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Purpose: The purpose of this study was to describe the incidence of soft tissue injuries associated with pediatric proximal
tibial fractures (PPTF) and the frequency that magnetic resonance imaging (MRI) was used before surgery in this patient
population. Methods: A systematic review of English literature, using EMBASE and PubMed, was completed. Articles
reporting on soft tissue injury in PPTFs between 1980 and 2021 were identified. Associated pathology (meniscal tear,
meniscal entrapment, cruciate ligament injury, extensor mechanism injury, and chondral injury) and use of MRI at time
of diagnosis, were assessed in these studies. Twenty-three articles were included. Results: Extraction of data revealed
1046 patients and 1057 fractures, with a mean age of 12.3 + 1.7 at the time of injury. Most patients were male (n = 757
[72.3%]). Most fractures were tibial eminence fractures (TEF) (n = 747 [70.7%]), followed by tibial tubercle (n = 218
[20.6%]) and then tibial plateau fractures (n = 92 [8.7%]). Associated soft tissue injuries were found in 58.8% (n = 621)
of fractures overall. Meniscal entrapment was the most common, occurring in 22.1% (n = 234) of cases. Meniscal tears
occurred in 18.6% of cases (n = 197), followed by ligament injury in 9.4% (n = 99), chondral injury in 6.5% (n = 69),
and extensor mechanism injury in 2.1% (n = 22) of cases. All cases of tendinous extensor mechanism injury were seen in
tibial tubercle fractures, with 22 injuries occurring in 10.1% of tibial tubercle fractures. At time of injury just 24.3%
(n = 257) of fractures had an MRI performed before surgery. Conclusions: PPTFs are associated with a high incidence of
associated injury (58.8%), particularly in TEFs (63.5%) and TPFs (100%). Level of Evidence: Systematic Review of

Level III-IV studies

ediatric proximal tibia fractures (PPTFs) are a

heterogenous group of injuries, comprising tibial
eminence fractures (TEFs), tibial tubercle fractures
(TTFs), and tibial plateau fractures (TPFs). Each fracture
shares the potential for intra-articular involvement and
associated injury. TEFs, although relatively uncommon,
have increasing incidence with injury, occurring in 3 in
100,000 per year.' This injury is more often found in
children and adolescents aged 8 to 14 years, with
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avulsion injury because of the immature bone.”” As the
functional equivalent to an anterior cruciate ligament
injury, this will occur through noncontact twisting or
hyperextension injury in sport.” The incidence of
associated soft tissue injury has been well studied in this
population, specifically highlighting the incidence of
meniscal tears and entrapment, as well as associated
ligamentous injury based on mechanism.”°

Less well studied is the potential for soft tissue injury
in TTFs and TPFs, likely because of the uncommon
nature of these injuries. TTFs account for <1% of all
physeal injuries but are increasing in frequency
because of participation in sport and avulsion caused
by quadriceps contraction being the most common
mechanism.”® These injuries can have devastating
consequences, with ongoing associated neurovascular
injury, compartment syndrome, as well as under-
recognized associated pathology.® Finally, although
tibial plateau fractures are extremely rare in the pedi-
atric population because of their intra-articular nature,
there is certainly potential for associated soft tissue
injury. Segond fracture, a fracture of the lateral tibial
plateau, is essentially pathognomonic for an anterior
cruciate ligament injury, as the site of attachment of
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the anterior longitudinal ligament stressed in internal
rotation of the knee.” Meniscal pathology is also
common in this population.”

It is possible that missed associated soft tissue injury in
PPTFs can lead to morbidity. There is potential for
ongoing disability, altered knee biomechanics, failure to
return to pre-injury levels, as well as the sequelae of
abnormal loading of a joint. The purpose of this study
was to describe the incidence of soft tissue injuries
associated with PPTF and the frequency that MRI was
used before surgery in this patient population. We
hypothesize that there will be a high incidence of intra-
articular injury in proximal tibia fractures, with rela-
tively low use of MRI before surgery.

Material and Methods

A systematic review of the literature was conducted to
identify primary scientific articles reporting on the
incidence of associated soft tissue injury among PPTFs.
The search was conducted using PubMed and EMBASE.
The search was performed in April 2021 using the
following terms and strategy:(pediatric OR paediatric
OR skeletally immature OR child*) AND (proximal tibia
fracture* OR tibial tubercle fracture* OR tibial eminence
fracture* OR intercondylar eminence fracture* OR
anterior tibial spine fracture* OR tibial plateau fracture*
OR tibial spine fracture*) AND (intraarticular injur®* OR
meniscal injur* OR meniscal entrapment OR cartilage
injur* OR osteochondral injur* OR chondral injur* OR
chondral pathology* OR meniscal tear*). References in
relevant articles were reviewed to ensure completeness
of the literature search. Articles were considered eligible
if they report on the following: (1) patients under the
age of 18, (2) minimum of 10 patients, and (3) the
incidence of associated soft tissue injury. Review arti-
cles, case reports, and expert commentaries were
excluded.

During our review, 149 articles were identified for
review. Titles were screened, and abstracts reviewed
(E.S., A.P.). Those with relevant information as per the
inclusion criteria were included for full text review. This
was done by 2 reviewers working independently using
the Covidence software (Melbourne, Australia), fol-
lowed by conflict resolution

From these articles demographic data was collected
including age at time of injury and sex. Outcomes
included fracture type (TEF, TTF, TPF), as well as
associated soft tissue injury. Specific injuries included
meniscal tear, meniscal entrapment, ligamentous
injury, chondral injury, and complete tendinous
extensor mechanism injury. The management strategy
(operative vs nonoperative), as well the use the of MRI
and arthroscopy for evaluation of soft tissue injuries,
was reported.
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Fig 1. Process of completing the systematic review of the
literature.

Results
Our search identified 149 articles to review. Of these,
23 were ultimately selected for inclusion (Fig. 1). Ar-
ticles included in the systematic review of Level III-IV
studies detailed in Table 1. The systematic review
included 14 articles on TEFs, 7 articles on TTFs, and 2
articles on TPFs.

Demographic and Injury Characteristics

The systematic review included 1046 patients with
1057 PPTFs. The majority were TEFs (n = 779
[71.5%]), followed by TTFs (n = 218 [20.0%]) and
TPFs (n = 92 [8.4%]). Of these patients, the mean age
was 12.3 £ 1.7 years at the time of injury. Most patients
were male (n = 757 [72.3%]).

Pretreatment Evaluation

Before undergoing definitive treatment, 24.3% (n =
257) of fractures underwent MRI. MRI was most
common in the TEF group, with preoperative MRI in
80.1% of these injuries. Arthroscopy was done in
24.5% (n = 259) of patients. In total, 47.8% (n = 506)
of patients had either MRI or arthroscopy done before
or as a part of the definitive management of their
injuries.

Soft Tissue Injury

Accounting for the nonuniversal use of MRI or direct
visualization (arthroscopy) before definitive treatment,
53.7% (n = 568) of PPTFs had associated soft tissue



ASSOCIATED SOFT TISSUE INJURY IN PPTFS 3

Table 1. Details of Studies Included in the Systematic Review of the Literature

Reference Year of Publication Level of Evidence Fracture Number of Patients Age of Patients (Yr) Sex (M:F)
Shelton and Canale'? 1979 v TPF 38 14.2 37:1
Ogden et al."” 1980 v TTF 14 14.3 13:1
Bolesta and Fitch' 1986 v TTF 16 15.2 16:0
Wiss et al.'” 1991 v TTF 15 15.2 15:0
Mah et al.'® 1998 v TEF 10 15.3 8:1
Kocher et al.'” 2003 v TEF 80 11.6 45:35
Mosier and Stanitski'® 2004 v TTF 18 13.7 17:1
Ishibashi et al.” 2005 v TEF 13 11.7 9:4
Shea et al.® 2011 Y TEF 20 12.0 16:4
Pandya et al.® 2012 v TTF 40 15.0 40:0
Johnson et al."” 2014 v TEF 20 12.5 12:8
Mitchell et al.? 2015 v TEF 58 12.0 34:24
Chotel et al.?° 2016 v TEF 15 6.5 9:6
Najdi et al.*! 2016 v TEF 24 11.0 17:7
Feucht et al.” 2017 III TEF 54 12.5 35:19
Rhodes et al.” 2018 v TEF 163 11.8 109:54
Shin et al.’ 2018 1% TEF 27 10.1 19:8
Mayo et al.** 2019 v TEF 129 10.5 85:44
Callanan et al.’ 2019 111 TEF 67 11.8 49:18
Formiconi et al.”* 2020 v TTF 12 14.1 11:1
Jardaly et al.*’ 2021 v TTF 95 14.2 84:11
Quinlan et al.*° 2021 % TEF 97 10.7 33:33
Kushare et al.” 2021 v TPF 53 15.4 44:9

Details of studies published in systematic review, organized by year of publication.

injury. The most common was meniscal entrapment
(n = 234 [22.1%]), whereas tendinous extensor
mechanism disruption was the least common (n = 22
[10.1%]) outside of the TTF population. The details are
outlined in Table 2.

Among TTFs, 15.1% (n = 33) of fractures were
associated with soft tissue injury. The most common
associated injury was tendinous extensor mechanism
disruption, occurring in 10.1% (n = 22) of fractures.
Other injuries were relatively uncommon, with
meniscal tear occurring in 4.1% (n = 9) of fractures.

TEFs were the largest cohort included in this review
of PPTFs. They also represented the greatest incidence
of associated soft tissue injury (n = 474), present in
63.5% of these fractures. The most common was
meniscal entrapment, occurring in 30.1% of cases.
Meniscal pathology (tears/entrapment) represents
79.3% (n = 376) of associated soft tissue injuries in this
group, and overall risk of meniscal pathology is 50.3%
among TEFs.

Although TPFs represent the smallest cohort in this
systematic review, they account for the highest risk of
associated soft tissue injury (n = 99). Among these,
60.9% had associated ligament injury (n = 56), fol-
lowed by meniscal tears occurring in 40.2% (n = 37) of
fractures. This cohort also represented the highest
proportion of chondral injury, occurring in 13.0%
(n = 12) fractures.

Discussion

The most important finding of this study is that
58.7% of PPTFs are associated with soft tissue injury.
Associated injury was most common among TPFs and
TEFs. Meniscal pathology was the most common
across all groups, except for the tibial tubercle frac-
tures. Meniscal entrapment was present in 22.1% of
patients and meniscal tears in 18.6%. Despite the
incidence of associated pathology, just 47.8% of pa-
tients underwent preoperative MRI or were managed
with arthroscopy to facilitate intra-articular assess-
ment and determination of the true incidence of
disease.

There is limited literature highlighting the incidence
of associated soft tissue injuries with proximal tibia
fractures in the pediatric population. This association
has been well studied in the adult population, with
associated soft tissue injury occurring in 71% to 73% of
patients.'”"" This is comparable to what was found in
our study in the pediatric population. Similarly,
meniscal injury was the most common across both
groups.'”'" Although the fracture patterns may differ
somewhat between adults and children, the similar
incidence of associated soft tissue pathology suggests
generalizability. The differences in injury pattern
despite similar mechanism are owed to the relative
weakness of pediatric ligamentous attachments and the
vulnerability of ossifying physes.
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Table 2. Associated Soft Tissue Injury in Different Fracture Types

Tendinous Extensor

Fracture Number of Associated Soft Meniscal Meniscal Ligamentous Mechanism
Type Fractures Tissue Injury Tear Entrapment Injury Chondral Injury Disruption
TTF 218 33 (15.1%) 9 (4.1%) 0 (0.0%) 1 (0.5%) 1 (0.5%) 22 (10.1%)
TEF 747 474 (63.4%) 151 (20.2%) 225 (30.1%) 42 (5.6%) 56 (7.5%) 0 (0.0%)
TPF 92 114 (100%) 37 (40.2%) 9 (9.8%) 56 (60.9%) 12 (13.0%) 0 (0.0%)
Total 1057 621 (58.8%) 197 (18.6%) 234 (22.1%) 99 (9.4%) 69 (6.5%) 22 (2.1%)

Summary of the soft tissue injuries associated with different fracture patterns, as well as overall incidence.

Overall, we believe that our study is valid and
generalizable, providing valuable information on the
incidence of associated soft tissue injuries in PPTFs. This
was the goal of the systematic review, because we
identified that 58.8% of patients had associated soft
tissue injury. Going forward, further research should be
conducted into PPTFs, to identify the true incidence of
associated injuries with these fracture patterns. A pro-
spective study to identify outcomes, and the signifi-
cance of these lesions would be useful to inform
practice and management decision.

Ultimately, these injuries should prompt consider-
ation by treating physicians for intra-articular assess-
ment before definitive treatment in the form of MRI or
arthroscopy. This will allow for informed decision
making based on the likely presence of associated soft
tissue injury. It is hoped that this will prove useful in
preventing morbidity, reoperation, and lost sport years
among pediatric patients sustaining these injuries.

Limitations

This systematic review is not without limitations.
These are partially pertaining to the design, such that
data are collected retrospectively from pre-published
articles without access to the complete data set. As
such we are also limited by the quality of articles pro-
duced, such that all data were gathered from Level III/
IV evidence, which were retrospective cohort studies
and case series. The level of evidence limits the strength
of recommendations that can be drawn from this
article. This could lead to reporting bias, because there
is a lack of homogeneity to the data. This led to the
inability to differentiate between patients who under-
went both MRI and arthroscopy in their evaluation and
treatment, but rather just the ability to report on the
number of patients undergoing each. Finally, although
the goal of this study was to define the incidence of
associated soft tissue injuries, we did not quantify the
significance of these lesions. Not all soft tissue injuries
require operation or even lead to substantial morbidity.
However, this was outside the scope of our study
because we aim to improve recognition of these injuries
for treatment consideration.

In addition, in our systematic review there is bias
toward TEFs, with 70.6% of fractures included being

TEFs. We believe that this is partly due to the mecha-
nism of injury and the nature of a TEF being a func-
tional anterior cruciate ligament injury, such that
associated injury is often suspected by treating physi-
cians. We believe that our study underestimates the
incidence of associated pathology because of the limited
nature of intra-articular assessment, with 47.8% of
patients undergoing assessment before definitive man-
agement. Despite this underestimation, the high asso-
ciation of intra-articular injury deserves consideration
for further assessment in these injuries, with either MRI
before surgery or arthroscopy at the time of surgery.

Conclusions
PPTFs are associated with a high incidence of associ-
ated injury (58.8%), particularly in TEFs (63.5%) and
TPFs (100%).
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