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Тенденции морфологических изменений  
коленных суставов, выявляемые  
при ультразвуковой визуализации
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Аннотация 
Цель: оценить характер ультразвуковых изменений некоторых структур 
коленных суставов среди пациентов, обратившихся за амбулаторной ме-
дицинской помощью.
Материал и методы. Обследованы 380 добровольцев в возрасте от 18 до 
86 лет. Использовалось диагностическое оборудование SonoAce R7. Резуль-
таты вносились в электронные таблицы, с последующей группировкой и 
статистическим анализом с использованием MS Excel, IBM SPSS Statistics 
20, построения графиков распределения средствами StatSoft Statistica 10.
Результаты. Средний возраст участников наблюдения, у которых были 
выявлены кисты Бейкера, составил 57,9±9,1 года, среди мужчин 56,5±8,5 
года, у женщин 58,3±9,2 года. Признаки остеоартрита в виде заострения 
краев суставных поверхностей и выраженных остеофитов были выявле-
ны среди 67,3% наблюдений (256 случаев). Среди мужчин данные про-

явлений были выявлены в 56,1%, а среди женщин в 75,9%. Проявления 
синовита наблюдались в 22,1% (84 случая), среди мужчин в 24,4%, у 
женщин в 20,4%. Кисты Бейкера диагностированы в 23,7% наблюдений 
(90 случаев), среди мужчин в 12,2%, у женщин в 32,4%. Отмечена схожая 
динамика развития структурных изменений коленных суставов, неза-
висимо от пола пациентов.
Заключение. Определение этиологии патологических изменений, оценка 
их роли в развитии сопутствующих симптомов и вероятных осложнений 
позволяет повышать эффективность диагностики и лечения, выбирать 
оптимальную тактику ведения пациентов.
Ключевые слова: коленный сустав, остеоартрит, киста Бейкера, ультра-
звуковая диагностика.
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Trends in morphological changes of knee  
joints revealed by ultrasound imaging

Andrei S. Moshkin, Lyubov V. Moshkina, Kseniya D. Holikova, Petr A. Kryuchkov
Orel State University named after I.S. Turgenev (Orel, Russian Federation)

Abstract
Aim: to evaluate the nature of ultrasound changes in some structures of 
the knee joints among patients seeking outpatient medical care. Using the 
example of a clinical case to demonstrate the importance of differential 
diagnosis of diseases of the knee joints with vascular pathology of the lower 
extremities.
Material and methods. 380 volunteers aged 18 to 86 years were examined. 
SonoAce R7 diagnostic equipment was used. The results were entered into 
spreadsheets, followed by grouping and statistical analysis using MS Excel, 
IBM SPSS Statistics 20, and plotting distribution using StatSoft Statistica 10.
Results. The average age of the participants diagnosed with Baker’s 
cysts was 57.9±9.1 years: 56.5±8.5 years for men and 58.3±9.2 years for 
women. The signs of osteoarthritis, including sharpened articular surface 

edges and prominent osteophytes, were detected in 67.3% (256) of cases. 
These manifestations were detected in 56.1% of men and 75.9% of women. 
Synovitis was observed in 22.1% (84) cases, 24.4% for men and 20.4% for 
women. Baker’s cysts were diagnosed in 23.7% (90) cases, 12.2% for men 
and 32.4% for women. Similar dynamics in the development of structural 
changes in the knee joints were noted, regardless of the patient’s gender.
Conclusion. Determining the etiology of pathological changes and assessing 
their role in the development of associated symptoms and potential 
complications allows for more effective diagnosis and treatment, as well as 
the selection of optimal patient management strategies.
Keywords: knee joint, osteoarthritis, Baker’s cyst, ultrasound diagnostics.
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 INTRODUCTION

Among the diseases of the locomotor system, the 
degenerative and dystrophic changes remain the 

leading reason why patients seek medical assistance [1]. 
Numerous published works demonstrate the importance 
of improvement of early diagnostics of such diseases as 
osteoarthritis in order to enhance efficacy of treatment and 
improve quality of life of patients [2]. Difficulties in the 
staging and early diagnosis of this group of diseases are 
due to their polyetiological nature, variability of the clinical 
presentation and late presentation of patients for medical 
care [3, 4]. 

The reasons for seeking medical assistance often comprise 
the following symptoms: constrained movements in the 
morning, pain under physical exercise, feeling of fullness 
and swelling in the joint area, increased manifestations 
of the disease after a period of intense movement activity 
[5]. Excess weight and obesity aggravate the progression 
of the disease. Pharmacological and non-pharmacological 
treatment methods are instrumental in relieving the 
pain and improving physical activity, but they can not 
remove the pathological and X-ray changes characteristic 
of osteoarthritis of the knee joint [6-8]. As a result, the 
pathological changes progress, and functional disorders 
aggravate [10].

Modern methods of instrumental diagnostics of diseases 
of the locomotor system, among them the knee joint, include 
X-ray and ultrasound imaging and arthroscopic examination 
[10-12]. The X-ray method is the simplest and leads in 
the determination of the stage of the disease, but it has 
limitations in the possibilities of assessment of changes of 
the surrounding soft tissue [13]. 

Computed tomography and magnetic resonance imaging 
provide possibilities to get more information about the 
extent of changes and to assess the condition of neighboring 
structures; they are more used in the preoperative stages in 
complex clinical cases. Unlike other methods, ultrasound 
imaging allows for assessment of the external perimeter of 
the osseous structures, changes in the surrounding tissue, 
and for a detailed condition of the cartilage elements of 
the locomotor system [14]. Wide availability and relative 
ease of performance make methods of ultrasound imaging 
highly successful in the assessment of periarticular tissues 
and assessment of condition of the hyaline cartilage [10]. 
An important advantage was the identification of such 
concomitant conditions as Baker’s cysts, varicose veins, 
etc. [10, 11].

Depending on the combination of factors manifested in 
patients with diseases of the locomotor system caused by 
the extent of pathologic changes and concomitant diseases, 
various approaches to treatment organization are used 
including pharmacological [15] and traditional methods 
[16], physiotherapy [17], use of braces and physical exercise 
[3, 6, 9]. Surgical methods may include prosthetics and 
treatment of concomitant changes.

One of important problems is the synovial cysts of the 
popliteal cysts and varicose dilatation of veins of the lower 
limbs [15, 12, 18]. In clinical practice, differential diagnosis 
of pathological changes of the knee joint with hemodynamic 
disorders of the lower leg is often needed [10, 19]. 

 AIM
To evaluate the nature of ultrasound changes in some 

structures of the knee joints among patients seeking outpatient 
medical care.

 MATERIAL AND METHODS
In outpatient care conditions, 380 volunteers were 

examined. They presented various complaints related to 
the knee joint. Their age was 18 to 86 years (median age: 
52.3±11.9 years). The study did not involve patients after 
surgical interventions, including total knee replacement. The 
diagnostic equipment was the Samsung Medison SonoAce 
R7 (Republic of South Korea) with a high-frequency linear 
sensor. The study protocol was approved by the local ethics 
committee; all participants signed a voluntary informed 
consent to participate in the study. The anonymized results 
were placed in electronic spreadsheets with subsequent 
grouping and statistical analysis.

Statistical processing of data was performed in Microsoft 
Excel 2007 and IBM SPSS Statistics v. 20.0. Extreme values 
(Min–Max), means and standard deviations (M±SD), medians 
(Me), first and third quartiles of the distribution [Q1–Q3], 
and the coefficient of variation (CV, %) were analyzed. The 
reliability of the study data was assessed using Student’s 
t-test for independent and paired samples, as well as by 
constructing graphs to confirm the normality of the evaluated 
parameters using StatSoft Statistica 10.

 RESULTS
There were 164 men and 216 women among the 

participants of the study. The average age of men was 
48.0±13.6 years; the average age of women was 55.5±13.6 
years. The distribution of values for all participants of the 
observation is presented on the distribution normality chart 
(Fig. 1).

One of the most important metrics in the diagnostics of 
knee joint diseases is the assessment of thickness of the 
hyaline cartilage. In our study, the value was measured 
in the area of the weight-bearing surface of the medial 
femoral condyle, and the general data on the distribution of 
measurement results are presented as a chart of normality of 
value distribution (Fig. 2).

The thickness of the hyaline cartilage within our study was 
in the range (Min-Max) of 1.0-3.3 mm, and the average for 
all participants was 1.9±0.4 mm, Me: 1.9 mm, Q1-Q3: 1.6-
2.1 mm. Among the men, the values were (Min-Max): 1.3-
3.3 mm, the average thickness of the hyaline cartilage was 
2.0±0.4 mm. The median (Me) was 2.0 mm, first and third 
quartiles [Q1-Q3] among men were 1.7-2.2 mm, CV: 21.9%.

Among the women in the study, the thickness of the 
hyaline cartilage in the area of the weight-bearing surface 
of the medial femoral condyle was (Min-Max) as follows: 
1.0-3.0 mm, mean value (M±SD): 1.9±0.4 mm, Ме: 1.8 mm, 
Q1-Q3: 1.6-2.1 mm, CV: 20.1%.

Signs of osteoarthritis, viz. sharpening of edges of 
articular surfaces and manifested osteophytes, were identified 
in 67.3% of examinations (256 cases). Among men, such 
manifestations were seed in 56.1%, and among women, in 
75.9%. Signs of synovitis were seed in 22.1% (84 cases): 
among men, in 24.4%, among women, in 20.4%. Baker’s 
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cysts were diagnosed in 23.7% of examinations (90 cases): 
among men, in 12.2%, among women, in 32.4%.

The median age of participants of the study, in whom 
Baker’s cysts were diagnosed, was (M±SD) 57.9±11.3 
years, (Min-Max) 23-86 years, (Me) 59.0 years, interquartile 
interval among all participants [Q1-Q3] was 50.0-67.0 years, 
CV-19.6%. Male group: (Min-Max) 44-73 years, (M±SD) 
56.5±9.8 years, (Me) 50.0-66.0 years, CV-17.3%. In the 
female group, cysts were identified at the age of (Min-Max) 
23-86 years, (M±SD) 58.3±11.8 years, (Me) 52.0-67.0 years, 
CV – 20.2%. The obtained data is shown in the box plot 
(Fig. 3).

The values of the thickness of the hyaline cartilage in 
the area of the weight-bearing surface of the medial femoral 
condyle in the diagnostics of Baker’s cysts were as follows: 
(Min-Max) 1.0-3.0 mm, the median value for all observations 
(M±SD) was 2.0±0.4 mm, (Me): 1.9 mm, Q1-Q3: 1.7-2.2 
mm, CV: 20.4%.

In the male group, at the diagnosis of the Baker’s cysts 
the cartilage thickness was in the range (Min-Max) of 1.4-
3.0 mm, (M±SD): 2.1±0.5 mm, (Me): 2.0 mm, Q1-Q3:  1.7-
2.4 mm, CV: 26.0%. In the female group, the minimum 
and maximum values of hyaline cartilage thickness art the 
diagnosis of the Baker’s cysts were as follows: (Min-Max), 
1.0-2.7 mm, (M±SD): 1.9±0.3 mm, (Me): 1.9 mm, Q1-
Q3: 1.7-2.1 mm, CV: 17.8%. The generalized data on the 
distribution of values are shows in the box diagram (Fig. 4).

The analysis of the contents of the cysts showed the 
following. In 32.6% of the cases, signs of presence of 
inclusions and bridges were identified, and in 27% signs of 
a finely dispersed suspension were seen. Special attention 
was paid to measuring the thickness of walls of Baker’s cysts. 
For all observations, the cyst wall thickness (Min-Max) was 
0.7-3.8 mm, (M±SD): 1.8±0.6 mm, (Me): 1.7 mm, Q1-Q3: 
1.4-2.2 mm, CV: 33.5%. In the male group, the cyst wall 
thickness (Min-Max) was 1.2-1.6 mm, (M±SD): 1.8±0.4 mm, 
(Me): 1.8 mm, Q1-Q3: 1.7-2.0 mm, CV: 23.8%. In the female 
group, the cyst wall thickness (Min-Max) was 0.7-3.8 mm, 
(M±SD): 1.8±0.7 mm, (Me): 1.6 mm, Q1-Q3: 1.4-2.3 mm, 
CV: 35.9%.

The presented data demonstrate a similar pattern of 
echographic changes in the knee joints between men and 
women. Differences in changes among men and women 
show a small variance, while the reliability of the analyzed 
parameters, as calculated using Student’s t-test, corresponds 
to P<0.001 when comparing data between participant groups. 

 DISCUSSION
Current clinical practices have a wide range of 

instrumental diagnostic tools to determine the extent of 
changes of the joints and the periarticular structures [20]. 
The X-ray method is fast and efficient for the assessment of 
osseous structures [13]. Magnetic resonance imaging allows 
studying the problems by using the advantages offered by 
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Figure 1. Diagram of the normality of the probable age distribution 
(years) among men and women in the study.
Рисунок 1. Диаграмма нормальности вероятного 
распределения возраста (лет) среди мужчин и женщин в 
наблюдении.

Figure 2. Diagram of the normality of the probable distribution of 
hyaline cartilage thickness (mm) among men and women in the study.
Рисунок 2. Диаграмма нормальности вероятного 
распределения толщины гиалинового хряща (мм)  
среди мужчин и женщин в наблюдении.

Figure 3. Age range diagram for men and women  
in cases of Baker’s cysts diagnosis.
Рисунок 3. Диаграмма размаха для возраста среди мужчин  
и женщин в случаях диагностики кист Бейкера.
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multiparametric visualization, but the procedure is rather 
lengthy and expensive [20]. Computed tomography provides 
sufficient diagnostic information and is rather fast. At the 
same time, it provides higher radiation exposure than the 
standard X-ray of the joints.

Ultrasound imaging allows addressing a wide range of 
practical tasks without using costly expert-level machines. 
A significant advantage is the possibility of multiparametric 
scanning (using various working frequencies and sensor 
configurations) in solving specific practical tasks [10]. The 
possibility of direct communication with the patient during 
the examination allows for a more detailed inspection of 
areas with the most pronounced pain and manifested external 
changes. Another great advantage of ultrasound imaging is 
the possibility of functional evaluation of joints. It is possible 
to enhance the diagnostic procedure considering the patterns 
reflecting the character of changes in the periarticular tissue 
in cases of a manifested edema or suspected development of 
phlebothrombosis. 

Even though manifestations of osteoarthritis are well known 
and described, development and availability of diagnostic 
opportunities of equipment regularly necessitates updates of 
the known information [21]. On the other hand, the progress 
of osteoarthritis is associated with numerous factors, including 
lifestyle and physical activity; therefore, the prevalence 
of identified changes with respect to the patients’ age and 
concomitant processes requires regular follow-ups from the 
scientific community [22]. Our study demonstrates a similar 
trend in the progression of osteoarthritis described in the work 
of A.S. Povzun et al., with a greater number of women in 
the total sample. Thanks to the opportunities provided by the 
method of ultrasound imaging, correlations were shown in 
the dynamics of development of structural changes. Due to a 
considerable number of participants, the obtained results allow 
for a more detailed assessment of the character of changes 

among patients who sought medical assistance in the outpatient 
care stage.  The obtained data can be used with a high degree 
of confidence for applied purposes, including the development 
of specialized software and the refinement of age- and sex-
specific morphometric parameters.

Domestic and international publications highlight the 
importance of a comprehensive patient analysis in the 
diagnosis of joint diseases, as well as the need to supplement 
clinical examination findings with data from radiography and 
ultrasound imaging [2, 4, 23]. The results obtained within 
our study enable a demonstration of prevalence of some 
echographic signs in the process of development of knee joint 
diseases. Some of the most visual manifestations concomitant 
with the complex of pathological changes, are the signs of 
synovitis and identification of Baker’s cysts, which, in some 
cases, require differential diagnostics.

Ultrasound imaging enables rapid, effective, and informative 
resolution of complex clinical issues while simultaneously 
ruling out both rarer complications, such as cyst rupture or 
hematoma, and concomitant thrombophlebitis of the deep 
veins of the lower leg. Such clinical cases have been described 
in studies demonstrating the importance of echographic 
verification and the clinical significance of periarticular 
structures [23]. E.A. Skripchenko et al. describe the importance 
of possibilities offered by ultrasound imaging to assess condition 
of periarticular structures in osteoarthritis and to correlate the 
results with X-ray imaging data in the assessment of severity 
of pathological processes. Another important aspect is the 
determination of compression of elements of the neurovascular 
bundle in the popliteal area and exclusion of pathological 
processes of a different etiology. A clinical case of compression 
of the popliteal artery by a Baker’s cyst was described in the 
paper of D.I. Markevich et al. [19]. The authors describes 
a pattern of hemodynamic disorder which resulted from a 
combination of such factors as atherosclerotic alterations along 
the way of arteries of lower limbs and processes associated with 
a synovial cyst in the popliteal area. In its turn, the prevalence 
of diseases of veins of lower limbs and Baker's cysts was 
the reason for the development of methods of simultaneous 
surgical treatment of such patients by combined phlebectomy 
and removal of the synovial cyst of the popliteal region [24]. 
Implementation of advantages of laser and minimally invasive 
technologies allowed for the use of the method of simultaneous 
laser thermal obliteration of recurrent lower extremity veins 
and Baker’s cysts [18].

 CONCLUSIONS
The data obtained by us demonstrates a complex of 

correlated changes in osteoarthritis diagnosed by ultrasound 
imaging of structures of the knee joint. Signs of osteoarthritis 
are identified in 67.3% cases, and synovitis, in 22.1%. Baker’s 
cysts are diagnosed in 23.7% of examinations. Baker’s cysts 
were diagnosed in the age of 57.9±9.1 years. In general, there 
was found a similar dynamic of development of structural 
changes of the knee joints independent of the patients’ sex.

Determination of etiology of pathological changes, 
assessment of their role in the development of concomitant 
symptoms and possible complications allows for improvement 
of efficacy of diagnostics and treatment, and for the selection 
of optimal tactics of patient management. 

Figure 4. Span diagram for the thickness of hyaline cartilage in the 
area of the supporting surface of the medial condyle of the femur, 
depending on the detection of Baker’s cysts.
Рисунок 4. Диаграмма размаха для толщины гиалинового 
хряща в области опорной поверхности медиального мыщелка 
бедра в зависимости от выявления кист Бейкера.
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