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Abstract
Objective: Procedural pain is unique in that physicians simultaneously cause and assess it. Experienced male physicians are known to underestimate their female patients’ pain more than other physicians.  However, it is unknown whether this also occurs in obstetrics/gynecology, where all patients are females.  This study addresses the gap in literature on procedural pain assessment accuracy.
Methods: The present research compares paired pain evaluations from 20 obstetricians/gynecologists and their 92 female patients. 
Results: Our data demonstrate that patients’ reported pain levels (M=5.53, SD=2.7) were significantly higher than their physicians’ pain estimates (M=4.89, SD=2.19), t=2.64, p < 0.005.  The gap between patients’ and physicians’ pain estimates was greatest among physicians with the greatest procedural experience (M=1.49, SD = 2.24), f=5.72, p < 0.005.  Male physicians underestimated their patients’ pain significantly more than female physicians do, t=2.27, p < 0.05. 
Conclusion: Our results shed light on systematic underestimation of procedural pain and highlight the significance of experience and sex differences in pain evaluation.
Practice Implications: Physicians’ experience influences their perception of patient pain while performing procedures. Experienced male physicians, even those who exclusively treat female patients, need to be aware of this ubiquitous bias in assessing their female patients’ procedural pain. 








1. Introduction 
[bookmark: _Hlk533343227]Pain estimation is a complex phenomenon affected by patients’ [1,2] and health care providers’ judgment, recall, and perception of it [3]. Poor pain assessment accuracy can result in mistreatment of pain [4], yet only limited research exists on doctors’ estimation of pain during routine procedures—despite the fact that many routine procedures are painful.  Here, we examined the differences between physicians’ and their patients’ pain estimates for obstetric and gynecological procedures they performed and experienced, respectively. 
Previous research has shown that while physicians distinguish between high levels and low levels of pain [4], they systematically underestimate their patients’ pain, with most of the pain estimation studies focusing on chronic or acute pain [2,4,5,6,7,8,9,10].  Indeed, a review of healthcare provider pain assessment accuracy found that just half of the studies examined how precise physicians’ pain estimates were—with physicians’ accuracy ranging from “very poor” to “good” [11]. There is limited research on whether physician underestimation also occurs while performing a procedure [12,13].
Earlier research has shown that physician sex, patient sex, obviousness of the cause of pain, years of experience, and cultural gaps are key to understanding differences in pain estimation between patients and physicians [6,7,14,15]. In a recent review of the literature on pain perception in the physician-patient interaction, Samulowitz and colleagues [14] identified gender norms that influence how physicians treat and perceive their patients’ experiences and expressions of pain: men were mostly referred to as having high pain tolerance, and 'stoic' as in reluctant to report pain, whereas women were often described as exaggerating pain ('hysterical', or 'emotional'). This might be of particular interest in the gynecological domain—in which all patients are female while physicians are of either sex—since female patients are more likely than males to be perceived as experiencing less pain and as exaggerating their pain reports [8]. 
In this cross-sectional study, we investigated the relationship between women’s pain reports and their physicians’ estimates of their pain from obstetric and gynecological procedures.  
Several predictions guided the present research. It was hypothesized that (i) physicians would systematically underestimate their patients’ pain, (ii) there would be an inverse relationship between experience and pain accuracy, and that (iii) male physicians would underestimate pain more so than their female counterparts.

2. Methods
Participants
	Patients
This study included 92 patient-physician pairings of three elective procedural pain measures. The patients who participated in the study were referred for one of three elective procedures in the study to Shaare Zedek Medical Center in Jerusalem, Israel, where the procedures were performed between February and December 2016. The patients all were women between the ages of 20 and 47.  The mean patient age was 32.7 (SD = 6.3).
Physicians
The 20 OB/GYNs (Mage= 43.43 SD=13.3) who participated were those physicians who performed one of the procedures on the 92 participating patients. All physicians were either doing or had completed their residency in OB/GYN.  There were 8 female physicians and 12 male physicians.  Physician ages ranged from 27 to 75, with a median age of 38. The mean number of years of physician experience was 9.2 (SD = 13.2).   

Material and procedure
[bookmark: _Hlk508803626]Prior to data collection, ethical approval for the study was obtained from the Shaare Zedek Medical Center Institutional Review Board.  Each patient was included in the study only once for one procedure. Physicians, on the other hand, could be included multiple times in the study for performing more than one procedure. Some physicians performed the same procedure on different patients, some physicians only performed one procedure on one patient and some physicians performed two kinds of procedures on multiple patients. The three elective procedures were: i) amniocentesis, ii) hysterosalpingography (HSG), (a radiologic procedure in which contrast material is injected into the uterus), and iii) external cephalic version (ECV) from breech presentation. 
We chose these three procedures since they are relatively common and are associated with low/moderate levels of pain [13,16] and because the patients are fully conscious and could express pain if and when they felt it. Immediately after the procedure was performed, patients and physicians who consented to the research protocol completed the questionnaire about the procedure.  
Pain evaluation
Participant assessment of pain was on a 10-point numerical rating scale (NRS), which is closely correlated with VAS, the Visual Analogue Scale [17]. At point 1 on the scale it was written “does not hurt at all” and at point 10 was written “the worst pain possible”, (translated from the Hebrew). Patients assessed how much pain they felt in the procedure and physicians estimated how much pain their patient felt in the procedure.  
Previous experience
The patients indicated whether they had undergone this procedure previously and if so, how many times. The physicians estimated how many times they had previously performed this procedure: fewer than 50 times, between 50 and 200 times, or more than 200 times. This grouping was done to make it easier for physicians to provide an estimate in a range rather than with a precise number. They were also asked to complete information about their residency status and the number of years they had been practicing medicine.
Demographics
The patients listed their age, while the physicians listed their age and sex. 
Statistical Analyses
The main aim of this study was to examine differences between the patient and the attending physician's pain ratings. To this end, we created a variable termed ‘pain gap’ by subtracting the physician’s pain estimate from the patient’s pain report. Thus, a positive value for 'pain gap' meant that the physician underestimated the patient’s pain and a negative gap value meant that the physician overestimated the patient’s pain. 
For the purpose of data analysis, we did not differentiate between the three procedures, as the primary objective of the investigation was the difference between patients’ and physicians’ pain estimates, regardless of procedure. Furthermore, all these procedures are performed on women who are either pregnant or trying to become pregnant and are known to cause a certain amount of pain which is directly inflicted by the doctor and yet the pain is not considered to be high enough to require analgesia. There was also variability in number of times each procedure was performed (37 amniocentesis, 41 hysterosalpingography (HSG), and 14 ECV), as such we decided to analyze these three procedures together. To confirm that there was no statistically significant difference between the three procedures, we used regression analysis to show the effect of procedure on gap, while controlling for physician experience. 
All statistical analysis for this study was done using an alpha level of .05. Descriptive statistics, correlation analysis, t-tests, ANOVAs, and regression analysis were executed using Excel, including the Data Analysis Toolpak for t-tests, ANOVA and regression and the Real Statistics Add-in for post-hoc analyses. We also used WinPepi version 11 for power analysis.  We first tested the correlation between all the variables of interest and looked for their significance levels. We then calculated the percentage of agreement between patients and their physicians and ran paired t-tests to investigate whether physicians’ pain estimates were lower than their patients’. Single factor ANOVA was used to investigate the effect of experience level on gap. We then ran a t-test to analyze whether there was a significant difference between male and female physician gaps and then used power analysis of 80% power to investigate the differences we found. 

3. Results
There was a positive correlation between patient pain report and physician pain estimate, r = 0.56, n = 92, p < .001, which, according to Cohen’s classifications is good (above moderate) [12].  There was exact agreement between patient and physician for only 18% of the cases in our sample. The physicians underestimated their patients’ pain 50% of the time and overestimated their patients’ pain approximately 32% of the time, indicating a greater tendency for underestimation than either agreement or overestimation.  Using a paired t-test, we found that the patients’ reported pain levels (M = 5.53, SD = 2.7) were significantly higher than their physicians’ pain estimates (M = 4.89, SD = 2.19), t(91)=2.64, p < 0.005. Further, Cohen’s effect size value (d = .275) suggested a small to moderate effect.
Using regression analysis, we found that procedure type did not add value to predicting the gap between patients’ and physicians’ pain estimates beyond the experience level of the physicians performing the procedures.  Therefore, we did not differentiate further between procedure type, and instead looked at physician experience and seniority. 
We performed a series of 1-way ANOVAs for patient pain, gap (patient – physician), and physician pain estimate by physician experience level to see if having greater experience was associated with any differences in these variables in our model.  The results are displayed in Table 1 below.
Table 1 Mean and significance of patient pain, gap (patient - physician), and physician pain estimate by physician's experience level (using single factor ANOVA as method of analysis). N refers to the number of procedures performed by physicians at that experience level.
	
	Mean
	Significance

	
	<  50 times
n = 6
	50 to 200 times
n = 44
	> 200 times
n = 42
	F
	P-value
	F-crit

	ANOVA 1: Single Factor, patient pain by physician experience level
	7.25
(SD=2.96)
	5.82
(SD=2.80)
	4.98
(SD=2.46)
	2.42

	0.094

	3.099


	ANOVA 2: Single Factor, gap (patient - physician) by physician experience level
	0.25 
(SD=1.60)
	-0.11
(SD=2.25)
	1.49
(SD=2.24)
	5.72

	0.0046

	3.099


	ANOVA 3: Single Factor, Physician Pain Estimate by Physician Experience Level
	7
(SD=2.00)
	5.93
(SD=1.84)
	3.49
(SD=1.68)
	24.86

	2.64E-09

	3.099



 
As can be seen in Table 1, there were only 2 ANOVAs performed that showed significant differences between experience level groups: gap and physician pain estimate. We used Tukey’s HSD and found the following groups to have honestly significant differences: for physician pain estimate by experience level, the differences between groups 1 & 3 and the differences between groups 2 & 3 were significant; for gap by experience level, the difference between groups 2 & 3 were significant.  Meaning, there were significant differences in physician pain estimate for those physicians with past procedural experience of fewer than 50 past procedures compared to physicians with past procedural experience of more than 200 past procedures and for physicians with 50-200 past procedures compared to those with more than 200 past procedures. There was also a significant difference in gap between physicians with 50-200 past procedures and those physicians with more than 200 past procedures.  
	The effect sizes for the differences in physician pain estimate and gap which were found to be significant are reported in Table 2.  The effect size of each of the experience level differences on physician pain estimate and gap are moderate to large effects.
Table 2 Significant effect sizes of experience on gap and physician pain estimate
	ANOVA
	Experience level groupings
	Cohen’s d

	Physician pain estimate
	<50 past procedures & >200 past procedures
	1.98

	Physician pain estimate
	50 – 200 past procedures & >200 past procedures
	1.38

	Gap
	50 – 200 past procedures & >200 past procedures
	0.72



Next, we examined the role of the physician’s sex (male vs. female) in predicting pain estimates. Male physician experience was positively correlated with gap (patient – physician), r = 0.32, n = 56, p = 0.015. Female physician experience with the procedure had a weak negative and statistically insignificant correlation with gap (r = -.12, n = 36, p = 0.49). The procedures that were performed by female physicians (n = 36) had a mean pain gap (patient – physician) of  -.014. The procedures that were performed by male physicians (n=56), on the other hand, had a mean pain gap (patient – physician) of 1.06.  An independent samples t-test comparing male and female physicians’ pain gaps was associated with a statistically significant effect, t(81) = 2.27, p < 0.05, indicating that the male physicians underestimate their patients’ pain significantly more than female physicians do. Further, Cohen’s effect size value (d = 2.48) indicated a very large effect size.   While there is a statistically significant difference between male and female physician gaps, the difference we found was not great enough to show the desired power level, 80%.  Using WinPepi to find the appropriate sample size to test the difference we found, we saw that we needed a sample size of 173 (68 female physician procedures and 105 male physician procedures) to detect the difference we found with a power of 80% and a significance level of 5%.  
4. Discussion and Conclusion
4.1 Discussion
Millions of women across the globe undergo amniocentesis, hysterosalpingography, and external cephalic version. There is a large body of research discussing the potential benefits and risks associated with each of these procedures. In contrast, there is almost no information about how women and their attending health care provider evaluate how painful these procedures are. As pain plays a crucial role in women’s pregnancy-related treatment and care decisions [18,19], understanding how they and their attending health care providers perceive and judge procedural pain is crucial. Our novel results clearly demonstrate that physicians underestimate the pain they cause during routine procedures compared to their patients’ reports. Our data, as one would expect, did show that patients’ pain reports and their physicians’ pain estimates were positively correlated, though there was a systematic underestimation of pain by the physicians in our sample. 
Previous investigation has found that experience plays a crucial role in physicians’ pain estimation [6,7,15]. In accordance with these findings, our data revealed that the pain gap (patient – physician) was negatively correlated with past procedural experience such that the greater the physician’s past procedural experience was, the greater the gap between patients’ pain and physicians’ pain reports. Interestingly, greater physician experience did not translate into a lower patient pain report.  It is, therefore, important to alert physicians, and especially experienced ones, of this tendency to ensure their pain estimation is better aligned with their patients’ experience.      
While, there were clearly statistically significant differences between patient and physician pain ratings for the same procedure, it is hard to know whether the differences we found are clinically significant.  In fact, the topic of minimally clinical important differences (MCID) has been gaining attention in recent years.  The research on the topic is quite varied. One review of 37 studies found MCID reports which ranged from 8 to 40 mm (on a 100 mm pain scale) and 13% to 85% on a relative scale [20].  For our sample, we used a 10-point NRS and we found, for example in the highest experience group, that the mean gap was 1.49 (SD = 2.24), whereas in the median experience group there was a mean gap of -.11 (SD = 2.25).  Though we cannot say with absolute certainty that it is clinically significant since we could not apply the methods used for finding MCID, the difference between these findings falls within the range of study findings in the review. This is evidence that the gap between patients’ and physicians’ pain estimates for procedures performed by physicians in the highest procedural experience level can be of meaning for the patient. 
Physicians’ sex seemed to influence pain gap such that male physicians underestimated their patients’ pain to a greater degree than their female counterparts. We found a difference of approximately 1.07 between the mean gap for male and female physicians. While this was a statistically significant finding, our sample was underpowered for this specific aspect at a power of 80%, (we would have needed a sample size of 173). As such, we recommend that future research obtains data from a larger sample of both male and female physicians in order to investigate this finding further. 
Previous research has identified several factors that could help explain sex differences in pain estimation. Sheiner, et al. [15], for instance, argued that the wider the cultural gap between physician and patient, the less accurate the interpretation of the patient’s pain. This is also a plausible explanation here, since only female obstetrician/gynecologists may have similar experiences to their patients. 
A second possible explanation of sex difference in pain rating could be based on usage of non-verbal cues.  Ruben, Blanch-Hartigan & Hall [21] found that while high levels of physician non-verbal support – such as a nod, a smile, or a light touch to the arm - resulted in higher patient pain tolerance overall, there were differences between how men and women rated pain.  For men, high physician non-verbal support resulted in decreased pain ratings, whereas for women high physician non-verbal support interestingly resulted in increased pain ratings.  The reasoning behind this finding is unknown, though it could be that women perceive non-verbal support as legitimacy to express pain. Thus, this finding can inform one explanation for why male physicians in our sample underestimated pain to a greater degree. If male physicians were indeed showing higher levels of non-verbal support (an aspect of physician behavior we did not measure in the current study), it could be that male physicians anticipated that this would result in lower pain ratings, when in fact higher physician non-verbal support tends to result in higher pain ratings for women. Both of these explanations, however, are beyond the scope of investigation of this study. Future research can investigate the origin of sex differences in pain estimation by testing these two theories.
4.2 Limitations
The present study has several limitations. First, the sample size of patients and their physicians was relatively small. The small sample also meant that it was only the median procedural-experience level in which there were a substantial number of physicians from both sexes.  That said, we did have close to 100 patients, and with them, 20 physicians.  
Furthermore, in order to see whether the underestimation of female patient pain by male physicians is present in a field in which there are exclusively female patients, we gathered and analyzed data on obstetric and gynecological procedures performed by OB/GYNs.  However, this limited our study in that we did not have similar data on male patients.  It is possible that our findings on gender differences may be explained by the common assumption that women experience less pain than men and that they exaggerate their pain more so than men [8]. This notion might bias physicians when estimating their patients’ pain and could represent an example of medical prejudice.  For example, a review by Samulowitz, et al. [14] showed that gender bias influences physicians’ perception and treatment of their patients’ pain, and that women’s experience of pain is taken less seriously than that of males. However, our study could not investigate this possibility as our data was limited to female patients.  Therefore, we recommend future research investigates the origins of this difference.
In addition, so as to not interfere with the day-to-day functioning of the clinic in which these procedures were performed, we did not randomly assign physicians to perform the different procedures.  Instead, physicians were assigned to perform different procedures based on their seniority level (years of practicing medicine).  This resulted in the newest physicians generally performing the hysterosalpingographies and the most senior physicians performing amniocentesis. As a result, we primarily looked at physician’s procedural experience with the procedure they were performing.  A more balanced view of the effect of physicians’ experience on their pain estimation would include an equal number of physicians at each seniority level performing each of the procedures.  
Similarly, around the world and in Israel in particular, there has been a growing number of female physicians specializing in obstetrics and gynecology [22,23]. However, this is a relatively new phenomenon, thus there were few senior (experienced) female physicians in our sample. As such, sex confounded for experience.  There is, therefore, room for future studies to investigate the effect of both physician sex and experience on physician pain estimate in a more thorough manner as the population of experienced female obstetrician/gynecologists increases.
In addition, unlike in some previous work in which midwives overestimated contraction pain for women whom they deemed as anxious [9], we did not have any similar information on the personality characteristics or anxiety levels of the patients in our study. This precluded us from associating patient characteristics with a gap in pain estimations, leaving room for future studies.  We also chose procedures where pain estimations have little to no effect on how the patient is treated. Indeed, future studies could extend this work to other procedures in obstetrics, gynecology and beyond, where different pain estimations lead to different care. 
Another limitation is that while we measured the pain patients reported to us, we do not have a direct measure of how much pain they conveyed to their physicians. Along these lines, while we had reports of pain, we did not observe the situation, so we do not know how the patients or physicians acted during the procedure (e.g., how much support, non-verbal or other, was given).  Literature suggests that female OB/GYN’s behavior might be different than their male counterparts [24].  
Similarly, we did not know or ask the physicians the exact number of times that they performed the procedure and instead relied on their estimate of past procedural experience as categorized by the different levels of experience.  Lastly, a literature review suggested a curvilinear relationship between accuracy and experience level [4]. Our study design did not allow us to investigate this phenomenon.  Nevertheless, our analysis revealed that physicians typically estimated that their execution of the procedure was less painful than their patients reported, and that this effect was also seen among male physicians.
4.3 Conclusion
Limitations notwithstanding, the procedures investigated in our study did provide important insights into situations in which the pain is inflicted upon the patient by her doctor in the course of treatment. This study shows that while physicians may be able to distinguish between high and low levels of pain, they systematically underestimate the pain they cause patients in procedures they perform.  This effect is seen significantly more among experienced physicians.  This study has also found that male physicians systematically underestimate their female patients’ procedural pain, even when those physicians exclusively see female patients. 
4.4 Practice Implications
Pain estimation by the physician may influence clinical practice, as well as bedside manner, which is often as important in the patients’ minds [25] and is of growing importance in physician training [26]. Thus, our findings can help to guide and illuminate potential gaps and pain estimation practices. As patients increasingly expect to be involved in their care, and to express their opinions and preferences, doctors should be attuned to patient pain. Our findings point to the existence of discrepancies, which might need to be addressed through physician training.  The most important example of this is that experienced male physicians in the field of OB/GYN also need to be made aware of these discrepancies.    
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