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ABSTRACT

This systematic review aimed to describe the imaging characteristics of Osgood-Schlatter (OSD)
compared with controls and imaging findings over time. A systematic search was conducted in
Embase, CINAHL, and PubMed from inception until July 2021. Forty studies were eligible and
included based on inclusion criteria on OSD diagnosis, the number of patients, and imaging
outcomes. In patients with OSD, but not controls, findings were soft-tissue swelling of the
cartilage and infrapatellar bursa, tendon changes, increased Doppler flow, and fragmentation of
the secondary ossification center. Follow-up studies reported improvements over time, but some
identified persistent tendon thickening and/or ossicles. Adults with OSD generally present with
free ossicles. Findings were inconsistent on whether different morphometric features were
altered in OSD compared to controls. OSD patients were classified within the early stages of tibial
tuberosity maturation. This review documents that OSD presents with tissue alterations that do
not appear in controls or the patient's asymptomatic knee. Notably, a large portion had tendon
involvement, and ossicles seem to be associated with residual symptoms after maturation.
Standard imaging of adolescents with OSD needs to be carefully considered when determining if

tissue alterations are related to disease progression or part of the normal maturation.

Keywords: Apophysis; imaging; tibial tuberosity; growth; overuse; patellar tendon

Introduction

Osgood Schlatter disease (OSD) is a common knee pain condition that affects 10% of adolescents
between 9 and 15 years of age33. The key symptom is anterior knee pain below the kneecap,
where the patellar tendon inserts onto the developing part of the tibial tuberosity. As up to one
in five cases is observed in highly active adolescents, OSD is believed to be a sport-related pain

complaint during maturation of the tibial tuberosity 3344, Although a clinical exam often
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determines the diagnosis, routine imaging is usually done in adolescents with this condition 38.
However, little is still known about disease etiology and the involvement of different tissues over
time as the disease progresses. Studies suggest that OSD pain symptoms may be driven primarily
by avulsions of the secondary ossification center 344>, In contrast, others have suggested that
OSD may have traits similar to patellar tendinopathy rather than a tibial tuberosity lesion #°.
Previous imaging studies have evaluated the tibial tuberosity's developmental stages using
different imaging modalities 31634, However, it is unclear which tissue alterations are associated
with OSD or part of the normal development of the apophysis during adolescence 7. Hence,
understanding the features related to OSD compared to normal skeletal development is essential
for interpreting imaging findings.

Classifications such as that reported by De Flaviis et al. 1® describe OSD stages based on
alterations of the secondary ossification center versus the soft tissues such as the patellar tendon
or bursitis. However, imaging findings may depend on the severity of the condition and the
imaging modality being used 2*4>, To date, there has been no systematic synthesis detailing the
potential tissue characteristics or maturation status of the tibial tuberosity in patients with OSD.
Therefore, this study aims to systematically review imaging findings on radiographs, magnetic
resonance imaging (MRI), computed tomography (CT), or ultrasound (US) related to soft tissue
changes, bone alterations, tibial tuberosity maturation, and morphometric features in patients
diagnosed with OSD. Where possible, we intended to compare the imaging findings to controls
without OSD, on follow-up, or to patient's asymptomatic knees in patients with unilateral OSD. A

secondary aim was to evaluate the association between imaging findings and pain outcomes.

Methods

The protocol for this systematic review was prospectively uploaded to the Open Science
Framework prior to initiating the search (OSF, registration: https.//osf.io/96wmn). This study
reporting follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement 40,

Search strategy
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A systematic search was carried out in PubMed, Embase, and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) from database inception until July 2021. Additionally, the
search was supplemented by a manual search, authors' own work, citation search of relevant
articles, and forward citation tracking to identify items that were not found by the first search.
There were no restrictions on date or language. Articles in English, German, Dutch, Scandinavian
languages, and French were considered. The researchers (LBS, SH, and MSR) developed the
search strategy and consulted with a research librarian (full details included in the supplemental

material).

Eligibility criteria

The studies had to include: 1) > 10 patients with OSD; 2) patients diagnosed with OSD (of any age
or sex); and 3) OSD-related imaging findings, tibial tuberosity maturation, or morphological
abnormalities (morphometric measures) using radiographs, magnetic resonance imaging (MRI),
computed tomography (CT), or ultrasonography (US). The OSD diagnosis was required to include
pain localized to the tibial tuberosity, regardless of whether imaging findings confirmed the
diagnosis. Original research articles were included, and there were no restrictions on follow-ups
for cohort studies. Studies were excluded if they reported on imaging findings related to other
growth-related conditions (e.g., apophyseal injuries) or any traumatic knee pain conditions
without explicitly reporting separately on OSD cases. Studies reporting on the tibial tuberosity

maturation without any cases of OSD were not considered.

Selection of studies

All citations identified by the search were exported, and duplicates were removed. The relevant
studies were imported into Covidence for the initial screening, and full-text was retrieved and
saved before the data extraction. Two reviewers (LBS, SH) independently screened titles and
abstracts. Relevant full-text articles were retrieved, and the same reviewers completed a full-text
evaluation. Any disagreements were discussed and resolved through consensus. In case

consensus was not reached, a third reviewer (MSR) adjudicated cases of disagreement.

Data extraction
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Two of three reviewers extracted all data (LBS, SH, and/or BD) independently. Data on study
design and aims, population, setting, participant characteristics, diagnosis, follow-up, and pain
characteristics were extracted, and all imaging outcomes for both OSD and controls, or the

asymptomatic side in participants with unilateral pain at baseline and follow-up assessment(s).

Outcome

The main outcomes of interest from the different imaging techniques were any tissue
characteristics associated with OSD. Secondary outcomes included morphometric features
related to OSD and tibial tuberosity maturation and any associations between imaging findings

and pain outcomes.

Quality assessment

A methodological quality assessment was performed on all included studies by two independent
reviewers (LBS, MSR) using the Scottish Intercollegiate Guidelines Network (SIGN) checklist.
Although the included studies had varied study designs, all were evaluated using the SIGN

Quality checklist for cohort studies.

Data synthesis

Data were synthesized descriptively. The primary synthesis compared patients with OSD to
control subjects without OSD. In addition, a comparison to contralateral asymptomatic limb for
those without a control group was included - finally, changes in imaging characteristics over time
for patients with OSD were evaluated. A sub-group analysis investigated the association between

imaging findings and pain.

Results

Study selection

The initial search identified 5323 studies. One study was identified from the authors' own work,
and two articles were found from the subsequent hand search of citations, resulting in 5326
identified studies. After the removal of duplicates (n=885), 4414 studies were screened by title

and abstract. One hundred and twelve were screened by full-text, with 40 of these meeting the
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inclusion criteria. In Supplemental material, an overview of study identification, screening, and

inclusion is presented in (Fig. S1 PRISMA Flowchart).

Characteristics of included studies

Study designs were cross-sectional and case-controls (n=21), retrospective cohorts (n=12),
prospective cohort studies (n=5) and prospective case series (n=2). The overall number of
participants included with OSD was 1955. Of the studies that reported sex and age range, 70%
were male, and 30% were female, with adolescents aged from 9 to 17 years. Five studies
included adults with unresolved OSD aged 18-39 years 1129364252 Fy|| study characteristics are

summarized in Supplemental Material, Table S1.

Quality assessment

The methodological quality of the studies assessed by SIGN is shown in Supplemental Material,
Table S1. Four studies were rated as high quality. Most studies were deemed unacceptable
quality and only fulfilled a few criteria (n=19) or acceptable quality (n=17). Twelve of the included
studies were retrospective studies, and on this basis, they could not be rated higher than
acceptable. Fourteen studies did not have a comparison group. Six studies used asymptomatic
knees as controls, one study used other apophyseal injuries, and two studies used patients with
tibial tubercle fractures control group. Two studies used both a healthy control group and the
asymptomatic knee to relate to OSD imaging findings. Four out of 40 studies used a blinded

outcome assessor, while 21/40 studies reported who interpreted the images.

Imaging findings

Of the 40 studies included, twenty-five studies reported on OSD-related imaging findings 342~
12,14,16,21,23,24,27,29,31,32,34-36,39,42,45,47,48,50,52 \/ost studies used radiography (n=10) or US (n=6), with
the remaining studies using radiography and US (n=4), radiography and MRI (n=3), MRl only
(n=1) and one study using both CT, MRI, radiography, and bone scintigraphy (n=1). The baseline
imaging characteristics are summarised in Table 1. Studies reported imaging findings such as
cartilage swelling, bone fragmentation, and separated ossicles, patellar tendon thickening, and

vascularisation demonstrated by US Doppler activity, as well as infrapatellar bursitis and
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tendinitis (full details outlined in Table 1). Four studies used DeFlaviis classification of the 'Type'
(i.e., tissue involvement), while five used a staged rating related to severity. Most studies

primarily used qualitative assessments (n=16) regardless of whether a scoring system was used
or not. Further details on classification and type/stage related to OSD severity are presented in

Supplemental Material Table S2.

Comparison with control subjects without OSD and asymptomatic knees

Eight cross-sectional 1431.34.39,47.48,50,52 and two case-control studies 31 reported on OSD imaging
findings compared to controls. In the studies that included a control group, the imaging findings
described above (Table 1) were not observed in the controls without OSD 16343952 One of the
studies that included the asymptomatic knee of OSD patients described these findings as absent

14 The findings are presented in Supplemental Material Table S3

Changes in OSD imaging characteristics over time

Seven prospective studies #12:21.24.27.3545 gand six retrospective 11223242 reported on imaging
findings at follow-up. Follow-up time points ranged from five months to ten years from the initial
assessment. As observed on imaging, improvements of OSD severity included decreased tendon
thickness, reduced bursitis, and union of ossicles 42445,

However, no study reported complete recovery in all participants. The presence of ossicles and

cases with 'worsening' of soft tissue findings were also described at follow-up. Some studies
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noted 'deterioration' and/or cases of abnormal tibial profiles such as roughening or prominence
of the tuberosity. One study reported that patients with OSD were associated with lower grade

Ogden fracture. Full details are reported in Supplemental material section 2.3.2 and Table 54

Imaging characteristics in young adults with unresolved OSD

Five studies reported explicitly on imaging findings in an adult population with unresolved OSD
symptoms 1123364252 (Table 1). Two retrospective studies with no control 1242 reported that 93%
and 100% of OSD had separate ossicles on pre-operative radiographs. Only Pihlajamaki et al. 42
obtained postoperative images after ten years (6-19 years) showing new ossicles in 44 knees
(38%, Table S4). Another retrospective study by Kamel et al. 2° found that 67% of those with
residual OSD (aged 20 — 50 years) had a single ossified fragment. The remaining either
demonstrated multiple ossified fragments (21%) or fragments that had fused with the tibial
tuberosity. Moreover, a cross-sectional evaluation of OSD that had been operated on for painful
and prominent tibial tuberosity > showed that 92.7% cases had permanent ossicles and six cases
had a distinct tibial tuberosity prominence as compared to a control group, in which their images
were defined as normal (Table S3). Lastly, Lee et al. 3¢ observed patellar tendinopathy and bone
marrow edema in 43% of cases in a sample with symptomatic OSD, which was not present in a

matched control group.

Morphometric measures

Sixteen studies quantified anatomical and morphometric features proposed to be related to OSD
1,26,13,14,17,18,28,23,31,36,42,49-52 Fy|| details are outlined in Table 2 (patellofemoral characteristics )
and Table 3 (tendon, attachment and tibial characteristics).

Briefly, results were conflicting for patellar features, particularly for patella height, shape, and
angle. One study ?° found greater patellar maltracking in OSD compared to controls, whereas
another 18 found no difference in tibial-tuberosity to trochlear groove distance between OSD and
controls.

Regarding tendon characteristics, two studies found enlarged tendons and that the patellar
attachment was broader and more proximal compared to controls ®36. Two studies by Enomoto

reported increased tendon stiffness compared to controls 1314,
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Two studies found increased posterior slope in OSD compared with controls (without knee pain
19 or those with other knee pain ), while one study found a difference in the medial proximal
tibial angle >2. One study identified differences in tibial torsion angle between OSD and controls
18,51_

Pihlajamaki et al. #2 and Visuri et al. > reported that the tibial tuberosity index was significantly
greater in adults with residual OSD than in the controls. Other anatomical characteristics (remote
from the knee) are presented in Table S5, and further detail of all findings can be found in

Supplemental Material section 2.4.1

Maturation

Ten studies reported on tibial tuberosity maturation #410.12,15,23,27,30,37,41,47 gn( sjix of these did not
include controls 101215233037 \Most studies (n=6) used the Ehrenborg classification or a modified
version ranging from the cartilaginous stage to a bony/mature attachment. One study used a
modified Nakase classification 27, whereas another study used a 4-point scale to classify the tibial

maturation status #’. Full results on the maturation of the tibial tuberosity are outlined in Table 4.

******Insert Table 2. Patellofemoral characteristics and morphometric features. *********

***Insert Table 3. Patellar tendon, attachment & tibial characteristics and morphometric features. ***
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**%***Insert Table 4. Tibial tuberosity maturation, *******

Association between imaging findings and pain

Three studies evaluated the association between imaging and pain 273247, One prospective study
found an association between US findings at first assessment and the presence of pain at follow-
up /. Those classified as 'Normal' were less likely to report pain (0%), while compared to the
other groups, Type 4 De Flaviis 'associated bursitis' was associated with a significantly increased
proportion of participants reporting pain (100%). One retrospective study 32 found that patients
with symptoms at nine-year follow-up (average) were those with distorted tibial tuberosity
associated with initial fragmentation at baseline. In a retrospective study of adults undergoing
surgery, Pihlajamaki et al. %3 found no association between reduced tuberosity size and
outcomes following surgery. Sailly and colleagues reported a cross-sectional association between
Doppler US and pain, which found that pain on palpation (47.0+24.5 vs. 18.0£11.4) and resisted
contraction (59.0+20.2 vs. 17.0+£12.5) was significantly higher in OSD with a positive TT Doppler

activity than those with a negative Doppler activity 7.

Discussion

This systematic review shows that patients with OSD present with tissue alterations such as soft-
tissue swelling, fragmentations of the bone, and patellar tendon changes that are not found in
controls or patients' asymptomatic kneess. Longitudinal studies indicate continued involvement
of the patellar tendon, ossicles, and elevated tuberosity persist in some cases at follow-up.
Observations of persistent ossicles have been reported in the adult with symptomatic OSD.
Improvements in OSD severity seemed to be characterized by decreased soft tissue-swelling in
the tendon and bursae. Contrary to popular beliefs surrounding high patella and predisposition
to OSD, there were inconsistent findings between studies on patella height, morphology, and
angle compared to controls. Two studies indicated differences in the patellar tendon attachment
to the tuberosity in OSD patients compared to controls, with the tendon inserting more

proximally and broader in OSD and others found increased posterior tibial slope and tuberosity
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thickness in OSD. Patients with OSD symptoms appear to be at the early stages of tibial

tuberosity maturation generally.

Controversy surrounding OSD aetiology and tissue involvement?

Despite the debates surrounding this condition 26, OSD was generally thought to be due to partial
avulsions of the secondary ossification center. Since then, the involvement of soft tissues and
particularly changes within the distal portion of the tendon has been acknowledged 7. More
recent studies indicate that fragmentation may occur with normal maturation 474> and is

therefore not specific for OSD.

The identified findings in this study might depend on the imaging modalities. Studies using
radiography tended to report changes observed in the bone, such as fragmentation and
irregularities of the apophyseal surface #2332, Tendon involvement assessed by US in OSD
includes increased patellar tendon thickening and increased Doppler flow, indicating
neovascularization present in both the tendon and tibial attachment 27. MR images
demonstrated an increase in signal intensity at the distal tendon sites on T1-weighted images
indicative of local tendinitis 4°. Additionally, there appear to be different
presentations/involvement of OSD, and only four studies used the De Flaviis classification to
characterize the tissue involvement 31631, There may be different sub-groups or changes over
time with severity, however, this is unclear. Both studies by Hirano 2> and Duperron ° described
'severity' based on the extent of tissue involvement, ranging from, e.g., cartilage swelling only to
swelling, plus fragmentation plus soft tissue involvement. As neither included controls, the
validity of these scales is lacking. Further, they did not associate the groups with clinical

outcomes.

Morphology and anatomical risk factors of OSD

Morphological and morphometric features have been considered potential risk factors in the
development of OSD 17°2 and have been suggested as a mechanical etiology of OSD 22, This
review generally demonstrates differences surrounding patellar tendon attachment, the

posterior tibial slope, and other tibial characteristics such as the tibial torsion angle and proximal
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medial tibial angle may indicate that such anatomical features may predispose individuals to
develop OSD. Interestingly, most of the identified differences were related to the tibial and not
patellar characteristics (such as patellar height), which have traditionally been thought to be
associated with OSD. Four studies showed the patellar height to be close to normal with findings
of both patellar alta and baja in OSD and controls, although different standards were used to
determine the patella's positioning 2364330, Lee et al.3® and Demirag et al. found that the patellar
tendon attaches more proximally and in a broader area onto the tibial tuberosity than controls.
This could theoretically increase stress on the tuberosity and be linked to the development.
However, determining causality is difficult due to its cross-sectional nature and requires further

investigation with more prospective and long-term evaluations.

Increased patellar and tuberosity thickness were also identified, although it is more likely these
occur secondary to OSD rather than predisposing factors. Mechanical properties of the tendon
(strain and stiffness) were also different from controls 134, Kaya et al. 3! found that OSD patellar

tendon length and thickness were increased relative to controls but normalized after two years.

When does OSD present during maturation?

Most patients with OSD appeared to be categorized within the early stages of maturation before
the tuberosity has ossified. This could be when adolescents are most susceptible to overuse
injuries due to the weak apophyseal cartilage >/, since the cellular layer of the tibial tuberosity is
an active zone that changes up until maturation, making it the weakest structure of the
tuberosity during growth °. Relatively few of the studies included in this review take into account
findings of healthy appropriate controls. Still, others have demonstrated that multiple
fragmentations of the secondary ossification center merely reflect the normal variation of the

developing tibial tuberosity rather than OSD #7:8,

Future directions and clinical implications
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This current review has focused on the imaging findings related to OSD and tissue involvement.
Further longitudinal studies should be conducted to show a temporal perspective on the disease
progression and further shed light on whether the different tissues involvement represents
different grades of severity or disease progression. Although studies demonstrated
improvements in OSD on imaging findings, no study reported a complete recovery. Ossicles were
documented as sequela associated with pain in young adults with OSD history, and few studies
have now demonstrated that a smaller part of OSD patients still suffer from ongoing pain locally
at the tibial tuberosity upon maturation or have experienced continued OSD-related symptoms
20,32 gnd restrictions on activity %6. Observations of separated ossicles were also described in the
follow-ups in adolescents, although it was less clear if these were associated with pain. It is often
cited that OSD is self-limiting >3. However, findings of this review indicate there may be, in some
cases, be continued imaging findings associated with OSD in the medium to longer term.
Additionally, routine imaging must be considered carefully as some findings may not necessarily

be associated with OSD.

Preliminary evidence indicates that pain and imaging may be associated. Sailly et al.*” suggested
that increased Doppler signal and maturation status were associated with more severe pain on
palpation. Holden et al.?” found that those with less tissue involvement on baseline US were less
likely to report pain at a 24-month follow-up. Similarly, in a retrospective study on
immobilization, the presence of ossicles was associated with a significant delay in return to
sports . This, taken together with findings that ossicles are related to persistent pain beyond
maturation of the tibial tuberosity, indicates that may therefore be a promising way to
characterize severity on imaging and those at greater risk of a poor prognosis. Indeed, this is
critical to inform the role of imaging in the management of this condition.

Lastly, the studies investigating anatomic and morphometric variations in OSD suggest that these
may be associated with OSD, especially how the patellar tendon inserts onto the tibial tuberosity
could be considered a predisposing factor as many active kids will never develop OSD. Hence,
looking into such factors could potentially advance our knowledge of this common condition and

provides a context for understanding standard imaging done in adolescents with OSD.
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Limitations

Although an extensive systematic search was undertaken, the language of this review was limited
to include articles in English, German, Dutch, Scandinavian languages, and French only.
Additionally, for the inclusion of OSD, a diagnosis including localized pain at the tibial tuberosity
was required. However, this was poorly described, and many studies used imaging to confirm the

diagnosis — making it difficult to infer from these.

Conclusion

This review is the first to systematically show that imaging characteristics of tissue involvement
in OSD patients are altered compared with controls. It appears that findings are not only limited
to the apophysis or secondary ossification center but extend to include soft tissues such as the
tendon and bursa. There is preliminary evidence to indicate that imaging may be used to grade
severity and/or those at risk of a worse prognosis. Further research is needed to validate the
clinical utility of this. There were inconsistent findings on whether patella height and angle were
altered in OSD. In contrast, morphometric features such as alterations in patella tendon
attachment and tibial characteristics appeared different compared to controls. Patients with OSD

seemed to be categorized as being in the early stages of tibial tuberosity maturation.
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Table 1. Baseline imaging findings
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Study (year) Modality Scoring Cartilage Bony characteristics Tendon changes Other soft tissue changes
changes
System Soft tissue swelling Ossicles Fragmentation Thickening/Enlargement e.g. bursitis
Blankstein (2001) us DeFlaviis v v n=5 ‘type 3’ v v'Diffuse PT thickening v'Fluid (infrapatellar bursitis)
v n=3 ‘type 4

Cohen (1958) Radiography None v n=7 v'n=3 v'n=1 NR v
DeFlaviis (1989) Radiography DeFlaviis v NR v v"'Associated tendinitis' (diffuse thickening) v’ Associated infrapatellar bursitis’

us
Duperron (2016) Radiography 3 stages v v n=14 v NR NR
Ehrenborg and Radiography None v varying degrees v’ detached calcified fragments v NR NR
Lagergren (1961)
El-Husseini (2010) Radiography None NR v n=35 (100%) NR v NR
Engel (1987) Radiography None v n=28 v n=6 v n=7 NR NR
Enomoto (2020) us None v v free bone fragments NR NR NR
Guzzanti (1996) Radiography None NR NR v Irregularity (75% of cases) v Widespread thickening and tendinitis v Infrapatellar bursitis

us (22% of cases) (11 % of cases)
Hanada (2012) Radiography 3 stages NR v'Radiolucency of TT, Fragmentation NR NR
Hirano (2002) Radiography 5 stages NR v ¥'T1: (low signal on secondary OC) / T2: (high v' PT swelling and thickening at insertion site | NR

MRI signal on secondary OC) onTT
Holden (2021) us DeFlaviis v NR v' + Doppler signal on TT v’ ‘Associated tendinitis’ v’ ‘Associated infrapatellar bursitis’

v' + Doppler signal on tendon
Kamel (2021) MR Imaging None NR v’ n=115 (67%) single ossicle v n=21 (12%) had fused fragments to the tibial v' PT thickening with edema (n=81, 47%) v’ Deep infrapatellar bursitis (n=64, 37%)
v’ n=35 (21%) multiple ossicles tuberosity and sup. infrapatellar bursitis (n=21, 12%)
Kaya (2013) us DeFlaviis v NR v v"'Associated tendinitis' v''Associated infrapatellar bursitis'
v' PT lengthening
Krause (1990) Radiography None v'44 knees v'28 knees v’ Fragmentation of the epiphysis (44 knees), NR NR
abnormal shaped TT (20 knees)

Lanning (1991) us None v NR v'Shell-like elevated fragment (4 knees) and v Distal PT thickening NR

This article is protected by copyright. All rights reserved




multiple fragments at TT (12 knees)

Lazovi¢ (1996) Radiography 4 stages NR NR v'Detection of bony changes on TT (n=38) NR NR
us
Lee (2016) Radiography None NR v v bone edema (n=6) v'Tendinopathy (n=7) v’ Peritendinous edema (n=14)
MRI
Mahlfeld (2001) Radiography 3 stages NR NR v'Fragmentation of the apophyseal (n=9) v'Tendon widening >1mm (n=11), tendon v bursitis (n=8)
us widening <1mm (n=4)
Pihlajamaki (2009) Radiography None NR v'109 knees (93%) NR NR NR
Rosenberg (1992) CT, MR, None v'increase in radio v'Bony fragments anterior to TT v'Change in bone marrow signal (marrow v'Tendon enlargement (CT), increased signal v'Deep bursa: 45% (CT), 71% (MRI). Sup.
Radiograph, trace flow (n=1) (32%) edema, 9 knees, MRI) intensity on T1, T2 (MRI) bursa: 53% (MRI)
Scintigraphy
Sailly (2013) us None NR v NR v'(+) Doppler signal: (n=10, 50%), v/ Bursitis
(-) Doppler signal: (n=10, 50%)
Scotti (1979) Radiography None v'Varying degrees (100%) NR v multiple bony masses v'PT thickening, varying degrees (100%) v irregularity of soft tissue planes and
increased thickness
Seyfettinoglu Radiography None v NR v 4 NR
(2020)
Visuri (2007) Radiography None NR v'76 cases v'Distinct TT prominence (6 cases) NR NR

MR Imaging

Table 1 presents the baseline imaging findings with alterations in the cartilage, bone, tendon, and soft tissues as observed by the different imaging

modalities. The denotation: v“indicates if the imaging characteristics are present. Abbreviations: NR: not reported, Sup. bursa: superficial bursa, OC:

ossification center, TT: tibial tuberosity. The findings were either rated by a scoring system or descriptive.
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Table 2. Patellofemoral characteristics and morphometric features.
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Study | Modality | Outcome Method 0osD Controls
Patellar height
Andrisano Radiograph Patella height BP method Alta: 38% NA
(1985) Baja: 0%
Aparicio Radiograph Patella height CD index CD index: 1.22 CD index: 1.07*
(1997) Alta: 58% OSD Alta: 17% CON
Jakob (1981) Radiograph Patella height BP method Mean: 0.99 + 0.16 mean 0.84 +0.11*
Lee (2016) MRI Patella height IS method IS index: 0.97 + 0.2 IS index: 0.96 + 0.1 (ns)
Pihlajamaki Radiograph Patella height BP method, Mean IS index, 1.0 NA
(2009) IS method Alta: 3% (IS), 9% (BP)
Baja: 3% (IS), 1% (BP)
IS pre-and post-surgery: 1.0 vs. 1.09,
P=0.003
Seyfettinoglu | Radiograph Patella height IS method, IS index: 0.99 + 0.13 IS index: 0.97 +0.10
(2020) CD index, CD Index: 0.94 £ 0.21 CD Index: 0.94 £ 0.16
BP method BP Index: 0.76 £ 0.10 BP Index: 0.76 + 0.09
Alta: 5% (IS), 7.5% (CD), 2.5% (BP) Alta: 0% (IS) 5% (CD), 0% (BP)
Baja: 5% (IS), 0% (CD), 0% (BP) Baja: 5% (IS), 5% (CD), 2.5% (BP)
Visuri (2007) Radiograph Patella height IS method, 1S: (0.99 £0.12) 1S: (1.03 £0.12)
BP method, BP: (0.94 +0.14) BP: (0.86 +0.11)
CD index CD: (1.00 + 0.15) CD: (0.88 +0.12)
Sheppard Radiograph Patella height CD index 0SD: 1.23 (0.17) Tibia tubercle fractures: 1.28 (0.24)
2021 Other knee pain: 1.20 (0.18) (ns)
Kamel 2021 MRI Patella height IS index (>1.3 = patella alta) 53% (91/171 knees) had patella alta NR
Patella morphology and shape
Seyfettinoglu | Radiograph Patella Grelsamer's morphology classification | Type 1 normal: n=11 (27.5%) Type | normal: n=17(42.5%)
(2020) morphology Type | normal: ratio 21.2<1.5 Type 2 elongated: n=22 (55%) Type Il elongated: n=12 (30%)
Type Il elongated: ratio >1.5 Type 3 shortened: n=7 (17.5%) Type Il shortened: n=10 (25%)
Type lll shortened: ratio <1.2
Visuri (2007) Radiograph Patella Grelsamer's morphology classification Patellar morphology ratio: (1.44 + Patellar morphology ratio: 1.28 +
morphology 0.11). 0.07***
Type | normal: ratio 21.2<1.5 Type | normal: n=59 (72%) Type | normal: n=79 (91%)
Type Il elongated: ratio >1.5 Type Il elongated: n=22 (22%) Type |l elongated: n=1 (1%)*
Type Ill shortened: ratio <1.2 Type lll shortened: n=1 (1%) Type lll: n=7 (8%)
Sen (1989) Radiograph Patella angle Patella angle (degrees) 33 degrees. 47 degrees***.
M: (n=21), 34 (1.17 SEM). M: (n=44) 46 (1.03 SEM).
F: (n=5) 42 (3.10 SEM) F: (n=27) 49 (1.23 SEM).
Gigante 2003 | CT Patella tilt Not described Patellar tilt angle: 21 (8)° Patellar tilt angle: 17 (8)°
angle
Patellofemoral alignment
Kamel 2021 MRI Lateral Maltracking was defined as the Maltracking prevalence: 59% Maltracking prevalence: 15%***
patellar presence of edema in superolateral
tracking Hoffa's fat pad. Maltracking was also Active maltracking was

defined as a TT-TG distance >20 mm

associated with an increased
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with the presence of
either lateral patellar tilt or lateral

translation of the patella

likelihood of active OSD [p
<0.001, OR 8.6, 95% Cl (2.9-25.2)].

Gigante 2003 | CT TT-TG TT-TG distance (mm) TT-TG distance (mm): 14 (4) TT-TG distance (mm): 12 (5)
Distance

Sheppard Radiographs | Anatomic Defined by the angle between the 0SD: 82.23 (1.7) Tibia tubercle fractures: 82.18 (2.24)

2021 lateral distal femoral anatomic axis and the Other knee pain: 81.89 (2.09) (ns)

femoral angle

articular surface of the distal femur

Seyfettinoglu

Radiography

Patellofemoral

Congruence angle,

Congruence angle: OSD: -1.8+4.7;

Congruence angle: -1.9+4.7;

(2020) alignment sulcus angle, Sulcus angle: OSD: 135.8+4.6; Sulcus angle: 136.1+4.2;
Qangle Qangle: 15.6+2.2 Qangle: 14.3+2.5*
Gigante 2003 | CT Patella Congruence angle (not described) Congruence angle: 6 (15)°; Congruence angle: 10 (26)°,
congruence
angle
Andrisano Radiography | Patellofemoral | Trochlear angle (angle between Femoro-patellar dysplasia in 57% of NA
(1985) joint lateral and medial articular facets), cases. The trochlear angle was above

abnormalities

any hypoplasia of the lateral femoral
condyle, malalignment of the

femoropatellar joint.

normal limits in 33%, in 57% there
were anomalies in the relative length
of the articular facets, and in 29%, the
lateral femoral condyle was

hypoplastic.

Table 2 shows the patellofemoral characteristics and morphometric features. Unless otherwise

stated, data are reported as mean * standard deviation (SD) in the table. * indicates significantly

different from OSD at the p<0.05 level; ***indicates significantly different from OSD at the

p<0.001 level, (ns) indicated not significantly different from OSD. Abbreviations: BP: Blackburn

and Peel method, CD: The Caton-Deschamps index, IS: Insall-Salvati method, NA: not applicable,

M: male, F: female, TT-TG distance: tibial-tuberosity to trochlear groove distance
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Table 3. Patellar tendon, attachment & tibial characteristics and morphometric features

Study Modality Outcome Method 0osD Control
Patellar tendon size and attachment

Demirag (2004) MRI Patella (1) (A:B) ratio of distance between the distal pole of the Ratio A:B=0.54 + 0.09 Ratio A:B=0.770 + 0.099**
tendon patella and the prox. margin of the PT attachment, to the Ratio C:D=0.63 + 0.14 Ratio C:D=0.306 + 0.074**
attachment distance between the distal pole of the patella and the TT

epiphysis. (2) (C:D): ratio of distance between the prox.
margin of the PT attachment point to the tibia and the TT
epiphysis to the distance between the knee joint level and
the TT epiphysis.

Kaya (2013) us Tendon Length, proximal and distal thickness and area Length: 4.8+ 0.7 Length: 4.8 £ 0.7 (ns)
length, Proximal diameter: 0.4 + 0.8 Proximal diameter: 0.4 + 0.1 (ns)
thickness and Distal diameter: 0.4 £ 0.8 Distal diameter: 0.7 + 1.0 (ns)
area Proximal area: 1.1 £ 0.2 Proximal area: 1.1 £ 0.2 (ns)

Medial area: 1.0 £ 0.2 Medial area: 1.0 £ 0.2 (ns)
Distal area: 1.2 £ 0.1 Distal area: 1.2 + 0.1 (ns)

Lee (2016) MRI Free patellar (FPFP =(1)/(2): (1) the distance between the inf. patella FPTP: (1)/(2): 0.55 + 0.09 FPTP: (1)/(2): 0.77 £ 0.11***
tendon and the most prox. attachment site of the PT onto the TT TAP: (3)/(4): 0.67 + 0.08 TAP: (3)/(4): 0.29 £ 0.07***
proportion or ossicles (2) the distance between the inf. patella and PT thickness on tibial PT thickness on tibial attachment
(FPFP), the most distal attachment site of the PT onto the TT. attachment (mm): 4.+£0.2
thickness, (TAP =(3)/(4): the distance between the most prox. (mm):7.2+0.7
Tibial attachment of the PT onto the TT or the ossicle and the
attachment most distal region of the TT and (4) the distance between
portion the tibial articular surface and the most distal region of
(TAP), the TT

Mechanical properties of the tendon
Enomoto us Patellar Elongation was expressed as strain: Maximum strain (P = 0.0003, ES = 0.49, 95% Cl: 0.83 to 2.68) were
(2019) tendon strain Strain (%) = L- TL-1*100; L is the elongation of the tendon significantly lower in the OSD group than in the CON group.
structure during ramp contraction and TL is the length of
the tendon structure at rest.

Enomoto us Patellar Stiffness of the tendon structure was calculated as the Tendon stiffness was significantly higher in the OSD group than in

(2019) tendon load of the force-elongation relationship within the range the CON group (P = 0.0008, ES = 0.48, 95% CI:-302.88 to -88.59).
stiffness of 247 N-392 N, which corresponds to a tensile force of

70%-100% MVC in the subject whose MVC was the
lowest.
Enomoto us Patellar Strain ratio: tendon strain/ reference material strain Strain ratio of the patellar tendon in the OSD group was
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(2020) tendon significantly lower than the CON group (P < 0.05; ES = 0.31; 95%
stiffness/ Cl, 0.04-0.39).
elasticity
Tibial characteristics
Green 2020 Radiography Posterior First, the proximal anatomic axis of the tibia was drawn by 0SD:12.2+3.6 Controls: 8.8 +2.8*%**
tibial slope connecting the midcortical diameters of the tibia 5 and 15
cm distal to the knee joint line. Next, a reference line Male OSD: 12.8+3.6 8.0 £ 3.0***
perpendicular to this axis was drawn at the level of the Female OSD: 11.7 £3.6 9.6 +2.4%
tibiofemoral joint. Tibial slope is defined as the angle
between the reference line and a line drawn tangent to
the uppermost anterior and posterior edges of the medial
tibial plateau.
Sheppard 2021 Radiography Posterior Defined as 90 degrees minus the angle between a line 0SD: 9.66 (3.11) Tibial tubercle fractures:
tibial slope drawn tangentially to the medial tibial plateau and the 10.48 (4.21)
longitudinal axis of the tibia Linear regression was used to Other knee pain: 6.62
correct for multiple demographic (3.05)***
variables & posterior slope was still
increased in the OSD group
compared with the control group
(B=3.14, P<0.001).
Sheppard 2021 Radiography Anatomic Defined by the angle between the tibial anatomic axis and 0SD: 86.15 (2.11) Tibial tubercle fractures:
medial the articular surface of the proximal tibia 86.32 (2.1)
proximal Other knee pain: 87.12
tibial angle Remained significantly different (2.06)**
from control after correction for
multiple demographic variables
Gigante 2003 CcT Tibial torsion external tibial torsion angle, on superimposed sections D Tibial torsion angle: 28 (8)°. Tibial torsion angle: 12
angle and F (8)°***
Tuberosity size/prominence
Pihlajamaki Radiography Tibial Ratio of the thickness of the tuberosity to the distance Tuberosity thickness decreased by NA
(2009) tuberosity between the top of the tuberosity and the middle vertical 47% (range, 17% to 65%) after
prominence line of the tibia surgery
Visuri (2007) Radiography Tibial Tibial tuberosity index: the ratio of the height of the 0.28 (range 0.15-0.36) 0.07 (range 0.00-
tuberosity tuberosity and the distance between the top of the 0.18)***
prominence tuberosity to the middle vertical line of the tibia.

Table 3 presents the findings of the Patellar tendon, attachment and tibial characteristics, and

morphometric features. Unless otherwise stated, data are reported as mean #* standard deviation

(SD) in the table. * indicates significant difference from OSD at p<0.05; **indicates significant

difference from OSD at p<0.01; ***indicates significant difference from OSD at p<0.001; (ns)

indicated not significantly different from OSD. Abbreviations: PT: patellar tendon, TT: tibial

tuberosity, prox.: proximal, inf.: inferior,
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Table 4. Tibial tuberosity maturation.
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Study (year) Modality Classification system Type/stage Descriptive findings Controls osD
pain
Scoring system Outcome Affected knee (n, %)
Cohen (1958) Radiography Descriptive Descriptive Descriptive Multiple ossification centers were shown in 8.3% of | Asymp. v
cases indicating normal variant of ossification of knee
the TT
Ehrenborg and Radiography Ehrenborg Stage A: The cartilaginous stage, before Stage A (1 case) NR None NR
Lagergren (1961) ossification centers are discernible. Stage B: The | Stage B (14 cases, 5 bilateral)
apophyseal stage, in which ossification centers Stage C (22 cases, 3 bilateral)
appear in the tongue of cartilage. Stage C: The Stage D -
epiphyseal stage, in which the centers have
concealed and fused with the tibial epiphysis.
Stage D: The bony stage, when the epiphyseal
line has closed
Engel (1987) Radiography Ehrenborg Stages of TT development Stage A: (n=0, 0%) Apophyseal surface: smooth (n=17), irregular None NR
Stage B: (n=8, 17%) (n=24), fluffy (n=1), raised (n=2) dent formation
Stage C: (n=31, 66%) (n=3)
Stage D: (n=8, 17%)
Falciglia (2011) Radiography Ehrenborg Stages of TT development Apophyseal stage: (n=4, 30.7%) NR None NR
MR Imaging Epiphyseal stage: (n=9, 69.3%)
Hanada (2012) Radiography Ehrenborg Stages of TT development Stage A: (0 knees) NR None v
Stage B: (36 knees)
Stage C: (51 knees)
Stage D: (7 knees)
Holden (2020) Ultrasonography Nakase Stage 1: Sonolucent stage Stage 1: (n=10, 20.8%) NR Asymp. v
(modified) Stage 2: Individual stage Stage 2: (n=7, 14.6%) Knee
Stage 3: Connective stage Stage 3: (n=20, 41.7%)
Stage: 4 Fully Mature Stage 4: (n=11, 22.9%)
Kaneuchi (2018) Ultrasonography Ehrenborg Stage C: the cartilaginous stage. Stage A: the Stage C: (F: n=72, M: n=234) 59.2% girls vs. 8.0% boys (10 yrs.) were stage E None v
(modified) apophyseal stage. Stage E: the epiphyseal stage. | Stage A: (F: n=79, M: n=163) 98.8% of girls were stage E/B vs. 40.6% boys

Stage B: the bony stage

Stage E: (F: n=398, M: n=283)

(12yrs.) were stage C/A. 47.4% girls vs. 13.8% boys
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Stage B: (F: n=70, M: n=20)

(14yrs.) were skeletally mature (stage B)

0OSD prevalence: around 12 yrs. (boys: stage C/
girls: stage A). There was a significantly high risk of
being diagnosed with OSD from stage C—A ( OR,
9.48; 95% Cl, 2.54-61.48) and from stage A-E (OR,
2.22; 95% Cl, 1.19-4.45), but no significant increase
in stage E-B (OR, 1.02; 95% Cl, 0.44-2.12)

Lohrer (2012) Radiography Ehrenborg Stages of TT development Stage A: (n=0) NR None
Stage B: (n=3)
Stage C: (n=8)
Stage D: (n=2)
Omodaka (2019) Ultrasonography Ehrenborg Stage C: the cartilaginous stage. Stage A: the Stage C: (0 knees) NR Asymp.
(modified) apophyseal stage. Stage E: the epiphyseal stage. | Stage A: (1 knee) Knee
Stage B: the bony stage Stage E: (10 knees)
Stage B: (2 knees)
Sailly (2013) Ultrasonography Four point scale Stage 1: cartilage attachment without ossicles. Stage 1: (n=0, 0%) 9/10 (90%) with positive Doppler were stage 2, and Healthy

Stage 2: cartilage attachment with ossicles.
Stage 3: insertional cartilage. Stage 4: mature

attachment

Stage 2: (n=10, 50%)
Stage 3: (n=8, 40%)
Stage 4: (n=2, 10%)

1/10 (10%) was stage 3.
1/10 (10%) with negative Doppler was stage 2,
7/10 (70%) were stage 3, and 2/10 (20%) were

stage 4

Table 4 shows the tibial tuberosity maturation in patients with Osgood-Schlatter. The imaging modality, classification, type/stage, and findings are

presented in the table for each study as well as whether controls were included or not and if pain was reported in the study. Abbreviations: Asymp.:

asymptomatic, TT: tibial tuberosity, ant.: anterior, NR: not reported, yrs.: years
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