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Abstract

Background: Osgood-Schlatter disease (OSD) is the most common knee pain
complaint among adolescents playing sports. Despite this, there remains contro-
versy over the pathophysiology and whether specific anatomical characteristics
are associated with OSD.

Purpose: This study aimed to systematically and comprehensively character-
ize adolescents with OSD using magnetic resonance imaging (MRI) compared
to pain-free controls, including both tissue abnormalities that may be associated
with OSD, as well as anatomical characteristics. A secondary objective was to
identify potential imaging biomarkers associated with pain.

Study Design: Cross-sectional study.

Methods: Adolescents with OSD and controls were recruited from 2020 to 2022.
Following a clinical exam, demographics, pain, sports participation, and Tanner
stage were collected. Knee MRI was conducted on the participants’ most sympto-
matic knee (OSD) or the dominant leg (controls).

Results: Sixty-seven adolescents (46 with OSD and 30 controls) were included.
80% of participants with OSD had at least one tissue alteration compared to 54%
of controls. Compared to controls, OSD had 36.3 (95%CI 4.5 to 289.7) higher odds
of bony oedema at the tibial tuberosity, and 32.7 (95%CI 4.1 to 260.6) and 5.3
(95%CI 0.6 to 46.2) higher odds of bony oedema at the tibial epiphysis and meta-
physis respectively. Participants with OSD also had higher odds of fluid/oedema
at the patellar tendon (12.3 95%CI 3.3 to 46.6), and superficial infrapatellar bursi-
tis (7.2). Participants with OSD had a more proximal tendon attachment (mean
tibial attachment portion difference, —0.05, 95% CI: —0.1 to 0.0, p=0.02), tendon
thickness (proximal mean difference, —0.09, 95% CI: —0.4 to 0.2, p=0.04; distal
mean difference, —0.6, 95% CI: —0.9 to —0.2, p=0.01). Those with bony/tendon
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1 | INTRODUCTION

Adolescence is a period of life marked by rapid growth
and physiological, and sexual maturation accompanied
by increases in muscle strength, bone length, and physical
properties of the tissue."* Adolescent growth and biolog-
ical maturation have been linked to the development of
musculoskeletal injuries and pain. Osgood-Schlatter dis-
ease (OSD) is considered a growth-related overuse knee
pain that affects approximately 10% of adolescents,’ oc-
curring around puberty (8-12years in girls, and 12 and
15years in boys*?). Pain is presents localized at the tibial
tuberosity where the patella tendon attaches to the tibial
bone®’ and is usually exacerbated by activities like run-
ning and jumping. However, the pathophysiology is still
unclear’ and debate remains regarding the structural in-
volvement.*>*° There are currently few studies that use
MRI to investigate OSD,””® and while Hirano et al. con-
ducted a longitudinal investigation, there was no inclu-
sion of controls.'” This makes it difficult to discern which
characteristics are associated with OSD, and which are
part of normal maturation. One of the problems is that
OSD has commonly been considered self-limiting, but re-
cent evidence contradicts this and indicates many adoles-
cents suffer for years with impact on sport.'*2
Considering the potential longer term consequences,
there is a need to better understand OSD, and its pathol-
ogy. A recent systematic review showed that many im-
aging studies are limited by small samples and a lack of
proper comparisons (e.g., no controls) or are based on a
small number of cases.” These studies rarely account for
the normal changes associated with growth which makes
it impossible to disentangle tissue changes associated with
growth versus the specific pathology of OSD. The current
exploratory study aimed to investigate the tissue charac-
teristics and morphometric features related to OSD using

oedema had 1.8 points (95% CI: 0.3 to 3.2) higher pain on palpation than those
without (t=—2.5, df=26.6, p=0.019), but there was no difference between these
groups in a functional single leg pain provocation.

Conclusion: Adolescents with OSD present with tissue and structural abnormal-
ities on MRI that differed from age-matched controls. The majority had findings
in the patellar tendon and bone, which often co-occurred. However, a small pro-
portion of OSD also presents without alterations. It appears these findings may
be associated with clinical OSD-related pain on palpation of the tibial tuberosity.
Clinical Relevance: Our highlight the pathophysiology on imaging, which has
implications for understanding the mechanism and treatment of OSD.

apophysis, growth, MR imaging, tibial tuberosity

MRI in adolescents with OSD compared to healthy age-
matched controls. A secondary objective was to examine
the association between key OSD-related imaging find-
ings and self-report pain in participants with OSD.

2 | METHODS

2.1 | Study design

This study was designed as a cross-sectional study and
consisted of one session held at Aalborg University
Hospital and included adolescents with OSD and matched
pain-free controls. The session included a clinical exami-
nation, self-reported questionnaires, and an MRI scan of
the knee. All participants received written, and verbal in-
formation about the study, and a parental consent form
was signed before study participation. The study was per-
formed in accordance with the Declaration of Helsinki'®
and approved by the North Denmark Region Committee
on Health Research Ethics (N-20200001). All data col-
lected during the procedures were stored and processed
in alignment with the General Data Protection Regulation
(GDPR) guidelines. All data were collected and managed
through REDcap (Research Electronic Data Capture)
hosted at Aalborg University."*'> REDcap is a secure,
web-based software platform that supports data capture
for research studies.

2.2 | Participants

The participants were recruited through local sports
clubs, social media, and advertisements at local physio-
therapy and medical clinics and through our professional
network from August 2020 to June 2022. Potentially
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eligible adolescents with knee pain were initially screened
by telephone. They were included if they were between 8
and 18 of age and diagnosed with OSD, based on a clini-
cal examination conducted by one of two physiothera-
pists with experience working with OSD. An experienced
rheumatologist with a special interest in sports medicine
was available for consultation to confirm the diagnosis if
needed. The criteria for diagnosing OSD were in line with
previous literature>'® and included localized pain at the
tibial tuberosity provoked by palpation, and isometric
knee extension, and knee-loading activities such as run-
ning and jumping. Exclusion criteria were other types of
knee pain (e.g., patellofemoral pain, patella tendinopathy,
iliotibial band syndrome, and Sinding-Larsen syndrome),
knee surgery, habitual patella subluxations, or meniscal
injuries, concomitant injury, pain from hip or back, or
fear of MR imaging. The inclusion criteria for the controls
were no self-reported musculoskeletal pain, previous knee
pain, or other chronic neurologic or medical conditions,
and fear of MR imaging. Furthermore, any contraindica-
tions to MRI were exclusion criteria.

2.3 | Experimental procedures

At the beginning of the session, all participants underwent
a clinical examination, including brief patient history, and
pain provocations (all scored on a numeric pain rating
scale, NRS, ranging from 0 no pain, to 10 worst pain imagi-
nable). Provocations included pain on palpation of the tib-
ial tuberosity (this was done at the most prominent point
of the tuberosity, where the examiner attempted to apply a
standardized pressure for 2s duration), pain with resisted
knee extension (with participants seated on the edge of a
plinth, their knee in about 90 degrees of flexion, the ex-
aminer placed their hand around the ankle and asked the
participant to push as hard as possible for a 5s duration)
and on hopping (participants performed three repeated
hops on their most symptomatic knee). Additionally, it
was documented if participants had swelling at the tibial
tuberosity as determined by visual evaluation of the tuber-
osity and pain on kneeling (yes/no in response to the ques-
tion “Have you experienced pain while sitting in a kneeling
position?”). Following this, participants completed the
Anterior Knee Pain Provocation test.'” This consisted of
participants preformed a single limb squat to 60° of knee
flexion on their (most) symptomatic knee and holding the
position for 45s. Pain intensity was recorded during the
end of the test using NRS. Participants completed ques-
tionnaires on self-reported symptoms and sports partici-
pation. Adolescents with OSD reported the duration and
frequency of pain, as well as their worst knee pain in the
past week on a visual analog scale (VAS), anchored at 0

(“no pain”) and 10 (“worst pain”). Self-reported knee
function and health-related quality of life were assessed
by all participants using the Knee Injury Osteoarthritis
Outcome Score for children (KOOS-child)'®"® and the
youth version of the EuroQol five dimensions question-
naire, 3-level version (EQ-5D-3L)."” The Tanner Rating
Scale was used for self-ratings of physical maturation in
children and adolescents.*

2.4 | Magnetic resonance imaging

MR imaging of the symptomatic knee or the most symp-
tomatic knee in cases of bilateral pain (adolescents
with OSD) or the knee of the dominant leg (controls).
Dominancy was assessed as the response to “which leg
would you use to kick a ball as far as possible.” MRI
was performed on all participants at the Department of
Radiology, Aalborg University Hospital, by an experi-
enced radiographer using a 1.5 Tesla MRI System (scan-
ner name, GE Healthcare, Milwaukee, WI, USA) and a
flexible 16 channel wrap-around surface coil (GEM flex,
GE Healthcare, Milwaukee, WI, USA). The imaging pro-
tocol was based on a standard clinical knee imaging pro-
tocol and was further developed by the research group
and piloted before the first participant inclusion. The MR
imaging protocol was composed of proton density (PD)
weighted fast spin-echo (FSE) sequences and T2-weighed
FSE sequences with fat suppression in all three planes, a
PD weighted FSE sequence with fat suppression in the
sagittal and coronal planes, a T1-weighed FSE sequence
in the sagittal plane, and a 3D fast imaging employing
steady-state acquisition (FIESTA) sequence acquired in
the sagittal plane with the possibility of multiplanar re-
constructions in the coronal and axial planes. The picture
archiving and communication system (PACS) was used to
store all images, and the assessments and measurements
were performed in the same system.

Participants were in a supine position with the knee
coil placed over the knee. The scans lasted about 20s and
up to 4min for the individual sequences, with approx-
imately 30 min to complete the full knee imaging proto-
col per participant. Only three adolescents with OSD had
bilateral MRIs taken; therefore, these images are not in-
cluded in the analysis.

An experienced musculoskeletal radiologist initially
reviewed all MRI scans according to current clinical
guidelines to rule out disorders other than OSD and
screen for incidental findings. The MRI scans were all
scored by a trained researcher (LBS) with limited expe-
rience in rating MRI scans. The researcher was trained
by two experienced radiologist (MH and EO) for 20h.
During this period multiple scans were scored by both
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the experienced radiologist and the researcher to estab-
lish reliability and ensure scoring was done appropri-
ately. The scoring of MRI scans were done to identify
any changes in the tissues, including the examination
of the patella tendon, bursae, bone marrow edema, and
partial avulsions of the tibia tuberosity, and morpholog-
ical measurements (patella height and morphology, pa-
tellar tendon attachment and thickness). All scans were
rated using a novel semi-quantitative scoring system for
MRI developed by the research group (Serensen et al.,*
in preparation), which was shown to have good reliabil-
ity for all features. The full scoring can be seen in sup-
plementary appendix including further details related to
categories (Appendix S1). All included items had good
inter and intra rater reliability (with ICC/Cohens Kappa
values >0.5). Most measures had good to very good (0.6-
8.0) reliability, with some having excellent (e.g., tendon
thickness ICC >0.9). Items with intra or inter reliability
<0.5 were not included (this pertained to one item only
on patellar morphology which was excluded). The items
were based on outcomes from our recent systematic re-
view of imaging findings in OSD patients.’

2.5 | Sample size

Based on imaging in OSD compared to controls,”** we ex-
pected that a sample of 50 OSD and 30 controls would be
enough for the cross-sectional comparisons between the
groups. These sample size calculations were done under
a range of different scenarios based on assumptions about
the SMDs across the different imaging features while

Recruitment I ‘ Screening through phone or email (n=148)

appreciating the variability within groups were expected
to be larger among adolescents with OSD compared to
controls. These estimations were expected to be best esti-
mates as there is limited to data to base strong sample-size
calculations on.

3 | STATISTICAL ANALYSIS

Unless otherwise stated, all data are presented as mean +SD
or median, interquartile range (IQR) in text and figures.
Data were initially checked for normality within groups by
visual inspection of Q-Q plots and the Shapiro-Wilk test
and analyzed by appropriate statistical tests i.e., parametric
or non-parametric tests which are subsequently outlined in
detail for each independent variable. The statistical analy-
ses were performed in SPSS for windows (IBM, version 28),
and a significance level was accepted at p<0.05. Descriptive
statistics describe participant and clinical characteristics
for both OSD and controls. To evaluate differences in the
proportions of tissue characteristics between the OSD and
control, Fischer's exact test was used, and logistic regres-
sion was use to calculate Odds Ratio's and 95% Confidence
Intervals. Differences in morphometric features between
OSD and controls assessed on MRI were compared be-
tween groups using independent samples t-tests. Oedema
at the tibial tuberosity and the patellar tendon (PT) were
the most strongly associated with OSD, and therefore se-
lected to identify the relationship between OSD-related
pain and imaging findings. An independent samples ¢-test
was used to compare those with oedema at the TT and/or
PT (as these rarely occurred in isolation) to those with no

A4

PFP (n=8)

Excluded (n=64)

Acute trauma (n=1)

Not sports active (n=1)

Cannot participate right now (n=3)
No current knee pain (n=3)

Did not respond to inquiries (n=7)
Declined to participate (n=9)

Other reasons not mentioned (n=32)

v
| Assessed for eligibility (n=84)

Enrolment |

Excluded (n=8)

"]« PFP(n=5)
e SU(n=2)

o| ® Acute knee pain (n=1)

‘ Total included (n=76) ‘

!

v Y

0SD (n=46)

Controls (n=30)

FIGURE 1 Flowchart. OSD, Osgood
Schlatter disease; PFP, patellofemoral;
SLI, Sinfing Larsen Johansson.
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findings at the TT or PT. The dependent variables of inter-
est were pain on palpation of the TT, as localized pain at
the tibial tuberosity is the cardinal symptom of OSD, and
pain during the AKPP test as a functional loading test. It
was decided a priori if any differences were found between
groups, separate bivariate correlations would be run to de-
termine the association between degree (mild, moderate,
severe) of findings at each site (TT and PT) and pain inten-
sity using Spearman's rank correlation coefficient.

4 | RESULTS

A total of 84 adolescents were assessed for eligibility, and
46 OSD (13.1+1.3years, 45% females) and 30 matched
controls (13.0+1.4years, 50% females) were included in
the study (Figure 1 “flowchart”). The OSD and controls
were comparable regarding age, BMI, hours of sleep, and
sports participation. The OSD had fewer adolescents in
Tanner stage 2 (23% vs. 30%) and more in Tanner stage
3 (39% vs. 23%) compared to the controls. Additionally,
no OSD was Tanner stage 5. Several sports were included,
with most participants playing soccer as their primary
sport in both groups (Table 1 “participants characteris-
tics”). The clinical characteristics of participants with
OSD are displayed in Table 2.

4.1 | Imaging findings
4.1.1 | Tissue characteristics

Compared to controls, a greater proportion of OSD pre-
sented with signal intensity at the TT (55.6% vs. 3.3; Odds
ratio 36.3 (95% CI: 4.5 to 289.7, p<0.001)), indicating the
presence of bone oedema. For the OSD, the signal was
non-homogenous and, in most cases, rated as moderate
(56%; 14/25).

Compared to controls, a higher proportion of OSD pre-
sented with signal in the tibial epiphysis (51.1%, 95% CI:
35.8-66.3 vs. 0%, 95% CI: 0.0-11.6) and tibial metaphysis
(13.3%, 95% CI: 5.1-26.8 vs. 0%, 95% CI: 0.0-11.6, Table 3).
In all cases, the signal intensity was non-homogenous,
and for the tibial epiphysis, it was rated as either mild
(16/23) or moderate (7/23). The signal intensity at the tib-
ial metaphysis was rated as mild (4/6) and moderate (2/6).
A free ossicle (increased signal intensity in separate bone)
was observed between the proximal to the distal patellar
tendon attachment site (Field I) in 4 OSD and between the
articular surface of the tibial bone and the proximal pa-
tella tendon attachment site (Field II) in one OSD (11.1%
95% CI: 0.1-11.8). No free ossicle was observed in any con-
trols (0%, 95% CI: 0.0-4.8).

A Higher proportion of OSD had a non-homogeneous
signal intensity in the patellar tendon compared to
controls 57.8% vs. 10%; odds ratio 12.3 (95% CI: 3.3 to
46.6, p<0.00). This was rated as mild (13/26) or moder-
ate intensity (13/26) in OSD compared with mild only
in controls (3/3). Superficial infrapatellar bursitis was
observed in OSD, and no controls (17.8% vs. 0%). Deep
infrapatellar bursitis was observed in both OSD and
controls (62.2% vs. 50.0%; OR=1.6, 95% CI: 0.65 to 4.2,
p=0.26). Further details are presented in Table 3 (“tis-
sue characteristics”).

TABLE 1 Participant descriptive.

Participant
characteristics OSD (n=46) Control (n=30)
Age (years) 13.1+1.3 13.0+1.4
Sex (male, female) (25, 21%) (15, 15%)
Maturation (Tanner scale), n (%)
I 3(6.5%) 2(6.7%)
Il 11 (23.9%) 9 (30.0%)
III 18 (39.1%) 7(23.3%)
v 14 (30.4%) 10 (33.3%)
\% 0 (0%) 2(6.7%)
Menstruation, n (% 11 (52.4%) 9 (60%)
female)
Body mass index (kg/m?) 18.9+3.2 18.2+2.4
Sleep (h)®* 9.0(8.0-9.5)  9.0(8.0-9.0)
Leg dominance (right %) 88.2% 89.6%
Sports participation (h/ 2.0 (1.0-3.0) 3.0 (2.0-4.0)
week)?
Sports participation 4.0 (2.0-5.0) 4.0 (3.0-5.3)
(times/week)*
Reduced sports activity 26 (74.2%) -
due to knee pain, n
%)
Primary sports, n (%)
Soccer 26 (56.5%) 15 (50%)
Handball 11 (23.9%) 7 (23.3%)
Badminton 2 (4.3%) 3(10.0%)
Floorball 2 (4.3%) -
Ice hockey 2 (4.3%) -
Karate 1(2.2%) 3(10.0%)
Swimming - 1(3.3%)
Gymnastics - 1(3.3%)
Rope skipping 1(2.2%) -
Participation in multiple 10 (21.7%) 11 (36.7%)

sports

Note: Data are presented as mean +SD or n (%) unless otherwise denoted.
“Median (inter-quartile range).
bMissing data from 11 participants.
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TABLE 2 Clinical characteristics.

Clinical characteristics OSD (n=46) Control (n=30)
Worst pain past week 55.2+24.2 NA
(0-100)
Pain duration (month) 16.7+12.9 NA
Pain frequency (%)
Rarely 3(6.7%) NA
Monthly 2 (4.4%)
Weekly 7 (15.6%)
Several times per week 19 (42.2)
Almost daily 14 (31.1%)
Pain on TT (0-10)* 4.0 (2.0-5.0) NA
Pain on isometric 3.0 (0.7-5.0) NA
contraction (0-10)*
Pain on single-leg squat 4.0 (2.0-6.0) NA
(0-10)*
Pain on hopping (0-10)* 3.0 (0.0-4.3) NA
Swelling on TT, n (%) 28 (60.7%) NA
Pain on kneeling, n (%) 34 (73.9%) NA
Affected knee (%)
Right 10 (21.7%) NA
Left 13 (28.3%)
Both 23 (50.0%)
KOOS-child pain 68.4+15.2 93.8+7.3
KOOS-child symptom 72.1+13.9 91.6+7.7
KOOS-child ADL 82.8+13.1 97.9+3.6
KOOS-Child sport/rec 59.3+16.7 93.4+8.9
KOOS-child QoL 55.8+14.0 94.0+£9.7
Baseline AKPP score 6.0 (3.5-8.0) 0.0 (0.0-2.5)

(0-10)*

Note: Data are presented as mean +SD or n (%) unless otherwise denoted.
Abbreviations: *AKPP, anterior knee pain provocation; KOOS, knee injury
Osteoarthritis Outcome Score; TT, tibial tuberosity.

4.1.2 | Morphometric features

For the morphometric features, there was no difference
between the OSD and controls for the patella IS ratio,
Grelsamer morphology, free patella proportion (FPTP),
and patellar tendon thickness at the mid-portion site of
the tendon (p>0.05, Table 4 “morphometric features”). In
contrast, the tibia attachment proportion (TAP) was larger
in OSD than in controls (mean difference, —0.05, 95% CI:
—0.1 to 0.0, p=0.02), indicating the tibial attachment
was more proximal in the OSD group. The patellar ten-
don thickness (anterior-posterior mm) was significantly
increased at the proximal (mean difference, —0.09 mm,
95% CI: —0.4 to 0.2, p=0.04) and distal site attachment
site (mean difference, —0.6, 95% CI: —0.9 to —0.2, p=0.01)
in OSD compared to controls (Table 4 “morphometric
features”).

4.2 | Extent of tissue involvement

The majority of OSD (80%) had at least one abnormal find-
ing, compared to 54% of controls (Figure 2). One tissue
alteration defined as the involvement of either the patellar
tendon or soft tissue (infrapatellar bursae) or bone altera-
tions. Further details on each of these individual group-
ings and in combination are demonstrated in Table 5
“Number of findings on MRI.”

4.3 | Extent of MRI findings across
maturation status

Tanner grouped into pre-early pubertal (Tanner 1-3) and
late—post pubertal (Tanner 4-5) stages. Twenty-six per-
centage OSD in the pre/early pubertal and twenty-one
percentage OSD in the late post pubertal stages had one
tissue alterations (Figure 3, green charts). Nearly half the
pre/early pubertal (48%) and a third of the OSD in late/
post pubertal (36%) had up to four tissue alterations (blue
charts). None of the control groups presented with con-
comitant patellar tendon, soft tissue, and bone alterations.
Most of the controls had either null tissue alterations
(Tanner 1-3, 61% and Tanner 4-5, 25%, striped charts) or
one tissue alteration (Tanner 1-3, 33% and Tanner 4-5,
67%, gray charts, Figure 3).

4.4 | Association between MR
findings and pain

In the OSD group, there was a significant difference in
pain on palpation of the tibial tuberosity between those
with bony and/or tendon oedema. Those with bony/
tendon oedema had 1.8 points (95% CI 0.3 to 3.2) higher
pain on palpation than those without (t=-2.5, df=26.6,
p-value=0.019; Figure 4A). There were no differences
between these groups in AKPP score (t=—1.34, df=25.8,
p-value=0.179; Figure 4B). Based on the relation between
oedema and pain at the tibial tuberosity, post hoc correla-
tions for severity revealed a moderate positive correlation
between TT pain degree of signal intensity at the tibial tu-
berosity (R=0.42; p=0.046; Figure 5) and at the patellar
tendon (R=0.37; p=0.013).

5 | DISCUSSION

This cross-sectional study used blinded assessments and
an age-matched control group to comprehensively explore
OSD related findings and anatomical characteristics. The
majority of OSD (80%) had at least one tissue alteration,
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scans of OSD (A) and control (B). (A1) Involvement of the patellar
tendon (closed arrow), (B2) involvement of the deep infrapatellar
tuberosity (closed arrows), (B2) involvement of patellar tendon and
bursa (not visible on same sequence, open arrows). (A-B3) Patellar
tendon and bursa involvement with tibial tuberosity oedema (open
and closed circles), (A4) Involvement of patellar tendon, bursa, and
with over half of the OSD participants having alterations
in both soft tissue and bone irrespective of sexual matu-
ration assessed by Tanner stages. Findings in controls re-
lated primarily to mild signal intensity in the bursa, with
few other findings. Adolescents with OSD were charac-
terized by bony changes the tibial tuberosity (odds ratio

FIGURE 2 Number of MRI findings (1-4) on exemplary
bursa (open arrow). (A2) Involvement of deep bursa and tibial

bone edema (closed circle).
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TABLE 5 Extent of findings on MRI in OSD (total: n=45) and controls (total: n=30).
Number of findings on MRI Control
(tissue involvement) Description 0OSD (n=45)* (n=30)
0 tissue alterations Normal MRI = Normal MRI 9 (20%) 14 (46.6%)
1 tissue alteration 11 (24.4%) 14 (45.6%)
Patellar tendon Presence of signal intensity in the patella tendon only with 8.9% 3.3%
no bone alterations
Bursitis Presence of fluid in the infrapatellar bursa (deep) only with 15.6% 43.3%
no bone alterations
Bony only Bony changes in the TT and/or metaphysis/epiphysis 2.2 0%
2 tissue alterations 2 (4.4%) 1(3.3%)
Patellar tendon and bursitis Presence of signal intensity in the patellar tendon and fluid 0% 3.3%
within the infrapatellar bursae with no bony alterations
Bursitis and bone Presence of fluid within the infrapatellar bursa and bone 2.2 0%
edema (TT only)
Patellar tendon and bone Presence of signal intensity in the patellar tendon only 2.2% 0%
with bone changes (tibial tuberosity and/or metaphysis/
epiphysis)
Bursitis and bone Presence of fluid within the infrapatellar bursa only with 2.2% 0%
changes (tibial tuberosity and/or metaphysis/epiphysis)
Three tissue alterations
Patellar tendon, bone and bursitis Presence of signal intensity in the patellar tendon and fluid 46.6% 3.3%
within the infrapatellar bursa with bone changes (tibial
tuberosity and/or metaphysis/epiphysis)
Total (tissue alterations >1) 25 (56%) 2 (6.7%)

Note: Data are presented as n (%).
Abbreviation: OSD, Osgood-Schlatter disease.
?One OSD did not complete the MRI.

36) and tibial epiphysis, indicating bone edema and pa-
tellar tendon changes (OR 12.3). Further, 10% of adoles-
cents with OSD presented with an ossicle, which was not
seen in any controls. Findings in controls related almost
solely to signal intensity in the deep infra patellar bursa
indicating bursitis, which was not significantly different
from OSD. Quantitative findings underscored the involve-
ment of the patellar tendon, with an increase in tendon
thickness proximally and distally compared to controls,
and a more proximal tendon attachment. This knowledge
has clear implications for the pathophysiology of OSD and
characterization of this common MSK disorder.

51 | Relationship between
pathophysiological findings and symptoms

In the current study, those with bony oedema at the TT
and/or PT changes had higher pain on palpation of the tib-
ial tuberosity. Further the degree (mild, moderate severe)
was also associated with pain during palpation. However,
we did not find a clear differences in pain between these
subgroups of findings for the outcome of a functional pain

provocation, although there was a small difference indi-
cating that we might have been slightly underpowered for
this comparison. Previously, Sailly et al.** found that the
presence of doppler signal on ultrasound was associated
with higher pain on palpation and isometric extension in
participants with OSD. Lee et al.” also found that patellar
tendon attachment measures were associated with higher
pain scores and postulated this was due to increased stress
on the tibial tuberosity.

A small portion (20%) of participants with OSD had no
findings on the knee MRI. This finding aligns with a previ-
ous MRI study from Hirano et al.'®** who found that nine
participants (30% of their sample) presented with local-
ized pain at the tuberosity but had a normal MRI. Further
research is warranted to determine the prognostic utility
of imaging findings, and whether our identified features
can be used as a surrogate biomarkers for prognosis or to
guide treatment decisions. One exploratory study? found
that those without imaging findings were less likely to have
pain at follow-up, while another found that the presence of
ossicles was associated with delayed return to sport.”> Our
findings build on this exploratory research by using a strong
study design and blinding and underscore the relevance of
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FIGURE 3 Percentage of findings on
MRI in OSD and controls across Tanner
stages. OSD, Tanner 1-3 (n=31), OSD,
Tanner 4-5 (n=14), control, Tanner 1-3
(n=18), control, Tanner 4-5 (n=12).

FIGURE 4 Pain on tibial tuberosity
palpation (left panel, A) and pain during
anterior knee pain provocation for those
with and without patellar tendon (PT)
and/or tibial tuberosity (TT) oedema
(right panel, B).

FIGURE 5 Association between
imaging findings (graded based on signal
intensity) at the tibial tuberosity and pain
intensity.
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potential surrogate biomarkers in the pathophysiology of
OSD. However, many other factors may be involved in the
relation between structural findings and pain severity and
may modulate the adolescent’s pain experience (e.g., phys-
ical activity). The interplay between these factors has not
been investigated in this population.

5.2 | Clinical implications and
future research

Adolescents with OSD have previously been considered as
a single group suffering from pain on the tibial tuberosity,
but this cross-sectional study opens for new research ques-
tions regarding the potential significance of the imaging
findings. The data confirm previous studies which high-
light the involvement of the distal patellar tendon.”***® In
the current study, we found a small increase in thickness in
OSD participants distally. The magnitude of the difference
was smaller than has previously reported in other stud-
ies using MRI in OSD.” Tendinopathy is characterized by
proximal tendon pain and thickening in isolation, indicat-
ing a local issue.” Recent systematic reviews have found
that tendinopathy occurs in adolescents and increases up
to the age of 18.* Interestingly, we also found a small sig-
nificant increase in proximal thickness, but the magnitude
of this was smaller than what was found distally.

It is unclear if the specific subgroups may need differ-
ent treatment approaches. Previous studies have identified
“stages” based primarily on the type of tissue involve-
ment®’ and/or the extent of tissue involvement/number
imaging findings.'®* But there is no consistent way of de-
termining OSD pathology. At present, it is unclear if the
clinical presentation and or course differs between such
subgroups, or severity based on imaging.

6 | STRENGTH AND
LIMITATIONS

A recent systematic review of the imaging findings associ-
ated with OSD demonstrated a lack of blinded analyses, too
small sample sizes, and a lack of matched control groups,
which likely threatens its conclusions. We tried to address
these shortcomings in the literature by using blinded as-
sessment by two raters (experienced and novice rater), a
larger sample size (although challenged by COVID-19),
and a matched control group. A low sample size hampers
our analysis of the effect of self-reported maturation in
some of the specific subgroups and hence hampers strong
conclusions. We used Tanner stages and not maturation
of the TT based on MRI scans. We used a broad recruit-
ment strategy and captured a broad sample from different

sports and a wide range of symptoms. Future studies may
need to target a specific age group or duration of symp-
toms to gain deeper insights into the development tra-
jectory of OSD symptoms from early onset toward larger
impact and disability.

7 | PERSPECTIVES

This study demonstrates that many adolescents with OSD
show abnormalities in MR, including tissue alterations
(primarily in the distal patella tendon and bone) and mor-
phometric differences compared to controls in the patellar
tendon attachment. There is also a group of OSD present-
ing with a normal knee scan. Interestingly, the most com-
mon findings (at the tendon and tibial tuberosity which
almost always occurred together) were associated with a
greater pain severity on palpation of the tuberosity, the
cardinal symptom of OSD. Hence, future research needs
to explore the relevance of such subgroups, and whether
this information can be used clinically to identify those at
risk or worse prognosis or requiring different treatment
approaches.
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