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Abstract
Percutaneous epiphysiodesis using transphyseal screws (PETS) is a commonly used technique for guided growth. 
Technical challenges specific to the distal femur include difficulty obtaining a start point, accurately predicting 
trajectory across the physis, and achieving adequate thread purchase in the epiphysis. A previously unreported 
complication is peri-implant fracture. We present a case of peri-implant fracture after epiphysiodesis for leg length 
discrepancy, ultimately treated with retrograde intramedullary nail fixation. We recommend a modified PETS technique 
and close attention to orthopaedic principles to avoid this unfortunate complication.

Key Concepts
•	 Stress riser fractures can occur due to low bone strength and high mechanical stress, cortical defects, changes in 

stiffness at the ends of a construct, and changes in cross-sectional area of the bone.

•	 Percutaneous epiphysiodesis using cannulated screws (PETS) may be safely used for guided growth of the distal 
femur when the surgeon can utilize a single start point, with trajectory through the physis at the junction of the 
lateral and middle thirds, to allow adequate purchase in the epiphysis, and to avoid stress riser creation.

•	 A modified technique utilizing retrograde guidewire placement with antegrade screw placement may help mitigate 
technical challenges and avoid complication.

http://doi.org/10.55275/JPOSNA-2023-684
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Introduction
There are numerous techniques for performing 
guided growth in pediatric patients with a multitude 
of lower extremity deformities. Common indications 
for epiphysiodesis and hemi-epiphysiodesis include 
leg length discrepancies (LLD), fixed knee flexion 
contracture, upper limb deformities, and progressive 
angular deformities of the lower extremities of variable 
etiologies from congenital to posttraumatic.1 These 
deformities can result in gait disturbances, pain, 
compensatory changes in other parts of the skeleton, 
and overall diminished function or quality of life. 
Epiphysiodesis alone is effective in certain patient 
populations with LLDs or deformities that are significant 
enough to cause functional impairment but not so 
severe that they require more invasive procedures such 
as lengthening or osteotomies. This typically includes 
patients with a predicted leg length discrepancy at 
maturity of 2-5 cm as well as sufficient remaining growth 
to allow for adequate angular correction.2

The physiology of epiphysiodesis involves growth 
arrest through the process of inducing a bone bridge 
at the indicated physis. Historically, this was done 
through an open excision of the physis and replacement 
of a bone block.3 This has since been replaced with a 
variety of percutaneous techniques including drilling of 
the physis itself, physeal spanning plates, and isolated 
screws. Percutaneous epiphysiodesis using transphyseal 
screws (PETS) is now one of the most common of 
these techniques and utilizes the compressive forces of 
cannulated screws to inhibit activity at growth plate.4 
Common complications with this technique include 
technical challenges with placement of the screws, 
difficulty with hardware removal, under/overcorrection, 
asymmetric physeal suppression secondary to screw 
migration, and hardware failure with screw breakage.5 
While the concept of peri-implant fracture is well known 
in orthopaedics, to our knowledge, it has not been 
well-documented as a possible complication of PETS. 
Peri-implant fracture is defined as a stress riser fracture 
around an implant that can be a prosthesis, plate, nail 
screw, pin, etc.6 We present a case of PETS of the distal 

femur complicated by peri-implant fracture requiring 
surgical intervention.

Case Report
A 14 + 8-year-old male with a history of Perthes 
disease of the right hip and leg length discrepancy who 
presented to clinic for evaluation. Imaging at the initial 
visit showed a bone age of 14 years and a leg length 
discrepancy of 3.3 cm (left: 88.7 cm, right: 85.4 cm). 
Femur length specifically was found to be 48.1 cm on the 
left and 44.9 cm on the right (Figure 1).

The decision was made to proceed with left distal 
femur epiphysiodesis to mitigate leg length discrepancy 
at skeletal maturity. We proceeded with left distal 
femur PETS. Intraoperatively, guidewires were placed 

Figure 1. Standing 
lower extremity films 
demonstrating leg length 
discrepancy, left greater 
than right, of 3.3 cm.
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percutaneously in an antegrade fashion. Several attempts 
were made on the medial cortex in an attempt to achieve 
optimal screw trajectory through the physis. Otherwise, 
the procedure was uncomplicated (Figure 2).

The patient recovered without any acute complications 
at his postoperative visits until he was 2 months out 
from surgery. During box jumps at a supervised physical 
therapy session, he felt a snap and had immediate pain 
and inability to bear weight. He was found to have a 
complete, displaced, peri-implant femur fracture at the 
proximal level of the transphyseal screws (Figure 3).

The patient underwent hardware removal of transphyseal 
screws and rigid intramedullary nail fixation at an outside 
hospital close to his home. He was seen in our clinic 4 
months postoperatively from his initial surgery and 2 
months postoperatively from his fracture fixation and 
was overall doing well without pain (Figure 4).

At his most recent visit (10 months status-post 
epiphysiodesis) his leg length discrepancy was 2.4 cm 
(Figure 5).

Further intervention to address residual discrepancy was 
declined by the family due to his prior complication. 
He is currently doing well with a shoe insert and is 

back to competitive sports. His right hip is currently 
asymptomatic and is being monitored by our Hip 
Preservation team.

Discussion
PETS is a common technique to perform permanent 
epiphysiodesis in pediatric patients with mild, yet 

Figure 2. Intraoperative fluoroscopy demonstrating antegrade placement of two 
fully threaded 6.5 mm cannulated stainless-steel screws.

Figure 3. Plain radiographs demonstrating left distal femoral 
peri-implant fracture.
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clinically significant, leg length discrepancies. This 
method is preferred for its minimally invasive nature, 
minimal postoperative pain, and low complication rate. 
When complications do occur in these cases, they tend to 
involve issues with the final correction (overcorrection, 
undercorrection, coronal malalignment) or hardware 
(symptomatic hardware, screw migration, difficulty 
with hardware removal, screw breakage).5 In this case, 
we present a patient who underwent distal femur PETS 
complicated by peri-implant femur fracture.

While a case report exists describing a distal femur 
stress fracture at the site of a tension band plate (TBP) 
used for epiphysiodesis, a peri-implant fracture after 
cannulated screw placement for guided growth in the 
distal femur has not been described.7 Epiphysiodesis 
with TBP and PETS have been shown to have similar 
efficacy for managing LLD, but studies have shown 
that TBP tends to have similar to significantly increased 
complication rates, again, most commonly involving 
deformity, wound complications, and knee pain rather 
than fracture.8 While there is particular concern for 
under-correction if not placed correctly with sufficient 

threads crossing the physis, PETS has been shown to be 
an overall effective and low-risk procedure, with only 
3.7% requiring revision procedure for broken implant or 
angular deformity.9

While there is minimal literature regarding the 
relationship between strain and stress riser fractures at 
the distal femur, there is significantly more knowledge 
about the proximal femur. The subtrochanteric region 
of the femur has been shown to be subject to high 
strain, and as such fixation anchored in this region has 
an increased risk for peri-implant fracture as a result of 
increased stress concentration.10 Example of this can be 

Figure 5. Most recent follow-up 
demonstrating 2.4 cm LLD.

Figure 4. Two months following screw removal and 
retrograde intramedullary nail fixation.
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seen in constructs such as femoral neck fixation with 
cannulated screws that have start points distal to the 
lesser trochanter, short antegrade cephalo-medullary 
nails, and femoral shaft retrograde intramedullary nails 
that end in the subtrochanteric region.10 The high-
strain environment of the subtrochanteric region of the 
proximal femur is attributed to multiple biomechanical 
factors, including tensile and compressive stresses 
produced by weight-bearing and muscle action as well 
as trajectories and patterns of trabecular and cortical 
bone.11 Cortical bone is stiffer with a higher resistance 
to stress, whereas trabecular bone is porous with a high 
resistance to strain.12 The metaphyseal-diaphyseal (MD) 
junction of the distal femur is anatomically similar to 
the subtrochanteric region of the proximal femur in that 
it is a transition point in the bone in terms of thickness 
of cortical bone and trabecular bone width. Implant 
placement in this transition zone leads to an abrupt 
change in stiffness that increases the stress concentration 
at the end of the construct.

We believe that the peri-implant fracture, in this case, 
occurred from the MD junctional positioning of the 
cannulated screw heads creating a stress riser at the 
proximal end of the construct. Stress riser fractures occur 
because of low bone strength and high mechanical stress 
as well as cortical defects, changes in stiffness at the 
ends of a construct, changes in cross-sectional area of the 
bone, and non-displaced fracture lines. Areas of stress 
concentration, such as empty screw hole or end of a stiff 
construct, tend to fracture when they experience torsional 
or tension forces.6 It has been shown that cortical 
perforations, such as a hole from prior screw or pin tract, 
pose the biggest risk for stress-riser fracture.13

In this case, our patient had multiple factors for local 
increase in stress intensity, including change in material 
stiffness from metal screw to bone, multiple guide pin 
passes leading to a pin tract immediately proximal to the 
screw creating a hole, and the change in cross-sectional 
area at the metaphyseal-diaphyseal (MD) junction. 
Also notably, the two screw heads were nearly at the 

same level on opposite cortices just distal to the lateral 
cortical hole, increasing the stiffness at the end of the 
construct and further increasing the stress at that location. 
Another consideration is screw material. Stainless 
steel implants are significantly stiffer than bone, while 
titanium implants more closely match the modulus of 
elasticity of bone. The use of titanium alloy implants has 
been postulated to decrease stress riser production and 
therefore lower complication rates in certain fracture 
constructs,14 although no literature exists regarding the 
use of stainless steel versus titanium implants for guided 
growth in the pediatric population.

Potential reasons for complication, in this case, 
include screw head positioning at the MD junction 
as well as multiple passes for guide pin placement 
leading to cortical holes. Both of these issues can 
be avoided with an alternative technique utilizing 
retrograde guide pin placement through the epiphysis, 
guide pin advancement, followed by antegrade screw 
placement (please refer to additional links for a video 
demonstrating this technique). With an epiphyseal start 
point, the surgeon can create tracts as needed to ensure 
appropriate placement of the guide pin, and subsequently 
the cannulated screw, through the physis and into the 
metaphysis without creating multiple proximal cortical 
holes. This avoids creating a stress riser in the diaphysis 
or MD junction of the femur that have lower cross-
sectional areas than the more distal regions. This also 
prevents repeated skiving at the MD junction, which can 
weaken the cortex and increase the risk of fracture.

While PETS is a common and relatively low-risk 
technique for epiphysiodesis in the pediatric population, 
this case highlights a previously unreported complication 
of peri-implant fracture. It is well known that these 
screws need to be appropriately positioned in the physis 
to avoid angulation deformity or inadequate growth 
arrest; however, this case shows that it is also essential to 
ensure appropriate positioning at the cortical entry point 
to avoid the creation of a stress riser, which in turn puts 
the patient at risk for complication.
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Additional Links
•	 JPOSNA® May 2023, Commentary on Peri-

Implant Fracture After Distal Femur Percutaneous 
Epiphysiodesis Using Transphyseal Screws

•	 American Academy of Orthopaedic Surgeons 
(AAOS) Orthopaedic Video Theatre, Distal Femur 
Guided Growth: Modified Surgical Technique with 
Retrograde Guide Pin and Antegrade Screw

•	 POSNA Study Guide, Epiphyseodesis Prediction and 
Technique
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