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Abstract

Background

Revision of total knee arthroplasty (TKA) requires preoperative assessment to identify the causes of
failure. Multidetector computerized tomography (MDCT) is a commonly used imaging technique,
but is sensitive to certain artifacts, such as metal implants, limiting its use Cone-beam CT
(CBCT)is a new technique dedicated to musculoskeletal imaging that is less sensitive to artifacts and
could be utilized in knee implantation surgery. CBCT has not yet been validated for this indication,
and we therefore undertook a retrospective assessment of MDCT versus CBCT, comparing: 1) image
quality; 2) reproducibility of angle measurements; 3) effectiveness in screening for periprosthetic
radiolucency and implant loosening; and 4) radiation dose.

Hypothesis

This study hypothesized that CBCT provides better image quality, angle measurement reproducibility,

and screening for radiolucency and implant loosening at lower doses of radiation than MDCT.
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Patients and Method

Between October 2017 and March 2018, 28 patients, with a mean age of 61 £ 11.6 years [range, 45-85
years] underwent both MDCT and CBCT for pain following TKA. Two radiologists performed angle
measurements on both devices: patellofemoral tilt (PFT), rotation angle of the femoral component
(RAFC) and rotation angle of the tibial component (RATC. They also screened for pathological
radiolucency and/or implant loosening, and assessed image quality at the various bone/implant
interfaces. The mean CT dose index per examination was recorded.

Results

Intraclass correlation coefficients for angles and radiolucency screening on MDCT and on CBCT were
respectively good (0.73) and excellent (0.82) for PFT, borderline (0.28) and moderate (0.44) for
RAFC, excellent (0.82) and excellent (0.96) for RATC, and moderate (0.45) and excellent (0.84) for
radiolucency screening. The inter-observer kappa correlation coefficients for diagnosis of implant
loosening and image quality assessment for MDCT and CBCT were respectively moderate (0.45) and
excellent (0.93) for tibial loosening and low (0.19) and borderline (0.38) for femoral loosening. The
mean image quality at the various interfaces for MDCT and CBCT was respectively 2.2/3 and 2.75/3
at the tibia/tibial implant interface, 1/3 and 2.3/3 at the trochlear region/femoral implant interface,
0.9/3 and 2/3 at the femoral condyle/femoral implant interface, and 1.25/3 and 2.1/3 at the
patella/patellar medallion interface. The mean CT dose index was significantly lower, by a factor of
1.24, on CBCT (4.138 mGy) than MDCT (5.125 mGy) (p<00396).

Conclusion

The results of the present study revealed added value for CBCT in the etiological work-up for pain
following a TKA. It was reliable and reproducible for the rotation measurement and diagnosis of
implant loosening, due to enhanced image quality despite a lower radiation dose than conventional
MDCT.

Level of evidence: III; retrospective comparative study

Keywords: Cone-beam, CBCT, Revision surgery of the knee, Knee arthroplasty, CT-scan



1. Introduction

Over the last decade, rates of total knee arthroplasty (TKA) have been increasing as the population
ages [1] and the range of indications broadens in younger patients [2,3], with a consequent increase in
revision procedures [4,5].There are many reasons why first-line TKA may fail [4], and in France this
was the focus of symposia in the annual congresses of the French Society of Orthopedic Surgery and
Traumatology (SoFCOT) in 2000 [6] and in 2015, notably identifying: infection, septic or aseptic
loosening, laxity, and stiffness [7,8]

Before considering revision surgery, complementary examinations, notably including multidetector
CT (MDCT), screen for abnormalities such as rotation disorder and implant loosening. CT scan
quality, however, is impaired by metal artifacts [9,10]. Cone-beam CT (CBCT) is a new imaging
technique [11] which, like MDCT, uses an X-ray beam rotating around the patient; instead of detector
rows, however, it has a flat panel detector. The first published series demonstrated the advantages in
dental surgery (implantology) and maxillofacial surgery, with much fewer metal artifacts and
significantly enhanced image quality [12,13].

New CBCT devices dedicated to limb imaging exist [14,15], allowing weight-bearing investigation
[14]. There have been few reports of their application in orthopedic surgery outside of the foot and
ankle [16-18], and in prosthetic surgery in particular. CBCT has not been validated for the indication
of etiological assessment for pain following TKA. Therefore, we conducted a retrospective study of
MDCT versus CBCT, comparing: 1) image quality; 2) interobserver reproducibility of angle
measurements; 3) effectiveness in screening for periprosthetic radiolucency and implant loosening;
and 4) radiation dose. The study hypothesis was that improved spatial resolution in CBCT [19]
provides better image quality, reproducibility of angle measurements, and screening for radiolucency

and implant loosening, at a lower radiation dose.

2. Material and Method

2.1 Population



All the patients with painful TKA undergoing pain management in our department were included in a
single-center retrospective study for the period October 2017 to March 2018. Retrospective analysis of
imaging data was approved by the Data Protection Officer (DPO) (n° DEC-18-337).

2.2 Image acquisition
All patients underwent MDCTs (Somaton AS 64, Siemens Healthcare, Saint-Denis, France) and
CBCT (CBCT OnSight 3D, Carestream Health, Noisy-le-Grand, France). For CBCT imaging, the
patient was seated with knee in extension, without weight-bearing (figure 1), enabling comparable
knee extension in both devices so as to obtain the same angle measurements [20].

2.3 Acquisition protocols
Table 1 shows the two acquisition protocols. For MDCT, a routine protocol was used investigating
painful TKA, and for CBCT, the manufacturer’s standard protocol was employed.

2.4 Assessment
The scans were interpreted retrospectively by two blinded independent radiologists (one junior, one
senior) specialized in musculoskeletal imaging, from the university hospital of Lille, France. CBCT
was interpreted independently of MDCT. All interpretations were made on the same console with the

same interpretation tool (SyngoVia, Siemens Healthcare, Saint-Denis, France).

a) Angle measurement

- Patellofemoral tilt (PFT) was measured on transverse slices in both scans as the angle
subtended by the axis through the bone-medallion junction and the axis through the
prosthetic trochlea (figure 2).

- The rotation angle of the femoral component (RAFC) was measured on transverse slices
as the angle subtended by the axis through the bi-epicondylar line and the tangent to the
posterior edge of the femoral condyles (figure 2): a positive result was found when the
femoral component was in medial rotation, and negative when in lateral rotation.

- The rotation angle of the tibial component (RATC) was measured with line A, tangential
to the posterior edge of the tibial plateaus, line B perpendicular to line A through the

center of the implant (figure 2), and line C through the center of the tibial component and



the most prominent part of the anterior tibial tuberosity, RATC being the angle subtended

by lines B and C (figure 2).

b) Radiolucency and loosening screening

The bone/implant interface radiolucency was deemed significant if >2 mm. The number per patient

was reported on the Knee Society scoring system [21] (figure 3).

c) Bone/implant interface image quality
Image quality was assessed at the various interfaces:
- tibial plateau;
- trochlear component;
- posterior condyles;
- patella.
The assessment was made subjectively, using a Likert scale [22]:
- 0: many artifacts, interface invisible;
- 1: moderate artifacts, interface visualizable but not details;
- 2: few artifacts, interface visualizable with most details;
- 3:no artifacts, interface perfectly visualized.
0 and 1 correspond to zero or poor visualization, precluding precise interpretation; 2 and 3 correspond

to good or very good visualization, allowing precise interpretation. Each interface was scored 0 to 3.

d) Dosimetry
Dosimetry was reported as the volume CT dose index (CTDIvol) based on the DICOM data. For
CBCT CTDlvol, exploration intensity and length were fixed (90 kV, SmAs (Table 1)) with no changes
to the intensity modulation or manufacturer’s CTDI. On MDCT, on the other hand, parameters were

modifiable and the CTDI was calculated at each review and depended on the patient.

2.5 Statistics



Results were collected by an orthopedic surgeon between October 2017 and February 2018. Numerical
variables were expressed as the mean, standard deviation and range, and qualitative variables as
number and percentage. Distribution normality was checked graphically on histograms and by
Shapiro-Wilk test. In the case of significant non-normality without obvious transformation, non-
parametric tests were used.

For numerical variables, interobserver agreement was assessed on Fleiss inter-rater reliability [23]
with 95% confidence interval, and for qualitative variables on kappa coefficient [24]: excellent (0.81-
1.00), good (0.61-0.80), moderate (0.41-0.60), borderline (0.21-0.40), poor (0.00-0.20) or bad (<0.0).
The significance threshold was set at 5%. Analyses used SAS software (SAS Institute Inc., Cary, NC

25513, version 9.3).

3. Results
3.1 Population

Twenty-nine patients were seen in consultation for TKA-related pain and underwent the imaging
protocol. One was excluded for patellar dislocation preventing PFT measurement. Thus, 28 patients
were included.

Mean age was 61 +11.6 years [range, 45-85], with 21 women (75%) and 7 men (25%). Mean BMI was
33.6 + 4 [range, 24.8-43.3]. Implants were all cemented: 15 posterior stabilized (54%), 1 posterior
stabilized with tibial extension stem (3%), 5 mediolateral constrained condylar knee (CCK) (18 %)

and 7 hinged (25%).

3.2 Angle measurement

For PFT, ICC was good (0.73; 95% CI: 0.52 — 0.87) on MDCT and excellent (0.82; 95% CI: 0.62 —
0.92) on CBCT (Table 1).
For RAFC, it was borderline (0.28; 95% CI: 0 — 0.61) on MDCT and moderate (0.44; 95% CI: 0.03-

0.8) on CBCT. For RATC, it was excellent (0.82; 95% CI: 0.61 — 0.90) on MDCT and excellent (0.96;



95% CI: 0.88 — 0.99) on CBCT. Overall, interobserver reproducibility for angle measurement was

better on CBCT.

3.3 Radiolucency

a) Number of radiolucent lines
One hundred and forty-four radiolucent lines were seen on MDCT, versus 112 on CBCT. The two
radiologists respectively observed 93 and 51 radiolucent lines on MDCT and 64 and 48 on CBCT.
ICC was moderate (0.45; 95% CI: 0.13 — 0.68) on MDCT and excellent (0.84; 95% CI: 0.68 — 0.96)

on CBCT (figure 4).

b) Tibial loosening
All 28 cases were concordant for tibial loosening on MDCT: moderate kappa (0.451; 95% CI: 0.16 —

0.74). Twenty-seven were concordant on CBCT: excellent kappa (0.93; 95% CI: 0.78-1.0) (figure 4).

¢) Femoral loosening
Nineteen of the 28 cases were concordant for tibial loosening on MDCT: poor kappa (0.192; 95% CI:
-0.18 to +0.57). Twenty-one were concordant on CBCT: borderline kappa (0.387; 95% CI: 0.04 —
0.73) (figure 4). Overall, interobserver reproducibility for radiolucency and loosening was better on

CBCT.

3.4 Image quality

a) Tibia/tibial implant interface

Mean image quality was 2.2/3 on MDCT and 2.75/3 on CBCT for the two radiologists
Kappa was borderline (0.026; 95% CI: -0.36 to +0.41) on MDCT and excellent (1.00; 95% CI: 1) on
CBCT (figure 5).

b) Trochlear region/femoral implant interface

Mean image quality was 1/3 on MDCT and 2.3/3 on CBCT.



Kappa was poor (0.125; 95% CI: -0.10 to +0.35) on MDCT and good (0.708; 95% CI: 0.33 — 1) on
CBCT.

c¢) Femoral condyle/femoral implant interface

Mean image quality was 0.9/3 on MDCT and 2/3 on CBCT.
Kappa was bad (-0,12; 95% CI: -0.25 to +0.01) on MDCT and moderate (0.523; 95% CI: 0.07 —
0.971) on CBCT.

d) Patella/patellar implant interface
Mean image quality was 1.25/3 on MDCT and 2.1/3 on CBCT.
Kappa was borderline (0.233; 95% CI: -0.14 to +0.60) on MDCT and borderline (0.362; 95% CI: -
0.16 to +0.89] on CBCT.
Overall, image quality for both radiologists was better on CBCT at all interfaces. Figures 4 and 6 show

interobserver agreement on the two devices.

3.5 Dosimetry

Mean CTDIvol was 5.125 £+ 2.01 mGy [range, 2.45-9.67] on MDCT and 4.138 mGy on CBCT: i.e.,

1.24-fold greater (p=0.0396).

4. Discussion

In the present series, CBCT provided reliable and reproducible analysis of knee implants, by
optimizing image quality. This is the first French report of CBCT in knee arthroplasty. Most
previously published reports were concerned with cadaveric bones or phantom knees, making this
study one of the first to focus on CBCT used in clinical practice [25]. It is also the first in the literature
to assess all the CT parameters generally used for hinged or reconstructive implants.

Although great progress has been made in image post-processing with an artifact-reduction
algorithm [26,27], metal artifacts are still numerous, impairing image quality. The present study found

better image quality with CBCT. Nardi et al. [28] reported similar results for CBCT image quality in



bone and soft tissue at 2, 5, 10 and 15 mm around knee implants in the supracondylar region, at the
anatomic transepicondylar axis and in the tibia. On a Likert scale from GO (no visibility) to G3
(perfect visibility), they reported CBCT image quality of generally G2 or G3 in the supracondylar
region and tibia, both above and below the tibial plateau. The present study found similar results for
the trochlear region and tibial plateau, with the kappa coefficient judged respectively excellent (k>0.8)
and good (k=0.71). In contrast, Nardi et al. found poor quality (GO) in the posterior femur, where the
present study found a mean quality of 2/3 and moderate kappa (k=0.52). Carrino et al. [29] analyzed
CBCT image quality in cadaveric elbows, hands, knees and feet, rated by a radiologist on a Likert
scale from 1 (poor) to 5 (excellent); quality was rated as good to excellent in all cases [29]; bone study
and joint study were respectively excellent (5/5) and good (4/5), with the best results in the knee and
elbow (4/5 and 5/5 respectively) [29].

The literature data (Table 2) matches the present results for femoral and tibial component rotation.
Nardi et al. [28] reported almost perfect interobserver correlation coefficients of 0.89 to 0.94 for PFT,
RAFC and RATC. Jaroma et al. [25] reported a coefficient of 0.87 (95% CI: 0.74-0.94) for RATC and
0.41 (95% CI: 0.12-0.69) for RAFC, comparable to the present findings. The difference between
femur and tibia may be due to the difficulty of analyzing the transepicondylar axis in the femur, thus
increasing the scatter of measurement.

A few studies considered the contribution of CBCT in diagnosing implant loosening in knee
surgery. Jaroma et al. [25] reported 97% sensitivity and 85% specificity for tibial component
loosening, but had no cases of femoral or patellar loosening among their 18 cases. The interobserver
correlation for diagnosis of loosening was moderate, with the kappa coefficient ranging from 0.58
(95% CI: 0.38-0.84) to 0.59 (95% CI: 0.35-0.83). Four tibial implants were diagnosed as loose, with
no femoral or patellar loosening. However, they did not record the pathological radiolucency, and
studied only severe osteolysis, and thus low-grade lesions may have been overlooked. In the present
study, pathological radiolucency screening also showed excellent interobserver concordance, with a
kappa coefficient of 0.84 [95% CI: 0.68-0.96]. One hundred and forty-four radiolucent lines were

observed on MDCT and 112 on CBCT. Frequency was greater in hinged and extension stem models;



this difference may be due to metal artifacts, leading to diagnosis of radiolucency on MDCT despite
artifact reduction software.

For radiation dose, we found that the CTDIvol was lower in CBCT than MDCT, but our overall
results were lower than reported elsewhere [33-35]. This was due to our standard-quality/low-dose
MDCT acquisition protocol, which nevertheless was that used in current care for assessment of
implant rotation and limb torsion. In 139 CBCT scans in emergency traumatology, all joints taken
together, Jacques et al. [36] reported a mean dose-length product (DLP) that was 50.7% lower in
CBCT than MDCT: respectively, 101.6 mGy/cm and 206.5 mGy/cm.

The present study has certain limitations. 1) The retrospective design and small sample size limit
conclusions. It was not possible to calculate the interobserver concordance according to implant type,
due to small numbers (n= 15 and 13). 2) The limited exploration length on CBCT sometimes did not
enable imaging of the extremity in certain reconstructive implant stems. The CBCT tunnel diameter is
a limitation for this technique, with a 23 cm exploration field for the model used in the present study,
varying between manufacturers. On the other hand, the present series included patients with high
BMIs who were still able to be examined. 3) We lacked data for other investigations and for implant
revision in individual patients, which is considered the gold-standard in diagnosing implant loosening.
4) The intra-observer concordance was not assessed, but could have explained the difficulty in making
certain measurements. However, the study objective was not to assess the radiologists’ experience on
this indicator, as they were all experienced in musculoskeletal imaging, but rather to assess the
reproducibility of CTCB measurement. 5) Our use of low-dose X-ray for MDCT may have increased
the difference in image quality with respect to CBCT. However, these were routine procedures and the

radiation dose could not be tailored to the needs of the study.

5. Conclusion

The present preliminary findings demonstrated the interest of cone-beam CT for etiological work-up
in TKA pain. Concordance testing on the study parameters were in agreement with the literature.

CBCT emerged as a reliable and reproducible means of investigation for angle measurement and



diagnosis of implant loosening, due to optimized image quality. Further studies are needed to assess its

use in screening for loosening in comparison to the gold standard of surgical revision.
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Table 1: MDCT and CBCT acquisition protocols.

zone

MDCT CBCT
Tension 120 or 140 Kv, 90 Kv
automatic adaptation by
Care Kv system
Intensity 60 mAs (adaptation by 5 mAs
Care Dose system)
Pitch 0.8 Not applicable
Exploration length Variable according to 23 cm

Metal artifact reduction
software

Iterative Metal Artifact
Reduction (IMAR)

Carestream Metal
Artifact Reduction
(CMAR 2)




Table 2: Interobserver agreement (intraclass correlation coefficient: ICC) for implant rotation

in published studies. Values closer to 1 indicate better agreement.

Concordance (ICC)

Author Date Device
Femoral Rotation Tibial Rotation
Jazrawi et al. 2000 MDCT 0.90 0.93
[30]
Konigsberg 2013 MDCT 0.39 0.67
et al. [31]
Figueroa et 2016 MDCT 0.76 0.65
al. [32]
Nardi et al. 2017 CBCT 0.89 0.94
[28]
Jaroma et al. 2018 CBCT 0.41 0.87
[25]
Dartus 2018 CBCT 0.44 0.96
Bad Poor Borderline Moderate Good Excellent
<0.0 [0;0.20] [0.21 ;0.40] [0.41 ;0.60] [0.61 ;0.80] [0.81 ;1.00]




Figure legends
Figure 1: Patient positioning for (Lille university hospital).

Figure 2: Angle measurements in the various knee prostheses (CBCT image, Lille university
hospital).

Figure 3: Screening for significant bone/implant interface radiolucency.

Figure 4: Interobserver concordance (intraclass correlation coefficient) for study parameters
on MDCT and CBCT). Values closer to 1 indicate better agreement

Figure 5: Mean image quality rated by the two radiologists at the various interfaces according
to device.

Figure 6: Graphic analysis of interobserver concordance of study criteria according to device.






J Patellofemoral angle (TFP) Femoral implant rotation (RADC)

Tibial implant rotation (RATC)



TDM Cone-Beam



Figure 4: Interobserver concordance (intraclass correlation coefficient) for study parameters
on MDCT and CBCT). Values closer to 1 indicate better agreement

MDCT CBCT

Coefficient 95% ClI Coefficient 95% Cl
PFT 0.73 0.52 - 0.87 0.82 0.62 - 0.92
RAFC ICC 0.28 0-0.61 0.44 0.03 - 0.81
RATC 0.82 0.61-0.90 0.96 0.88 - 0.99
Radiolucency 0.45 0.13-0.68 0.84 0.68 - 0.96
Tibial loosening 0.45 0.16-0.74 0.93 0.78-1.0
Femoral loosening 0.19 -0.18 -0.57 0.38 0.04-0.73
Image quality: Tibia 0.03 -0.36 -0.41 1 NA
;21:118? qually: Anferor | Kappa 0.12 0.10-0.35 | 0.71 0.33- 1
Image quality: Posterior
femur -0.12 -0.25 -0.01 0.52 0.07-0.971
Image quality: Patella 0.23 -0.14 -0.60 0.36 -0.16 -0.89

PFT = patellofemoral tilt; RAFC=Rotation angle of femoral component; RATC= Rotation angle of tibial

component

Borderline
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[0.41-0.60]

Good

[0.61-0.80]
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