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Introduction
Distal femoral extension osteotomy (DFEO) for the 

treatment of patients with fixed flexion deformities associated 
with arthritic conditions and neuromuscular disorders is a well-
established procedure [1-3].The use of 90⁰ locking plates for 
the correction of persistent crouch gait in pediatric cerebral 
palsy patients has been described with favorable results, 
including improved mobility, decreased flexion deformity and 
extensor lag, and increased muscle strength [1-4] Reported 
complications with this technique in cerebral palsy patients 
vary with modern reports ranging from less than 5% to 19% 
[1,3,4]. Frequent complications with use of plate fixation in 
DFEO include delayed union or nonunion, fixation failure, loss 
of correction, and neurovascular injury [2,5]. Disadvantages 
of this technique include early-weight bearing restrictions and 
slowed rehabilitation, both of which are critical in patients 
with cerebral palsy. Standard rehabilitation protocols for 90⁰ 
condylar locking plates include graduated weight bearing 
beginning at six weeks, but partial weight bearing has been 
initiated as early as four weeks in pediatric cerebral palsy 
patients [4,5] Here we describe the technique of DFEO using 
a retrograde nail in pediatric patients with cerebral palsy and 
a crouch gait.

Surgical Technique

Preoperative Planning
The degree of distal femoral extension is determined 

from lateral radiographs of the knee in full extension. 
Measurements of the tibio-femoral angle and re-creation of 

the neutral alignment mechanical axis is done by following 
the technique described by O’Malley et al, 2016 [6].

Patient Positioning
Position the patient in the supine position on a radiolucent 

table, exposing the entire limb. A Foley catheter should be 
inserted to aid in fluid resuscitation during the procedure. 
Draping up to the naval will allow access and mobility of 
the proximal femur. For bilateral cases, the urinary catheter 
can be taken up the midline and covered with ioban after 
appropriate padding is placed. This can then be prepped into 
the field. For unilateral cases, bumping the operative limb so 
that the patella is directly anterior will help with exposure. 
Confirm visualization of the hip, knee, and ankle prior to 
prepping and draping with c-arm imaging.

Surgical Technique
The DFEO and patellar advancement are performed 

through a midline incision under tourniquet control. To 
expose the patellar tendon, a midline incision through fascia 
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C. Removal of the insertion for preparation of 
advancement

If electing to proceed with either of the first two options, 
patellar redundancy should be addressed using the technique 
described by Hyer et al, [7] If proceeding with the third 
option, the patellar tendon can be carefully elevated from 
the tibia tubercle apophasis or the tibia tubercle can be 
osteotomized with the attached patellar tendon. To help with 
exposure we recommend partial resection of the patellar fat 

from the inferior pole of the patella to 3-4 finger breadths 
past the tibia tubercle is made (Figure 1).

This incision can be made smaller should a patellar reefing 
be used rather than advancement. With the patellar tendon 
exposed, there are three options to mobilize the patella:

A. Split

B. Mobilization to the side (easier than normal because 
of patella alta)

         

 

A B C 

Figure 1: Midline incision measurements and appropriate marking (A), with exposure of the patellar tendon through the incision (B), and 
adequate exposure and ability to mobilize the patella (C). 

         

Figure 2: Following exposure of the patellar tendon (A), the tendon can be separated from the tibial tubercle apophysis (B), exposing 
the fat pad (C), for resection (D,E) and exposing the distal femur (F).
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for more extension when performing the osteotomy (Figure 
3). Biplane fluoroscopy is used to verify the appropriate 
position of the starting point. Insert the guide pin into the 
femoral canal in line with the anatomic axis of the femur to 
the desired distance. Following traditional trauma principles 
we would recommend the nail length be at or proximal to the 
lesser trochanter to minimize stress. One also needs to take 
in account whether or not the patient will potentially need 
proximal femoral work in the future. If so, you may want to 

pad. Care must be taken to avoid injury to the intermeniscal 
ligament. This exposure also allows easy access to the entry 
site for a tibia nail should this be used for a concomitant tibia 
derotational osteotomy. The patellar tendon and patella can 
then be retracted to allow access to the distal femur (Figure 
2).

With exposure of the intercondylar notch, the location of 
the starting point can be selected. The starting point is slightly 
posterior to a traditional retrograde starting point to allow 
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Figure 3: The starting point is located within the intercondylar fossa, posterior to the femoral canal as indicated by the drill bit (A).
Insertion of the guide pin will follow the anatomic axis of the femur and should be confirmed on radiographs (B). Prior to over-reaming 
the canal, vent holes should be produced at the appropriate site of the osteotomy (C). 

         

Figure 4: Marked location for the osteotomy incision (A) with exposure of the distal femur (B) and markers for osteotomy cuts (C). 

reamed once more in the distal end of the fragment. To aid 
interrogation, we recommend over-reaming by two sizes 
over the desire nail diameter.

If introducing a larger degree of rotational correction, 
the nail must be bent straighter than normal using a table 
top bender. Visual confirmation of the appropriate position 
of the retrograde nail and reduction of the osteotomy site 
should be performed (Figure 5). Rotational correction can be 
introduced using marks through the lateral incision. Following 
satisfactory correction, the nail is fixed proximally using the 
oblong hole on the proximal aspect of the retrograde nail 
(Figure 5). The use of distal screws can then be used (Figure 

end the nail distal to the lesser trochanter. Prior to reaming, 
make a 2-3 cm incision at the desired level of the metaphysic 
to perform the osteotomy (Figure 4).

Ideally, this incision will be at the level where the 
osteotomy site would be. Once the anticipated osteotomy 
site is marked, vent holes can be drilled and the osteotomy is 
started using a sagittal saw (Figure 3). A 1cm section of bone 
should be resected with the initial cut occurring perpendicular 
to the femur shaft and the second cut at the desired amount 
of extension (Figure 4). After the removal of bone, the 
osteotomy is closed down under direct visualization. The 
guide wire is placed through the previously reamed hole and 
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5). After satisfactory osteotomy and placement of retrograde 
nail, proceed with patellar tendon advancement or tibia 
nailing if indicted. The procedure for tendon advancement 
follows the technique described by Nova check et al,. with 
securing of the tendon using sutures as shown in (Figure 6) 
[8].

Postoperative Management
Patients are weight bearing as tolerated for ambulation and 

mobilization immediately postoperatively. The leg is placed in 
a knee immobilizer in full extension. Knee exercises and range 
of motion are permitted postoperatively. Knee immobilizer 
can be unlocked to 0-60° after four weeks postoperatively. 

After sufficient quadriceps strength is achieved, the knee 
immobilizer is discontinued. Postoperative imaging should 
be obtained prior to discharge and during standard follow-up 
(Figures 7).

Discussion
This technique for DFEO using retrograde nails in pediatric 

cerebral palsy patients has not been previously described. 
The advantages of this technique include allowance for rapid 
mobilization and rehabilitation in the postoperative period 
as well as a more stable implant construct. Plate fixation in 
DFEO provides a familiar surgical technique, but is associated 
with the potential for hardware irritation, high rates of plate 
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Figure 5: Intra-operative radiographs of guide wire placement (A) and insertion of the retrograde nail (B) after bone wedge removal 
and reduction of the osteotomy site. Radiographs taken after placement of the distal (C) and proximal (D) locking screws. 

         

Figure 6: Suture pattern used to secure the patellar tendon to the tibial tubercle physis following correction of patella alta.
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axial stability, rotational control, fatigue life, and load 
distribution along the femur [14-16]. Because of the desire 
and importance to mobilize early in cerebral palsy patients, 
the biomechanical advantages of intramedullary nails 
provide confidence in faster weight bearing and advanced 
rehabilitation. Additional benefits of the use of a retrograde 
nail include the ability to correct larger femoral malrotation 
deformities as well as mitigate additional surgery to remove 
hardware, a common procedure after locking plate DFEO 
[1]. Malrotation of >30º are difficult to correct with plates, 
but larger rotational deformities can be corrected using the 
technique described here and allow for easier rotational 
control without the need for pinning [8].

This technique is recommended for patients where there 
is a desire to mobilize early due to cognitive or functional 
indications, where concern of inactivity for 4-6 weeks may 
prove detrimental to recovery. In patients with poor bone 
quality or at high risk for nonunion due to co morbidities this 

removal, and melanin or nonunion [1,2,6]. Additional concern 
arises with premature weight bearing, which may result in 
implant failure or osteotomy collapse. Through the use of a 
retrograde nail patients were permitted for weight bearing 
as tolerated postoperatively, providing weight bearing ability 
four to six weeks earlier than if a locking plate were used. 
The use of a retrograde nail provides increased stability over 
locking plates, allowing for early weight bearing and increased 
mobility with less concern of implant failure compared to 
locking plate fixation [9,10].

Plate and long nails are used frequently in trauma surgery 
for long bone fixation and their biomechanical benefits 
studied extensively. Biomechanical comparative studies 
with osteoporotic fractures demonstrated the very rigid 
construct obtained with plate fixation, creating a high-strain 
environment that may prevent bone healing in, cause stress 
risers, or peril-implant fractures [11-13]. Intramedullary nails 
have also been shown to be superior to plating with increased 
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Figure 7: Pre-operative CT scan of a pediatric cerebral palsy patient (A). Radiographs taken 2-months after DFEO with a retrograde nail 
showing callus formation at the osteotomy site (B). Radiographs taken 14 months after DFEO showing a full healing at the osteotomy 
site (C).Radiograph taken 3-months after DFEO with a retrograde nail showing marginal callus formation at the osteotomy site (D).
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technique may also prove beneficial. Intramedullary nailing 
requires crossing the growth plate centrally and should only 
be used in patients nearing growth completion. We would 
continue to recommend the use of plate fixation for the 
majority of patients, but provide an alternative technique for 
DFEO with the use of a retrograde nail in cases where locking 
plate complications present a greater risk. The patient’s age, 
bone quality, ambulatory status, mental and cognitive status, 
and desire to mobilize should be weighed when considering 
the mechanical and biologic properties of DFEO with a plate 
or nail. Indications and contraindications are outlined in 
(Table 1).
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Table 1

Indications and Contraindications

Indications 

 Pediatric patients with cerebral palsy and crouch gait

• Obesity

 Poor bone quality

 Desire to mobilize early

• Inability to cooperate with locking plate postoperative 
protocols

 At high risk for plate issues

• Large femoral malrotation deformities that may be overly    
challenging to correct with the use of a locking plate

Contraindications

• Skeletally immature

• Small isthmus

Copyright: © 2022 Hayes DS, et al. This is an open-access article distributed under the terms 
of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original author and source are credited.

SCHOLARS.DIRECT

DOI: 10.36959/765/401

https://pubmed.ncbi.nlm.nih.gov/22411337/
https://pubmed.ncbi.nlm.nih.gov/22411337/
https://pubmed.ncbi.nlm.nih.gov/22411337/
https://pubmed.ncbi.nlm.nih.gov/22411337/
https://pubmed.ncbi.nlm.nih.gov/30905981/
https://pubmed.ncbi.nlm.nih.gov/30905981/
https://pubmed.ncbi.nlm.nih.gov/30905981/
https://pubmed.ncbi.nlm.nih.gov/30905981/
https://pubmed.ncbi.nlm.nih.gov/29629916/
https://pubmed.ncbi.nlm.nih.gov/29629916/
https://pubmed.ncbi.nlm.nih.gov/29629916/
https://pubmed.ncbi.nlm.nih.gov/27709028/
https://pubmed.ncbi.nlm.nih.gov/27709028/
https://pubmed.ncbi.nlm.nih.gov/27709028/
https://pubmed.ncbi.nlm.nih.gov/33734198/
https://pubmed.ncbi.nlm.nih.gov/33734198/
https://pubmed.ncbi.nlm.nih.gov/33734198/
https://pubmed.ncbi.nlm.nih.gov/33734198/
https://pubmed.ncbi.nlm.nih.gov/19805590/
https://pubmed.ncbi.nlm.nih.gov/19805590/
https://pubmed.ncbi.nlm.nih.gov/19805590/
https://pubmed.ncbi.nlm.nih.gov/19805590/
https://pubmed.ncbi.nlm.nih.gov/26015637/
https://pubmed.ncbi.nlm.nih.gov/26015637/
https://pubmed.ncbi.nlm.nih.gov/26015637/
https://pubmed.ncbi.nlm.nih.gov/26015637/
https://pubmed.ncbi.nlm.nih.gov/27235531/
https://pubmed.ncbi.nlm.nih.gov/27235531/
https://pubmed.ncbi.nlm.nih.gov/27235531/
https://pubmed.ncbi.nlm.nih.gov/17288090/
https://pubmed.ncbi.nlm.nih.gov/17288090/
https://pubmed.ncbi.nlm.nih.gov/34533494/
https://pubmed.ncbi.nlm.nih.gov/34533494/
https://pubmed.ncbi.nlm.nih.gov/34533494/
https://pubmed.ncbi.nlm.nih.gov/24395321/
https://pubmed.ncbi.nlm.nih.gov/24395321/
https://pubmed.ncbi.nlm.nih.gov/24395321/
https://pubmed.ncbi.nlm.nih.gov/24395321/
https://pubmed.ncbi.nlm.nih.gov/24395321/
https://pubmed.ncbi.nlm.nih.gov/24126497/
https://pubmed.ncbi.nlm.nih.gov/24126497/
https://pubmed.ncbi.nlm.nih.gov/24126497/
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02222-x
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02222-x
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02222-x
https://josr-online.biomedcentral.com/articles/10.1186/s13018-021-02222-x
https://pubmed.ncbi.nlm.nih.gov/18978417/
https://pubmed.ncbi.nlm.nih.gov/18978417/
https://pubmed.ncbi.nlm.nih.gov/18978417/
https://pubmed.ncbi.nlm.nih.gov/18978417/
https://pubmed.ncbi.nlm.nih.gov/25142271/
https://pubmed.ncbi.nlm.nih.gov/25142271/

	Title
	Abstract
	Keywords
	Introduction
	Surgical Technique 
	Preoperative Planning 
	Patient Positioning 
	Surgical Technique 

	Postoperative Management 
	Discussion
	Funding
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	References

