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Fixation of Intertrochanteric Fractures of the Hip With a Carbon
Fiber Intramedullary Implant

Thomas Fishler, MD

Summary: Fractures in the intertrochanteric region are among the
most commonly treated operative orthopaedic injuries. Implant
selection has gradually trended away from compression hip screws
toward cephalomedullary nails. Carbon fiber–reinforced polyaryle-
theretherketone (PEEK) has been introduced as an alternative mate-
rial in the construction of intramedullary nails and plates. We
describe the use of a carbon fiber cephalomedullary nail to treat
an intertrochanteric fracture in an 87-year-old male patient, leading
to uncomplicated fracture healing.
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INTRODUCTION
Among fractures with absolute operative indications, intertro-

chanteric fractures of the femur have a high incidence.1 The major-
ity are associated with low-energy mechanisms in elderly/
osteoporotic patients,2 whereas high-energy mechanisms cause
similar patterns in younger populations.3 With nonoperative treat-
ment leading to protracted bedrest, persistent pain, and associated
complications, operative management is the treatment of choice in
all but the most debilitated patients, for whom palliative care may
be a reasonable alternative. Furthermore, the incidence of

intertrochanteric fractures may be expected to rise with the increas-
ing age of the population.4

Goals of operation with intertrochanteric fractures are restora-
tion of anatomy and provision of stable fixation. As many patients
with these fractures have multiple medical comorbidities and
increased risk of complications, minimizing the surgical time and
tissue/physiologic insult are also priorities. In part due to these
other considerations, the treatment of intertrochanteric fractures has
evolved rapidly in the past 20 years, with a pronounced shift away
from the use of compression hip screws toward the use of
cephalomedullary nails.5 Although outcomes with these 2 techni-
ques have been shown to be equivalent in stable intertrochanteric
fracture patterns,6 investigation has also shown less shortening
with the use of nails, likely due to the presence of a medullary
buttress.7

Complications of surgical management include general surgical
risks, such as infection, nonunion, and neurovascular injury.
However, the incidence of these is low in intertrochanteric
fractures; rather, the historically most feared complication was
failure of fixation, specifically lag screw cutout, in this anatomic
region subject to high load-bearing stress. Such failures are largely
preventable by minimization of the tip–apex distance, defined as
the sum of the distances between the tip of the lag screw and the
apex of the femoral head on the anteroposterior (AP) and lateral
radiographic views.8 The importance of tip–apex distance has
proven itself applicable to both compression hip screws and ceph-
alomedullary nails.9

Conventional cephalomedullary nails have been composed of
titanium alloy, valued for its machinability, biologic inertness, and
modulus of elasticity, which is closer to bone than stainless steel.10

More recently, implants composed of carbon fiber–reinforced
polyaryletheretherketone (PEEK) implants have been introduced
with similar applications as their titanium counterparts. We
describe the use of a cephalomedullary nail composed of this
material to treat an intertrochanteric fracture.
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PATIENT INFORMATION
An 87-year-old man fell while bowling, sustaining an impact to

his right hip. His medical history was significant for an unspecified
cardiac arrhythmia requiring a pacemaker, and end-stage renal
disease requiring hemodialysis. Evaluation of the patient on
presentation revealed no neurovascular or other associated injury.
Plain radiographs demonstrated an AO 31A2.1 intertrochanteric
fracture with standard obliquity and separation of the lesser
trochanter from the primary 2 fragments (Fig. 1). Additional radio-
graphic findings includedmild degenerative changes at the bilateral
hips and calcification of the iliac and femoral arteries.

The patient was admitted to the trauma service and a cardiology
consultation obtained,which demonstrated appropriate functioning
of the patient’s pacemaker. The decision was made to perform
a surgical reduction with intramedullary nail stabilization. Approx-
imately 26 hours after admission, the patient was taken to the
operating room for surgical management.

SURGICAL TECHNIQUE
The surgical technique for the cephalomedullary nailing of

intertrochanteric fractures is well described.11 This technique was
followed with several exceptions. The patient was anesthetized
with a general anesthetic and positioned on a Hana fracture/arthro-
plasty table, with the feet secured by padded boots. The legs were
scissored to allow for lateral fluoroscopic imaging, and the affected
extremity adducted to ease passage of the guide pin, reamer, and
implant. Traction was used to restore valgus despite the adduction,
which is an effective method in standard obliquity fractures such as
this. Supraphysiologic valgus was permitted to preserve leg length
despite anticipated shortening during the fracture healing process.
After confirmation of reduction under AP and lateral fluoroscopy
(Fig. 2), the flank/buttock/thigh was prepped and draped with
a “shower curtain” drape covering the remainder of the patient. A

percutaneously placed guidewire was used to identify the appro-
priate starting point for a trochanteric nail, medial to the tip of the
greater trochanter and in line with the canal on the lateral image
(Figs. 3A, B). This was advanced into the femur, with oscillation
mode used after entry of the pin to avoid cortical perforation and
ensure central positioning of the guide pin. An incision was made
around the wire and the opening reamer was used to open the
proximal femur (Fig. 3C). After withdrawing the reamer and pin,
a short carbon fiber cephalomedullary implant was passed along the
same trajectory and inserted to a depth that would minimize tip–
apex distance on the AP view. The jig-mounted guide was used to
direct an incision over the lateral thigh and insertion of a guide pin
from the lateral femoral cortex into the femoral neck (Fig. 4A). The
lateral fluoroscopic view was then used to help guide the trajectory
of this pin as to minimize tip–apex distance on the lateral view (Fig.
4B). After insertion of the guide pin to the subchondral border of
the femoral head on the AP view, the screw length was measured
and the reamer set to the appropriate depth. The use of a tap is
recommended for preparation of the neck and head for passage of
a carbon fiber lag screw (Fig. 4C). The screw of chosen length was
then inserted into the subchondral bone, keeping in mind that deep
placement minimizes tip–apex distance. A radiopaque marker at
the tip of the screw indicated the depth of screw insertion (Fig. 4D).
Compression is applied across the primary fracture line before
tightening the set screw and making a fixed angle construct (Fig.
4E). The jig-mounted guide was used once again to direct place-
ment of a titanium bicortical interlocking screw through the distal
interlocking hole (Fig. 4F). Traction was taken off the extremity
once this step is achieved, reducing the risk of traction-related
neurovascular injury. The jig was removed and final fluoroscopic
images were obtained (Fig. 5). Wounds were closed with interrup-
ted buried dermal sutures and staples. The patient was transferred to
a standard hospital ward bed and awoken from the anesthetic with-
out incident. Postoperative plain radiographs were obtained in the
recovery room (Fig. 6).

The day after surgery, the patient began ambulation under the
guidance of physical therapists, using a walker for assistance. He
suffered no medical or other complications and was discharged to
a skilled nursing facility on postoperative day 3. Follow-up x-rays
obtained at 6 weeks postoperatively demonstrated no loss of
reduction or fatigue of the construct (Fig. 7).

DISCUSSION
As stated above, goals of surgical management of intertrochan-

teric fractures are, fundamentally, the restoration of anatomy and
provision of stable internal fixation. Secondary goals include
efficiency of operation and minimization of soft tissue trauma
and blood loss. Although compression hip screws have proven their

FIGURE 1. Preoperative AP pelvis (A),
AP hip (B), and lateral hip (C) radio-
graphs.

FIGURE 2. A and B, Intraoperative fluoroscopic images showing
closed reduction using the Hana table.
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FIGURE 3. Guidewire placement (A
and B) and reamer insertion (C) for
placement of the cephalomedullary
nail.

FIGURE 4. A and B, Insertion of the guidewire for the lag screw in the femoral neck. C, Use of the tap. D, Insertion of the carbon fiber
lag screw (note radiodense dot marking tip of screw). E, Compression across the primary fracture line and tightening of the set screw. F,
Use of the jig-mounted guide to insert the distal interlocking screw.

FIGURE 5. A–C, Final intraoperative
fluoroscopic images.
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efficacy in certain fracture patterns, cephalomedullary nails have
surpassed these in popularity, particularly among a younger
generation of orthopaedic surgeons. The wide variety of cepha-
lomedullary implants available on the market is testament to this
fact. Although most of these exhibit designs and material
engineering similar to one another, the introduction of carbon fiber
implants of similar design represents a novel solution to a common
surgical problem.

The advantages of this particular carbon fiber implant are shared
with other implant designs using the samematerial. Among these is
the reduced interferencewith the interpretation of follow-up x-rays,
as the carbon fiber implant is radiolucent. This characteristic of
carbon fiber has long been used to surgical advantage in the
composition of radiolucent jigs and aiming arms for both intra-
medullary nails and plating systems. The importance of these has
only increased with the overall trend toward indirect reduction and
relative stability techniques being used not only for diaphyseal
injuries but also for metaphyseal injuries. With the implant now
being radiolucent, union and nonunion may be more readily
recognized radiographically. Furthermore, the modulus of elastic-
ity of carbon fiber PEEK more closely mimics bone than existing
titanium alloys.12 Just as titanium intramedullary nails have largely
replaced their stainless steel predecessors, carbon fiber nails may
represent a step further in the improvement of such implants.

Research on carbon fiber implants in peer-reviewed literature is
limited. In biomechanical studies, Bagheri et al13 demonstrated less
stress shielding of bone fixed with a carbon fiber plate than with
a conventional metal plate. Additionally, the biomechanical prop-
erties of carbon fiber medullary implants may be optimized for
fracture healing, reducing axial stiffness while maximizing tor-
sional rigidity.14 In clinical studies, Pinter et al15 and Guzzini

et al16 demonstrated similar outcomes with carbon fiber plate fix-
ation of ankle fractures as with conventional implants in retrospec-
tive and prospective studies, respectively.

Further investigation is necessary to delineate the efficacy and
role that carbon fiber implants play in fracture fixation. It is
important to note that no theoretical or experimental evidence
suggests that the accepted principles of cephalomedullary nailing
of intertrochanteric fractures do not apply to the use of implants
composed of carbon fiber. Therefore, it is recommended that tip–
apex distance be minimized to reduce the risk of screw cutout. For
fractures of an intrinsically unstable pattern (AO 31A2.2 and
above), a long rather than short implant is recommended to reduce
the risk of implant failure and loss of reduction.

A primary challenge to the surgeon unaccustomed to the use of
these implants is the radiographic understanding of the implant
itself. Part of the purported benefit of carbon fiber is its
radiolucency, which allows for greater appreciation for bony
healing or lack thereof; however, this can make understanding of
the intraoperative implant positioning difficult. A thin radiolucent
line is present along the length of the nail, and metallic components
are present in the barrel of the lag screw, which allows for
assessment of anticipated lag screw position when initially
implanting the nail. The set screw and interlocking screws are
metallic and relatively easily visualized on fluoroscopy. Perhaps,
most challenging is understanding the depth of the lag screw
insertion; here, a radiopaque punctatemarker may be seenwhen the
insertion handle is parallel to the floor. This requires the most
careful attention, both because of its small size and because of the
importance of deep insertion to minimize tip–apex distance.

CONCLUSIONS
The treatment of intertrochanteric fractures has undergone

a tremendous evolution in the past 2 decades. The once-universal
utilization of the compression hip screw has to a large measure
given way to cephalomedullary nailing. We present a case
illustrating the use of a carbon fiber cephalomedullary nail to treat
a common fracture pattern, with a successful short-term outcome.
However, challenges exist for the unfamiliar surgeon using such
implants, and further research is necessary to demonstrate their
efficacy and risk profile.

REFERENCES
1. Veronese N, Maggi S. Epidemiology and social costs of hip fracture.
Injury. 2018;49:1458–1460.

2. Kaplan K, Miyamoto R, Levine BR. Surgical management of hip frac-
tures: an evidence-based review of the literature. II: intertrochanteric frac-
tures. J Am Acad Orthop Surg. 2008;16:665–673.

FIGURE 6. Postoperative AP pelvis (A),
AP hip (B), and lateral hip (C) radio-
graphs.

FIGURE 7. Follow-up x-rays at 6 weeks postoperatively: AP (A)
and lateral (B).

Fishler

e4 www.jorthotrauma.com Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



3. Amini MH, Feldman JJ, Weinlein JC IV. High complication rate in young
patients with high-energy intertrochanteric femoral fractures. Orthopedics.
2017;40:e293–e299.

4. Senohradski K, Markovic-Denic L, Lesic A, et al. Trends in the incidence
of hip fractures. Osteoporos Int. 2013;24:1759–1763.

5. Niu E, Yang A, Harris AH, et al. Which fixation device is preferred for
surgical treatment of intertrochanteric hip fractures in the United States? A
survey of orthopaedic surgeons. Clin Orthop Relat Res. 2015;473:3647–3655.

6. Guerra MT, Pasqualin S, Souza MP, et al. Functional recovery of elderly
patients with surgically-treated intertrochanteric fractures: preliminary re-
sults of a randomised trial comparing the dynamic hip screw and proximal
femoral nail techniques. Injury. 2014;45(suppl 5):S26–S31.

7. Platzer P, Thalhammer G, Wozasek GE, et al. Femoral shortening after
surgical treatment of trochanteric fractures in nongeriatric patients. J
Trauma. 2008;64:982–989.

8. Baumgaertner MR, Curtin SL, Lindskog DM, et al. The value of the tip-
apex distance in predicting failure of fixation of peritrochanteric fractures
of the hip. J Bone Joint Surg Am. 1995;77:1058–1064.

9. Ciufo DJ, Zaruta DA, Lipof JS, et al. Risk factors associated with ceph-
alomedullary nail cutout in the treatment of trochanteric hip fractures. J
Orthop Trauma. 2017;31:583–588.

10. Bong MR, Kummer FJ, Koval KJ, et al. Intramedullary nailing of the
lower extremity: biomechanics and biology. J Am Acad Orthop Surg.
2007;15:97–106.

11. Baumgaertner MR¨Fishler T. “Hip†Fractures: Intramedullary Nailing”in Mas-
ter Techniques in Orthopaedic Surgery: Fractures. 3rd ed: Philadelphia PA;
2012.

12. Ben-Or M, Shavit R, Ben-Tov T, et al. Control of the micromovements of
a composite-material nail design: a finite element analysis. J Mech Behav
Biomed Mater. 2016;54:223–228.

13. Bagheri ZS, Tavakkoli Avval P, Bougherara H, et al. Biomechanical
analysis of a new carbon fiber/flax/epoxy bone fracture plate shows less
stress-shielding compared to a standard clinical metal plate. J Biomech
Eng. 2014;136:091002.

14. Samiezadeh S, Tavakkoli Avval P, Fawaz Z, et al. An effective approach
for optimization of a composite intramedullary nail for treating femoral
shaft fractures. J Biomech Eng. 2015;137:121001.

15. Pinter ZW, Smith KS, Hudson PW, et al. A retrospective case series of
carbon fiber plate fixation of ankle fractures. Foot Ankle Spec. 2018;11:
223–229.

16. Guzzini M, Lanzetti RM, Lupariello D, et al. Comparison between carbon-
peek plate and conventional stainless steel plate in ankle fractures. A
prospective study of two years follow up. Injury. 2017;48:1249–1252.

Read the rest of the JOT Case Reports online on www.
jorthotrauma.com. It’s the Grand Rounds series from the Jour-
nal of Orthopaedic Trauma, the official journal of the Ortho-
paedic Trauma Association.

Carbon Fiber Nail for Intertrochanteric Fractures

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved. www.jorthotrauma.com e5




