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A B S T R A C T

Aim/background: Patient-reported outcome measurement instruments are important tools in understanding a 
breast reconstruction’s impact on the patients’ quality of life. A psychometric validation is essential before 
applying a patient-reported outcome measurement instrument in clinical practice and research. The BREAST-Q is 
a specific, validated questionnaire for breast surgery outcomes that has been translated from English to Danish. It 
consists of 167 items in 7 pre-operative scales and 15 post-operative scales. This validation study aims to validate 
the Danish BREAST-Q reconstruction module.
Material and methods: Eligible women were included from January 2019 to June 2020. Multiple-item scales with 
summated scores and more than 40 complete responses were eligible for psychometric validation, and psy
chometric analyses examined reliability and validity using Rasch Analyses and Classical Test Theory. Mea
surements included test for local response dependence, item fit, differential item functioning, and more. Clinical 
validity was assessed using known-groups hypotheses.
Results: We obtained 115 and 201 complete responses pre-and postoperatively, respectively. We validated 120 
items in four preoperative and nine postoperative scales. The Rasch analyses disclosed evidence of local response 
dependence in eight scales. Chronbach’s α ranged 0.81–0.95 after adjustment. Item fit was evaluated using item- 
restscore correlations and showed good fit in 98 % of items. Differential Item Functioning was found in four items 
but had very little effect on the model. Clinical validity was supported by the know-group analyses.
Discussion/conclusion: The Danish BREAST-Q reconstruction module has good acceptability, feasibility and val
idity, and adequate reliability. The results support the use in a Danish population.

1. Introduction

Breast reconstruction following mastectomy due to invasive or in situ 
breast cancer or for risk-reduction is performed increasingly [1,2]. It is a 
major surgical procedure with inherent risks of complications and per
manent side effects, such as impaired sensibility of the breast, pain, and 
altered breast shape and firmness, which can affect the patient’s 
health-related quality of life (HRQOL). It is important to assess the al
terations in HRQOL to provide evidence-based counseling to patients 
considering breast reconstruction, and patient-reported outcome mea
surement (PROM) is ideal for this purpose. Existing validated in
struments in Danish, such as the SF-36, are not optimal because they are 

generic and not specific for breast reconstruction.
The BREAST-Q reconstruction module is a specific questionnaire that 

measures HRQOL and satisfaction in women undergoing breast recon
struction. It is developed with adherence to international PROM 
guidelines, and is designed to measure change in the underlying 
construct because it consists of both a pre-and postoperative survey [3]. 
With validation for both paper and electronic versions using Rasch 
Analysis (RA) [4,5] and translations to more than 30 languages [6,7], 
the BREAST-Q reconstruction provides a valid, specific, and compre
hensive patient-reported information on HRQOL following breast cancer 
surgery. We have previously performed a Danish linguistic validation of 
all BREAST-Q modules [8]. However, a psychometric scale validation 
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should follow a translation to evaluate the measurement properties in 
the new linguistic and cultural context [9].

Psychometric validation entails examination of a PROM instrument’s 
measurement properties, such as reliability and validity. There are two 
main psychometric theories: Classical Test Theory (CTT) and Modern 
Test Theory (MTT), and the latter includes RA. RA has several advan
tages and is increasingly used in developing and validating PROM in
struments [10]. The current study aims to psychometrically validate the 
Danish BREAST-Q reconstruction module using CTT and RA for use in 
clinical practice and research.

2. Material and methods

2.1. Population

Eligible patients were women above 18 years old who were either 
facing or had undergone any kind of breast reconstruction (e.g., implant- 
based or autologous) and who understand and speak Danish. We 
distinguished between pre- and post-reconstruction responses and refer 
hereafter to them as pre- and postoperative. In the postoperative group, 
at least three months should have passed since the reconstruction of the 
breast mound. Women were invited to participate in the study at their 
outpatient clinic appointments at two Danish university hospitals 
(Herlev and Gentofte Hospital and Rigshospitalet).

2.2. Data collection

We collected data from January 2019 until June 2020 through 
electronic questionnaires via REDCap [11]. Non-responders were sent a 
reminder after three weeks and received a phone call if they remained 
non-responders after another three weeks. The surveys included the 
Danish BREAST-Q reconstruction module version 2.0, which consists of 
167 items in seven preoperative and 15 postoperative scales. Of these, 
20 are multiple-item scales, and two are single-item scales. Eighteen of 
the 20 multiple-item scales have summated scores of 0–100. The scale 
regarding sexual well-being was optional. Preoperative patients were 
invited to fill out both the pre-and postoperative BREAST-Q scales. 
Furthermore, we collected patient-reported information on sociodemo
graphics (e.g., age and level of education) and, to enable clinical vali
dation, we asked postoperative patients to state their overall satisfaction 
with the breast reconstruction and provide information about compli
cations. Information on the date of the surgery, surgical indication 
(oncological or risk-reducing), uni- or bilateral surgery, timing of the 
breast reconstruction (immediate or delayed), and breast cancer treat
ment (radiation and chemotherapy) was collected from electronic pa
tient files. The study was approved by the Regional Data Agency and run 
in accordance with the Declaration of Helsinki, including obtainment of 
informed consent [12].

3. Statistical analyses

We used CTT and RA, and analyses were based on complete cases. 
Descriptive statistics are reported for all 22 scales, while psychometric 
analyses are reported for multiple-item scales with summated scores 
0–100 and more than 40 complete responses.

3.1. Overall concepts

Acceptability: was assessed by calculating the response rates, missing 
data, and the maximum endorsement frequency (MEF, the percentage of 
respondents who have chosen the response option that is the least (MEF, 
low) or the most (MEF, high) popular). As in previous validations, 
missing data >5 % and MEF >80 % were considered violations of data 
quality [4].

Reliability: refers to a scale’s measurement precision [13] and was 
measured using Cronbach’s coefficient alpha (see below).

Construct validity: refers to how well an instrument measures the 
construct it is supposed to measure [13] and was measured as the fit of 
the observed data to an MTT model, which is a requirement due to as
sumptions of unidimensionality and invariance for the MTT model.

Interpretability: is the degree to which the total score of a scale can be 
assigned qualitative meaning and is evaluated through a clinical vali
dation [13]. We tested two known group hypotheses: 1) patients with 
complications would have a lower score than patients without compli
cations, and 2) patients who were more satisfied with their breasts after 
the breast reconstruction would have a higher score than patients who 
were less satisfied with their breast after the breast reconstruction. 
Scores were compared across these groups using box plots and the 
Hodges-Lehman estimator of the median difference.

3.2. Classical Test Theory

Floor and ceiling effects: were defined as > 15 % of the respondents 
obtaining either the lowest or the highest scale score, as this makes it 
difficult to discriminate among respondents, thus compromising reli
ability [14].

Chronbach’s alfa: is a reliability coefficient that measures the internal 
consistency between items [15]. Values range from 0 to 1, with a good 
correlation between 0.7 and 0.95 [14]. Chronbachs alfa should, how
ever, be interpreted with care since it will rise with the number of items 
in a scale despite the average inter-item correlation being maintained 
[16]. If local dependency ((LD), see below) is present, Chronbach’s alfa 
increases and will thus falsely inflate reliability [17]. In this case, 
Chronbach’s alpha calculated on testlets (see below) can be used to es
timate reliability.

3.3. Rasch Analysis

Local dependency: Fundamental assumptions in RA include that items 
should be related through the latent variable alone, they should be 
conditionally independent of each other, and the response to one item 
should not depend directly on the response to another [17]. LD can 
occur if items are similar in content, i.e., items are asking the same in 
different ways. We examined the correlation between item residuals 
using Q3, * defined as the difference between the largest and average 
residual correlation [18]. The Q3, * differs from the more commonly 
used Q3 by taking into account how the number of items impacts re
siduals. A Q3, * value of 0.2, which we used as a cut-off, is proven 
reasonably stable compared to the standard of 0.3 [18]. Evidence of LD 
led to an adapted scale where the item pair with the maximal residual 
correlation was collapsed into a testlet (i.e., a group of questions about 
the same topic), operationalized as the sum [19].

Differential Item Functioning (DIF): occurs if an item is answered 
differently by a subgroup of the study population due to an external 
factor such as for instance age. A fundamental assumption in RA is that 
DIF is not present, which is called invariance. We examined DIF for age 
(age below/above 60 years) and educational level (short, medium, and 
long) using ordinal logistic regression. A graphical evaluation assessed 
the magnitude of DIF (not shown).

Overall fit: The Rasch model’s overall fit for each scale is an indicator 
of validity and unidimensionality. We evaluated the overall fit using 
conditional likelihood ratio tests (significant p-values indicate misfit) 
[20].

Item fit: evaluates how well the observed data fits the Rasch model 
expectations, and misfit implies that the scale’s validity may be 
compromised. Evidence of misfit can also occur due to LD or DIF and 
should lead to a close examination of the relevant items. We used a fit 
statistic comparing observed and expected item rest-score associations 
(significant p-values indicate misfit) [21]. When item misfit was statis
tically significant after adjustment for multiple testing, we used a 
graphical evaluation of conditional item characteristics curves to inspect 
the magnitude [22]. The false discovery rate (FDR) was kept at 5 % using 
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the Benjamini-Hochberg procedure [23].
Unidimensionality: The Rasch model postulates that all items in a 

scale measure a single unidimensional latent variable responsible for the 
observed correlation between the observed item scores [24]. We eval
uated unidimensionality by first evaluating the overall fit of the Rasch 
model for each scale. In case of any misfit, we evaluated item fit, LD, and 
DIF and, if possible, adapted the scale as outlined below.

Analysis of adapted scales: When we disclosed evidence of both LD 
and misfit, we took LD into account by testing DIF and model fit in the 
adapted testlet scales. Based on the results of these analyses, we syn
thesized a conclusion about the scale.

See Fig. 1 for an abbreviation overview.
We used SAS software version 9.4 and R version 4.2.1 [25] for sta

tistical analysis. The R packages eRm, iarm, RASCHplot, and sirt were 
used for Rasch analyses [22,26–28]. A significance level of 0.05 was 
used.

4. Results

We included 140 preoperative and 257 postoperative patients (56 
were both), and 115 and 201 provided complete responses, yielding 
response rates of 82 % and 78 %, respectively. Missing data was ≥5 % in 
23 of 167 items (14 %), all of which can be found in the preoperative 
Sexual well-being scale and the postoperative Satisfaction with breasts 
scale, except for one item in the Physical well-being scale. MEF was >80 % 
in 25 of 167 items (15 %) (Supplementary Table 1).

Mean ages were 49.8 and 51.4 years, respectively. Most patients 
were recruited from Herlev and Gentofte Hospital (Table 1). Of the 18 
multiple-item scales with summated scores, 13 had more than 40 com
plete responses and were eligible for validation. Hence, 120 items were 
validated using RA (Table 2).

4.1. Classical Test Theory

Floor or ceiling effects were found in 11/18 scales with summated 
scores, and Chronbachs alfa calculated on adapted testlet scales ranged 
from 0.81 to 0.95 (Supplementary Table 2 and Table 2).

Fig. 1. Abbreviation box in alphabetic order.

Table 1 
Patient characteristics; values are no. (%) unless otherwise indicated.

Characteristics Pre-operative 
responses (N =
115)a

Post-operative responses (N =
201)a

Age, mean (range) in 
years

49.9 (29–75) 51.4 (20–81)

Recruitment site
- Herlev and Gentofte 

Hospital
100 (87.0) 182 (90.6)

- Rigshospitalet 15 (13.0) 19 (9.5)
Highest level of educationb

- Primary School 3 (2.6) 7 (3.5)
- High School 7 (6.1) 12 (6.0)
- Short-cycle higher 

education
19 (16.5) 34 (16.9)

- Medium-cycle higher 
education

53 (46.1) 76 (37.8)

- Long-cycle higher 
education

31 (27.0) 65 (32.3)

- Other 2 (1.7) 7 (3.5)
Household income (n) (%)
- < 500,000 DKK 29 (25.2) 45 (22.4)
− 500–800,000 DKK 37 (32.2) 62 (30.9)
- >800,000 DKK 49 (42.6) 91 (45.3)
- Unknown 0 3 (1.5)
Marital status
- Married/cohabiting 85 (73.9) 145 (72.1)
- Partner/significant 

other
8 (7.0) 12 (6)

- Widowed or single 22 (19.2) 43 (21.4)
- Unknown 0 1 (0.5)
Employment status
- Employed 80 (69.6) 158 (78.6)
- Unemployed 3 (2.6) 4 (2.0)
- Retiredc 8 (7.0) 13 (6.5)
- Sick leave 19 (16.5) 13 (6.5)
- Other 5 (4.4) 13 (6.5)
Radiation therapy
- Yes 45 (39.1) 30 (14.9)
- No 70 (60.9)d 171 (85.1)d

Chemotherapy
- Yes 82 (71.3) 123 (61.2)
- No 33 (28.7)d 78 (38.8)d

Months since surgery, 
median (range)

– 10.1 (3.0–345)

Type of surgery ​ Unilateral 
surgery 
(N¼123)

Bilateral 
surgery (N ¼
78)

Surgical indication
- Oncological – 122 (99.2) 14 (18.0)
- Risk-reducing 1 (0.8) 15 (19.2)
- Both (for bilateral 

surgeries)
– 49 (62.8)

Timing of the breast reconstruction
- Immediate – 56 (45.5) 46 (59.0)
- Delayed 67 (54.5) 8 (10.3)
- Both (for bilateral 

surgeries)
– 24 (30.8)

Type of breast reconstruction
- Expander-implant ​ 28 (23.0) 18 (23.1)
- Direct-to-implant 33 (27.1) 32 (41.0)
- Autologous with 

implants
14 (11.5) 4 (5.1)

- Autologous 47 (38.5) 3 (3.9)
- A combination of the 

above (for bilateral 
surgeries)

– 21 (26.9)

a 35 patients have contributed with both pre- and postoperative responses.
b Classified according to DISCED-15 as described by Statistics Denmark https 

://www.dst.dk/en/Statistik/dokumentation/nomenklaturer/disced15-audd.
c Both incapacity beneficiaries and pensioners.
d Either the patient did not receive radiation or chemotherapy, or the data was 

not applicable.
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4.2. Rasch Analyses

Evidence of LD, indicated by Q3,* values above 0.2, was found in 8/ 
13 validated scales. Evidence of DIF, calculated on adapted testlet scales 
taking LD into account, was found for age in the postoperative Satis
faction with breasts and Satisfaction with surgeon scale. DIF for education 
was found in the preoperative Sexual well-being scale and in the post
operative Satisfaction with medical team scale. However, none of these 
were significant after adjustment for multiple testing.

The initial analysis of overall fit showed a very poor fit of the data to 
the Rasch model for nearly all scales (results not shown). However, 
testlet analyses considering LD showed adequate overall Rasch model fit 
for all scales. Item fit was evaluated on 72 items and 23 testlets across 13 
scales. Of these 95 items or testlets, 16 item fit statistics (17 %) were 
significant at the 5 % FDR level (Supplementary Table 3). However, after 
adjustment for multiple testing, only two (2 %) remained significant: 
item o What the scars would look like in the Satisfaction with information 
scale and item f Made you feel comfortable? In the Satisfaction with surgeon 

Table 2 
Overview of the psychometric validation results of the Danish BREAST-Q reconstruction module.

Scales Number of 
items

Sample 
size

Rasch Analyses Classical Test Theory

Local indepen- 
dence (no LD)

No differential item 
functioning (invariance)

Overall Rasch 
model fit

Item 
fita

No floor or 
ceiling effects

αb

Age 
groups

Education 
groups

Preoperative scales
Psychosocial wellbeing 10 114 ÷ ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ 0.91
Sexual wellbeing 6 77 ÷ ✔✔ ÷ ✔✔ ✔✔ ✔✔ 0.81
Satisfaction with breasts 4 112 ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ 0.85
Physical wellbeing: chest 10 109 ÷ ✔✔ ✔✔ ✔✔ ✔✔ ÷ 0.86
Physical wellbeing: abdomen 4 33 – – – – – ÷ –
Satisfaction with abdomen 1 33 – – – – – – –
Lattisimus dorsi module: Physical 

well-being: back and shoulder
11 20 – – – – – ÷ –

Postoperative scales
Psychosocial wellbeing 10 196 ÷ ✔✔ ✔✔ ✔✔ ✔✔ ÷ 0.93
Sexual wellbeing 6 158 ÷ ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ 0.81
Satisfaction with breasts 15 174 ✔✔ ÷ ✔✔ ✔✔ ✔✔ ✔✔ 0.92
Satisfaction with implants 2 146 – – – – – – –
Physical wellbeing: chest 11 191 ÷ ✔✔ ✔✔ ✔✔ ✔✔ ÷ 0.86
Physical wellbeing: abdomen 7 45 ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ ÷ 0.85
Satisfaction with abdomen 3 45 – – – – – – –
Satisfaction with nipple 

reconstruction
1 79 – – – – – – –

Lattisimus dorsi module: Physical 
well-being: back and shoulder

11 27 – – – – – ✔✔ –

Lattisimus dorsi module: satisfaction 
with back

8 28 – – – – – ÷ –

Adverse effects of radiation 6 31 – – – – – ÷ –
Satisfaction with information 15 185 ÷ ✔✔ ✔✔ ✔✔ ÷ ✔✔ 0.93
Satisfaction with surgeon 12 193 ÷ ÷ ✔✔ ✔✔ ÷ ÷ 0.93
Satisfaction with medical team 7 195 ✔✔ ✔✔ ÷ ✔✔ ✔✔ ÷ 0.94
Satisfaction with office staff 7 192 ✔✔ ✔✔ ✔✔ ✔✔ ✔✔ ÷ 0.95

✔ = Present.
÷ = Not present.

a Item fit was not present if a p-value remained significant after adjustment for multiple testing.
b Cronbachs alpha was calculated on adapted testlet scales.

Fig. 2. Conditional item characteristic curves of item o: What the scars would look like in the Satisfaction with information scale (a) and item f: Made you feel 
comfortable? in the Satisfaction with surgeon scale (b).
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scale. Only item o’s conditional item characteristics curve deviates from 
expected means, and the magnitude of misfit is small (Fig. 2).

The known-group analyses of clinical validity comparing patients 
with more or less postoperative self-reported satisfaction with breasts 
and patients with or without surgical complications, respectively, 
reached higher scores in all scales, except for the Physical well-being: 
abdomen scale (Table 3). In the Satisfaction with breasts scale, the dif
ferences in means were 9 (95 % CI 3–14) and 4 (95 % CI 0–9) points in 
the two known-groups, respectively (Fig. 3).

5. Discussion

The psychometric validation of the Danish BREAST-Q reconstruction 
module using both CTT and RA of 115 preoperative and 201 post
operative responses showed a good overall fit in all scales, a good item 
fit in most scales, and good clinical validity. LD was found in 8/13 scales. 
However, reliability measured using Chronbach’s α was acceptable 
when taking LD into account.

5.1. Acceptability

Acceptability was good, with response rates above proposed stan
dards [29] and missing data ≤5 % and MEF <80 % for most items. The 
missing data was concentrated in two scales: the preoperative Sexual 
well-being scale (range 11.3–13.0 %), and the postoperative Satisfaction 
with breasts scale (range 5–6.5 %). Similarly, the German and American 
validations of the BREAST-Q Breast Conserving Therapy module found 
missing data to be highest in the Sexual well-being sale [30,31]. This, 
along with the fact that 22/115 and 43/201 patients, pre-and post
operatively, respectively, preferred not to answer this optional scale, 
signifies the delicacy of the content, similar to what the Japanese and 
American BREAST-Q validation studies found [31,32]. Patients also 
expressed this in the Danish linguistic validation [8].

5.2. Classical Test Theory

Floor or ceiling effects were found in 11/18 multiple-item scales with 
summated scores, which makes it difficult to discriminate among pa
tients and thus affects the reliability of the particular scales. This should 
be kept in mind when interpreting results. With the exception of the 
Satisfaction with surgeon/medical team/office staff, the scales with the 
higher floor or ceiling effects (>25 %) were scales with <40 complete 
responses: the preoperative Physical well-being: abdomen scale (n = 33), 
the postoperative Lattisimus dorsi: satisfaction with back scale (n = 27) 
and the postoperative Adverse effects of radiation (n = 31), thus the 
estimated floor effects should be interpreted with caution. Similarly, the 
Japanese validation of the BREAST-Q: Mastectomy module found floor 
effects in the Sexual and Physical well-being scale and ceiling effects in the 

Satisfaction with care scales [32]. The latter was also found in validating 
the BREAST-Q: Breast Conserving Therapy Module and the BODY-Q, a 
PROM instrument for massive weight loss patients. The authors suggest 
that it was because the study sample came from a sizeable specialized 
cancer center or simply reflected the patient’s satisfaction with treat
ment [31–33]. In our case, the study sample also primarily came from a 
single specialized unit. Reliability was backed by Chronbachs alfa, 
ranging from 0.81 to 0.95 in adapted scales with testlets, which is within 
the acceptable range, as in the original validation [5].

5.3. Rasch Analyses

The analyses disclosed evidence of LD for 8/13 scales. Examples of 
items with local dependence are item a Was competent and item g Was 
thorough from the Satisfaction with surgeon scale, and item e Confident 
sexually about how your breast(s) look when unclothed, and item f Sexually 
attractive when unclothed from the Sexual well-being scale. As local inde
pendence is one of the fundamental assumptions in RA, LD may lead to 
item misfit, and it is important to consider why it occurs and what the 
consequence should be. One option could be to exclude items because 
they are too similar. However, since we found the content of the items to 
be distinct but related and continue to find all items clinically relevant, 
we recommend leaving the scales unchanged. In our study, we handled 
the disclosed LD by generating testlets, so the LD did not influence the 
remaining analyses.

The value of the Q3 test is influenced by factors like the number of 
items; therefore, the cut-off value should differ across studies. We chose 
to use Q3, * because it takes this into account.

LD and DIF were not evaluated in the validation of the original 
BREAST-Q reconstruction module [5]. It may be because LD was not 
commonly addressed at the time of the study [17]. Given our findings, 
the original reliability measures of Chronbach’s alfa and Person Sepa
ration Index could be higher than they would have been had LD been 
considered. Both LD and DIF are incorporated in the validation of later 
added scales [34].

The results from the fit analyses on adapted testlet scales indicate 
good validity. Hence, the scales measure what they are intended to 
measure and support the assumption of unidimensionality.

The clinical validity tested using known-group hypotheses demon
strates, except for the Physical well-being: abdomen scale, possibly due to 
a small sample size, that the scores of the BREAST-Q are in line with both 
the patient’s perception and with our expectation that surgical compli
cations negatively affect the result of a breast reconstruction, supporting 
its use in clinical practice. Our results are akin to those from the original 
validation [5].

As samples between 100 and 500 [35,36] are recommended for 
Rasch analyses, we believe that our overall sample size of 109–196 is 
sufficient. Still, a low number of respondents prevented us from 

Table 3 
Clinical validity for the multiple-item post-operative scales with summated scores. Scale scores are reported as means with 95 % confidence intervals and compared 
across groups using differences between means with 95 % confidence intervals.

Scale Satisfaction with breasts after surgery compared with beforea Patient-reported complicationsb

Less More Difference Yes No Difference

Psychosocial wellbeing 65 (58–67) 71 (68–75) 9 (3–14) 68 (65–71) 74 (70–79) 6 (1–12)
Sexual wellbeing 44 (39–50) 56 (51–60) 11 (4–18) 52 (47–56) 57 (52–62) 5 (-1–12)
Satisfaction with breasts 52 (48–55) 68 (64–71) 16 (11–21) 61 (58–65) 66 (62–70) 4 (0–9)
Physical wellbeing: chest 70 (65–75) 78 (74–83) 9 (2–15) 73 (69–76) 81 (77–86) 8 (3–14)
Physical wellbeing: abdomen 73 (55–91) 71 (65–78) 2 (-17–21) 68 (61–74) 78 (69–87) 10 (0–21)
Satisfaction with information 61 (56–67) 69 (65–73) 8 (1–14) 64 (61–68) 74 (69–79) 10 (4–16)
Satisfaction with surgeon 82 (76–87) 87 (84–91) 6 (-1–12) 84 (81–88) 92 (89–96) 8 (3–13)
Satisfaction with medical team 88 (84–93) 94 (91–97) 6 (0–11) 92 (89–94) 95 (91–99) 3 (-2–7)
Satisfaction with office staff 91 (87–95) 94 (91–97) 3 (2–8) 92 (89–94) 95 (91–99) 3 (-2–8)

a Patients were asked to state their overall satisfaction with their breast after reconstruction compared to before reconstruction as less, the same or more. If both 
breasts were reconstructed, they should answer with regard to the breast they were the least satisfied with. Results for patients with the same satisfaction are not shown.

b Complications were patient-reported and not validated.
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conducting RA in five scales, and in the preoperative Sexual well-being 
scale (n = 77) and the postoperative Physical well-being: abdomen scale 
(n = 45), the results should be interpreted with caution. Another limi
tation is that we primarily recruited patients from one institution, and 
the study population may, therefore, not be representative of Denmark 
as a whole. However, Denmark only has 6.0 million inhabitants [37], 
and even though cultural differences exist across the country, we expect 
that the impact is negligible. Additionally, previous BREAST-Q valida
tions have examined response category threshold order [5]. Our sample 
size is substantially smaller, making it difficult to conclude from such 
analyses. Also, we have not accounted for the type of breast recon
struction in our known-group analyses that examine the interpretability 
of the BREAST-Q. Autologous reconstruction has been associated with 
higher satisfaction with breasts but also a higher number of complica
tions [38]. Lastly, we could not evaluate responsiveness (the in
strument’s ability to measure clinically important change over time in 
the measured construct) since only a small subgroup (n = 35) completed 
both surveys, and we did not examine test-retest reliability.

The study’s strengths include a comprehensive RA comprising ana
lyses of LD and DIF and taking disclosures of such into account in the 
remaining reliability and validity analyses. RA has several advantages, 
such as independence from the test sample [10]. In addition, we 
included both pre-and postoperative patients and validated scales that 
are identical pre-and postoperatively separately, which has not been 
done before.

A recent update on the content validity of the breast cancer modules 
in BREAST-Q found that the questionnaire is still very relevant for these 
patient groups [7]. However, to ensure comprehensiveness, new scales 
for upper extremity lymphedema, breast sensation, fatigue, cancer 
worry, and work impact have been developed [7,34,39,40]. Danish 
translation and validation of these additional scales would also be of 
great value. International use of the BREAST-Q may provide great 
insight into the well-being and satisfaction of women going through 
breast surgery and allow for comparison across cultures. We welcome 
other psychometric validations using RA, particularly including an 
assessment of LD and DIF, and a similar validation of the remaining 
translated Danish BREAST-Q modules is warranted. An evaluation of the 
responsiveness could add to the clinical interpretation of the scores. In 
addition, establishing normative BREAST-Q scores in a Danish popula
tion, as has been done in other countries, would add value to the clinical 
use since they vary across cultures [41–46].

6. Conclusion

The Danish BREAST-Q reconstruction module has now been both 
linguistically and psychometrically validated. It has demonstrated good 
acceptability, feasibility, validity, and adequate reliability and can be 
used in clinical practice and research. However, the evidence of LD and 
floor or ceiling effects in several scales reduces the measurement 
precision.
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Fig. 3. Box plots of the known-group analyses show the BREAST-Q-scores for the groups with more (n = 90) and less (n = 61) postoperative self-reported satisfaction 
compared with before surgery (a) and the groups with (n = 126) and without (n = 66) one or more self-reported surgical complications (b) for the Satisfaction with 
breasts scale. Results from the group that reported the same post-operative self-reported satisfaction with breasts compared with before surgery (n = 41) in (a) are 
not shown.
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