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Introduction

10% of the world’s population aged ≥60 years old has osteoarthritis 
(OA). In the United States, 12.1% of the population of the United 
States has clinical signs and symptoms of OA between the ages of 

25-75 years, going up to 70-90 % at the age of ≥ 75 years [1]. Moreover, 
80% of British people aged ≥ 70 years suffer from OA. According to a 
Norwegian study, more than 80% of the population was aged ≥ 55 years 
and overall osteoarthritis prevalence was 12.8%, which was higher in 
women (14.7%) than men (10.5%); in detail, osteoarthritis prevalence in 
the knee was 7.1%; pelvic osteoarthritis was 5.5%, and hand osteoarthri-
tis was 4.3% [2]. In Thailand, the prevalence of OA, based on the results 

Original

ABSTRACT
Background: Examination of the knee to assess the narrowing of the joint gap or 
joint space width (JSW) is commonly done by manually checking radiographs and 
measuring the JSW using a ruler. 
Objective: This study aims to compare manual and automatic measurements 
with the diagnosis of grade I and grade II knee osteoarthritis.
Material and Methods: In this cross-sectional study, 40 patients with the 
criteria for primary osteoarthritis (OA), aged 46 to 65 years old had knee OA grades 
of either I or II. The knee image was evaluated by a computer program and a radiolo-
gist manually viewing and measuring the JSW joint gap using a ruler. 
Results: The results showed there were no differences in the measurement of 
JSW medial and JSW lateral manually in grade I and grade II knee OA, at p=0.605 
and p=0.344, respectively. Whereas in the automatic measurements, there was a dif-
ference between JSW medial and lateral JSW in grade I and grade II knee OA, each 
with p<0.001. The manual JSW measurement between medial JSW and lateral JSW 
in grade I and II showed that the medial and lateral knee joints have a similar dis-
tance. In the automatic, the average value of measurement lateral JSW in OA grades I 
and II was greater than the medial JSW.  
Conclusion: Automatic measurements showed that both of medial and lateral 
JSW at grade II OA knee were narrower than the results at grade I. Automatic mea-
surement of JSW results was more consistent than the manual measurement method.
Citation: Sugiyanto S, Fatimah F, Budi WS, Suwondo A, Suyanto H. Comparison of Joint Space Width Determinations in Grade I and II Knee 
Osteoarthritis Patients Using Manual and Automatic Measurements. J Biomed Phys Eng. 2021;11(5):613-620. doi: 10.31661/jbpe.v0i0.1912-1003.
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of research on Buddhist monks was 59.4% [3]. 
People who experience OA disorders in In-

donesia encompass 8.1% of the total popula-
tion. As many as 29% of them monitor their 
disease through doctor examinations and the 
rest, 71%, directly consume pain medication 
to manage their OA. Based on the 2007 Ba-
sic Health Research report (RISKESDAS), 
the national prevalence for the joint disease 
was 30.3%. The prevalence of osteoarthritis 
reached 5% at the age of <40 years, and 30% 
at the age of 40-60 years, and 65% at the age of 
>61 years. The prevalence of knee osteoarthri-
tis was quite high, 15.5% in men and 12.7% in 
women. According to the results of the study, 
11 provinces have a prevalence of joint dis-
ease above the national percentage, including 
central Java, which reached 36.8% (diagnosis 
and symptoms), and 12% (diagnosis only) [4].

The development of digital radiography 
and optimization of standardized protocols 
cause it to be commonly used as a standard 
for structural evaluation because it is non-in-
vasive, inexpensive, fast, and available at ev-
ery radiology service clinic [5]. Radiographic 
examination to evaluate disease development 
and treatment will be improved if conducted 
in more detail with quantitative measurements 
[5, 6]. The development of digital evaluation 
is possible as most radiology services have 
currently been using digital technology; the 
digital radiographic image can be observed 
directly on a computer or further analyses as 
needed.

Standard assessment of osteoarthritis degree 
from knee radiographic images is carried out 
based on the Kellgren and Lawrence (KL) 
grading system, which has two radiographic 
features, as follows: the presence or the ab-
sence of osteophytes and narrowing of the 
joint gap. The knee radiograph is to indicate 
OA if the KL grade is ≥ II, while grades 0 and 
I are normal [7]. 

The method of knee radiography examina-
tion to detect narrowing of the joint gap is gen-
erally with a visual estimation by measuring 

the joint gap (JSW) on the radiograph using a 
ruler. However, due to various factors such as 
high examination load, it is necessary to de-
velop a method to measure the joint gap with 
more accurate and faster results. The use of 
digital radiography, such as Computed Radi-
ography (CR) to produce digital images of the 
knee joint combined with computer programs 
for image processing has been previously 
studied. In some applications, the digital im-
age of the knee joint is processed by quantita-
tive measurement with a program called Knee 
Images Digital Analysis (KIDA). This method 
has been used in the Netherlands to examine 
the progress of OA based on radiographic pa-
rameters [5]. This method has not been used in 
Indonesia yet. 

Researchers have made a Matlab-based 
measurement computer program called DIKA 
(Digital Image Knee Automatic assessment). 
This program is able to analyze the DICOM 
images from CR modality, widely used in In-
donesia, as well as comparing the results of 
JSW measurements manually with computer-
based measurements in OA patients with the 
patient standing in a weight-bearing position 
and evaluating the width of the joint gap or 
JSW, especially in patients with grade I or II 
OA. Grade I and II categories capture the tran-
sition between a normal state and OA, which 
is very crucial in the subsequent treatment.

Material and Methods

Sample population
This cross-sectional study was conducted 

using an analytic observational method. The 
sampling technique used was purposive, 
wherein the samples were taken with a spe-
cific purpose and objective. The study samples 
were patients with primary OA, aged between 
46 and 65 years with KL grade I and II. This 
research was conducted after obtaining Ethi-
cal Clearance from Fakultas Kedokteran Un-
dip KEPK - Dr. Kariadi Semarang No. 632 / 
EC / FK-RSDK / X / 2017, dated November 
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of the medial and lateral compartment of each 
knee automatically. The radiographic image 
was then analyzed by a radiologist to deter-
mine the grade, if grades other than I and II, 
then the patient was removed from this sample 
data. Data were then statistically analyzed us-
ing the Wilcoxon test and the Mann-Whitney 
test using SPSS 16.0, to see the difference in 
grades I and II, both measured manually and 
digitally.

As seen in Figure 1, the value of JSW was 
determined by automatic measurements from 
the narrowest JSW. This value was calculated 
by the shortest vertical length in the JSW area. 
This line was shown in the Figure 1 in purple 
and red; then the medial and lateral JSW val-
ues were obtained automatically.

Results

Analysis of Patient Characteris-
tics

Patient data characteristics assessed were 
KL grade, sex, Body Mass Index (BMI), occu-
pation, JSW medial–lateral manual and JSW 
medial–lateral automatic. There were no dif-
ferences in the data characteristics of the pa-
tients in each group; p-values were > 0.05 for 
sex (p-value = 0.433), body mass index (p-val-
ue = 0.416) and occupation (p-value = 0.148). 

The number of patients in the grade I and 
grade II groups was 14 people and 26 people, 
respectively. The sex of the patient had a fre-
quency distribution of 13 men (32.5%) and 

Figure 1: Automatic measurements of joint space width (JSW) medial and lateral JSW using 
Matlab-based computer program.

2, 2017. Based on the inclusion criteria, 40 pa-
tients were obtained as samples. Each patient 
filled out and agreed to an informed consent 
sheet according to recommendations from the 
ethics committee. The recorded data of the pa-
tients included information about name, age, 
sex, BMI, and a history of diseases associated 
with joint pain, and also whether they have 
had joint surgery.

Digital radiography
Radiographic examination of the knee 

used CR. CR was performed with the patient 
standing anteroposterior projection (AP), bi-
pedal weight-bearing with both knees placed 
in the middle of the film. The concentration 
was directed at the point between the knees 
with horizontal x-rays as high as the inferior 
patella. Digital radiographs of right and left 
AP weight-bearing knee projections were as-
sessed using KL grade by radiology special-
ists, then JSW was measured manually using 
a bar to determine the minimum medial and 
lateral JSW. The digital radiograph was also 
measured using a Matlab-based software pro-
gram at vertical pixel spacing, which produced 
a minimum value of JSW (Oka, 2008), as seen 
in Figure 1, on medial and lateral JSW. 

Researchers have designed a Matlab-based 
computer measurement program to assess 
OA criteria such as joint fissures, osteophyte 
area, height eminence and tibiofemoral angle 
(TFA). Joint cleft distance measurements were 
performed in the narrowest areas in the middle 
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27 women (67.5%). BMI has a frequency dis-
tribution of normal 14 (35%), overweight 14 
(35%) and obese 12 (30%). The work has a 
frequency distribution of 14 employees (35%), 
IRT 14 (35%), 8 pensioners (20%), 1 doctor 
(2.5%) and entrepreneur 3 (7.5%). The pa-
tient’s average JSWs were as follows: manual 
medial (4.55 ± 1.43) mm, manual lateral (5.18 
± 1.04) mm, automatic medial (4.82 ± 0.55) 
mm and automatic lateral (4.98 ± 0.54) mm.

Bivariate Analysis 
Bivariate analysis was carried out to test dif-

ferences in the measurement of JSW medial-
lateral measured manually and the automatic 
measurement of JSW medial-lateral. This bi-
variate analysis was carried out on JSW me-
dial-lateral for OA knee grade I and grade II 
with manual and automatic measurement.

As seen in Table 1, manual JSW Medial 
measurements had a mean, at grade I, of 4.47 
± 1.19 mm and at grade II, 4.60 ± 1.58 mm. 
The manual measurement of lateral JSW had a 

mean at grade I of 5.00 ± 1.13 mm and at grade 
II, of 5.28 ± 0.98 mm. The automatic JSW me-
dial measurements had a mean, at grade I, of 
5.33 ± 0.49 mm and at grade II, of 4.50 ± 0.30 
mm, while automatic lateral JSW measure-
ments had an average at grade I of 5.51 ± 0.39 
mm, and at grade II, of 4.65 ± 0.30 mm.

In the JSW medial group, there were sig-
nificant differences between the measurement 
of JSW medial manually and automatically 
in grade I, with a p-value of 0.047, but there 
was no difference in grade II, with a p-value 
of 0.716. In the lateral JSW group, there were 
no differences in manual and automatic lateral 
JSW measurements of OA knee in grade I with 
a p-value of 0.073, whereas there was a sig-
nificant difference in grade II with a p-value 
of 0.005.

As seen in Table 2, there was no difference 
in the manual measurements of JSW medial 
and JSW lateral in grade I and grade II with a 
p-value of 0.605, and a p-value of 0.344, re-
spectively. Whereas in the automatic measure-

Variable Grade Manual Automatic p-value

JSWMed
I 4.47 ± 1.19 5.33 ± 0.49 0.047
II 4.60 ± 1.58 4.50 ± 0.30 0.716

JSWLat
I 5.00 ± 1.13 5.51 ± 0.39 0.073
II 5.28 ± 0.98 4.65 ± 0.30 0.005

Table 1: Paired differences test results on joint space width (JSW) medial-lateral measurements 
of grade I and grade 2 knee osteoarthritis (OA), with manual and automatic measurements.

Variable Grade Descriptive p-value

JSWMed
I 5 (3–7)

0.605
II 5 (1–7)

JSWLat
I 5 (3–7)

0.344
II 5 (3–7)

JSWMed Automatic
I 5.59 (4.26–5.76)

<0.001
II 4.43 (4.11–5.04)

JSWLat Automatic
I 5.65 (4.38–5.96)

<0.001
II 4.59 (4.18–5.17)

Table 2: The results of the unpaired difference test were based on the grade of the JSW medial-
lateral measurement of grade I and grade II osteoarthritis (OA) knee.
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ment of JSW medial and lateral JSW, there 
was a difference in grades I and grades II with 
p-values of <0.001 in both.

Data Distribution Analysis
A comparison of the distribution of patient 

data between manual JSW medial and lateral 
measurements in OA knee grade I and grade II 
can be seen in Figure 2 A and B.

Statistical analysis of the data distribution 
of patients, shown in Figure 2, can be seen in 
Table 3.

It can be seen that the average range of 
grades I was 4.5-4.90 mm, while grade II 
was 4.75-5.13 mm (Table 3). In grade I and 
II, both have a minimum value of 3 mm and 
a maximum of 7 mm. The results of manual 

and lateral measurements of JSW medial OA 
knee grade II were wider than the results of 
JSW measurements in grade I. Comparison 
of the patient data distribution between JSW 
medial and lateral automatic measurements in 
OA knee grade I and grade II can be seen in 
Figure 3 A and B.

Figure 3 shows the results of data distribu-
tion between the automatic measurement of 
JSW medial and lateral of OA knee grade I 
and grade II. Statistical analysis of the patient 
data distribution can be seen in Table 4.

In Table 4, it can be seen that the average 
range in grade I was 5.34-5.59 mm, while in 
grade II was 4.65-4.85 mm. In grade I, it has a 
medmin value of 4.66 mm, and latmin of 4.92 
mm, and medmax of 5.76 mm, and latmax of 

Grade I Med (mm) Lat (mm)
Avg 4.50 4.90
Std 1.07 0.96
Min 3.00 3.00
Max 7.00 7.00

Grade II
Avg 4.75 5.13
Std 1.44 1.13
Min 3.00 3.00
Max 7.00 7.00

Table 3: Statistical analysis of data distribu-
tion between the manual measurement of or 
joint space width (JSW) medial and lateral os-
teoarthritis (OA) knee at grade I and grade II.

Figure 2: The data distribution between the measurement of or joint space width (JSW) medial 
osteoarthritis (OA) knee grade I and grade II (A) manual and (B) automatic.

5.96 mm. In grade II, it has a medmin value of 
4.18 mm, and latmin of 4.11 mm, and medmax 
of 5.18 mm, and latmax of 5.49 mm. The re-
sults of the automatic medial and lateral JSW 
measurements of grade II OA knee are nar-
rower than grade I.

Discussion
In this study, patients were mostly women 

(67.5%) aged between 46 and 65 years, the 
majority with OA knee grade II (65%) rather 
than grade I (35%). This is consistent with 
previous studies, in which OA knee is suffered 
by many female patients in that age range, 
especially over 40 years old because OA is a 
degenerative disease, where age is a dominant 
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factor [8-10]. 
In this study, researchers focused on osteoar-

thritis patients with grade I and grade II based 
on the evaluation of KL grade criteria from a 
radiologist [11]. There are 5 grades in the KL 
grading scale. Grade 0 and grade I are normal, 
meaning that the patient has not experienced 
osteoarthritis, while for grade II or more it is 
stated that the patient has osteoarthritis. Some 
previous studies characterized the distribu-
tion of all grades, but here the authors only 
focused on patients with grade I and grade II. 
Determining the boundary between grades I 
and II is crucial to diagnosing whether the pa-
tient has osteoarthritis [12-14]. Another thing 
motivating this choice is that if the diagnosis 

can be done earlier, patients can get the right 
therapy and will not suffer from more severe 
osteoarthritis. 

The procedure to take a picture in this study 
uses AP bipedal weight-bearing projections 
position, with a center-point concentration be-
tween the right and left knees as high as the 
inferior patella. In previous studies, the exam-
ination of knee radiographs with AP weight-
bearing projections showed that there was a 
difference in the narrowing of JSW compared 
to knee radiographic examinations performed 
with the position of laying patients [15]. Based 
on studies in the UK, there is no consensus 
about the proper positioning of patients in 
photographs for OA [16]. Out of 86% of re-
quests for knee weight bearing photos, only 
12% of patients do the knee flexed projections 
[17]. Several studies also mentioned that the 
best knee photoshoot used PA weight-bearing 
knee flexed projections to show the presence 
of tibiofemoral arthrosis. However, here the 
researchers did not use these projections be-
cause OA patients will generally experience 
pain when they have to stand up with legs bent. 
Besides, in almost all hospitals, if there is a 
request for knee photographs, it will be done 
using AP bipedal weight-bearing projections. 
Another study states that there is no significant 
difference between a bipedal weight-bearing 
AP (with both legs resting) and a mono pedal 
weight-bearing AP (standing on one leg rest-
ing) on the JSW measurement results [18]. 

JSW or joint space width is a joint gap formed 

Grade I Med (mm) Lat (mm)
Avg 5.34 5.59
Std 0.32 0.27
Min 4.66 4.92
Max 5.76 5.96

Grade II
avg 4.65 4.85
std 0.30 0.40
min 4.18 4.11
max 5.18 5.49

Table 4: Statistical analysis of the data distri-
bution between the automatic measurement 
of or joint space width (JSW) medial and lat-
eral in osteoarthritis (OA) knee at grade I and 
grade II.

Figure 3: The data distribution between the manual measurement of or joint space width (JSW) 
lateral osteoarthritis (OA) knee (A) grade I and (B) grade II.
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by the distal femur and the proximal tibia. One 
of the earliest signs is narrowing the joints, es-
pecially in the medial compartment that can 
be used indirectly to see the thinning of joint 
cartilage. The depletion of joint cartilage is a 
primary indicator of OA and one of the early 
signs of disease progression. If the joint carti-
lage is damaged during the OA pathogenesis 
process, the thickness of the cartilage will de-
crease so that the joint space width will also be 
reduced. Thus, the JSW radiographic picture 
is very useful for assessing the presence or ab-
sence of joint OA, the progress of OA itself, 
and to evaluate the efficacy of chondroprotec-
tion drug administration. Examination using 
radiography is cheaper and widely accepted by 
the public. OA research by Visser et al. (2000) 
also used conventional radiographic examina-
tions with almost 48,000 radiographic images 
[16]. Radiographic images also produce better 
resolution than other modalities and can show 
a clear picture of bone boundaries. Radio-
graphic images can also be used to calculate 
the narrow width of JSW either manually or 
automatically by the computer [19, 20].

In this study, manual measurement using a 
ruler was done by connecting the outermost 
points of each femur and tibia. The computer 
was used to automatically calculate and find 
the narrowest area in each joint by blocking 
the medial area and lateral compartment. The 
automatic calculation was based on the calcu-
lation of the number of pixels. Based on both 
measurements, the medial JSW was narrower 
than the lateral JSW in automatic measure-
ments. With manual measurement, the results 
were different where lateral JSW was narrow-
er than medial JSW. Some previous studies 
state that the medial JSW is narrower than the 
lateral JSW because it receives more weight 
from the body when doing more activity on 
the medial side of the genu compartment [10, 
13, 19, 21]. 

The results of manual measurements are dif-
ferent from some of the automatic measures 
in this study because manual measurement re-

quires accuracy and patience. If there are many 
patient examinations on that day, it may result 
in fatigue and rushed examination processes, 
especially during measurements with a ruler 
that can become less precise (Figures 2 and 
3). Manual measurements appear to be more 
variable in distribution compared to automatic 
measurements. Different results are shown in 
studies in manual measurement using a ruler 
(millimeters), producing reproducible mea-
surements on the joint space width of the knee 
radiographic image [22]. However, together 
with the development of the digital era, where 
almost all radiographs produce digital images, 
the calculations using a caliper or automatic 
measurement with a computer program can be 
easier and feasible. 

In this study, it is clear that there is a sig-
nificant difference in automatic measurement 
of medial JSW and lateral JSW in grade II, 
which is narrower than in medial and lateral 
JSW in grade I. Based on Kelgreen and Law-
rence grading, grade II is clear if there is a nar-
rowing of JSW and osteophytes appearance. 
Meanwhile, manual measurement in grade 
II medial JSW and lateral JSW is wider than 
grade I. Rheumatologists prefer to use grad-
ing with KL grading to confirm the presence 
or absence of osteophytes. According to pre-
vious study, knee osteoarthritis is diagnosed 
using the presence or absence of marginal 
osteophytes [23]. While the progress of os-
teoarthritis development must be evaluated, 
including the narrowing of JSW, the presence 
or absence of sub-chondral sclerotics, and the 
presence of subchondral cysts. Poor alignment 
of ipsilateral lower limbs can be a risk factor 
for osteophytes. In further research, it is also 
necessary to investigate the presence or ab-
sence, the number and extent of osteophytes 
in addition to the narrowing of JSW.

Conclusion
The automatic measurements of medial and 

lateral JSW in grade II OA knee were narrower 
than JSW in grade I. Automatic JSW measure-
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ment results are more accurate than manual 
measurements.
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