









Supplemental Files


Supplemental Table S1. Summaries of the data for outcomes which were not evaluated in meta-analyses.
	Outcome
	Narrative Summary

	Overall Post-Intervention Complications: Additional Findings
	Haddadin et al. (2019)(35) reported that patients undergoing surgical intervention after 48 hours of injury exhibited higher proportion of post-operative respiratory complications than those receiving surgical care within 48 hours of injury (n=78, 9%; vs. n=18, 5% patients). Similarly, patients undergoing surgical intervention after 48 hours of injury not only exhibited higher proportion of post-operative other complications (n=87, 10%; vs. n=16, 4% patients), but also higher overall number of post-operative complications (n=165, 18%; vs. n=34, 9% patients) than those receiving surgical care within 48 hours of injury. The results of this study indicated timing of surgical management after injury is critical, and early surgery can be associated with fewer post-operative complications. 
It is also worth noticing that in many studies, more than one complication (either respiratory or other complication) was reported per patient. In a study by Jiang et al. (2019),  a total of 130 post-operative respiratory complications were reported in 92 surgically managed patients. (72) Similarly, the study by Pieracci et al. (2016) reported total 52 post-operative complications in 35 patients, of which 36 complications were respiratory in nature. (42) Likewise, another study by Dubrov et al. (2020) reported 28 post-operative respiratory complications in 24 patients undergoing non-surgical management of rib fractures. (41) 

	Cost of Treatment
	Jiang et al. (2019) compared the clinical outcomes of patients receiving surgical treatment with a memory alloy embracing fixator with those who received non-surgical care. It was reported that the despite of spending fewer days at hospital, the overall cost of hospitalization was significantly higher for the surgery group, when compared to those receiving non-surgical  (18,586.9 ± 3,008.4 vs.10,936.9 ± 412,808, p<0.01). The authors, however concluded that despite of higher cost, the clinical benefits from surgery may actually support the cost-effectiveness of surgery. (72)
Majercik et al. (2015) investigated the impact of SSRF with nonoperative management in terms of clinical outcomes, costs and charges. They study reported that total charges were higher for SSRF group (median [IQR], SSRF $114,891 [$85,014-$171,253] vs. Nonoperative $89,079 [$44,581-$163,126], p<0.001). Similarly, total hospital costs were also higher for the SSRF group (median [IQR], SSRF $39,258[29,098-57,121] vs. Nonoperative $34,241[$16,614-$64,285], p = 0.008). Even if only relevant hospital and professional fees were taken into account, the SSRF group still incurred higher costs as compared to nonoperative group (median [IQR], $112,785 vs. $80,069, p<.001). A similar subgroup analysis was performed for mechanically ventilated patients without head injury. No significant difference was observed between overall hospital costs and relevant hospital charges. The authors concluded that though SSRF is associated with beneficial treatment outcomes, when compared with nonoperative management; it incurs higher hospital costs and charges. (64)

	Functional Outcomes and QoL
	During patient follow-up, Li et al. (2020) not only reported shorter duration of pain in surgical treatment group (1.0 vs. 1.9 months), but also shorter time to restore daily self-care (0.9 vs. 1.2 months), less time to do mental labor (1.9 vs. 2.8 months), ability to perform moderate to severe physical labor (5.4 vs. 5.8 months) lower duration of chest discomfort, (1.1 vs. 2.9 months) and overall improved quality of life in surgically managed patients when compared to conventionally managed patients.(13)
After two months of follow-up, Qiu et al. (2015) reported that patients who underwent surgical fixation not only experienced less pain as indicated by improved scores (1.45±0.65 vs. 4.50±1.05, p=0.003), but also earlier return to normal activity (28.18±9.21 vs. 42.42±10.12 days, p=0.028). (38)
In another study, Zhang et al. (2019) reported that the level of physical activity after 3 months was significantly higher in the surgery group (69.23% vs. 48.72%, p< 0.05). After 6 months, the rate of pre-injury work was relatively higher in surgical treatment group, when compared to traditional group (94.87% vs. 64.10%). Similarly, the quality-of-life score in the surgery group was higher at both 3 months and 6 months follow up after the procedure, than those of the non-surgical group in all eight dimensions (p< 0.05). (11)
During a 3- month post-intervention follow-up, Jiang et al. (2019) reported that significantly lower number of patients in the surgery group experienced pain at the rib fracture site (14.7%), post-physical activity chest tightness (14.7%) and thoracic deformity (10.7%), when compared to the non-surgery group (39.1%, 37% and 41.3%, respectively; all p<0.05). (72) The study by Balci et al. (2013) assessed the patients during follow up period and reported better improvement in surgically treated patient group (p < 0.05) for overall pain reduction in pain scale, when compared to the conventionally managed group. (44) Fagevik Olsen et al. (2016) reported 10-point Disability rating index (DRI) for patients undergoing surgery and compared them with those receiving non-surgical care. Surgical stabilization group had a DRI score of 19 mms, whereas non-surgically cared patients exhibited DRI of 25 mm, therefore indicating mild to moderate disability. Ten items of the surgically treated group patients scored higher than those of non-surgical group, and the different amongst two points were significant (p<0.05). Patients in both groups judged their physical activity as 4 on range of 1 to 6. (45)
Marasco et al. (2019) conducted univariate longitudinal analysis and reported significantly lower SF-12 PCS scores in the rib fixation group as compared to nonoperative group across all three timepoints (37.5 vs. 42.7, p = 0.004). However, after incorporating multivariate adjustments for imbalances between groups, there were no overall differences in QoL measures. The study also assessed other outcomes such as pain GOS-E and SF MMC for surgical and nonoperative treatment groups for all the time points. Apart from, SF-12 PCS scores, no other parameters showed significantly lower values in rib-fixation cohort (SF-12 PCS: 37.5 (34.1–41.0) vs. 42.7 (41.9–43.4), p = 0.004; pain: 2.2 (1.5 - 2.9) vs. 2.0 (1.9 - 2.2) p=0.64; GOS-E: 5.4 (4.9 - 5.9) vs. 5.8 (5.7 - 5.9), p=0.12; SF MMC: 51.9 (48.8 - 55.1) vs. 51.6 (50.9 - 52.3), p=0.84). Following adjustment for variables between surgical and nonoperative treatment groups, multivariate analysis also showed no statistical difference in the outcomes of GOSE (5.7 (5.2 - 6.1) vs. 5.5 (5.2 - 5.7), p=0.38), pain (2.2 (1.4 - 2.9) vs 2.3 (2.0 - 2.7), p=0.70), SF MMC (52.0 (48.9 - 55.2) vs. 51.5 (49.9 - 53.0), p=0.75) and SF PCS (38.7 (35.2 - 42.1) vs. 41.1 (39.4 - 42.7), p=0.20). The study also reported that at 6 months post-accident, only 56% of initially working group had returned to work, with 58% were working at 12 months. Comparing to the fixation group, a greater number of non-fixation group patients returned to work at 6 months (56% vs. 50%, p = 0.65) and at 12 months (58% vs. 47%, p = 0.41). (73)
Pieracci et al. (2020) assessed the outcomes of patients receiving SSRF within 72 hours of the injury and compared the outcomes to those receiving non-surgical medical treatment. No significant difference was observed in overall QoL between groups at any timepoints. However, a visible increase in overall QoL scores were observed till 8-week follow-up. On the contrary, at 2-week follow-up visit the respiratory disability in SSRF group was found to be significantly lower than the nonoperative group, (21 vs. 25, respectively, p = 0.03), though the differences were not statistically significant at 4 and 8th week follow-up visits. (37)




Supplemental Figure S1. Funnel plot showing publication bias for duration of mechanical ventilation (DMV)
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Supplemental Figure S2. Funnel plot showing publication bias for risk of pneumonia
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Supplemental Figure S3. Funnel plot showing publication bias for ICU LOS
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Supplemental Figure S4. Funnel plot showing publication bias for hospital LOS
[image: Chart, scatter chart

Description automatically generated]



Supplemental Figure S5. Funnel plot showing publication bias for risk of mortality
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Supplemental Figure S6. Meta-analysis of the effect of surgical fixation on risk of need for tracheotomy
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Supplemental Figure S7. Meta-analysis of the effect of surgical fixation on risk of sepsis
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Supplemental Figure S8. Meta-analysis of the effect of surgical fixation vs non-surgical care on length of stay within the ICU (a) and in hospital (b)
(a) Effect on ICU LOS
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(b) Effect on hospital LOS
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