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Abstract
Purpose Retrograde intramedullary nailing of intra-articular distal femur fractures with metaphyseal and/or epiphyseal 
comminution is controversial and considered a contraindication to nailing. The purpose of this study was to report union 
rate, complications, and secondary procedures after open reduction and retrograde intramedullary nailing of comminuted, 
intra-articular, distal femur fractures.
Materials and methods A retrospective review performed at an urban level one trauma center identified 16 patients AO/
Orthopedic Trauma Association (OTA) 33-C2 and 33-C3 femur fractures treated with open reduction, lag screws, and ret-
rograde intramedullary nail fixation. Radiographic union, complications, secondary operations were reviewed.
Results At the 3-month follow-up 12 (86%) of the 14 patients with radiographs had healed. At last follow-up, all 16 femur 
fractures achieved radiographic union after the index procedure. No patient required a revision procedure for delayed union 
or nonunion. Complications occurred in 6 (38%) patients, including failed distal interlocking screws (n = 2), knee arthrofi-
brosis (n = 3), superficial wound infection (n = 1), and wound dehiscence (n = 1). Three (19%) patients required secondary 
procedures, which included knee manipulation under anesthesia (n = 3), distal interlocking screw removal (n = 2), and closure 
of a wound dehiscence (n = 1).
Conclusions Comminuted intra-articular distal femur fractures that can be successfully treated with retrograde IMN fixation 
will reliably go on to union with a complication rate that is favorable to that reported for plate fixation.
Level of Evidence: Level IV, retrospective case-series.

Keywords Retrograde nail fixation · Intraarticular distal femur fractures · AO/OTA 33C · Union · Nonunion · 
Comminuted · Extremenailing

Introduction

Despite advances in distal femur locking plates, the man-
agement of comminuted intra-articular distal femur frac-
tures remains complicated by high rates of nonunion [1–5]. 
While retrograde intramedullary nail fixation is an accepted 
and often preferred alternative to distal locking plates for 
the treatment of supracondylar distal femur fractures and 
fractures with simple intra-articular involvement, retrograde 

intramedullary nailing of intra-articular distal femur frac-
tures with metaphyseal and/or epiphyseal comminution 
(AO/OTA Classification 33-C2 and 33-C3, respectively) 
is controversial and considered a contraindication to nail-
ing by some [2, 3, 6–9]. However, in our experience retro-
grade nail fixation can be successful in certain comminuted 
fractures. There is a paucity of evidence for this treatment 
strategy; therefore, the purpose of this study is to report the 
outcomes of AO/OTA 33-C2 and 33-C3 intra-articular distal 
femur fractures managed with retrograde intramedullary nail 
fixation.
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Materials and methods

After institutional review board approval, a retrospective 
chart review was performed at a single level one trauma 
institution spanning five years (2011–2016) to identify com-
minuted intra-articular distal femur fractures (AO/OTA 
33-C2 or 33-C3) treated with retrograde intramedullary nail-
ing by a single surgeon (JRL). Exclusion criteria included 
less than 6 months of follow-up and bone loss requiring 
staged management.

The senior author determines if intra-articular distal 
femur fractures are amenable to retrograde nail fixation by 
reviewing preoperative computed tomography (CT) scans. If 
an intra-articular block can be reconstructed with lag screws 
and is sufficiently sized for a minimum of three distal inter-
locking screws, then retrograde nail fixation is his preferred 
construct, regardless of age, bone quality, or comorbidities. 
All fractures were fixed with the T2 Supracondylar Nailing 
(SCN) System (Stryker, Kalamazoo, MI).

In order to assess rotational alignment, the contralateral 
leg is placed on the same sized radiolucent triangle that will 
be used during the case prior to prepping and draping. A 

perfect lateral of the knee is taken with fluoroscopy, then a 
90-degree image of the hip is taken to assess less trochanter 
profile. To determine length, usually only in cases of severe 
metaphyseal comminution, a non-sterile radiopaque rule is 
placed over the femur while on the radiolucent triangle. The 
length from top of the femoral head to the bottom of the fem-
oral condyles is measured. All of these fluoroscopic images 
are saved for use during the procedure to assess length and 
rotation.

An open approach and reduction were performed on all 
patients. Procedures were performed with the patient supine, 
without a hip bump, on a radiolucent table with a sterile, 
radiolucent triangle. An open approach was utilized in all 
cases through an anterior midline skin incision and a lat-
eral parapatellar arthrotomy. The intercondylar fracture was 
first reduced and lagged together with two 6.5 mm partially 
threaded cannulated screws to reconstruct the main articular 
block. Additional fractures, such as Hoffa fractures, were 
then reduced and fixed in place with wires for two partially 
threaded 4.0 mm screws. Placement of the 4.0 mm screws 
was typically reserved for after nail insertion to prevent 
blocking the critical interlocking screw holes. Reduction in 
the articular block to the femoral shaft was obtained with 

Fig. 1  a Anteroposterior (AP) and b lateral femur radiographs of a 
comminuted distal femur fracture (AO/OTA 33-C2). c Computed 
tomography scan demonstrating intra-articular fracture extension in 
the sagittal and coronal planes. d AP and e lateral fluoroscopy images 

after fixation with cannulated screws and a retrograde intramedullary 
nail. f AP and g lateral femur radiographs at one-year follow-up show 
fracture union
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gross traction over bump to correct the extension deformity. 
All femurs were over-reamed by 1.5 mm prior to insertion of 
the nail. A minimum of three distal interlocking screws and 
two proximal interlocking screws were used on all fractures. 
The distal-most interlocking screw was locked in place as a 
fixed angle construct by insertion of the interlocking endcap 
(Fig. 1). Postoperatively, each patient’s weight-bearing was 
limited to touch-down for six weeks unless further limited 
by ipsilateral injuries.

The electronic medical record and associated radiographs 
for each patient were reviewed to document age, sex, tobacco 
use, the presence of diabetes, ipsilateral extremity injuries, 
final knee range of motion, complications, and revision pro-
cedures. One author (J.A.P.), a trauma-fellowship trained 
surgeon, reviewed all follow-up radiographs to document 
radiographic union, which was defined as bridging of 3 out 
of 4 femoral cortices on anterior-to-posterior and lateral 
radiographs of the femur at each follow-up visit.

Results

Chart review identified 20 patients with comminuted intra-
articular distal femur fractures (AO/OTA 33-C2 or 33-C3) 
treated with retrograde intramedullary nailing. Four patients 
were excluded, including one patient with a 12 cm diaphy-
seal defect that was treated with an antibiotic spacer at the 
index procedure, and three patients with less than 6 months 
of follow-up. Sixteen patients were included in analysis.

Details for each of the 16 patients are presented in Table 1. 
The mean follow-up was 16 months (range, 6–48 months). 
The mean age was 62 years (range, 24–90 years), 7 (44%) 
were male, 4 (25%) were tobacco users, and 3 (19%) were 
diabetic. Open fractures were present in seven patients 
(44%), all of which were considered type IIIA according to 
the Gustilo-Anderson classification. None of the fractures 
had segmental bony defects requiring spacer placement or 
bone grafting. Ipsilateral lower extremity injuries were pre-
sent in 5 (31%) patients. Fractures types included 10 (62%) 
AO/OTA 33-C2 and 6 (38%) AO/OTA 33-C3. Coronal 
fractures of the femoral condyle, or Hoffa fractures, were 
present in 25% (n = 4), all of which were fixed separately 
with 4.0 cannulated screws (Stryker, Kalamazoo, MI) placed 
anterior-to-posterior.

Radiographs at 3-month follow-up were obtained in 
14 patients with 12 (86%) of these patients demonstrating 
radiographic union. One patient united at 7 months. The 
time to union in the remaining three patients is unknown. 
Two of these patients missed both 3- and 6-month follow-up 
and were united at last follow-up, and one patient was not 
united at 3 months, missed their 6-month follow-up, and 
were united at last follow-up. No patient required a revi-
sion fixation procedure for loss of fixation, delayed union, or 

nonunion. Knee range of motion at last follow was 0 degrees 
of extension for all patients and an average of 122 degrees 
of flexion (range, 70–140 degrees).

Eight minor complications occurred in six patients (38%), 
five of which had open fractures, including: backing out of 
a distal interlocking screw (× 3), arthrofibrosis of the knee 
(× 4), traumatic wound dehiscence (× 1), and a superficial 
wound infection that resolved with a course of oral antibiotic 
treatment.

Three (19%) patients returned to the operating room for 
a secondary procedure. The first patient underwent a knee 
manipulation under anesthesia for arthrofibrosis 3 months 
postoperatively. The second patient underwent a knee 
manipulation under anesthesia for arthrofibrosis and removal 
of a loose distal interlocking screw 6 weeks postoperatively. 
The third patient underwent knee manipulation under anes-
thesia for arthrofibrosis and debridement of a non-healing 
traumatic open wound 7 weeks postoperatively.

Discussion

This is the largest study to-date analyzing retrograde 
intramedullary nail fixation of comminuted, intra-articular 
distal femur fractures (AO/OTA 33-C2 and 33-C3). This 
technique was successful in achieving union in all of patients 
without any additional bone grafting or revision fixation 
procedures.

A previous review of the 18 studies analyzing 479 dis-
tal femur fractures (AO/OTA 33A, B, and C) treated with 
open reduction and internal fixation reported nonunion rates 
ranging from 0 to 19% and revision fixation or grafting pro-
cedures ranging from 0 to 32% [5]. Three separate studies 
evaluated the outcomes in a total of 60 comminuted intra-
articular fractures (33C) and found that 12 (20%) patients 
developed nonunions and 13 (22%) patients required major 
revision procedures [1, 10, 11]. In contrast, our study 
reported no nonunions and no major revision procedures. 
The differences in complications between intramedullary 
nail and plate fixation may be secondary to the nail’s ability 
to minimize soft-tissue stripping and provide a load-sharing 
construct [1, 4, 12, 13].

Although retrograde intramedullary nail fixation is an 
accepted treatment for simple intra-articular fractures distal 
femur fractures (AO/OTA 33-C1), its use for comminuted 
metaphyseal and epiphyseal segments (AO/OTA 33-C2 
and 33-C3) is controversial with scant evidence [2, 6, 7]. 
The current literature utilizing modern implants (AO/OTA 
33-C) is limited to two studies with limited patient num-
bers. Thomson et al. [6] compared 22 intra-articular distal 
femur fractures (AO/OTA 33-C1) undergoing plate fixation 
versus retrograde IMN fixation and found that the plating 
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group required more bone grafting procedures (67% vs. 9%), 
had more malunions (42% vs. 0%), and had more nonunions 
(33% vs. 9%). In addition, Siefert et al. [7] reported on 37 
type A and 11 type C fractures fixed with retrograde nail 
fixation and found that all fractures healed primarily, with 
no differences in functional, clinical, or radiographical out-
comes between type A and C fracture groups. Complications 
in the type C group included two cases of leg length short-
ening > 1 cm, two cases of intra-articular nail prominence, 
one fracture malreduction, and one iatrogenic fracture of the 
femoral shaft. Similarly, our study found that retrograde nail 
fixation of these fractures resulted in reliable union without 
revision procedures.

Another technique described by Liporace and Yoon [14] 
for treatment of comminuted intra-articular fractures is the 
combination of nail and plate fixation—

a construct advocated for patients where poor bone qual-
ity could compromise interlocking screw fixation. In their 
series of six patients with native distal femur fractures 
treated with this method, Liporace and Yoon [14] reported 
no cases of reoperation, nonunion, or implant failure. Five of 
the six patients regained their pre-injury ambulatory status. 
The nail-plate construct is a useful technique if the surgeon 
feels additional fixation is warranted after retrograde nail 
fixation.

Our study, like most of the literature on the use of retro-
grade IMN fixation for intra-articular distal femur fractures, 
is limited by its small sample size, retrospective design, lack 
of functional outcomes, and lack of control group. Based 
on our observed nonunion rate, a total sample size of 146 
patients would be necessary to determine a 10% difference 
in nonunion between plate and IMN fixation with a power of 
0.8 and an alpha of 0.05. Such a sample size would require 
a large multi-center effort.

Conclusion

This study demonstrated that comminuted intra-articular 
distal femur fractures can be successfully treated with ret-
rograde IMN fixation and will reliably go on to union with 
a complication and revision surgery rate that is favorable to 
that reported for plate fixation.

Declarations 

Conflict of interest This research did not receive any specific grant 
from funding agencies in the public, commercial, or not-for-profit sec-
tors. The authors have no specific disclosures related to this study.

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-

tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed Consent The institutional review board approved this study. 
Due to the retrospective nature of this work, informed consent was 
waived.

References

 1. Canadian Orthopaedic Trauma Society (2016) Are locking con-
structs in distal femoral fractures always best? A prospective mul-
ticenter randomized controlled trial comparing the less invasive 
stabilization system with the minimally invasive dynamic condy-
lar screw system. J Orthop Trauma 30:e1-6. https:// doi. org/ 10. 
1097/ BOT. 00000 00000 000450

 2. Langford J, Burgess A (2009) Nailing of proximal and distal frac-
tures of the femur: limitations and techniques. J Orthop Trauma 
23:S22–S25. https:// doi. org/ 10. 1097/ BOT. 0b013 e3181 9f2797

 3. Hierholzer C, von Rüden C, Pötzel T et al (2011) Outcome analy-
sis of retrograde nailing and less invasive stabilization system in 
distal femoral fractures: a retrospective analysis. Indian J Orthop 
45:243–250. https:// doi. org/ 10. 4103/ 0019- 5413. 80043

 4. Tank JC, Schneider PS, Davis E et al (2016) Early mechanical 
failures of the synthes variable angle locking distal femur plate. 
J Orthop Trauma 30:e7–e11. https:// doi. org/ 10. 1097/ BOT. 00000 
00000 000391

 5. Henderson CE, Kuhl LL, Fitzpatrick DC, Marsh JL (2011) Lock-
ing plates for distal femur fractures: is there a problem with frac-
ture healing? J Orthop Trauma 25:S8–S14. https:// doi. org/ 10. 
1097/ BOT. 0b013 e3182 070127

 6. Thomson AB, Driver R, Kregor PJ, Obremskey WT (2008) Long-
term functional outcomes after intra-articular distal femur frac-
tures: ORIF versus retrograde intramedullary nailing. Orthopedics 
31:748–750

 7. Seifert J, Stengel D, Matthes G et al (2003) Retrograde fixation of 
distal femoral fractures: results using a new nail system. J Orthop 
Trauma 17:488–495

 8. Park J, Lee JH (2016) Comparison of retrograde nailing and mini-
mally invasive plating for treatment of periprosthetic supracon-
dylar femur fractures (OTA 33-A) above total knee arthroplasty. 
Arch Orthop Trauma Surg 136:331–338. https:// doi. org/ 10. 1007/ 
s00402- 015- 2374-8

 9. Gill S, Mittal A, Raj M, et al (2017). Extra Articular Supracondy-
lar Femur Fractures Managed with Locked Distal Femoral Plate 
or Supracondylar Nailing: A Comparative Outcome Study. J Clin 
DIAGNOSTIC Res 11:RC19–RC23. https:// doi. org/ 10. 7860/ 
JCDR/ 2017/ 25062. 9936

 10. Tibbo ME, Parry JA, Hevesi M et  al (2021) Distal femoral 
replacement versus ORIF for severely comminuted distal femur 
fractures. Eur J Orthop Surg Traumatol. https:// doi. org/ 10. 1007/ 
S00590- 021- 03061-6

 11. Gp H, Js K, Bd S et al (2017) Open reduction vs distal femoral 
replacement arthroplasty for comminuted distal femur fractures in 
the patients 70 years and older. J Arthroplast 32:202–206. https:// 
doi. org/ 10. 1016/J. ARTH. 2016. 06. 006

 12. Koval KJ, Seligson D, Rosen H, Fee K (1995) Distal femoral non-
union: treatment with a retrograde inserted locked intramedullary 
nail. J Orthop Trauma 9:285–291. https:// doi. org/ 10. 1097/ 00005 
131- 19950 9040- 00003

 13. Heiney JP, Barnett MD, Vrabec GA et al (2009) Distal femoral fix-
ation: a biomechanical comparison of trigen retrograde intramed-
ullary (i.m.) nail, dynamic condylar screw (DCS), and locking 

https://doi.org/10.1097/BOT.0000000000000450
https://doi.org/10.1097/BOT.0000000000000450
https://doi.org/10.1097/BOT.0b013e31819f2797
https://doi.org/10.4103/0019-5413.80043
https://doi.org/10.1097/BOT.0000000000000391
https://doi.org/10.1097/BOT.0000000000000391
https://doi.org/10.1097/BOT.0b013e3182070127
https://doi.org/10.1097/BOT.0b013e3182070127
https://doi.org/10.1007/s00402-015-2374-8
https://doi.org/10.1007/s00402-015-2374-8
https://doi.org/10.7860/JCDR/2017/25062.9936
https://doi.org/10.7860/JCDR/2017/25062.9936
https://doi.org/10.1007/S00590-021-03061-6
https://doi.org/10.1007/S00590-021-03061-6
https://doi.org/10.1016/J.ARTH.2016.06.006
https://doi.org/10.1016/J.ARTH.2016.06.006
https://doi.org/10.1097/00005131-199509040-00003
https://doi.org/10.1097/00005131-199509040-00003


1582 European Journal of Orthopaedic Surgery & Traumatology (2022) 32:1577–1582

1 3

compression plate (LCP) condylar plate. J Trauma 66:443–449. 
https:// doi. org/ 10. 1097/ TA. 0b013 e3181 5edeb8

 14. Liporace FA, Yoon RS (2019) Nail plate combination technique 
for native and periprosthetic distal femur fractures. J Orthop 
Trauma 33:E64–E68. https:// doi. org/ 10. 1097/ BOT. 00000 00000 
001332

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/TA.0b013e31815edeb8
https://doi.org/10.1097/BOT.0000000000001332
https://doi.org/10.1097/BOT.0000000000001332

	Retrograde intramedullary nailing of comminuted intra-articular distal femur fractures results in high union rate
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusions 
	Level of Evidence: 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




