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Diagnostic performance of digital
tomosynthesis for postoperative
assessment of acetabular
fractures and pelvic ring injuries
Atticus Coscia1*, Eric Schweppe2, Jason Anari2, Bruce Kneeland2,
Annamarie Horan2, Samir Mehta2 and Jaimo Ahn1

1Department of Orthopaedic Surgery, University of Michigan, Ann Arbor, MI, United States, 2Department
of Orthopaedic Surgery, University of Pennsylvania, Philadelphia, PA, United States
Introduction: Digital tomosynthesis (DTS) has broad non-orthopaedic
applications and has seen limited use within orthopaedics for imaging of the
wrist. The utility of DTS for assessing reduction and hardware placement
following operative treatment of pelvic ring injuries and acetabular fractures
has not previously been investigated.
Methods: All operatively treated acetabular fractures and pelvic ring injuries that
underwent surgical fixation within a one-year time span received both a
computed tomography (CT) scan and a DTS scan as part of their routine
postoperative imaging workup. Three orthopaedic traumatologists independently
reviewed the images for face-value clinical utility. Radimetrics and PCXMC
software were utilized on a subset of the study population’s DTS and CT studies
to calculate the effective and organ radiation doses delivered.
Results: 52 patients (22 acetabular fractures, 22 pelvic ring injuries, 7 pelvic ring
and acetabular fractures, 2 femoral head & acetabular fractures) were included.
DTS was considered adequate to assess reduction 83% of the time, hardware
position 83% of the time, and sufficient to replace the CT scan 67% of the
time. DTS was associated with an 8.3 times lower effective radiation dose than
CT. All organ doses were lower for DTS than CT.
Discussion: DTS appears to have face-value clinical utility for assessing
reduction and hardware position following surgical treatment of acetabular
fractures and pelvic ring injuries. Given that DTS is associated with significantly
lower radiation doses to patients, further study utilizing more objective criteria
is warranted.

KEYWORDS
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Introduction

Displaced acetabular fractures and unstable pelvic ring injuries often require surgical

intervention to improve functional outcomes (1, 2). Malreduction and misplaced implants

have each been shown to contribute to poor clinical results following surgical fixation

(2–5). Intraoperative fluoroscopy and postoperative plain radiographs are traditionally

used to assess reduction quality and implant position (6). However, these imaging

modalities provide inferior diagnostic sensitivity compared to computed tomography

(CT) (5, 7–11). The routine use of postoperative CT imaging for all surgically treated
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acetabular fractures and pelvic ring injuries remains controversial.

Some authors recommend judicious use of postoperative CT scans

in select patients with complex injury patterns, demonstrating low

rates of revision indicated by postoperative imaging results (7, 9,

12, 13). Meanwhile, others have found higher rates of revision or

have been unable to determine risk factors for reoperation and

suggest that postoperative CT scans should be obtained routinely

(10, 11, 14). Despite these differing recommendations, the fact

remains that across previous studies, the majority of patients will

not require revision surgery based upon their postoperative CT

results. It remains unknown if there are alternative imaging

options which would allow adequate assessment of reduction and

implant position while reducing cost and radiation exposure.

Digital tomosynthesis (DTS) represents a potential alternative

postoperative imaging option. DTS involves tomographic

reconstruction of linear radiography images obtained using a

limited sweep of between 30° and 60° (compared to 360° in CT)

(15–17). DTS is a functional compromise between CT and plain

radiography because this technique generates CT-like cross

sectional imaging in a single plane at significantly reduced

radiation dosage and cost compared to CT (15–17). DTS is

routinely used in various applications including mammography

and pulmonary nodule surveillance (18, 19). DTS use in

orthopaedic indications has remained comparatively limited. To

date, DTS has most frequently been utilized in orthopaedics for

imaging of the wrist. Several series have been published establishing

the superior diagnostic accuracy of DTS over plain radiography to

detect fractures and bone erosions (15, 17, 20, 21). DTS has also

shown some promise for imaging of total hip and knee arthroplasty

components and one case series explored its application in an

orthopaedic trauma population (22–26). The utility of DTS for

assessing fracture reduction and implant placement following

surgical fixation of acetabular fractures and pelvic ring injuries has,

to our knowledge, not previously been investigated.

The purpose of this study was to prospectively investigate the

utility of DTS imaging for assessment of hardware position and

fracture reduction in operatively treated patients with pelvic ring

injuries and acetabular fractures. We hypothesized that DTS

would provide adequate visualization to replace CT for

assessment of hardware placement and fracture reduction for

most patients.
Methods

After institutional review board approval, all surgically treated

acetabular fractures and pelvic ring injuries treated at our urban

level I trauma center were prospectively enrolled from 1/1/2016–

1/1/2017. The standard of care in the University of

Pennsylvania Health system includes the following imaging

studies when evaluating a patient with a pelvic ring or

acetabular injury: Preoperatively, all patients receive an AP

pelvis digital radiograph and a CT scan of the abdomen and

pelvis. 3-D reconstructions (including inlet, outlet, obturator

oblique, and iliac oblique) are rendered from the CT scan.

Intra-operative fluoroscopy aids the assessment of reduction and
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application of hardware. Post-operatively, an AP pelvis digital

radiograph and a CT scan of the pelvis with digitally rendered

inlet, outlet, iliac oblique, and obturator oblique views are

obtained. The study design follows standard of care substituting

DTS post-operatively instead of an AP pelvis digital radiograph.

Of note, the AP pelvis digital radiograph is reconstructed as

part of the DTS sweep.

DTS images were collected on a Healthcare Discovery XR656 or

XR656 Plus (General Electric, Fairfield, Connecticut) systems.

Multiple tomographic “slices” in the coronal plane separated by

2 mm slice intervals were generated using a single sweep in the

superior-to-inferior direction. Three fellowship-trained orthopaedic

traumatologists, each with experience treating patients with pelvic

ring and acetabular injuries, reviewed the images independently

for face-value clinical utility. Traumatologists responded either yes

or no to the following questions: 1- “Can you assess the fracture

pattern of the pelvic ring or acetabular injury?” 2- “Can you assess

the reduction of the pelvic ring or acetabular fracture?”, 3- “Can

you assess hardware placement?” and 4- “Do you feel the DTS

provides adequate information to replace the CT scan?”

A subset of four patients was selected for the purpose of

calculating the organ dose and effective dose to patients from

DTS as compared to CT. Organ and effective doses to patients

secondary to CT were calculated using Radimetrics (Bayer,

Whippany, NJ). Organ and effective doses to patients secondary

to DTS were calculated using PCXMC (Stuk, Vantaa, Finland).

Organ and effective doses were calculated according to the

International Commission on Radiological Protection publication

103 recommendations (27). Effective doses are reported in units

of milli-Sievert (mSv). Organ doses are reported in units of

milligray (mGy). Table 12−1D from the BEIR VII report was

used to calculate lifetime attributable risk of the radiation doses

associated with DTS and CT (28).
Statistical analysis

Fixation tactic was coded such that 0 = open reduction internal

fixation (ORIF) and 1 = closed reduction and percutaneous fixation

(CRPP). Sex was coded such that 0 =Male and 1 = Female.

Dependent variables (questions regarding fracture pattern,

reduction, hardware safety, and replacing CT) were coded such

that a value of 3 reflected that all reading surgeons answered

“yes” when queried regarding this variable, while 0 reflected that

all of the reading surgeons answered “no” when queried.

Data were prescreened to check for outliers and missing data.

Descriptive analyses and correlations were conducted for all

primary variables. Assumptions for multiple regression (i.e.,

linearity, homoscedasticity, independence) were evaluated. Injury

type and age were centered to aid in interpretability. Multivariate

linear regression was conducted using the PROC REG statement

in SAS 9.4 to test study hypotheses (SAS Institute, Inc., Cary,

NC, Copyright © 2016). Separate models were estimated to test

the association between fixation tactic and each dependent

variable, for a total of four models. Age, sex, and injury type

were included as covariates in all models.
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Results

A total of fifty-three participants were considered for data

analysis. N = 1 participant did not have fracture fixation;

therefore, this participant was excluded from further data

analysis. Therefore, N = 52 participants are included in all

analyses. Figure 1 depicts injury and postoperative radiographs,

postoperative CT images, and postoperative digital tomograms

for a patient who sustained a right acetabular fracture and

hip dislocation.
Descriptive statistics

Descriptive statistics are presented in Table 1. Participants

ranged in age from 18- to 95-years-old. On average, participants

were 47 years old (standard deviation age = 19.03) and the

sample had slightly more males (52.83%). With respect to injury

type, most of the sample presented with acetabular fractures

(n = 22) or pelvic ring injuries (n = 22). N = 7 and n = 2 patients

presented with pelvic ring & acetabular fractures, and n = 2

femoral head fractures and acetabular fractures. Regarding
FIGURE 1

AP digital radiograph of the right right hip of a 28-year-old male (A) with a R
same patient (B) following closed reduction. Post-operative AP pelvis digital r
tomography scan (D) representative coronal slice from digital tomogram (E
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fracture fixation, slightly more patients received CRPP (n = 28)

than ORIF (n = 24). The three traumatologists found the DTS

imaging adequate to assess the fracture pattern 26% of the time,

reduction of the fracture or injury 83% of the time, safety of

hardware position 83% of the time and felt that the imaging

studies were sufficient to replace a CT scan post-operatively 67%

of the time.

With respect to zero-order correlations, in general, all

dependent variables were strongly correlated such that

high scoring on one dependent variable was strongly correlated

with higher scoring on all others (see Table 1). For example,

when a high number of physicians rated fracture pattern as

yes, they also rated reduction, hardware safety, and replace

CT as yes. Regarding covariates, age was correlated with sex

(r = 0.34, p < .05) and marginally correlated with hardware

safety (r = −0.26, p = .06), such that older patients were more

likely to be female and less likely to have their hardware safety

rated as “yes”. With respect to the primary independent

variable of interest, fracture fixation was marginally correlated

with reduction (r = 0.26, p = .06), such that patients who

received CRPP received yes ratings on the reduction query

more frequently.
acetabular fracture and hip dislocation. AP pelvis digital radiograph of the
adiograph (C), representative coronal slice from postoperative computed
).
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Multivariate linear regression

Results from multivariate linear regression are reported

in Table 2.
Fracture pattern
Fracture fixation was not associated with the number of yes

ratings from physicians on fracture pattern (B = 0.36, p = .15). No

covariates significantly predicted the number of yes ratings from

physicians on fracture pattern.
Reduction
Fracture fixation was significantly associated with the

number of yes ratings from physicians on reduction at

the trend level (B = 0.35, p = .06). The direction of this

effect suggested that patients who received CRPP had a

higher number of physicians rate yes on reduction. With

respect to covariates, sex was significantly associated with the

number of yes ratings, such that males received a higher

number of physicians rate yes on reduction. No other

associations were significant.
Hardware safety
Fracture fixation was not associated with the number of yes

ratings from physicians on hardware safety (B =−0.02, p = .93).

No covariates significantly predicted the number of yes ratings

from physicians on hardware safety.
TABLE 1 Bivariate correlations and descriptive statistics for main study variab

Variable Age Sex Fixation tactic Injury type Frac

Age
Sex 0.3**

Fixation tactic 0.2 0.1

Injury type 0 0.1 0.1

Fracture pattern 0.1 −0.2 0.2 0

Reduction 0.1 −0.2 0.3* 0.1

Hardware safety −0.3* −0.2 −0.1 −0.1
Replace CT −0.1 −0.2 0.2 −0.1
Mean 47 – – –

Standard deviation 19 – – –

*p = 0.06. **p < .05; Bolded = p < .001. Dependent variables were coded such that a value of 3 refl
reflected that none of the reading surgeons answered “yes” when queried.

TABLE 2 Multivariate linear regression results.

Variable

Fracture pattern Reduction

β S.E. t value β S.E. t v
Intercept 0.7 0.2 3.5** 2.5 0.2 1

Fracture fixation 0.4 0.3 1.5 0.4 0.2 1

Age 0 0 0.5 0 0 0

Sex −0.3 0.3 −1.3 −0.4 0.2 −
Injury type 0 0.1 −0.2 0.1 0.0 0

Sex was coded such that 0 =male, 1 = female. Dependent variables were coded such that a value

while 0 reflected that none of the reading surgeons answered “yes” when queried. Bolded values
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Replace CT scan
Fracture fixation was not associated with the number of yes

ratings from physicians on replace CT scan (B = 0.32, p = .14).

No covariates significantly predicted the number of yes ratings

from physicians on replace CT scan.
Radiation dose for DTS and CT

On average, the effective dose to patients from DTS was 8.3

times lower than the effective dose from CT (Table 3). The

average organ doses were also lower for DTS as compared to CT.

The organ doses are displayed in Table 3 listed and are

organized based upon whether the specified organ was in- or out

of the field of view. Organs that were out of the field of view had

intrinsically lower doses for both DTS and CT. However, organs

that were out of the field of view had a relatively higher ratio of

radiation exposure during CT relative to DTS.
Discussion

Operative intervention is frequently indicated for the treatment

of displaced acetabular fractures and unstable pelvic ring injuries.

Digital radiography and CT are the standard of care for initial

injury assessment and preoperative planning, while fluoroscopy is

utilized intraoperatively to guide reduction and hardware

placement. The optimal postoperative imaging protocol,

specifically the utility of postoperative CT, remains controversial.
les.

ture pattern Reduction Hardware safety Replace CT

0.4

0.3* 0.5

0.4 0.6 0.6

0.8 2.5 2.5 2

0.8 0.7 0.7 0.8

ected that all reading surgeons answered “yes” when queried regarding this variable, while 0

Hardware safety Replace CT scan

alue β S.E. t value β S.E. t value
5.8 2.6 0.2 15 2.1 0.2 11.1

.9 0 0.2 −0.1 0.3 0.2 1.5

.9 0 0 0 0 −0.2 3.2

2.2* −0.2 0.2 −0.4 0.2 −1.6 −1.3
.9 0 0.1 −0.4 −0.1 0.1 −0.5

of 3 reflected that all reading surgeons answered “yes” when queried regarding this variable,

= p < .001, ** = p < .01, * = p < .05.
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TABLE 3 Effective and organ doses for DTS and CT.

Patient DTS (mSv) CT (mSV) Ratio
1 2.2 8.2 3.7

2 2.0 23 12

3 1.4 20 14

4 1.6 7.7 4.8

Average 1.8 15 8.3

Organ DTS (mGy) CT (mGy) Ratio

In field of view
Bone marrow 0.5 11 22

Muscle 1.4 13 9.3

Skeleton 1.0 13 13

Large intestine 2.4 30 13

Adrenals 0 1.0

Small intestines 1.8 30 17

Urinary bladder 9.1 37 4.1

Testicles 15 34 2.3

Skin 1.2 10 8.3

Out of field of view
Brain 0 0

Gall bladder 0.2 11 55

Heart 0 0.3

Kidneys 0.1 8.2 82

Liver 0 4.0

Lungs 0 0.2

Muscle 1.4 12 8.6

Oesophagus 0 0.4

Pancreas 0 2.4

Salivary glands 0 0

Spleen 0 2.6

Stomach 0.1 6.0 60

Thymus 0 0

Thyroid 0 0

mSV, milli-Sievert; mGy, milligray.
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Some feel that postoperative CT should be routinely ordered for all

patients (10, 11, 14). Others recommend that CTs be obtained

more judiciously, considering increased cost and radiation dose

to be prohibitive given the overall low diagnostic yield (7, 9, 12,

13). DTS has shown utility in non-orthopaedic applications,

diagnosis of fractures of the wrist, and for assessment of hip and

knee arthroplasty. It remains unknown if DTS represents a viable

alternative to CT for assessment of reduction and hardware

placement following operative treatment of acetabular fractures

and pelvic ring injuries.

Our results suggest that DTS has potential as a clinically useful

imaging modality in this role. DTS studies were rated as adequate

for assessment of reduction and hardware position 83% of the time

and sufficient to replace a CT study 67% of the time. These results

illustrate the potential for DTS to significantly decrease

postoperative cost and radiation dose by reducing the need for

routine postoperative CT. This is the first study, to our

knowledge, to investigate the utility of DTS in the assessment of

pelvic ring injuries and acetabular fractures and thus comparison

to previous literature is limited. However, our results show good

agreement with previous data investigating the performance of

DTS for assessment of the wrist. Perloff and colleagues found
Frontiers in Surgery 05
that DTS provided satisfactory diagnostic information and

obviated the need for advanced imaging to rule out the presence

of occult scaphoid fracture in 69% of patients (15). Ottenin and

colleagues illustrated that DTS had adequate sensitivity and

specificity to successfully diagnose wrist fractures for most

patients. These authors suggested that, when used as a

complement to radiography, DTS could eliminate the need for

CT for certain patients (21). Although these results are

promising, it is important to consider that a common theme

between our results and previous work is that DTS provided

adequate diagnostic information to replace CT for many, but not

all, patients.

Further analysis offered some preliminary insight into the

patients and injury patterns for which DTS may be most useful.

Correlation data illustrated that all dependent variables were

strongly associated, such that when a greater number of

physicians rated one dependent variable (e.g., fracture pattern) as

“yes”, they also rated all other dependent variables (e.g.,

reduction, hardware safety, replace CT) as “yes” also. This

finding suggests that DTS consistently provided diagnostic

information across dependent variables and was likely adequate

to replace a CT scan for a subgroup of the study population.

Correlation analysis also indicated that age was associated with

sex and marginally correlated with hardware safety, such that

older patients were more likely to be female and less likely to

have a high rating on the outcome of hardware safety.

Multivariable regression analysis showed that males were

significantly more likely to have a higher score on reduction

while fracture fixation via CRPP was marginally associated with

higher scores on reduction. Taken together, these results suggest

that DTS may be most useful for postoperative assessment in

younger patients with fracture patterns that are amenable to CRPP.

These findings are not surprising when contextualized within

the epidemiology of acetabular fractures and pelvic ring injuries

and the limitations of DTS are considered. Acetabular fractures

and pelvic ring injuries occur most commonly in female patients

in the setting of insufficiency fractures and advanced age (e.g.,

unimodal distribution) (29). Meanwhile, in males these injury

patterns generally follow a bimodal distribution, presenting in

younger patients in the setting of high energy trauma, as well as

older patients in the setting of fragility fracture (29). Therefore, it

follows that older patients in the current study were more likely

to be female, who sustained fragility fractures in the setting of

significant osteoporosis. Severe bony demineralization

compounded by complex three-dimensional anatomy and

overlying bowel gas present unique challenges for adequate

visualization of pelvic and acetabular fragility fractures (30).

Indeed, even in young, healthy patients with normal bone stock,

pelvic ring injuries and acetabular fractures are generally complex

from both a diagnostic and therapeutic standpoint due to

associated parenchymal injuries, considerable bleeding, and

concomitant skeletal injuries (31). DTS may not be best suited

for this role for a variety of reasons. The primary limitations of

DTS include the inability to acquire axial images, reformat data

along any plane, or create surface-rendered images. These are all

functionalities that are possible with CT. As such, CT provides
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more extensive visualization of acetabular fractures and pelvic ring

injuries in multiple planes, allowing for more thorough assessment.

This also likely relates to why DTS showed better results for

fractures fixed via CRPP. Injuries treated exclusively via CRPP

are typically less complex and are less likely to have significant

articular involvement (32). As such, it is possible that the

reduction and hardware placement for these injuries was more

easily assessed on cross sectional imaging obtained in a single

plane (i.e., DTS) and without the inclusion of axial cuts.

Supplementary File S1 presents an algorithm for when DTS may

be most clinically useful, based upon these preliminary data.

Although DTS does not provide axial images or allow for the

reformatting of data along any plane, these limitations are offset

by the primary advantage of DTS: decreased radiation dose.

Patient safety is paramount, and physicians are obligated to

investigate any opportunity to improve the standard of care and

patient safety. Although CT scans deliver clear cut images in

multiple planes, the amount of radiation a patient receives

compared to digital radiography is increased anywhere from 5

to 1,000-fold, depending on variables such as the anatomy of

interest, scan type, and patient body habitus (33, 34). Previous

work has illustrated that DTS radiation dosing is nearly a factor

of 10 lower than CT, as measured by dosimeters implanted in

an anthropomorphic phantom (33). Meanwhile, the added

affective dose from tomosynthesis to the compliment

radiography study has been estimated to add only 2–5× the

radiation dosage, significantly lower than CT (35). Our findings

show good agreement with previous data, illustrating an overall

8.3 times lower effective radiation dose with DTS as compared

to CT. All organ doses were also smaller for DTS as compared

to CT. Testicular dose, which was only 2.3 times less than CT,

had the largest impact on DTS effective dosing. This was due to

the fact that the testicles are external to the body and located

anterior (e.g., closest to the x-ray tube). Meanwhile, during a

CT the testicles are shielded by the legs laterally. Although

organ dosing was much smaller for organs that were both in-

and out of field of view the ratio of radiation dose for out of

field organs (e.g., CT organ dose relative to DTS organ dose)

was much larger due to the greater amount of scatter associated

with CT.

The reduced radiation dosages calculated for DTS were

associated with corresponding reductions in cancer-induced

death. Overall risk of cancer-induced death associated with a

DTS study (0.008185%) was 7.2 times lower compared to CT

(0.059375%). This findings show good agreement with previous

work by Wylie and colleagues who found that two CT scan

doses were associated with a 17.5 times higher risk of cancer in

males and 16.1 times higher risk of cancer in females (i.e.,

roughly double) for patients who received pre- and

postoperative pelvic CT (i.e., for two CTs vs. one in the current

study) as compared to those who received radiographs only

(36). Based on the most recently published epidemiological data

for acetabular fractures and pelvic ring injuries in the United

States, if all postoperative CT studies were replaced with DTS,

this would result in the prevention of approximately 7,500

cancer-induced deaths per year (assuming all acetabular
Frontiers in Surgery 06
fractures and pelvic ring injuries were surgically treated and

postoperative CT imaging would have otherwise been obtained

for all patients) (37–39).

This study is not without its methodological limitations. In

particular, the traumatologists evaluating the cases were the

treating surgeons so their knowledge of the fracture anatomy is

not entirely blinded. In addition, the variables measured were

based on subjective utility to the surgeon and lacked an objective

or reference standard. The current data were collected for the

purposes of preliminary analysis and is intended to provide a

foundation and compelling basis for the further study of more

objective measures. As we continue data collection, validity and

reliability will be further evaluated.

In conclusion, our data indicates that DTS has face-value utility

to the orthopaedic surgeon in the post-operative evaluation of

pelvic ring and acetabular injuries. Taken together our results

support the consensus of previous authors who have investigated

the application of DTS in orthopaedics: DTS offers a

compromise between digital radiography and CT. Given its

cross-sectional nature, DTS offers diagnostic information

superior to digital radiography. DTS does not provide imaging in

multiple planes or axial views, and thus does not provide as

extensive visualization as CT. However, DTS is associated with

significantly less cost and radiation exposure. Further work is

warranted to better characterize the diagnostic utility of DTS for

the postoperative assessment of acetabular fractures and pelvic

ring injuries. Specifically, more detailed analysis with a larger

number of patients as well as participating surgeons and

radiologists should be undertaken to more clearly delineate when

DTS can successfully function as an alternative modality to CT.

It is possible that DTS can function as an alternative

postoperative imaging modality for pelvic ring injuries and

acetabular fractures, with CT ordered on an as needed basis,

leading to significant reductions in cost and radiation exposure.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by University of

Pennsylvania Human Research Protections Program (HRPP)

Institutional Review Board. The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

AC: Data curation, Formal Analysis, Project administration,

Writing – original draft. ES: Writing – review & editing.
frontiersin.org

https://doi.org/10.3389/fsurg.2024.1461144
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Coscia et al. 10.3389/fsurg.2024.1461144
JAn: Writing – review & editing. BK: Writing – review & editing.

AH: Writing – review & editing. SM: Writing – review & editing.

JAh: Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board

member of Frontiers, at the time of submission. This had no

impact on the peer review process and the final decision.
Frontiers in Surgery 07
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fsurg.2024.

1461144/full#supplementary-material

SUPPLEMENTARY FILE S1

Algorithm illustrating when digital tomosynthesis may be considered as an
alternative to computed tomography for postoperative assessment of
acetabular fractures and pelvic ring injuries.
References
1. Tile M. Pelvic fractures: operative versus nonoperative treatment. Orthop Clin
North Am. (1980) 11(3):42–64.

2. Bhandari M, Matta J, Ferguson T, Matthys G. Predictors of clinical and
radiological outcome in patients with fractures of the acetabulum and concomitant
posterior dislocation of the hip. J Bone Joint Surg Br. (2006) 88(12):1618–24.
doi: 10.1302/0301-620X.88B12.17309

3. Dunet B, Tournier C, Billaud A, Lavoinne N, Fabre T, Durandeau A. Acetabular
fracture: long-term follow-up and factors associated with secondary implantation of
total hip arthroplasty. Orthop Traumatol Surg Res. (2013) 99(3):281–90. doi: 10.
1016/j.otsr.2012.12.018

4. Routt ML, Simonian PT, Mills WJ. Iliosacral screw fixation: early complications of
the percutaneous technique. J Orthop Trauma. (1997) 11(8):584–9. doi: 10.1097/
00005131-199711000-00007

5. Verbeek DO, Van Der List JP, Villa JC, Wellman DS, Helfet DL. Postoperative CT
is superior for acetabular fracture reduction assessment and reliably predicts hip
survivorship. J Bone Joint Surg Am. (2017) 99(20):1745–52. doi: 10.2106/JBJS.16.01446

6. Norris BL, Hahn DH, Bosse MJ, Kellam JF, Sims SH. Intraoperative fluoroscopy
to evaluate fracture reduction and hardware placement during acetabular surgery.
J Orthop Trauma. (1999) 13(6):414–7. doi: 10.1097/00005131-199908000-00004

7. Jaskolka DN, Di Primio GA, Sheikh AM, Schweitzer ME. CT of preoperative and
postoperative acetabular fractures revisited. J Comput Assist Tomogr. (2014) 38
(3):344–7. doi: 10.1097/RCT.0b013e3182ab384a

8. Borrelli J, Goldfarb C, Catalano L, Evanoff BA. Assessment of articular fragment
displacement in acetabular fractures: a comparison of computerized tomography and
plain radiographs. J Orthop Trauma. (2002) 16(7):449–56. doi: 10.1097/00005131-
200208000-00001

9. Elnahal WA, Ward AJ, Acharya MR, Chesser TJS. Does routine postoperative
computerized tomography after acetabular fracture fixation affect management?
J Orthop Trauma. (2019) 33(Suppl 2):S43–8. doi: 10.1097/BOT.0000000000001405

10. Elnahal WA, Vetharajan N, Mohamed B, Acharya M, Chesser TJS, Ward AJ.
Routine postoperative computed tomography scans after pelvic fracture fixation: a
necessity or a luxury? J Orthop Trauma. (2018) 32(Suppl 1):S66–71. doi: 10.1097/
BOT.0000000000001092

11. Kim YJ, Lencioni AM, Tucker NJ, Strage KE, Parry JA, Mauffrey C. Postoperative
computed tomography scans of acetabular fractures routinely identify indications for
revision surgery. J Orthop Trauma. (2024) 38(2):78–82. doi: 10.1016/j.mporth.2024.01.002

12. Cronin KJ, Hockensmith L, Hayes CB, Zuelzer D, Jacobs CA, Moghadamian ES.
Are routine postoperative computer tomography scans warranted for all patients after
operative fixation of pelvic ring injuries? J Orthop Trauma. (2019) 33(10):e360–5.
doi: 10.1097/BOT.0000000000001548

13. Thompson DM, Ricci AG, Floyd JCP, Jardaly AH, Ziran BH, Harris RM.
Routine postoperative computed tomography scans following posterior pelvic
fixation of pelvic ring fractures: a survey of (OTA) orthopaedic traumatologists.
J Orthop Trauma. (2022) 36(8):E332–6. doi: 10.1097/BOT.0000000000002341
14. Archdeacon MT, Dailey SK. Efficacy of routine postoperative CT scan after open
reduction and internal fixation of the acetabulum. J Orthop Trauma. (2015) 29
(8):354–8. doi: 10.1097/BOT.0000000000000332

15. Perloff E, Cole K, Sternbach S, Rosenbaum A, Quinn D. Diagnostic
performance and advanced imaging reduction with digital tomosynthesis in
scaphoid fracture management. Hand (N Y). (2022) 17(6):1128–32. doi: 10.1177/
1558944720988120

16. Grant DG. Tomosynthesis: a three-dimensional radiographic imaging
technique. IEEE Trans Biomed Eng. (1972) 19(1):20–8. doi: 10.1109/TBME.1972.
324154

17. De Silvestro A, Martini K, Becker AS, Kim-Nguyen TDL, Guggenberger R,
Calcagni M, et al. Postoperative imaging of orthopaedic hardware in the hand and
wrist: is there an added value for tomosynthesis? Clin Radiol. (2018) 73
(2):214.e1–e9. doi: 10.1016/j.crad.2017.08.001

18. Sujlana PS, Mahesh M, Vedantham S, Harvey SC, Mullen LA, Woods RW.
Digital breast tomosynthesis: image acquisition principles and artifacts. Clin
Imaging. (2019) 55:188–95. doi: 10.1016/j.clinimag.2018.07.013

19. Dobbins JT, McAdams HP, Godfrey DJ, Li CM. Digital tomosynthesis of the
chest. J Thorac Imaging. (2008) 23(2):86–92. doi: 10.1097/RTI.0b013e318173e162

20. Mermuys K, Vanslambrouck K, Goubau J, Steyaert L, Casselman JW. Use of
digital tomosynthesis: case report of a suspected scaphoid fracture and technique.
Skeletal Radiol. (2008) 37(6):569–72. doi: 10.1007/s00256-008-0470-3

21. Ottenin MA, Jacquot A, Grospretre O, Noël A, Lecocq S, Louis M, et al.
Evaluation of the diagnostic performance of tomosynthesis in fractures of the wrist.
AJR Am J Roentgenol. (2012) 198(1):180–6. doi: 10.2214/AJR.11.6374

22. Gomi T, Hirano H. Clinical potential of digital linear tomosynthesis imaging of
total joint arthroplasty. J Digit Imaging. (2008) 21(3):312–22. doi: 10.1007/s10278-
007-9040-9

23. Göthlin JH, Geijer M. The utility of digital linear tomosynthesis imaging of total
hip joint arthroplasty with suspicion of loosening: a prospective study in 40 patients.
Biomed Res Int. (2013) 2013:1–6. doi: 10.1155/2013/594631

24. TangH,YangD,Guo S, Tang J, Liu J,WangD, et al. Digital tomosynthesis withmetal
artifact reduction for assessing cementless hip arthroplasty: a diagnostic cohort study of 48
patients. Skeletal Radiol. (2016) 45(11):1523–32. doi: 10.1007/s00256-016-2466-8

25. Minoda Y, Yoshida T, Sugimoto K, Baba S, Ikebuchi M, Nakamura H. Detection
of small periprosthetic bone defects after total knee arthroplasty. J Arthroplasty. (2014)
29(12):2280–4. doi: 10.1016/j.arth.2014.05.013

26. Anari JB, Mehta S, Ahn J, Kneeland B. The utility of digital tomosynthesis to the
practicing orthopaedic trauma surgeon. J Orthop Trauma. (2016) 30(2):e59–63.
doi: 10.1097/BOT.0000000000000445

27. The 2007 recommendations of the international commission on radiological
protection. ICRP publication 103. Ann ICRP. (2007) 37(2–4):1–332. doi: 10.1016/j.
icrp.2007.10.003
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fsurg.2024.1461144/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fsurg.2024.1461144/full#supplementary-material
https://doi.org/10.1302/0301-620X.88B12.17309
https://doi.org/10.1016/j.otsr.2012.12.018
https://doi.org/10.1016/j.otsr.2012.12.018
https://doi.org/10.1097/00005131-199711000-00007
https://doi.org/10.1097/00005131-199711000-00007
https://doi.org/10.2106/JBJS.16.01446
https://doi.org/10.1097/00005131-199908000-00004
https://doi.org/10.1097/RCT.0b013e3182ab384a
https://doi.org/10.1097/00005131-200208000-00001
https://doi.org/10.1097/00005131-200208000-00001
https://doi.org/10.1097/BOT.0000000000001405
https://doi.org/10.1097/BOT.0000000000001092
https://doi.org/10.1097/BOT.0000000000001092
https://doi.org/10.1016/j.mporth.2024.01.002
https://doi.org/10.1097/BOT.0000000000001548
https://doi.org/10.1097/BOT.0000000000002341
https://doi.org/10.1097/BOT.0000000000000332
https://doi.org/10.1177/1558944720988120
https://doi.org/10.1177/1558944720988120
https://doi.org/10.1109/TBME.1972.324154
https://doi.org/10.1109/TBME.1972.324154
https://doi.org/10.1016/j.crad.2017.08.001
https://doi.org/10.1016/j.clinimag.2018.07.013
https://doi.org/10.1097/RTI.0b013e318173e162
https://doi.org/10.1007/s00256-008-0470-3
https://doi.org/10.2214/AJR.11.6374
https://doi.org/10.1007/s10278-007-9040-9
https://doi.org/10.1007/s10278-007-9040-9
https://doi.org/10.1155/2013/594631
https://doi.org/10.1007/s00256-016-2466-8
https://doi.org/10.1016/j.arth.2014.05.013
https://doi.org/10.1097/BOT.0000000000000445
https://doi.org/10.1016/j.icrp.2007.10.003
https://doi.org/10.1016/j.icrp.2007.10.003
https://doi.org/10.3389/fsurg.2024.1461144
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Coscia et al. 10.3389/fsurg.2024.1461144
28. Council NR. Health Risks from Exposure to Low Levels of Ionizing Radiation:
BEIR VII Phase 2. Washington, DC: The National Academies Press (2006).

29. Court-Brown C, Clement N. The epidemiology of musculoskeletal inury. In:
Tornetta P III, editors. Rockwood and Green’s Fractures in Adults. 9th ed
Philadelphia: Wolsters Kluwer (2020). p. 123–87.

30. Tsiridis E, Upadhyay N, Giannoudis PV. Sacral insufficiency fractures: current
concepts of management. Osteoporos Int. (2006) 17(12):1716–25. doi: 10.1007/
s00198-006-0175-1

31. Basile G, Passeri A, Bove F, Accetta R, Gaudio RM, Calori GM. Pelvic ring and
acetabular fracture: concepts of traumatological forensic interest. Injury. (2022) 53
(2):475–80. doi: 10.1016/j.injury.2021.11.063

32. Bishop JA, Routt ML. Osseous fixation pathways in pelvic and acetabular
fracture surgery. J Trauma Acute Care Surg. (2012) 72(6):1502–9. doi: 10.1097/TA.
0b013e318246efe5

33. Xia W, Yin XR, Wu JT, Wu HT. Comparative study of DTS and CT in the skeletal
trauma imaging diagnosis evaluation and radiation dose. Eur J Radiol. (2013) 82(2):
e76–80. doi: 10.1016/j.ejrad.2012.09.008
Frontiers in Surgery 08
34. Mueller DL, Hatab M, Al-Senan R, Cohn SM, Corneille MG, Dent DL, et al.
Pediatric radiation exposure during the initial evaluation for blunt trauma.
J Trauma. (2011) 70(3):724–31. doi: 10.1097/TA.0b013e3182092ff8

35. Koyama S, Aoyama T, Oda N, Yamauchi-Kawaura C. Radiation dose evaluation
in tomosynthesis and C-arm cone-beam CT examinations with an anthropomorphic
phantom. Med Phys. (2010) 37(8):4298–306. doi: 10.1118/1.3465045

36. Wylie JD, Jenkins PA, Beckmann JT, Peters CL, Aoki SK, Maak TG.
Computed tomography scans in patients with young adult hip pain carry a lifetime
risk of malignancy. Arthroscopy. (2018) 34(1):155–163.e3. doi: 10.1016/j.arthro.2017.
08.235

37. United States Census Bureau. U.S. and World Population Clock. Suitland, MD:
U.S. Census Bureau (2024).

38. Buller LT, Best MJ, Quinnan SM. A nationwide analysis of pelvic ring fractures.
Geriatr Orthop Surg Rehabil. (2016) 7(1):9. doi: 10.1177/2151458515616250

39. Best MJ, Buller LT, Quinnan SM. Analysis of incidence and outcome predictors
for patients admitted to US hospitals with acetabular fractures from 1990 to 2010. Am
J Orthop (Belle Mead NJ). (2018) 47(9). doi: 10.12788/ajo.2018.0083
frontiersin.org

https://doi.org/10.1007/s00198-006-0175-1
https://doi.org/10.1007/s00198-006-0175-1
https://doi.org/10.1016/j.injury.2021.11.063
https://doi.org/10.1097/TA.0b013e318246efe5
https://doi.org/10.1097/TA.0b013e318246efe5
https://doi.org/10.1016/j.ejrad.2012.09.008
https://doi.org/10.1097/TA.0b013e3182092ff8
https://doi.org/10.1118/1.3465045
https://doi.org/10.1016/j.arthro.2017.08.235
https://doi.org/10.1016/j.arthro.2017.08.235
https://doi.org/10.1177/2151458515616250
https://doi.org/10.12788/ajo.2018.0083
https://doi.org/10.3389/fsurg.2024.1461144
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Diagnostic performance of digital tomosynthesis for postoperative assessment of acetabular fractures and pelvic ring injuries
	Introduction
	Methods
	Statistical analysis

	Results
	Descriptive statistics
	Multivariate linear regression
	Fracture pattern
	Reduction
	Hardware safety
	Replace CT scan

	Radiation dose for DTS and CT

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


