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In Canada, breast cancer is the most commonly diag-
nosed cancer among women and is expected to affect 
1 in 8 Canadian women in their lifetime.1 Early detec-

tion is paramount to maximizing treatment success and 
improving patient outcomes. Although mammography is 
currently the most reliable and accepted method for detect-
ing breast cancer, it can fail to detect between 16% and 
30% of breast cancers.2 Factors such as younger age and 
higher breast density have been shown to decrease the 
screening accuracy of mammography.2,3 Improper breast 
positioning can also decrease the diagnostic sensitivity of 
mammography, potentially leading to unnecessary repeat 
examinations, higher radiation exposure, unnecessary inva-
sive procedures such as biopsies and surgery, and missed 
breast cancer cases.4–7

In recent years, there have been increasing concerns 
regarding the quality of breast positioning in mammographic 
examinations.4,8–10 In Canada, a study evaluated the quality of 

197 mammographic examinations performed between 2004 
and 2005 as part of the Quebec Breast Cancer Screening 
Program.8 Findings showed that 49.7% of the mammographic 
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Background: Although there are concerns that inadequate breast positioning in mammographic examinations may lead to cancers 
being missed, few studies have examined the quality of breast positioning, especially in the Canadian context. Our objective was to 
assess the quality of breast positioning in mammographic examinations in a Quebec-wide representative sample of technologists.

Methods: This quality improvement study was part of a professional inspection launched by the Ordre des technologues en imag-
erie médicale, en radio-oncologie et en électrophysiologie médicale du Québec among its members. The inspection was con-
ducted between May and July 2017 on a proportionate stratified random sample of all active technologists certified in mammogra-
phy in Quebec. Each technologist provided images from 15 consecutive mammographic examinations they performed in the 
previous 6 months. The quality of positioning was then evaluated by senior technologists using a quality assessment tool specifi-
cally developed for this inspection. A technologist was deemed to have failed the professional inspection when at least 7 of the 
15 mammographic examinations were scored as critical failures. Proportions were calculated accounting for sampling weights and 
correction for finite population.

Results: Among the 520 technologists certified in mammography in Quebec, 76 technologists (14.6%) were randomly selected for 
the professional inspection and contributed images from 1127 mammographic examinations. Thirty-eight technologists (weighted 
percentage 50.3%, 95% confidence interval [CI] 37.6% to 63.0%) failed the professional inspection. Overall, 492 mammographic 
examinations (43.7%, 95% CI 38.6% to 48.8%) had at least 1 image scored as a critical failure.

Interpretation: Half of the technologists performing mammographic examinations in Quebec who participated in this study failed the 
inspection, and a substantial proportion of their mammographic examinations demonstrated critical failures in breast positioning. 
Overall, our findings are concordant with those of previous studies and highlight the need for additional investigations assessing the 
quality of breast positioning in mammographic examinations in other jurisdictions.
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examinations did not satisfy the quality criteria for breast posi-
tioning used by the Canadian Association of Radiologists. The 
paucity of more recent evidence highlights the need for an 
updated evaluation of the quality of breast positioning and the 
development of a comprehensive and reliable tool that can be 
effectively used to assess mammographic examinations.

The Ordre des technologues en imagerie médicale, en 
radio-oncologie et en électrophysiologie médicale du Québec 
(OTIMROEPMQ) launched a professional inspection among 
its members to evaluate the quality of breast positioning. The 
objective of this study was to assess the quality of breast posi-
tioning in mammographic examinations among a representa-
tive sample of active technologists certified in mammography 
in the province of Quebec.

Methods

Study design and setting
We conducted a quality improvement study at the request of 
OTIMROEPMQ between May and July 2017. We selected a 
random sample of all certified medical radiation technologists 
with accredited training in breast imaging in Quebec who 
were active in 2017. Technologists were selected from the 
OTIMROEPMQ database, which contains up-to-date mem-
bership and accreditation information for all members.

Study population
Proportionate stratified random sampling was used to select 
technologists on the basis of 4 criteria: the geographic loca-
tion (urban v. rural) of the centre at which the technologist 
worked, the annual volume of mammographic examinations 
performed at the centre (low v. high volume, with 2266 used 
as the median cut-off), the annual number of mammographic 
examinations performed by the technologist (low v. high, with 
709 used as the median cut-off) and the technologist’s years of 
experience (< 3 yr, 3–14 yr, ≥ 15 yr) with or without continu-
ing education. These 4 criteria generated 48 possible strata. 

We then calculated sampling weights to determine how 
many technologists we needed to sample from each stratum to 
ensure that the distribution of technologists in each stratum 
in our study sample matched the distribution of eligible 
OTIMROEPMQ technologists in each stratum. Thus, 1 or 
more technologists were selected at random from each stra-
tum that included at least 1 technologist. Within a given 
stratum, each technologist had the same probability of being 
selected. With 520 active technologists certified in mammog-
raphy in Quebec in 2017, it was deemed that a 15% sample 
(n = 78) would maximize feasibility while generating accept-
able variances in estimates.

Development of the quality assessment tool
We developed a quality assessment tool for mammographic 
breast positioning to limit subjectivity while maximizing inter-
rater agreement. We extracted quality assessment criteria used 
by the American College of Radiology11,12 and the Canadian 
Association of Radiologists,8 the United Kingdom’s National 
Health Service Breast Screening Programme13 and the 

European Guidelines for Quality Assurance in Breast Cancer 
Screening and Diagnosis.14

We then selected 3 senior technologists currently provid-
ing formal training in mammographic imaging and recom-
mended by OTIMROEPMQ for their superior breast imag-
ing expertise, to form an expert panel. They each had 
expertise in evaluating breast imaging data and were thus ade-
quately skilled to recognize critical failures related to breast 
positioning. The selection of panel members was informed by 
previous findings that technologists providing formal training 
conduct higher quality mammographic examinations.9

Each member of the expert panel independently provided 
a set of criteria for evaluating the quality of breast positioning 
on the basis of their professional experience and training. Sep-
arate criteria were developed for craniocaudal (CC) views and 
mediolateral oblique (MLO) views.

For the overall quality score, we used a binary response 
(adequate v. critical failure) on the basis of the PGMI (perfect, 
good, moderate, inadequate) evaluation system used for qual-
ity assurance in mammography in the UK and elsewhere.13,15 
To reduce subjectivity, we predefined the criteria by which an 
image would be assessed to be a critical failure. Details of 
the pilot evaluation and predefined criteria are provided in 
Appendix 1, Supplementary Methods 1, available at www.
cmajopen.ca/content/9/2/E607/suppl/DC1.

The tool was tested for interrater agreement by the expert 
panel using 2 samples, for a final raw agreement of 97% and 
a Cohen κ coefficient of 0.63, indicating good interrater 
agreement (Appendix 1, Supplementary Methods 2). The 
final tool contained 8 criteria to evaluate positioning on CC 
view (Appendix 1, Supplementary Table 1) and 9 criteria to 
evaluate positioning on MLO view (Appendix 1, Supplemen-
tary Table 2).

Data collection
As part of the professional inspection, the selected technolo-
gists were asked by the OTIMROEPMQ to submit the 
images from 15 consecutive mammographic examinations 
conducted over a maximum period of 6 months in 2017. 
Tomosynthesis mammograms, mammograms of patients with 
double mastectomy or implants and mammograms of male 
patients were excluded.

For each mammographic examination, the technologist 
completed a case report form, designed and distributed by 
OTIMROEPMQ, abstracting selected patient characteristics 
from medical records (age, weight, height) and mammogram 
files (breast size, type of mammography, modality, specific 
conditions, presence of cutaneous markers, and comparison of 
the images with those from previous examinations). Cutane-
ous markers are placed on a patient’s skin before mammogra-
phy to help identify surgical scars, raised moles or skin lesions, 
for example. The American College of Radiology recom-
mends using and documenting this practice to detect impor-
tant clinical findings better.16 We also collected information 
on whether the submitted images had been compared with 
those from a previous examination. It has been shown that 
comparisons with the images from previous mammographic 
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examinations can reduce false-positive findings and recall 
rates.17 These variables were collected to help describe tech-
nologists’ behaviours during mammography.

Characteristics of the technologists (type of training 
received, annual number of mammographic examinations per-
formed, number of years of experience) and characteristics of 
the centres (location, number of patients, centre designation, 
annual number of mammographic examinations performed) 
were obtained from the OTIMROEPMQ.

For technologists, a passing grade was defined as a score of 
60% (a minimum of 9 of 15 mammographic examinations 
determined to be acceptable and a maximum of 6 of 15 mam-
mographic examinations determined to be critical failures). 
Consequently, if 7 or more of the 15 mammographic exami-
nations submitted for inspection by a given technologist were 
judged to be critical failures, the technologist was deemed to 
have failed the inspection.

Statistical analysis
Given the proportionate stratified random sampling strategy 
we used, we calculated proportions accounting for sampling 
weight and correction for finite population. The modified 
Clopper–Pearson method was used to generate confidence 
intervals (CIs). As up to 15 patients had their examinations 
conducted by the same technologist, the variance of the esti-
mates was estimated using the Taylor series method to account 
for intracluster correlation.18 Analyses were conducted using 
SAS software version 9.4 (SAS Institute Inc.).

Ethics approval
Ethics approval was waived by the Research Ethics Board of 
the Jewish General Hospital as this was a professional inspec-
tion requested by OTIMROEPMQ and deemed a quality 
improvement study.

Results

Of the 520 active technologists in Quebec, 78 were initially 
selected as part of the proportionate random stratified sam-
pling. Of those, 1 technologist was no longer certified in mam-
mography, while another was on maternity leave. As these 
technologists were alone in their respective strata, it was not 
possible to select additional technologists to replace them, and 
thus the analyses were based on data for 76 (14.6%) technolo-
gists. The selected technologists came from 27 of the 48 possi-
ble strata and were representative of the population of technol-
ogists in Quebec (Appendix 1, Supplementary Table 3).

Table 1 presents the characteristics of the selected tech-
nologists. The majority of them worked in an urban location 
(n = 68, 89.5%) and at a high-volume centre (n = 51, 67.1%). 
Approximately half of them had between 3 and 14 years of 
mammography imaging experience (n = 42, 55.3%) and about 
one-fifth (n = 16, 21.1%) had additional qualifications in 
mammographic imaging.

As this was a mandatory inspection, 100% of the 76 selected 
technologists provided images, resulting in the submission of 
images from a total of 1140 mammographic examinations. 

Of these examinations, 13 had missing views or did not meet 
the inclusion criteria, resulting in a sample of 1127 examina-
tions for evaluation. The characteristics of the 1127 patients 
who underwent these examinations and the associated mam-
mograms are presented in Table 2. The mean age of patients 
was 58.7 (standard deviation [SD] 9.2) years, and the mean 
body mass index was 25.4 (SD 6.8). A total of 880 mam
mographic examinations (78.1%) were screening examina-
tions and 244 (21.7%) were diagnostic examinations.

Quality of positioning on craniocaudal view
Overall, 15.7% (95% CI 7.8 to 26.9) of the technologists 
failed to achieve the minimum passing grade of 60%, as at 
least 7 of their 15 CC images were scored as critical failures 
(Appendix 1, Supplementary Figure 1A). Table 3 presents the 
results of the evaluation of positioning on CC view for 
the 1127 examinations, consisting of 1127 right CC images 
and 1127 left CC images. The percentage of images scored as 
critical failures was 22.3% (95% CI 19.0% to 25.8%) for the 
right CC images and 19.0% (95% CI 15.8% to 22.5%) for 
the left CC images. For 27.6% (95% CI 24.0% to 31.4%) of 
the examinations, either the right or the left CC image was 
evaluated as a critical failure because of improper positioning 
on CC view.

The most common reasons for failure on CC view were 
poor visualization of posterior tissues (20.2%, 95% CI 16.9% 
to 23.9%), portion of breast cut off (17.5%, 95% CI 13.9% to 
21.6%) and posterior nipple line on CC not within 1 cm of 
posterior nipple line on MLO view (14.9%, 95% CI 12.1% to 
18.1%) (Appendix 1, Supplementary Table 4).

Quality of positioning on mediolateral oblique view
A total of 19.4% (95% CI 11.0% to 30.6%) of the technolo-
gists failed to achieve the minimum passing grade of 60%, as at 
least 7 of their 15 MLO images were scored as critical failures 
(Appendix 1, Supplementary Figure 1B). Table 3 presents the 

Table 1: Characteristics of a representative sample of 
technologists certified in mammography in the province of 
Quebec in 2017

Characteristic
No. (%) of technologists 

n = 76

Practice location

    Urban 68 (89.5)

    High-volume centre* 51 (67.1)

Performed a high annual volume of 
examinations†

39 (51.3)

Years of experience

    < 3 4 (5.3)

    3–14 42 (55.3)

    ≥ 15 30 (39.5)

Received continuing education 16 (21.1)

*Defined as a centre performing ≥ 2266 mammographic examinations annually.
†Defined as ≥ 709 mammographic examinations annually.
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results of the evaluation of positioning on MLO view for the 
1127 mammographic evaluations. The percentage of MLO 
images scored as critical failures was 20.0% (95% CI 16.3% 
to 24.1%) for right MLO images and 17.6% (95% CI 14.0% 

to 21.6%) for left MLO images. For 26.0% (95% CI 21.6% to 
30.8%) of the mammographic examinations, either the right 
or the left image was evaluated as a critical failure because of 
improper positioning on MLO view.

The most common reasons for failure on MLO view 
were poor visualization of posterior tissues (16.1%, 95% 
CI 12.5% to 20.2%), portion of breast cut off (14.3%, 95% CI 
10.8% to 18.4%) and inframammary angle not clearly dem-
onstrated (14.0%, 95% CI 10.8% to 17.8%) (Appendix 1, 
Supplementary Table 4).

Overall quality of positioning
We combined the bilateral CC and MLO images to evaluate 
the overall quality of each mammographic examination. 
Thirty-eight of the 76 technologists (weighted percentage 
50.3%, 95% CI 37.6% to 63.0%) failed to achieve the mini-
mum passing grade of 60%, as at least 7 of their 15 mammo-
graphic examinations were scored as critical failures (Appen-
dix 1, Supplementary Figure 2). Table 4 presents the overall 
quality of positioning by combining the results for both the 
CC and MLO views. An overall failure occurred when at least 
1 of the 4 views was evaluated as a critical failure.

A total of 492 of the 1127 mammographic evaluations 
(43.7%, 95% CI 38.6% to 48.8%) had a critical failure in at 
least 1 of the 4 views. Of those 492 examinations, 201 (40.9%, 
95% CI 35.7% to 46.2%) had a critical failure in 1 of the 4 
images, 210 (42.7%, 95% CI 38.2% to 47.3%) had a critical 
failure in 2 of the 4 images, and 81 (16.5%, 95% CI 13.0% to 
20.4%) had a critical failure in either 3 or all 4 images. Addi-
tionally, in 101 of the 492 examinations (20.5%, 95% CI 
16.5% to 25.1%), there were critical failures in the CC and 
MLO views of the same breast, meaning that those patients 
had no acceptable images for 1 of their breasts.

Failure rate by technologist and patient 
characteristics
We examined the percentage of failures according to pa-
tient and technologist characteristics (Appendix 1, Supple-
mentary Tables 5 and 6). Overall, 76.4% of technologists 
working in low-volume centres failed the evaluation com-
pared with 43.7% of technologists working in high-volume 
centres (difference –32.7%, 95% CI –56.2% to 9.2%). 
Technologists who did not have additional qualifications 
had a failure rate of 51.9% compared with 30.0% of those 
who had additional qualifications (difference –21.9%, 95% 
CI –49.3% to 5.6%). In terms of patient characteristics, the 
failure rate was higher among patients with higher body 
mass index (≥  30.0) than among patients with lower body 
mass index (< 30) (50.8% v. 37.0%, respectively; difference 
–13.9%, 95% CI –21.8% to –6.0%).

Interpretation

In a representative sample of technologists certified in mam-
mography in Quebec, 50.3% failed the professional inspec-
tion, defined as having at least 7 out of 15 mammographic 
examinations with critical failures in breast positioning. 

Table 2: Baseline characteristics of patients whose 
mammographic examinations were included in the study

Characteristic

No. (%) of 
patients* 
n = 1127

Age, yr, mean ± SD† 58.7 ± 9.2

Body mass index, mean ± SD‡ 25.4 ± 6.8

Modality§

    Computed radiography 445 (39.5)

    Digital radiography 680 (60.3)

    Unknown 2 (0.2)

Type of examination

    Screening 880 (78.1)

    Diagnostic 244 (21.7)

    Unknown 3 (0.3)

Breast size (cm)

    Small (< 8) 465 (41.3)

    Medium (8–14.9) 588 (52.2)

    Large (≥ 15) 67 (5.9)

    Unknown 7 (0.6)

Breast type

    Regular 955 (84.7)

    Cosmetic or plastic surgery¶ 38 (3.4)

    Partial mastectomy 68 (6.0)

    Other surgical scars 19 (1.7)

    Combination** 19 (1.7)

    Unknown 28 (2.5)

Specific condition

    None 1069 (94.9)

    Limited mobility (e.g., wheelchair) 6 (0.5)

    Shoulder pain 6 (0.5)

    Sensitive or very sensitive patient 7 (0.6)

    Other 2 (0.2)

    Unknown 37 (3.3)

Cutaneous markers 156 (13.8)

Images compared with those from 
previous examination

929 (82.4)

Note: SD = standard deviation.
*Unless indicated otherwise.
†Data were missing for 8 patients.
‡Data were missing for 231 patients.
§Computed radiography was defined as use of an offline system that uses a 
cassette-based storage phosphor plate, which is read into a detector to create a 
digital image. Digital radiography was defined as use of an online system that 
uses an integrated flat panel detector to read the digital image instantly.
¶Includes reduction mammoplasty and mastopexy.
**Includes breast type with cosmetic or plastic surgery, or with partial 
mastectomy or with other surgical scars or any combination of these.
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Furthermore, in 492 (43.7%) of the 1127 mammographic 
examinations evaluated, there was a critical failure in at least 
1 of the 4 views, and in 101 (20.5%) of these examinations, 
there was an entire breast without an adequate image.

Overall, our findings are consistent with the results of 
3 other studies that have examined the quality of mammo-
graphic examinations performed as part of the Quebec Breast 
Cancer Screening Program. In these studies, improper breast 
positioning was the most common factor affecting the quality 
of mammographic examinations, with failure rates of 22.6%, 
37.2% and 55.0%, respectively.5,8,19

There is some evidence suggesting that quality monitoring 
of mammographic examinations and up-to-date positioning 
training, rather than the technologist’s years of experience, 
lead to higher quality images. In a Dutch study, newly trained 
technologists were more likely to demonstrate adequate breast 
positioning than experienced technologists (97% v. 86%, 
respectively, for CC views and 92% v. 84%, respectively, for 
MLO views).20 In a Quebec study, technologists who under-
went hands-on positioning training were more likely to dem-
onstrate adequate positioning than those who did not 
(adjusted proportion ratio 1.3, 95% CI 1.1 to 1.5).9 In a study 
in a US tertiary care academic medical centre, a higher pro-
portion of mammographic examinations met the American 
College of Radiology breast positioning criteria after technol-
ogists underwent positioning training consisting of lectures, 

hands-on training and positioning coaching, compared with 
their baseline mammogram audit (80% v. 67%, respec-
tively).21 In our study, the presence or absence of continuing 
education led to a more pronounced between-group differ-
ence in failure rate than years of experience, although the 
confidence intervals overlapped.

Patient characteristics that have been associated with 
lower quality breast positioning should also be targeted in 
quality improvement initiatives. In an earlier Quebec study, 
there was a higher mammographic examination failure rate 
among patients with a body mass index greater than or equal 
to 30 than among those with a body mass index less than 25  
(53.8% v. 27.9%, respectively), for an adjusted relative risk of 
1.9 (95% CI 1.2 to 3.1).8 These findings are also consistent 
with our results: we found that body mass index was associ-
ated with the highest between-group difference in failure 
rates among all of the patient characteristics we examined. 
Together, these results could provide insights into the spe-
cific challenges that should be addressed during additional 
training.

In our study, a substantial number of technologists failed 
the inspection despite having a certification in breast imaging. 
After we shared these findings with the Quebec Ministry of 
Health and Social Services, the OTIMROEPMQ temporarily 
stopped issuing new licences to technologists until a new edu-
cation program for technologists with a specific focus on 

Table 3: Evaluation of the quality of breast positioning by CC view and MLO view

Assessment category

Right-side images Left-side images

No.
 

% (95% CI) No. % (95% CI)

CC view

    Adequate 876 77.7 (74.2 to 81.0) 913  81.0 (77.5 to 84.2)

    Critical failure 251  22.3 (19.0 to 25.8) 214 19.0 (15.8 to 22.5)

    Total 1127  100.0 1127 100.0

MLO view

    Adequate 902  80.0 (75.9 to 83.7) 929  82.4 (78.4 to 86.0)

    Critical failure 225  20.0 (16.3 to 24.1) 198  17.6 (14.0 to 21.6)

    Total 1127 100.0 1127 100.0

Note: CC = craniocaudal, CI = confidence interval, MLO = mediolateral oblique.

Table 4: Evaluation of the quality of breast positioning by CC view, MLO view and overall

Assessment category

Overall CC view Overall MLO view
Overall mammographic 

examination

No. % (95% CI) No. % (95% CI) No. % (95% CI)

Adequate 816 72.4 (68.6 to 76.0) 834 74.0 (69.2 to 78.4) 635 56.3 (51.2 to 61.4)

Critical failure 310 27.6 (24.0 to 31.4) 293 26.0 (21.6 to 30.8) 492 43.7 (38.6 to 48.8)

Total 1127 100.0 1127 100.0 1127 100.0

Note: CC = craniocaudal, CI = confidence interval, MLO = mediolateral oblique.
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positioning quality was developed in collaboration with the 
ministry. Our study highlights the need for other jurisdictions 
and professional associations to assess breast positioning qual-
ity in their settings.

Our study has several strengths. Our proportionate strati-
fied random sampling strategy resulted in a representative 
sample of certified technologists currently practising in 
Quebec. In addition, the quality assessment tool we used for 
the evaluation yielded good interrater agreement between the 
expert evaluators. 

Limitations
As with all evaluations that use quality assessment tools, our 
study had some inherent subjectivity. In addition, because the 
tool was specifically developed for this professional inspection, 
it was not possible to compare the results directly with those 
generated using other assessment methods. Thus, future stud-
ies will be needed to compare this tool with other assessment 
methods in different settings.

Conclusion
Half of the technologists who participated in this study failed 
a professional inspection aimed at assessing the quality of 
mammographic breast positioning. Overall, these findings are 
concordant with previous studies and highlight the need for 
additional investigations in other jurisdictions.
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