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Background: Despite the existence of several screening tools for neuropathic pain, none of
these are specific to surgery. We have developed a simple questionnaire tool, the Neuropathic
Pain scale for Postsurgical patients (NeuPPS), to measure neuropathic pain in postsurgical
patients.
Objectives: The aim was to validate this tool in a breast cancer population using an item
response theory model, resulting in an easy-to-use scale.
Study Design: Development was based on literature reviews and interviews with patients
and experts and consisted of 6 items. It was tested among 2,217 long-term breast cancer
survivors, and cross-validated in another data set of breast cancer survivors with 18 months
follow-up.
Setting: We tested the questionnaire tool among breast cancer survivors in 2 cohorts,
one nationwide and one of consecutively treated patients at Rigshospitalet, Copenhagen,
Denmark.
Methods: Items were assessed for criterion-related construct validity using the Rasch model,
and for convergent validity by comparison to another neuropathic pain screening tool, the
self-report version of the Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS)
pain scale.
Results: The selected 5-item model showed good fit, unidimensionality, monotonicity, and
homogeneity. This result was reproducible in the cross-validation population. In a combined
dataset with data from both studies, the model displayed a slightly lower fit, suggesting
that items to some degree may vary over time. The Spearman rank correlation between the
NeuPPS and S-LANSS was P = 0.57.
Limitations: We observed differential item functioning between the primary study
population and the cross-validation population, meaning that some items behave differently
at different follow-up times or study populations.
Conclusions: With the NeuPPS, we have validated a simple and easy-to-fill-out questionnaire
tool for the measurement of neuropathic pain among postsurgical patients. The items are
additive, giving a total score that measures neuropathic pain symptoms.
Key words: Scale validation, Rasch analysis, item response model, persistent postoperative
pain, intercostobrachial nerve, neuropathy, neuropathic pain, quantitative sensory testing,
breast cancer
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P

ersistent pain is a common consequence after
surgery with a prevalence ranging from 5%50% depending on type of surgery (1), and is
often accompanied by sensory dysfunction (2,3). Nerve
damage and neuropathy have been suggested to be
one of the main mechanisms leading to persistent
postsurgical pain (1,4). This is supported by studies using
different quantitative sensory testing (QST) protocols,
in which cutaneous hypoesthesia, hypoalgesia,
hyperalgesia, and painful response to repetitive
innocuous stimuli have been found among postsurgical
patients (3,5-9). Neuropathic pain as a term consists of
a variety of different causes, pain distributions, and
pathophysiological mechanisms. Persistent postsurgical
pain is special in the sense that we know nerves are
injured during surgery and pain arises somewhere close
to the injury. Thus, according to the classification, these
patients have probable or definitive neuropathic pain
depending on direct observation of nerve damage
or not (10). Both questionnaire studies and physical
testing often reveal pain and sensory dysfunction in the
area of surgery (2,4,8,9,11). However, when considering
the surgical population as a whole, one observes the
following categories: 1) patients with persistent pain
and sensory disturbances, 2) patients with persistent
pain without sensory disturbances, 3) patients with
sensory disturbances but without persistent pain, and
4) patients with neither. By focusing only on patients
with pain, information is lost concerning patients with
the same trauma, but a different symptomatology.
Many questionnaire tools have been developed to
measure neuropathic pain (12-15), but there has
been less focus on tools without pain as a defining
component among postsurgical patients. Persistent
sensory disturbances due to iatrogenic peripheral nerve
damage could be a continuum, in which increasing
severity of symptoms greatly increases the likelihood
of the presence of a neuropathic pain component.
Based on this assumption, we have developed a
measurement tool to assess neuropathy specifically in
the area of surgery in patients both with and without
pain: the Neuropathic Pain scale for Postsurgical
patients (NeuPPS). The items have previously been
content validated (16). The primary aim of this study
was to test construct validity of the items in a breast
cancer population with long-term follow-up (5-7 years
since surgery) using a statistical model founded in
item response theory (IRT), the Rasch model (17-19).
Furthermore, the aim was to cross-validate the NeuPPS
in another breast cancer population with a shorter
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follow-up time (8-20 months since surgery). Convergent
validity of the instrument was assessed by comparing it
with the self-report version of the Leeds Assessment of
Neuropathic Symptoms and Signs (S-LANSS) pain scale,
and the NeuPPS was evaluated against pain reporting
in the long-term follow-up study.

Methods
The present study was based on 2 data sets, in this
study referred to as the “long-term study” (20) and the
“medium-term study” (16), from which we have previously reported outcomes on pain (16,20). Both studies consisted of breast cancer survivors who had been
treated for primary invasive breast cancer, and both
studies included questionnaires that contained an identical set of questions regarding sensory disturbances after breast cancer treatment.

The NeuPPS and S-LANSS
The sensory disturbances items were originally developed as part of a larger questionnaire for postsurgical breast cancer patients (16). They were developed by
assessing current literature on neuropathic pain screening tools (21) and semi-structured interviews with patients and health care providers (16). The items were
developed with the aim of describing symptoms of
neuropathy and neuropathic pain in a postsurgical setting. These could have a neuropathic pain component,
but pain itself was not a prerequisite for the questions.
The questionnaire originally consisted of 7 dichotomous (yes/no) items: pins and needles sensations (item
1), electric shock/jumping sensations (item 2), burning
sensations (item 3), numbness (item 4), pain triggered
by light touch (item 5), pain triggered by cold (item 6),
and simultaneous pain and itching sensations (item 7)
(see Fig. 1 for the complete wording in the full questionnaire tool). Item 7, “pain and itching sensations”
was removed before any analyses were performed, as
it was considered not to fit the overall construct after
in depth interviews with patients in relation to another
study (unpublished data). The long-term study also included S-LANSS (13). The S-LANSS consists of 7 dichotomous items, a 0-10 numerical pain rating scale, and a
body map on which the patient can specify the location
of the pain. The S-LANSS uses a scoring algorithm different from the simple sum, making it possible to obtain a total score of 24 (13). The scores obtained from
the different items were originally developed for the
Leeds Assessment of Neuropathic Symptoms and Signs
(LANSS) pain scale (22). Here, selection and weighting
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We would like to know if you are experiencing sensory disturbances such as pins and needles or prickling
sensations, in the area where you had surgery or in the side of the chest and arm, you are operated.
Within the last month:
1. Have you had pins and needles, tingling or stabbing
sensations in or around the area of your surgery?

Yes

No

2. Have you experienced an electric shock like sensation
or jabbing feelings in the skin area in or around the
area of your surgery?

Yes

No

3. Have you experienced heat or burning sensations in
or around the area of your surgery?

Yes

No

4. Have the lightest of touches from e.g. clothes been
cause of pain in or around the area your surgery?

Yes

No

5. Have cold temperatures been the cause of pain in
or around the area of surgery?

Yes

No

Items removed:
‐ Have you had numbness or decreased sensitivity in or around the area of your surgery?
‐ Have you experienced a painful itch in or around the area of your surgery?

Fig. 1. The Neuropathic Pain scale for Postsurgical patients (NeuPPS).

of the descriptor items and examination items were
based on a logistic regression model (22). A cut-off at
12 or more has been suggested to identify pain with
a predominantly neuropathic origin (13). The S-LANSS
was translated after obtaining permission from the corresponding author, by 2 native Danish speakers and 2
native English speakers in an iterative process. The SLANSS was attached in the original lay-out to the main
questionnaire as an appendix.

Studies

and

Design

Study 1
The “long-term study.” In 2005 and 2006, 5,119
women aged 19 to 70 years were treated for unilateral
primary breast cancer in Denmark, identified through
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the Danish Breast Cancer Group (DBCG) database
(23,24). On February 1, 2012, a nationwide cross-sectional study was performed in which questionnaires
were sent to these women, 2,828 of whom were eligible and with 2,411 returning the questionnaire (20,25).
Exclusion criteria were death, emigration, recurrence,
new primary disease, contralateral cancer, metastatic
disease, other malignant disease, and reconstructive/
corrective breast surgery. Data regarding treatment,
cancer recurrence, and demographics were retrieved
from the DBCG database (23,24), and mortality data
from the Danish Civil Registration System. The patients
were treated according to the 2004 DBCG protocol (24)
and full detailed information can be found elsewhere
(20).
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Study 2
The “medium-term study.” This study was a questionnaire validation study performed on breast cancer
survivors who had been treated at Rigshospitalet, Copenhagen, Denmark between August 13, 2009 and July
30, 2010 (16). Inclusion criteria were patients treated
for primary breast cancer according to the 2007 or 2010
DBCG protocol (26). Exclusion criteria were death, bilateral disease, recurrence, other malignancy, or disease in
the nervous system (16). A total of 494 questionnaires
were sent, 402 returned, and 389 were included in the
final analysis. Treatment data and disease characteristics were retrieved from the DBCG database (23,24).

Ethical Approval
The studies were approved by the regional bioethics committee of the capital region in Denmark, H-D2007-0099 and H-4-2013-FSP-045. The data collection of
both studies were approved by the Danish Data Protection Agency.

Statistical Analyses
Items were assessed with an IRT model (27), the
Rasch model (17-19). IRT models are statistical models
for ordinal categorical questionnaire items that indirectly measure a latent trait. Each study was initially
assessed separately, starting with the long-term study.
The IRT model was developed based on the long-term
study. Subsequently, the fit of data from the mediumterm study to the developed IRT model were assessed.
Data from both study populations were then combined
and the model assessed in the combined dataset. Patients with missing data were excluded. Item fit was assessed with the Rasch model in a systematic and iterative process, discarding items that did not fit the model.
In the Rasch model the items are additive, and the sum
of the items can be used as a measure of the underlying latent trait. Overall fit of the model was assessed
by the Andersen conditional likelihood ratio (CLR) test,
in which homogeneity of 2 score groups is tested (28).
Individual item fit was evaluated by comparison of observed and expected correlations between the separate
item scores and the sum of the remaining items (29),
and by conditional infit and outfit statistics (30,31).
Item fit was also assessed graphically by plotting empirical and theoretical item characteristic curves (32).
Differential item functioning (DIF) (33) was evaluated
using likelihood ratio tests in log linear Rasch models
(34). We tested for DIF with respect to the exogenous
variables: chemotherapy (yes/no), age (< 50, 50-59, 60-
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69, ≥ 70 years), radiotherapy (yes/no), axillary surgery
(sentinel lymph node biopsy/axillary lymph node dissection), endocrine therapy (yes/no), and breast surgery
(mastectomy/breast conserving surgery). Furthermore,
we evaluated DIF with respect to study/follow-up period in the combined dataset.
The S-LANSS questionnaire was assessed using 2 IRT
models: the Rasch model and the Birnbaum (2PL) model, in which item discrimination parameters are also estimated (35). With item discrimination parameters, we
were able to estimate how well the items were able to
capture the latent trait, and thereby compare discrimination parameters to the suggested scores for each
item in the S-LANSS. Item fit was assessed graphically
by comparing observed item mean scores to values simulated under the IRT model (36). Correlation between
S-LANSS and the NeuPPS was assessed using both the
original S-LANSS weights and the weights suggested
by the Birnbaum model using the Spearman Rank test.
We evaluated unidimensionality of a combined item set
containing the S-LANSS and the NeuPPS using equally
weighted S-LANSS items by comparing observed and
expected sub-score correlation (37).
Evaluation of statistical significance for item fit statistics and for tests of DIF and local dependence used
the Benjamini-Hochberg (38) procedure with a significance level at 0.05. Analyses were performed using DIGRAM software (Department of Biostatistics, University
of Copenhagen, Copenhagen, Denmark) and SAS 9.4
for Windows (SAS Institute Inc., Cary, NC).

Results
The Long-Term Study: Development of the
Model
All patients with missing data (n = 194) on either
items or exogenous variables were excluded leaving
2,217 patients (92% out of 2,411) in the final data set.
For patient characteristics, we refer to previous publications regarding this population (20,25). In the initial
Rasch model, items 1 through 6 were included, but the
model showed poor overall fit, large residuals, and DIF
with respect to 2 exogenous variables. Subsequently item 4 (‘numbness’) was omitted because of poor
fit, and a new Rasch analysis considered. This model
showed good overall fit (Andersen CLR = 6.6 on 4 degrees of freedom, P = 0.1584) and no evidence of item
misfit. Evidence of DIF for item 1 (‘pins and needles’)
with respect to axillary surgery was disclosed. In a comparison of patients with the same total score, patients
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Table 1. Item Fit Statistics for Items Selected for the NeuPPS in the 2 studies.

Item

Long term Study (n = 2217)

Medium term Study (n = 340)

Obs.

Exp.

P

Obs.

Exp.

P

1 - pins and needles sensations

0.757

0.762

0.802

0.761

0.735

0.632

2 - electric shock/jumping sensations

0.740

0.739

0.960

0.659

0.705

0.395

3 - burning sensations

0.798

0.741

0.048

0.784

0.707

0.226

0.699

0.738

0.147

0.642

0.713

0.295

0.747

0.741

0.830

0.737

0.751

0.870

4 - numbness*
5 - pain triggered by light touch
6 - pain triggered by cold
DIF

Item 1 with respect to axillary procedure

Abbreviations: DIF: Differential Item Functioning; Exp: Expected rank correlation; NeuPPS: Neuropathic Pain scale for Post-Surgical patients;
Obs: Observed rank correlation. *: not used.

who had axillary lymph node dissection performed
scored 0.05 (95% confidence interval [CI]: 0.03 to 0.07)
higher on this item compared to patients with sentinel
lymph node biopsy only. No evidence of local dependence was disclosed.

The Medium-term Study: Validation of the
Model
After exclusion of patients with missing data, the
dataset consisted of 340 patients (87% out of 389).
Patient characteristics are presented elsewhere (16).
Rasch analysis on the final model, developed in the
long-term study (with items 1,2,3,5, and 6), showed
good overall fit (Andersen CLR = 5.1 on 4 degrees of
freedom, P = 0.2785) and excellent fit for the individual
items. The model did not show any signs of DIF or local
dependence.

Combined Data Set
The combined data set consisted of 2,557 cases.
The final Rasch model (items 1-3, 5, and 6) showed
overall fit (Andersens CLR = 9.35 on 4 degrees of freedom, P = 0.0530). There was evidence of DIF for item 1
(‘pins and needles’) with respect to axillary procedure
and for item 6 with respect to study. Further, in the
combined data set, local dependence between item 1
and 3 and between item 5 and 6 was present. Graphical
evaluation of item fit for the 5 items in both data sets is
shown in Fig. 2, which illustrates that the Rasch model
fits well in both data sets, but the shape of the curves
is seen to be different across data sets for some items.
Item fit statistics based on observed and expected itemrest score correlations are shown in Table 1 for both
study populations. The conditional versions of the infit
and outfit item fit statistics showed a similar picture
and can be seen in the supplementary material.
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For item 1 and 3, responses were consistently
higher in the medium-term study, and for item 5 scores
were consistently higher in the long-term study. Figure
3 shows the item profiles for the 2 studies.

S-LANSS Questionnaire in the Long-Term
Study
In the long-term study, among 878 S-LANSS questionnaires, 677 S-LANSS questionnaires were answered
without any missing items (77.1%). Estimated item
threshold and discrimination parameters can be seen
in Table 2. The graphical evaluation of item fit indicated good fit for all S-LANSS items except item 4. The
Spearman rank correlation between the NeuPPS sum
score and the original S-LANSS score was P = 0.57. In
additional analyses, we recalculated the S-LANSS score
using the estimated item discrimination parameters
as weights. The rank correlation between the NeuPPS
sum score and this re-weighted S-LANSS score was 0.54.
Among patients with a score of zero in NeuPPS, 12%
had a score of ≥ 12 on the original S-LANSS, and among
patients with a score of 5, 89% reported an S-LANSS
score of ≥ 12. The NeuPPS and the S-LANSS questionnaire, the latter using equal weighting of the 7 items,
were also tested for unidimensionality (n = 621). Expected and observed gamma coefficients were 0.64
and 0.62 with 2-sided P = 0.44.

NeuPPS Scores and Persistent Postoperative
Pain
Among patients reporting persistent postoperative pain, 20%-32% reported a score of zero in the
included studies (Table 3). Approximately 43%-50% of
patients with persistent pain reported a score of 2 or
more, and > 90% of patients with a score of 4 or 5 reported persistent pain. Among patients not reporting
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Fig. 2. The observed item means across score groups (solid lines) and expected values (shaded areas) for the 5 NeuPPS items in
each of the 2 studies.

persistent postoperative pain, only 7% in the long-term
study and 11% in the medium-term study reported a
score of 2 or more, and 76% and 69% reported zero in
score, respectively.
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Discussion
In the present study, the aim was to validate a
tool measuring sensory dysfunction among postsurgical breast cancer patients. The scale was assessed for
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Fig. 3. The observed item means across score groups for items 1, 3, and 5 in the 2 studies.

content validity through interviews with patient and health care providers. Convergent
validity by comparison with S-LANSS indicated that the present tool measures the same
trait as this screening tool, and we observed
a fair correlation. Testing of construct validity
of the scale in a Rasch analysis demonstrated
unidimensionality, monotonicity, good overall fit and homogeneity, additivity, and no
local dependence in 2 studies with patients
treated surgically for primary breast cancer.
The fact that the scale measures the same
latent trait as the S-LANSS, that the scale is
strongly related to reporting of persistent
pain, and that the item “numbness” did not
fit with the other items, suggests that the
scale is more specifically measuring neuropathic pain. We observed good fit for the
individual items except item 4 (numbness),
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Table 2. Estimated item discrimination and item threshold parameters for
S-LANSS items using the Birnbaum IRT model.

Original
S-LANSS
Scoring
Weight*

Item
Discrimination**
(95% CI)

Item
Threshold***
(95% CI)

1 – Dysesthesia

5

1.17 (0.89 to 1.44)

–0.26 (–0.43 to –0.08)

2 – Autonomic

5

0.91 (0.49 to 1.33)

3.36 (2.08 to 4.66)

3 – Evoked

3

1.79 (1.41 to 2.18)

0.41 (0.27 to 0.55)

4 – Paroxysmal

2

0.63 (0.41 to 0.84)

0.98 (0.58 to 1.37)

5 – Thermal

1

1.28 (0.89 to 1.66)

1.92 (1.49 to 2.34)

6 – Allodynia

5

4.96 (3.48 to 6.44)

0.15 (0.04 to 0.25)

7 – Tender/numb

3

2.81 (2.11 to 3.51)

–0.50 (–0.62 to –0.38)

Items

*In the original S-LANSS, a maximum score of 24 is possible. “A score of ≥ 12
suggests pain of predominantly neuropathic origin.
**Item discrimination parameters indicates how well the item captures the latent
trait it is measuring.
***Item threshold parameters indicates the location of the item. A score at 0
indicates the mean trait level, and the standard deviation is 1. A parameter of 0 then
indicates that a person with a mean trait level will have a 50% chance of a positive
answer in this item.
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Table 3. Pain reporting and NeuPPS score in the 2 studies.

NeuPPS
score

Persistent post-surgical pain
Long term study (n = 2214)

Medium term study (n = 332)

n

% with pain

n

% with pain

0

1326

19.5%

147

22.5%

1

436

46.3%

83

59.5%

2

274

71.2 %

41

73.2%

3

111

86.5%

30

86.7%

4

46

87.0%

9

100.0%

5

21

95.2%

6

100.0%

Abbreviations: NeuPPS: Neuropathic Pain scale for Post-Surgical patients.

suggesting that loss of sensation is somewhat different from the
latent trait measured by the other items. A possible explanation
could be that a large proportion of patients, also those without
persistent postsurgical pain, experience loss of sensation after surgery. In a study using QST, as many as 85% reported hypoesthesia 1
year after breast cancer surgery (39). In our study, 34% of pain-free
patients reported sensory loss, with similar findings in other surgical
populations (8,40). Sensory loss following axonal deafferentation
as a consequence of surgery would be expected, but neuropathic
persistent postsurgical pain would probably require afferent input
from injured nociceptors (41), arguing for sensory loss as a common
consequence after surgery, but not distinctive for neuropathic pain.
The inherent properties of the Rasch model indicate a scale
measuring a unidimensional latent trait likely to be neuropathic
pain (21,42). This is also supported by our analysis of the S-LANSS
and our questionnaire tool, indicating measurement of the same
unidimensional latent trait. In the Birnbaum IRT model the S-LANSS
items 6 (allodynia) and 7 (tenderness/numbness) weighted much
higher than the other items in the S-LANSS. These items are the
only 2 self-examination items in the S-LANSS (13,22). Therefore,
this model suggests that the self-examination items tell more about
the underlying latent trait than the patient descriptor items. Apart
from the self-examination items, the scores suggested by the Birnbaum model are quite different from the originally suggested
scores (13,22).
The NeuPPS is not limited to pain patients, and besides item
5 and 6 having the word “pain” included in their questions, the
other items use the phrasing “sensation” as the specific sensory
disturbance experienced by a patient (e.g., pins and needles) may
not be interpreted as painful. The Douleur Neuropathique 4 questions (DN4), Neuropathic Pain Questionnaire (NPQ), painDETECT,
and Self-complete Leeds Assessment of Neuropathic Symptoms and
Signs (S-LANSS) ask specifically how the pain feels, restricting them
to pain patients (12,13,15,43). As tools used in a postsurgical setting, assessing for instance the impact of certain procedures and
treatments, these screening tools are at risk of losing information
on all patients who experience these symptoms of abnormal sen-
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sation, but does not necessarily interpret
them as painful. Nerve injuries can both
be painful or painless (40,42). Provided discrimination between pain locations (surgical site vs. other pain), the S-LANSS, DN4,
painDETECT, and NPQ are useful in a pain
cohort. The NeuPPS however is locationspecific to the surgical site as opposed to
the other tools. Among breast cancer survivors, with the S-LANSS, DN4, and painDETECT it can be difficult to discriminate
surgically induced neuropathy from other
types of neuropathy (e.g., taxane induced
neuropathy).
We only observed moderately good
fit for the NeuPPS in the combined dataset, with evidence of DIF for item 6 (pain
triggered by cold), with respect to study
population in the combined dataset. We
also observed, that although fit for the
individual items was good in the 2 individual studies, there were discrepancies in
item scores for item 1, 3, and 5 between
the 2 study populations in the combined
dataset. This suggests that the items may
not be invariant over time, because time
since initial treatment exerts a differential
influence on these items irrespective of
the latent trait we are examining. Another
explanation could be different treatment
protocols (e.g., changing chemotherapeutic regimens from cyclophosphamide,
epirubicin and fluorouracil to cyclophosphamide, epirubicine and docetaxel) influencing items differently. DIF was also
observed for item 1 (pins and needles sensations) with respect to axillary procedure
in the long-term follow-up study. The DIF
was not reproducible in the medium-term
study, and the score difference on this item
between axillary dissection and sentinel
lymph node biopsy was only 0.05. The DIF
is therefore of little significance and probably a chance finding.
The strengths of the present study
are the use of an IRT model to validate
our questionnaire tool, as supported
by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) initiative (44). IRT models
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have the advantage of assessing the questionnaire for
unidimensionality (that the questionnaire is only measuring one trait), monotonicity (that expected item
scores increase with an increase of the latent trait), local independence (conditional independence of items
given the latent trait), and no DIF (conditional independence of items and exogenous variables given the
latent trait). Furthermore, the NeuPPS was validated in
a large sample size with high completeness of data, and
cross-validated in another sample of breast cancer patients with different follow-up times. The NeuPPS was
also validated against the S-LANSS in a subgroup of the
long-term study.
There are some limitations to be addressed. We
did find DIF, which could introduce bias when comparing studies with large differences in follow-up times. It
could also reflect a real change in symptoms of postsurgical neuropathy observed over time. Also, missing
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properties but should not be used uncritically if there
are patients with large differences in follow-up time.
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