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TECHNICAL TRICK

Nail Plate Combination Technique for Native and
Periprosthetic Distal Femur Fractures

Frank A. Liporace, MD and Richard S. Yoon, MD

Summary: In the elderly, low-energy distal femur fractures (native
or periprosthetic) can be devastating injuries, carrying high rates of
morbidity and mortality, comparable with the hip fracture popula-
tion. Poor, osteoporotic bone quality facilitates fracture in a vulner-
able anatomical region, and as a result, operative fixation can be
challenging. With goals of early mobilization to reduce subsequent
complication risk, using the nail plate combination technique can
offer stable, balanced fixation allowing for immediate weight bearing
and early mobilization. We outline the rationale, technical steps, and
early clinical outcomes after nail plate combination in the treatment
of osteoporotic distal femur (native or periprosthetic) fractures.

Key Words: nail plate combination, distal femur fracture, intrame-
dullary nailing, retrograde, locking plate, periprosthetic fracture,
total knee arthroplasty
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INTRODUCTION
With the elderly population staying healthier, more

active and living longer, the low-energy distal femur fracture
is increasing in incidence.1 With morbidity and mortality sim-
ilar to that of the hip fracture population, the goals in operative
treatment require urgent, operative fixation to allow for early
mobilization.1,2 Fixation in the distal femur, however, differs
from those occurring in the proximal region because the use of
either a laterally based locking plate or an intramedullary nail
(IMN) alone often warrants a protected weight-bearing status,
instead of immediate weight bearing, especially in the setting
of osteoporosis.3–7 Combining the 2 techniques, however, may
offer a well-balanced, stronger fixation construct to provide
confident, immediate weight bearing after surgery.

Here, we describe the nail plate combination (NPC)
technique for the treatment of distal femur fractures in the
setting of osteoporosis. This technique can be applied in the
setting of both native or periprosthetic distal femur fractures
and provides soft tissue friendly, stable fixation that allows

for safe, immediate weight bearing. The biomechanical and
clinical rationale behind the technique will be discussed.
Finally, we describe the step-by-step technique as well as our
early outcomes using this technique.

BIOMECHANICAL AND CLINICAL RATIONALE
With normal aging, long bone cortical and cancellous

bone structure changes to a thinner, more porous osteopenic
composite. In the setting of osteoporosis, the overall bone
characteristics become so fragile, that even the slightest stress
can cause a significant fracture. In the metaphyseal region of
the distal femur, with a notably long segment of thin cortex
combined with a soft metaphysis, a simple twisting injury can
result in a fracture with propagation that can involve nearly
the entire distal third of the femur. This can occur in the native
distal femur, but those with an existing total knee arthroplasty
(TKA) are at even higher risk as aging occurs.8 Patients with
TKA are additionally vulnerable for fracture because the pres-
ence of the TKA femoral component biomechanically weakens
the surrounding supracondylar region of bone.8

Poor bone quality in this region not only increases risk
of fracture, but also makes reconstruction more challenging.
Although locking screw technology has improved the treat-
ment of osteoporotic distal femur fractures, there still remains
a relatively high nonunion rate with or without subsequent
plate failure.9 Similarly, nonunion rates when using retro-
grade IMNs (rIMNs) are similar with that of locked plating
(LP), where excess fracture motion is not ideal for osteopo-
rotic, metaphyseal healing.3,6,10–12

Finite element analysis (FEA) studies have offered
some insight into the energy distribution experienced after
either LP or rIMN fixation in the distal femoral region.13,14

Salas et al, in their FEA studies, mimicked weight bearing in
an osteoporotic distal femoral model fixed with an LP and
rIMN. Notable comparisons between the 2 constructs were
significant in relation to its interaction with the surrounding
bone.13 When fixed with an LP, the plate transfers nearly all
the weight bearing, while the bone (especially medially) does
not experience any stress. Conversely with rIMN, the sur-
rounding bone and not the nail experiences much of the bear-
ing load, as the surrounding bony surface area (albeit
pathologic) still is greater than that of the nail.13,14 FEA stud-
ies further concluded that during ramped-up analysis, the
probability of implant fracture was greater for the LP than
it was for rIMN; however, surrounding rIMN, catastrophic
failure of the surrounding cortex was more likely to occur.14

For these reasons, protected weight-bearing protocols are im-
plemented after surgery.
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The rationale behind the implementation of NPC lies in
the assumption that, when combining both IMN and plate
fixation in the distal femur, energy is more evenly distributed
between the bone and the implants. In other words, the rIMN
moves the neutral, weight-bearing axis more medially, along
the anatomical axis of the femur with added stability provided
by the laterally based, locked plate. Furthermore, linking the
nail and the plate distally, while spanning the entire length of
the femur, potentially allows for smoother transition of forces
allowing for stable, early weight bearing. The following
narrative can be applied to both native and periprosthetic
distal femur fractures, and pertinent points are outlined below.

PREOPERATIVE PLANNING AND WORK-UP
With morbidity and mortality rates similar to that of the hip

fracture population, appropriate resuscitation and optimization is
required. Full-length femur films and dedicated knee radio-
graphs are required. If possible, for periprosthetic fractures
(PPfxs), previous radiographs may be helpful in assessing
implant stability. Computed tomography can provide addi-
tional detail regarding fracture propagation with and without
a femoral implant present. PPfxs require particular knowledge
of the implant to ensure that it can accommodate a nail as well
as preparing for potential revision if a loose implant is
present. Although rare, concomitant infection is always
a possibility.

SURGICAL TECHNIQUE

Patient Positioning and Preferred Approach
A radiolucent flat table is used, and the patient is placed

supine with the upper extremities perpendicular to the table.
A small bump is placed under the ipsilateral buttock and the
patient brought to the edge of the table. Prep and drape
includes the ipsilateral anterior superior iliac spine and a bump
and/or radiolucent triangle can be placed under the distal
thigh. Fluoroscopic imaging should be positioned on the
contralateral side.

Operative approach depends on the fracture pattern. For
both periprosthetic (case 1, Fig. 1A–G) and native distal
femur fractures (case 2, Fig. 2A–F), a midline, lateral para-
patellar approach is preferred (for native femur [NF] fractures
without obvious osteoarthritis, a minimally invasive, lateral
incision can also be used). However, even in native bone, any
signs of degeneration or previous symptoms must be taken
into account, and in these cases, a midline approach is used in
planning for potential future TKA.

Fixation Sequence and Strategy
For both native and periprosthetic distal femur frac-

tures, a midline, lateral parapatellar approach facilitates ample
exposure for both proper assessment and fixation. Overall
positioning with appropriate bump placement will help
grossly obtain the reduction, and the exposure will refine
and restore distal femoral anatomy. Furthermore, in cases
with a TKA that can accommodate a nail (open box), an open
arthrotomy is required to properly assess component stability
and also offers direct visualization of the polyethylene to

avoid damage. Here, the notch can access either through
patellar subluxation or by creating a small longitudinal split in
the patellar tendon.

Use of a radiolucent triangle with a bump can aide in
eliminating recurvatum deformity, allowing for facile passing
of the long-ball tipped guidewire (Fig. 1D). Beware, in the
setting of PPfxs, the open box may inhibit proper wire place-
ment, but in such patulous bone, it often is not an issue.15

After confirming proper anatomical alignment, the rIMN can
be placed.

Next, estimate plate length by overlaying it on the skin
under fluoroscopic imaging. Typically, a 16- to 18-hole plate
is the approximate length, and using a large plate bending
press and large “F” bending irons, a gentle posterior curve is
placed on the proximal end of the plate (Fig. 1E); this gentle
bend accommodates the anatomical curve of the vastus ridge,
allowing for the plate to sit posteriorly, avoiding trochanteric
impingement. This posterior bend also helps facilitate the
appropriate anteversion for prophylactic screw placement into
the femoral neck and head.

Once the appropriate length plate is chosen and custom-
contoured to the patient’s anatomy, a separate proximal
approach is performed. At the level of the greater trochanter,
along the vastus ridge, a 4- to 5-cm incision is placed along
the posterior border and taken sharply through the iliotibial
band fascia with subsequent elevation of the proximal origin
of the vastus lateralis. This “proximal window” allows for
direct visualization and correct, midaxial placement of the
distal femur plate, which is slid up under the vastus lateralis,
from the distal wound. Next, place a temporary drill bit dis-
tally in the plate to hold its position, then perform the same
proximally to further avoid plate malpositioning. Next, link
the system.

Using perfect circle technique, place a locking screw
through the plate and through the nail; often, the targeting arm
can aid in choosing the correct hole. A screw for the plate is
used, so the linkage is further reinforced by the fixed-angle
locking mechanism (Fig. 1F). Next, fill the distal locking
screws and then place a nonlocking screw at the proximal
end of the plate, fixing both ends of the construct. Prophylac-
tic screws are then placed into the femoral neck and head
(Fig. 1G), followed by percutaneously placed balanced diaph-
yseal fixation (Fig. 1H). Layered wound closure with a deep
drain and liberal use of an incisional negative pressure wound
dressing when necessary.

Operative Considerations, Preferences, and
Areas of Future Research

Several questions arose during the development and
implementation of the NPC technique. First, in regards to the
rIMN, our preference is to use a length ending in between the
calcar and the lesser trochanter. This allows for a clear pathway
for prophylactic femoral neck fixation. A smaller diameter nail
is also preferred to accommodate bicortical screw plate fixation
around the nail. Regarding distal fixation, bicortical purchase is
preferred with a minimum of 1 linked screw through the plate
and nail; 2 is not necessary but may be warranted in the setting
of severely osteoporotic bone. If only 1 distal screw links the
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plate and the nail, with the density of fixation achieved by the
distal locking screws, an additional interlocking screw in the
nail is not necessary. Similarly, a minimum of 1 proximal
locking screw in the nail is recommended; however, if an
increased resistance to torque is desired (ie, fracture pattern
spanning the entire metaphysis), 2 screws may be placed.
Limited literature is available to specifically support NPC and
is an obvious focus of future research where the limits of “too
flexible or rigid” fixation can be determined.

Pain Management, Blood Conservation, and
Postoperative Rehabilitation Protocol

Patients eligible for tranexamic acid receive 1 g just
before incision and an additional gram on closure. Those with
contraindications receive topical tranexamic acid. Bipolar
sealers are used along with epinephrine-soaked raytec

sponges to help maintain hemostasis. Injectable, intraarticular
pain cocktail along with liposomal bupivacaine is also used in
both native and PPfxs. Patients are made weight bearing as
tolerated with an assistive device immediately after surgery;
full-active and active-assist range of motion exercises of both
the hip and knee are also started immediately after fixation.
Standard anticoagulation and prophylactic antibiotics per
institutional protocol are given.

CLINICAL OUTCOMES
Institutional review board approval was obtained in

accordance with our quality and outcomes registry. All
patients undergoing NPC for acute native or periprosthetic
distal femur fractures were included for analysis. Demo-
graphic data collected included age, sex, body mass index,

FIGURE 1. A–G, Patient is a 77-year-old woman approximately 3.5 years s/p right TKA, sustained a trip and fall down 2 stairs. A, AP
and (B) lateral radiograph exhibited supracondylar periprosthetic femur fracture in obviously osteoporotic bone with fracture lines
extending distally, confirmed on (C) CT scans. Placed in the supine position, a midline, lateral parapatellar approach is performed
and either with the patella subluxed or through the tendon, the (D) rIMN is prepared and placed first. Next, the lateral plate is
selected by overlying the plate on the skin an estimating the appropriate length plate. The proximal end of the plate should stop at
the base of the greater trochanter, and using a large plate press and large fragment (F) twisting benders, the plate custom-contoured
the patients anatomy. E, the twist is to accommodate the femoral neck anteversion (arrow) for screw placement. Next, the plate is
placed in the appropriate position and slide from distal to proximal. Proximally, at the level of the vastus ridge, a slightly posterior, 4-
cm incision is made, taken down through the ITB with subsequent elevation of the vastus origin to create the proximal window to
ensure proper plate placement. Proximally, a nonlocking drill bit is provisionally placed to hold the center position of the plate, and
the distal locking screws are placed, where typically 1 of the variable angle screws can be placed through the plate and through the
nail (F) (arrow), linking the distal portion of the system. Next, sequentially, a nonlocking screw is placed at the apex of the fracture,
followed by a nonlocking screw (or 2) proximally into the head to bring the plate closer to the bone and provide (G) prophylactic
fixation of the neck. Finally, percutaneous locking and nonlocking screws are placed along the plate, well-spaced, and completing
the (H) final, balanced NPC construct. This allows for immediate, postoperative weight bearing.
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and comorbidities. Mean length of stay, percent discharge
home, healed status, final weight-bearing/ambulatory status,
and any complications were also recorded.

A total of 15 patients were included; 9 for PPfx and 6 for
NF fractures. Mean age was 74.8 6 5.8 years old and mostly
woman (9/16, 60%). All injuries occurred as a result of a low-
energy fall. All patients were made weight bearing as tolerated
after surgery. Mean length of stay was 3.6 6 1.2 days with
66.7% patients discharged home with visiting nurse services.
Mean follow-up was 19.2 6 6.7 weeks, 1 patient died within
6 months from surgery, during a separate hospitalization for
a chronic obstructive pulmonary disease exacerbation with con-
comitant pneumonia. The remaining 14 patients all healed and
remain ambulatory, mostly with an assistive device (walker or
cane); 1 patient is wheelchair-bound outside the home, but still
ambulates with a walker in her home. Of the 14 remaining
patients, 6/14 (42.8%) used an assistive device before fracture
and after surgery, 9/14 (64.3%) used an assistive device; the 5
patients that remained independent were all native distal femur
fractures. Overall, 8/14 (57.1%) lost a level of independence (1
patient who was a wheelchair-bound/home ambulator remained
at the same level of independence). One patient (who sustained
a NF fracture) underwent subsequent TKA in the ipsilateral knee

over 24 months after fixation (however, the ipsilateral knee
degeneration was attributed to a long-standing childhood injury,
not his recent NPC). One patient had a superficial wound infec-
tion that resolved with oral antibiotics. There were no other deep
infections or returns to the operating room. There were no non-
unions or hardware failures.

SUMMARY AND FUTURE DIRECTIONS
With a growing elderly population, techniques and

strategy allowing for early and immediate mobilization and
weight bearing can help improve outcomes and potentially
maintain previous function. While using LP or rIMN alone may
require protected weight bearing, using NPC can allow for
confident, immediate weight bearing with reliable outcomes.
NPC is ideal for the geriatric, osteoporotic distal femur (native or
periprosthetic) fracture, that is, ambulatory at baseline, and
immediate weight bearing is desired. The technique is reliable,
reproducible, and can be performed in an efficient time frame.
Further FEA and biomechanical analysis to confirm the
theoretical benefits are the next step in translational research in
an effort to further hone and understanding the NPC concept.
Proof of actual weight bearing and not just self-regulation is also

FIGURE 2. A–F, Patient is a morbidly obese 65-year-old woman, s/p twisting injury while getting out of bed and fell. A–B, AP and
lateral radiographs revealed a distal femur, metaphyseal fracture with shaft extension in osteoporotic bone. Keeping in mind the
pre-existing knee osteoarthritis, a midline, lateral parapatellar approach was used in preparation for potential future TKA. Similar
to the previous case, a step-wise approach was performed to place the nail, pick, prepare, and plate the plate, (C–D) link the
system distally and provide balanced, spanning fixation with (E) proximal prophylactic fixation. This patient was made imme-
diately weight bearing as tolerated and continued to ambulate and heal, with bridging callus already seen at the (F) 6-week
follow-up time point. The patient continued to do well and is now ambulating at home with a cane at 1-year follow-up.
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necessary. Furthermore, if clinical outcomes after NPC are
favorable, cost analysis justifying the increased cost of using
supplemental hardware to elicit the potential benefits of early,
reliable weight bearing is required. Here, developing an implant
system that may allow for capitated use of both nail and plate
can further lower increased cost.

REFERENCES
1. Della Rocca GJ, Leung KS, Pape HC. Periprosthetic fractures: epidemiol-

ogy and future projections. J Orthop Trauma. 2011;25(suppl 2):S66–S70.
2. Bhattacharyya T, Chang D, Meigs JB, et al. Mortality after periprosthetic

fracture of the femur. J Bone Joint Surg Am. 2007;89:2658–2662.
3. Han HS, Oh KW, Kang SB. Retrograde intramedullary nailing for peri-

prosthetic supracondylar fractures of the femur after total knee arthro-
plasty. Clin Orthop Surg. 2009;1:201–206.

4. Hoffmann MF, Jones CB, Sietsema DL, et al. Outcome of periprosthetic distal
femoral fractures following knee arthroplasty. Injury. 2012;43:1084–1089.

5. Ricci WM, Loftus T, Cox C, et al. Locked plates combined with mini-
mally invasive insertion technique for the treatment of periprosthetic
supracondylar femur fractures above a total knee arthroplasty. J Orthop
Trauma. 2006;20:190–196.

6. Ristevski B, Nauth A, Williams DS, et al. Systematic review of the
treatment of periprosthetic distal femur fractures. J Orthop Trauma.
2014;28:307–312.

7. Liporace FA, Yoon RS, Collinge CA. Interprosthetic and peri-implant
fractures: principles of operative fixation and future directions. J Orthop
Trauma. 2017;31:287–292.

8. Sun ZH, Liu YJ, Li H. Femoral stress and strain changes post-hip, -knee
and -ipsilateral hip/knee arthroplasties: a finite element analysis. Orthop
Surg. 2014;6:137–144.

9. Tank JC, Schneider PS, Davis E, et al. Early mechanical failures of the
synthes variable angle locking distal femur plate. J Orthop Trauma.
2016;30:e7–e11.

10. Althausen PL, Lee MA, Finkemeier CG, et al. Operative stabilization of
supracondylar femur fractures above total knee arthroplasty: a comparison
of four treatment methods. J Arthroplasty. 2003;18:834–839.

11. Kolb W, Guhlmann H, Windisch C, et al. Fixation of periprosthetic
femur fractures above total knee arthroplasty with the less invasive sta-
bilization system: a midterm follow-up study. J Trauma. 2010;69:670–
676.

12. Saidi K, Ben-Lulu O, Tsuji M, et al. Supracondylar periprosthetic
fractures of the knee in the elderly patients: a comparison of treat-
ment using allograft-implant composites, standard revision compo-
nents, distal femoral replacement prosthesis. J Arthroplasty. 2014;
29:110–114.

13. Salas C, Mercer D, DeCoster TA, et al. Experimental and probabilistic
analysis of distal femoral periprosthetic fracture: a comparison of locking
plate and intramedullary nail fixation. Part A: experimental investigation.
Comput Methods Biomech Biomed Engin. 2011;14:157–164.

14. Salas C, Mercer D, DeCoster TA, et al. Experimental and probabilistic
analysis of distal femoral periprosthetic fracture: a comparison of locking
plate and intramedullary nail fixation. Part B: probabilistic investigation.
Comput Methods Biomech Biomed Engin. 2011;14:175–182.

15. Service BC, Kang W, Turnbull N, et al. Influence of femoral component
design on retrograde femoral nail starting point. J Orthop Trauma. 2015;
29:e380–e384.

Liporace and Yoon J Orthop Trauma � Volume 33, Number 2, February 2019

e68 | www.jorthotrauma.com Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright � 201 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.9 


