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SYNOVIAL HYPERTROPHY DETECTED USING ULTRASONOGRAM IN
PRIMARY OSTEOARTHRITIC KNEES: PREVALENCE AND CORRELATION
WITH RADIOGRAPHIC STAGING
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Abstract

Background: Treatment of primary osteoarthritic (OA) knee has changed in recent decades with a
greater focus on synovitis as one cause of cartilage destruction and degeneration. Ultrasonography
(US), a noninvasive, low cost and convenient procedure may be used for early detection and monitoring
synovitis in primary OA knee. Somehow, the lack of data on the prevalence of synovial hypertrophy
(SH) and its correlation to disease progression has precluded the use of US in clinical practice.
Objective: The study aimed to determine the prevalence of SH at each stage of the disease and its
correlation to structural damage.

Methods: In all, 214 knees among 127 cases diagnosed as having primary OA knee were examined using
US. The midline scanning technique of US was performed and synovial thickness at the suprapatellar
pouch was observed. All knees were categorized according to the Kellgren-Lawrence radiographic
staging (KL). The prevalence of SH in each KL with 2, 2.5 and 3 mm cutoff level were calculated.
The correlation between synovial thickness and KL was also analyzed.

Results: The prevalence of SH with 2 mm cutoff level in KL I-IV was 38.8, 70.8, 66.6 and 91.1%,
respectively. The prevalence of SH with 2.5 mm cutoff level in KL [-IV was 5.5, 37.5, 35.4 and 74.2%,
respectively. The prevalence of SH with 3 mm cutoff level in KL I-IV was 0, 29.1, 20.8 and 56.4%,
respectively. The overall prevalence with 2, 2.5 and 3 mm cut-off level was 72.2, 50.9 and 37.1%,
respectively. Synovial thickness, measured in millimeters, correlated well with KL (p<0.01). The correlation
of synovial thickness between each KL was also statistically significant (p<0.05) except those between
KL IT and KL IIT (p=0.98).

Conclusion: Synovial thickness at the suprapatellar pouch detected with midline scanning US reflected
the degree of synovitis which correlated well with structural damage and could be used to monitor
disease progression in primary OA knee.
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Introduction

For several decades, mainstay treatments of
primary osteoarthritic (OA) knee were supportive
until the end stage of disease in which the joint
replacement was inevitable. As the disease
progresses, the knee structure decays and the
symptoms worsen.'" Recently, the paradigm of
conservative treatment has changed to prevent
or delay disease progression by controlling
synovitis of the joint.*'> However, the imaging
modality to monitor the effectiveness of each
treatment has not yet been agreed upon. Plain
radiography is reflects only irreversible
structural damage; thus, cannot be used for early
detection. Magnetic resonance imaging study
(MRI) is not a cost-effective choice to monitor
disease progression in clinical settings. On the
other hand, ultrasonogram (US), a noninvasive,
low cost and convenient procedure can offer the
benefit of early detection and monitor synovial
hypertrophy (SH) with comparable accuracy to
MRI." Many studies conducted in the US in
osteoarthritic knees reported a wide range of SH
prevalences (14.5 to 99.7%), different cut-off
levels of SH and different correlations with
either radiographic staging or symptoms.(!51?
The study aimed to determine the prevalence of
SH at each stage of disease and its correlation to
structural damage.

US has been widely used in monitoring
synovitis of inflammatory joint disease, usually
performed by rheumatologists and radiologists.>2%
Unfortunately, the archaic concept of pathophysi-
ology in primary osteoarthritic knee, i.e., mechanical
wear and tear, has long blinded orthopedic
surgeons from the true culprit of cartilage
destruction, i.e., subclinical synovitis; thus, the use
of US in orthopedic practice is underrated.“!?

Another concern about US is the variety of
techniques and operator dependency, rendering
the reliability lower than it should be. The
reliability of US in detecting structural abnor-
malities is low; however, when focusing on only
inflammatory abnormalities, the agreement is
high despite the experience of the sonographer.®)
Our secondary goal is to determine the reliability
of a midline scanning US technique to detect SH
at the suprapatellar pouch.

Methods
Study population

Patients, visiting the Outpatient Department,
Orthopedics Division, Phramongkutklao Hospital

and presenting the chief complaint of knee pain,
were enrolled in this study from June 2018 to
December 2018. This study was approved by the
Research Ethics Committee of Phramongkutklao
College of Medicine. All participants provided
written informed consent.

The inclusion criteria comprised patients
receiving a diagnosis of osteoarthritis on either
side of the knees according to the ACR clinical
classification criteria for knee osteoarthritis and
having at least three of the following six items:
age >50 years, morning stiffness <30 minutes,
crepitus on knee motion, bony tenderness, bony
enlargement and no palpable warmth.?? The
exclusion criteria comprised patients having a
historycontributingtosecondaryosteoarthritis, i.e.,
posttraumatic, postinfection, postsurgery, inflammatory
joint disease, vasculitis or any connective tissue
disorder.

Ultrasound Instrument

The GE Healthcare model LOGIQ® e, Preset:
Musculoskeletal - knee in B-mode, 12L-RS
Wide Band Linear Probe (12MHz) was used in
this study.

Technique

The patient was placed in a supine position
on the examination table, keeping his/her knee
flexed but relaxed at 30°, one at a time. Midline
scanning technique US was performed with a
linear probe vertically applied at just proximal to
the superior pole of the patella.®*?» The quadriceps
were identified as a parallel line of muscle fibers
originating from the superior pole of the patella
and were tracked along the quadricep fiber
proximally, but not farther than 1 to 2 finger breadth,
in the supra-patella pouch. The suprapatellar
prefemoral fat pad is just proximal to the anterior
part of the femoral condyles. The heterogenous
fatty streak confirms the fat pad and is used to
differentiate from the synovium, the homogenous
echoic layer of tissue overlying the fat pad.
When a substantial amount of synovial effusion
is encountered, the probe is compressed as much
as possible to minimize effusion at the area of
interest.!'® 23 2% The thickest part of the synovium
was measured in millimeters to one decimal.
The measurements were repeated three times and
the thickest value of the synovium was recorded.
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Image 2. Imaging and measuring
(f: subcutaneous fat, Q: quadriceps, F: prefemoral fat pad, S: synovium, C: femoral condyle, E: effusion)

Reliability of measuring synovial thickness reliability were calculated using intraclass
Under the same midline scanning technique, correlation coefficients (ICC) using the Shrout

two sonographers, blinded to patients’ history, and Fleiss model (1979)

physical examination and radiographic results,

independently performed ultrasonogram in the __MS, —MSy _

same 10 OA knees. Intra and interobserver Moy +(E+DMS,
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Intra-observer reliability under the model of
one-way random effects, absolute agreement and
single rater [ICC(1,1)] were calculated using the
formula below.

Af’SR — 4"'{5‘"-
MS,

Interobserver reliability under the model of
one-way random effects, absolute agreement,
multiple raters [ICC(1,k)] were calculated using
the formula below.

MS = mean square for rows, MS, = mean square
for residual sources of variance, £ = number of
raters

Radiographic staging

The standing AP/lateral radiogram of knees
was performed and classified under the Kellgren
and Lawrence grading system (KL).?¥

Because the difference between KL grading
of 0 and 1 is subtle and difficult to categorize,
they were combined as KL grade 0-1.

blinding outcome assessors

Patients’ history taking and physical exam-
ination were performed by an orthopedic surgeon
in the screening room. When the patients’ condition
met the criteria, after being informed and agreeing
to enroll in the study, they were sent to the US
room, without any documents describing their
history or physical examination. They were sent

for radiogram only after their sonogram was
completed. In this manner, the sonographers
were blinded to the patients’ history and radio-
graphic results.

Statistical analysis

Prevalence was calculated with respect to
different cutoff levels of SH at 2, 2.5 and 3 mm
thickness. The correlation between synovial thickness
(in mm) and KL was analyzed using One-way
ANOVA and Scheffe post-hoc test. The prevalence
of SH in each KL with 2, 2.5 and 3 cutoff
levels was calculated. Synovial thickness more
than 2 mm was identified as SH and calculated
with Chi-square test to determine the relationship
between SH and KL.

Results

Demographic data of enrolled participants
Age and sex of the patients in each KL grading

were recorded as baseline characteristics as

shown in Table 2.

Prevalence of synovial hypertrophy (SH)

The overall prevalence of SH with 2 mm
cutoff was 72.2% and the prevalence among
KL 0 to 4 were 38.8, 70.8, 66.6 and 91.1%,
respectively. Using the 2.5 and 3 mm cutoff
values, the prevalences were lower than those of
the 2 mm (as shown in Table 3).

Table 1. Kellgren and Lawrence grading system (KL)

Kellgren and Lawrence grading system (KL)

Grade 0: No feature of osteoarthritis

Grade 1: Doubtful narrowing of joint space and possible osteophytic lipping
Grade 2: Definite osteophytes and possible narrowing of joint space
Grade 3: Moderate multiple osteophytes, definite narrowing of joint space, and some sclerosis

and possible deformity of bone ends

Grade 4: Large osteophytes, marked narrowing of joint space, severe sclerosis and definite

deformity of bone ends
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Table 2. Demographic data of enrolled participants

KLO0-1 KL2 KL3 KL4 Total
Male 2 10 14 33 59
Female 15 14 34 92 155
Age 50-80 52-83 50-83 50-86 50-81
(mean) (56) (65.8) (67.8) (71.3) (68.7)
Total 17 24 48 125 214
No statistical significance was found between all parameters
Table 3. Prevalence of SH using different cutoff levels
cut-off level KL 0-1 KL2 KL 3 KL 4 Overall
2mm 38.8% 70.8% 66.6% 91.1% 72.2%
2.5mm 5.5% 37.5% 35.4% 74.2% 50.9%
3mm 0% 29.1% 20.8% 56.4% 37.1%
Correlation significant (p<0.05) except those between KL2

Synovial thickness, measured in millimeters,
was higher with more advance KL grading.
Under one-way ANOVA analysis, synovial thickness
was well-correlated with KL grading (p<0.01).
Under the Scheffe posthoc test, the correlation
of synovial thickness between each KL was also

and KL3 (p=0.98).

Synovialhypertrophy (SH),1.e.,synovial thickness
of more than 2mm, is well-correlated with
KL grading under the Chi-square test (»<0.01)
These significances were also found at 2.5 and
3 mm cut-off levels.
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Figure 1. Correlation between synovial thickness and KL grading under one-way ANOVA
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Table 4. Repeated measurement of synovial thickness under midline scanning technique performed by

two independent sonographers.

1st 2nd 3rd Final 1st 2nd 3rd Final
Knee|l 2.5 2.8 1.8 2.8 2 1.8 3.5 3.5
Knee|2 3.1 2.5 3.5 3.5 2.2 3 2.6 3
Knee|(3 3 2.6 3 3 2.4 2 1.8 2.4
Knee|4 2.6 1.9 2 2.6 3 3.3 3.1 3.3
Knee(5 0.9 1.8 1.4 1.8 2.5 1.6 1 2.5
Knee|6 2.6 2.4 2 2.6 2.2 3.2 2.6 3.2
Knee|7 1.6 2 2.4 2.4 2.3 1.9 2.8 2.8
Knee(8 1.5 1.4 2 2 1 0.4 0.8 1
Knee|9 4.2 3.6 4.2 4.2 2.7 3.6 3.1 3.6
Knee|10 3 3.8 3.6 3.8 2.8 2.2 3.4 3.4

Inter- and Intra-observer reliability

After a period of practicing the same
protocol of midline scanning technique of two
sonographers, 10 random osteoarthritic knees
were examined and repeated three times use of
US in each knee and sonographers. The highest
value of synovial thickness was concluded as the
final value.

ForRaterl, intra-observer reliability was good
to excellent (ICC’s: 0.79 (0.53-0.93) to 0.92
(0.77-0.98). For Rater2, intra-observer reliability
was moderate to good (ICC’s: 0.60 (0.22-0.86)
to 0.82 (0.46-0.95).

Synovial thickness was observed with
moderateto good inter-observerreliability (ICC’s:
0.64 (0.02-0.89) to 0.78 (0.04-0.94). During this
study, in terms of our experience, Raterl had
already performed sonogram under midline
scanning technique over 200 cases compared
with only 30 cases performed by Rater 2.

Discussion

Synovial thickness at the supra-patellar pouch,
measured either in mm or percentage of SH, is
well-correlated with radiographic staging. In
advanced stage of osteoarthritic knees with severe
structural damage, the synovium are thicker
than early stages. These findings suggested that
long standing synovitis in the joint may thicken
the synovium over time. Thin synovium can be
found in KL4 and may be the result of shrinkage
under fibrotic processes. Further study is needed
to prove this assumption.

The prevalence of SH varied with different
cut-off levels; however, the 2 mm cut-off level

was more sensitive in early stages of osteoarthritic
knees with prevalence 38.8% in KLO to 1. On
the other hand, the synovial thickness of less than
2mm should be considered normal, to prevent
overdiagnosis of SH with US.

In this study, the overall prevalence among
each cut-off levels (37.1 to 72.2%) were within
the range of related studies (22.1 to 82.5%)1519

The correlation of SH to structural damage
was similar to a majority of related studies !5
but distinct from some studies."”'® The different
methods of collecting data may limit the
comparison of result across studies.

The concern about operator dependency of
US has long hindered a majority of orthopedics in
trying or practicing US. Better than expectation,
we found that the midline scanning technique for
US was easy to perform with acceptable reliability
and was easy to improve, even among inexperienced
practitioners.

Conclusion

Plain radiograms could represent irreversible
structural damage and are conventionally used
as tools to classify stages of osteoarthritis.
In this study, the more advanced the stage of
osteoarthritic knees became, the higher prevalence
of SH was observed. The trend of synovial
thickness also increased at each stage; thus,
correlating with structural damage. These findings
suggest that long standing synovitis contributed
to cartilage destruction. Similar to secondary
osteoarthritis from inflammatory disease, primary
osteoarthritis also presents inflammation, even to
a much lesser degree, but prolonged enough to
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thicken the synovium to a detectable range in US.
Conservative treatment of primary osteoarthritic
knee should aim to prevent structural damage of
the cartilage by controlling the synovitis process.
Treatment should not be halted until the synovitis
is well-controlled, even when the symptoms are
minimized by medication or activity reduction
because the fluctuating pain did not correlate
with the tedious progression of osteoarthritis,
especially during early stage osteoarthritis, when
structural damage has yet to occur. Salvaging the
cartilage during early stage osteoarthritic knees
1s paramount.

Unfortunately, subclinical synovitis is subtle
concerning physical examination alone, presently,
and US may be the most practical method of
monitoring synovitis. With any mode of treatment
applied, US will also detect its effectiveness,
rather than subjective pain. This study brings
a new paradigm one step closer regarding
osteoarthritic treatment - to delay or even prevent
osteoarthritis against the sands of time.
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