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High-Resolution Ultrasound of Knee Osteoarthritis in a
Southwest Nigerian Population: Our Experience

Samuel 0. Oyamakinde, Bolanle 0. Ibitoye, Oluwadare Esan', Olusola C. Famurewa, Adeniyi S. Aderibighe
Departments of Radiology and Orthopedic Surgery and "Traumatology, Obafemi Awolowo University, lle-Ife, Nigeria

ABSTRACT

Objective: High-resolution musculoskeletal ultrasound (MSKUS) is more sensitive than conventional radiography (CR) in evaluating early
knee osteoarthritis (OA). The aim of this study is to determine the US findings in knee OA and also to compare these with CR, which is the
gold standard. Methods: One hundred and twenty patients with primary knee OA and 120 controls were examined. They all had knee US. CR
included weight-bearing anterioposterior and lateral knee radiographs. Kellgren and Lawrence (K—L) grades were assessed, and tibiofemoral
joint space width was measured. Data were analyzed using SPSS Version 20. Results: Two hundred and fifteen knees had OA. US findings
were tibial osteophytes (67.4%), femoral osteophytes (66.5%), effusion (61.4%), synovitis (46%), medial meniscal protrusion (38.2%), Baker’s
cysts (34.4%), and lateral meniscal protrusion (27.5%). US detected femoral osteophytes in 13 knees that were not detected in CR. CR detected
femoral osteophytes in 12 knees, which US could not. Agreement between US and CR was 74% (P < 0.001). US detected tibial osteophytes
in 10 knees which CR film could not. CR detected tibial osteophytes in 9 knees, which the US could not. Agreement between US and CR
was 80% (P < 0.001). Sensitivity and specificity of US in detecting femoral and tibial osteophytes were 91.6% and 82.2% for the femur and
93.8% and 85.9% for the tibia, respectively. Student’s #-test showed a significant difference (P < 0.001) between femoral condylar thickness

in OA patients and controls. Conclusion: MSKUS complements CR in evaluating knee OA.
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INTRODUCTION

Osteoarthritis (OA) is a chronic, debilitating joint disease
characterized by degenerative changes in the bones, cartilage,
menisci, ligaments, and synovial tissues!'? and is therefore
considered a disease of the whole joint.> It is the most
common disease of the joints™! and is considered the most
common chronic disease of the elderly,[®”! causing pain and
disability which significantly affect the quality of life.>®] The
knee is one of the most common joints involved in OA[
because it is a weight-bearing joint.”) Zhou et al.”! stated that
more than 75% of individuals over 65 years old have OA. In
the Western world, the prevalence of knee OA is 9% among
20-year-old individuals, increasing to 30% in those above
60 years, and then to 90% in those between 70 and 74 years.™
In South Africa, the prevalence of OA ranged from 29.5% in
rural settings to 55.1% in urban settings and up to 82.7% in
adults over 65 years.'” In Northeastern Nigeria, the prevalence
of OA was found to be 16.3% in individuals aged 30 years and
above while those from 40 years had a prevalence of 20.6%.'!]
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Another study in Southwestern Nigeria showed that one out
of four people in the adult population had OA, with a female
preponderance.!)

The diagnosis of OA is usually established late when the
disease has progressed significantly and very little help can be
obtained from the use of disease-modifying drugs.!'?! This late
presentation is partly due to the pathophysiology of OA which
is complex? and majorly driven by articular cartilage.'*!? Tt
lacks its own vascular supply and is deficient of innervations.
Degenerative changes in articular cartilage, therefore, do not
produce symptoms.['?) Some studies®>!>13 have however
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shown the involvement of synovitis in the pathophysiology of
both early and late OA, offering a potential target for treatment
of both symptoms and potential structure modification.

OA is characterized by cartilage loss, subchondral bone changes,
synovial inflammation, and meniscal degeneration.*!4 A link
between synovial inflammation and progression to structural
damage has been established by several studies.[*!*17

Conventional radiography (CR) is considered the gold standard
for examining the osteoarthritic knee joint.[** It is the most
common,”¥ easiest, and relatively cheapest radiological
modality for diagnosis and follow-up of OA.3 The evaluation
of joint width space on CR is the gold standard and has been
recommended as the best method for assessment of progression
of joint damage due to OA.>>" Tt is however limited in its
ability to detect early cartilage changes which indisputably
occur before the reduction in joint space.5"#181 By the time
the first knee joint changes are seen on CR, 10% of cartilage
is already lost.’) Clinically significant changes are often not
apparent on CR for at least 1 or even 2 years.[! It mainly reflects
the pathologies of bone at an advanced stage,!™ detecting
secondary changes such as osteophyte formation, cartilage
loss and meniscal extrusion. These are what manifest on CR
as joint space narrowing.'® Its usefulness in the early detection
of OA is therefore limited.!'®!]

Newer imaging modalities such as magnetic resonance
imaging (MRI) and high-frequency musculoskeletal
ultrasound (MSKUS) offer a more detailed overall assessment
of the osteoarthritic joint.”? MRI is sensitive in detecting
preradiographic OA in the early stages of the disease as it has
the advantage of assessing the soft-tissue structures of the
joint.’l Tt also offers excellent soft-tissue contrast and ability
to acquire morphological and biochemical data.l! US plays
a minor role in routine clinical and scientific settings but is
invaluable in the assessment of inflammatory conditions in
acute OA of the knee, periarticular swellings, and effusions.
It, however, has the advantage of being less expensive, has a
shorter examination time, has good patient acceptability, and
is more accessible than MRIL!" especially in resource-poor
environments. In addition, some authors have pointed out
that MRI may overestimate cartilage thickness,? unlike
US, which has a good histological correlation.[*” Doppler
US is usually sensitive in assessing inflammatory joint
conditions such as synovitis and periarticular inflammatory
disease.?*?! Contrast-enhanced US is also more sensitive than
contrast-enhanced MRI in detecting synovitis.*l However, US
has the disadvantage of being operator dependent®*! and is only
able to assess superficial structures adequately.!

This study aims to report the pattern of ultrasonographic
findings in knee OA, comparing these with CR.

MATERIALS AND METHODS

This was a prospective, case—controlled, cross-sectional study.
It was carried out at Obafemi Awolowo University Teaching

Hospitals Complex, Ile-Ife, Nigeria. One hundred and twenty
consecutive patients with unilateral or bilateral primary OA
according to American College of Rheumatology standards™
were recruited from the general outpatient department and
the orthopedic clinic of the hospital between January and
December 2016. The study was conducted at the Radiology
Department of the hospital. Written informed consent was
obtained from all patients.

Controls were age, sex, and weight-matched individuals
who presented in the department for other radiological
investigations not related to the knee and who did not have
knee pain. Volunteers who had no joint pain in the knees
and no positive history of knee disease were also recruited
as controls.

Inclusion criteria were all patients referred for CR on account
of pain in the knees and those with a clinical diagnosis of
chronic knee OA. Exclusion criteria were patients with a
clinical history of mechanical knee derangement, inflammatory
arthritis, microcrystalline arthropathy, knee trauma or surgery,
and patients who had received arthrocentesis and/or an
intra-articular steroid injection within the last 3 months.

All the study participants underwent MSKUS of both knees
using an US real-time scanner (MINDRAY DC-7) with
a multifrequency linear transducer (7-12 MHz). US was
performed with the patient lying supine, the knee flexed
to 20-30° and a pillow under the knee for comfort. After
applying scanning gel to the suprapatellar region, scanning
was commenced in longitudinal, transverse, and coronal planes
from medial to lateral or lateral to medial positions. Scanning
of the quadriceps tendon, suprapatellar and prepatellar bursae
were performed. In the infrapatellar region, the patellar tendon
and infrapatellar superficial and deep bursae were scanned
longitudinally and transversely. The medial collateral ligament
and medial meniscus were scanned with the knee externally
rotated and the patient supine. The lateral collateral ligament
and lateral meniscus were scanned in the lateral aspect of
the knee. The posterior aspect of the knee was scanned
longitudinally and transversely with the patients in the
prone position. The gastrocnemius-semimembranosus bursa,
posterior meniscal horns and posterior cruciate ligaments were
also scanned.[’#181922231 Only the medial and lateral femoral
cartilage thickness were assessed and measured in the controls.

All disease processes were identified according to standard
descriptions.!®121424 Synovial hypertrophy and effusion
had the same grading system. Grade 0 was when synovial
thickness/fluid depth was <4 mm, Grade 1 when the
thickness/depth was 4<8 mm, Grade 2 when the thickness/depth
was 8 mm to <11 mm, and Grade 3 >11 mm. Meniscal
protrusion was present when the distance between the
peripheral border of the meniscus and the outline of the tibial
plateau measured >3 mm.*?! The distance was graded as
Grade 0 (<3 mm), Grade 1 (3<5 mm), Grade 2 (5<8 mm),
and Grade 3 (>8 mm). Synovitis was defined as an abnormal
hypoechoic or anechoic intra-articular tissue that was
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nondisplaceable, poorly compressible, and sometimes
exhibiting Doppler signal.?7-**!

Weight-bearing anteroposterior (AP) and lateral plain knee
radiographs were taken for each patient and interpreted by the
same researcher who assessed the severity of OA using the
modified Kellgren and Lawrence (K-L) scale.*!

Statistical analysis was performed using the Statistical Package
for the Social Science for Windows (SPSS Inc., Chicago,
IL, USA), version 20. The independent Student’s ¢-test was
used to compare means between parametric variables. P<0.05
was considered statistically significant.

RESULTS

Two hundred and forty participants comprising 120 OA patients
and 120 controls were recruited for this study. The mean age for
OA groups and controls was 62. 2 +9. 4 and 61.2 + 8.7 years,
respectively. There were more females than males in the OA
group, with 133% males and 86.7% females. The patients in
both groups were weight-matched. In the OA group, 24.2%
patients had a normal body mass index (BMI) while 22.5%
had a normal BMI in the control group. Other details of the
demographic data for both groups are shown in Table 1.

US findings in OA knees were effusion in 132 knees
(61.4%) (P < 0.001), synovitis in 99 knees (46%), medial
meniscal protrusion in 82 knees (38.2%) (P = 0.002), and
lateral meniscal protrusion in 59 knees (27.5%) (P = 0.028),
[Figure 1]. Femoral and tibial osteophytes were
seen in 143 knees (66.5%) and 145 knees (67.4%),
respectively (P <0.001). Baker’s cysts were demonstrated in

Figure 1: Ultrasound image (Longitudinal plane) through the suprapatellar
synovial recess showing hypertrophied synovium (double arrow)

74 knees (34.4%) (P <0.001). The mean thickness for medial
femoral condylar cartilage was 1.59 + 0.71 mm while the
lateral femoral condylar cartilage measured 1.79 +0.79 mm.
Details are shown in Table 2.

CR showed tibiofemoral degenerative changes in all OA
knees. K-L Grade I was seen in 22 knees (10.2%), Grade II
in 60 knees (27.9%), while Grades III and IV were seen
in 70 knees (32.6%) and 63 knees (29.3%) respectively

Table 1: Sociodemographic characteristics of OA patients
and controls (n=120)

Variables OA patients Controls > df P
Gender, n (%)
Male 16 (13.3) 22(183) 1.126 1 0.289
Female 104 (86.7) 98 (81.7)
Age (years)
Mean+SD* 62.2+9.4 61.248.7 0.901 238 0.369
Range 46-82 40-83
Male* 65.0+4.8 64.1£7.1 0463 36 0.646
Female* 61.8£9.8 60.5£8.9  0.960 200 0.338
n (%)
40-49 14 (11.7) 13(10.8) 0.770 3  0.857
50-59 31(25.8) 33 (27.5)
60-69 48 (40.0) 52 (43.3)
>70 27(22.5)  22(18.3)

Duration of OA
(years), median (IQR)

Right knee 4.0 (2.0-6.0) NA
Left knee 4.0 (2.0-6.0)
BMI

Mean+SD* (kg/m?)  29.18+5.56  28.40+4.16 1.235 238 0.218

n (%)
Normal 29 (24.2) 27(22.5) 0427 2 0.808
Overweight 48 (40.0) 53 (44.2)
Obese 43 (35.8) 40 (33.3)

x*: Chi-square test statistic; *Independent samples #-test used to compare
means. OA: Osteoarthritis, SD: Standard deviation, NA: Not available,
BMI: Body mass index, IQR: Interquartile range

Figure 2: Anteroposterior radiograph of Kellgren-Lawrence Grade 3
knees showing bilateral joint space narrowing of the medial tibiofemoral
compartments and tibiofemoral bilateral osteophyte formations
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[Figure 2]. The mean value of tibiofemoral space width for
the medial compartment was 1.62 + 1.58 mm while that of
the lateral compartment was 3.39 £ 1.68 mm. Femoral and
tibial osteophytes were seen in 142 knees (66%) and 144
knees (67%) (P <0.001), respectively [Table 3 and Figure 3].

US detected femoral osteophytes in 13 knees which CR was
unable to detect, while CR detected femoral osteophytes in 12
knees which the US could not detect. Kappa value between US
and CR was 75% (P < 0.001). Using CR as the gold standard,
US sensitivity to detect femoral osteophytes was 91.6% while
specificity was 82.2%.

US detected ten tibial osteophytes which CR was unable to
detect while CR detected nine tibial osteophytes which US was

unable to detect. Kappa value was 80% (P <0.001). Using CR
as the gold standard, US sensitivity to detect tibial osteophytes
was 93.8% while the specificity was 85.9%.

Mean measurements of femoral cartilage thickness of
both medial and lateral condyles in OA and control groups
showed statistical significance when compared using
Student’s #-test (P < 0.001). On the right knee, the femoral
cartilage thickness of the medial condyle for OA and control
groups measured 1.58 £ 0.75 mm and 2.29 + 0.27 mm
respectively (P < 0.001). For the lateral condyle, it was
1.89 + 0.85 mm in OA patients and 2.24 + 0.19 in controls
(P <0.001). On the left knee, femoral cartilage thickness of
the medial condyle was 1.59 + 0.68 mm in the OA group
compared to 2.27 + 0.25 mm in healthy controls (P < 0.001)

Table 2: Ultrasound findings in osteoarthritis patients

Variables

Knee status, n (%) Vi df P

Affected (n=215)

Unaffected (n=25)

Clinical findings
Age, meantSD (years)* 62.9+9.4
Knee
Right 111 (51.6)
Left 104 (48.4)
BMI, mean+SD (kg/m?)* 29.52+5.57
USS findings, mean+SD (mm)

Synovitis 6.48+1.34
Grade 0 116 (54.0)
Grade | 85(39.5)
Grade 2 14 (6.5)

Effusion 8.94+3.13
Grade 0 83 (38.6)
Grade 1 60 (27.9)
Grade 2 45 (20.9)
Grade 3 27 (12.6)

MMP 6.23+1.93
Grade 0 133 (61.9)
Grade 1 27 (12.6)
Grade 2 41 (19.1)
Grade 3 14 (6.5)

LMP 6.65+£1.98
Grade 0 156 (72.6)
Grade 1 12 (5.6)
Grade 2 35(16.3)
Grade 3 12 (5.6)

Medial femoral thickness, mean+SD (mm) 1.59+0.71
Lateral femoral thickness, mean+SD (mm) 1.79+0.79
Osteophyte (femur)

Present 143 (66.5)

Absent 72 (33.5)

Osteophyte (tibia)
Present 145 (67.4)
Absent 70 (32.6)
Baker’s cyst
Present 74 (34.4)
Absent 141 (65.6)

56.6+6.3 4379 238 <0.001

9 (36.0) 2.188 1 0.139
16 (64.0)
26.23+4.49 2.849 238 0.005
NA
25 (100.0)
0 (0.0)
0 (0.0)
NA
25 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
NA
25 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
NA
25 (100.0)
0 (0.0)
0 (0.0)
0 (0.0)
NA
NA

19.594 2 <0.001

34.109 3 <0.001

14.483 3

0.002

9.097 3 0.028

0 (0.0)
25 (100.0)

41.141 1 <0.001

0(0.0)
25 (100.0)

42.595 1 <0.001

0(0.0)
25 (100.0)

12.440 1 <0.001

*t-test. SD: Standard deviation, MMP: Medial meniscal protrusion, LMP: Lateral meniscal protrusion, NA: Not available, USS: Ultrasound scan
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Table 3: Radiographic findings in osteoarthritis patients

Radiographic findings Knee status, n (%) Va df P
Affected (n1=215) Unaffected (n=25)
Femorotibial space width (mm), mean+SD
Medial 1.62+1.58 NA
Lateral 3.39+1.68
Kellgren-Lawrence grade
Grade 1 22(10.2) NA
Grade 11 60 (27.9)
Grade I1I 70 (32.6)
Grade IV 63(29.3)
Osteophyte (femur)
Present 142 (66.0) 1(4.0) 35.803 1 <0.001
Absent 73 (34.0) 24 (96.0)
Osteophyte (tibia)
Present 144 (67.0) 1(4.0) 37.141 <0.001
Absent 71 (33.0) 24 (96.0)

SD: Standard deviation, NA: Not available

Table 4: Comparison of medial and lateral femoral cartilage thicknesses in osteoarthritis and controls

Variables OA patients Controls t df P
All knees combined n=215 n=240
Medial femoral cartilage thickness (mm) 1.59+0.71 2.28+0.26 —14.027 453 <0.001
Lateral femoral cartilage Thickness (mm) 1.79+0.79 2.24+0.18 —8.486 453 <0.001
Right knee n=111 n=120
Medial femoral cartilage thickness (mm) 1.58+0.75 2.29+0.27 —9.739 229 <0.001
Lateral femoral cartilage thickness (mm) 1.89+0.85 2.24+0.19 —4.367 229 <0.001
Left knee n=104 n=120
Medial femoral cartilage thickness (mm) 1.59+0.68 2.27+0.25 —10.124 222 <0.001
Lateral femoral cartilage thickness (mm) 1.69+0.70 2.23+0.17 —8.249 222 <0.001

OA: Osteoarthritis

Figure 3: Ultrasound (Longitudinal plane) of the medial aspect of the knee
joint showing femoral and tibial osteophytes (arrows)

while the femoral cartilage thickness (mean + standard
deviation) of the lateral condyle for OA patients and controls
measured 1.69 + 0.70 mm and 2.23 + 0.17 mm (P < 0.001),
respectively [Table 4].

DISCUSSION

The use of high-resolution MSKUS in rheumatic diseases is
gaining popularity,/*! and the availability of high-frequency
transducers even in resource-poor countries like Nigeria is
increasing. This allows for better visualization and therefore
evaluation of superficial MSK structures. High-resolution
US is in increasing demand because it is noninvasive, safe,
cheap, readily available, can be easily repeated, and does not
require the use of ionizing radiation.®*!%! It is more popular
than MRI in our environment which is more expensive, more
time-consuming,” and not easily available.!”?

In our study population, the most common US finding was
osteophytes. Tibial and femoral osteophytes were seen in
145 (67.4%) and 143 knees (66.5%) respectively. This is
possibly because most OA patients recruited into this study
had K-L radiographic grades II-IV. Late presentation is
a frequent occurrence in our environment, when articular
cartilaginous changes, a sign of early OA detected by US, are

.Journal of Musculoskeletal Surgery and Research | Volume 3 | Issue 2 | April-June 2019




Oyamakinde, ef al.

no longer detectable. These changes cannot be visualized on
plain radiographs.*>"%1% Qur findings are similar to those of
Gaafar et al.?” and Wu et al.,?1 who carried out their studies
on populations similar to ours. They both found that the most
common US finding in patients with symptomatic OA was
osteophytes. The prevalence of osteophytes in their studies
was 100% and 88%, respectively. The higher prevalence
rate recorded in Gaafar et al.’s study®™ may be due to their
smaller sample size, as only 15 patients with knee OA were
examined, while in the study by Wu et al.,?'V OA patients with
equal radiographic scales were used and 92% of the population
group were in K-L Stages Il and IV.

The US findings of knee OA in this study [Table 2] were in
keeping with other studies.?>-3%

Radiographic scoring of joint damage relies mainly on joint
space narrowing and osteophytes, both of which take some
time to manifest. Studies have found a moderate correlation
between radiographic joint space narrowing and loss of hyaline
articular cartilage.** This was also observed in our study.
Other studies have however shown that menisci contribute
to joint space width and that meniscal protrusion may cause
a reduction in radiographic tibiofemoral joint space width
independent of cartilage thinning.[33-34

US detected femoral osteophytes in 13 knees which were not
detected by CR while CR detected osteophytes in 12 knees
that were not detected on US. The kappa value for agreement
between US and CR was 74%. With CR as the gold standard,
the sensitivity of US in demonstrating femoral osteophytes
was 91.6% and the specificity was 82.2%. Similarly, US
demonstrated tibial osteophytes in 10 knees that were not
detected by CR while CR detected osteophytes in 9 knees
that were not detected on US. The Kappa value for agreement
between US and CR was 80% (P <0.001). With CR as the gold
standard, the sensitivity of US in detecting tibial osteophytes
was 93.8% while the specificity was 85.9%. Similar findings
were observed by Okano et al."! These findings show the
significant role CR plays in the evaluation of OA. It is readily
available and does not always require the radiologist to
interpret for the managing physician.

The femoral condylar cartilage thickness in both knees in
the OA group was significantly less (P < 0.001) compared to
controls matched for age, sex, and BMI [Table 4], showing
that US measurement of knee femoral cartilage is useful in
separating OA from asymptomatic knees. This finding agrees
with a study carried out on patients with rheumatoid arthritis
and OA.P* They concluded that the thickness of knee cartilage
in patients with rheumatoid arthritis was significantly less than
that of their control group.

We experienced some limitations in our study. First, both US
and CR evaluations were performed by the same researcher
who ought to be blind to one of the investigations. The
researcher however ensured that US was performed before
assessing the plain radiographs. Second, there was no

independent reference standard to confirm the abnormalities
seen on sonography. None of the patients in the OA group had
MRI or arthroscopy.

CONCLUSION

US provides a cheap, prompt and sensitive means of effectively
evaluating knee OA. It is useful in assessing articular cartilage
which plays an important role in the pathophysiology of OA.
Synovial hypertrophy, effusion and Baker’s cysts which are
signs of inflammation are commonly seen and diagnosed on
high-resolution US of the knee. This is particularly significant
in our environment where other imaging modalities such as
MRI are not readily available. Early detection and prompt
management will thus improve patient’s quality of life. US
also has potential in monitoring the progression of OA. It is
relevant even in late presentation. The findings we obtained
in this study are similar to those previously reported.?>3031
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