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Table 2: References for Included Studies and Varying Definitions of Chronic Pain
	Author, Year, and Reference
	Study’s definition of chronic pain

	
	

	
	

	Johansson, 19961
	pain/tenderness

	Heikkinen1, 19982
	pain for >1 month

	Heikkinen2, 19983
	ileoinguinal neuralgia

	Wellwood, 19984
	groin or thigh pain

	Koninger, 19985
	Beschwerden (article in German)

	Picchio, 19996
	groin discomfort or pain

	Bringman, 20037
	no definition provided

	Colak, 20038
	groin discomfort/pain

	Gokalp, 20039
	persistent pain/tenderness

	Lal, 200310
	no definition provided

	Anadol, 200411
	no definition provided

	Neumayer, 200412
	neuralgia or other pain

	Dedemadl, 200613
	neuralgia or testicular pain

	Butler, 200714
	no definition provided

	Butters, 200715
	lateral cutaneous nerve damage

	Gunal, 200716
	no definition provided

	Hallen, 200717
	chronic groin pain

	Pokorny, 200818
	persistent pain/tenderness

	Eklund, 200919
	discomfort that occasionally interferes with daily activities, or more severe

	Hamza, 200920
	groin pain

	Langeveld, 201021
	pain/sensibility after 1 year

	Abbas, 201222
	pain lasting 3 months or more

	Eker, 201223
	sensibility disorder or numbness

	Mesci, 201224
	no definition provided

	Dahlstrand, 201325
	pain in the operated groin interfering with concentration during daily activities

	Wang, 2013 
	no definition provided

	Dhankhar, 201427
	no definition provided

	Salma, 201528
	no definition provided

	Westin, 201529
	persistent pain

	Koju, 201730
	no definition provided

	Sawarkar, 201731
	no definition provided

	Yen, 201732
	groin pain at 6 months

	Gutlic, 201933
	non-ignorable pain in the last week

	Sevlinc, 201934
	pain lasting more than 3 months after surgery

	Matkainen, 202135
	no definition provided

	Shah, 202236
	presence of postoperative pain

	Sultan, 202237
	no definition provided

	Andersson, 202338
	no definition provided

	Sinha, 202339
	chronic post operative inguinal pain persisting for 3 or more months

	Dumitrescu, 202340
	postoperative inguinodynia
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Figure 6: Cumulative Sensitivity Analysis for Wound Infection after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *An RIR cannot be calculated for an odds ratio of 0.


Figure 7: Cumulative Sensitivity Analysis for Hematoma/Seroma after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery.


Figure 8: Cumulative Sensitivity Analysis for Urinary Retention after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.)

Figure 9: Cumulative Sensitivity Analysis for Overall Morbidity after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery.


Figure 10: Individual study Fragility and RIR for Hernia Recurrence after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.


Figure 11: Individual study Fragility and RIR for Chronic Pain after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.

Figure 12: Individual study Fragility and RIR for Wound Infection after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.


Figure 13: Individual study Fragility and RIR for Hematoma/Seroma after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.

Figure 14: Individual study Fragility and RIR for Urinary Retention after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.



Figure 15: Individual study Fragility and RIR for Overall Morbidity after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair
[image: ]
NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. *For the second set of replacements, the patients in the published study need to be replaced with patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) **An RIR cannot be calculated when the odds ratio is zero or undefined.

Figure 16: RIR and FEAST/FEBST for Individual Studies Measuring Post-Operative Pain on the Visual Analog Scale after Minimally Invasive versus Open Surgery for Unilateral Elective Inguinal Hernia Repair

[image: ]

NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. FEAST = fraction of the effect above the significance threshold. FEBST = fraction of the effect below the significance threshold. VAS = Visual Analog Scale. 
Table 3: Sensitivity analysis limited to studies published in the past 10 years (2016 or later)

A. Dichotomous outcomes
	Outcome
	Open
	MIS
	Cumulative odds ratio
	Favored approach
	Cumulative fragility 
(To ___ a conclusion of a statistically significant difference between groups; ___ patients must experience the outcome)
	Cumulative RIR
(To force changes described by fragility, replace ___ patients with patients who experienced the same probability of not experiencing the outcome as the entire study population)

	
	Yes
	No
	Yes
	No
	
	
	
	

	Recurrence
	15
	842
	20
	905
	1.24 (0.63, 2.44)
	Open, but not significant
	Generate; 8 fewer open
	9 open

	Chronic pain
	98
	662
	41
	815
	0.34 (0.23, 0.50)
	MIS
	Overturn; 44 fewer open
	49 open

	Wound infection
	45
	905
	4
	944
	0.09 (0.03, 0.24)
	MIS
	Overturn; 33 fewer open
	34 open

	Hematoma/seroma
	64
	977
	48
	1081
	0.68 (0.46, 1.00)
	MIS, but not significant
	Generate; 1 fewer MIS
	2 MIS

	Urinary retention
	11
	372
	12
	379
	1.07 (0.47, 2.46)
	Open, but not significant
	Generate; 1 fewer open
	9 open

	Overall morbidity
	63
	648
	35
	654
	0.55 (0.36, 0.84)
	MIS
	Overturn; 9 fewer open
	10 open



B. Continuous outcomes
	Outcome
	Open
	MIS
	Cumulative effect size, VAS (cm)
	Favored approach
	Cumulative RIR 
(If ___ MIS patients were replaced with hypothetical MIS patients with the same average pain as open surgery patients; this would ___ a statistically significant difference between groups)
	Cumulative FEAST/FEBST
(Effect size is ___% ___ the threshold for statistical significance. This is equivalent to ___ on the VAS (cm)

	
	n
	mean
	SD
	n
	Mean
	SD
	
	
	
	

	Immediate post-operative pain
	904
	3.92
	1.97
	1008
	3.05
	3.95
	-0.87 (-1.16, -0.59)
	MIS
	1281; overturn
	67% above; -0.58 cm

	Intermediate post-operative pain
	283
	1.63
	1.64
	294
	1.25
	1.95
	-0.38 (-0.67, -0.08)
	MIS
	122; overturn
	21% above; -0.08 cm

	Long-term post-operative pain
	166
	1
	1.28
	159
	0.83
	1.35
	-0.17 (-0.46, 0.11)
	MIS, but not significant
	127; generate
	39% below, -0.07 cm



NOTES: RIR = robustness of inference to replacement. MIS = minimally invasive surgery. FEAST = fraction of the effect above the significance threshold. FEBST = fraction of the effect below the significance threshold. VAS = Visual Analog Scale. 
	
	
	




	
	
	



Technical Appendix

Further discussion about the theory of the RIR is provided here: Frank KA, Lin Q, Maroulis S, et al. Hypothetical case replacement can be used to quantify the robustness of trial results. J Clin Epidemiol. 2021;134:150-159. doi:10.1016/j.jclinepi.2021.01.025

This appendix outlines the analytic decisions made by our team of authors while applying the RIR method, which was originally developed in the field of education, to a research question in general surgery.

RIR for dichotomous outcomes
For findings reported as odds ratios derived from standard epidemiological 2x2 tables, the RIR software asks the researcher to answer two specific questions:
1. For the calculation of Fragility: should case movement originate in the treatment group or the control group?
2. For the conversion from Fragility to RIR: should this use the probability of the outcome in the control group, or should this use the probability of the outcome in the entire study population?

The answers to these questions affect the RIR results. For the current study, we programmed the software as follows. We made these decisions with the motivation to allow the RIR to be comparable across different studies and outcomes.
1. When there is a statistically significant difference between MIS and open surgery, case movement should originate in the group with higher incidence of the outcome. When there is no statistically significant difference, case movement should originate in the group with lower incidence of the outcome. 
· This allows Fragility to be conceptualized in every scenario as how many fewer complications must occur for the result to change. This reflects the fact that many surgeons believe that technical advancements in both open surgery (e.g. targeted injection of local anesthetic and ERAS protocols) and MIS (e.g. improved laparoscopic skills) may result in fewer complications.
· Therefore, the “destination” cell within the 2x2 table is always within the row for “success” (no complication). This is represented in the 2x2 table below. Regardless of whether the outcome occurs more frequently in the MIS or open surgery groups, or whether there is or is not a statistically significant different between groups, the “destination” cell for the case movement will always be C or D.
	
	Open Surgery
	MIS

	Complication (“failure”)
	A
	B

	No Complication (“success”)
	C
	D


· Remember that the probability of patients landing in this “destination” cell is used to convert the Fragility into RIR [RIR = Fragility / P(destination cell)]. So, for this calculation, the “outcome” is always the probability of success, meaning non-occurrence of the complication, regardless of whether this is within the open surgery group or the MIS group. Importantly, this “destination cell” represents the “null hypothesis population” from which case replacements are drawn. 
· If case movement were instead restricted to originate from either the open surgery group or the MIS group in every case, then sometimes the “destination” cell would be “success” or “failure” depending on what type of case movement is required to overturn the inference. This would lead to major inconsistencies in the RIR between studies favoring open surgery versus MIS, because of the large difference in magnitude between the probability of “failure” (usually close to 0) and the probability of “success” (usually close to 1) for the relatively rare study outcomes.
· NOTE: This decision is appropriate for our scenario because MIS and open surgery are conceptually “equivalent” treatments. It does not really matter whether open surgery or MIS is specified as “treatment” or “control.” In other settings where there would be a more obvious treatment and control, such as comparing non-operative to operative management for acute appendicitis, it may make more sense to ensure that case replacements always begin in the control group [operative management], regardless of which group has the higher outcome rate. This would ensure that case replacements always reflect the concept of replacement from a “null hypothesis” population.
2. To convert Fragility into RIR, always use the probability of the outcome in the entire study population. We made this decision to ensure  consistency of the calculations across many different studies for many different outcomes with results that sometimes favored open surgery and sometimes favored MIS. 
· NOTE: in other scenarios, one may choose to always use the probability of the outcome in the control group to convert Fragility to RIR. The argument for this approach is that this always leads to a smaller RIR estimate and thus a more conservative conclusion about the strength of the evidence supporting the inference. 

The following diagram depicts how our answers to Questions 1 and 2 affect the directions of case transfer and probabilities used for case replacement in different situations: 

[image: A diagram of a failure rate

AI-generated content may be incorrect.]
The RIR software also allows the researcher to specify whether the Chi-squared test or Fisher’s exact test should be used to determine statistical significance. We chose Fisher’s exact test because this was more reliable when there were small cell sizes. There were many studies where very small numbers of patients in both the open surgery and MIS groups experienced the study outcomes.

There were several studies where case transfers within the study group with higher incidence of the outcome were not sufficient to overturn the inference and change the study result. This often happened when the difference in the incidence rate between the study groups was relatively large, and it was more likely to happen when the overall incidence rate was relatively low. In these situations, the RIR could still be calculated by initiating additional case transfers within the study group with lower incidence of the outcome. This is called a “double switch,” because overturning the association between repair type and outcome incidence would require both (1) in the group with higher outcome incidence, fewer patients experiencing the outcome, and (2) in the group with lower outcome incidence, more patients experiencing the outcome. In these cases, we reported Fragility and RIR as two separate numbers, indicating the case transfers and replacements required for both (1) and (2). For (2), note that the patients in the published study need to be replaced with hypothetical patients who experienced the same probability of experiencing the outcome as the entire study population (versus not experiencing the outcome as was the case for the other replacements.) Since the outcomes in our study were relatively rare, this resulted in higher RIRs, reflecting the fact that it would be difficult to identify these additional patients who experienced the outcomes of interest by sampling from the null hypothesis population.

There were some cases where calculating the RIR for a specific study was impossible. If zero patients in the Open Surgery group experienced the outcome, then the odds ratio for the association between MIS and the outcome was undefined, and therefore so too the RIR was undefined. (It is still possible to calculate an RIR for a study where zero MIS patients experience an outcome but one open surgery patient does experience the outcome.)

Note about our approach to the cumulative analysis
As the results of each “new” study were added to the cumulative case counts, when we calculated Fragility, we allowed the directionality of the case transfers to change if there was a change in which study group (either MIS or open surgery) had higher incidence of the outcome. This helped ensure that in every row of the figure, a probability of “success” was always used to convert Fragility to RIR, to support consistency in interpretation the RIR. 

Alternatively, in each row of the figure, we could have forced the directionality of Fragility to match the direction indicated at the final time point in the cumulative analysis, after the last study was added. This would have ensured consistency in interpretation of Fragility across each row of the figure, in the spirit of traditional meta-analysis, but it does not reflect the state of the data at earlier time points before the final outcome is known, avoiding presentism bias.

RIR for continuous outcomes
For continuous outcomes, the RIR is designed to evaluate the strength of an inference described by a mean difference and its 95% confidence interval. 

Most studies reported the average pain scores in the open surgery and MIS groups and provided p-values to assess statistical significance. We used standard statistical formulae to convert the p-values into standard errors, to calculate the mean difference between groups, and then to calculate the 95% confidence interval for this mean difference using the pooled standard error. Studies were only included when they provided the mean and standard deviation (or standard error) for both open surgery patients and MIS patients. When a study reported only median and interquartile range, we could not include it in our analysis.
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Anadol, 2004 31 848 10 861 0.32(0.15,0.65) —_— overturn 10 fewer Open 11 Open
Butler, 2007 31 870 10 905 0.31(0.15,0.64) — | overturn 11 fewer Open 12 Open
Pokorny, 2008 33 933 10 1024 0.28 (0.14, 0.56) — overturn 14 fewer Open 15 Open
Hamza, 2009 34 957 12 1072 0.32(0.16, 0.61) — overturn 12 fewer Open 13 Open
Langeveld, 2010 45 1263 18 1389  0.36(0.21, 0.63) - overturn 15 fewer Open 16 Open
Abbas, 2012 45 1360 21 1474 0.43(0.26, 0.73) — , overturn 11 fewer Open 12 Open
Mesci, 2012 46 1384 21 1524 0.41(0.25,0.7) — overturn 13 fewer Open 14 Open
Koju, 2017 48 1433 21 1575 0.4(0.24, 0.67) —_ overturn 15 fewer Open 16 Open
Swarkar, 2017 51 1505 21 1650 0.38 (0.22, 0.63) —— overturn 17 fewer Open 18 Open
Yen, 2017 58 1542 21 1692 0.33 (0.2, 0.55) —— E overturn 24 fewer Open 25 Open
Gutlic, 2019 60 1748 21 1880 0.33(0.2,0.54) —— i overturn 26 fewer Open 27 Open
Sevlinc, 2019 72 1871 21 2027 0.27(0.16, 0.44) —-— overturn 38 fewer Open 39 Open
Matkainen, 2021 77 1970 23 2123 0.28 (0.17,0.44) —-— ' overturn 40 fewer Open 41 Open
Shah, 2022 81 2052 25 2209 0.29(0.18, 0.45) —-— H overturn 42 fewer Open 44 Open
Sultan, 2022 83 2101 25 2258 0.28(0.18, 0.44) —-— overturn 44 fewer Open 46 Open
Andersson, 2023 85 2186 25 2339 0.27(0.18,0.43) —-— _ overturn 46 fewer Open 48 Open
Dumitrescu, 2023 91 2289 25 2468 0.25(0.16,0.4) —-— overturn 52 fewer Open 54 Open
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Fragility

RIR

Open MIS To force changes described
To the by fragility, replace
conclusion of a patients with patients who

statistically experienced the same
signficiant probability of not
difference patients would have to experiencing the outcome as

Study Yes No Yes No Odds Ratio (95% CI) between groups, experience the outcome the entire study population

Johansson, 1996 37 270 31 276 0.82(0.49, 1.36) —_—— generate 10 fewer MIS 12 MIS

Heikkinen1, 1998 41 286 33 294 0.78(0.48,1.27) —— generate 9 fewer MIS 11 MIS

Heikkinen2, 1998 46 304 37 312 0.78(0.49, 1.24) —— generate 8 fewer MIS 10 MIS

Wellwood, 1998 163 387 144 405 0.84(0.65,1.1) ===t generate 11 fewer MIS 16 MIS

Koninger, 1998 173 467 152 491 0.84 (0.65, 1.08) ——t generate 10 fewer MIS 14 MIS

Picchio, 1999 175 517 156 540 0.85(0.67, 1.09) i generate 12 fewer MIS 16 MIS

Bringman, 2003 183 612 160 628 0.85(0.67, 1.08) el generate 11 fewer MIS 15 MIS

Colak, 2003 186 676 165 690 0.87(0.69, 1.1) —— generate 14 fewer MIS 18 MIS

Gokalp, 2003 192 732 174 742 0.89(0.71,1.12) — generate 17 fewer MIS 22MIS

Lal, 2003 194 755 177 764 0.9(0.72,1.13) — generate 19 fewer MIS 24 MIS

Anadol, 2004 195 779 177 789 0.9(0.71, 1.12) — generate 18 fewer MIS 23 MIS

Neumayer, 2004 330 1638 339 1616  1.04 (0.88, 1.23) —— generate 35 fewer Open 43 Open

Dedemadl, 2006 342 1658 346 1659 1.01(0.86, 1.19) —:F generate 43 fewer Open 52 Open

Gunal, 2007 350 1692 346 1738 0.96 (0.82, 1.13) e generate 37 fewer MIS 45 MIS

Pokorny, 2008 355 1752 363 1840 0.97 (0.83, 1.14) —— generate 40 fewer MIS 48 MIS

Hamza, 2009 355 1777 364 1889  0.96 (0.82, 1.13) —— generate 38 fewer MIS 46 MIS

Langeveld, 2010 444 2005 451 2125 0.96(0.83, 1.11) - generate 39 fewer MIS 48 MIS

Abbas, 2012 456 2090 468 2196 0.98 (0.85, 1.13) -+ generate 46 fewer MIS 56 MIS

Mesci, 2012 457 2114 469 2245 0.97 (0.84,1.11) —— generate 43 fewer MIS 53 MIS

Wang, 2013 463 2192 493 2389 0.98(0.85,1.12) . generate 47 fewer MIS 57 MIS

Dhankhar, 2014 463 2222 493 2418 0.98(0.85,1.12) - generate 49 fewer MIS 60 MIS

Koju, 2017 464 2272 493 2469 0.98 (0.85,1.12) - generate 48 fewer MIS 58 MIS

Swarkar, 2017 467 2344 494 2543 0.98(0.85, 1.12) - generate 47 fewer MIS 57 MIS

Yen, 2017 471 2384 500 2579 0.98 (0.86, 1.13) -+ generate 50 fewer MIS 60 MIS

Gutlic, 2019 479 2584 502 2765 0.98(0.85,1.12) -+ generate 49 fewer MIS 58 MIS

Sevlinc, 2019 489 2709 502 2912 0.96 (0.83, 1.09) - generate 38 fewer MIS 45 MIS

Matkainen, 2021 490 2812 502 3010 0.96 (0.84, 1.1) - generate 40 fewer MIS 47 MIS

Shah, 2022 495 2893 513 3087 0.97(0.85,1.11) - generate 46 fewer MIS 54 MIS

Sultan, 2022 501 2938 515 3134 0.96 (0.84,1.1) —— generate 43 fewer MIS 51 MIS

Andersson, 2023 521 3005 522 3208 0.94(0.82, 1.07) —r generate 31 fewer MIS 37 MIS

Sinha, 2023 527 3090 537 3374 0.93(0.82, 1.06) —-r generate 29 fewer MIS 34 MIS

Dumitrescu, 2023 527 3199 541 3499 0.94(0.82, 1.07) - generate 32 fewer MIS 38 MIS
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Fragility RIR

To force changes described

To the by fragility, replace
conclusion of a patients with patients who
statistically experienced the same
signficiant probability of not
Open MIS difference patients would have to experiencing the outcome as
Study Yes No Yes No Odds Ratio (95% CI) between groups, experience the outcome the entire study population
Johansson, 1996 1 306 4 303 4.04(0.45,36.51)  E— generate 1 fewer Open and 2 more MIS 2 Open and 246 MIS *
Heikkinen2, 1998 2 328 4 325 2.02(0.37,11.13)  E— generate 2 fewer Open and 1 more MIS 3 Open and 110 MIS *
Wellwood, 1998 7 523 16 513 2.33(0.95,5.72) — generate 1 fewer Open 2 Open
Bringman, 2003 7 626 18 603 2.67(1.11,6.44) e overturn 2 fewer MIS 3MIS
Gokalp, 2003 11 684 21 661 1.98(0.94,4.13) — generate 1 fewer Open 2 Open
Neumayer, 2004 33 1656 49 1622 1.52(0.97,2.37) —_— generate 2 fewer Open 3 Open
Dedemadl, 2006 34 1687 51 1670 1.52(0.98, 2.35) — generate 2 fewer Open 3 Open
Gunal, 2007 35 1728 53 1747 1.5(0.97,2.31) — generate 2 fewer Open 3 Open
Pokorny, 2008 37 1791 59 1860 1.54(1.01,2.33) — overturn 1 fewer MIS 2MIS
Langeveld, 2010 38 2107 65 2177 1.66(1.1,2.48) T overturn 5 fewer MIS 6 MIS
Mesci, 2012 40 2130 67 2225 1.6(1.08,2.38) i overturn 5 fewer MIS 6 MIS
Dhankhar, 2014 40 2160 68 2253 1.63(1.1,242) g overturn 6 fewer MIS 7MIS
Swarkar, 2017 44 2231 70 2326 1.53(1.04,2.23) — overturn 3 fewer MIS 4 MIS
Sevlinc, 2019 46 2364 70 2473 1.45(1,2.12) ‘—'—’ generate 1 fewer Open 2 Open
Shah, 2022 49 2447 76 2555 1.49(1.03,2.14) —a— overturn 2 fewer MIS 3MIS
Andersson, 2023 51 2532 80 2632 1.51(1.06,2.15) j—— overturn 4 fewer MIS 5MIS
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Fragility RIR
Open MIS To force changes described
To the by fragility, replace
conclusion of a patients with patients who

statistically experienced the same

signficiant probability of not

difference patients would have to experiencing the outcome as
Study Yes No Yes No Odds Ratio (95% CI) between groups, experience the outcome the entire study population
Johansson, 1996 16 291 62 245 4.6(2.59,8.19) ! overturn 33 fewer MIS 38 MIS
Heikkinen1, 1998 24 303 67 260 3.25(1.98,5.34) > overturn 28 fewer MIS 33 MIS
Picchio, 1999 37 342 81 299 25(1.65,3.81) 1 — overturn 26 fewer MIS 31 MIS
Bringman, 2003 52 430 86 386 1.84(1.27,2.67) o overturn 15 fewer MIS 18 MIS
Gokalp, 2003 69 475 105 428 1.69(1.21,2.35) P overturn 15 fewer MIS 18 MIS
Anadol, 2004 71 498 107 451 1.66 (1.2, 2.31) p overturn 14 fewer MIS 17 MIS
Neumayer, 2004 244 1319 285 1262 1.22(1.01,1.47) —— overturn 3 fewer MIS 4 MIS
Dedemadl, 2006 256 1339 291 1306 1.17 (0.97, 1.4) _._ generate 8 fewer Open 10 Open
Gunal, 2007 266 1371 296 1380 1.11(0.92, 1.33) —— generate 19 fewer Open 23 Open
Hamza, 2009 267 1395 303 1423 1.11(0.93, 1.33) - generate 18 fewer Open 22 Open
Langeveld, 2010 371 1608 410 1639 1.08 (0.93, 1.27) T— generate 24 fewer Open 30 Open
Wang, 2013 389 1674 443 1774 1.07 (0.92, 1.25) S generate 26 fewer Open 33 Open
Dhankhar, 2014 395 1698 445 1801 1.06 (0.91, 1.24) i generate 30 fewer Open 38 Open
Koju, 2017 398 1746 449 1848 1.07 (0.92, 1.24) - generate 29 fewer Open 36 Open
Swarkar, 2017 413 1806 459 1913 1.05 (0.91, 1.22) —'-— generate 34 fewer Open 42 Open
Gutlic, 2019 428 1999 463 2097 1.03(0.89, 1.19) —-— generate 41 fewer Open 50 Open
Sevlinc, 2019 440 2122 469 2238 1.01(0.88,1.17) —- generate 48 fewer Open 59 Open
Matkainen, 2021 446 2220 471 2334 1(0.87,1.16) -+ generate 51 fewer Open 62 Open
Sultan, 2022 454 2263 473 2381 0.99(0.86, 1.14) -+ generate 52 fewer MIS 63 MIS
Andersson, 2023 458 2346 480 2455 1(0.87,1.15) —+ generate 53 fewer Open 64 Open
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Open MIS
Study Yes No Yes No Odds Ratio (95% CI)
Johansson, 1996 11 296 4 303 0.36(0.11,1.13) ——
Heikkinen1, 1998 0 20 0 20 NA :
Welwood, 1998 0 200 0 200 NA :
Koninger, 1998 189 1 93 096(0.061583) — =
Bringman, 2003 0 103 2 90 = 3
Colak, 2003 4 63 2 65 048(0.08,278) —e——————
Gokalp, 2003 0 62 0 61 NA '
Lal, 2003 0 25 0 25 NA |
Anadol, 2004 0 25 0 25 NA '
Neumayer, 2004 49 945 100 889 2.17(1.52, 3.09) : —
Dedemadl, 2006 5 27 4 46 047(0.11,194) —a it
Butler, 2007 0 22 2 42 = i
Butters, 2007 175 1 80 094(0.06,1559) —=————
Gunal, 2007 3 39 1 78 0.17(0.02,1.69) —+—t——
Hallen, 2007 4 77 3 70 082(0.18,3.86) — =t —
Pokorny, 2008 0 65 6 113 « :
Eklund, 2009 7 698 21 644 3.25(1.37,7.71) L
Hamza, 2009 0 25 2 48 = :
Langeveld, 2010 10 307 7 316 0.68(0.26, 1.81) B
Abbas, 2012 5 92 3 8 065(0.1528) —F+—
Eker, 2012 9 213 6 229 0.62(0.22,1.78) _—
Westin, 2015 4 187 2 191 049(0.09,272) —ea—t———
Koju, 2017 0 51 3 48 = !
Yen, 2017 1 43 0 42 0 :
Gutiic, 2019 2 206 4 184 224(0.4,12.43) _—
Sevlinc, 2019 8 127 5 142 056(0.18,1.76) ———F——
Matkainen, 2021 0 104 0 98 NA i
Shah, 2022 18 2 8 198(0.17,2259) —F—
Sultan, 2022 0 51 0 49 NA '
Andersson, 2023 0 87 2 79 = :
Sinha, 2023 3 8 4 177 066(0.14,305) ——=————
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Fragility RIR
To the To force changes described by
conclusion of a fragility, replace patients
statistically with patients who experienced
signficiant the same probability of not
difference patients would have to experiencing the outcome as
between groups, experience the outcome the entire study population
generate 2 fewer MIS 3MIS
NA *
NA *
generate 1 fewer MIS and 4 more Open 2 MIS and 368 Open *
NA *
generate 2 fewer MIS and 2 more Open 3 MIS and 45 Open *
NA *
NA *
NA *
overturn 31 fewer MIS 34 MIS
generate 3 fewer MIS 4 MIS
NA *
generate 1 fewer MIS and 4 more Open 2 MIS and 314 Open *
generate 1 fewer MIS 2MIS
generate 3 fewer MIS and 2 more Open 4 MIS and 44 Open *
NA *
overturn 5 fewer MIS 6 MIS
NA *
generate 5 fewer MIS 6 MIS
generate 3 fewer MIS and 1 more Open 4 MIS and 24 Open *
generate 4 fewer MIS 5MIS
generate 2 fewer MIS and 1 more Open 3 MIS and 64 Open *
NA *
NA *
generate 2 fewer Open 3 Open
generate 4 fewer MIS 5MIS
NA *
generate 1 fewer Open and 4 more MIS 2 Open and 232 MIS *
NA *
NA *
generate 4 fewer MIS 5MIS
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Fragility RIR
To the To force changes described by
conclusion of a fragility, replace patients
statistically with patients who experienced
signficiant the same probability of not
difference patients would have to experiencing the outcome as
between groups, experience the outcome the entire study population
generate 2 fewer Open and 1 more MIS 3 Open and 88 MIS *
NA *
NA *
overturn 9 fewer Open 23 Open
generate 6 fewer Open 7 Open
generate 4 fewer MIS 5MIS
NA *
generate 3 fewer Open and 2 more MIS 4 Open and 39 MIS *
NA *
overturn 17 fewer Open 20 Open
generate 3 fewer Open and 2 more MIS 4 Open and 21 MIS *
NA *
generate 4 fewer MIS 5MIS
generate 6 fewer MIS 7MIS
overturn 39 fewer Open 45 Open
NA *
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generate 2 fewer MIS 3MIS
overturn 39 fewer Open 44 Open
overturn 2 fewer Open 3 Open
NA *
overturn 7 fewer Open 10 Open
generate 1 fewer Open and 4 more MIS 2 Open and 172 MIS *
generate 4 fewer Open 5 Open
overturn 27 fewer Open 32 Open
overturn 10 fewer Open 12 Open
generate 4 fewer MIS 6 MIS
generate 2 fewer MIS 3MIS
generate 1 fewer MIS and 1 more Open 2 MIS and 60 Open *
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18 66 33 135
6 24 2 27
3 48 4 47
15 60 10 65
15 193 4 184
12 123 6 141
6 98 2 96
8 43 2 47
4 83 7 74

4.6 (2,59, 8.19)
0.5(0.12, 2.02)
1.08 (0.4, 2.61)
0.34 (0.12, 0.97)
1.2 (0.55, 2.63)
1(0.12, 8.13)
1.04 (0.83, 1.31)
0.23(0.07,0.7)
0.22 (0.07, 0.69)
3.91(0.44, 34.9)
1.01(0.73, 1.41)
0.9 (0.47,1.71)
0.3 (0.05, 1.67)
1.36 (0.28, 6.54)
0.62 (0.26, 1.48)
0.28 (0.09, 0.86)
0.44 (0.16, 1.2)
0.34 (0.07, 1.74)
0.23 (0.05, 1.16)
1.96 (0.55, 7.04)
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Fragility RIR
To the To force changes described by
conclusion of a fragility, replace patients
statistically with patients who experienced
signficiant the same probability of not
difference patients would have to experiencing the outcome as
between groups, experience the outcome the entire study population
overturn 33 fewer MIS 38 MIS
generate 4 fewer MIS 6 MIS
generate 8 fewer Open 11 Open
generate 1 fewer MIS 2MIS
generate 8 fewer Open 12 Open
generate 7 fewer Open 88 Open
generate 28 fewer Open 35 Open
overturn 3 fewer Open 4 Open
overturn 2 fewer Open 3 Open
generate 1 fewer Open and 1 more MIS 2 Open and 10 MIS *
generate 22 fewer Open 33 Open
generate 14 fewer MIS 18 MIS
generate 2 fewer MIS 3MIS
generate 3 fewer Open and 2 more MIS 4 Open and 30 MIS *
generate 5 fewer MIS 6 MIS
overturn 3 fewer Open 4 Open
generate 2 fewer MIS 3MIS
generate 2 fewer MIS 3MIS
generate 1 fewer MIS 2MIS
generate 3 fewer Open 4 Open




image11.png
A: Immediate Post-Operative Pain
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RIR FEAST/FEBST
If MIS patients
were replaced with
hypothetical MIS this would a This is
patients with the same statistically Effect size is % equivalent to
Open MIS average pain as open significant difference the threshold for on the
n_ Mean SD n_Mean SD  Mean Difference (95% Cl) surgery patients, between groups statistical significance VAS (cm)
52 27 144 53 3.1 1.46 0.4 (-0.16, 0.96) [ 29 generate 29 below 0.11
155 2.71 2.05 145 24 156 -0.71(-1.26, -0.16) J— 43 overtum 22 above 0.16
222 3.28 215 212 251 1.61 -1.88(-2.47,-1.29) «— ‘ 92 overtum 69 above 1.29
284 344 2.04 237 2.64 1.73 -0.25(-1.07, 0.57) e 61 generate 70 below 0.17
309 344 201 262 2.64 1.7 -0.88(-1.77,0.01) —_— 0 generate 1 below 0.01
334 359 204 287 2.74 2.89 -1.6(4.94, 1.74) c— 26 generate 52 below 0.83
356 3.77 2.28 331 3.15 3.47 -0.65(-3.18, 1.88) - 49 generate 74 below 0.48
398 4.14 247 410 3.65 6.02 -1.55(-5.1,2) —— 68 generate 56 below 0.87
428 4.29 244 440 3.71 582 -1.8(-2.39,-1.21) -— ‘ 40 overtum 67 above 1.21
479 425 232 491 3.53 554 -1.9(-2.17,-1.63) -— 88 overtum 86 above 1.63
523 4.16 2.27 533 3.48 5.34 -0.23(-0.88, 0.42) e 55 generate 64 below 0.15
658 3.85 22 680 3.21 4.78 -0.4(-0.68, -0.12) —— 84 overtum 30 above 0.12
762 3.96 2.07 778 3.25 4.47 -1.2(-1.31, -1.09) - 183 overtum 91 above 1.09
813 3.92 2.02 827 3.16 4.36 -1.49(-1.85,-1.13) —— 76 overtum 76 above 1.13
904 3.92 1.97 1008 3.05 3.95 -1.41(-1.62, -1.2) - 231 overtum 85 above 1.2
-2 -1 0 1 2
B: Intermediate Post-Operative Pain (1-2 weeks post repair)
62 229 23 61 2 1.48 -0.29(-0.98, 0.4) —— 71 generate 58 below 0.17
84 274 254 105 2.42 2.84 -1(-2.09,0.9) 31 generate 47 below 0.47
128 215 2.26 147 1.92 2.57 -0.34(-0.71, 0.03) —— 8 generate 9 below 0.03
232 181 1.72 245 1.47 2.06 -0.6 (-0.64, -0.56) . 187 overtum 93 above 0.56
283 1.63 1.64 294 1.25 1.95 -0.64 (-0.88, -0.4) - 62 overtum 62 above 0.4
-2 -1 0 1 2
Favors MIS Favors Open
C: Long-Term Post-Operative Pain (1-2 months post repair)
62 1.67 1.91 61 1.67 1.89 0 (-0.68, 0.68) 123 generate 100  below 0
166 1 128 159 0.83 1.35 -0.3(-0.34, -0.26) . 172 overtum 85  above 0.26
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