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Abstract

Background

Clinical experience teaches us that patients are willing to accept postoperative pain, despite

high pain intensity scores. Nevertheless, relationships between pain scores and other meth-

ods of pain assessment, e.g. acceptability of pain or its interference with physical function-

ing, are not fully established. Our aims were to examine these relationships.

Methods

A cross-sectional study was conducted on patients who underwent major surgery between

January 2008 and August 2013. Using logistic regression, we quantified the relationships

between movement-evoked pain scores on the numerical rating scale (NRS-MEP) and

three dichotomous dependent variables: patient’s opinion on acceptability of pain (PO:

acceptable or unacceptable pain); nurses’ observation of patient’s performance of neces-

sary activities to expedite recovery (NO: good or bad performance); a compound measure

judging the presence of the clinically desirable situation of acceptable pain associated with

good patients’ performance (PONO: present or not). Using Receiver Operating Characteris-

tics (ROC) analysis, NRS cut-off points were determined such that they best discriminate

between patients having one versus the other outcome for PO, NO and PONO.

Results

15,394 assessments were obtained in 9,082 patients in the first three postoperative days.

Nine percent of the patients had unacceptable pain while having an NRS-MEP of 0–4. An

estimated 47% (95%CI = 45%-49%) of patients with an NRS-MEP of 7 described their pain

as acceptable on day one. Moreover, 33% (31%-35%) performed all required physical activ-

ities, and 22% (21%-24%) combined acceptable pain with appropriate movement. NRS cut-

off points for PO, NO and PONO were five, four and four, respectively, but had insufficient

discriminatory power.
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Conclusions

Our results suggest pain management should be guided by the many dimensions of the

patient’s pain experience, not solely by NRS cut-off points. Future research should evaluate

the impact of such multidimensional pain assessment on patients’ functional outcome.

Introduction

Many patients experience acute postoperative pain after major as well as minor surgery [1, 2].

Clinical experience teaches us that really adequate treatment of postoperative pain is not easy

to achieve. To balance treatment options, treatment starts with assessing the pain. As pain is a

complex and subjective experience, also in the postoperative period, various methods exist to

evaluate key aspects of acute pain after surgery.

Most of these assessment methods rely on the perception of pain and pain- related phenom-

ena by either the patient or a professional caregiver [3, 4]. Self-assessment of pain by the pa-

tient may use a pain intensity scale and yes/no answers to questions such as “Is the pain

acceptable?” [5, 6]. Self-reporting values the subjective nature of pain. Evaluation of pain by a

professional may include objective assessment of the functional impact of pain. The profes-

sional therefore judges if the pain prevents the patient from moving appropriately or from per-

forming the necessary activities to expedite recovery [7]. One clinically important goal could

be a level of pain that is not only acceptable for the patient, but also allows the patient to move

appropriately as judged by a professional.

The numerical rating scale (NRS), a validated instrument to assess pain intensity by self-

reporting, is widely used for assessing pain on a scale from zero (no pain at all) to 10 (worst

possible pain). Certain NRS scores have even been used as cut-off points to guide initiation or

cessation of treatment in an individual or even as indicator of the quality of pain management

in a population [8–10].

Relationships between NRS and other methods of pain assessment, e.g. acceptability of the

pain or its interference with physical functioning, are not fully established. In the clinical set-

ting, some patients report a high movement-evoked pain score, yet claim that their pain is

acceptable to them [11]. Patients may even refuse to take pain medication when an NRS cut-

off point demanding treatment according to a pain protocol is reached or crossed [12]. A fur-

ther complicating factor is that some patients and pain professionals interpret pain scores dif-

ferently [3]. As a result of these discrepancies or unclear relationships between different pain

assessments, difficulties in treatment decisions may arise.

Our aims therefore were first, to quantify relationships between NRS and other methods of

pain assessment and second, to examine the ability of an NRS cut-off point to predict either

patients’ willingness to accept pain or functional capacity. Potential benefit of the study is that

its results may aid to develop and corroborate clinical guidelines to tailor postoperative pain

management in a way that will meet the unique needs of each patient.

Materials and methods

Approval

The Institutional Review Board of the Radboud University Medical Center (Nijmegen, The

Netherlands) approved the study (2013/428). No informed consent was obtained from the par-

ticipants because data were anonymized.
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Study design and patients

This cross-sectional study was conducted on patients older than 18 years who had been admit-

ted in a large regional academic medical center in the period from 1 January 2008 to 1 August

2013. The study used the prospectively collected pain assessments of postoperative patients

who had been treated by the acute pain service (APS).

We quantified the relationships between movement-evoked NRS and acceptability of pain,

functional impact of pain, and a measure combining the two. The latter measure serves to

judge whether or not a clinically desirable situation occurs where acceptable pain coexists with

good physical functioning. A potential influence of gender, age or body mass index (BMI) was

investigated.

Data handling

Assessments. The APS nurses use a standardized multidimensional assessment to evalu-

ate postoperative pain. This assessment includes: (1) the NRS for movement-evoked pain

(NRS-MEP) [7], (2) the patient’s opinion (PO) whether the pain is acceptable because the

patient’s appreciation of the pain is clinically important for making the patient comfortable

[13], and (3) the nurses’ observation (NO) on the patient’s ability to make appropriate move-

ments. NRS-MEP and NO are important because adequate treatment of pain experienced dur-

ing pain-provoking maneuvers may reduce complications after surgery [14, 15].

The NRS-MEP is an 11-point numerical rating scale with end points representing the

extremes of the pain experience: 0 = “no pain at all” and 10 = “worst possible pain”. All nurses

and patients received education on how to use the NRS-MEP appropriately [15].

The PO is determined by asking the patient whether the pain is acceptable or not, making it

a binary yes-or-no variable [11].

The NO scoring mirrors the Functional Activity Score (FAS) described by Scott and

McDonald [16] and adopted by the Australian and New Zealand College of Anaesthetists. The

FAS, recommended in several textbooks [17, 18], was recently integrated in the updated Aus-

tralian and New Zealand guideline on acute pain management [19]. The FAS (designed to be

applied at the bedside) is a simple three-level ranked categorical score to assess whether the

patient can undertake appropriate activity at his or her current level of pain control.

The APS nurses rely on an operation-specific protocol offering clearly defined criteria to

judge patient’s ability to perform physical activities on the first three days after surgery—like

coughing, deep breathing, early movement and walking [20]. Some examples of operation-spe-

cific protocols are the ability to sit on a chair for thirty minutes on the first morning after a

patient has had a laparotomy and the ability to walk to the bathroom for a patient on the first

day after a total hip replacement. Patient’s performance is qualified as: “good”, “moderate” or

“bad”. A “good” means patient is able to make all appropriate movements and is not hindered

by pain. “Bad” means patient is totally unable to make appropriate movements because of the

pain. “Moderate” is chosen when observing neither “good” nor “bad”. The results for NO are

dichotomized into two outcome categories, “good” or “moderate and bad”. Accordingly, NO

is also a binary yes-or-no variable.

In addition, combining PO and NO yields a third binary yes-or-no variable, i.e. PONO.

This variable is not part of the multidimensional assessment at the bedside, but was created for

study purposes only. One result for PONO is when “acceptable pain” accompanies “good

movements”, thus reflecting a clinically desirable situation. The ultimate goal of postoperative

pain treatment is that a patient qualifies the pain as acceptable and is able to perform appropri-

ate movements. The other result for PONO is chosen for each of the three remaining combina-

tions of PO and NO.

Pain: Acceptability, functional impact and NRS
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Database of acute pain service. The nurse-based, anesthesiologist supervised APS is part

of the Department of Anesthesiology, Pain and Palliative Medicine. The organization of this

type of APS has been described elsewhere [21, 22]. The APS has a team of five dedicated well-

trained nurses who strictly use hospital protocols to assess postoperative pain in patients. The

APS is available seven days a week and supports the treatment of postoperative pain with spe-

cialized or complex pain management techniques. The APS treats patients from the first day

after major surgery, but not on the day of surgery. Typical surgical procedures are listed in the

supplementary information (see S1 Table).

After each visit to a patient, the dedicated nurse enters the obtained data (inter alia values

for NRS-MEP, PO and NO) into a new digital record of the APS database. As each visit yields

one record in the database, multiple records per patient are possible per day. Data are entered

on a mobile handheld computer wirelessly connected with the hospital system for real time

registration.

Standard information about postoperative pain and its management is given preoperatively

to patients. The information is recorded in a pain protocol. Anesthesiologists give oral infor-

mation supported by a leaflet during the preoperative consultations. Patients are also invited

to watch a movie online. Prior to the actual pain assessment, APS nurses check patient’s

knowledge and, if necessary, still inform the patient using the appropriate information.

Creating data sets. Fig 1 illustrates the various steps to create datasets ready for valid anal-

yses from the APS database. Editing the raw APS database was necessary because of data entry

errors. Data entry errors were found in records with pain scores above ten and records where

pain scores were not entered or patients were unable to give an NRS score. As multiple records

per patient were possible per day for many days in a row, we made a selection first, by taking

the records of the visits of the first three days after surgery and second, by selecting the record

of the first visit to a patient per day to stay in the database. As a result, the number of records

equaled the number of patients on day 1, day 2, and day 3 after surgery.

As the APS database consists of the real time online registration during the work of the APS

nursing staff, some missing values were also inevitable. These missing values were counted per

day for the PO-, NO- and PONO-variables (Fig 1). To avoid the bias that would be induced by

restricting the analyses to patients without missing observations, we did not exclude patients

because of incompleteness of the pain assessments.

Statistical analysis

To explore the relationships between PO, NO, PONO and NRS-MEP, the relative frequencies

of the two possible outcomes for PO, NO, and PONO during the first three postoperative days

were pooled and were plotted against the NRS for MEP.

To quantify these relationships, a logistic regression model was estimated using the 11-point

NRS for MEP as primary independent explanatory variable for each of the three dependent vari-

ables PO, NO, and PONO. Thus PO, NO, and PONO served as gold standards. As gender, age

and BMI may influence the results, these patient characteristics were introduced as extra dichoto-

mous explanatory variables (covariates) into the logistic model [9, 23–25]. Details on the model

variables are given in Table 1. A model was calculated for each of the three postoperative days.

Receiver Operating Characteristics (ROC) curves were made to estimate the ability of the

computed models to correctly discriminate between those who found their pain acceptable or

not, made appropriate movements or not, and those who combined acceptable pain with

appropriate movements or not. First the sensitivity and specificity of NRS-MEP were calcu-

lated for each of the 11 points of the NRS-MEP score. Then the sensitivities (true positive frac-

tions of subjects) were plotted versus 1-specificities (false positive fractions of subjects) to
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obtain the ROC curves. The area under the curve (AUC) quantifies how well the NRS-MEP

predicts PO, NO or PONO: the larger the area, the better. If AUC = 1.0, sensitivity and speci-

ficity equal both 100%. If AUC = 0.5, use of NRS-MEP is no better than flipping a coin.

The statistically optimal cut-off point was determined where the sum of the sensitivity and

the specificity minus one (Youden’s J-statistic) was maximal. Thus sensitivity and specificity

Fig 1. Flow chart: Transforming the database of the Acute Pain Service (APS) into nine data sets. For

each of the three postoperative days, three data sets are created: one for patient’s opinion (PO), one for

nurses’ observation (NO) and one for the combined variable (PONO). *Before this point multiple records are

possible per patient but after this point the number of records equals the number of patients. mv = missing

values.

https://doi.org/10.1371/journal.pone.0177345.g001
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were regarded as being equally important. This is the best cut-off point for the prediction of a

positive response under the condition of equal “costs” of misclassifications.

The Statistical Package for the Social Sciences (IBM SPSS version 22.0; IBM Corporation,

New York, NY, USA), Statistical Analysis System (SAS version 9.2; SAS Institute Inc., Cary,

NC, USA), and R (R version 3.1.2 (2014-10-31); The R Foundation for Statistical Computing,

Vienna, Austria) were used. Threshold of statistical significance was 0.05.

Results

Patient characteristics

15,394 assessments were obtained in 9,082 unique individual patients. For each of these

patients data were obtained on: one of the three postoperative days, or any combination of two

days, or all three days. Consequently, we had data from these 9,082 individual patients for

8,258, 4,522 and 2,614 of them on day 1, day 2 or day 3, respectively (Fig 1). The number of

patients diminished across the three days as a part of the patients left the hospital after one or

two days. A detailed account of the numbers of patients and assessments is given in S2 Table

(see S2 Table, which is a comprehensive table listing the number of patients, the number of

unique, individual patients and the number of assessments of patients categorized per day or

per combination of days).

Table 2 shows patients’ characteristics categorized per day. They were similar when further

categorized per data set.

Table 1. Name, abbreviation, values and coding of variables used in the logistic regression models to estimate the relationships between four

explanatory variables and each of three response variables.

Variable name Abbreviation Values Coding

Explanatory variables Numerical Rating Scale NRS 0−10 0 = no pain

10 = worst pain imaginable

Age A 0 or 1 0 = younger than 65 years

1 = 65 years or older

Gender G 0 or 1 0 = female

1 = male

Body mass index BMI 0 or 1 0 = BMI < 30 kg m-2

1 = BMI� 30 kg m-2

Response variables Patient’s opinion PO 0 or 1 0 = pain is not acceptable

(One per model) 1 = pain is acceptable

Nurses’ observation NO 0 or 1 0 = no appropriate movement

1 = appropriate movement

Combined PO+NO PONO 0 or 1 1 = PO = 1 and NO = 1

0 = otherwise

https://doi.org/10.1371/journal.pone.0177345.t001

Table 2. Numbers and characteristics of patients.

Day after surgery n Male (%) Age (years) (mean (SD)) BMI (kg m-2) (mean (SD))*

1 8,258 44.0 53.5 (16.3) 26.2 (4.9)

2 4,522 51.5 56.5 (15.4) 25.8 (4.7)

3 2,614 55.5 56.8 (15.3) 25.7 (4.6)

* Because of missing values for length and/or weight the means (SD) for BMI are based on 8,042, 4,406, and 2,546 patients for day 1, day 2 and day 3,

respectively.

https://doi.org/10.1371/journal.pone.0177345.t002
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Relationships between components of pain assessment

Observations. Fig 2 depicts the nature of the relationships between components of pain

assessment. Pooled observed relative frequencies for PO, NO and PONO are plotted against

NRS-MEP scores. The sigmoid shape of the relationships suggests using a logistic model for

further analysis.

Fig 2. Relative frequencies for observations of patients’ opinion (A), nurses’ observation (B), and the

measure combining patient’s opinion and nurses’ observation (C) against NRS-MEP scores. The

observations in all patients gathered during the first three postoperative days were pooled.

https://doi.org/10.1371/journal.pone.0177345.g002

Pain: Acceptability, functional impact and NRS

PLOS ONE | https://doi.org/10.1371/journal.pone.0177345 May 10, 2017 7 / 16

https://doi.org/10.1371/journal.pone.0177345.g002
https://doi.org/10.1371/journal.pone.0177345


Fig 2A shows the observed relationship between the NRS-MEP scores and the acceptability

of the pain. Patients associated low NRS-MEP scores 0–4 with unacceptable pain in approxi-

mately 9% of the observations. On average, in 23% of the observations patients with an

NRS-MEP of 8–10 considered their pain acceptable.

Fig 2B shows that, on average, in 17% of the observations patients with an NRS-MEP of

8–10 showed appropriate movements.

Fig 2C shows the observed relationship between the NRS-MEP scores and the presence of a

clinically desirable situation where acceptable pain coexists with pain-free physical function-

ing. This situation is present in 22% of the observations with an NRS-MEP = 7, and, on aver-

age, in 7% of the observations with an NRS-MEP of 8–10.

Model-based relationships

Binary logistic regression analysis revealed strong mathematical relationships between compo-

nents of pain assessments, but age, gender and BMI were of no influence. All fitted models

were adequate (likelihood ratio statistic: all P- values< 0.001).

NRS-MEP was related to PO, NO or PONO on each of the three postoperative days (all P-

values< 0.001). The procedure to assess the influence of age, gender and BMI on the predic-

tion models yielded 27 P-values (three days times three covariates times three response vari-

ables). Of these 27 P-values, only one was below the threshold of statistical significance

(P = 0.0423 for gender on the prediction of NO on day 1). As even in the absence of any rela-

tion between these covariates and the three outcomes, by pure chance one out of 20 P-values

can be expected to be<0.05, these P-values were interpreted as indication that extension of

the models with these covariates was not indicated. Therefore, we only present analyses using

NRS-MEP as sole covariate. Details on the estimated models, including estimated regression

coefficients, odds ratios and ROC curves, are given in S1 Fig (see S1 Fig).

Fig 3 shows the estimated logistic curves with their 95% confidence bands for the nine data

sets created as shown in Fig 1. Wider 95% confidence bands reflect smaller numbers of

patients. Each of the curves shows the estimated proportion of patients that possess the out-

come measure of interest as a function of NRS-MEP [26]. The estimated curves for NO

strongly match the data for nurses’ observations indicated by open circles. For PO and PONO

the curves closely follow observed proportions for 3�NRS�8 but mostly overpredict the

observations for NRS�2 and NRS�9.

Fig 3 shows that, despite an NRS-MEP = 7, roughly half of the patients accept the pain (Fig

3A–3C) and at least one third of the patients move appropriately (Fig 3D–3F). Fig 3 suggests

that these proportions increase with time. In spite of an NRS-MEP = 7, at least one patient in

five finds the pain acceptable and moves appropriately (Fig 3G–3I): estimated proportions are

0.22 (95% CI = 0.21–0.24), 0.29 (95% CI = 0.26–0.31) and 0.29 (95% CI = 0.26–0.33) for day 1,

2 and 3, respectively.

Table 3 presents the statistically optimal cut-off points with their associated sensitivities and

specificities. The number of patients decreases across the days. The cut-off points, however,

remain stable: five, four, and four for PO, NO and PONO, respectively. Fig 4 shows graphs of

the ROC curves. The closer a ROC curve is to the upper left corner, the better NRS-MEP dis-

criminates between those patients who experience the outcome of interest, e.g. the pain is

acceptable, versus those who do not.

The AUC for PO decreases across the days from 0.81 to 0.73. The latter figures indicate that

NRS-MEP is not a perfect predictor for patients’ willingness to accept their pain. The areas under

the curve for NO are larger than those for PO and PONO on each of the three days. The AUC for

NO implies that the NRS-MEP is fairly accurate in predicting the NO for all three days [27].
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Fig 3. Estimated proportion (solid curve with its 95% confidence band) of patients that accept the pain

(A-C), move appropriately (D-F) or accept the pain and move appropriately (G-I) as a function of NRS-MEP

for day 1, 2 and 3 after surgery. The open circles represent the observed proportions of patients at each of the

eleven points of the NRS. For each of the nine data sets, one estimated proportion is computed and shown at

NRS-MEP = 7.

https://doi.org/10.1371/journal.pone.0177345.g003
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Four is the statistically optimal cut-off point for NRS-MEP based on the combination of

patients’ opinion and the nurses’ observation. Nevertheless, 17%, 15% and 17% of those

patients, who scored an NRS-MEP�4, found their pain unacceptable or did not show good

physical functioning or both, on day 1, 2, and 3, respectively. Fig 3G shows that the steepest

part of the sigmoid curve starts at the cut-off point (odds ratio = 0.51 with its 95%CI = 0.49–

0.52 for day 1; other odds ratios are given in S1 Fig (see S1 Fig).

Discussion

To our knowledge, this is the first study in a broad surgical population to quantify the relation-

ships between movement-evoked NRS and acceptability of pain, functional impact of pain,

and a measure combining the two as a clinically desirable situation. Since the outcome of pain

Table 3. Cut-off points obtained from the logistic regression model using the 11-point Numerical Rating Scale for movement-evoked pain as

explanatory variable for each of the three dependent variables PO, NO, and PONO. Shown are the optimal cut-off points with their associated sensitivi-

ties and specificities, as well as the areas under the ROC curves (AUC).

Day after surgery Dependent variable N Cut-off point Sensitivity(%) Specificity (%) AUC (95% CI)

1 PO 7,708 5 83 68 0.81 (0.79–0.82)

NO 6,683 4 71 87 0.86 (0.85–0.87)

PONO 6,871 4 75 80 0.84 (0.83–0.84)

2 PO 4,264 5 83 61 0.77 (0.75–0.79)

NO 3,733 4 69 87 0.86 (0.84–0.87)

PONO 3,802 4 73 77 0.81 (0.79–0.82)

3 PO 2,487 5 87 53 0.73 (0.71–0.76)

NO 2,161 4 76 85 0.87 (0.85–0.89)

PONO 2,224 4 79 69 0.79 (0.76–0.81)

PO, patient’s opinion on whether the pain is acceptable; NO, nurses’ observation on the patient’s ability to make appropriate movements; PONO, combined

measure of PO and NO: is “acceptable pain” associated with “good appropriate movements" or not. Details on PO, NO, and PONO are given in Table 1.

https://doi.org/10.1371/journal.pone.0177345.t003

Fig 4. ROC curves for the dependent variables PO, NO and PONO for the three first postoperative days. The dashed line is the line of

identity where the AUC = 0.5. Open circles are the points where Youden’s J-statistic is maximal for PONO. These points are, by definition, the

‘optimal’ cut-off points.

https://doi.org/10.1371/journal.pone.0177345.g004
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assessments has clinical consequences for all surgical patients, we consider our findings impor-

tant to all health professionals involved in peri-operative care.

This study shows that the unidimensional NRS does not entirely reflect the multidimen-

sional aspects of postoperative pain. Low pain scores do not guarantee that patients find their

pain acceptable. Nor do high pain scores invariably mean that patients are not satisfied by

their pain levels. Approximately one out of ten patients had unacceptable pain but reported a

low NRS-MEP of 0–4. Despite a high pain score of NRS-MEP = 7, at least one in five patients

were willing to accept their pain and, at the same time, performed the required physical activi-

ties (Fig 3G–3I).

According to the Youden’s index, we found an ‘optimal’ NRS cut-off point for PONO of

four. However, this threshold value is a rather poor predictor at the patient’s level. Approxi-

mately 16% of those patients who score an NRS-MEP equal to or lower than four, found their

pain unacceptable or did not show good physical functioning or both. Taken together, the

body of our findings points out that caregivers should prefer multidimensional assessment of

pain, moving beyond the sole use of cut-off points on the NRS to make clinical decisions.

Generally, low pain scores will not encourage health professionals to adjust pain treatment

[28]. When health professionals do not ask patients whether pain is acceptable to them, pain

may be undertreated. On the other hand, our study confirms the willingness of many patients

to accept high-intensity pain. Maroney and co-workers observed that 31 percent of 1,249

patients, who reported severe pain on a four-item scale, found their pain acceptable [11]. In

our larger study 23% of patients, on average, proved to tolerate their pain despite an NRS-MEP

of 8–10 (Fig 2A). At NRS-MEP = 7, the estimated proportion of patients tolerating their pain

was even 55% (95%CI = 51%-59%) on the third postoperative day (Fig 3C). These discrepan-

cies may be explained by patients’ satisfaction with postoperative pain treatment, which may

be more associated with impressions of improvement and appropriateness of care than with

the actual pain experience [29, 30]. Additionally, patients and caregivers interpret pain inten-

sity scores differently [3]. A recent study showed that some patients are not able to use the

NRS reliably [31]. Patients may choose not to take more analgesics because they interpret their

pain as “bearable” [12, 32]. Professionals need to be aware of this complex array of factors

determining patients’ experience of the pain. Therefore, the patient perspective should be

assessed and valued in the care process [29].

To fully estimate patients’ experience of pain an NRS score is not sufficient and other

dimensions of pain should be assessed to balance treatment options [33, 34]. The internation-

ally recognized definition by the International Association for the Study of Pain is: “Pain is an

unpleasant sensory and emotional experience associated with actual or potential tissue dam-

age, or described in terms of such damage” [35]. McCaffrey and Beebe offer another defini-

tion:"Pain is whatever the experiencing person says it is, existing whenever the experiencing

person says it does" [36]. Both of these definitions highlight that a painful experience is more

than just tissue damage triggering a response from the nervous system. The management of

pain thus involves more than simply treating the tissue injury [37–39]. NRS-scores should be

interpreted individually, after communicating with patients about their pain and observing

them [12]. Observing the capacity to mobilize, breathe deeply or cough may inform the profes-

sional on the functional capacity of the patient in relation with the pain score [7]. Restrictions

of these activities may be a consequence of inadequate analgesia, which may not be discovered

solely with patient-reported outcomes [4].

As nurses have more patient contacts than other health professionals, regular pain assess-

ment and reassessments usually fall to the nursing domain [40]. Pain assessment is a complex

communication process between the patient and health professional with diverse interpersonal

and intrapersonal dimensions interacting and affecting each other [13, 41]. In this way a
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balanced decision on pain treatment can be described as the result of a social transaction

between the patient and the health professional [13, 42]. The combination of the patients’

opinion and the nurses’ observation, as the balancing variable, may therefore be a first step in

the direction of the future.

A specified value on the NRS has been frequently used as a single ‘cut-off point’ to divide

patients into two categories: those who are in need of pain treatment and those who are not

[8]. However, cut-off points are far from perfect discriminators between the two categories

(Table 3). Also, there is no convincing evidence for the choice of a certain cut-off point, and

consequently no consensus [8, 12, 15]. Threshold values of six [9], seven [15], or eight have

been used to define the lower limit for severe pain. The Dutch Health Care Inspectorate classi-

fies NRS� 8 as severe pain and considers the percentage of patients with an NRS 8–10 to be a

quality indicator of postoperative pain management [10]. Furthermore, there is no evidence

that the use of cut-off points improves pain control [13].

The ‚optimal’ cut-off point for NRS-MEP we defined here holds under the condition that

costs of misclassifications are equal, thus weighing under- and over-treatment equally. How-

ever, our choice for this equality cannot be corroborated because it is unknown what is more

harmful. In this study no outcome data were included and therefore we cannot discuss our

results from this perspective. Nevertheless, we may point out two directions for future

research. On one hand, questions should be answered whether treating unacceptable pain

and better education of patients and professionals may prevent pain-related complications

[14]. On the other hand, a hypothesis to be tested is: „Treating pain during routine hospital

ward care, only because a pain score is higher than a predefined cut-off value, is potentially

hazardous”.

In our study, we did not exclude patients because of incompleteness of the pain assess-

ments. By doing so, we avoid the bias that would be induced by restricting the analyses to only

patients without missing observations, the so-called complete case analysis. A complete case

analysis is unbiased if data are missing completely randomly, meaning that the chance of

data being missing is unrelated to any of the variables involved in the analysis. If data are not

missing completely randomly, analyzing only the complete cases will probably lead to biased

estimates [43]. Even when complete case analysis would be unbiased, discarding all the infor-

mation from the incomplete cases is inefficient.

This study has limitations. First, there are no "gold standard" objective measures of the

pain-related functional capacity in postsurgical patients [44]. Nevertheless, various measures

have been developed to quantify treatment related changes in the physical abilities of individu-

als with acute pain [4, 16]. The FAS is such a nonvalidated—because of lacking standards—

measure. Not only has the FAS been adopted by the Australian and New Zealand College of

Anaesthetists and Faculty of Pain Medicine [19], but also it has been advocated for clinical use

[16–18]. The FAS proved to be very useful and generally applicable in daily practice. Second,

we could not include all confounding factors. Gender, age and BMI were introduced as covari-

ates in the logistic model because they are risk factors for the development of acute postopera-

tive pain [9, 23–25]. Gender, age and BMI showed no influence, but we do not know if other

factors might. Other factors may be: type of operation, anxiety or catastrophizing [9, 45], pre-

operative information, expectations about pain levels, psychological profile and motivation.

The impact of these factors with the relationships between NRS-MEP, PO, NO and PONO

could be a topic of future prospective studies. For example, pain anticipation can be assessed

by asking the patient preoperatively to mark a point on the NRS that describes the anticipated

pain after surgery [46]. Third, our findings do not apply to all hospitalized patients because we

only studied patients after major surgery. One next step is to validate our results for other

patient categories, such as patients after minor surgery and patients with cancer pain.
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Conclusions

The nature and strength of the relationships we found lead to clinically important findings and

implications. Almost one in ten patients has unacceptable pain even if they report a low pain

score. One in five patients with a high pain score accepts the postoperative pain and still moves

appropriately. We encourage health professionals to use a multi-source pain evaluation by

assessing NRS, the acceptability of the pain and physical functioning in order to balance pain

treatment options and possible complications. The sole use of NRS cut-off points is not ade-

quate. Adequate pain assessment appears to become a form of social transaction between

patient and caregiver. Future research should focus on the improvement in pain-related out-

comes in relation to multidimensional pain assessment and treatment decisions.

Supporting information

S1 Table. Surgical procedures categorized in ten groups.

(PDF)

S2 Table. Number of patients, number of unique, individual patients and the number of

assessments of patients categorized per day or per combination of days.

(PDF)

S1 Fig. Results from logistic regression.

(PDF)

Acknowledgments

We would like to thank Jan C.M. Hendriks, MSc, PhD (retired), Department of Medical Statis-

tics, Radboud University Medical Center, Nijmegen, The Netherlands, for the initial statistical

analyses. We are also very grateful to Prof. dr. Narinder Rawal, who reviewed an early version

of the manuscript. His feedback helped us to compose the final manuscript.

Author Contributions

Conceptualization: RLMB KCPV RvdS MAHS.

Data curation: RLMB EB JGCL.

Formal analysis: RLMB EB JGCL.

Investigation: RLMB MAHS.

Methodology: RLMB KCPV RvdS EB JGCL MAHS.

Project administration: RLMB KCPV MAHS.

Resources: RLMB KCPV MAHS.

Supervision: KCPV MAHS.

Validation: RLMB KCPV JGCL MAHS.

Visualization: RLMB JGCL.

Writing – original draft: RLMB JGCL.

Writing – review & editing: RLMB KCPV RvdS EB JGCL MAHS.

Pain: Acceptability, functional impact and NRS

PLOS ONE | https://doi.org/10.1371/journal.pone.0177345 May 10, 2017 13 / 16

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177345.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177345.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177345.s003
https://doi.org/10.1371/journal.pone.0177345


References
1. Sommer M, de Rijke JM, van Kleef M, Kessels AG, Peters ML, Geurts JW, et al. The prevalence of post-

operative pain in a sample of 1490 surgical inpatients. Eur J Anaesthesiol. 2008; 25(4):267–274. https://

doi.org/10.1017/S0265021507003031 PMID: 18053314

2. Gerbershagen HJ, Aduckathil S, van Wijck AJ, Peelen LM, Kalkman CJ, Meissner W. Pain intensity on

the first day after surgery: a prospective cohort study comparing 179 surgical procedures. Anesthesiol-

ogy. 2013; 118(4):934–944. https://doi.org/10.1097/ALN.0b013e31828866b3 PMID: 23392233

3. van Dijk JF, van Wijck AJ, Kappen TH, Peelen LM, Kalkman CJ, Schuurmans MJ. Postoperative pain

assessment based on numeric ratings is not the same for patients and professionals: a cross-sectional

study. Int J Nurs Stud. 2012; 49(1):65–71. https://doi.org/10.1016/j.ijnurstu.2011.07.009 PMID:

21840522

4. Rothaug J, Zaslansky R, Schwenkglenks M, Komann M, Allvin R, Backstrom R, et al. Patients’ percep-

tion of postoperative pain management: validation of the International Pain Outcomes (IPO) question-

naire. J Pain. 2013; 14(11):1361–1370. https://doi.org/10.1016/j.jpain.2013.05.016 PMID: 24021577

5. Williamson A, Hoggart B. Pain: a review of three commonly used pain rating scales. J Clin Nurs. 2005;

14(7):798–804. https://doi.org/10.1111/j.1365-2702.2005.01121.x PMID: 16000093

6. Rothaug J, Weiss T, Meissner W. How simple can it get? Measuring pain with NRS items or binary

items. Clin J Pain. 2013; 29(3):224–232. https://doi.org/10.1097/AJP.0b013e31824c5d7a PMID:

23369928

7. Srikandarajah S, Gilron I. Systematic review of movement-evoked pain versus pain at rest in postsurgi-

cal clinical trials and meta-analyses: a fundamental distinction requiring standardized measurement.

Pain. 2011; 152(8):1734–1739. https://doi.org/10.1016/j.pain.2011.02.008 PMID: 21402445

8. Gerbershagen HJ, Rothaug J, Kalkman CJ, Meissner W. Determination of moderate-to-severe postop-

erative pain on the numeric rating scale: a cut-off point analysis applying four different methods. Br J

Anaesth. 2011; 107(4):619–626. https://doi.org/10.1093/bja/aer195 PMID: 21724620

9. Janssen KJ, Kalkman CJ, Grobbee DE, Bonsel GJ, Moons KG, Vergouwe Y. The risk of severe postop-

erative pain: modification and validation of a clinical prediction rule. Anesth Analg. 2008; 107(4):1330–

1339. https://doi.org/10.1213/ane.0b013e31818227da PMID: 18806049

10. Inspectorate DHC. Basic set for quality indicators for hospitals 2014 [cited 2015 18 May]. Available

from: www.ziekenhuizentransparant.nl.

11. Maroney CL, Litke A, Fischberg D, Moore C, Morrison RS. Acceptability of severe pain among hospital-

ized adults. J Palliat Med. 2004; 7(3):443–450. https://doi.org/10.1089/1096621041349563 PMID:

15265354

12. van Dijk JF, Kappen TH, Schuurmans MJ, van Wijck AJ. The Relation Between Patients’ NRS Pain

Scores and Their Desire for Additional Opioids after Surgery. Pain Pract. 2015; 15(7):604–609. https://

doi.org/10.1111/papr.12217 PMID: 24735082

13. Gordon DB. Acute pain assessment tools: let us move beyond simple pain ratings. Curr Opin Anaesthe-

siol. 2015; 28(5):565–569. https://doi.org/10.1097/ACO.0000000000000225 PMID: 26237235

14. Wu CL, Raja SN. Treatment of acute postoperative pain. Lancet. 2011; 377(9784):2215–2225. https://

doi.org/10.1016/S0140-6736(11)60245-6 PMID: 21704871

15. Breivik H, Borchgrevink PC, Allen SM, Rosseland LA, Romundstad L, Hals EK, et al. Assessment of

pain. Br J Anaesth. 2008; 101(1):17–24. https://doi.org/10.1093/bja/aen103 PMID: 18487245

16. Scott DA, McDonald W. Acute pain management performance measurement toolkit. Melbourne: Victo-

rian Quality Council, Department of Human Services; 2005.

17. Macintyre P, Rowbotham D, Walker S. Clinical Pain Management Second Edition: Acute Pain, Volume

1: Taylor & Francis; 2008; 148.

18. MacIntyre PE SD. Acute Pain Management and Acute Pain Services. In: Cousins MJ, Bridenbaugh PO,

Carr DB, Horlocker TT, editors. Cousins and Bridenbaugh’s Neural Blockade in Clinical Anesthesia and

Pain Medicine: Lippincott Williams & Wilkins; 2009; 1043.

19. Schug SA, Palmer GM, Scott DA, Halliwell R, Trinca J. Acute pain management: scientific evidence,

fourth edition, 2015. Med J Aust. 2016; 204(8):315–317. PMID: 27125806

20. Helfand M, Freeman M. Assessment and Management of Acute Pain in Adult Medical Inpatients: A Sys-

tematic Review. Pain Medicine. 2009; 10(7):1183–1199. https://doi.org/10.1111/j.1526-4637.2009.

00718.x PMID: 19818030

21. Rawal N, Berggren L. Organization of acute pain services: a low-cost model. Pain. 1994; 57(1):117–

123. PMID: 8065788

22. van Boekel RL, Vissers KC, van de Vossenberg G, de Baat-Ananta M, van der Sande R, Scheffer GJ,

et al. Comparison of Epidural or Regional Analgesia and Patient-controlled Analgesia: A Critical

Pain: Acceptability, functional impact and NRS

PLOS ONE | https://doi.org/10.1371/journal.pone.0177345 May 10, 2017 14 / 16

https://doi.org/10.1017/S0265021507003031
https://doi.org/10.1017/S0265021507003031
http://www.ncbi.nlm.nih.gov/pubmed/18053314
https://doi.org/10.1097/ALN.0b013e31828866b3
http://www.ncbi.nlm.nih.gov/pubmed/23392233
https://doi.org/10.1016/j.ijnurstu.2011.07.009
http://www.ncbi.nlm.nih.gov/pubmed/21840522
https://doi.org/10.1016/j.jpain.2013.05.016
http://www.ncbi.nlm.nih.gov/pubmed/24021577
https://doi.org/10.1111/j.1365-2702.2005.01121.x
http://www.ncbi.nlm.nih.gov/pubmed/16000093
https://doi.org/10.1097/AJP.0b013e31824c5d7a
http://www.ncbi.nlm.nih.gov/pubmed/23369928
https://doi.org/10.1016/j.pain.2011.02.008
http://www.ncbi.nlm.nih.gov/pubmed/21402445
https://doi.org/10.1093/bja/aer195
http://www.ncbi.nlm.nih.gov/pubmed/21724620
https://doi.org/10.1213/ane.0b013e31818227da
http://www.ncbi.nlm.nih.gov/pubmed/18806049
http://www.ziekenhuizentransparant.nl
https://doi.org/10.1089/1096621041349563
http://www.ncbi.nlm.nih.gov/pubmed/15265354
https://doi.org/10.1111/papr.12217
https://doi.org/10.1111/papr.12217
http://www.ncbi.nlm.nih.gov/pubmed/24735082
https://doi.org/10.1097/ACO.0000000000000225
http://www.ncbi.nlm.nih.gov/pubmed/26237235
https://doi.org/10.1016/S0140-6736(11)60245-6
https://doi.org/10.1016/S0140-6736(11)60245-6
http://www.ncbi.nlm.nih.gov/pubmed/21704871
https://doi.org/10.1093/bja/aen103
http://www.ncbi.nlm.nih.gov/pubmed/18487245
http://www.ncbi.nlm.nih.gov/pubmed/27125806
https://doi.org/10.1111/j.1526-4637.2009.00718.x
https://doi.org/10.1111/j.1526-4637.2009.00718.x
http://www.ncbi.nlm.nih.gov/pubmed/19818030
http://www.ncbi.nlm.nih.gov/pubmed/8065788
https://doi.org/10.1371/journal.pone.0177345


Analysis of Patient Data by the Acute Pain Service in a University Hospital. Clin J Pain. 2016; 32

(8):681–688. https://doi.org/10.1097/AJP.0000000000000315 PMID: 26528866

23. Gerbershagen HJ, Pogatzki-Zahn E, Aduckathil S, Peelen LM, Kappen TH, van Wijck AJ, et al. Proce-

dure-specific risk factor analysis for the development of severe postoperative pain. Anesthesiology.

2014; 120(5):1237–1245. https://doi.org/10.1097/ALN.0000000000000108 PMID: 24356102

24. Massaron S, Bona S, Fumagalli U, Battafarano F, Elmore U, Rosati R. Analysis of post-surgical pain

after inguinal hernia repair: a prospective study of 1,440 operations. Hernia. 2007; 11(6):517–525.

https://doi.org/10.1007/s10029-007-0267-7 PMID: 17646895

25. Liu SS, Buvanendran A, Rathmell JP, Sawhney M, Bae JJ, Moric M, et al. Predictors for moderate to

severe acute postoperative pain after total hip and knee replacement. Int Orthop. 2012; 36(11):2261–

2267. https://doi.org/10.1007/s00264-012-1623-5 PMID: 22842653

26. Hosmer DW, Lemeshow S. Introduction to the Logistic Regression Model. In: Applied Logistic Regres-

sion: John Wiley & Sons, Inc., 2005; 1–30

27. Galley HF. Editorial II: Solid as a ROC. Br J Anaesth. 2004; 93(5):623–626. https://doi.org/10.1093/bja/

aeh247 PMID: 15472141

28. Aubrun F, Langeron O, Quesnel C, Coriat P, Riou B. Relationships between measurement of pain

using visual analog score and morphine requirements during postoperative intravenous morphine titra-

tion. Anesthesiology. 2003; 98(6):1415–1421. PMID: 12766651

29. Schwenkglenks M, Gerbershagen HJ, Taylor RS, Pogatzki-Zahn E, Komann M, Rothaug J, et al. Corre-

lates of satisfaction with pain treatment in the acute postoperative period: results from the international

PAIN OUT registry. Pain. 2014; 155(7):1401–1411. https://doi.org/10.1016/j.pain.2014.04.021 PMID:

24785269

30. Gan TJ, Habib AS, Miller TE, White W, Apfelbaum JL. Incidence, patient satisfaction, and perceptions

of post-surgical pain: results from a US national survey. Curr Med Res Opin. 2014; 30(1):149–160.

https://doi.org/10.1185/03007995.2013.860019 PMID: 24237004

31. Oudejans L, van Velzen M, Olofsen E, Beun R, Dahan A, Niesters M. Translation of random painful sti-

muli into numerical responses in fibromyalgia and perioperative patients. Pain. 2016; 157(1):128–136.

https://doi.org/10.1097/j.pain.0000000000000338 PMID: 26307857

32. Harting B, Johnson T, Abrams R, Odwazny R, Hasler S, McNutt R, et al. An exploratory analysis of the

correlation of pain scores, patient satisfaction with relief from pain, and a new measure of pain control

on the total dose of opioids in pain care. Qual Manag Health Care. 2013; 22(4):322–326. https://doi.org/

10.1097/QMH.0000000000000009 PMID: 24088880

33. Sloman R, Wruble AW, Rosen G, Rom M. Determination of clinically meaningful levels of pain reduction

in patients experiencing acute postoperative pain. Pain Manag Nurs. 2006; 7(4):153–158. https://doi.

org/10.1016/j.pmn.2006.09.001 PMID: 17145489

34. Clark WC, Yang JC, Tsui SL, Ng KF, Bennett Clark S. Unidimensional pain rating scales: a multidimen-

sional affect and pain survey (MAPS) analysis of what they really measure. Pain. 2002; 98(3):241–247.

PMID: 12127025

35. Merskey H. Logic, truth and language in concepts of pain. Qual Life Res. 1994; 3 Suppl 1:S69–76.

36. McCaffery M. Nursing practice theories related to cognition, bodily pain and man-environmental interac-

tions, Los Angeles, CA: 1968. UCLA Students Store.

37. Merskey H. The definition of pain. European Psychiatry. 1991; 6(4):153–159.

38. Anand KJ, Craig KD. New perspectives on the definition of pain. Pain. 1996; 67(1):3–6; discussion 209–

211. PMID: 8895225

39. Wikstrom L, Eriksson K, Arestedt K, Fridlund B, Brostrom A. Healthcare professionals’ perceptions of

the use of pain scales in postoperative pain assessments. Appl Nurs Res. 2014; 27(1):53–58. https://

doi.org/10.1016/j.apnr.2013.11.001 PMID: 24387871

40. Ista E, van Dijk M, van Achterberg T. Do implementation strategies increase adherence to pain assess-

ment in hospitals? A systematic review. Int J Nurs Stud. 2013; 50(4):552–568. https://doi.org/10.1016/j.

ijnurstu.2012.11.003 PMID: 23245966

41. van Dijk JF, Vervoort SC, van Wijck AJ, Kalkman CJ, Schuurmans MJ. Postoperative patients’ perspec-

tives on rating pain: A qualitative study. Int J Nurs Stud. 2016; 53:260–269. https://doi.org/10.1016/j.

ijnurstu.2015.08.007 PMID: 26337854

42. Schiavenato M, Craig KD. Pain assessment as a social transaction: beyond the "gold standard". Clin J

Pain. 2010; 26(8):667–676. https://doi.org/10.1097/AJP.0b013e3181e72507 PMID: 20664341

43. Bartlett JW, Harel O, Carpenter JR. Asymptotically Unbiased Estimation of Exposure Odds Ratios in

Complete Records Logistic Regression. Am J Epidemiol. 2015; 182(8):730–736. https://doi.org/10.

1093/aje/kwv114 PMID: 26429998

Pain: Acceptability, functional impact and NRS

PLOS ONE | https://doi.org/10.1371/journal.pone.0177345 May 10, 2017 15 / 16

https://doi.org/10.1097/AJP.0000000000000315
http://www.ncbi.nlm.nih.gov/pubmed/26528866
https://doi.org/10.1097/ALN.0000000000000108
http://www.ncbi.nlm.nih.gov/pubmed/24356102
https://doi.org/10.1007/s10029-007-0267-7
http://www.ncbi.nlm.nih.gov/pubmed/17646895
https://doi.org/10.1007/s00264-012-1623-5
http://www.ncbi.nlm.nih.gov/pubmed/22842653
https://doi.org/10.1093/bja/aeh247
https://doi.org/10.1093/bja/aeh247
http://www.ncbi.nlm.nih.gov/pubmed/15472141
http://www.ncbi.nlm.nih.gov/pubmed/12766651
https://doi.org/10.1016/j.pain.2014.04.021
http://www.ncbi.nlm.nih.gov/pubmed/24785269
https://doi.org/10.1185/03007995.2013.860019
http://www.ncbi.nlm.nih.gov/pubmed/24237004
https://doi.org/10.1097/j.pain.0000000000000338
http://www.ncbi.nlm.nih.gov/pubmed/26307857
https://doi.org/10.1097/QMH.0000000000000009
https://doi.org/10.1097/QMH.0000000000000009
http://www.ncbi.nlm.nih.gov/pubmed/24088880
https://doi.org/10.1016/j.pmn.2006.09.001
https://doi.org/10.1016/j.pmn.2006.09.001
http://www.ncbi.nlm.nih.gov/pubmed/17145489
http://www.ncbi.nlm.nih.gov/pubmed/12127025
http://www.ncbi.nlm.nih.gov/pubmed/8895225
https://doi.org/10.1016/j.apnr.2013.11.001
https://doi.org/10.1016/j.apnr.2013.11.001
http://www.ncbi.nlm.nih.gov/pubmed/24387871
https://doi.org/10.1016/j.ijnurstu.2012.11.003
https://doi.org/10.1016/j.ijnurstu.2012.11.003
http://www.ncbi.nlm.nih.gov/pubmed/23245966
https://doi.org/10.1016/j.ijnurstu.2015.08.007
https://doi.org/10.1016/j.ijnurstu.2015.08.007
http://www.ncbi.nlm.nih.gov/pubmed/26337854
https://doi.org/10.1097/AJP.0b013e3181e72507
http://www.ncbi.nlm.nih.gov/pubmed/20664341
https://doi.org/10.1093/aje/kwv114
https://doi.org/10.1093/aje/kwv114
http://www.ncbi.nlm.nih.gov/pubmed/26429998
https://doi.org/10.1371/journal.pone.0177345


44. White PF, Kehlet H. Improving postoperative pain management: what are the unresolved issues? Anes-

thesiology. 2010; 112(1):220–225. https://doi.org/10.1097/ALN.0b013e3181c6316e PMID: 20010418

45. Goesling J, Moser SE, Zaidi B, Hassett AL, Hilliard P, Hallstrom B, et al. Trends and predictors of opioid

use after total knee and total hip arthroplasty. Pain. 2016; 157(6):1259–1265. https://doi.org/10.1097/j.

pain.0000000000000516 PMID: 26871536

46. Carr EC, Thomas VJ. Anticipating and experiencing post-operative pain: the patients’ perspective. J

Clin Nurs. 1997; 6(3):191–201. PMID: 9188336

Pain: Acceptability, functional impact and NRS

PLOS ONE | https://doi.org/10.1371/journal.pone.0177345 May 10, 2017 16 / 16

https://doi.org/10.1097/ALN.0b013e3181c6316e
http://www.ncbi.nlm.nih.gov/pubmed/20010418
https://doi.org/10.1097/j.pain.0000000000000516
https://doi.org/10.1097/j.pain.0000000000000516
http://www.ncbi.nlm.nih.gov/pubmed/26871536
http://www.ncbi.nlm.nih.gov/pubmed/9188336
https://doi.org/10.1371/journal.pone.0177345

