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ARTICLE INFO ABSTRACT
Keywords: Background: The optimal surgical treatment of Ogden Type IV tibial tubercle avulsion fractures (TTAFs) remains
Tibial tubercle controversial, given this injury pattern’s rarity and its multiplanar involvement of the proximal tibial physis.

Avulsion fracture
Ogden type IV
Surgical complications

Small, single-center studies suggest type IV fractures have higher complication rates and more variable fixation
constructs than other TTAF types. The purpose of this study is to delineate fixation constructs among surgically
managed type IV TTAFs and identify factors associated with postoperative complications.

Methods: A retrospective, multicenter cohort study was conducted across 7 institutions examining surgically
managed Ogden IV TTAFs treated between 2007 and 2022. Patients treated nonoperatively were excluded.
Patient demographics, injury characteristics, treatment strategy (including fixation construct), and postoperative
complications were analyzed. Fisher exact tests were used to compare complication frequency among fixation
techniques.

Results: Eighty-nine patients undergoing operative management of a type IV TTAF meeting study criteria were
identified. The majority (72, 80.9%) were stabilized with screw-only constructs, while 9 (10.1%) were treated
with pins or hybrid pin/screw constructs and the remainder (9.0%) were treated with a plate. Among screw-only
constructs, 4.5 mm screws (49, 58%) with vertically stacked orientation (37, 51.3%) were the most common.
Twenty-five patients (28.0%) experienced complications, the most common of which were implant irritation
(14.6%) and wound problems (3.4%). One patient (1.1%) had postoperative compartment syndrome. When
examining major complications (excluding implant irritation), the frequency was lower for screw-only constructs
than other types of fixation (6.9% vs. 35.3%; P = .005). For fractures fixed with screws only, there was no
difference in overall complications based on the number of screws used (P = .21). No implant failures or non-
unions were observed.

Conclusions: In this large, multicenter cohort of surgically managed type IV TTAFs, considerable variation was
observed among successful fixation constructs. Implant irritation was the most commonly observed complica-
tion. Other than implant irritation, the overall frequency of complications was low and lowest among screw-only
constructs.
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Key Concepts:
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(1) A variety of fixation options exist for type IV tibial tubercle avulsion fractures.
(2) There was reliable healing and good outcomes in the majority of cases.

(3) Implant irritation is the most common complication in screw-only constructs.

(4) Anterior-to-posterior screws can provide acceptable fixation for type IV fractures.

Level of Evidence: Level III

Introduction

Tibial tubercle avulsion fractures (TTAFs) are relatively rare injuries,
most often seen in the adolescent male with variable involvement of the
tibial tubercle and proximal tibia physis and epiphysis depending on
morphology and maturity [1-3]. Adolescents involved in jumping
sports, due to concentric extensor mechanism contraction or eccentric
contraction with a flexed knee, are at especially high risk [3,4]. The
Ogden classification is the most widely utilized and clinically applicable
means of characterizing TTAFs, with differing clinical and surgical
considerations for each subtype. An Ogden IV fracture, characterized by
posterior extension through the proximal tibial physis and involvement
of the entire proximal epiphysis, make up an estimated 16%-18% of all
TTAFs [5-7].

Previous single-center studies suggest high surgical construct vari-
ability for Ogden type IV fractures and higher rates of complications than
other subtypes [6,8-11]. Implant irritation and bursitis remains the most
common complication [1,4,12]. Surgery is the mainstay of treatment for
displaced injuries and typically includes cannulated screws for most
TTAFs, but a wider variety of fixation constructs including pin and plate
constructs have been observed for type IVs given their multiplanar
involvement of the nearly mature proximal tibia [6,8,10,11,13]. The risk
and complication profile of these methods of fixation is poorly
understood.

Given the rarity of Ogden IV TTAFs and the dearth of literature
regarding their treatment-related complication profile, we sought to
examine this injury pattern across a multicenter cohort. The primary
aims of this study were to do the following: (1) delineate which surgical
fixation strategies are commonly utilized and (2) examine implant-
related factors associated with postoperative complications. We hy-
pothesized that variation in surgical constructs would exist but com-
plications would not vary among fixation methods.

Materials and methods

A retrospective multicenter cohort study was conducted within the
Tibial Tubercle Study (TITUS) Group, which is composed of seven
contributing pediatric institutions. Institutional Review Board approval
was obtained at all member sites. At the time of the study, the TITUS
database consisted of 598 patients and included demographic data,
injury characteristics, treatment strategies, postoperative protocols, and
outcomes. Study data were collected and managed using REDCap
(Research Electronic Data Capture) a secure, web-based software plat-
form hosted at the lead study [14,15]. Each TITUS site was responsible
for uploading their individual data to this central repository.

Patients who sustained an Ogden type IV TTAF treated surgically at a
TITUS-member institution between 2007 and 2022 were identified. Any
available imaging was utilized to determine Ogden type. Patients
managed nonoperatively or with incomplete follow-up data were
excluded from this study. A minimum follow-up duration of six months
was required for inclusion. The primary outcomes of interest were clin-
ical or surgical complications including symptomatic implants, wound
complications, neuropraxia, infection, arthrofibrosis, prolonged quadri-
ceps weakness/inhibition, compartment syndrome, refracture, failure of
fixation, need for revision surgery, and refractory pain or disability.

Patient demographics, injury characteristics, and fixation strategies
were collected. Surgical fixation was categorized into screw-only fixa-
tion, pin-only fixation, hybrid (pin and screw) fixation, or plate fixation.
Additional surgical technique data, including the size and number of
screws and screw configuration were also noted. Radiographs depicting
common screw arrangements are displayed in Fig. 1. Statistical analysis
was performed with SPSS version 28.0 (IBM Corp. 2021, Armonk, NY,
USA). Patient demographics, injury characteristics, and treatment vari-
ables were characterized descriptively. Kolmogorov-Smirnov tests were
used to determine normality of distributions. Univariate testing evalu-
ated differences between fixation constructs (screw-only and other fixa-
tion strategies). Independent samples t-tests were used to compare
continuous variables and y or Fisher exact tests for categorical variables.
A P value less than .05 was considered statistically significant.

Results

The TITUS database identified 99 patients with type IV TTAFs, rep-
resenting about 16.5% of all TTAFs in the cohort. Of the 99 patients, 89
(89.9%) underwent operative management and met inclusion criteria
for this study. The average patient age was 14.6 years. The majority of
patients were male (92.1%) and identified as Black/African American
(35.9%). Jumping was the most common injury mechanism (48.3%). An
overview of patient demographics, treatment, and complications is
depicted in Table 1.

There were no statistically significant risk factors for complications
with respect to patient demographics. When comparing groups with
those without a complication, there were no statistical differences in
average time from presentation/diagnosis to surgery (14 h), days until
full weight-bearing (40), or weeks until the patient reported full
participation in sports (20). The duration of immobilization was sig-
nificant, with the complication cohort immobilized for an average of 42
days compared to 28 days for patients without a complication (P = .03).

Fixation methods varied within the cohort. The majority of patients
(72/89, 80.9%) were treated with screw-only constructs, while 13
(14.5%) had pin or hybrid fixation, and 4 (4.5%) underwent plate
osteosynthesis. Most screw constructs utilized either 2 (47.2%) or 3
screws (33.3%) in a vertical or inverted triangle configuration (70.8%).
The crossed (or “X”) screw configuration, unique to type IV TTAF given
the nature of the fracture pattern, was utilized in 13% of screw-only
constructs (Fig. 1). The most popular implants were 4.5 mm (58.3%)
and cannulated (80.5%) screws. There was no documented performance
of concurrent arthrotomy or arthroscopy, fasciotomy, meniscal pro-
cedures, or patellar tendon repair at the time of index surgery. An
overview of fixation strategies is depicted in Table 2. Patients under-
going fixation with implants other than (or in addition to) screws had a
significantly higher rate of complications: 35% of hybrid/non-screw
constructs compared to 8% of screw-only constructs (P = .009). There
was no association between complication rates and number of screws
utilized. Seven patients (8%) underwent hardware removal. The rate of
implant removal was higher in the hybrid or non-screw cohort (5/17
patients, 29.4%) compared to the screw-only group (2/72, 2.8%).

Among the 89 operatively treated patients, 25 (28.0%) had a docu-
mented complication. The most common complication was implant
irritation, observed in 13 patients (14.6%). All 13 cases of implant
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Figure 1. Anterior/Posterior radiographs depicting common methods for screw fixation of type IV tibial tubercle avulsion fractures. (A) Vertical, (B) X. (C) Inverted

triangle, (D) Box, (E) Diamond.

Table 1.
Overview of patient demographics, treatment, and complications.
Variable Overall No complications Complication P value'
N = 89* N =77* N =12*
Age 14.67 £ 1.2 14.61 +1.2 14.70 + 0.9 .815
Race >.1
White 27 (30) 26 (34) 1(8)
Black 32 (36) 24 (31) 8 (67)
Asian 2(2) 213 0 (0)
Unknown 28 (17) 25 (32) 3(25)
Ethnicity .575
Not hispanic or Latinx 56 (63) 50 (65) 6 (50)
Hispanic or Latinx 26 (29) 21 (27) 5 (42)
Unknown 7 (8) 6 (8) 1(8)
Sex .587
Female 7 (8) 7 (10) 0 (0
Male 82 (92) 70 (90) 12 (50)
Mechanism of injury .926
Jumping 43 (48) 38 (50) 5 (42)
Fall from standing 18 (20) 15 (20) 3(25)
Fall from height 9 (10) 8 (10) 1(8)
Collision 10 (11) 8 (10) 2Q17)
Running 4 (5) 4 (5) 0 (0)
Other/Unknown 5 (6) 4(5) 1(8)
Method of fixation .009
Screw only 72 (81) 66 (92) 6 (8)
Other (plate/pin/screw + pin) 17 (19) 11 (65) 6 (35)
Time to surgery (hours) 13.98 + 7.0 14.01 +7.33 13.09 £ 5.1 .689
Postop immobilization (days) 30 (14) 28 (11) 42 (33) .031
Time to WBAT (days) 40.20 + 18.0 39.81 £18.5 42.88 + 15.2 .653
Time to RTS (weeks) 19.96 + 10.2 20.49 £10.7 16.14 = 6.2 431
RTS, return to sports; WBAT, weight-bearing as tolerated.
f N (%); Mean + SD; Median (interquartile range).
" Fisher’s exact test, Independent T-tests; Mann—-Whitney U test.
irritation were reported in the screw-only fixation group. For the pur- Discussion

poses of this study, symptomatic/irritating implants were deemed a
minor complication. There were 12 additional complications including
wound/infections (4 patients, 4.5%) and weakness/neuropraxia, (4 pa-
tients, 4.5%), and single cases each of postoperative compartment syn-
drome and refracture. There were no cases of implant failure or
nonunion. Complications, excluding implant irritation, are summarized
in Table 3.

Within a large, multicenter cohort of a rare injury pattern, we
identified notable variability in fixation strategies for Ogden IV TTAFs.
These fractures ultimately demonstrated reliable healing with few major
complications. Although a 28% overall rate of complications was iden-
tified, only 13.5% were unrelated to implant irritation (the most
commonly reported, albeit minor, complication among type IV
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Table 2.
Overview of surgical techniques.
Variable Overall
N (%)

Fixation method (N = 89)

Screws 72 (81)
Screw + Pins 7 (8)

Pins only 6 (6.5)
Plate 4 (4.5)

Number of screws used (N = 72)

1 4(6)

2 35 (49)
3 24 (33)
4 7 (10)
5 2(3)

Screw configuration (N = 72)

Vertical (“I") 37 (51)
Inverted triangle 14 (19)
Crossed (“X”) + additional screws 9 (13)
Box/diamond 2(3)
Other 10 (14)

Screw type (N = 72)

Solid 13 (18)
Cannulated 58 (80.5)
Unknown 1(1.5)

Screw sizes (N = 84)

4.0 mm 9(1)
4.5 mm 49 (58)
6.5 mm 10 (12)
7.3 mm 12 (14)
Other 4(5)

Hardware removal (N = 89)

No 82 (92)
Yes 7(8)
Table 3.
Overview of complications.
Complication type Overall Screws only Hybrid/non-
(implant irritation N (% of total N (% of patients screw
excluded) patients) in fixation N (% of patients
group in fixation
group)
Wound complications 3(3) 2 (3) 1 (6)
Prolonged quadriceps 2(2) 213 0
weakness
Neuropraxia 2(2) 1) 1(6)
Infection 1(1) 0 1 (6)
Arthrofibrosis 1) 0 1(6)
Compartment syndrome 1) 1) 0
Refracture 1) 0 1(6)
Refractory/persistent 1(1) 0 1(6)
pain

Total 12 (13.5) 6 (8) 6 (35)
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fractures) [1,4,12]. Compartment syndrome among our cohort was very
rare (1%). Patients experiencing a complication were immobilized for a
significantly longer duration than those who did not. A recent study
identified that immobilization longer than 4 weeks resulted in a higher
risk of developing stiffness (persistent flexion deficit) 3 months after
surgery [16].

When evaluating fixation strategies, screw-only constructs had a
lower rate of non-irritation-related complications when compared with
other fixation strategies. There was a significantly higher incidence of
major complications in patients fixed with implants other than screws
alone. Overall, outcomes for all strategies were devoid of nonunion or
implant failure suggesting that fixation of type IV TTAFs may be
reasonably approached at the discretion and comfort of the treating
surgeon.

It is notable that screw-only constructs did appear to have an overall
lower serious complication profile but did account for all instances of
symptomatic implants. A recent study from our same TITUS group re-
ported a 13% rate of symptomatic implants across all TTAF morphol-
ogies and a removal rate of approximately 11% in a multicenter cohort
of 475 patients. These rates were similar among type IV TTAFs in our
focused cohort (14.5% and 8%, respectively). In the previous study,
screw number, size, configuration, and washer use were not found to be
significantly associated with implant irritation. Symptomatic implants
were more common in White patients and those weighing less than 70 kg
[17]. In our cohort, despite symptomatic implants being more common
in screw-only fixation, the relative rate of hardware removal was higher
in the hybrid/non-screw fixation group (29.4% vs 2.8%)

A recent biomechanical study by Peez et al., simulating Ogden type
III/1V TTAFs on cadaveric specimens, determined that type IV fractures
were more unstable than type III, based on axial displacement and cy-
cles/load to failure of fixation. In addition, they reported that aug-
menting standard anteroposterior tubercle apophyseal screws with
epiphyseal fixation (with either epiphyseal screws or a medially based
plate) significantly improved the stability of the construct [13]. As such,
the authors would not routinely advocate for plate fixation of this injury.
In older patients, plate fixation may be considered in a type IV variation;
when the treating surgeon is concerned, the injury will behave more like
a displaced tibial plateau fracture and increased stability is required.
However, based on the experience of this group, this is infrequent and
alternative constructs appear capable of safely achieving union in this
fracture pattern. However, this occurred in a cadaveric model which
does not account for supplemental immobilization typically utilized (for
example, a hinged knee brace) or early fracture healing that may
minimize these observed differences in the postoperative patient. While
our cohort size limited analysis of screw-specific constructs, we did
observe reliable healing and low complication rates among a variety of
screw-only constructs. This suggests that while stability may be
enhanced in certain circumstances by screws with both epiphyseal and
metaphyseal purchase, many construct options appear to be appropriate
for this fracture pattern.

A case series of 10 patients with type IV TTAFs published by Park
et al. emphasized the importance of appropriate reduction, often facil-
itated by removal of entrapped periosteum in the anteromedial physis,
given the limited remodeling potential and older average bone age of
patients sustaining this injury. They also noted that all patients reached
skeletal maturity within 2 years of the injury [18]. All patients in this
series underwent fixation with good outcomes and no significant leg
length difference or angular deformity reported across variable timer
periods of follow-up.

Another recently published study by Segal et al. of 37 patients
advocated for a distal cortical fixation screw to achieve better stabili-
zation of the fracture. This screw, oriented to achieve bicortical fixation
using the posterior tibial cortex distal to the Thurstan Holland fragment
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was found to be a safe and effective alternative with good short-term
outcomes. The authors theorized a more biomechanically sound fixation
method by capturing posterior tibial cortex remote to the Thurstan
Holland fragment, which would otherwise limit screw fixation to tibial
metaphysis only and bicortical purchase within the same fracture frag-
ment [8]. The present study did not include patients with this particular
construct and therefore comparisons to this technique are not feasible.
However, this appears to be another viable option to consider for sur-
geons treating this injury pattern.

While anteroposterior-placed cannulated screws are often used to
treat tibial tubercle fractures, unique to fixation of type IV injuries is the
“X” or crossed screw configuration, which serves to stabilize the
epiphyseal component of the fracture when the entire epiphysis is
involved and especially when the characteristic posterior metaphyseal
Thurstan Holland fragment is large or present. This technique likely
achieves improved stability but necessitates crossing the proximal tibial
physis (rather than just the apophysis). This increases the likelihood of
iatrogenic physeal arrest in patients far from skeletal maturity but is
often less of a concern in patients nearing physeal closure. Further work
is necessary to clarify these operative decisions using future prospective
cohorts.

Limitations of this study include those inherent in a large, multi-
center, retrospective database. Variation in classification, documenta-
tion, and complication recording in a retrospective chart review
introduces bias. Given that 7 institutions were involved in this study
group, there were also no standardized perioperative treatment pro-
tocols and ultimately each patient was treated according to the discre-
tion of the individual surgeon. This limitation is unavoidable but
highlights the motivation to form a study group to focus on this
adolescent fracture pattern that is treated by many pediatric or non-
pediatric specialists. Monitoring for certain longer-term complications
such as growth arrest were likely variable. Due to the size of the study
cohort, we were unable to discretely analyze the impact of other clini-
cally important factors such as time to operative treatment on the
occurrence of complications. However, previous work from this study
group has demonstrated that surgical treatment in TTAFs treated >24 h
from injury are at increased risk of prolonged stiffness and, therefore we
recommend urgent operative treatment when possible of these patients
[16]. Similarly, longer-term outcomes, such as return to sport were
difficult to analyze due to limited data availability and institution-de-
pendent criteria and metrics. The authors also acknowledge that frac-
tures addressed with additional fixation measures in addition to screws
may imply increase in injury complexity and thus predispose those pa-
tients to a greater complication risk. Finally, while determining the
optimal screw size or configuration for fracture fixation would be ideal,
the variability and relatively small numbers within each construct
cohort limited detailed subgroup analysis. Future efforts of this group
will seek to address these limitations by examining these injuries in a
prospective manner with standardized data collection and
patient-reported outcome collection.

Conclusion

Type IV TTAFs appear to be reliably treated with a variety of fixation
constructs resulting in good overall outcomes and a low rate of major
complications. Thoughtfully placed screw-only constructs appear to
have similar outcomes compared with hybrid and/or plate fixation but
are associated with lower rates of clinically significant complications
(aside from symptomatic implant irritation).

Additional links

e POSNAcademy: ORIF of Tibial Tubercle Fracture
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