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Suprapatellar Tibial Nailing in Skeletally Immature Patients: A Case
Series

Mckenzie D Brandt', Michael S Barnum’, Jose A Herrera-Soto’

Learning Point of the Article:
In this series of seven skeletally immature children, rigid intramedullary nailing of tibial shaft fractures via the suprapatellar approach was
not associated with limb deformity or growth arrest.

Introduction: Tibial shaft fractures are common pediatric injuries. Rigid intramedullary nails (RIMN) are widely used for the fixation of
complex tibial shaft fractures in skeletally mature individuals, but their safety is debated in patients with open physes. There has been growing
support for the use of RIMN fixation in pediatric patients due to the stability and rapid return to weight-bearing activities they offer. In this study,
we evaluate the utility and safety of suprapatellar RIMN fixation in skeletally immature children with tibial shaft fractures.

Materials and Methods: This retrospective case series includes seven skeletally immature patients treated with suprapatellar RIMN fixation of
tibial shaft fractures at a single level one trauma center between May 1,2009, and May 1,2024. The primary outcome of interest was clinical signs
of iatrogenic growth arrest. Secondary outcomes of interest included post-operative complications and time to full weight bearing (FWB),
union, and sport.

Results: The mean age at the time of operation was 13.7 years (range: 12—15) and the mean follow-up time was 14.21 months (range: 6-26.5).
‘We observed no clinical evidence of iatrogenic growth arrest or limb deformity post-operatively. The mean time to union was 24.17 weeks. On
average, patients returned to FWB and full activity/sport at 10.33 and 22.67 weeks, respectively. The majority of patients (n = S) did not require
hardware removal with the exception of one patient who developed a deep tissue infection and another with delayed union of an associated fibula
fracture.

Conclusion: In a series of seven skeletally immature children, suprapatellar RIMN fixation of tibial shaft fractures was not associated with
iatrogenic growth arrest. Benefits of this fixation technique include an expedited return to weight-bearing activity and sport.

Keywords: Intramedullary fixation, skeletally immature, tibial shaft fracture, orthopedic trauma, suprapatellar approach.

Introduction patients is closed reduction and casting (CRC) - particularly in

Tibial shaft fractures are a common cause of orthopedicinpatient children <10 years of age — patients with more complex fracture

admission to pediatric hospitals in the US [1]. Tibial torsion, Patternsmayrequire surgicalfixation (4].

sports injuries, and motor vehicle accidents are frequently cited
as mechanisms of diaphyseal injury [2,3], and recovery time
varies greatly depending on fracture pattern and treatment
approach. While the mainstay of tibial shaft fractures in pediatric

When operative management is required, intramedullary nailing
is an effective and minimally invasive strategy. In adults, fixation
with a rigid intramedullary nail (RIMN) expedites healing and
return to weight-bearing activities, with reduced time to union
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and lower risk of malunion compared to CRC [5,6]. However,
the use of these implants in skeletally immature patients is
debated due to concern that their insertion through an open
proximal tibial physis may arrest growth. Elastic stable
intramedullary nails (ESIN) - inserted distal to the proximal
tibial physis — are generally considered a safer alternative in
skeletally immature children but are less stable than RIMN [7].
They additionally require post-operative immobilization and a
second operation for implant removal after fracture union [8],
delaying return to weight-bearing activities and sport.

In recent years, there has been increasing support for the use of
RIMN fixation in pediatric tibial shaft fractures, though
literature on this topic is sparse. The suprapatellar approach has
been widely adopted and reported to allow for better fracture
alignment and easier reduction than the infrapatellar approach
[9,10]. In this study, we present post-operative outcomes of
seven skeletally immature patients who underwent RIMN
fixation of tibial shaft fractures via the suprapatellar approach.
Our objective is to contribute to the growing literature on the
utility and safety of RIMN fixation in skeletally immature tibial
shaft fractures, with a particular focus on the suprapatellar
approach.

Materials and Methods

This retrospective study included seven skeletally immature
patients treated with suprapatellar RIMN fixation of tibial shaft

fractures at a single level one trauma center between May 1,
2009, and May 1, 2024. The criteria for inclusion in the study
were (1) patients aged between 11 and 17 years who (2)
underwent suprapatellar RIMN fixation of a tibial shaft fracture
and (3) had open proximal tibial physes at the time of fixation as
determined by pre-operative radiographs. Skeletal maturity
status was classified by proximal tibial ossification status at the
time of pre-operative imaging studies. Patients with pathologic
fractures, congenital or developmental bone or connective
tissue diseases, or <6 months of documented follow-up were
excluded.

Operative technique

The procedures were performed by pediatric fellowship-
trained orthopedic surgeons. Fractures were fixed with
Advanced Orthopaedic Solutions (AOS) [3.1](n = 1), Stryker
T2 (n=2), or Smith and Nephew TRIGEN (n = 4) nail systems
with diameters ranging from 8.5 to 10 cm. Implant type and
diameter were determined by the admitting orthopedic
surgeon.

The patient was positioned supine on a radiolucent table with
the knee placed in a semi-extended position (15-30° of flexion)
to facilitate access to the suprapatellar entry point. Under
fluoroscopic guidance, a longitudinal incision was made
proximal to the patella, and the quadriceps tendon was split
longitudinally to allow insertion of a protective cannula system.

Figure 1: Rigid intramedullary nails fixation of a skeletally immature tibial /fibula fracture. Shown are anterior/posterior and lateral X-rays taken before (left)

and immediately after fixation (right) of a left simple oblique midshaft tibia fracture in a skeletally immature patient. An 8.5 x 360 mm Smith and Nephew

TRIGEN tibial nail was used in this patient.
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auto v. pedestrian incidents (n =4) and
Table 1: Patient and fracture characteristics

BMI

sports injuries (n = 2), with one all-

terrain vehicle (ATV) rollover

Patient MOI

Open/closed AO class

(kg/m®) accident. All patients were taken to the

1 13 F 22 Open 42-B3 AVP operating room in <24 h, with the

ATV exception of one patient who was

2 14 M 21 Open 42-A3 Rollover admilited on an outpitient basis after a

3 12 F 39 Open 42-B1 AVP failed attempt at conservative
4 14 M 21.5 Closed 42-B2 Sports treatmentwith CRC (Table 1).

> 14 M 222 Closed 42-A2 AVP The mean post-operative length of stay

6 15 M 152 Closed 42-A2 Sports was 2.43 days (range: 1-4) and all

7 14 M 22.6 Closed 42-B2 AVP patients were WBAT at the time of

Avg: 13.7 Avg: 234 discharge. Patients were followed for an

M: Male, F: Female, BMI: Body 1}1ass in.dt?x, AO: Arbeitsgemeinschaft fiif' average of 14.21 months (range:

Osteosynthesefragen, MOI: Mechanism of injury, AVP: Auto versus pedestrian 6-26.5). The mean time to union was

After confirming the correct starting point under fluoroscopy, a
guidewire was introduced through the cannula and advanced
under fluoroscopy into the tibial canal. Sequential reaming was
performed over the guidewire, followed by insertion of an
appropriately sized intramedullary nail. Proximal and distal
interlocking screws were placed under fluoroscopic guidance.
Care was taken throughout the procedure to minimize intra-
articular damage by maintaining appropriate alignment of the
instrumentation and protecting the patellofemoraljoint.

Informed consent was obtained after the risks and benefits of
the procedure were described. For open fractures (n = 3),
irrigation and debridement was performed in addition to
fixation, and the appropriate prophylactic antibiotic regimen
wasstarted (Fig. 1).

Rehabilitation and follow-up protocol

All patients were designated as weight bearing as tolerated
(WBAT) post-operatively. Most patients were followed up
initially at 4-6 weeks post-operatively and subsequently at 3-
month intervals until return to baseline activity was achieved.
During each follow-up visit, all patients underwent radiological
and clinical assessments. Pre- and post-operative radiographs
were used to determine time to union, and successful union was
defined as <S5° of angulation, and significant leg length
discrepancywas defined as >10 mm difference.

Results

The mean age of our study population was 13.7 years. Five
patients were male, and two patients were female. Three
patients self-identified as non-Hispanic white (42.9%), one as
Hispanic white (14.3%), and three patients as Black or African
American (42.9%). The majority of injuries were high-energy
trauma (n = 5). The most common mechanisms of injury were

24.17 weeks (range: 14-31). Patients
achieved full weight bearing (FWB) status at 10.33 weeks
(range: 6-20) and were able to return to full activity or sport at
22.67 weeks (range: 16-28), on average. All fractures united
successfully, with the exception of one patient who ultimately
required hardware removal and resection of the affected bone
due to osteomyelitis. This patient was excluded from the
calculation of mean time to union, time to FWB, or time to
return to full activity/sport (Table 2).

The primary complication of interest was evidence of growth
arrest or tibial shortening, and there was no evidence of tibial
shortening or partial growth arrest of the proximal tibial physis
in any of the included patients. Two patients required hardware
removal: One for mobilization of a delayed fibular union, and
another for treatment of osteomyelitis, as mentioned
previously. No patients required hardware removal due to
painful or prominent hardware (Table 3).

Discussion

In this study, we describe the use of suprapatellar RIMN in
seven skeletally immature tibial shaft fractures. Our study
population had excellent post-operative outcomes, with no
evidence of tibial non-union or malunion, tibial shortening,
angular deformity, or iatrogenic growth arrest. Patients
returned to FWB in as little as 6 weeks and to full activity or
sport in as little as 4 months. Two patients developed
complications unrelated to growth arrest or deformity. One
patient had delayed union of an associated fibular fracture,
though this resolved after hardware removal and ultimately
united. Although one patient developed osteomyelitis post-
operatively, this was likely related to the mechanism of injury
and open fracture type rather than the use of an intramedullary
nail.

Our findings are consistent with previous studies, which
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outcomes. Patients who underwent

Table 2: Post-operative outcomes

Patient LOS (days)

(months) (weeks)

Follow-up  Time to union Time to FWB Time to sport

(weeks)

suprapatellar RIMN are less likely to
experience persistent anterior knee

(weeks) pain and more likely to be satisfied with

1 4 75 22 20 28 their post-operative activity level
> P 13 _ i} ) [17,18,19]. Intraoperatively, the
3 3 14.5 28 12 24 suprapatellar approach also allows for
4 1 26.5 28 12 24 easier fracture reduction, greater
5 3 19 31 6 78 accuracy with nail insertion, and
6 ) 13 22 6 16 shorter operating time with reduced
7 2 6 14 6 16 radiation exposure [20,21,22].
Avg: 2.43 |Avg: 14.21| Avg: 24.17 Avg: 10.33 Avg: 22.67 | The primary limitation of this study is
LOS: Length of stay, FWB: Full weight bearing its small sample size, which limits

reported no signs of physeal injury or growth arrest in skeletally
immature tibial shaft fractures fixed with RIMN [11,12,13,14].
Two prior studies have reported results of pediatric RIMN
fixation using the infrapatellar approach [11,12], and one study
presented a series of 37 skeletally immature tibial shaft fractures
fixed via RIMN, though >80% were infrapatellar [13]. A fourth
study, recently published in the Journal of the Pediatric
Orthopedic Society of North America, observed no significant
clinical or radiographic evidence of growth disturbance in a
cohort of 35 skeletally immature children treated with
suprapatellar tibial RIMN [14]. Participants were surveyed at
their final follow-up appointment, and an overall patient
satisfaction rating of 9.56/10 was reported by 30 respondents
[14].

An advantage of RIMN fixation of tibial shaft fractures is the
expedited return to weight-bearing activity, which is associated
with improved outcomes and faster healing [15]. All of our
patients were able to WBAT at the time of discharge, whereas
patients treated with ESIN or CRC are non-weight bearing or
partial weight bearing post-operatively [3,16]. CRC in
particular requires a significant period of immobilization —
often 10-12 weeks — delaying return to weight-bearing activity
[7]. Return to sport can also be delayed with these techniques.
Patients treated with CRC may require significant rehabilitation
to combat muscle atrophy, while patients allowed to weight bear
early can maintain muscle bulk during healing. In addition, the
standard procedure for ESIN is to remove the hardware after
healing [8], requiring a second operation and rehabilitation
period. Alternatively, rigid nails can be left in place indefinitely.
In this study, there were no patients who required hardware
removal for painful or prominent hardware.

Additional studies are needed to determine whether the
suprapatellar or infrapatellar approach is superior in skeletally
immature children. However, the suprapatellar approach is
generally preferred in adults due to superior functional

statistical power and the ability to
detect rare complications. The
retrospective design introduces potential selection and
documentation bias, and the absence of a control group
prevents direct comparison with alternative techniques, such as
ESIN, CRC, or infrapatellar RIMN fixation. Follow-up was
relatively short and variable, which may be insufficient to detect
late growth disturbances. The cohort consisted primarily of
patients near skeletal maturity, limiting generalizability to
younger children with significant growth remaining. Functional
outcomes were limited to clinical milestones without validated
patient-reported outcome measures or quality-of-life
assessments, and the exclusion of one patient with post-
operative osteomyelitis from certain outcome analyses may
introduce reporting bias. Physeal injury was assessed clinically
and radiographically with plain films, potentially missing subtle
injuries detectable on advanced imaging. Finally, implant
selection was not standardized, introducing technical
heterogeneity.

Conclusion

Stable reduction and early mobilization are critical in the

Table 3: Post-operative complications and reoperation
Complication or Reoperation ~ Number (%) ¢=7)
Delayed union tibia 0(0)
Delayed union fibula 1(14.3)
Osteomyelitis 1(14.3)
Acute compartment syndrome 0(0)
Angular deformity 0(0)
Tibial shortening 0(0)
Hardware removal 2(28.6)
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management of pediatric tibial shaft fractures with complex
fracture patterns. While CRC delays return to weight-bearing
activity and ESIN lacks stability, RIMN achieves both goals. In
seven skeletally immature tibial shaft fractures fixed with RIMN
via the suprapatellar approach, there were no signs of iatrogenic
growth arrest or limb deformity. Therefore, we conclude that
suprapatellar RIMN is a viable option for fixation of skeletally
immature tibial shaft fractures, despite its insertion through the
proximal tibial physis. Our study contributes to the limited but
growing literature on the use of RIMN fixation of tibial shaft

fractures in skeletally immature children and includes a patient
population with the youngest reported mean age to date.

Clinical Message

While many pediatric tibial shaft fractures can be adequately treated
with CRC, RIMN fixation is an excellent and safe option for more
complicated fracture types, or perhaps for those who wish to make a
quick return to sport. Most patients recovered uneventfully, and
there was no evidence of limb deformity oriatrogenic growth arrest.
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