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Abstract. Short messaging system (SMS) works as one of the most popular 
strategies for physicians' behavior change via sending feedback and reminder 

messages. One of the areas in which SMS feedback can be effective on physicians' 

behavior is CT scan ordering. This study investigates the effect of mobile phone 
SMS feedback on residents' head CT scan ordering at a general teaching hospital 

in Iran. Through a three-month before-after experimental study, an intervention 

was conducted, and the CT scans ordered by an individual resident were evaluated 
every two weeks. Consequently, personal SMS-based feedback was provided to 

the residents, and the rate of CT per patient in the two phases of the study was 

analyzed. The mean CT scan ordered per patient decreased from 1.98 ± 1.09 to 

1.74 ± 1.45, and this decrease was insignificant (P= 0.106). SMS-based feedback 

can reduce head CT scan ordering among residents; whereas this decline was not 

significant further studies are required to investigate its effectiveness. 
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1. Introduction 

Mobile technologies as more affordable and accessible information technology in low-

income countries present more opportunities to strengthen health services [1]. In recent 

years, SMS is one of the most popular strategies for physicians' behavior change via 

sending feedback and reminders messages [2]. One of the areas in which SMS-based 

feedback can change physicians' behavior is the CT scan examinations, following the 

steady CT utilization increase [3]. CT examinations increased from three million in 

1980 to 80 million in 2014 [4]. The massive imaging volume imposes a tremendous 

cost to the health care system, and CT imaging contributes to 1.5–2% of all cancers [5-

6]. Regardless of these adverse outcomes, it is argued that 20-50% of imaging 

procedures may be unnecessary [7]. The literature has reported that sending feedback 

can significantly improve physicians’ behaviors regarding ordering and reduce hospital 

costs [8]. Therefore, this study was conducted to evaluate the effect of mobile phone 

SMS-based feedback on residents' head CT scan ordering behavior. 

2. Method 

This quasi-experimentally study was conducted during one-month pre-intervention and 

two months the intervention phases among the residents of neurology and neurosurgery 

departments in a general teaching hospital in Iran. To perform the intervention, the CT 

scans ordered by an individual resident were evaluated every two weeks. Personal 

SMS-based feedback containing information about CT scans ordered, including the 

number and cost, the patient exposure to radiation dose, and short educational tips, 

were provided to the residents. Consequently, the rate of CT per patient in the two 

phases of the study was analyzed using mean and standard deviation (SD) and chi-

square, Fisher's exact test, and paired t-test. Sample content of the SMS feedback is 

presented in Figure 1. 

 

  

 

  

 
 
 

Figure 1. Sample text messages to residents 

 

Figure 1. Sample content of the SMS feedback 

The current study was supported by Vice-Chancellorship for Research & 

Technology at Kashan University of Medical Sciences [Grant number 97204] and 

National Agency for Strategic Research in Medical Education (NASR) [Grant Number 

981867]. 

Dear Dr.  

The current text message is provided to give you a profile for individual performance about 

CT scan ordering during two weeks ago at the neurology department as the following: 

- Total CT scan ordered: …. 

- Cost of total CT scan ordered: ….  

- The average rate for CT scanning: ….  

- Total CT scan ordered by you: ... 

- Patient's radiation exposure due to CT scanning: …. 

- You were ranked the ....th person for CT scan ordering at the neurology 

department 
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3. Results 

The CT scan per patient was 1.98 in the pre-intervention phase and 1.74 post-

intervention phase. Also, the CT scan ordered per resident in the two phases of the 

intervention was 11.67 and 11.64, respectively (Table 1). 

 

Table 1. CT scan ordered per patient and per resident during phases of the study 

Departments  Phases of study 
 

 Variables  

Pre-intervention Intervention Total  

Neurology Number of CT 49 178 266 
Number of patients  47 132 179 

Number of residents 10 10 10 

CT scan per patient  1.68 1.41 1.48 
CT scan per resident  7.9 9.35 8.86 

Neurosurgery Number of CT 166 302 468 

Number of patients  77 149 226 
Number of residents 11 11 11 

CT scan per patient  2.15 2.02 2.07 

CT scan per resident  15.09 13.72 14.18 

Total  Number of CT 245 489 734 

Number of patients  124 281 405 

Number of residents 21 21 21 
CT scan per patient 1.98 1.74 1.81 

CT scan per resident  11.67 11.64 11.65 

  

 

Table 2 indicates the total ordered brain CT scans were 245 for 124 patients in the pre-

intervention phase and 489 for 281patients in the intervention phase. The mean CT 

scan ordered per patient decreased from 1.98 ± 1.09 in the pre-intervention phase to 

1.74 ± 1.45 during the intervention phase. However, the decrease of total CT scan 

ordered was not statistically significant during pre-intervention and intervention phases 

(P= 0.106). 
 

Table 2. CT scan utilization per patient in two phases of pre-intervention and intervention 

Departments  Phases of study Number of 
patients 

Number of 
CT scans 

CT scan per patient 
(Mean ± SD)  

p-
Value 

Neurology Pre-intervention 47 79 1.68±0.84 0.074 
Post intervention 132 187 1.42±0.87 

Neurosurgery Pre-intervention 77 166 2.16±1.19 0.564 
Post intervention  149 302 2.03±1.76 

Total  Pre-intervention 124 245 1.98±1.09 0.106 

Post intervention 281 489 1.74±1.45 

4. Discussion 

The introduction of SMS-based feedback can reduce head CT scan ordering among 

residents, whereas this decline was not significant. However, the findings of the current 

study are in disagreement with Eccles et al. study, in that they reported the reminder 

messages feedback is ineffective and does not reduce requests for radiological 

examinations among general practitioners [3]. Sarafi Nejad’s study confirms that the 

feedback via short text messages feedback has a positive impact on prescribing 
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parenteral steroids by general practitioners [9]. Since existing literature suggested a 

lack of consistency in reported results across the studies and the potential for bias, 

making any direct cause-and-effect relationship between the SMS-based feedback and 

behavior change by physicians may not be reliable. The limitations of this study 

include a small sample size and short time period of the study; the post intervention 

follow up to investigate the long-term effect of SMS intervention on physicians' 

behavior was cancelled due to the emergence of the COVID-19 pandemic in Iran. 

Given our poor understanding of the effectiveness of feedback, education [10-12] and 

SMS interventions on physicians'' behavior, it is recommended that further research of 

higher quality be conducted to investigate the potential benefits of SMS-based 

feedback on physicians' behavior.  
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