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Background: Osgood–Schlatter disease (OSD) is one of the common causes of knee pain in 

active adolescents who play sports. The common age for boys to have OSD is between 12 and 

15 years and for girls, between 8 and 12 years. Radiographic studies are helpful in diagnosis 

and treatment of OSD.

Purpose: We examine the age at onset of OSD in detail and investigate the relationship between 

clinical findings, radiographic bone morphology, and the severity of OSD in adolescents.

Results: The average age at onset of knee pain was 12 years and 6 months – 12 years and 

9 months in boys, and 12 years and 1 month in girls. Boys were significantly older than girls at 

onset. In addition, there were significant relationships between duration from first onset to visit 

to the clinic, radiographic bone stage, body morphology, and radiographic severity. The patients 

who delayed their visit to the clinic from the first onset of pain and who were older showed a 

later bone stage and more radiographic severity grade of OSD. There was significant differences 

concerning weight and body mass index between severity grade I and III. 

Conclusion: For the age at the onset of OSD, the mean age of boys was significantly older than 

that of girls. The patients at a later bony stage had a higher severity grade. The boys and girls 

with OSD who had less weight or body mass index showed less severity.

Keywords: Osgood–Schlatter disease, radiographic classification, tibial tuberosity, body 

morphology

Introduction
Osgood–Schlatter disease (OSD) is one of the common causes of knee pain in active 

adolescents who play sports. In 1903, Osgood1 and Schlatter2 separately described a 

painful condition of the tibial tuberosity. They suggested that the cause of OSD was a 

partial traumatic avulsion of the tibial tuberosity at the insertion of the patellar tendon. 

Afterward, many theories were put forward regarding the etiology of OSD including 

degeneration of the patellar tendon, aseptic necrosis, and infection.3,4 Ogden patho-

logically investigated OSD, describing it as an avulsion of a portion of the developing 

ossification center; this avulsion may also occur when the cartilage cells are hypertrophic 

in the preossification phase.5–7 Hirano investigated the progress of OSD from an early 

stage on magnetic resonance imaging (MRI) and reported that the onset of all OSD 

was observed to be in the apophyseal stage by MRI.8 A recent review claimed OSD 

was caused by traction apophysitis of the tibial tubercle due to repetitive strain on the 

secondary ossification center of the tibial tuberosity.9 Radiographic changes show the 

irregularity of apophysis, with separation from the tibial tuberosity in early stages and 

fragmentation in the later stages. The common age of boys with OSD is between the 
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ages of 12 and 15 years and the common age of girls with 

OSD is between the ages of 8 and 12 years.10,11 OSD should be 

suspected in young patients who present with pain, swelling, 

and tenderness of the tibial tuberosity. Radiographic studies 

are helpful in diagnosis and treatment of OSD. However, to our 

knowledge, there is no previous report about the relationship 

between OSD and body morphology. The aim of this study 

is to find the age at onset of OSD in detail, to investigate the 

relationship between clinical and radiographic findings, and 

to investigate body morphology and the severity of OSD.

Methods
Subjects
Seventy-six children and 94 knees were included in the study. 

The children were diagnosed with OSD with complaints 

of pain, swelling, tenderness of the tibial tuberosity, and 

radiographic abnormality of the tibial tuberosity. Clinical 

evaluation was done by several orthopedic surgeons and 

radiographic evaluation was done by one orthopedic surgeon. 

Children who were under 18 years old were included in 

this study. We investigated the age at onset of OSD, for 

example, not only “10 years old,” but also the details such 

as “10 years 6 months old.” There were 57 boys (73 knees) 

aged from 10 years 11 months old to 16 years 6 months old 

(mean, 13 years 4 months old) and 19 girls (21 knees) aged 

from 9 years 11 months old to 15 years 5 months old (mean, 

13 years 4 months old).

Methods
Each child’s history of OSD, in particular the age at onset of 

knee pain and duration from the onset of pain to the first visit 

to medical office or hospital for radiography, was examined. 

Clinical findings were investigated, including pain, swelling, 

and tenderness of the tibial tuberosity. Body morphology was 

also investigated, including body weight, height, and body 

mass index (BMI). The radiographic bone growth stage of the 

tibial tuberosity was defined by Ehrenborg’s classification: 

stage A is cartilaginous, stage B is apophyseal, stage C is 

epiphyseal, and stage D is bony.12 The radiographic severity 

of OSD was determined by our method as follows: grade I 

shows upheaval or slight elevation of the tibial tuberosity, 

grade II shows radiolucency of the tibial tuberosity, and 

grade III shows fragmentation of the tibial tuberosity or 

ossicle (Figure 1).

Statistical analysis
Each item was statistically analyzed for relevance. The ages 

of boys and girls were compared using the Mann–Whitney 

test. The relationship between the radiographic bone stage and 

the radiographic severity was evaluated with the chi-squared 

test. We evaluated the relationship between the radiographic 

bone stage and the duration from the onset of pain to the first 

clinic visit. In addition, sub groups of the duration from the 

onset of pain to the first visit to medical office or hospital 

were statistically analyzed using the Mann–Whitney test. The 

body morphology, height, weight, and BMI were compared 

to radiographic severity using the Mann–Whitney test.

Results
The age at onset of knee pain averaged 12 years 6 months 

old in total, 12 years 9 months for boys and 12 years 1 month 

for girls. The age of boys at the onset was significantly older 

than girls with Mann–Whitney test (P , 0.01).

For the radiographic bone stage at the initial visit, there 

was nothing for stage A, 36 knees in stage B, 51 knees in 

stage C, and seven knees in stage D. For radiographic sever-

ity, there were 46 knees at stage I, 22 knees at stage II, and 

26 knees at stage III. There was a significant relationship 

between radiographic bone stage and radiographic severity 

determined by the chi-squared test (P  ,  0.01) (Table  1). 

A B C

Figure 1 The severity of Osgood–Schlatter disease in the epiphyseal stage on radiographic findings. (A) Grade I, upheaval or slight elevation of the tibial tuberosity; (B) grade II, 
radiolucency of the tibial tuberosity; (C) grade III, fragmentation of the tibial tuberosity.
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girls may be the result of differences of the initiation age of 

growth spurts. There is a correlation between the severity of 

OSD and the duration from the onset of pain to the first visit 

to clinic and bone growth stage in the present study. Children 

with a longer period from the onset of pain to the first visit to 

a medical office or hospital had pain of greater severity. There 

were 10 children who had over 1 year’s duration between onset 

of OSD and first visit to a clinic. Eight of these children had 

OSD with severity grade III (80%). Therefore, boys and girls 

with OSD should have a medical examination immediately 

if the symptoms included pain, tenderness, and swelling of 

tibial tuberosity. This study found all patients at the bony 

stage had severity grade III, and patients who had a later bone 

stage showed a higher radiographic severity grade of OSD. 

Concerning the relationship between body morphology and 

severity of OSD, there is no significant difference in height 

between each grade of severity, although there is a significant 

difference between weight, BMI, and severity of OSD. In this 

study, there was a significant difference concerning weight and 

BMI between grades I and III. The boys and girls with less 

weight or lower BMI showed less severity. However, to our 

knowledge there has been no previous report on the relation-

ship between OSD and body morphology. Kraus et al reported 

on an obese adolescent male who suffered from consecutive 

bilateral fractures of the tibia.13 It is possible that increased 

weight or higher BMI worsens the severity of OSD. Therefore, 

we must examine more carefully those boys and girls with 

pain at the tibial tuberosity who are overweight.

In conclusion, for the age at the onset of OSD, the mean 

age of boys, 12 years 9 months, was significantly older than 

that of girls, 12 years 1 month. In addition, children at a later 

bony stage had a higher severity grade while patients with 

lower weight or lower BMI had a lower severity of OSD.

Table 1 Relationship between bone growth stage and severity at 
the first visit to medical office or hospital

Severity Bone growth stage

B C D

I 20 knees 
(15 boys, 5 girls)

26 knees 
(20 boys, 6 girls)

0 knees

II 10 knees 
(9 boys, 1 girls)

12 knees 
(11 boys, 1 girl)

0 knees

III 6 knees 
(3 boys, 3 girls)

13 knees 
(10 boys, 3 girls)

7 knees 
(5 boys, 2 girls)

Note: There was a significant difference between radiographic bone stage and 
radiographic severity of Osgood–Schlatter disease determined by the chi-squared 
test (P , 0.01).

Table 2 Relationship between clinical findings and severity

Severity Clinical findings

Swelling Tenderness Osseous upheaval

I 20 knees 
(45%)

40 knees 
(90%)

5 knees 
(11%)

II 11 knees 
(50%)

21 knees 
(95%)

5 knees 
(22%)

III 12 knees 
(50%)

12 knees 
(50%)

6 knees 
(25%)

Note: No significant relationship between clinical findings and radiographic severity 
of Osgood–Schlatter disease determined by the chi-squared test.

However, there was no relationship between the clinical 

findings and radiographic severity (Table 2). There was a 

significant relationship between the duration from the onset 

of pain to the first clinic visit and severity determined by the 

chi-squared test (P , 0.01), indicating that patients with a 

longer period of pain before the first visit to medical office 

or hospital had greater severity (Table 3).

Figure 2 shows that there was no significant difference 

in the mean height between patients in severity I, II, and III. 

However, the Mann–Whitney U test (P , 0.01) revealed the 

body weight and BMI were significantly less in patients in 

severity I than those in severity III.

Discussion
The common age of boys with OSD is between the ages of 

12 and 15 years and the common age of girls with OSD is 

between the ages of 8 and 12 years.10,11 In this study, for the 

age at onset of OSD, the mean age of boys was significantly 

older than that of girls, being in agreement with Ehrenborg 

and Lagergren that the age of occurrence of OSD in boys 

was greater than in girls.12 OSD is known to occur in the 

apophyseal stage. Hirano et al reported the onset of all OSD 

were observed to be apophyseal stage by MRI.8 We consider 

that apophyseal stage corresponds to the growth spurt stage; 

thus the difference of age at onset of OSD between boys and 

Table 3 Relationship between the duration from the onset of 
pain to the first clinic visit and severity

Severity Duration from the onset of pain to first visit to 
medical office or hospital

,1 week 1 week 
∼3 months

3 months 
∼1 year

∼1 year

I 18 knees 8 knees 13 knees 2 knees
II 2 knees 10 knees 5 knees 0 knee
III 2 knees 8 knees 5 knees 8 knees

* *,**,***

Notes: There was a significant difference between the duration from the onset 
of pain to the first visit to medical office or hospital and radiographic severity of 
Osgood–Schlatter disease determined by the chi-squared test (P , 0.01); *There 
was a significant difference by the Mann–Whitney U test (vs “,1 week” group: 
P , 0.01); **There was a significant difference by the Mann–Whitney U test  
(vs “1 week ∼3 months” group: P , 0.01); ***There was a significant difference by 
the Mann–Whitney U test (vs “3 months ∼1 year” group: P , 0.05).
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0

20
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0

0

Girls

Boys

Girls

Boys

147.2 152.8 146.7 154.3 152.7 161.8

15.8 18.1 18.1 18.5 21.2 20.2

34.5 43.3 39.7 43.3 49.7 53.7

Figure 2 Relationship between height, weight, body mass index (BMI), and 
severity. 
Notes: There was no significant difference in the mean height between severity 
I, II, and III in boys and girls groups. The body weight and body mass index were 
significantly less in boys and girls groups with severity of I than with severity of III by 
the Mann–Whitney U test (*P , 0.05).

One of the limitations of this study is that this research 

is not longitudinal. Another limitation is that OSD was 

determined primarily by swelling and tenderness of the 

tibial tuberosity. In addition, the severity of OSD was 

evaluated by radiography only. In future longitudinal 

research, evaluation by MRI may increase the accuracy 

of results.
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