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Abstract

:

Potential risk factors associated with future osteoporotic vertebral fracture (OVF) were prospectively investigated in middle-aged and older adult women. We enrolled 197 female patients aged ≥50 years who were scheduled to undergo surgery for lower-extremity degenerative diseases. Patient anthropometric and muscle strength measurements, a bone mineral density measurement of the lumbar spine (L-BMD), and full-spine standing radiographs to examine the presence of old OVFs and spinopelvic sagittal parameters were obtained preoperatively. We evaluated 141 patients who underwent full-spine standing radiographs three years postoperatively to identify new OVFs. We excluded 54 patients who did not undergo a second radiographic examination and 2 with new traumatic OVFs. Univariate and multivariate analyses were performed to identify risk factors associated with new non-traumatic OVF occurrence. Ten (7.1%) patients developed new non-traumatic OVFs during the study period (fracture group). The fracture group had less abdominal trunk muscle strength, lower L-BMD, smaller sacral slopes, and larger pelvic tilt than the non-fracture group. The fracture group showed a higher prevalence of old OVFs preoperatively than the non-fracture group. Abdominal trunk muscle weakness, low L-BMD, and the presence of old OVFs were identified as significant risk factors for OVF occurrence. In middle-aged or older adult women, abdominal trunk muscle weakness, low L-BMD, and old OVFs were associated with future OVF.
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1. Introduction


Osteoporotic vertebral fractures (OVFs), the most common type of fracture in older adults [1], have been described as the “hallmark of osteoporosis” [2]. A positive history of OVF strongly influences the likelihood of subsequent OVF and related mortality [3,4,5,6]. Fracture prevalence and incidence rates have been reported to increase with age; low bone mineral density (BMD) is a predictor of OVF [7]. However, the causes of OVF are often unclear. Non-traumatic vertebral fractures account for 83% of all vertebral fractures; these fractures are frequently asymptomatic and recurrent [8]. Fracture history has also been associated with an increased risk of subsequent fracture [9,10]. These circumstances suggest that there are important but poorly understood factors apart from BMD that increase the risk of developing OVF.



Neuromuscular aging-related changes, including the loss of lean muscle mass and a decline in muscle strength, have been well known [11]. The decline in muscle strength with aging is two to five times faster than that in muscle size in the lower extremities [12]. Two studies have reported that older adults have decreased lumbar extensor strength [13] and increased fatty infiltration of the trunk musculature [14]. Recent studies have investigated the relationship between spinal sagittal imbalance and the incidence of OVF [15,16,17]. Spinopelvic sagittal alignment plays an important role in the biomechanical adaptation of the pathological spine, particularly in the older adult population. A recent review of in vivo and computational modeling studies emphasized the importance of understanding spinal loading to better prevent and manage spinal disorders [18]. While the causes of OVFs are unclear, the neuromuscular function of the trunk muscles and spinopelvic alignment may play an important role in its pathogenesis.



In a previous study, we reported that abdominal trunk muscle weakness, older age, and low lumbar bone mineral density (L-BMD) were significant risk factors associated with the presence of OVFs in the lower thoracic and lumbar spine of middle-aged and older adult women [19]. However, a causal relationship could not be determined owing to the study’s cross-sectional design. Therefore, in this three-year prospective longitudinal cohort study, we aimed to identify the risk factors for future OVF occurrence among middle-aged and older adult women in relation to muscle strength and radiographic findings concerning spinopelvic alignment.




2. Materials and Methods


2.1. Ethics Statement


Our university hospital ethics committee approved this study (No. 2015-109). Written informed consent was obtained from each prospective participant before registration by the research physicians according to the Declaration of Helsinki.




2.2. Study Participants


Between January 2016 and December 2018, the clinical data of 197 female patients aged ≥50 years who were scheduled to undergo surgery for degenerative diseases of the lower extremities at our hospital and agreed to participate in a preoperative examination were prospectively collected. Patients who had previously undergone spine surgery or had been diagnosed with rheumatic diseases were excluded from the study. Before surgery, the included study patients underwent physical measurements, full-spine standing radiographic examinations, and L-BMD measurements. Three years postoperatively, these patients underwent an additional full-spine standing radiographic examination. The presence of new OVFs was determined by comparing full-spine standing radiographs taken before surgery with those taken 3 years postoperatively. In this study, we defined traumatic OVF as a vertebral fracture due to an apparent trauma, such as a fall. Non-traumatic OVF was defined as a vertebral fracture that occurred without any particular injury mechanism. We categorized OVFs as traumatic or non-traumatic; patients with traumatic OVF were excluded from the analysis (Figure 1).




2.3. Evaluation


We obtained anthropometric measurements, including body height, weight, and mass index. Hand grip strength was measured using a dynamometer (TTM Dynamometer; Tsutsumi, Tokyo, Japan). Knee extensor muscle strength (KEMS) was measured using a hand-held dynamometer (μTas F-1; ANIMA Corp., Tokyo, Japan), and KEMS values were divided by body weight (N/kg). To measure KEMS, patients were seated on an elevated chair with their knees flexed at 90° and their feet off the floor. With the dynamometer placed on the anterior leg surface, 10 cm proximal to the malleoli, the patients were instructed to push against the dynamometer by straightening their knees [20]. Intra- and inter-rater reliabilities of the KEMS measurements using this method have been reported to be acceptable [20]. Right and left grip power and KEMS were measured once, and the higher strength value of each measurement was recorded. Abdominal trunk muscle strength (ATMS) was measured using an exercise device designed for abdominal trunk muscles (RECORE: Nippon Sigmax Co., Ltd., Tokyo, Japan). Muscle strength was measured twice, and the higher strength value was recorded. As previously described in detail [21], this device enables patients to perform strength measurement or strengthening exercises involving their abdominal trunk muscles while sitting without moving the trunk or load on the spine. A previous study reported that this device had excellent intra- and inter-rater reliabilities for measuring ATMS and that strengthening exercises using the device activate and increase diaphragmatic, abdominal, and pelvic floor muscle strength [22]. Locomotive syndrome, a condition of reduced mobility due to an impaired locomotive organ, was assessed using the 25-question Geriatric Locomotive Function Scale (GLFS-25) for each patient [23]. We also obtained each patient’s five-point numerical rating scale (NRS) score for back pain (from 0 = no pain to 4 = severe pain) from the results for the second question on the GLFS-25 [20]. L-BMD was measured with dual X-ray absorptiometry in posteroanterior projection (GE Lunar Prodigy, GE Healthcare, Madison, WI, USA) using standardized procedures and centralized quality control.



Based on full-spine standing radiographic findings, we determined the presence of OVF in the lower thoracic or lumbar spine and measured the sagittal spinal alignment. OVFs were defined as grades 1–3 fractures according to the Genant semiquantitative method, indicating at least a 20% loss in the height of the vertebral body [24]. Sagittal balance was assessed using the sagittal vertical axis [15,16,17]. Lumbar lordosis, pelvic incidence, sacral slope, and pelvic tilt were measured to determine the spinopelvic sagittal parameters [15,16,17]. Pelvic incidence minus lumbar lordosis was also calculated and evaluated as an important parameter for spinopelvic sagittal balance [25]. Spinopelvic parameter measurements using this method have been reported to be accurate and reliable [26].



According to the occurrence of non-traumatic OVFs in the three-year study period, the patients were divided into fracture and non-fracture groups. Clinical factors were compared between the two groups, including age, body mass index, hand grip strength, KEMS, ATMS, GLFS-25 score, NRS score for back pain, L-BMD, and radiographic findings of the presence of old OVFs and the spinopelvic sagittal alignment parameters, including the sagittal vertical axis, lumbar lordosis, pelvic incidence, sacral slope, pelvic tilt, and pelvic incidence minus lumbar lordosis.




2.4. Statistical Analysis


Continuous variables are expressed as means ± standard deviations, and ordinal variables are expressed as medians (interquartile ranges). A Shapiro–Wilk test was used to assess the normality of data distribution. Between-group differences in the continuous variables were examined using Student’s t-test for parametric data and a Mann–Whitney U test for nonparametric data. Categorical data are expressed as frequencies and percentages, and comparisons between groups were made using a chi-square test. To identify factors associated with the occurrence of new OVFs in the lower thoracic or lumbar spine over the three-year study period, a multiple logistic regression model was used to obtain adjusted odds ratios with 95% confidence intervals (CIs). Finally, a receiver operating characteristic (ROC) curve analysis was used to determine the optimal cutoff for the occurrence of OVF. SPSS version 19.0 for Windows (SPSS Inc., Chicago, IL, USA) software was used for all statistical analyses, with the level of statistical significance set at 0.05.





3. Results


In total, 143 study participants underwent a 3-year checkup and radiographic examination with full-spine standing radiography (follow-up rate, 72.6%; Table 1). The patients without a second examination, who were excluded from the study, were older than those with these examinations. However, there were no significant differences in BMI, L-BMD, or the presence of old OVFs. Two participants with new traumatic OVFs were excluded from the study. Finally, 141 female participants aged ≥ 50 years were included for evaluation (Figure 1).



A total of 17 (12.1%) study participants had old OVFs before surgery. Another 13 participants had a single old OVF (2, 1, 4, 3, 2, and 1 participants at T8, T11, T12, L1, L3, and L4, respectively), and four had multiple old OVFs. Additionally, 10 (7.1%) participants with a mean age of 67.5 years (range, 55–82) had developed new non-traumatic OVFs during the three-year study period; these patients were assigned to the fracture group. The remaining 131 participants without new OVFs were assigned into the non-fracture group. Seven of the ten participants in the fracture group had a single OVF (one, three, one, and two participants at T8, T11, T12, and L3, respectively), while the other three had multiple OVFs.



In the univariate analyses, ATMS and L-BMD values were significantly lower in the fracture group (Table 2). In addition, the fracture group had smaller sacral slope and larger pelvic tilt values than the non-fracture group. The prevalence of old OVFs in the fracture group was significantly higher than that in the non-fracture group (60% vs. 8.4%, respectively). In the multiple logistic regression analysis, weak AMTS, low L-BMD, and the presence of old OVFs were significant risk factors for the occurrence of new OVFs in the lower thoracic or lumbar spine (Table 3).



ROC analysis showed AMTS values ≤ 4.0 kPa (95% CI 0.643–0.909, p = 0.004, area under the curve 0.776; Figure 2) and L-BMD values ≤ 1.11 g/cm2 (95% CI 0.575–0.833, p = 0.032, area under the curve 0.704; Figure 2) best predicted the occurrence of OVF in the study cohort. Figure 3 shows the distribution of patients’ AMTS and L-BMD values at the first preoperative evaluation. The occurrence rate for new OVFs was significantly higher in patients with AMTS values ≤ 4.0 kPa (16.1%, 9/56) than in those with AMTS values > 4.0 kPa (1.2%, 1/85, p = 0.001). Similarly, the occurrence rate for new OVFs was significantly higher in participants with L-BMD values ≤ 1.11 g/cm2 (11.0%, 9/82) than in those with L-BMD values > 1.11 g/cm2 (1.7%, 1/59, p = 0.031).




4. Discussion


In this study, 10 (7.1%) patients developed new non-traumatic OVFs during the study period. These patients had lower ATMS and L-BMD, smaller sacral slope, larger pelvic tilt, and a higher prevalence of old OVFs at the initial examination preoperatively than the 131 patients who did not have new OVFs. The multivariate analysis showed that weak ATMS, low L-BMD, and the presence of old OVFs were risk factors for the occurrence of a new OVF. Low BMD and the presence of old OVFs are well-known predictors of OVF [3,4,7,15,27].



To the best of our knowledge, this is the first study to focus on the effect of ATMS on the future occurrence of OVF in middle-aged and older adult women and report muscle weakness as a novel risk factor for OVF occurrence. However, other muscle strength test results for grip power and KEMS and the potential for back pain to affect trunk muscle strength did not differ between the two groups.



A previous study reported that the device used in this study could quantify ATMS and that strengthening exercises using the device increased ATMS and activated the abdominals, diaphragmatic, and pelvic floor muscles [22]. Muscle contraction during the ATMS measurement and the strengthening exercise was comparable with that involved with abdominal bracing when the abdominal and paraspinal muscles were activated [28]. The abdominal core can be described as a muscular box with the abdominals at the front and sides, the paraspinals at the back, the diaphragm at the roof, and the pelvic floor at the bottom of the box [29]. The contraction of the diaphragm increased intra-abdominal pressure and stabilized the spine [29]. ATMS is created through the coordinated contraction of the trunk muscles comprising the muscular box. This muscle contraction creates a semirigid cylinder surrounding the spinal column with increased intra-abdominal pressure, reducing some of the imposed stress on the vertebral column in the lower thoracic and lumbar spine. However, study results remain inconclusive due to a lack of consensus concerning how core strength is measured [30]. If core strength and stability could be easily and reliably measured, the physical condition of the patient could be more accurately determined, individuals requiring core muscle strengthening could be identified, and therapeutic intervention could be more appropriate. This device may be a viable option for measuring core muscle strength and can potentially evaluate core instability associated with a future risk of OVF. The ROC analysis in this study indicated that AMTS ≤ 4.0 kPa was related to a risk of OVF occurrence in middle-aged and older adult women. Thus, ATMS measurements can be used to assess the risk of OVF. A previous study has reported that strengthening exercise using the device improved ATMS and mobility function, assessed using the stand-up test in an older adult population [31]. The coordinated contraction of abdominal trunk muscles with increased intra-abdominal pressure helps to perform the action of standing up. A recent study has reported that a poor stand-up test score was an independent risk factor for non-traumatic OVF occurrence [16]. This result indirectly indicated that trunk stability and function, evaluated as ATMS, could be an important indicator of OVF risk.



Recent studies investigating spinal sagittal imbalance have reported that a large sagittal vertical axis was a risk factor for future OVF or OVF collapse [16,17,32]. Patients in the fracture group had a smaller sacral slope and larger pelvic tilt than those in the non-fracture group; however, the sagittal vertical axis did not differ between the groups. A small sacral slope and a large pelvic tilt indicate pelvic retroversion associated with sagittal imbalance [25]. However, in the multivariate analysis, these parameters were not identified as risk factors for new OVF. In our study cohort, trunk muscle strength was observed to be more important than spinal sagittal imbalance as an indicator of OVF risk. Previous studies have reported that back extensor strength is an important factor affecting spinal deformity or alignment and quality of life in middle-aged and older adult women [33,34,35]. Sinaki et al. [36] reported that postmenopausal women who engaged in back extensor strengthening had a lower occurrence of future OVF. Thus, trunk extension exercises with isometric muscle contraction have been considered appropriate for middle-aged and older adult women with osteoporosis [37,38]. In muscle strength measurements and strengthening exercises using the device in this study, abdominal trunk muscles, including diaphragmatic, abdominal, and pelvic floor muscles, were activated without the need for trunk movement. Such isometric muscle contraction is safe and appropriate for fragile spines in older patients with osteoporosis or low back pain. Therefore, using the device as a strengthening exercise may also be useful in improving the physical function of patients with age-related musculoskeletal disorders, including osteoporosis, and preventing the occurrence of OVF, particularly for patients with weak ATMS.



This study had some limitations. First, this study included a small number of participants with new OVFs. Second, only patients undergoing surgery for degenerative disease of the lower extremities were analyzed, which might have influenced the data on lower KEMSs, higher L-BMDs, and altered spinopelvic alignment findings. Finally, back extensor strength, which has been reported as a key muscle strength for spinal alignment or future OVF [34,35,36], was not measured. Although this study measured functional muscle parameters including hand grip strength, KEMS, and ATMS, body composition measurements, such as muscle and fat mass, were not performed. Future studies are required to examine whether abdominal trunk muscle weakness increases future OVF occurrence and whether abdominal trunk muscle strengthening reduces future OVF occurrence in a larger number of healthy volunteers without musculoskeletal diseases; this is to compare the effect of weak abdominal trunk muscles versus back extensor muscles and the efficacy of strengthening these muscles.




5. Conclusions


Abdominal trunk muscle weakness, low L-BMD, and the presence of old OVFs were significant risk factors associated with OVF occurrence in the lower thoracic or lumbar spine. ATMS measurement can be used to assess the risk of future OVF occurrence.
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Figure 1. Study flowchart. The baseline study included 197 female patients aged ≥50 years who were scheduled to undergo surgery for lower-extremity degenerative diseases, of whom 54 were excluded from the study because they failed to attend the three-year postoperative checkup. Two patients were excluded because of traumatic OVF occurrence. 






Figure 1. Study flowchart. The baseline study included 197 female patients aged ≥50 years who were scheduled to undergo surgery for lower-extremity degenerative diseases, of whom 54 were excluded from the study because they failed to attend the three-year postoperative checkup. Two patients were excluded because of traumatic OVF occurrence.



[image: Jcm 11 04868 g001]







[image: Jcm 11 04868 g002 550] 





Figure 2. Receiver operating characteristic curves. The analysis revealed that the best cutoff points for ATMS and L-BMD were 4.0 kPa with an AUC of 0.78 and 1.11 g/cm2 with an AUC of 0.70, respectively. Abbreviations: AUC, area under the curve; ATMS, abdominal trunk muscle strength; CI, confidence interval; L-BMD, bone mineral density of the lumbar spine. 
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Figure 3. The distribution according to the patients’ AMTS and L-BMD at the first preoperative evaluation. The occurrence rate of new OVF was significantly higher in participants with AMTS values ≤ 4.0 kPa (16.1%, 9/56) than in those with AMTS values > 4.0 kPa (1.2%, 1/85, p = 0.001). It was also significantly higher in participants with L-BMD values ≤ 1.11 g/cm2 (11.0%, 9/82) than in those with L-BMD values > 1.11 g/cm2 (1.7%, 1/59, p = 0.031). Abbreviations: AMTS, abdominal trunk muscle strength; L-BMD, bone mineral density of the lumbar spine; OVF, osteoporotic vertebral fracture. 
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Table 1. Baseline characteristics of the patients with and without the second examination.
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	Patients with the 2nd Examination
	Patients without the 2nd Examination
	p-Value





	No. of participants
	143
	54
	



	Age (years), mean ± SD [range]
	65.8 ± 8.3 (50–84)
	69.1 ± 7.8 (53–84)
	0.013



	BMI (kg/m2), mean ± SD [range]
	23.8 ± 3.9 (14.7–36.7)
	24.4 ± 4.8 (14.1–34.4)
	0.411



	L-BMD (g/cm2), mean ± SD [range]
	1.07 ± 0.22 (0.63–1.80)
	1.01 ± 0.18 (0.65–1.37)
	0.057



	Presence of old OVF, no. (%)
	17 (11.9)
	7 (13.0)
	0.837



	Disease pathology (n)
	Hip joint disease (100)

Knee joint disease (20)

Foot & ankle disease (23)
	Hip joint disease (35)

Knee joint disease (8)

Foot & ankle disease (11)
	







BMI, body mass index; L-BMD, bone mineral density of the lumbar spine; OVF, osteoporotic vertebral fracture; SD, standard deviation.
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Table 2. Differences in the baseline characteristics between the fracture and non-fracture groups.
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	Fracture Group
	Non-Fracture Group
	p-Value





	No. of subjects
	10
	131
	



	Age (years), mean ± SD
	67.5 ± 9.3
	65.6 ± 8.3
	0.491



	BMI (kg/m2), mean ± SD
	25.4 ± 5.7
	23.7 ± 3.7
	0.177



	Hand grip strength (kg), mean ± SD
	18.3 ± 6.1
	21.1 ± 5.0
	0.089



	KEMS (N/kg), mean ± SD
	3.5 ± 1.6
	3.8 ± 1.2
	0.552



	ATMS (kPa), mean ± SD
	2.7 ± 1.8
	5.3 ± 2.8
	0.006



	GLFS-25 score (point), mean ± SD
	48.0 ± 27.2
	40.0 ± 19.3
	0.221



	NRS (0–4) of back pain (point), median [IQR]
	1 [1–1]
	1 [0–2]
	0.431



	L-BMD (g/cm2), mean ± SD
	0.93 ± 0.16
	1.08 ± 0.22
	0.027



	Presence of old OVF, No. (%)
	6 (60)
	11 (8.4)
	<0.001



	Sagittal vertical axis (mm), mean ± SD
	51.1 ± 39.9
	38.8 ± 42.6
	0.378



	Lumbar lordosis (degree), mean ± SD
	43.7 ± 19.6
	46.1 ± 16.7
	0.671



	Pelvic incidence (degree), mean ± SD
	52.8 ± 9.0
	55.4 ± 10.6
	0.451



	Sacral slope (degree), mean ± SD
	27.8 ± 13.9
	38.4 ± 12.3
	0.010



	Pelvic tilt (degree), mean ± SD
	24.7 ± 10.7
	17.0 ± 11.1
	0.036



	Pelvic incidence minus Lumbar lordosis (degree), mean ± SD
	9.1 ± 15.1
	9.4 ± 15.8
	0.962







ATMS, abdominal trunk muscle strength; BMI, body mass index; GLFS-25, 25-Question Geriatric Locomotive Function Scale; IQR, interquartile range; KEMS, knee extensor muscle strength; L-BMD, bone mineral density of the lumbar spine; NRS, numerical rating scale; OVF, osteoporotic vertebral fracture; SD, standard deviation.
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Table 3. Multivariate analysis of factors associated with the occurrence of new OVFs in the lower thoracic or lumbar spine.
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	Reference
	aOR
	p-Value
	95% CI





	ATMS (kPa)
	+1 kPa
	0.557
	0.037
	0.322–0.964



	L-BMD (g/cm2)
	+1 SD
	0.226
	0.011
	0.072–0.707



	Presence of old OVF
	No old OVF
	6.956
	0.023
	1.304–37.105



	Sacral slope (degree)
	+1 kPa
	0.924
	0.087
	0.843–1.012



	Pelvic tilt (degree)
	+1 kPa
	0.973
	0.588
	0.882–1.073







aOR; adjusted odds ratio; ATMS, abdominal trunk muscle strength; CI, confidence interval; L-BMD, bone mineral density of the lumbar spine; OVF, osteoporotic vertebral fracture.
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