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Abstract

:

Background: Traditional treatment modalities for vertebral compression fractures (VCFs) include bed rest, pain medications, muscle relaxants, back braces, and physical therapy. In cases where conservative treatment proves ineffective, a new procedure called core decompression of the vertebral body is explored. Core decompression of the vertebral body has the potential to lower and stabilize the intraosseous pressure, resulting in enhanced blood circulation, which contributes to pain reduction. In this trial, we evaluated the efficacy of core decompression of the vertebral body in patients with painful VCFs compared with conventional conservative treatment. Methods: This prospective randomized controlled trial was conducted at a tertiary education hospital between June 2017 and May 2020. The participants were randomly assigned in a 1:1 ratio to one of two treatment groups: the core decompression group and the conservative treatment group. The primary outcome measure was the visual analog scale (VAS) pain score of the back 3 months after the procedure. Secondary outcome measures included the Oswestry Disability Index (ODI) for lumbar disabilities, the European Quality of Life-5 Dimensions (EQ-5D) score for quality of life, and radiographic outcomes such as changes in compression rate. Results: All patients underwent the assigned intervention (48 core decompression and 50 conservative treatments). At both 1 month and 3 months, there were no significant differences between the core decompression group and conservative treatment group in VAS pain score (adjusted treatment effect: −0.1 and 2.0; 95% confidence interval [CI]: −7.5 to 7.3 and −5.6 to 9.6; p = 0.970 and p = 0.601, respectively). In addition, there were no significant inter-group differences in ODI and EQ-5D scores throughout the follow-up period (p = 0.917 and 0.704, respectively). Conclusion: Core decompression of the vertebral body did not demonstrate any significant improvement in pain and disability compared to conventional conservative treatment.
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1. Introduction


Vertebral compression fractures (VCFs) can result in various complications, including chronic back pain, progressive spinal deformity, muscle wasting, pressure ulcers, and sleep disturbances [1,2,3,4]. As the population ages, osteoporotic VCFs become increasingly prevalent. Conventional treatments for VCFs typically involve bed rest, the use of oral or injectable pain medications and muscle relaxants, external back braces, and physical therapy [5,6,7,8,9]. In cases where conservative treatment is ineffective, vertebroplasty (VP) may be performed. VP is a medical procedure that involves the injection of cement into a fractured vertebra, aiming to alleviate discomfort and pain. Although it can be effective, VP is associated with several cement-related complications, including cement leakage and cement embolism. Owing to these potential side effects associated with the use of cement, we introduced a new procedure called core decompression of the vertebral body.



The underlying mechanisms responsible for pain following VCFs have not been thoroughly investigated. However, increased pressure within the bone (intraosseous pressure) is considered the primary trigger [10,11,12,13]. Based on this mechanism, we developed a core decompression procedure for vertebral bodies. Core decompression is a surgical procedure commonly used to manage osteonecrosis of the femoral head (ONFH). This procedure is typically performed by the drilling into the area of dead bone near the joint [14]. It aims to reduce pressure within the bone, thereby improving blood circulation in the affected area and providing pain relief. Similarly, core decompression of the vertebral body has the potential to lower and stabilize the intraosseous pressure for VCFs, resulting in enhanced blood circulation and pain reduction. However, there is currently no evidence regarding the effectiveness of core decompression of the vertebral body.



In this single center, randomized, controlled trial, we evaluated the efficacy of core decompression of the vertebral body in patients with painful VCFs compared with conventional conservative treatment. We hypothesized that patients who undergo core decompression of the vertebral body would report lesser pain and pain-related disabilities than those in the control group.




2. Materials and Methods


2.1. Study Design and Participants


The participants were enrolled at a tertiary education hospital between June 2017 and May 2020. This trial was approved by the institutional review board of our hospital (B-1502-288-005) and registered at ClinicalTrials.gov (NCT02902250). Before enrollment, written informed consent was obtained from each patient or their legal representatives. The trial was conducted in accordance with the principles of the Declaration of Helsinki. The clinical and radiographic data were monitored by an independent researcher.



The participants were recruited from the outpatient department of our hospital by a single specialist. The inclusion criteria were as follows: (1) aged ≥ 40 years and voluntarily agreed to participate and (2) diagnosed with one to three painful osteoporotic VCFs between vertebral levels T10 and L5. In all patients with suspected compression fractures, lumbar X-rays and MRI were performed to confirm the fracture and bone marrow edema. Also, in all patients diagnosed with VCFs, bone density scans were performed to confirm osteoporotic VCFs. The exclusion criteria were as follows: (1) previous diagnosis of an inflammatory disease or malignant tumor, (2) presence of a bleeding or coagulation disorder, (3) use of any type of anticoagulant, (4) severe pain other than in the lower back, and (5) deemed unfit for participation in this clinical trial by the researcher.



Participants who met the inclusion criteria were randomized into one of two treatment groups at a 1:1 ratio: the core decompression group and the conservative treatment group. The time from fracture to randomization was less than one month. Web-based randomization was employed to achieve concealed allocation. All participants were evaluated for the efficacy and safety of the treatment over a 3-month study period.




2.2. Efficacy Evaluation


At baseline, patients scored their back pain using the visual analog scale (VAS, on a scale of 0 to 100, with higher scores indicating more severe pain) and completed self-reported questionnaires, such as the Oswestry Disability Index (ODI) and the 5-level version of the European Quality of Life-5 (EQ-5D). The ODI is a widely used questionnaire designed to assess the level of disability or functional impairment experienced by individuals with low back pain. The EQ-5D score is a standardized instrument used to measure health-related quality of life. It assesses an individual’s general health and well-being and is commonly used in healthcare and clinical research to evaluate the overall health status and quality of life of patients. They also provided their demographic and clinical information. Evaluation measures were performed before randomization and at various times for up to 3 months. The primary outcome measure was the VAS pain score of the back. Secondary outcome measures included ODI and EQ-5D scores.



The compression rate and wedge angle of the vertebral body were measured on plain radiographs [15]. The heights of the anterior columns (A) of the fractured vertebral body were measured using a picture archiving and communication system (INFINITT Healthcare, Seoul, Korea). The mean of anterior column height of the superior (R1) and inferior (R2) vertebral body was also measured to serve as reference (R = [R1 + R2]/2). Compression rate was given as (1 − A/R) × 100. The wedge angle of fractured vertebral body was defined as the angle between two lines on the superior and inferior endplates of the fractured vertebral body.



At the first visit, written informed consent, demographic information, medical history, medications, smoking status, and vital signs were obtained, and bone density scan, VAS, ODI, EQ-5D questionnaires, and radiologic examinations were conducted. On day 1 (visit 2), vital signs, VAS, ODI, and adverse event monitoring were performed. Visit 3 (at week 1) included vital signs, VAS, ODI, and adverse event monitoring, The fourth and fifth visits, at weeks 4 and 12, involved vital signs, VAS, ODI, EQ-5D, X-ray, and adverse event monitoring. Adverse events (AEs), vital signs, and physical examination were assessed. An adverse event is defined as a compression rate of 80% or more or a VAS pain score of 8 or higher.




2.3. Study Treatment


The practitioner of core decompression in this trial was an experienced orthopedic surgeon (S.M.P., with a 10-year experience in orthopedic surgery). Patients in the core decompression group were placed in a prone position. The fractured vertebrae were identified and marked under C-arm guidance. Under local anesthesia, a Jamshidi needle was used to perforate the fractured vertebrae. The needle was carefully inserted through the skin and soft tissues layer-by-layer with continuous monitoring through the pedicle using C-arm guidance. The core wire was extracted from the needle and a syringe was connected to the needle. Subsequently, the plunger of the syringe was gradually withdrawn, resulting in the evacuation of blood and intraosseous decompression. Subsequently, the needle was removed and an aseptic dressing was applied to the puncture site.



In the conservative treatment group, the patients received a regimen that included bed rest, oral pain medication, use of external braces, and ambulation based on their pain tolerance.



In both groups, pain management followed a stepladder approach starting with non-narcotics, low-dose narcotics, and high-dose narcotics. Pain treatment was categorized following the World Health Organization analgesic ladder as 0 (no prescription), 1 (non-narcotic analgesics, acetaminophen, NSAIDs), 2 (low-dose narcotics), and 3 (high-dose narcotics). Esomeprazole, a proton pump inhibitor, was used for medication-induced dyspepsia.




2.4. Statistical Analysis


The degree of effectiveness of core decompression performed in this trial has not been previously reported. Therefore, the required sample size was calculated assuming that an effect similar to that of VP performed in general VCFs can be expected. Considering a minimal clinically significant difference of 1.5 on the VAS, a standard deviation of 2.5 in both groups (with an alpha value of 0.05 and a beta value of 0.2), and a tracking loss rate of 0.1, a sample size of 49 individuals per group is required.



For the primary analyses, we used an intention-to-treat strategy, and treatment effects and confidence intervals were calculated using analysis of covariance (ANCOVA) models with adjustment for baseline values of the outcome measure and age. In addition, we used analysis of variance for repeated measures (RM-ANOVA) to compare the ODI score, EQ-5D score, compression rate, and wedge angle. SPSS (version 27.0; IBM Corp., Armonk, NY, USA) was used for all statistical analyses.





3. Results


From June 2017 to May 2020, a total of 98 patients were enrolled and underwent randomization. Of the 98 patients, 48 and 50 were assigned to the core decompression and conservative treatment group, respectively. Both groups had six patients each who were lost to follow-up before the 3-month assessment (Figure 1). Demographic and baseline characteristics are shown in Table 1. The core decompression group consisted of 35 females and 13 males, with ages ranging from 57 to 88 years of age (mean age, 76.3 years). The conservative group comprised 38 females and 12 males, with ages ranging from 59 to 91 (mean age, 79.9 years). Most patients had a single fractured vertebral body. The number of patients requiring opioid analgesics for initial pain management was 31 (64.6%) in the core decompression group and 29 (58%) in the conservative group. In Table 1, comorbidities influencing pain perception included diabetes mellitus and polyneuropathy, and medications influencing pain perception included gabapentin and pregabalin.



The study groups did not differ significantly with respect to the primary outcome (VAS score) at 1 month and 3 months. At 1 month, the mean VAS score in the core decompression group was 43.0 ± 16.8, as compared with 43.4 ± 17.6 in the conservative treatment group (adjusted treatment effect: −0.1; 95% confidence interval [CI]: −7.5 to 7.3; p = 0.970). At 3 months, the mean VAS score in the core decompression group was 29.2 ± 17.0, as compared with 31.1 ± 17.1 in the conservative treatment group (adjusted treatment effect: 2.0; 95% CI: −5.6 to 9.6; p = 0.601) (Table 2, Figure 2). Both groups exhibited substantial improvement in reported back pain after treatment, with similar levels of improvement observed in both groups. There was no significant difference in opioid use rates between the core decompression group and the conservative group before and after treatment in terms of pain medication usage. (Baseline: 64.6% vs. 58.0%, 3-month: 8.3% vs. 8.0%, respectively). In addition, there was a significant reduction observed in opioid use from baseline to 3-month follow-up in both groups. (p < 0.001).



Figure 3 shows the changes in the secondary outcomes over the course of the follow-up period in both groups. The baseline ODI scores for the core decompression group and the conservative group were 73.0 ± 17.6 and 69.7 ± 16.1, respectively. After 1 month of treatment, the ODI scores were 45.9 ± 20.4 for the core decompression group and 43.9 ± 21.8 for the conservative group. At the 3-month follow-up, the ODI scores showed further improvement, with values of 28.8 ± 18.4 for the core decompression group and 33.2 ± 18.1 for the conservative group. As for the EQ-5D scores, at baseline, the core decompression group scored 0.28 ± 0.25, while the conservative group scored 0.38 ± 0.25. After 1 month of intervention, the EQ-5D scores were 0.62 ± 0.24 for the core decompression group and 0.66 ± 0.18 for the conservative group. At the 3-month follow-up, the EQ-5D scores had improved further, reaching 0.80 ± 0.18 for the core decompression group and 0.70 ± 0.19 for the conservative group. The RM-ANOVA results indicated no significant intergroup differences in the ODI and EQ-5D scores (p = 0.917 and p = 0.704, respectively). This indicates that the ODI and EQ-5D scores did not differ significantly between the core decompression and conservative treatment groups throughout the follow-up period.



Radiological outcomes are summarized in Table 3. At baseline, compression rates in the core decompression and conservative treatment groups were measured as 28.4 ± 18.4 and 28.8 ± 21.0, respectively. After 3 months, the compression rates for the core decompression and conservative treatment groups were 42.2 ± 22.8 and 36.6 ± 26.0, respectively. Although both treatment groups showed compression progression, there was no significant difference between the groups (p = 0.560). Similar results were observed for the wedge angle. At baseline, the wedge angle in the core decompression and conservative treatment groups were 12.2 ± 7.5 and 13.0 ± 7.1, respectively. After 3 months, the wedge angles in the core decompression and conservative treatment groups were 15.8 ± 9.0 and 14.0 ± 7.6, respectively. There were no significant differences between the study groups (p = 0.753).



No serious adverse events, resulting in life-threatening conditions or severe sequelae, were observed.




4. Discussion


This randomized controlled trial aimed to compare the effectiveness and safety of a newly designed vertebral body core decompression technique with those of conventional conservative treatment in patients with painful VCFs. The results indicated that the core decompression group did not demonstrate a significant difference in pain improvement compared with the conservative treatment group. Moreover, there were no significant differences in the measures of disability and quality of life between the two groups. Additionally, no significant differences were observed in the radiological parameters of the study groups at baseline and 3 months.



The core decompression technique employed in this study was based on the principles of the widely used core decompression technique for ONFH [16]. Previous studies have shown that core decompression in ONFH can reduce intraosseous pressure and improve blood flow, facilitating bone remodeling and pain reduction [17,18,19]. Several studies have demonstrated the association between fracture pain, and increased intraosseous pressure has been demonstrated in various studies [20,21,22,23]. In addition, several studies found significantly higher intraosseous pressure in patients with VCFs than in those with normal vertebral bodies [10,20]. Thus, this study aimed to investigate whether decompression of the vertebral body can alleviate VCF-associated pain. The findings indicated a decrease in pain VAS scores in the core decompression group up to 3 months after treatment, but no significant difference in the treatment effect was found compared to that of conservative treatment. Furthermore, several studies have shown that VCFs have a negative impact on quality of life, even after the fracture has healed, resulting in worse disability and quality of life outcomes [24,25]. In this study, the analysis of quality of life and disability recovery in the core decompression group did not reveal a significant difference compared to the conservative treatment group.



A few studies have conducted procedures similar to the core decompression performed in this study, referred to as vertebral body perforation, and have reported favorable results. Ogihara et al. demonstrated that vertebral body perforation provides sufficient pain relief in patients with painful lumbar compression fractures [26]. They attributed pain relief to improved blood flow, equalization of intraosseous pressure, reduced stimulation of pain nerve fibers, and decreased levels of pain-related substances. Additionally, a comparative study of VP and vertebral body perforation conducted by Yokoyama et al. suggested that vertebral body perforation could be a viable alternative to VP in patients with a vertebral body height loss of 30% or less, as it demonstrated an efficacy similar to VP without concerns associated with cement usage [27]. However, given the lack of advantages of core decompression over conservative treatment observed in this study, the suitability of core decompression as an alternative to VP is questionable. Considering the similarities in the process and invasiveness of core decompression and VP, VP may be preferable based on several studies that have demonstrated improved outcomes compared to conservative treatment [2,28].



This study has several limitations. First, we were unable to compare the intraosseous pressure of patients in the conservative treatment and core decompression groups, despite recognizing the importance of intraosseous pressure in the pain reduction effect of core decompression. Second, patients’ knowledge of their treatment assignments may have influenced their responses to the questionnaire. Third, the follow-up period was limited to 3 months. Given that pain and disability resulting from vertebral compression fractures can affect a patient’s quality of life over an extended period, a short follow-up duration may not fully capture the long-term effects.




5. Conclusions


In this prospective randomized controlled trial involving patients with osteoporotic VCF, we found no beneficial effects in performing core decompression of the vertebral body compared with that of conservative treatment in patients with painful VCFs.
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Figure 1. Enrollment and outcomes. 
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Figure 2. Primary outcome measures through study period. 
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Figure 3. Secondary outcome measures through study period. (a) ODI score, (b) EQ-5D score. 
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Table 1. Demographics and baseline characteristics.
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	Core Decompression Group

n = 48
	Conservative Group

n = 50





	Age (year)
	76.3 ± 6.7
	79.9 ± 6.6



	Female sex—No.
	35 (72.9%)
	38 (76%)



	Height (cm)
	156.0 ± 7.0
	154.6 ± 8.2



	Weight (kg)
	60.8 ± 11.2
	54.9 ± 8.5



	BMI a
	24.9 ± 4.0
	23.0 ± 3.0



	Vitamin D (ng/mL)
	21.43 ± 12.30
	22.40 ± 10.96



	No. of fractured vertebral bodies—mean
	1.02
	1.06



	One—no.
	47
	47



	Two—no.
	1
	3



	Vertebral level
	
	



	T10–T12
	15 (30.0%)
	18 (34.0%)



	L1–L2
	24 (48%)
	28 (52.8%)



	L3–L5
	11 (22.0%)
	7 (13.2%)



	Initial pain management
	
	



	0–1 (no prescription~non-opioid analgesics)
	17
	21



	2–3 (opioid analgesics)
	31
	29



	Comorbidities influencing pain perception
	4 (8.3%)
	4 (8.0%)



	Concomitant medication
	
	



	Steroid usage
	0
	0



	Medications influencing pain perception
	3 (6.2%)
	4 (8.0%)



	VAS b score
	77.9 ± 16.4
	74.1 ± 20.3



	ODI c score
	72.8 ± 17.8
	70.1 ± 15.9



	EQ-5D d score
	0.30 ± 0.25
	0.37 ± 0.26







a body mass index; b visual analogue score; c Oswestry disability index; d European quality of life-5 dimension.













 





Table 2. Primary outcome measures.
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	Core Decompression Group
	Conservative Treatment Group
	Treatment Effect

(95% CI) *
	p-Value





	VAS
	
	
	
	



	At baseline
	77.9 ± 16.4
	74.1 ± 20.3
	
	



	At 1 month
	43.0 ± 16.8
	43.4 ± 17.6
	−0.1 (−7.5 to 7.3)
	0.970



	At 3 months
	29.2 ± 17.0
	31.1 ± 17.1
	2.0 (−5.6 to 9.6)
	0.601







* Between-group comparisons, confidence intervals, and p-values were calculated with the use of analysis-of-covariance models with adjustment for baseline value of the outcome measure and age. Negative treatment effects favor core decompression, and positive treatment effects favor the control.













 





Table 3. Radiographic outcome measures.






Table 3. Radiographic outcome measures.











	
	Core Decompression Group
	Conservative Group
	p-Value





	Compression rate (%)
	
	
	0.560



	At baseline
	28.4 ± 18.4
	28.8 ± 21.0
	



	At 3 months
	42.2 ± 22.8
	33.6 ± 26.0
	



	Wedge angle (degrees)
	
	
	0.753



	At baseline
	12.2 ± 7.5
	13.0 ± 7.1
	



	At 3 months
	15.8 ± 9.0
	14.0 ± 7.6
	







Between-group comparisons, confidence intervals, and p-values were calculated with the use of RM-ANOVA.
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