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Background: Ogden type IV tibial tuberosity fractures, defined as a type of fracture with posterior—inferior metaphyseal extension
(Salter-Harris type Il variant), are uncommon but challenging pediatric fractures. The purpose of this study was to investigate the
clinical and radiological presentation and associated surgical outcomes.

Methods: Ten previously healthy patients who had been surgically treated at the authors” institution between 2015 and 2018 with
at least 2 years of postoperative follow-up were included. Demographic, clinical, and radiological characteristics and treatment/
follow-up data were investigated.

Results: All included patients were male. All injuries resulted from jump-landings. Unacceptable remaining angular deformity after
closed reduction, particularly increased posterior tibial slope angle, was the leading cause of surgery. All preoperative magnetic
resonance images (MRIs) showed entrapped periosteum on the anteromedial side of the proximal tibial physis. Surgical removal of
the entrapped periosteum achieved successful reduction. Metaphyseal fracture angles between the fracture plane of the metaphy-
seal beak and the posterior tibial condyle on the axial image of MRI were relatively constant, with an average of 24.3° + 6.0°. Mean
bone age at the time of trauma was older than mean chronological age (16.4 + 1.0 years vs. 14.6 + 1.1 years, respectively; p = 0.005).
All patients reached skeletal maturity within 2 postoperative years, with little posttraumatic residual height growth (mean, 1.6 + 0.7
cm from injury to skeletal maturity). At final follow-up, no patients showed significant angular deformity, tibial length discrepancy,
or functional deficit.

Conclusions: In healthy adolescents, Ogden type IV tibial tuberosity fractures typically occur by jump-landing injuries, when they
have little residual growth remaining. Therefore, accurate fracture reduction was required because of limited remodeling potential.
Patients with unacceptable reduction should be investigated for entrapped periosteum on the anteromedial side of the physis be-
cause it was the primary obstacle in achieving adequate reduction.
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Tibial tuberosity fractures occur primarily in active ado-
lescent boys and are usually accompanied by growth plate
damage."” When ossification progresses, the tibial tuber-
osity becomes vulnerable to tensile force, resulting in an
avulsion fracture.” Injury is primarily caused by move-
ments that require sudden contraction of the quadriceps
muscle or knee flexion against contraction, occurring
mostly in sports involving jump-landings.” This tensile
force causes the patella tendon to pull the tibial apophysis,
causing a fracture originating from the distal part of the
tibial tuberosity.” It is relatively rare, comprising less than
1% of the total physeal injuries.*” However, proper assess-
ment and treatment would be vital because it may cause
deformity due to the nature of growth plate injury.

Ogden type IV tibial tuberosity fractures, defined as
a type of fracture with the presence of posterior-inferior
metaphyseal fracture extension,” are regarded as a vari-
ant form of type II Salter-Harris growth plate injury and a
common indication for surgery.” Additionally, the major
age group associated with this injury is adolescents with
bone growth remaining, so understanding its presentation
and clinical outcomes is essential. Although tibial tuberos-
ity fractures in the adolescent group are well reported, few
studies have investigated this specific Ogden type IV tibial
tuberosity fracture.

This study therefore aimed to investigate the char-
acteristics of Ogden type IV fractures in adolescents. We
obtained preoperative magnetic resonance imaging (MRI)
for all patients to review the fractures in detail. In addi-
tion, we evaluated residual growth until patients reached
skeletal maturity and postoperative outcomes, including
length discrepancies, angular deformities, and functional
scores.

METHODS

Patient Selection

This study was approved by the Institutional Review Board
of Asan Medical Center (No. 2021-0837). Informed con-
sent was waived. The authors’ institute is a level I pediatric
trauma center. Among the 23 patients aged 11-16 years
who were surgically treated under the diagnosis of a tibial
tuberosity avulsion fracture between January 2015 and De-
cember 2018, 13 with Ogden type IV were retrospectively
reviewed. Among them, patients with underlying disease
that could potentially affect the musculoskeletal system
(2 girls with underlying osteogenesis imperfecta) and 1
patient with an additional fracture line extending to the
epiphysis of the proximal tibia were excluded."” Finally, 10
patients were included in the analysis. No cases of bilateral

involvement were observed. All patients were followed up
postoperatively for more than 2 years.

Diagnostic and Treatment Protocol for Ogden Type IV
Tibial Tuberosity Fractures

Since 2015, the authors have treated patients with tibial tu-
berosity fractures according to the authors” diagnostic and
treatment protocol. Patients were assessed with anteropos-
terior (AP) and lateral simple radiographs of the knee and
lower leg for their initial workup. Bone age was evaluated
using radiographs of hand-wrist AP view, elbow AP-
lateral view, and pelvis AP view with gonad shield. In the
Ogden type IV fractures, knee MRI was obtained mainly
for the purpose of identifying periosteal interposition at
the fracture gap. Surgery was performed for patients with
> 5% angulation or 1 cm displacement after manual reduc-
tion. All 10 patients were surgically indicated as the frac-
ture angulation remained at more than 10° despite manual
reduction.

The operation was performed under general anes-
thesia in the supine position. First, an oblique skin incision
was made anteromedially to expose the anteromedial side
of the proximal tibial physis. When the entrapped peri-
osteum was identified at the physeal gap, surgical reposi-
tioning was performed. Next, the anteromedial side of the
proximal tibial metaphysis was reduced and gently pushed
toward the posterolateral side to maintain the reduc-
tion anatomically. The fracture was then fixed with two
or three (three in most cases) appropriately sized screws
(mainly, 6.5-mm cancellous screws) starting from medial
and lateral to the tibial tuberosity (without violating the
tibial apophysis) through the posterior metaphyseal beak.
The screw on the lateral side of the tibial tuberosity was in-
serted percutaneously. One or two screws were intention-
ally inserted perpendicular to the metaphyseal fracture
plane, expected by the metaphyseal fracture angle. Care
was taken throughout the procedure to minimize damage
to the growth plate.

Postoperative care included a long leg cast for 4-6
weeks with toe-touch weight-bearing. After removal of
the cast, gentle knee range-of-motion exercises and crutch
gait with tolerable weight-bearing were recommended for
1 month. Thereafter, patients were encouraged to return
to their previous activity levels gradually. If a patient had
limited knee motion at this time, tailored rehabilitation
and physical therapy were initiated; however, these were
often not required. Patients routinely visited the outpatient
clinic for examination every 3-6 months till 24 months af-
ter surgery. AP and lateral radiographs of both knees and
lower legs and full-length standing AP radiographs of both



501

Park et al. Ogden Type IV Tibial Tuberosity Fracture
Clinics in Orthopedic Surgery * Vol. 15, No. 3, 2023 « www.ecios.org

lower extremities including the hip, knee, and ankle in the
standing position with the patella facing forward (teleradi-
ograph) were obtained. Patients answered the Functional
Status Questionnaire at the 2-year postoperative follow-up.
Functional scores included Single Assessment Numeric
Evaluation (SANE) score, Pediatrics Outcomes Data Col-
lection Instrument (PODCI), and child-friendly EQ-5D
version (EQ-5D-Y).""""? Patients were asked to rate their
injured knee as a percentage of normal (0%-100% scale
with 100% being normal) to determine their SANE score.
The Adolescent Outcomes Questionnaire (self-report for
youths, 11-18 years of age) was used to measure PODCI,
and 21 items corresponding to transfer/basic mobility and
sports/physical fitness were evaluated. After scoring with
0-3 points for each item, the % score was calculated (0:
severely disabled, 100: not disabled at all). Metal implant
removal was usually performed between 6 months and
2 years after surgery after fracture unification was con-
firmed.

Radiological Evaluation
The evaluations of the patients are shown in Fig. 1. Simple
radiographs were obtained preoperatively, immediately

after surgery, and at each follow-up visit. Radiographs
taken after the patient could stand upright appropriately
and within postoperative 3 months were defined as initial,
and those taken at 2-year postoperative follow-up were
defined as final. The following two parameters were used
for the fracture angulation in the sagittal and coronal
planes. The posterior tibial slope was defined as the angle
between the anatomical axis of the tibia and the tibial pla-
teau on the lateral radiograph. The proximal tibial valgus
angle was calculated in the coronal plane, defined as the
angle between the anatomical axis of the tibia and the
tibial plateau on the AP radiograph. Both angles were then
compared with those of the contralateral uninjured side
and were subsequently assigned a positive number when
the fractured side had antecurvatum in the sagittal plane
and valgus in the coronal plane. Tibial length discrepancy
(TLD) and leg length discrepancy (LLD) were measured
using a teleradiograph, and positive values were assigned
when the fractured side was longer than the contralateral,
uninjured side.

Three methods were used to assess skeletal maturity
at the time of the injury. Bone age was calculated using
the Greulich-Pyle method from hand and wrist AP radio-

Fig. 1. A 14-year-old boy diagnosed with a right-side Ogden type IV tibial tuberosity fracture, who was injured while playing basketball (case 7). The
preoperative radiographs showed remaining —3° of proximal tibial valgus angle and 24° of posterior tibial slope compared with the contralateral side on
anteroposterior (A) and lateral (B) views after closed reduction in knee extension status. On the magnetic resonance imaging, there was anteromedial
side periosteal entrapment (C, white circles) and the tibial metaphyseal angle was 29° on the axial plane where posterior beak of metaphyseal fracture
most clearly seen, inferior to the physis (D, dotted line). (E) Periosteal entrapment was confirmed on the anteromedial side of the proximal tibia during
surgery.
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graphs, the Sauvegrain method from elbow AP and lateral
radiographs,""” and Risser staging was assessed by ossifi-
cation of iliac apophysis using teleradiographs.®

Preoperative knee MRI was investigated for the
metaphyseal fracture angle, presence of periosteal en-
trapment, and other knee joint pathologies. Metaphyseal
fracture angle was measured on the axial view, inferior to
the physis where posterior beak of a metaphyseal fracture
is most clearly seen (around 1 cm distal to the proximal
tibial physis). It was defined as an angle between the frac-
ture plane of the metaphyseal beak and the posterior tibial
condyle. All radiographs were stored and measured using
the Picture Archiving and Communication System (Peta
ver. 2.0; Asan Medical Center PACS).

Investigated Variables

Demographic factors, injury mechanisms, and postopera-
tive complications were investigated in addition to the
aforementioned radiological parameters. Chronological
age, height, body mass index, sex, dominant leg, and frac-
tured side were included in the demographics. The post-
operative complications were determined according to the
classification by Dindo et al."”

Statistical Analysis

The Wilcoxon signed-rank test was used to compare the
initial and final radiographic parameters and chronologi-
cal age and associated bone age. A p-value of < 0.05 was
considered statistically significant. All statistical analyses

were conducted using IBM SPSS Statistics for Windows
(ver. 21, IBM Corp.).

RESULTS

The demographics and injury characteristics of the in-
cluded patients are presented in Table 1, their skeletal ages
and posttraumatic growth in Table 2, radiological investi-
gations in Table 3, and functional outcomes in Table 4.

Preoperative Evaluation

All injuries were caused by jump-landing in male adoles-
cents during various sporting activities (most commonly,
basketball) (Table 1). Notably, the two patients excluded
from the study because of underlying osteogenesis imper-
fecta (see the ‘Patient selection’ in Method section) were
females who had been injured outside of sporting activ-
ity. Although their mean age was 14.6 + 1.1 years (Table
1), their skeletal maturity was older: mean bone age by
Greulich-Pyle method was 16.4 + 1.0 years (p = 0.005).
All patients presented with full skeletal maturity on their
elbow radiographs and near full skeletal maturity on their
pelvic radiographs (Table 2).

All patients underwent surgery to treat the unac-
ceptable angular deformity remaining after closed reduc-
tion, especially the increased posterior tibial slope com-
pared with the opposite uninjured side (Table 3). In all
cases, preoperative MRIs showed entrapped periosteum
on the anteromedial side of the proximal tibial physis,

Table 1. Demographics and Injury Characteristics of the Included Patients

Case Age (yr)* Sex Dominantleg’  Injured side Injury mechanism BMI (at the time of injury)
1 15.8 Male Right Left Jump-landing, badminton 222
2 (585 Male Right Right Jump-landing, basketball 21.2
3 15.4 Male Right Left Jump-landing, soccer 235
4 15.1 Male Right Left Jump-landing, basketball 254
5 14.9 Male Right Right Jump-landing, basketball 231
6 14.7 Male Right Right Jump-landing, basketball 259
7 14.4 Male Right Right Jump-landing, basketball 25.2
8 14.2 Male Left Left Jump-landing, soccer 20.2
9 13.6 Male Right Right Jump-landing, basketball 20.5
10 12.2 Male Right Left Jump-landing, high jump 20.9
MeanxSD 146+1.1 Male: 10 Right: 9, left: 1 Right: 5, left: 5 Jump-landing injury: 10 228+2.1

BMI: body mass index, SD: standard deviation.
*Chronological age at the time of injury. 'Preferred foot for kicking.
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Table 2. The Results of Skeletal Maturity and Posttraumatic Growth of the Included Patients

Skeletal maturity at the time of injury Height (cm) TLD (cm)* LLD (cm)*
case B°?ﬁ)?ge B°?ﬁ)?ge girzsdeg Initial’ Final g":g:,?,{}fﬂ Initial®  Final' Initial® ~ Final'
1 17 515 4 175.0 176.3 13 00 00 0.0 12
2 17 515 4 165.2 166.6 14 0.2 04 03 09
3 17 515 3 179.8 180.9 11 0.1 03 00 05
4 16 >15 4 1746 176.1 15 01 01 02 08
5 16 515 4 1775 179.8 24 02 02 03 09
6 17 >15 4 1736 1746 10 03 07 10 04
7 16 515 4 163.0 164.7 17 02 01 03 07
8 17 >15 4 167.2 168.3 1 01 01 03 05
9 17 515 4 168.0 169.4 14 0.0 01 03 11
10 14 >15 3 1638 167.0 32 05 05 03 06
MeansSD 164+ 1.0 : . 1708460 172459 16+07 01:23 0103 01204 0803

TLD: tibial length discrepancy, LLD: leg length discrepancy, SD: standard deviation.

*Positive value means the injured side is longer. 'Bone age according to Greulich and Pyle." “Bone age according to Sauvegrain.” ‘Checked within
posttraumatic 3 months after the patient could stand upright appropriately. "At postoperative 2 years. All patients reached skeletal maturity at
postoperative 2 years (final heights). "Height growth from initial to final (skeletally mature).

Table 3. Radiological Investigations of the Included Patients

Posterior tibial slope (°)* Proximal tibial valgus angle (°)* Preoperative MRI
T beop il vl el Mewheed | Penceod | Ofeinie

1 10 2 -6 -1 -2 -2 12 (+), AM'
2 18 -2 -1 -2 -2 -3 24 (+), AM"
3 12 0 -5 -2 0 1 29 (+), AM"
4 12 1 1 2 -1 -1 26 (+), AM"
5 14 4 3 1 -2 -2 27 (+), AM"
6 10 6 B 2 -1 2 32 (+), AM"
7 24 —1 0 -3 -2 0 29 (+), AM" PCL ganglion
8 16 0 1 0 1 1 22 (+), AM"
9 12 0 2 0 -2 -2 25 (+), AM"

10 8 1 -5 -12 -5 -2 17 (+), AM"

Mean+SD 13.6+4.7 09+25 -05+37 —-15+41 -18+13 -08+17 243+6.0

MRI: magnetic resonance imaging, Preop: preoperative, AM: anteromedial, PCL: posterior cruciate ligament, SD: standard deviation.

*Compared with the contralateral uninjured side. 'Checked within postoperative 3 months after the patient could stand upright appropriately. “At
postoperative 2 years. All patients reached skeletal maturity at postoperative 2 years (final heights). ‘Measured on the MRI axial view at the level of 1
cm inferior to the physis. "Periosteum was confirmed to be entrapped on the anteromedial side of proximal tibial physis.
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metaphyseal fracture line on the axial image started from
posterolateral cortex and ended on the medial cortex of
the tibia, and metaphyseal fracture angles were relatively
consistent (24.3° + 6.0°) (Table 3).

Operative Findings

The presence and location of the entrapped periosteum
on the preoperative MRIs (entrapped on the anteromedial
side of the proximal tibia) were confirmed during surgery
(Fig. 1). The entrapped periosteum was the primary ob-
stacle to adequate reduction, which was only successfully

Table 4. Functional Outcomes at Final Follow-up (Postoperative 2

Years) of the Included Patients

Case SANE PODCI (%) EQ-5D-Y
1 100 100 100
2 100 100 100
3 80 100 100
4 95 100 100
5 93 100 100
85 98 100
7 90 99 100
8 100 100 100
9 100 99 90
10 100 100 100
Mean + SD 943+73 99.6+0.7 99.0+32

SANE: Single Assessment Numeric Evaluation, PODCI: Pediatric
Outcomes Data Collection Instrument, EQ-5D-Y: child-friendly EQ-5D
version, SD: standard deviation.

achieved after its removal in all cases. All reduced frac-
tures were fixed securely and in a physeal-sparing manner
using screws based on the metaphyseal fracture angle on
the preoperative MRIs.

Postoperative Growth and Outcomes

All patients reached Risser grade 5 (skeletally fully ma-
tured) during follow-up. Only minimal residual height
growth was required for patients to achieve skeletal matu-
rity (1.6 = 0.7 cm) (Table 2). Although a statistically signif-
icant LLD was observed at the final follow-up (p = 0.005)
(=0.1 £ 0.4 cm at initial vs. 0.8 + 0.3 cm at final) (Table 2,
Fig. 2), it was clinically insignificant. There was no signifi-
cant TLD at the final follow-up (0.1 £ 2.3 cm at initial vs.
-0.1 £ 0.3 cm at final, p = 0.526) (Table 2). No patients had
significant postoperative complications, and there were
no significant angular deformities or functional deficits at
final follow-up (Table 4).

DISCUSSION

The authors investigated Ogden type IV tibial tuberosity
fractures in adolescents, which are equivalent to the Salter-
Harris type II growth plate injury. All the included patients
were previously healthy males and their injuries occurred
during various sporting activities. Preoperative MRIs
revealed entrapped periosteum on the anteromedial side
of the physis in all cases, which were confirmed during
surgery as the main obstacle to adequate reduction. All pa-
tients had older bone ages at the time of injury compared
with chronological age, and they reached skeletal maturity
within 2 years of postoperative follow-up with minimal
height growth.

Although it should be noted that those with under-

Fig. 2. A 13-year-old-boy diagnosed with a right-side Ogden type IV tibial tuberosity fracture (case 9). (A) He presented unacceptably increased posterior
tibial slope with knee extension (left) and the main obstacle to adequate reduction was entrapped periosteum (white circle on right). (B) After the
entrapped periosteum removed, the fracture was fixed with two screws by using the physeal sparing technique (left column). At the final follow-up, the
patient did not present any significant angular deformity or length discrepancy (middle and right columns).
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lying musculoskeletal disease had been already excluded
from the study, all the included patients were male and
their fractures resulted from jump-landing while partici-
pating in various sports (Table 1). Sex differences in frac-
ture occurrence are well reported, highlighting that males
are 10 times more at risk than females, which is largely
attributed to greater male participation in more intense
physical activities than female participation.'™" It is im-
portant to note that boys typically have more muscle mass
and strength than girls in late adolescence.””” Therefore, a
sudden and forceful quadriceps contraction can cause vio-
lent tensile forces on the patella tendon, which overcomes
physeal strength.**”

Two adolescent girls, who were excluded because of
their underlying osteogenesis imperfecta, did not suffer
any sports-induced injuries. One patient injured herself
during rapid walking on the playground (chronological
age of 14 years, bone age by Greulich-Pyle method of 14
years), and the others while jumping rope (chronological
age of 11 years, bone age by Greulich-Pyle method of 10
years) (data not shown). Therefore, a typical Ogden type
IV fracture appears to result from a jump-landing injury
in active, healthy adolescent patients who are approaching
skeletal maturity. However, if a patient exhibits charac-
teristics of atypical features, the possibility of underlying
musculoskeletal disorders should be considered.

The metaphyseal fracture line on the axial view
presented a constant direction, with the posterior tibial
cortex dividing into posteromedial and anterolateral sec-
tions (Table 3, Fig. 1D). This means that the anterolateral
fragment was separated from the proximal tibial epiphysis,
but the posteromedial fragment beak was connected to
the proximal tibial epiphysis. This specific fracture pattern
may arise due to the nature of the physeal closure pat-
tern. Physeal closure of the proximal tibia occurs from the
posterior to the anterior in medial to lateral directions.””
Early union of the posteromedial side may cause the con-
stant posteromedial beak of metaphysis in Ogden type IV
tibial tuberosity fractures. In addition, radiological skeletal
maturity also appeared towards the end of skeletal growth
(Table 2), with little expected growth remaining. The con-
stant metaphyseal fracture pattern and older bone age are
indicative of a precise transitional fracture. Transitional
fractures typically occurred at the end of growth, at which
bone remodeling ability would be lower compared with
that of younger patients. Therefore, achieving accurate
fracture reduction for those with displacement is essential.
Additionally, since most patients have already reached
their skeletal maturity, there would be no need to routinely
evaluate bone age in Ogden type IV tibial tuberosity frac-

tures unless a patient shows atypical presentation.

Periosteal entrapment was observed in the an-
teromedial aspect of proximal tibial physis on MRI in all
patients, which was also confirmed consistently during
surgery. There are limited data on the incidence and pat-
tern of periosteal entrapment in tibial tuberosity fractures;
therefore, our results will be of importance in surgical
planning. In addition, a successful reduction was achieved
only after the entrapped periosteum was repositioned.
Thus, the surgical removal of periosteal entrapment on
the anteromedial side of the physeal gap should be con-
sidered with unacceptable angulation/displacement after
closed reduction. Indeed, several injuries may accompany
a tibial tuberosity fracture, including knee joint damage
to the articular cartilage, coronary ligament, or a menis-
cal tear,*"** but no traumatic intra-articular pathologies
were detected (Table 3). The traumatic force seems to have
a limited impact on the knee joint. Considering our data,
we question whether routine MRI is necessary to confirm
intra-articular abnormalities in this type of fracture.

Fixation of the fracture was achieved using screws
to minimize damage to the growth plate and showed ex-
cellent outcomes at the 2-year postoperative follow-up,
including minimal fracture site angulation and favorable
functional scores without major complications (Tables
3 and 4). We believe that a relatively strong fixing force
could be achieved because at least one or two screws had
been intentionally inserted perpendicular to the fracture
plane, anticipated by the metaphyseal fracture angle. Be-
cause those patients are near the end of skeletal maturity
and have little remaining growth (Table 2), the remodel-
ing potential would be limited. Therefore, more accurate
reduction is needed for Ogden type IV fractures. If it is
difficult to maintain fracture reduction with only me-
taphyseal screws, more aggressive internal fixation, even
violating the growth plate should be considered. Compli-
cations associated with tibial tuberosity fractures such as
compartment syndrome or vascular compromise can have
devastating results.”” Fortunately, no such complications
occurred in the study, but close attention should be paid to
prevent and detect such complications early during diag-
nosis and treatment.

At final follow-up, tibial lengths were almost equal,
but the fractured side leg was longer than the uninjured
side, although this was clinically insignificant. The in-
creased LLD typically occurred on the femoral side rather
than the tibia (Table 2). Overgrowth of the fractured limb
is well described and may be explained by the effect of
growth plate hyperactivity near the fracture site.”” In the
late adolescent period, residual growth in the femur re-



506

Park et al. Ogden Type IV Tibial Tuberosity Fracture
Clinics in Orthopedic Surgery * Vol. 15, No. 3, 2023 « www.ecios.org

mains more than that of the tibia.” Fracture of the proxi-
mal tibia may cause hyperactivation in the physes around
the knee joint, and since residual growth remains primar-
ily in the distal femur, the femur is susceptible to over-
growth. However, it is unclear whether this LLD originated
from actual overgrowth or is actually a measurement error
due to the small sample size. Further research with a larger
sample size would be required to validate these findings.

It is important to remember the following consid-
erations when interpreting the present results. First, the
study included only a small sample size and had no com-
parison group. It was mainly because of the rarity of this
type of fracture. The limitations of this small sample size
and lack of a comparison group could possibly pose valid-
ity problems. However, patient information was collected
sequentially without missing data, and evaluation of the
patients was systematically performed according to our
institution's protocol. Although the number of patients
was small and further research with larger sample sizes
and comparison groups are needed, we believe that this
study provides useful clinical information on Ogden type
IV fractures in a controlled study design. Second, our re-
sults do not indicate that preoperative MRI is required for
Ogden type IV fractures. Rather, there seems little need
for preoperative MRI in these fractures in patients without
clinical signs of knee joint pathology. Third, we identified
a few cases of Ogden type IV fractures with very small
metaphyseal beaks, but they were accidentally excluded
from the analysis. The patients included in our study
showed clear Salter-Harris type 2 fractures on X-ray, with

a metaphyseal beak of at least 1 cm. Therefore, further
studies are needed for cases with only a small metaphyseal
fracture extension. Finally, there was no diversity in sex
after excluding two female patients with underlying osteo-
genesis imperfecta. However, this extreme sex ratio may
partly be influenced by region, wherein adolescent girls’
participation in active sports is less common than that of
adolescent boys.

Ogden type IV tibial tuberosity fractures typically
occur from a jump-landing injury when little residual
bone growth remains in healthy adolescents. As they have
reached skeletal maturity and only little remodeling poten-
tial is remained, accurate fracture reduction is needed. In
addition, periosteal entrapment is highly suspected on the
anteromedial side of the physis in patients with unaccept-
able reduction, and surgical repositioning is required for
them.
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