveness in detecting and diagnosing vertebral fragility fracture. Although the pain-provocation mechanism may be multifactorial, VFF not only damages the vertebral body but also subsequently affects the surrounding structures associated with pain generation [23]. Changes in pressure on disrupted endplates during flexion movement, causing irritation on structures such as the mechanosensitive basivertebral nerve, can be considered the main cause, which is consistent with our results that FB-SU has the highest diagnostic values [24].



One of the widely used physical examinations for vertebral fracture is the percussion test. However, it showed a relatively low diagnostic accuracy that was similar to that reported in previous studies, suggesting that a lack of focal midline tenderness does not exclude vertebral fracture [25]. Furthermore, the quality of the focal tenderness exam substantially varied depending on the examiner, because the percussion or compression strength is difficult to standardize [26].



As for the diagnostic value of plain radiographs, unsatisfactory and varying diagnostic values for vertebral fracture (sensitivity: 7.7 to 86%, specificity: 95 to 100%) were previously demonstrated in the thoracic and lumbar spine [6]. Our results demonstrated that the sensitivity and specificity values were 68–69% and 72%, respectively. The diagnostic value, as recorded by rater 2, was comparable to that of confirmatory diagnosis (p = 0.026), but FB-SU revealed a higher diagnostic value and higher sensitivity according to the results of the McNemar test (Table 2). In addition, inter-rater reliability analysis revealed moderate agreement, suggesting that plain radiograph interpretation may be inconsistent between physicians of varying clinical experience.



Patient-drawing pain locations demonstrated that paraspinal pain generally occurred close to or lower than the index fracture site, suggesting that sudden sharp motion pain, especially in flexion of the spine, may be caused by both direct distortions of bone innervating the mechanosensitive nerve fibers and irritation of the sinuvertebral nerve [27]. In contrast, diffuse paravertebral pain below or adjacent to the fracture site may be caused by mechanical stress on the facet joint or strain of the paraspinal muscles, which are innervated by posterior branches of the spinal nerves [28].



Our study had some limitations. First, our data included only patients who met the criteria for the injury mechanism of fragility fracture, and who walked into the outpatient clinics on their own, while excluding patients with acute vertebral fracture who visited the emergency department with severe pain. This makes our results inapplicable to all vertebral fractures. Second, there was a possibility that minor fracture cases that do not cause substantial vertebral body collapse could have been miscategorized as the non-fracture group. However, in most cases of VFF, even linear fractures, morphometric changes in the vertebral body appear within a few days to weeks [29]. As such, incorrect categorization was considered unlikely. Third, the pain scale was not analyzed in the present study, and patients who were able to perform the examination despite severe pain could not be separately classified. Lastly, patients may have had a different degree of tolerance to pain, which might have resulted in false-positive or false-negative results in a few cases. We think that numerical pain scales should be included in future studies for further classification and evaluation.




5. Conclusions


In conclusion, the FB-SU test had the most reliable diagnostic accuracy among other physical findings, and the values were higher than those of plain radiographs in diagnosing acute VFF. FB-SU is affordable and simple, even if physicians are not particularly familiar with spine care. We recommend the test for patients over 65 years old complaining of acute back pain within 3 weeks after symptom onset. If positive, the physician should highly suspect the possibility of VFF even when lacking evidence of acute fracture provided by plain radiographs.
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Figure 1. Flowchart of patient selection with inclusion and exclusion criteria. 
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Figure 2. Illustration of patient-drawn pain locations on the human figure, divided into intercostal, flank (12th rib to iliac bone), and gluteal areas. 
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Figure 3. Illustration of proposed physical examinations: (A) forward bending in supine (FB-SU), and (B) backward bending in supine (BB-SU); (C) sitting for 5 s (SIT), (D) forward bending in sitting (FB-SI), and (E) backward bending in sitting (BB-SI); (F) standing for 5 s (STAND), (G) sitting to standing, standing to sitting (SIT-STAND), and (H) walking for 10 s (WALK). 
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Figure 4. Scatter plot diagram of physical examinations and radiographic interpretations illustrating sensitivity, specificity, and accuracy. 
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Figure 5. Paraspinal pain distribution according to vertebral fracture level. T-L: thoraco-lumbar. 
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Table 1. Demographic data of fracture and non-fracture groups.
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	Parameter
	Fracture (n = 106)
	Non-Fracture (n = 73)
	p-Value





	Age
	74.84 (±7.45)
	72.68 (±7.44)
	0.065



	Height (cm)
	156.38 (±9.09)
	155.83 (±8.63)
	0.683



	Weight (kg)
	57.34 (±10.25)
	58.54 (±10.92)
	0.461



	BMI
	23.68 (±5.16)
	23.70 (±5.18)
	0.548



	Lumbar BMD (g/cm2)
	0.90 (±0.18)
	0.91 (±0.17)
	0.784



	Femur neck BMD (g/cm2)
	0.67 (±0.13)
	0.67 (±0.12)
	0.792



	Hip total BMD (g/cm2)
	0.71 (±0.14)
	0.72 (±0.72)
	0.591



	Diagnostic modality
	
	
	



	Serial radiograph/CT/MRI
	23/14/69
	51/9/13
	



	Fracture location
	
	
	



	Thoracic/Thoracolumbar/Lumbar
	10/33/63
	
	







BMI: body mass index, BMD: bone mineral density, CT: computerized tomography, and MRI: magnetic resonance imaging.
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Table 2. Diagnostic values of physical examinations and radiograph interpretations.






Table 2. Diagnostic values of physical examinations and radiograph interpretations.





	
Diagnostic Test

	
Sensitivity

(%)

	
Specificity

(%)

	
Accuracy

(%)

	
McNemar Test p-Value *




	
Compared with Confirmatory Results

	
Compared with Radiographic Results of Rater 2






	
FB-SU

	
90.6

	
71.2

	
82.7

	
0.072

	
<0.001




	
BB-SU

	
22.6

	
93.2

	
51.4

	
<0.001

	
<0.001




	
SIT

	
14.2

	
100.0

	
49.2

	
<0.001

	
<0.001




	
FB-SI

	
37.7

	
91.8

	
59.7

	
<0.001

	
<0.001




	
BB-SI

	
17.0

	
98.6

	
50.3

	
<0.001

	
<0.001




	
STAND

	
16.0

	
98.6

	
49.7

	
<0.001

	
<0.001




	
SIT-STAND

	
34.0

	
87.7

	
55.9

	
<0.001

	
<0.001




	
WALK

	
17.9

	
95.9

	
49.7

	
<0.001

	
<0.001




	
Tenderness

	
45.3

	
75.3

	
57.5

	
<0.001

	
<0.001




	
Radiographic interpretation (rater 1)

	
68.4

	
71.9

	
69.8

	
0.016

	
-




	
Radiographic interpretation (rater 2)

	
69.3

	
71.9

	
70.4

	
0.026

	
-








FB-SU: forward bending in supine, BB-SU: backward bending in supine, SIT: sitting for 5 s, FB-SI: forward bending in sitting, BB-SI: backward bending in sitting, STAND: standing for 5 s, SIT-STAND: sitting to standing, standing to sitting, and WALK: walking for 10 s; * McNemar p-value greater than 0.05 indicates that the examination had diagnostic power statistically equivalent to that of the confirmatory test. For each rater, radiographic interpretation was performed twice, so p-value greater than 0.025 was statistically equivalent.
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Table 3. Cross-tabulation (2 × 2) diagram of index physical examinations.






Table 3. Cross-tabulation (2 × 2) diagram of index physical examinations.





	
FB-SU

	
Fracture (+)

	
Fracture (−)

	
Total

	
BB-SU

	
Fracture (+)

	
Fracture (−)

	
Total




	
Finding (+)

	
96

	
21

	
117

	
Finding (+)

	
24

	
5

	
29




	
Finding (−)

	
10

	
52

	
62

	
Finding (−)

	
82

	
68

	
150




	
Total

	
106

	
73

	
179

	
Total

	
106

	
73

	
179




	
SIT

	

	

	

	
FB-SI

	

	

	




	
Finding (+)

	
15

	
0

	
15

	
Finding (+)

	
40

	
6

	
46




	
Finding (−)

	
91

	
73

	
164

	
Finding (−)

	
66

	
67

	
133




	
Total

	
106

	
73

	
179

	
Total

	
106

	
73

	
179




	
BB-SI

	

	

	

	
STAND

	

	

	




	
Finding (+)

	
18

	
1

	
19

	
Finding (+)

	
17

	
1

	
18




	
Finding (−)

	
88

	
72

	
160

	
Finding (−)

	
89

	
72

	
161




	
Total

	
106

	
73

	
179

	
Total

	
106

	
73

	
179




	
SIT-STAND

	

	

	

	
WALK

	

	

	




	
Finding (+)

	
36

	
9

	
45

	
Finding (+)

	
19

	
3

	
22




	
Finding (−)

	
70

	
64

	
134

	
Finding (−)

	
87

	
70

	
157




	
Total

	
106

	
73

	
179

	
Total

	
106

	
73

	
179




	
Tenderness

	

	

	

	




	
Finding (+)

	
48

	
18

	
66




	
Finding (−)

	
58

	
55

	
113




	
Total

	
106

	
73

	
179








FB-SU: forward bending in supine, BB-SU: backward bending in supine, SIT: sitting for 5 s, FB-SI: forward bending in sitting, BB-SI: backward bending in sitting, STAND: standing for 5 s, SIT-STAND: sitting to standing, standing to sitting, and WALK: walking for 10 s.
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