1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

/ HHS Public Access

Author manuscript
Arthroscopy. Author manuscript; available in PMC 2020 May 01.

Published in final edited form as:
Arthroscopy. 2019 May ; 35(5): 1385-1392. doi:10.1016/j.arthro.2018.11.013.

Low-dose CT Reduces Radiation Exposure by Ninety Percent
Compared to Traditional CT among Patients Undergoing Hip
Preservation Surgery

Alvin W. Su, MD, PhD?, Travis J. Hillen, MDP, Eric P. Eutsler, MDP, Asheesh Bedi¢, James R.
RossY, Christopher M. Larson®€, John C. Clohisy, MD?, and Jeffrey J. Nepple, MD?2

aDepartment of Orthopaedic Surgery, Washington University in St. Louis, St. Louis, MO
bMallinckrodt Institute of Radiology, Washington University in St. Louis, St. Louis, MO
MedSport, Department of Orthopedic Surgery, University of Michigan, Ann Arbor, Ml
dBocaCare Orthopedics, College of Medicine, Florida Atlantic University, Boca Raton, FL

eMinnesota Orthopedic Sports Medicine Institute at Twin City Orthopedics, Edina, MN

Abstract

Purpose: To compare the delivered radiation dose between a low-dose hip CT (Computed
Tomography) scan protocol and traditional hip CT scan protocols (referred to as: traditional CT).

Methods: This was a retrospective comparative cohort study. A group of patients who underwent
hip preservation surgery (including arthroscopy, surgical hip dislocation, or periacetabular
osteotomy procedures) at our institution between 2016-2017 were identified. Patients were
excluded if they had a BMI>35 kg/m?, previous surgery, or absence of a radiation dose report. The
low-dose group included patients undergoing hip CT at our institution utilizing a standardized
protocol of 100 kVp, 100 mAs and limited scanning field. The traditional CT group included
patients who had hip CT scans performed at outside institutions. The total effective dose (£p;p),
effective dose per millimeter-body-length-scanned (&,,), and the patients’ age, BMI were
compared by univariate analysis. The correlation of £, to BMI was assessed.
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Results: Forty-one consecutive patients were included in the low-dose group, and 18 consecutive
patients were included in the traditional CT group. Low-dose CT resulted in 90% reduction in
radiation exposure compared to traditional CT (£5;,=0.97 + 0.28 vs. 9.68 + 6.67mSv, p<0.0001).
Age (28411 vs. 26+10 years, p=0.42), sex (83% vs. 76% female, p=0.74), and BMI (24+£3 vs.
24+3 kg/m?2, p=0.75) were not different between the two groups. Epjp had poor but significant
correlation to BMI in the low-dose CT group (R2=0.14, slope=0.03, p=0.02), and did not correlate
to BMI in the traditional CT group (R2=0.13, p=0.14).

Conclusions: Low-dose hip CT protocol for the purpose of hip preservation surgical planning
resulted in 90% reduction in radiation exposure compared to traditional CT.

Level of Evidence: Diagnostic Study, Level Il

computed tomography; low-dose CT; radiation exposure; hip preservation; periacetabular
osteotomy; hip arthroscopy; image gently

Introduction

The numbers of adolescents and young adult patients undergoing hip preservation surgery
continues to grow. Thorough bony correction of the osseous pathomorphology remains
critical for achieving optimal outcomes and minimizing the need for revision procedures. 12
Plain radiographs have limitations with regards to three-dimensional characterization of hip
morphology. This includes precise localization and characterization of cam topography and
assessment of acetabular morphology, given the influence of changes in pelvic tilt and
rotation.

While some surgeons solely utilize plain radiographs and intraoperative dynamic and
fluoroscopic assessment of bony morphology, a growing number of hip surgeons are
utilizing computed tomography (CT) in addition to these other modalities to allow a more
comprehensive assessment of the bony patho-morphology preoperatively. A CT scan
provides detailed visual and quantitative information, allowing clinicians to better
conceptualize the morphology of the pelvis, acetabulum and the femur with modern three-
dimensional (3D) reconstruction. Potentially false-positive findings on plain films such as
cross-over signs or posterior wall signs can also be further evaluated, as well as correction
for altered pelvic tilt or rotation present on plain radiographs. 8 However, this increased
information from CT does result in increased radiation exposure, which has been a valid
concern amongst hip preservation surgeons treating adolescents and young adults.

Recent technological advances as well as refined protocols have permitted the ability to
significantly reduce radiation dose when performing these scans. Low-dose CT imaging
protocols have been successfully applied to both pediatric and adult populations for various
diagnostic and surgical purposes.’-11:12-18 while the application of low-dose hip CT scans
specifically for hip preservation surgical planning has not been well established. The
purpose of the current study was to compare the delivered radiation dose between a low-dose
hip CT scan protocol and traditional hip CT scan protocols (referred to as: traditional CT).
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We hypothesized that a low-dose hip CT scan protocol utilized at our institution results in
lower effective dose than traditional CT in patients undergoing hip preservation surgery.

Materials and Methods

Study Design

The present study was a retrospective comparative diagnostic study of consecutive patients
that was approved by our institutional IRB. Patients who underwent hip preservation surgery
including arthroscopic and open procedures (surgical hip dislocation, periacetabular
osteotomy) between year 2016-2017 in our institution were identified. Patients were
excluded from the study if they had previous surgery, or if radiation dosage summaries were
unavailable. Patients whose body mass index (BMI) was greater than 35 kg/m? were also
excluded from both groups to minimize the potential effect of obesity on increased radiation
dose. The enrolled patients had hip CT scans for preoperative surgical planning including
characterization of the cam deformity, femoral version, acetabular version and coverage.
They were assigned to two study groups: the low-dose group and the traditional CT group.

The low-dose group included patients who had low-dose CT for preoperative planning at a
single institution. The traditional CT group included patients who had their hip CT scans
done outside of our institution prior to referral to our institution to undergo the hip
preservation surgery. A standardized low-dose CT protocol was developed and optimized for
patients with a BMI < 35 kg/m2, and has been in place for several years prior to the study
period. The standardized low-dose protocol utilized a kVp of 100 and a mAs of 100, in
addition to a limited relevant field of volume scanning the pelvis from the inferior sacroiliac
joint to the lesser trochanter of proximal femur. The traditional CT scans were performed
according to the protocols in each outside institution, which may have also included attempts
to minimize radiation exposure. Three-dimensional reformats were generally utilized in both
groups but do not affect the radiation exposure. The low-dose CT protocol included cuts thru
the distal femur to assess femoral version and allows assessment of bilateral hips with a
single scan.

Radiation dosing for femoral version cuts, as well as scout hip CT images, were not
routinely available in the traditional CT group. Given this difference between groups, the
radiation exposure from cuts thru the distal femur and scout CT were not included for the
primary comparison in this study. All scans in the current study were deemed adequate for
clinical use. Subjectively, the traditional CT images appear crisper with less quantum noise
as compared to the low-dose CT scans, but this did not affect the surgeon’s ability to identify
the bony morphology and deformities using the low-dose CT scans (Figure 3).

Data Acquisition and Determination of The Radiation Dose

CT scan radiation dosage and scan parameters were documented for both groups. The total
slices (/) and slice thickness (&) for the hip CT scan were recorded. The values of k\V/p,
mAs, and the dose-length product (DLP, in the unit of milligrayscm, mGyescm) for the hip
scan (DLPpp) were obtained from the official radiation dose summary report attached to
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each CT scan. The parameters of the scout topogram, including DL Pyq, Were recorded as
well if they were available. The total scan length (/5), for the hip was approximated by:

lhip = m.u(mm)

The DLP reflected the “absorbed dose”, which represented the radiation energy in the unit of
mGyecm. Even with the same amount of radiation energy, different types of radiation can
cause different effects on living tissues. Therefore, the DLP (absorbed dose) was then
converted to the “equivalent dose” in the unit of milliSievert (mSv), by applying the
radiation weighing factor (W) of 1.0 for diagnostic imaging such as X-rays and CT scans.
The “equivalent dose” was then converted into “effective dose”, in the same unit of mSy, to
account for the effect on health for specific anatomical areas of the human body, as
described below.

The total effective dose of the hip CT scan, £, and the effective dose of the scout
topogram, Egqous bOth in the unit of mSv, were determined according to the tissue weighting
factors and organ dose estimates by Monte Carlo simulations of the human pelvis being
scanned, per the International Commission on Radiological Protection (ICRP) Publications
103. 19 That is, the conversion factor (x) of 0.015 mSv of effective dose per 1 mSv of the
equivalent dose, for hip CT scans. Consequently, the effective dose for unit millimeter length
scanned, £y, was determined by normalizing £pj, to /pjp Namely:

E
E
E

hip = DLPhip. WR ek (mSv)
= Ehip / lhip (mSv / mm)

scout — DLPscout. WR ® k(mSv)

Statistical Analyses

An a priori power analysis was performed to determine estimated requirements for sample
size. Traditional CTs were less commonly performed so an estimated 2:1 ratio between the 2
groups was utilized. In order for 80% power and alpha level of 0.05, in order to detect a 50%
decrease in radiation exposure (6+3 vs. 3+3 mSv) a total of 52 patients (35 low-dose and 17
traditional CTs). The study period was chosen to meet these requirements resulting in a total
of 59 patients.

The difference in the radiation dose between the low-dose CT and traditional CT was
assessed by comparing the £y and £, between the two groups, respectively, using two-
tailed unpaired student t-test. The age, sex, and BMI were compared between the low-dose
CT and traditional CT groups, respectively, using two-tailed unpaired student t-test and Chi-
square or Fisher’s Exact (FET) tests . The association of each patient’s BMI with the
received total effective dose of the hip CT scan, £, was assessed by linear correlation test.
P values less than 0.05 were considered statistically significant.
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The present study analyzed a total of 59 patients, of which 41 were included in the low-dose
group and the other 18 were in the traditional CT group. The two groups were not different
in terms of age (28411 vs. 26+10 years, p=0.42), sex (83.3% vs. 75.6% female, p=0.74 FET)
or BMI (243 vs. 24+3 kg/m?2, p=0.75). (Table 1)

The low-dose CT group received a lower mean effective dose (&) of 0.97 + 0.28 (range
0.29-1.56) mSv compared to that of 9.68 + 6.67 (range 2.75-28.04) mSv of the traditional
CT group (p<0.001). This difference represented a 90.0% reduction in radiation exposure in
the low-dose CT group. The minimal £, of the traditional CT group (2.75 mSv) was higher
than the maximal £, of the low-dose CT group (1.56 mSv). The maximal £, in the
traditional CT group was 97 times the minimum £, in the low-dose CT group. The low-
dose CT group received lower mean effective dose per the body length (mm) scanned (&,;7)
of 0.006 mSyv, compared to that of 0.045 mSv of the traditional CT group (p<0.001). (Fig. 1)
This represented an 86.7% reduction in radiation exposure per length scanned.

Epjphad poor but significant correlation to the patient’s BMI in the low-dose CT group
(R2=0.14, slope=0.03, p=0.02), and did not correlate to the patient’s BMI in the traditional
CT group (R2=0.13, p=0.14). (Fig. 2)

All patients in the low-dose CT group had documented radiation dose for the scout topogram
(DLPgeoyp), and the resulting mean effective dose, Egqous Was 0.07 mSv (range, 0.05-0.24).
This resulted in a total effective dose of 1.04 mSv for the low-dose CT group. Only six of
the 18 patients in the traditional CT group had documented DL P, and the resulting
median value of Eg,,swWas 0.10 mSv (range, 0.04-0.15).

Discussion

A low-dose hip CT scan protocol consistently achieved a lower radiation dose compared to
the traditional CT scans. Using the low-dose CT protocol resulted in a nearly 90% reduction
in radiation exposure, as well as decreased variability, while maintaining adequate image
quality for clinical assessment and preoperative surgical planning. The majority of radiation
reduction occurred as a result of reduction in effective dose per mm of CT scan length
(86.7% reduction per length scanned), while limitations in scan field also appeared to play a
lesser role. The scanning parameters in such a low-dose protocol, including the kVp and
mAs values and scanning field, can be easily applied at any institution through collaboration
with the radiologists. Monitoring of radiation exposure remains important during
implementation of such a low-dose CT protocol.

A thorough correction of the bony deformity in addition to management of soft tissue
pathology is important to the long-term outcome of hip preservation surgery. 1-3 The clinical
information provided by plain films may be insufficient to fully characterize the complexity
and variability of three-dimensional morphology. 2° Various plain radiographic views are
commonly utilized to assess the degree of cam morphology with the 45 degrees Dunn view
generally used to profile the maximum cam deformity. The AP pelvis, 45 degrees Dunn, and
frog-lateral views provide useful assessments of deformity at 12:00, 1:30, and 3:00
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positions. However, plain radiographic assessment of acetabular morphology is limited by
alterations of such morphology from non-standard pelvic tilt or rotation. Additionally,
assessment of femoral head coverage at various positions on the clock-face is quite
challenging with plain radiographs, nor is it possible to accurately assess the femoral torsion.

CT scan can provide further characterization of the extent of cam morphology beyond these
regions, in both its area and volume, which may significantly affect the ease and feasibility
of arthroscopic access. Preoperative hip CT scan?l: 22, with 3D reconstruction when
available23-26 supplements comprehensive information for surgical planning and may play a
role in optimizing deformity correction, therefore minimizing the risk of residual
impingement, recurrent pain, and revision surgery. % > In the present study, the low-dose hip
CT scan protocol accomplished these goals regardless of the patient’s age, for those with a
BMI less than 35 kg/m?2, with a consistent substantial reduction in radiation exposure. In
addition, CT protocols may also utilize selected cuts through the knee to allow precise
measurement of femoral version.

The risk of tissue damage from ionizing radiation is well recognized but difficult to quantify.
To date, there has been no clear dose threshold to determine how much radiation exposure
would result in cancer. However, increased radiation exposure has been related to increased
risk of various cancers?’-33, indicating the importance to minimize radiation exposure as
much as possible. Among CT scans, the abdominal and pelvic scans contributed the most to
the incidence of radiation-related cancers34 3%, emphasizing the importance of limiting
radiation hazard to the sensitive organs in such an area, particularly in a young population
undergoing hip preservation. The mean effective dose of 0.97 mSv in the low-dose CT group
is approximately 34% of the average annual background radiation (as well as the average
annual radiation exposure due to medical procedures) in the United States (both of which are
approximately 3 mSv). 30 It is also not more than the previously reported effective dose of
1.2 to 1.4 mSv resulting from two standard hip or pelvis plain film x-rays3®. The radiation
from low-dose CT in this study also equals the cumulative cosmic radiation exposure of
approximately 12 round-trip international air travels. 37+ 38 Recent data on the radiation
exposure from modern digital radiographs has indicated a radiation exposure of 0.24 mSv
from the AP pelvis radiation, 0.12 mSv for Dunn/frog lateral radiographs, and 0.89 mSv
from a cross-table lateral radiograph. 3° This indicates the current low dose CT protocol
results in similar radiation to four AP pelvis radiographs, or a similar radiation exposure to
the cross-table lateral radiograph alone. (Table 2)

The ICRP (International Commission on Radiological Protection) recommended a maximal
occupational radiation exposure is 50 mSv annually, or 100 mSv within five years. 12 While
the average effective dose of the traditional CT group of 9.68 mSv is still less than this
threshold, patients also receive additional radiation from radiographs, fluoroscopy, and other
unrelated medical imaging, in addition to the background (3.1 mSv annually in the US). As
practicing surgeons, we believe it is imperative to minimize the radiation exposure to our
patients, especially given that higher radiation dose may not provide additional information
for surgical planning.
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Efforts in radiology have been successful in reducing radiation effective dose while
maintaining clinically satisfactory image quality in a variety of settings#C such as the

E0S12 13 system frequently used for spine and limb alignment assessment. The low-dose O-
arm scanning protocol for intra-operative pedicle screw insertion results in nearly 90%
reduction of radiation exposure. 14 15 Such ALARA (as-low-as-reasonably-achievable)
principle has been applied to CT scans of the neck33, chest’, abdomen® 11, and coronary
angiography?®: 10, leading to 23-88% effective dose reduction.

For patients undergoing arthroscopic hip procedures, a recent study reported median
cumulative effective doses of 2.4 mSy, 3.5 mSv and 0.01 mSv resulting from preoperative
CT scan, plain film hip series studies and intraoperative fluoroscopy, respectively. 41 Each of
the above radiation dose parameters correlates with the patient’s BMI. In addition, the CT
scan for templating total hip replacement surgery can result in an effective dose as low as
2.5-3.1 mSv by applying a low-dose CT protocol. 16-18 In the current study, the low-dose CT
protocol resulted in less radiation exposure than reported in these studies (1.0 mSv vs.
2.4-3.1 mSv). We did not find meaningful correlation between the CT scan effective dose
and the patient’s BMI, given those whose BMI was less than 35 kg/mZ2. Based on our
experience, utilization of our low-dose CT protocol in those with a BMI greater than 35
kg/m?2 begins to suffer from suboptimal image quality, and may require adjustment with
associated increases in radiation exposure but still remain much below traditional CT.

The Epjp of 0.97 mSv approximated four AP pelvis radiographs reported in the literature, or
one-third of average U.S. annual background radiation exposure. Such a protocol
significantly improves the risk-benefit ratio for patients of child-bearing age who undergo
hip preservation procedures by maximizing preoperative information while minimizing
ionizing radiation exposure. This resonates with the core value of “Image Gently
Campaign”, which highlights safe and effective imaging for young patients. 42 Future
investigation including more institutions and patients may further validate the
generalizability of the low-dose protocol and potentially investigate the feasibility of
additional reductions in radiation exposure in certain subgroups.

The present study has several limitations. First, the traditional CT scans came from a variety
of sources with various scanning parameters, as reflected by the wider distribution of the
radiation dose within the group. This may in fact represent the actual variability of CT
protocols used across multiple centers when the scan is aimed for hip preservation surgery,
even though low-dose CT protocols have been reported for the abdomen and for total hip
replacement planning. Secondly, the image quality was assessed qualitatively based on the
subjective clinical judgment of the surgeons. Further characterization of the differences in
image quality would require analyses beyond the scope of this study and were not felt to be
clinically important. For clinical use, a CT scan with adequate image clarity that minimizes
radiation is our clinical target.

Arthroscopy. Author manuscript; available in PMC 2020 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Suetal.

Page 8

Conclusions

Low-dose hip CT protocol for the purpose of hip preservation surgical planning resulted in
90% reduction in radiation exposure compared to traditional CT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Radiation exposure resulting from the hip CT scan, comparing the low-dose CT protocol
versus the traditional CT protocol: (A) the effective dose of the overall hip CT scan, and (B)
the effective dose per unit millimeter scanned.
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Figure 2.
Poor and Non-correlation between the hip CT scan effective dose and the patient’s

BMI, respectively in the low-dose and the traditional CT protocol groups.
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Figure 3.
Representative CT three-dimensional reformats and two-dimensional axial oblique images in

two patients with a 28 times greater radiation exposure with traditional CT compared to low-
dose CT. Traditional CT (A,B) — 22 year old female, BMI 21.1, kVp 120, mAs 383,
radiation exposure of 11.3 mSv. Low-dose CT (C,D) — 21 year old female, BMI 20.9, kVp
100, mAs 100, radiation exposure of 0.4 mSv
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Table 1.

Demographics and the hip CT scan parameters of the patient group receiving low-dose CT protocol or the
traditional CT protocol. BMI: body mass index; SD: standard deviation; n/a: non-applicable.

Low-dose CT Traditional CT p value
n=41 n=18
Demographics
Age at CT scan (years) 28+11 (14-66) 26+10 (12-44) 0.45
Sex (% Male: % Female) 24% : 76% 17% : 83% 0.74%
BMI (kg/m?) 23.8+3.4 (17.7-31.3) 23.5+3.1 (18.6-31.8) 0.75
Body Weight (kg) 69.7+14.5 (46.4-101.4)  65.5+12.8 (48.2-106.4) 0.29
Body Height (cm) 170.6+9.4 (152.0-193.0)  166.6+8.5 (155.0-183.0)  0.13
Hip CT scan parameters
kVp 97.6+6.6 (80.0-100.0) 130.2425.8 (100.0-223.0)  p<0.001
mAs 99.0+7.7 (80.0-120.0) 269.3+127.8 (74.0-500.0)  p<0.001
cut thickness (mm) All 0.6 mm thickness 1.8+1.3 (0.5-5.0) nla

Data are shown as mean+SD (range);

*
: Fisher’s Exact test
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Table 2.

Radiation dose of common medical radiology practicel4 15 36.41 and daily life radiation exposures30: 37
and the ratio comparing to the radiation dose from hip CT scans performed with low-dose CT protocol or
traditional protocol; x: times.

Average

ef‘fet[:;[]iq\gl]dose Iovs-?jtéget(():T traclj-\;?it(;?];loCT
Hip CT scans for preservation surgery
Low-dose CT scan 0.97 (1x) 11%
Traditional CT scan 9.68 10% (1%)
Diagnostic plain films
Chest, PA+Lat 0.1 10% 1%
Chest, PA 0.02 2% 0.2%
Abdomen, 1 view 0.7 2% 7%
Pelvis, 1 view 0.6 62% 6%
Hip series, 5 views 35 3.6x 36%
Low-dose digital hip series, 4 views 1.49 1.5x 15%
Dental panoramic radiography 0.01 1% 0.1%
Intraoperative fluoroscopy/CT scans
C-arm for arthroscopic hip procedures 0.01 1% 0.1%
C-arm for pedicle screw insertion 0.27 28% 3%
Low-dose O-arm for pedicle screws insertion 117 1.2x 12%
Standard O-arm for pedicle screws insertion 12.79 13x 1.3x
CT procedures
Chest 7 7.2% 2%
Abdomen 8 8.3x 83%
Hip/Pelvis 6 6.2x 62%
Dental 0.2 21% 2%
Daily life radiation exposures
US annual background radiation 3.1 3.2x 32%
US annual radiation exposure from medical procedures 3 3.1x 31%
International travel 0.04 4% 0.4%
ICRP recommended annual occupational radiation exposure 50 52x 5.2x
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