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Background: Halo-gravity traction is a commonly used clinical intervention to reduce surgical risk in patients with scoliosis before surgical correction. Some previous studies have focused on the application of halo-gravity traction on patients with severe spinal deformity and pulmonary insufficiency, but the overall effect of halo-gravity traction has not been fully understood. The object of the present study was to perform a meta-analysis exploring the efficacy of preoperative halo-gravity traction on radiographic measurement and pulmonary function in severe scoliosis patients with pulmonary insufficiency.

Methods: We searched the medical works of literature completed before January 17, 2021, in the databases of Pubmed, Embase, and Cochrane Library. Studies that quantitatively analyzed the effects of halo-gravity traction on the deformity and pulmonary functions of patients with severe scoliosis were included. Two researchers independently conducted the literature search, data extraction, and quality assessment. We used the Review Manager Software (version 5.4) for statistical analysis and data analysis. Mean difference (MD) with 95% confidence intervals (CIs) were calculated to evaluate the effects of halo-gravity traction.

Results: Seven studies involving 189 patients received halo-gravity traction therapy preoperatively were analyzed in our study. Preoperative halo-gravity traction significantly ameliorated the degree of deformity in severe scoliosis patients with pulmonary insufficiency, especially reduced coronal Cobb angle and sagittal Cobb angle effectively [mean deviation (MD) = 2 7.28 (95%CI 21.16–33.4), p < 0.001; MD = 22.02 (95%CI 16.8–27.23), p < 0.001]. Preoperative halo-gravity traction also improved the pulmonary functions in patients, especially increasing %FVC and %FEV1 [MD = −0.0662 (95%CI −0.0672–−0.0652), p < 0.001; MD = −0.0824 (95%CI −0.0832–−0.081), p < 0.001].

Conclusions: Preoperative halo-gravity traction for severe scoliosis patients shows significant improvement in the degree of deformity and pulmonary functions. Halo-gravity traction is an effective method to improve the tolerance of patients to surgery in the perioperative period.
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BACKGROUND

Spinal deformity directly affects the appearance of patients, their cardiopulmonary function, and their quality of life, especially in patients with severe scoliosis complicated with cardiopulmonary dysfunctions. For those patients, long operation time, large intraoperative and postoperative blood loss makes it difficult to perform surgical correction on them (1). Direct one-stage treatment of orthopedic surgery greatly increases the incidence of complications, mortality, and neurologic risk (2, 3), current clinical experience suggests that preoperative halo-gravity traction combined with staged surgery has become a widely accepted treatment with many advantages (4, 5).

Halo-gravity traction, also known as halo-wheelchair traction, is a widely used traction method in clinical practice which uses the own weight of patients as a reaction to achieve sustained traction. Halo-gravity traction not only gradually improves the coronal and sagittal deformity of patients but also extends their spine and improves pulmonary functions. The biggest advantage of halo-gravity traction is that its devices do not contain any femoral nails or pelvic nails, which reduces screw track-related complications. Moreover, patients treated with halo-gravity traction do not need long-term bed rests, and the incidence of bed-related complications such as bedsore and respiratory tract infection is significantly reduced (4, 5).

Previous studies have focused on the effects of preoperative halo-gravity traction on improving lung functions and the degree of deformity in severe scoliosis patients, but most of them failed to reach a clear conclusion. Thus, we conducted this study to analyze the effect of preoperative halo-gravity traction on the improvements of the degree of deformity as well as pulmonary functions in severe scoliosis patients with pulmonary insufficiency.



METHODS


Search Strategy

Two independent researchers searched for published studies in the electronic databases of PubMed, Embase, and Cochrane Library. We searched all the studies from inception to January 17th, 2021 with no language restrictions. Our search strategies included Medical Subject Headings (MESH) – “scoliosis” and text. The three main searches were scoliosis, lung function, and halo-gravity traction. Detailed search strategies were listed in Appendix A–C.



Study Selection

Two investigators independently screened all studies using the following criteria: studies that met both of the following criteria were included: ① case series; ②sample size was clear and the radiographic and pulmonary data of patients were available. Studies that met any of the following criteria were excluded: ① non-Chinese or English articles; ② full-text article could not be obtained; ③ pulmonary function data were not referred to in the article. Disagreements in study selection were solved by re-reading and discussion.



Data Extraction

All data were extracted independently by two researchers and cross-checked. The extracted data mainly included: ① study characteristics: first author, publication year, study design, number of patients, etc.; ② baseline characteristics of the study subjects, including age, gender, halo-gravity traction period and maximum traction weight; ③ the outcome of interest: coronal Cobb angle, sagittal Cobb angle, FVC predicted value, FEV1 predicted value, coronal balance, sagittal balance, T1-S1 length, PEF, FVC, FEV1, FVC/FEV1, and FEV1/FVC.



Quality Assessment and Risk of Bias

We referred to a checklist that was recommended by the Agency for Healthcare Research and Quality (AHRQ) and developed four criteria to assess the quality of the included studies (6). The four criteria were: ① defining the source of information; ② listing inclusion and exclusion criteria; ③ indicating time period used for identifying patients; ④ explaining any patient exclusions from the analysis. Each criterion was described as “Yes” or “No” or “Unknown” according to each study.



Statistical Analysis

We used the Review Manager Software (version 5.4) for meta-analysis. Mean difference (MD) was used to assess the continuous outcomes of the effect of halo-gravity traction on the deformity of patients and pulmonary functions with a 95% CI. The generic inverse variance method was used to calculate the weight of each included study. The heterogeneity between studies was analyzed by chi-square test with Cochrane Q statistic. Besides, I2 statistic was used to measure heterogeneity quantitatively. An I2 ≥ 50% was considered a significant degree of heterogeneity and a random-effects model was applied to conduct the meta-analysis, whereas an I2 < 50% was considered irrelevant heterogeneity, and a fixed-effects model was applied. Values of P < 0.05 were considered statistically significant.




RESULTS


Study Characteristics

After thorough search and screening, a total of 10 articles providing radiographic and pulmonary function data pre- and post- halo-gravity traction were included; among which, seven studies were preserved for meta-analysis (7–13). The article selecting process is shown in Figure 1. The details and patient demographics for the seven included studies were summarized in Table 1.


[image: Figure 1]
FIGURE 1. Flow diagram of the study selection process.



Table 1. Summary of the included studies.
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Quality Assessment

As a result of the quality assessment, all the studies defined the source of information; three studies did not list clear inclusion and exclusion criteria of patients; all studies except two indicated time periods used for identifying patients; three studies did not explain patient exclusions from the analysis. The included studies in this systematic review could be included to have high quality, overall. The results of the quality assessment were shown in Appendix D (Table A1).



Radiographic Measurement

The data of pre- and post-traction coronal Cobb angle was recorded in five studies containing 123 patients. Significant differences were found between pre- and post-traction coronal Cobb angle value [MD = 27.28 (95%CI 21.16–33.4), p < 0.001, I2 = 35%, Figure 2]. As minor heterogeneity was found between the studies, a fixed-effects model was used for this parameter.


[image: Figure 2]
FIGURE 2. A forest plot depicting the changes in coronal Cobb angle of scoliosis patients between pre- and post-traction measurements.


There were six studies containing 168 patients which provided data on pre- and post-traction sagittal Cobb angle. Significant differences were found between pre- and post-traction sagittal Cobb angle value [MD = 22.02 (95%CI 16.8–27.23), p < 0.001, I2 = 0%, Figure 3]. As no heterogeneity was found between the studies, a fixed-effects model was used for this parameter.


[image: Figure 3]
FIGURE 3. A forest plot depicting the changes in sagittal Cobb angle of scoliosis patients between pre- and post-traction measurements.


In addition, we also found significant differences between pre- and post-traction coronal balance [MD = 2.53 (95%CI 0.45–4.61), p < 0.05], sagittal balance [MD = 2.6 (95%CI 1.21–3.99), p < 0.01] and T1-S1 length value [MD = −59.10 (95%CI −109.13 to −9.07), p < 0.05) in this study.



Pulmonary Function

The data of pre- and post-traction FVC predicted value (%FVC) was recorded in four studies containing 75 patients. Significant differences were found between pre- and post-traction %FVC [MD = −0.0662 (95%CI −0.0672–0.0652), p < 0.001, I2 = 0%, Figure 4]. A fixed-effects model was used because no heterogeneity was found between the studies for this parameter.


[image: Figure 4]
FIGURE 4. A forest plot depicting the changes in FVC predicted value (%FVC) of scoliosis patients between pre- and post-traction measurements.


There were four studies containing 75 patients which provided data on pre- and post-traction FEV1 predicted value (%FEV1). Significant differences were found between pre- and post-traction %FEV1 [MD = −0.0824 (95%CI −0.0832–−0.0816), p < 0.001, I2 = 0%, Figure 5]. As no heterogeneity was found between these studies for this parameter, a fixed-effects model was used.


[image: Figure 5]
FIGURE 5. A forest plot depicting the changes in FEV1 predicted value (%FEV1) of scoliosis patients between pre- and post-traction measurements.


We also found significant differences between pre- and post-traction PEF predicted value [MD = −0.146 (95%CI −0.146–−0.144), p < 0.01] and FVC/FEV1 [MD = 0.0249 (95%CI 0.0244–0.0254), p < 0.01]. However, for FVC [MD = −0.0727 (95%CI −0.166–0.0210), p > 0.05), FEV1 [MD = −0.0801 (95%CI −0.174–0.0137), p > 0.05], FEV1/FVC [MD = −0.0171 (95%CI −0.0822–0.0480), p > 0.05] and PEF [MD = −0.59 (95%CI −1.26–0.0846), p > 0.05], there was no statistical significance between pre- and post-traction measurements on these indicators.




DISCUSSION

Severe spinal deformity with pulmonary insufficiency will lead to pulmonary heart disease, pulmonary hypertension, and other respiratory and circulatory complications. Those patients suffer from respiratory failure and heart failure, which seriously affect their quality of life. Previous studies have shown that one-stage surgery for severe spinal deformity with pulmonary insufficiency is not only risky but also difficult and ineffective in correcting scoliosis (14). The use of staged surgery can significantly improve the tolerance to the operation of patients, increase the correction rate of scoliosis, and reduce postoperative pulmonary complications. As a gradual traction method using the weight of the body as a counter-force, halo-gravity traction is safer than other traction methods, with a lower post-traction complication rate (15). Thus halo-gravity traction is often used preoperatively and staged surgery combined with preoperative halo-gravity traction not only straightens the curved spine of patients and simplifies operation, but also improves the cardiopulmonary functions of patients, helping the physician understand the tolerance of the spinal cord and the occurrence of spinal cord nerve injury in the traction state and reduces postoperative spinal cord, nerve, and other related complications. Currently, staged surgery combined with preoperative halo-gravity traction is one of the most effective methods to treat severe scoliosis patients with pulmonary insufficiency in clinical practice (9, 10).

Halo-gravity traction loosens the issue contractures around the spine, improves spine flexibility, and straightens the bent spine, thereby it can reduce the degree of scoliosis in a certain period of time. The results of this study also showed that halo-gravity traction could effectively reduce the degree of deformity [coronal Cobb angle: (95%CI 21.16–33.4), p < 0.001; sagittal Cobb angle: (95%CI 16.80–27.23), p < 0.001] in severe scoliosis patients with pulmonary insufficiency, especially decreases the Cobb angle. As for scoliosis patients ≥100° curves, our study showed that halo-gravity traction could reduce the degree of deformity of these patients to a certain extent (Figures 2, 3), which further supported the findings by the team of Kei Watanabe that the combination of halo-gravity traction and corrective fusion surgery could be used on scoliosis patients with ≥100° curves as safe and effective surgical treatments (16).

In this study, we found that halo-gravity traction could improve pulmonary function in patients with severe scoliosis having pulmonary insufficiency [%FVC: (95%CI −0.0672–−0.0652], p < 0.001; %FEV1: (95%CI−0.0832–−0.0816), p < 0.001]. The effect of halo-gravity traction on improving the pulmonary functions of patients was mainly due to its ability on stretching the spine, increase the volume of the thoracic cavity, and alleviate the compression of surrounding tissues. It should be noted that due to limited traction force, the effect of halo-gravity traction on increasing the thoracic volume was not as direct as straightening the spine, so the improvements on the Cobb angle of patients were more significant than on pulmonary functions in this study.

The improvements of some pulmonary function indicators (e.g., PEF, FVC, FEV1) were not statistically significant in this study as reported in other studies, it might be because halo-gravity traction had its disadvantages in the application, halo-gravity traction was not applied continuously for 24 h in some research cases, or the number of included studies was small.

The disadvantages of halo-gravity traction are small traction weight and unsuitability for long-term application. However, compared to other traction methods, halo-gravity traction is still the most commonly used preoperative traction method in clinical practice due to its convenience in operation, good effects in ameliorating the conditions of patients, the lower incidence of traction-related complications, and no extended periods of bed rest after traction (17).

Our systematic review and meta-analysis provided moderate-quality evidence that halo-gravity traction was an effective method to treat severe scoliosis patients with pulmonary insufficiency before surgical operation. It should also be noted that our meta-analysis exhibited various limitations. First, only seven studies were preserved for meta-analysis, the number of review papers and the number of patients included in this study was limited; factors that would affect the effect of halo-gravity traction such as age, the length of traction time were not fully discussed limited by the small number of studies included. Second, our study only analyzed pre- and post-traction data, long-term follow-ups were not included. Third, the incidence of postoperative complications and the improvement of the nutritional status of patients were needed to demonstrate the effects and advantages of preoperative halo-gravity traction more comprehensively and provide better references for follow-up clinical practice.



CONCLUSIONS

The preoperative application of halo-gravity traction can effectively improve radiographic scoliosis and pulmonary function of severe scoliosis patients. The effectiveness of halo-gravity traction on the pulmonary function of patients was mainly reflected in the improvements of FVC and FEV1; however, the effectiveness on the whole pulmonary function of patients was only reflected in the change of numerical value. Therefore, preoperative application of halo-gravity traction can improve the degree of deformity and pulmonary function of severe scoliosis patients to some extent, improve the surgical tolerance of patients and reduce the occurrence of complications, which together increase the safety of surgery.
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APPENDIX


Table A1. Quality assessment of the included studies.
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Appendix A Pubmed Search Strategy

(Scoliosis [Mesh]) AND ((traction [Title/Abstract]) OR (Halo-femoral traction [Title/Abstract]) OR (HFT[Title/Abstract]) OR (Halo-gravity traction [Title/Abstract]) OR (HGT[Title/Abstract]) OR (Halo-pelvic traction [Title/Abstract]) OR (HPT[Title/Abstract]))

Appendix B

Embase Search Strategy

([traction OR 'halo femoral'] AND (traction OR 'halo gravity') AND (traction OR hft OR hgt OR hpt OR 'halo pelvic') AND traction AND ('scoliosis'/exp OR scoliosis)]

Appendix C

The Cochrane Library Search Strategy

Scoliosis AND (Traction OR Halo-femoral traction OR HFT OR Halo-gravity traction OR HGT OR Halo-pelvic traction OR HPT)
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