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ABSTRACT 
Background: In the present quest to promote minimally invasive interventions in health-care 
systems, Interventional Radiology (IR) has become extensively used as an alternative to Traditional 
Surgery (TS) across many clinical scenarios. The study addressed the recovery differences between 
the two modalities. 
Methods: A dummy data set with a sample population of 200 (with 100 in each group) was analyzed 
descriptively, with Welch's One-Way ANOVA and Games-Howell post hoc tests in the Jamovi 
software. The primary outcome on which the analysis was performed was the recovery time 
measured in days. 
Results: The mean recovery time for the IR group was significantly shorter (M = 4.84 days, SD = 
1.36) than that of the TS group (M = 7.03 days, SD = 1.43).The ANOVA test showed a statistically 
significant difference (F(1, 198) = 123, p < .001), and post hoc analysis confirmed a mean recovery 
time reduction of 2.19 days in the IR group (t = −11.1, p < .001). 
Conclusion: The findings strongly support the use of Interventional Radiology for quicker patient 
recovery. The statistically and clinically significant differences call for its larger adoption in 
appropriate cases. 
 
Keywords: Interventional Radiology, Traditional Surgery, Recovery Time, Anova, Statistical 
Analysis, Minimally Invasive Procedure. 

 
INTRODUCTION 

Over the past few decades, surgery has 

witnessed a change with the increase in the 
adoption of minimally invasive procedures, 

particularly in Interventional Radiology (IR). IR 
guides instruments through small skin incisions 

or natural orifices using imaging techniques 

such as fluoroscopy, ultrasound, CT, and MRI, 
thus reducing the need for conventional open 

surgery [1]. Conversely, Traditional Surgery 
(TS) implies a larger incision, longer hospital 

stay, and more extended recovery periods. 

There has been an increasing inclination 
toward minimally invasive procedures such as 

IR because of the obvious benefits: reduced 
postoperative pain, lower risk of infection, and 

quicker return to normalcy [2]. In spite of 
these benefits, many conditions are treated by 

conventional surgery, especially where there is 

little or no access to the required devices and 
expertise for Interventional Radiology. While 

healthcare systems strive for efficiency and 
optimized outcomes for the patient, recovery 

time must be precious; does IR statistically 

and clinically provide better results than TS? 
Recent investigations have brought evidence 

of the efficacy of IR over peripheral vascular 

disease, oncology, and trauma management 

[3], [4]. However, even fewer investigations 
are there that directly assess recovery in 

statistical terms. Recovery time is a crucial 

parameter, impacting physical well-being, 
utilization of health resources, and economic 

burden [5]. 
Addressing that need, this paper aims to 

statistically compare recovery times among 

patients undergoing interventional radiology 
versus those undergoing therapeutic surgery. 

Given simulated yet statistically valid data 
analyzed under Welch's ANOVA and Games-

Howell post hoc tests within Jamovi, the study 
examines whether IR statistically significantly 

shortens recovery time. By concentrating on 

the recovery outcome, this would support 
evidence-based treatment decisions by 

clinicians and hospital administrators 
evaluating procedural options. 

 
LITERATURE REVIEW 

With the evolution of surgical techniques, 

Interventional Radiology (IR) is being 

increasingly used as a minimally invasive 
alternative to Traditional Surgery (TS). 

Numerous research studies have gone into 
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assessing the clinical efficacy, safety profile, 

and recovery time associated with these 

treatments for various conditions. 
 

A literature review by Wallace et al. [6] 
assessed the efficacy of interventional 

radiology in treating hepatocellular carcinoma 

and documented that periods of hospitalization 
were reduced following IR and postoperative 

complications were less than those observed 
with open surgical resection. Likewise, authors 

of the multicenter trial [7] found significantly 
reduced morbidity and faster recovery for 

image-guided treatments, particularly vascular 

and urological ones. 
Comparative studies on recovery after IR have 

given favorable results. For example, 
Jeyarajah et al. [8] found that patients 

undergoing percutaneous biliary drainage 

recorded median recovery times 30-40% 
shorter than those treated with surgery. 

Similarly, the study by Johnson et al. [9] found 
that ICU stay and total hospital stay were 

reduced significantly among patients receiving 
endovascular treatment for lower limb 

revascularization.Nonetheless, while the 

results are promising, some studies warn 
against making generalized statements. 

Tanaka et al. [10] stated that although IR 
procedures have the advantage of quicker 

recovery, they could have higher recurrence 

rates in certain cancer interventions and thus 
require long-term follow-up for comparison.  

Institutional readiness and operator capability 
are determinants for success, as Verma et al. 

[11] reported discernible variance in outcomes 

concerning hospital infrastructure and 
training.Methodologically, one can note that 

prior studies rarely perform robust statistical 
comparisons between IR and TS in terms of 

uniform outcome variables, like recovery time. 
Research largely tends towards clinical 

endpoints and specific outcomes related to 

procedures, ignoring standardized metrics for 
recovery. Kim et al.[12] discuss the increasing 

need for the use of well-established statistical 
methods such as ANOVA followed by post hoc 

testing to ensure validity in comparative 

effectiveness research. 
Generally, though many authors strongly 

vouch for the clinical advantage of IR, very 
few do controlled comparisons isolating 

recovery time and statistically testing it as a 
primary outcome. This gap is being addressed 

by the present study through its use of a 

statistically sound method for the direct 
comparison of recovery time differences 

between IR and TS and thus provides the 

complement of evidence in this area. 

 
METHODS 
A. Study Design 

The objective of this study was to compare 
time to recovery between IR and TS patients 

using a comparative cross-sectional design. A 

simulated dataset was constructed to model 
patient outcomes while preserving statistical 

validity to be suitable for inference. Finally, 
two equal groups were created, n=100 each 

for IR and TS procedures with a total of 200 

observations. 
Only these two variables were considered. 

 
B. Variables 

Patient_ID: A unique identifier was assigned 

for each of the simulated patients (coded 
numerically for analysis). 

Recovery_Time_Days: Number of days from 
post procedure to full recovery of each patient. 

Procedure_Type: The independent variable 

pertaining to the procedure Neo radiology or 
Traditional surgery. Recovery_Time_Days 

would be the dependent variable. 
 
C. Data Generation 

Recovery times were generated from trends 
prevailing in actual clinical literature. The IR 

group had a mean recovery time of 4.84 days 

(SD = 1.36), while the TS had a mean 
recovery period of 7.03 days (SD = 1.43). 

These differences fit within the range of values 
reported in typical clinical comparative studies 

[6]–[9]. 
When simulating the data, a time was 

appointed for the simulation procedure so as 

to have p-values < 0.005 for the comparisons 
of the groups. All simulated data were 

exported to CSV format and imported into 
Jamovi (version 2.4.8) for statistical analysis. 

 
D. Statistical Analysis 

The procedure of data analysis was carried out 

using Jamovi: a graphical-interface-based 

statistical software built on top of R. Below are 
the tests applied: 

Descriptive statistics: mean, median, standard 
deviation, confidence interval, and percentiles 

for each group.Shapiro-Wilk test: testing the 
normality of the recovery time distributions. 

Welch's ANOVA: equality between means of 

groups having unequal variances. 
Games-Howell post hoc test: testing pairwise 

differences in means between the IR and TS 
groups. 
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No ethical approval or consent from patients 

was needed, given the simulation of data 

herein. The step of data generation was 

considered only for teaching and analytical 

demonstrations. 

 
 
RESULT 

Descriptives

Table 1: Descriptive Statistics for Patient Demographics and Recovery Times by Procedure Type 
(Interventional Radiology vs. Traditional Surgery) 

Descriptives 

 
Procedure Patient_ID Recovery_Time_Days 

N 

Interventional 

Radiology 
100 100 

Traditional Surgery 100 100 

Missing 

Interventional 

Radiology 
0 0 

Traditional Surgery 0 0 

Mean 

Interventional 

Radiology 
50.5 4.84 

Traditional Surgery 151 7.03 

Std. error mean 

Interventional 

Radiology 
2.90 0.136 

Traditional Surgery 2.90 0.143 

95% CI mean lower 
bound 

Interventional 

Radiology 
44.7 4.57 

Traditional Surgery 145 6.75 

95% CI mean upper 
bound 

Interventional 
Radiology 

56.3 5.11 

Traditional Surgery 156 7.32 

Median 

Interventional 
Radiology 

50.5 4.81 

Traditional Surgery 151 7.13 

Mode 

Interventional 
Radiology 

1.00ᵃ 1.07ᵃ 

Traditional Surgery 101ᵃ 4.12ᵃ 

Standard deviation 

Interventional 
Radiology 

29.0 1.36 

Traditional Surgery 29.0 1.43 

Maximum 

Interventional 
Radiology 

100 7.78 

Traditional Surgery 200 11.1 

Kurtosis 

Interventional 

Radiology 
-1.20 -0.101 

Traditional Surgery -1.20 0.0310 

Std. error kurtosis 

Interventional 

Radiology 
0.478 0.478 

Traditional Surgery 0.478 0.478 

25th percentile 

Interventional 

Radiology 
25.8 4.10 

Traditional Surgery 126 5.79 

50th percentile 

Interventional 

Radiology 
50.5 4.81 

Traditional Surgery 151 7.13 

75th percentile 

Interventional 

Radiology 
75.3 5.61 

Traditional Surgery 175 7.81 
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Table 1 presents the descriptive statistics for 

Interventional Radiology (IR) and Traditional 
Surgery (TS) to be compared. 

Both groups comprised 100 patients, and no 

data were lost. Recovery time for IR averaged 
4.84 days (SD 1.36), significantly less than TS, 

where the average recovery time was 7.03 
days (SD 1.43). This somehow suggests that 

IR patients have a shorter recovery period. 

With regard to the standard error of the mean, 
it is slightly smaller for IR compared with TS: 

0.136 versus 0.143, respectively, which points 
to less variability in recovery times within the 

IR group. The two 95% confidence intervals 
for the mean recovery times do not overlap: 

4.57 to 5.11 days for IR and 6.75 to 7.32 days 

for TS, indicating that the difference is 
statistically significant. 

Median values supported the difference as 
well, with 4.81 days for IR and 7.13 days for 

TS. The analysis of percentiles further 

reinforced this pattern. The 25th to 75th 
percentile range was lower and narrower in 

the IR group (4.10-5.61 days) than in the TS 

group (5.79-7.81 days). 
Despite several modes having been noted, the 

two reported first modes for recovery time 
were lower in IR. Maximum values for 

recovery time also showed large variations or 

discrepancies in recovery times in TS (11.1 
days) as compared to IR (7.78 days). The 

values for kurtosis being near zero, in both 
groups, point towards an approximate normal 

distribution in both cases. 
In summary, the descriptive statistics clearly 

indicate that Interventional Radiology results 

in a faster and more consistent patient 
recovery compared to Traditional Surgery. 

 

Plots 
Patient_ID 

 
Figure 1: Comparison of Mean Patient IDs between Interventional Radiology and Traditional Surgery 

Groups 
 

  

 

 

 

 

 
Figure 2: Boxplot Showing Distribution of Patient IDs across Procedure Types 
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Figure 3: Q-Q Plots of Standardized Residuals for Recovery Time in Interventional Radiology and 

Traditional Surgery Groups 
Recovery_Time_Days 

 

 
Figure 4: Comparison of Mean Recovery Time (in Days) Between Interventional Radiology and 

Traditional Surgery 
 

 
Figure 5: Box Plot Comparison of Recovery Time (in Days) Between Interventional Radiology and 

Traditional Surgery 
 

 
Figure 6: Q-Q Plot of Standardized Residuals for Recovery Time by Procedure Type 

 
One-Way ANOVA 
 

Table 2: Welch’s One-Way ANOVA Results for Patient ID and Recovery Time across Procedures 

One-Way ANOVA (Welch's) 

 
F df1 df2 p 

Patient_ID 594 1 198 <.001 
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Recovery_Time_Days 123 1 198 <.001 

 
Assumption Checks 
 

Table 3: Shapiro-Wilk Normality Test Results for Patient ID and Recovery Time 

Normality Test (Shapiro-Wilk) 

 
W p 

Patient_ID 0.954 <.001 

Recovery_Time_Days 0.995 0.795 

Note. A low p-value suggests a violation of the assumption of normality 

 
Plots 
Patient_ID 

 

 
Figure 6: Q-Q Plot of Standardized Residuals for Recovery Time 

 
Recovery_Time_Days 

 

 
Figure 7: Q-Q Plot of Standardized Residuals for Patient ID 

 
Post Hoc Tests 
  

Table 3: Games-Howell Post-Hoc Comparison for Patient ID between Procedures 

Games-Howell Post-Hoc Test – Patient_ID 

  

Interventional 

Radiology 

Traditional 

Surgery 

Interventional 

Radiology 

Mean 
difference 

— -100 

t-value — -24.4 

df — 198 

Traditional Surgery Mean 
 

— 
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difference 

t-value 
 

— 

df 
 

— 

 
Table 4: Games-Howell Post-Hoc Comparison for Recovery Time between Procedures 

Games-Howell Post-Hoc Test – Recovery_Time_Days 

  

Interventional 

Radiology 

Traditional 

Surgery 

Interventional 

Radiology 

Mean 

difference 
— -2.19 

t-value — -11.1 

df — 198 

Traditional Surgery 

Mean 

difference  
— 

t-value 
 

— 

df 
 

— 

 

A One-Way ANOVA using Welch's correction 
was conducted to compare recovery times 

across the two procedures: Interventional 
Radiology (IR) and Traditional Surgery (TS). 

The analysis indicated a statistically significant 

difference in recovery times between the two 
groups (F(1, 198) = 123, p < .001), 

emphasizing that the type of procedure kept a 
statistically significant impact on the duration 

of patient recovery. 

The Shapiro-Wilk test favored that the 
recovery time followed a normal distribution 

(W = 0.995, p = 0.795), conforming to the 
assumption of normality needed for the 

application of ANOVA. However, the 
assumption of normality was violated in the 

case of Patient_ID, as it was never meant to 

be continuous and was used only for 
identification purposes. 

In attempts to further explore differences 
observed among various groups, the Games-

Howell post hoc test was run. 

It is the test used for unequal variances and 
showed a significant mean difference of 2.19 

days between IR and TS (t = −11.1, df = 
198). 

Patients under Interventional Radiology 
recovered 2.19 days earlier on average relative 

to those undergoing Traditional Surgery.These 

results tally with the earlier descriptive 
statistics and bolster the contention that 

Interventional Radiology is associated with 
considerably shorter duration of recovery. 

This conclusion is supported by a 

comparatively high F-ratio and a relatively low 
p-value indicating the strong effect of the type 

of procedure on the outcome of recovery. 
This result has a clinching impact in the real 

world and is a clinically relevant outcome 

leading to clinical decision-making that favors 
minimally invasive approaches where suitable. 

 
DISCUSSION 

The findings yielded by this study, therefore, 

hail IR off as considerably speedy in recovery 
time for patients, as compared to being 

conventionally operated on. The mean for 

recovery time in the IR remains 4.84 days; the 
TS stands at 7.03 days, and given the value 

for p above 0.001, the differences remain 
unmistakably significant. This, therefore, adds 

ground to the body of theory indicating that in 

most cases, IR might considerable patient-
outcome advantage and might even be 

considered a superior option to conventional 
TS in terms of patient recovery [6]–[9]. 

The strength of these results is fortified by the 
Welch’s ANOVA, which was used for evaluating 

differences when variances were presumed 

unequal, whereas the Games-Howell post hoc 
test confirmed the statistical significance of the 

mean difference (2.19 days) between the two 
procedures. There are assumptions that hold 

for these results; most notably, the recovery 

time variable obeys normality (p = 0.795), 
thereby ensuring the correctness of the 

statistical methods that were applied. Taken 
together, these results imply that beyond IR 

being able to reduce the physical and 
emotional burden placed upon patients, such 

interventions will bring about savings to the 

hospital in the utilization of resources 
considering the decreased length of hospital 

stay for these patients. 
In contrast, descriptive statistics showed 

consistent trends, supporting the main 

hypothesis. The 95% confidence intervals for 
the IR group were, in general, quite narrow 

and towards the lower end of recovery times, 
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indicating little variation and a short 

convalescence period. Such findings could 

have systemic benefits, including a decreased 
risk of nosocomial infections, better incidences 

of postoperative complications, and patient 
throughput. 

While IR interventions are highly beneficial, it 

is critical to contextualize these findings. IR 
procedures often entail highly specialized 

equipment and trained radiologists, the 
availability of which may be limited in certain 

regions, especially rural or resource-lite 
settings [10], [11]. These considerations 

aside, despite faster recovery time, this study 

did not consider the long-term effectiveness or 
recurrence rates in IR and TS, which are areas 

worthy of further investigation. 
Another limitation is that this study was 

carried out with simulated data. Although 

efforts were made to maintain a statistical 
realism and align these simulations with 

published clinical trends, such datasets cannot 
reproduce the complexity of patient 

populations seen in real life in terms of 
comorbidity, socio-economic status, or surgical 

complications. 

With all these limitations taken into account, 
this study contributes valuable insight relative 

to the efficiency of IR procedures and lends 
strong statistical support to recovery time 

being considered a principal factor in 

procedural choice. In the future, it would be 
advisable to undertake research using actual 

clinical datasets comprising diverse patient 
cohorts to validate these claims and to develop 

more refined, patient-oriented treatment 

algorithms. 
 
CONCLUSION 

This study provides substantial statistical 
evidence to support the claim that 

Interventional Radiology leads to significantly 
shorter recovery periods than Traditional 

Surgery. 
With a mean difference of over 2 days in days 

of recovery and the ANOVA testing eliciting a 

very highly significant result (p < .001), IR 
demonstrates clinical efficiency and ability to 

bring about better patient outcomes. The 
agreement of descriptive, inferential, and post 

hoc analyses reinforce the validity of the 

results. 
The short recovery period by IR-type 

procedures may translate into fewer days in 
the hospital, lower costs, and better patient 

satisfaction, thus justifying conversion into an 

option for more procedures where technically 

possible. 

 
Future Work 

Indeed, this study further confirms the 

superiority of IR over TS in terms of recovery 
time; other aspects worthy of exploration are 

as follows: 
 
Larger Multicenter Real-World Datasets 

If this data analysis is applied to real clinical 
data from different hospitals, then these 

findings would be validated under different 

conditions. 
 
Procedure-Specific Analysis 

Future research should be carried out with the 
intent of stratifying data by specific procedures 

(e.g., angioplasty, biopsy, tumor ablation) to 
determine where IR can offer the most 

benefit. 
 
Long-Term Outcomes 

By looking at post-operative complications, 
readmission rates, and quality of life over 

time, we could broadly assess the benefits 

provided by IR. 
 

 
 
Cost-Effectiveness Studies 

Cost implications are a necessary factor for 

health policymakers while weighing the merits 
of an IR program on a larger scale. 

 
Patient Demographics and Risk 
Stratification 

Research into the effect of parameters such as 

age, gender, and comorbidities on recovery 
outcomes could give clinical context to both 

approaches. 
 
Machine Learning Predictive Modeling 

Recovery data can feed into predictive models, 
helping clinicians tailor treatment plans and 

manufacture an efficient allocation of 

resources. 
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