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CT arthrography visualizes tissue growth of osteochondral defects
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Hong-Geun Jung' - Na-Ra Kim? - Ji-Young Jeon® - Dong-Oh Lee* -

Jun-Sang Eom' - Jong-Soo Lee! - Sung-Wook Kim!

Received: 16 August 2016 / Accepted: 9 June 2017 / Published online: 17 June 2017
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2017

Abstract

Purpose Little is known about the arthroscopic or radio-
graphic outcomes after arthroscopic microfracture of
osteochondral lesions of the talus (OLTs). The purpose
of this study was to investigate tissue growth after arthro-
scopic microfracture of OLTs using computed tomogra-
phy arthrography (CTA) and to identify the relationship
between CTA findings and clinical outcomes. We hypoth-
esized that the morphology of the repaired tissue would be
similar to that of normal anatomy and correlate with the
clinical outcomes.

Methods Forty-two ankles treated using arthroscopic
microfracture of OLTs between 2009 and 2014 were moni-
tored. CTA was performed post-operatively at 6 months
and at 1 and 2 years after surgery. The post-operative thick-
ness of the repaired tissue associated with OLT (grade) and
the volume of the subchondral cystic lesions were evalu-
ated using CTA. Clinical outcomes, including the pain vis-
ual analog scale (VAS) and American Orthopaedic Foot

P< Dong-Oh Lee
ronaki @naver.com

Hong-Geun Jung
jungfoot@hanmail.net

Na-Ra Kim
kimnr001 @gmail.com

Ji-Young Jeon
mdjeonjy @gmail.com
Jun-Sang Eom
eoms1234 @naver.com

Jong-Soo Lee
hijsball @naver.com

Sung-Wook Kim
kaugi333 @gmail.com

and Ankle Society (AOFAS) ankle functional scores, were
evaluated and correlated with CTA.

Results The proportion of fully grown tissue (grade 3)
increased over time; specifically, the rates were 12/40
(33.3%) at 6 months, 11/18 (61.1%) at 1 year, and 8/10
(80%) at 2 years after surgery (p = 0.005). The VAS pain
(» < 0.001) and AOFAS scores (p < 0.001) were also
improved at the final follow-up; however, they were not
associated with repaired tissue thickness as shown by CTA
(n.s.).

Conclusions After microfracture of OLTs, tissue growth
in the osteochondral defects was well visualized using CT
arthrography and was observed in most cases. However, the
CTA findings were not related to the clinical outcomes.
Level of evidence 1TV.

Keywords Osteochondral lesion of the talus -
Arthroscopic microfracture - CT arthrography - Tissue
growth
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Introduction

Osteochondral lesions of the talus (OLTs) are subchon-
dral and cartilage lesions that cause recurrent ankle pain,
swelling, and functional limitations. Increasingly, OLTs
have been detected using magnetic resonance imaging
(MRI), and various techniques are available to address
these lesions [1, 9, 10]. One technique is arthroscopic
microfracture, which has gained popularity as the first-
line treatment for OLTs [18, 23, 25].

Although the potential clinical outcome of tissue
growth after arthroscopic microfracture of OLTs has
been a major topic of interest, few studies have reported
this outcome in conjunction with radiographic imag-
ing evaluations or second-look arthroscopy after arthro-
scopic microfracture [17, 29]. Performing second-look
arthroscopy for uncomplicated cases merely to assess
arthroscopic microfracture outcomes might be unethical
because it is an invasive procedure [14]. MRI is also not
a favourable imaging modality because it is expensive
and time-consuming; furthermore, it cannot precisely
demarcate the exact morphology of the articular surface
for serial OLT follow-up assessments as well as the sub-
chondral bony consolidation. Nevertheless, many previ-
ous imaging follow-up reports regarding microfracture of
OLTs have used MRI [8, 13, 17, 19, 29].

To the best of our knowledge, no OLT studies have
used computed tomography arthrography (CTA) to radi-
ographically evaluate arthroscopic microfracture treat-
ments. Therefore, this study sought to verify the tissue
growth of OLTs after arthroscopic microfracture using
CTA and to evaluate the correlations with clinical out-
comes. The hypothesis of this study was that CTA could
be used to evaluate not only the tissue growth but also the
joint congruency and subchondral changes after arthro-
scopic microfracture of OLTs and that the clinical out-
comes would be proportionally related to the degree of
tissue growth revealed by CTA.

Materials and methods

A single senior author treated 60 OLT patients (61
ankles) at Konkuk Medical Center using arthroscopic
microfracture from 2009 to 2014. OLTs were confirmed
using preoperative MRI and ankle arthroscopy. The
inclusion criteria were patients with a diagnosis of OLT
whose pain remained unresponsive to conservative man-
agement, including rest, splints, such medications as non-
steroidal anti-inflammatory drugs, and physical therapy,
for at least 6 months. Patients were included only if they
agreed to undergo CTA at 6-month, 1-year, and 2-year
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follow-ups. Any psychotic disorders, diabetes, or immune
diseases, e.g. rheumatoid arthritis, a previous history of
ankle surgery, or a follow-up less than 6 months after sur-
gery, were excluded. All the patients were instructed to
undergo CTA post-operatively and to complete a survey
during the follow-up period; a total of 42 patients (42
ankles) were enrolled.

A total of 26 men and 16 women with a mean age of
39.8 + 15.7 years and a mean body mass index (BMI) of
25.6 £ 3.8 kg/m* were included in the sample at the time
of surgery. Twenty-one of the ankles of interest were on
the right side. Thirty patients (71.4%) had evident previous
trauma. All patients complained of more than one symp-
tom, including chronic ankle pain, swelling, functional
limitations, or weakness. The median duration of preop-
erative ankle pain was 20.0 months (range 6—120 months),
and the median follow-up period was 13.0 months (range
6—54 months).

Nine patients had ten concomitant diseases at the time
of surgery, including three cases of lateral ankle instabil-
ity, three cases of sinus tarsi syndrome, one case of painful
accessory navicular, one case of ankle soft tissue impinge-
ment, and two cases of tibial osteophytes. To eliminate con-
founding effects, these nine patients were excluded from
the analysis of the relationships between the CTA findings
and the clinical outcomes.

Post-operative ankle CTA was performed on 40, 18, and
10 ankles at 6 months, 1 year, and 2 years after the sur-
gery, respectively. Clinical surveys were completed preop-
eratively and then post-operatively at 6 months, 1 year, and
each year thereafter.

Operative technique and post-operative rehabilitation

All operative procedures were performed by a single sen-
ior surgeon. After cartilage flap or osteochondral fragment
removal, the subchondral crater was debrided with a shaver
and curette. Multiple microfractures 3—4 mm deep were
made perpendicular to the subchondral bone with approxi-
mately 2-4 mm between the holes. After the input saline
was turned off, bleeding and marrow fat droplet leakage
from the subchondral microfracture holes were confirmed.
A short-leg splint and a partial weight-bearing state were
maintained for 2 weeks post-operatively, after which
weight-bearing and range-of-motion ankle exercises were
allowed as tolerated.

Clinical evaluation

Demographic variables known as “possible prognos-
tic factors” were collected and co-analysed. These vari-
ables included sex, age, BMI, symptom duration, his-
tory of trauma, and the presence of osteophytes [3, 11].
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Functional outcomes were evaluated using scores on the
American Orthopaedic Foot and Ankle Society (AOFAS)
Ankle-Hindfoot Scale [15]. Subjective pain was repre-
sented using a 10-point visual analog scale (VAS), by
which 10 points indicated the maximum pain imaginable.

Radiological evaluation

To avoid potential bias, two musculoskeletal radiologists
with 10 years of experience who were uninvolved with
the treatment of patients and blinded to the purpose of this
study assessed all the radiographs, including those from
MRI and CTA. All measurements were taken twice by two
observers with a 2-week interval and included one decimal
value. As a result, the intra- and interobserver reliability
was indicated by kappa values of 0.85 and 0.81, respec-
tively. The intra- and interobserver reliability of the region-
of-interest (ROI) measurements was indicated by intra- and
interclass correlation values of 0.78 and 0.72, respectively.

Preoperatively, all lesions were classified using MRI,
as described by Hepple et al. [12]. Regarding the OLT
size and the volume of the subchondral lesions, coronal
width (W) was measured via the maximum extension
within the coronal images. The anteroposterior length
(AP) of the OLT and the depth of the subchondral lesions
(D) were measured within the sagittal images. Then, the
area of the OLT was calculated using the ellipse formula
(W x AP x 0.79), and the volume of the subchondral
lesions was determined using the standard volume of an
ellipsoid (W x AP x D x 4/3m) [3, 29].

At the follow-up assessment, the post-operative OLT
was assessed using CTA. The thickness of the repaired
tissue was compared with the thickness of adjacent nor-
mal talar dome cartilage and classified into the follow-
ing four grades: (0) no growth; (1) growth less than 50%
of the adjacent normal cartilage thickness; (2) more than
50% of the adjacent normal cartilage thickness; and (3)
similar to the thickness of adjacent normal talar dome
cartilage (Table 1) [21, 32].

Changes in the OLT area and the subchondral cystic
lesion volume were also calculated using the methods
described above.

Table 1 Classification of tissue growth grade

Grade Criteria
0 No tissue growth
Repaired less than 50% of adjacent normal cartilage
thickness
2 Thickness more than 50% of adjacent normal cartilage
thickness
3 Thickness similar to adjacent normal cartilage thickness

For the quantitative analysis of the degree of bone con-
solidation, the mean Hounsfield unit (HU) was obtained
for the subchondral lesion of the OLT on one representa-
tive coronal or sagittal reconstruction CTA image [27].
The HU value was measured using manually drawn
regions of interest (ROIs) on the CTA image [20].

CTA imaging protocol

A 22-gauge needle was inserted into the anterolateral joint
space. The 20 ml of injection material consisted of 12 ml of
non-ionic iodine contrast (Telebrix 30 Meglumine, Guer-
bet, Aulnay-sous-Bois, France) mixed with 8 ml of normal
saline. The average total injected volume was 5 ml. After
injection, all patients were immediately scanned using a
64-row multi-detector CT scanner (LightSpeed VCT XT;
GE Healthcare, Milwaukee, WI, USA). The institutional
review board at our hospital approved this study (Konkuk
Medical Center, KUH1060110).

Statistical analyses

Correlation analyses were performed to correlate the
AOFAS functional score and the VAS pain score with
the thickness and repaired area of each affected lesion.
Improvements in the AOFAS functional score and the
VAS pain score, which followed a normal distribution,
were assessed using a paired-sample T test. Radiographic
changes at 6 months and 1 year after surgery were vali-
dated using the Wilcoxon test. Univariate analyses were
performed using Pearson’s or Spearman’s correlations.
For the analysis of the relationship between the thick-
ness of repaired tissue and clinical scores, repaired tissue
thickness grades of 0 and 1 were coded as “0”, whereas 2
and 3 were coded as “1”. For this correlative analysis, the
clinical score at the final follow-up of each patient was
used. Thus, the data from all 42 patients were analysed
for correlations between tissue thickness determined by
CTA and clinical outcomes. To detect the factors that
affect tissue growth, a logistic regression analysis was
performed on the same assumption. Patient sex, age,
symptom duration, BMI, and trauma history were used
as independent factors in this analysis; p values less than
0.05 were considered significant in all situations. To esti-
mate the required sample size, the VAS pain score was
used as the primary outcome and an attempt was made to
distinguish differences of 0.5 in patients prior to surgery
and at the final follow-up with a standard deviation of 0.5
points and an effect size of 1. Based on these parame-
ters, the power analysis indicated that a sample size of
34 would provide 80% power to detect an effect of this
magnitude (¢ = 0.05, 8 = 0.2).
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Results
Clinical outcomes

Overall, the mean VAS pain score improved from
7.2 £ 1.6 preoperatively to 2.0 £ 1.8 at the final follow-
up assessment (p < 0.001). The mean AOFAS score sig-
nificantly increased from 70.9 & 9.7 preoperatively to
88.4 £ 4.7 at the final follow-up assessment (p < 0.001).
Although one patient was recommended for osteochon-
dral autograft transfer due to persistent ankle pain, none
of the patients underwent surgical revision after primary
arthroscopic microfracture.

Radiographic outcomes

Thirty-six patients had a medial lesion, four had a lat-
eral lesion, and two had both medial and lateral lesions.
According to the preoperative MRI data, stage ITA was
the most common (24 ankles 57.1%), followed by stage
III (8 ankles 19%). The median OLT areas are listed in
Table 2.

The proportion of repaired tissue of OLT with grade 3
increased over time (Table 2). At the final follow-up of each
ankle, tissue growth of grades 1, 2, and 3 was observed in
10, 9, and 21 ankles, respectively. As a result, defect filling
was observed in 40 ankles (95.2%).

Tissue growth and subchondral bony consolidation
increased over time in most cases (Figs. 1, 2). Hypertrophic
tissue and poor tissue growth were also observed. Uncon-
tained shoulder lesions either restored the previous shape
of the talus with cartilaginous signal or showed in situ tis-
sue growth (Fig. 3). One lesion even achieved congruency
of the joint by forming tissue growth at the confronting
plafond surface (Fig. 3c). These lesions were classified as
given in Table 3. A debrided OLT before microfracture is
shown in Fig. 4.

The ROIs and tissue growth were significantly improved
at the 1-year follow-up compared with those at six months
(p = 0.001 and 0.007, respectively); however, the overall
size of the subchondral cystic lesions did not decrease [not
significant (n.s.)].

Relationship between clinical outcomes and CTA
findings

Neither VAS pain nor AOFAS scores were associated with
repaired tissue thickness (n.s.). Patients with trauma his-
tories had an approximately fivefold greater chance of tis-
sue growth than did patients without such histories (odds
ratio = 5.133, p = 0.028). Most patients with an uncon-
tained shoulder lesion showed a positive clinical outcome
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Table 2 Quantitative data at each follow-up visit

Preoperative 6 months 1 year 2 years

Area(mm?)’  61.8* 60.8 56.0 51.1
Volume (mm?)’  N/A* 1279.6 823.5 1086.3
ROI (HU)" 514.8 694.5 742.6
Cartilage thickness

Grade 0 N/A 3(7.5%) 1 (5.6%) 1 (10%)

Grade 1 10 (2.5%) 4 (22.2%) 0(0%)

Grade 2 15(37.5%) 2(11.1%) 1(10%)

Grade 3 12 (33.3%) 11 (61.1%) 8 (80%)

Total 40 (100%) 18 (100%) 10 (100%)
T Median

¥ Measured using preoperative MRI
* Not applicable

at post-operative 2 years. However, four patients with large
buttress defects showed unfavourable outcomes regardless
of the morphology of the repaired tissue, and one of these
patients required an autogenous bone graft.

Discussion

The most important finding of the present study was that
CTA was useful for monitoring tissue growth and subchon-
dral lesion remodelling, which showed progression for up
to 2 years after surgery, albeit in the small group of patients
who completed the follow-up examinations. Subchondral
consolidation partially improved, but overall cyst size did
not decrease within the study period. Patient trauma history
affected whether the defect could be filled after microf-
racture. However, the presence or thickness of grown tis-
sue determined by CTA was not associated with short-term
clinical outcomes. OLTs without a lateral pillar led to either
in situ tissue growth or moulded reformation with connec-
tive tissue. Patients with a large lateral pillar defect had
unfavourable clinical outcomes.

Since CTA was first used to detect cartilage defects,
such as chondromalacia patellae, in the early 1980s [24],
many cartilage imaging studies have used CTA to inves-
tigate other joints [2, 21, 22, 30, 32]. Since the introduc-
tion of multi-detector technology, CTA has been widely
used for cartilage imaging to acquire isotropic data, which
allows for multi-planar reconstructions and thin sectioning
[4, 6, 16, 26]. The interface between the surface of the car-
tilage and the joint space appears as a sharp line on CTA
[32]. Thus, CTA might be the most appropriate modal-
ity for evaluating ankle joint cartilage because its articu-
lar cartilage is relatively thin compared with that of other
joints. Nevertheless, the performance of CTA for the ankle
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Fig. 1 Post-operative CTA
images obtained in a 24-year-
old man after arthroscopic
microfracture for medial OLT;

a 6 months post-operative; b
coronal image at 2 years post-
operative showing fully repaired
tissue

Fig. 2 Post-operative CTA
images obtained in a 69-year-
old man after arthroscopic
microfracture for medial OLT;
a 6 months post-operative; b
coronal image at 2 years post-
operative showing the progres-
sion of bony consolidation

-
E

Fig. 3 Post-operative CTA coronal images. a The OLT was restored into the previous shape of the talus; b tissue growth was insufficient to
recover the previous shape; and ¢ in situ formation of cartilage and congruency at the plafond

@ Springer
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Table 3 Classification of morphology of OLTs with uncontained
shoulder lesions following arthroscopic microfracture

Class Criteria

0 No demonstrable cartilage

1 In situ cartilage formation

II Incomplete cartilage formation into previous shape of mortise
1 Complete cartilage formation into previous shape of mortise

v Hypertrophic cartilage formation

Fig. 4 Arthroscopic image showing the defect after debridement
for microfracture. This image and the CTA images in Fig. 1 were
obtained from the same patient

joint remains poorly understood, other than for soft tissue
impingement or post-traumatic arthritis [4-6, 16, 26, 28].
To the best of our knowledge, this comprehensive study is
the first to post-operatively evaluate OLT progression after
arthroscopic microfracture using CTA.

Pain does not originate from the cartilage lesion itself
but from the stimulation of the highly innervated subchon-
dral bone [7, 31]. From that perspective, an evaluation of the
surface or thickness of cartilage that covers the subchondral
bone might be valuable and favour CTA over MRI when
monitoring OLTs after arthroscopic microfracture. Moreo-
ver, bone assessment using CTA is superior to that using
MRI because it is advantageous for evaluating subchondral
bony changes after microfracture. Although minor compli-
cations, such as transient ankle pain or a tingling sensation,
may occur after intra-articular dye injection, CTA still has
other advantages over MRI, including a brief examination
time, high spatial resolution, multi-planar capability, low
sensitivity, and limited number of imaging artefacts.

Recently, researchers correlated the morphologies on
MRI with clinical outcomes after microfracture for OLTs
[29]. These authors suggested that the volume of bone
marrow oedema was associated with clinical symptoms.
However, bone consolidation, which is well defined by
CTA, can be a more useful marker for long-term moni-
toring than bone marrow oedema. CTA findings have not
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been reported to be associated with clinical outcomes
after the surgical fixation of malleolar fractures, which is
similar to our results [16]. Once the osteochondral defect
is covered with tissue that forms after microfracture, the
subchondral bone is likely protected from painful stimuli
regardless of the overlying tissue thickness. We believe
that this could explain our finding that the thickness of
newly grown tissue did not correlate with clinical out-
comes. Therefore, the clinical relationship between CTA
and OLTs after microfracture requires more long-term
follow-up investigation with larger data mass and the
analysis of other factors in addition to the thickness of
grown tissue, such as joint congruency, to confirm our
results.

Uncontained shoulder lesions likely result in unfa-
vourable outcomes; however, few morphological stud-
ies have been conducted. In our study, most uncontained
shoulder lesions were restored to their previous shape,
and these patients showed favourable outcomes at short-
term follow-up assessments. However, poor clinical out-
comes, regardless of morphology without moulding into
the previous shape or in situ tissue growth, were found
among patients who lacked a considerable lateral/medial
buttress. This finding suggests that clinical outcomes are
affected not only by the congruency or tissue growth but
also by the mechanical stability of the buttress structures.

Our study had several limitations. First, biopsy and
microscopic examinations were not performed; thus, we
cannot conclude whether the repaired lesions were true
fibro- or hyaline cartilage. However, several techniques,
such as the T2 mapping used in previous studies, are also
limited regarding their cartilage evaluation and clinical
use during follow-up examinations. Second, the preop-
erative and post-operative cartilage states could not be
compared because the preoperative evaluation was per-
formed using MRI and not CTA. Finally, the follow-up
period using CTA was relatively brief, and there was a
loss of data; thus, long-term follow-up assessments with
CTA might reveal long-term outcomes, such as treat-
ment survival after arthroscopic microfracture of OLTs,
in future studies. Nevertheless, we believe that the cur-
rent study of post-operative CTA for OLTs demonstrates
the viability of this non-invasive imaging modality for
visualizing the tissue growth in the osteochondral defect
after arthroscopic microfracture and can thus be used to
replace post-operative MRI or second-look arthroscopy.

Conclusions
Tissue growth after arthroscopic microfracture of OLTs was

detected in 96% of patients at each final follow-up exami-
nation using ankle CTA. CTA is a viable option for the
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follow-up evaluation of OLTs after microfracture regarding
articular tissue growth and subchondral bone consolidation.
However, the thickness of tissue as determined by CTA was
not associated with short-term clinical outcomes.
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