
introduction

Osgood-Schlatter disease (OSD) has been known as a disease 
that causes traction apophysitis or stimulatory symptoms due 
to traction of the patellar tendon acting on the eminence of the 
tibial tuberosity during childhood and adolescence in which 
vigorous growth takes place1). Despite that favorable natural 
progress has been recognized as a self-limiting disease in 90% of 

the patients, severe pain in the tibial tuberosity and difficulties in 
daily life are often complained by athletes or military personnel 
who frequently perform activities that cause stress on the knee 
joint regardless of the completion of the growth2). Various treat-
ment methods including surgical treatment have been performed 
for the patients with severe symptoms refractory to conservative 
treatment2-8); however, cases where the symptoms persist even 
after surgical treatment have often been reported3,4,9-12). This has 
been thought to be due to the lack of research on pathophysiol-
ogy and clinical progress of the disease.

The biomechanics and pathophysiology of the proximal tibial 
tuberosity are important for young adults beyond the growth pe-
riod because in cases where the osseous fragments (ossicles) re-
main unhealed, the symptoms are caused by the moment arm of 
the force that is different from the normal individuals due to the 
attachment of the patellar tendon in the proximal tibial tuberos-
ity13). In order to determine how OSD that developed during the 
growth period triggers the symptoms beyond the growth period, 
radiological evaluation in adulthood is required and this can also 
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be used to predict the progress of the disease after treatment. Few 
studies have analyzed OSD in young adults beyond the growth 
period using radiological evaluation. In addition, to our knowl-
edge, the relationship between specific radiological findings and 
clinical assessments of the disease after the growth period has 
never been addressed in studies. Hence, we conducted a study 
using magnetic resonance imaging (MRI) that allows analysis of 
the bones and soft tissues upon the completion of growth. The 
purpose of this study was to investigate the radiological charac-
teristics of OSD using MRI and assess their relations with clinical 
scores in young adults to determine the clinical relevance of MRI 
and help in surgery planning.

In this study, we analyzed MRI findings of the knee in young 
adult patients with symptomatic OSD beyond the completion of 
growth and compared with those in young adults without OSD. 
The authors also analyzed the correlation between the MRI find-
ings and clinical scores in the OSD patients. Our hypothesis was 1) 
that the two groups would show a difference in the patellar ten-
don attachment, 2) clinical scores would be affected by specific 
MRI findings, and 3) patellar tendinopathy would be common in 
the OSD patients.

materials and methods

1. Subjects
A retrospective observational study was conducted on young 

adult male patients who visited the outpatient clinic at our hos-
pital between May 2013 and March 2015; suffered from major 
clinical symptoms of OSD including pain and tenderness in the 
tibial tuberosity and limitation in squatting for more than 1 year 
continuously; presented with ossicles on the lateral view of the 
knee joint; and had an MRI examination. A total of 30 patients 
with OSD were included in the study excluding those with open 
physeal plate in the knee joint or with a clear trauma in the in-
jured region. Among the patients who visited the clinic during 
the same period due to knee joint disease, 30 young adults with-
out OSD were selected as control group by matching age, gender, 
and height to those of the patients with OSD (OS group) (Table 
1). Visual analog scale (VAS) scores and Kujala scores were evalu-
ated in the OS group at the time of visit. The study protocol was 
approved by the Institutional Review Board of Armed Forces 
Daejeon Hospital.

2. radiological evaluation
In simple radiography, the degree of patella alta/infera was 

evaluated by measuring the Insall-Salvati ratio on the lateral view 

of the knee joint14). The length of the patellar tendon in the OS 
group was measured by referring to the tibial tuberosity as in the 
control group due to the shortening of the patellar tendon caused 
by ossicles. By using the image of 1.5T MRI (Intera Achieva; 
Philips, Amsterdam, The Netherlands), the proportion of the at-
tachment in the region between the most proximal region of the 
tibial tuberosity or the most superior portion of the ossicles and 
the most distal portion of the tibial tuberosity to the total length 
of the patellar tendon was measured; the proportion of the region 
from the most proximal region of the tibial tuberosity or the most 
superior portion of the ossicles to the most distal portion of the 
tibial tuberosity in the total length of the region from the tibial 
articular surface to the most distal portion of the tibial tuberos-
ity was measured13); and the thickness of the patellar tendon and 
intensity of the signal were identified in order to determine the 
presence of comorbidity, such as patellar tendinopathy13,15). On 
T1-weigted sagittal images, the free patellar tendon proportion 
[FPTP à=(1)/(2)] was calculated by defining (1) as the distance 
between the inferior patella and the most proximal attachment 
site of the patellar tendon onto the tibial tuberosity or the ossicle 
and (2) as the distance between the inferior patella and the most 
distal attachment site of the patellar tendon onto the tibial tuber-
osity13). The tibial attachment proportion [TAP à=(3)/(4)] was 
calculated defining (3) as the distance between the most proxi-
mal attachment of the patellar tendon onto the tibial tuberosity 
or the ossicle and the most distal region of the tibial tuberosity 
and (4) as the distance between the tibial articular surface and 
the most distal region of the tibial tuberosity (Fig. 1)13). The pres-
ence of patellar tendinopathy was examined 1) by measuring the 
thickness of the attachment sites in the tibial tuberosity or in the 
ossicle, and 2) by evaluating the findings of peritendinous fluid 
or edema, substantial tendinopathy, bone marrow edema, and 
partial tear on T2-weighted sagittal images15,16). 

Table 1. Patient Demographics

Characteristic
OS group 

(n=30)
Control 

group (n=30)
p-value

Age (yr) 21.8±1.6 21.6±1.8 0.767

Sex (male) 1.000

Height (cm) 171.2±5.0 170.5±4.8 0.605

Body mass index (kg/m2) 22.9±1.2 22.7±1.1 0.599

Duration of symptom (mo)a) 15.2±2.4

Values are presented as mean±standard deviation.
OS: Osgood-Schlatter disease.
a)The values were evaluated only in the OS group.
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3. Statistical analysis
SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for all sta-

tistical analysis. For analysis of the radiographic values, indepen-
dent t-test was conducted. The level of statistical significance was 
determined as 0.05. Radiological measurements were performed 
by one surgeon (Lee) from the department of orthopedic surgery 
and one physician (Kim MJ) from the department of radiology 
each with an interval of two weeks. Intraclass correlation coef-
ficients (ICCs) were calculated to determine intra-observer and 
inter-observer reliability of the MRI measurements. The Pearson’s 
or Spearman’s correlation coefficient was used to characterize 
the relationship between FPTP à and clinical scores and between 
TAP à and clinical scores in the OS group.

results

The location of the patella evaluated by the Insall-Salvati 
method was within the normal range in both groups, showing 
no statistically significant intergroup difference (p=0.817). The 
average ratio of the distance between the inferior patella and 
the most proximal attachment site of the patellar tendon onto 
the tibial tuberosity or the ossicle to the distance between the 
inferior patella and the most distal attachment site of the patel-
lar tendon was 0.55±0.09 in the OS group and 0.77±0.11 in the 
control group; hence a statistically significant intergroup differ-
ence was observed (p<0.001). This result indicates that the area 
of tibial attachment of the patellar tendon compared to the total 
length of the patellar tendon was wider in the OS group. In other 
words, the patellar tendon of the OS group has less portion of 
free tendon; hence the length of the patellar tendon that is not 
attached onto the tibia is relatively short. The average ratio of the 
distance between the most proximal attachment of the patellar 

tendon onto the tibial tuberosity or the ossicle and the most distal 
region of the tibial tuberosity to the distance between the tibial 
articular surface and the most distal region of the tibial tuberos-
ity was 0.67±0.08 in the OS group and 0.29±0.07 in the control 
group; hence a statistically significant intergroup difference was 
observed (p<0.001). This result means that the tibial attachment 
of the patellar tendon is more proximal in the OS group. There 
was a statistically significant difference in the average thickness 
of the patellar tendon in the attachment site at the inferior patella 
as it was measured as 3.7±0.9 mm and 2.2±0.3 mm in the OS 
group and control group, respectively (p<0.001). The average 
thickness of the patellar tendon in the attachment site in the tibial 
tuberosity or the ossicle showed statistically significant inter-
group difference as it was measured as 7.2±0.7 mm in the OS 
group and 4.0±0.2 mm in the control group (p<0.001) (Table 2). 
The intra-observer ICC was 0.972 (95% confidence interval [CI], 
0.928–0.991) and the inter-observer ICC was 0.994 (95% CI, 
0.982–0.998). 

The mean VAS score and Kujala score evaluated at the time of 
outpatient visit were 5.6±1.6 and 53.1±8.2, respectively in the OS 
group. Regarding the correlation of the FPTP à and VAS and Ku-
jala scores, the FPTP à showed a significantly negative correlation 
with VAS (–0.602) and a significantly positive correlation with 
the Kujala score (0.708; p<0.01, both). Regarding the correla-
tion of the TAP à and the VAS score and Kujala score, the TAP 
à revealed a significantly positive correlation with the VAS score 
(0.597) and a significantly negative correlation with the Kujala 
score (–0.733; p<0.01, both). In the OS group, 43% showed sub-
stantial patellar tendinopathy or bone marrow edema at the tibial 
attachment site on T2-weighted sagittal images (Table 2 and Fig. 2).

Fig. 1. Magnetic resonance imaging scans 
of a patient with Osgood-Schlatter disease 
(A) and a patient in the control group 
(B). (1): the distance between the inferior 
patella and the most proximal attachment 
site of the patellar tendon onto the tibial 
tuberosity or the ossicle, (2): the distance 
between the inferior patella and the most 
distal attachment site of the patellar tendon 
onto the tibial tuberosity, (3): the distance 
between the most proximal attachment of 
the patellar tendon onto the tibial tuberos-
ity or the ossicle and the most distal region 
of the tibial tuberosity, (4): the distance 
between the tibial articular surface and the 
most distal region of the tibial tuberosity.
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discussion

This study revealed that the patellar tendon in the OS group 
was attached more widely to the tibial tuberosity, resulting in a 
reduced free tendon portion, and more proximally to the tibial 
articular surface compared with the control group. In addition, 
a positive correlation was found between the free portion of the 
patellar tendon and the clinical scores. 

There has been some theoretical evidence that supports the re-
sults of the current study. If the patellar tendon is widely attached 
in the region of the tibial tuberosity, the potential increase of the 
stress acting on the ossicle can be inferred in case of OSD where 
the ossicle exists13,17,18). Furthermore, reduced portion of the free 
tendon also causes bigger stress on the insertion site due to short-
ening of the lever arm working on the tendon13,17,18). More proxi-
mal attachment of the patellar tendon as was observed in the 
cases of OSD causes anterior translocation of the rotation axis in 
the knee joint, which thereby shortens the distance between the 
patellar tendon and the center of the rotation axis, and increases 
the stress on the attachment site of the patellar tendon in conse-
quence9). It has been also known to be related to the pain of the 
anterior knee joint experienced while performing non-extreme 
activities including squatting due to mobility and increased stress 
in cases where it is not ossified in the tibial tuberosity but rather 
remains as an ossicle. In these regards, the analysis on correlation 
of the FPTP à with the VAS score and Kujala score revealed a 

significantly negative correlation with the VAS score and a sig-
nificantly positive correlation with the Kujala score in the current 
study. 

Some researches have provided the rationale for conducting os-
sicle resection4,19). Furthermore, in cases where a continuous and 
strong extension mechanism is applied onto the separated ossicle 
through the patellar tendon, the ossicle separated from the tibial 
tuberosity presents a chronic mobility2,9,15,20). Pihlajamaki et al.4) 
conducted excision of the ossicle in 107 military personnel with 
OSD and observed the long-term progress. Their results showed 
that 87% returned to symptom-free normal daily life and 75% 
were able to return to the same sports activities they had enjoyed 
before surgery without symptoms. Nierenberg et al.21) removed 
the ossicle with mobility in 22 patients beyond the completion 
of growth and reported that all patients returned to normal daily 
life symptom-freely within 3 months after surgery; emphasizing 
the importance of conducting preoperative evaluation on the 
presence of the ossicles that are separated and mobile. In addi-
tion, extension of the relatively shortened patellar tendon has 
been thought to be performed if the surrounding soft tissues are 
sufficiently dissected during ossicle excision with tibial tubercle-
plasty4,13,22).

About half (43%) of the OS group in this study showed patellar 
tendinopathy and bone marrow edema. Although it is still con-
troversial whether the symptoms of OSD are associated with the 
ossicle or patellar tendinopathy, patellar tendinopathy resulting 
from secondary degeneration of the patellar tendon caused after 

Table 2. Comparison of MRI Findings between the OS Group and the 
Control Group

Characteristic
OS group 

(n=30)
Control group 

(n=30)
p-value

Insall-Salvati ratio 0.97±0.2 0.96±0.1 0.817

FPTP à, (1)/(2) 0.55±0.09 0.77±0.11 <0.001

TAP à, (3)/(4) 0.67±0.08 0.29±0.07 <0.001

Thickness of PT on tibial 
attachment (mm)

7.2±0.7 4.0±0.2 <0.001

Findings

  None 3 (10)

  Peritendinous edema 14 (47)

  Tendinopathy 7 (23)

  Bone edema 6 (20)

  Partial tear 0

Values are presented as mean±standard deviation or number (%).
MRI: magnetic resonance imaging, OS: Osgood-Schlatter disease, FPTP: 
free patellar tendon proportion, TAP: tibial attachment proportion, PT: 
patellar tendon. 

Fig. 2. T2-weighted magnetic resonance imaging scan. The white arrow 
indicates the thickened patellar tendon and bone marrow edema that 
contains the area of high signal intensity with the nonunited fragment.
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separation from the tibial tuberosity is one of the characteristics 
of the disease9,15,23). Hirano et al.9) conducted analysis on MRI 
findings and reported that 69% of the patients who were in the 
progress stage and all patients who were in the late stage showed 
the condition of the patellar tendinitis including the increase in 
the thickness of the attachment site of the patellar tendon. They 
predicted that there would be inflammatory reaction surround-
ing the secondary ossification with progression of OSD and the 
relaxation of the symptoms would be related to the recovery 
of the patellar tendinitis. We think that the symptom was con-
tinuously present even after the ossicle was excised either with 
an open procedure or an arthroscopic procedure because the 
patellar tendinopathy associated with the attachment site of the 
patellar tendon was not treated appropriately; therefore, an MRI 
evaluation not only for the osseous tissues but also for the soft tis-
sues should be done appropriately prior to surgery9,13). 

The limitations of this study are as follow. First, the nature of 
our institution allowed the study to be based on male patients 
only and caused a male-weighted trend in terms of the gender 
ratio. Second, this study did not conduct a comparison with as-
ymptomatic patients with the ossicle. Third, the study was limited 
to the ossicle type OSD excluding other types of OSD. A prospec-
tive study that determines the relationship between preoperative 
MRI and symptoms and the correlation between postoperative 
MRI and relaxation of symptoms is required. In addition, the 
results caused by the pressure loaded onto the attachment site of 
the patellar tendon based on the modality of the patellar tendon 
attachment should be supported by biomechanical studies. De-
spite numerous limitations, this study has significance in terms of 
the rarity of the study on this subject both domestically and inter-
nationally, inclusion of the relatively larger number of patients in 
the experimental group and control group, and the achievement 
of the results among young adults beyond the growth period. In 
addition, there was no intergroup difference in the location of the 
patella that was evaluated using the Insall-Salvati ratio and mea-
surements for calculation of the ratio were based on the inferior 
region of the patella and the tibial articular surface to rule out the 
influence of individual variations such as patellar alta and baja. 
The authors believe that the MRI characteristic of OSD described 
this study can be useful for predicting the prognosis of the disease 
and planning proper treatment methods for young adult patients 
beyond the growth period with symptomatic OSD, especially 
athletes and military personnel engaged in activities that increase 
the stress on the knee joint. 

conclusions

In young adults with OSD, the MRI revealed a relatively less 
free portion and relatively more proximal attachment of the pa-
tellar tendon compared to those of young adults without OSD. 
Furthermore, positive correlations were found between the free 
portion of the patellar tendon and the clinical scores in the OSD 
patients. In future research, detailed analysis on the patellar 
tendon attachment should be conducted since secondary patel-
lar tendinopathy is also frequently encountered in patients with 
OSD.
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