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Intramedullary nailing for impending or pathologic 
fracture of the long bone: titanium vs carbon fiber 
peek nailing
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Pietro Ruggieri
Department of Orthopedics and Orthopedic Oncology, University of Padova, Padova, Italy

• Purpose: The aim of this study is to compare titanium vs carbon fiber intramedullary (IM) 
nailing in terms of response to radiotherapy, local control of the disease, time of surgery, 
fluoroscopy exposure, and complications.

• Methods: From 2015 to 2021, 52 impending or pathologic fractures were treated with IM 
nailing in 47 patients: 18 males and 29 females with a mean age of 73. Titanium nails were 
used in 27 cases: femur (17 cases), humerus (8 cases), and tibia (2 cases). Carbon fiber nails 
were used in 25 cases: femur (17 cases), humerus (7 cases), and tibia (1 case).

• Results: At a mean follow-up of 8.4 months, most patients died from the disease (63.4%). 
Fracture healing without osteolysis progression was present in 52% of titanium nailing at a 
mean time of 6 months and in 53% of carbon fiber nails at a mean time of 4.6 months. No 
statistically significant difference has been shown in terms of healing (P = 0.5), intraoperative 
fluoroscopy (P = 0.7), and time of surgery in femoral nailing (P = 0.6), while a significantly 
lower surgical time for carbon fiber humeral nailing (P  = 0.01) was found. Two breakages of 
carbon fiber femoral nails were observed, and both were treated with revision with modular 
tumor megaprosthesis.

• Conclusions: Our results suggest that surgical time and fluoroscopy exposure are not longer 
for carbon fiber nails compared to titanium ones. Healing seems to be faster in carbon 
fiber nails. Further clinical studies are needed to clarify the long-term outcomes of these 
implants.

Introduction

Bones are a frequent location of metastases from 
carcinomas; the most common sites are the spine 
and pelvis, followed by the long bones, especially the 
proximal femur (1). All types of malignant tumors have 
the potential to metastasize to the bone. Still, the most 
frequent histotypes are breast cancer, pulmonary cancer 
(non-small cell lung cancer), thyroid, and prostatic cancer 
(1). These four histotypes account for 80% of all bone 
metastases (1).

There are various parameters to consider when 
approaching a patient with bone metastasis, such as age, 
performance status, number and site of metastases, the 
free interval of disease, histotypes of the primary tumor, 
and expected survival (2, 3). The treatment of long bone 
metastases must consider all of these to choose the most 
effective procedure (2, 3, 4). Conservative treatment can 

be an option in very selected cases when the patient has 
a short life expectancy and poor general condition that 
contraindicates every type of surgery. Wide bone resection 
and reconstruction with megaprostheses are indicated in 
young patients with good prognosis and health conditions, 
with single or oligo metastasis, favorable histotype, and 
long disease-free interval (1). When all of these conditions 
are present, an aggressive surgical approach is justified 
by the evidence of better oncologic outcomes in the 
mid and long term (5, 6, 7, 8, 9, 10, 11, 12, 13, 14). In 
most recent years, many patients have been treated with 
bone resection and tumor prosthesis. This upsurge is due 
to the development of new effective medical therapies, 
improving patients’ survival, associated with satisfactory 
functional results, and a low incidence of complications 
of this type of reconstruction. Another treatment option 
for long bone metastases is intramedullary (IM) nailing. 
Unfortunately, it is indicated in treating old patients 
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with poor prognosis, multiple metastases, unfavorable 
histotype, and short disease-free interval. Thus, it is often 
considered a palliative treatment since most patients have 
a life expectancy shorter than 3–6 months (14, 15, 16). 
In this setting, the primary indication of IM nailing is the 
treatment of diaphyseal lesions.

Classic titanium nails have excellent mechanical 
resistance and still represent an option when approaching 
a pathologic or impending fracture of long bones 
(14, 15, 16, 17). However, titanium nails show some 
limits, especially during the follow-up of patients. First, 
titanium is a radiopaque metal that can interfere with 
the correct visualization of bone healing at the x-rays or 
CT scans. Moreover, because it is a paramagnetic metal, 
it significantly interferes with MRI, thus impeding a good 
visualization of the pathologic tissue (18).

However, recent studies have proposed Carbon Fibre 
Reinforced Polyaryl-Ether-Ether-Ketone (CFR-PEEK) nails 
as an alternative to titanium implants. Indeed, due to 
their radiolucency, there is an imaging artifact reduction. 
Consequently, it is possible to better visualize the 
bone, permitting a more reliable and effective radiation 
dose delivery (18). The prominent disadvantages of 
these implants seem to be the longer surgical time and 
fluoroscopy exposure required. Some authors have 
studied the CFR-PEEK nailing in oncologic and orthopedic 
surgeries (19, 20, 21, 22); however, literature comparing 
CFR-PEEK nailing with titanium nailing is lacking (23).

This retrospective study aims to compare titanium 
vs CFR-PEEK nailing in terms of (i) time of surgery 
and fluoroscopy exposure, (ii) incidence and types of 
complications, and (iii) response to radiotherapy (callus 
formation and local control of the disease).

Materials and methods

All oncologic patients treated with IM nailing at our 
Orthopedic Oncologic Clinic from October 2015 to 
September 2021 were included.

This study was approved on October 23, 2019 (IRB 
approval no. 1269).

A total of 47 patients were included: 18 males and 29 
females with a mean age of 73 (range: 51.4–91.9 years 
old) (Table 1). Five patients presented multiple lesions 
requiring nailing: 52 IM nail fixations were performed. 
Indications to treatment were (i) impending fracture 
(21 cases) or pathologic fracture (30 cases) due to long 
bone metastatic lesions or (ii) post-radiation fracture in 
patients previously treated for soft tissue sarcoma (1 case). 
We decided to also include the last patient in the study 
because post-radiation fracture has a high risk of non-
union and needs a careful follow-up.

The long bone treated with IM nailing was the femur 
(34 cases), followed by the humerus (15 cases) and tibia 

(3 cases) (Table 1). In metastatic patients, the diagnoses of 
the primary tumor were: breast cancer (13), lung cancer 
(9), multiple myeloma (6), renal cancer (6), urothelial 
cancer (3), hepatocarcinoma (2), gastrointestinal cancer 
(2), and endometrial cancer, prostate cancer, pancreas 
cancer, Merkel’s cells carcinoma, and cholangiocarcinoma 
in one each. We decided to include patients with multiple 
myeloma because they can be comparable to metastatic 
bone patients regarding treatment strategies and 
outcomes (24). The patient with post-radiation fracture 
was treated 3 years before with excision and two cycles of 
adjuvant radiotherapy for a liposarcoma of the thigh.

Patients were divided into two groups. Group A 
included patients who received titanium IM nails; Group B 
included patients treated with CFR-PEEK nails. In Group A, 
27 procedures were performed: 17 in the femur, 8 in the 
humerus, and 2 in the tibia (Figs 1 and 2). In Group B, 25 
nails were implanted: 17 in the femur, 7 in the humerus, 
and 1 in the tibia (Table 1). 

After surgery, all patients can walk with complete 
weight-bearing and crutches from the first postoperative 
days. An expert radiotherapist evaluated patients to 
start radiotherapy after the complete wound healing. 
Follow-up was performed with x-rays of the operated 
limb and a clinical evaluation at 1 month, and then every 
3 months. For all these patients, the data analyzed were 
time of surgery and fluoroscopy exposure, complications, 
the dose of radiotherapy, oncologic follow-up of patients, 

Table 1 Population analysis.

Data Titanium Carbon Total

Age, years
 Mean ± s.d. 72.9 ± 6.7 72.8 ± 11.9 72.8 ± 9.6
 Range 63.7–91.9 51.4–87.1 51.4–91.9
Gender
 Male 9 9 18
 Female 15 14 29
Type of cancer/lesion
 Breast 13
 Lung 9
 MM 6
 Renal 6
 Urotelial 3
 Liver 2
 Gastrointestinal 2
 Prostate 1
 Endometrial 1
 Pancreas 1
 Merkel’s cell carcinoma 1
 Colangiocarcinoma 1
 Hyatrogenic fracture 

post-irradiation
1

 Total 41
Site
 Femur 17 17 34
 Humerus 8 7 15
 Tibia 2 1 3
Pathological fracture
 Actual 16 15 31
 Impending 11 10 21
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and response to radiotherapy (fracture consolidation and 
local control of the disease).

Data were tabulated using a spreadsheet (Microsoft 
Excel). Statistical analysis was performed with Kaplan–
Meier curves and significance was defined as a P-value of 
0.05 or less. Statistical analysis (25) was performed using 
the MedCalc Software Version 11.1 (MedCalc Software 
Broekstraat 52, Mariakerke, Belgium).

Results

Oncologic follow-up

At a mean follow-up of 8.4 months (min 0.33–max 2.7 
years), 13 patients were alive with Disease (AWD), and 33 
were dead with disease; 16 patients died within 2 months. 
Only the patient treated for post-radiation fracture resulted 
free of disease.

After surgery, 88% (47/52) of nailing was followed by 
adjuvant radiotherapy. One patient refused any adjuvant 
therapy (Group A), while 3 patients died before the start 
of treatment (Group B). The radiotherapy dose was at least 
8 Gy (min 8– max 20 Gy). The patient who had treatment 
for post-radiation fracture did not necessitate adjuvant 
radiotherapy.

Time of surgery and fluoroscopy exposure

The overall mean duration of surgery was 105 min 
(min 35–max 187 min). In femoral nailing, the mean 
intervention time was 96.6 min (min 35–max 142 min) in 
Group A, and 111.0 min (min 80–max 183 min) in Group 
B, without a statistically significant difference (P =  0.323). 
In humeral nailing, the mean surgery time was 119.3 min 
(min 69–max 101 min) in Group A, and 78.4 min (min 
75–max 175 min) in Group B, with a significantly lower 
surgical time for carbon fiber nails (P  = 0.014).

The overall mean time of fluoroscopy exposure was 
107.4 s in Group A and 102.6 s in Group B. In femoral 
nailing, the mean time of fluoroscopy was 132.5 s (min 
15–max 270 s) in Group A, and 150 s (min 100–max 254 s)  
in Group B, without a significant difference (P =  0.573). 
In humeral nailing, the mean time of fluoroscopy was 
117.7 s (min 10–max 215 s) in Group A, and 108.0 s (min 
92–max 150 s) in Group B, without significant differences 
(P = 0.780) (Table 2).

Complications

Overall, five complications were registered: one in Group 
A and four in Group B (Table 3).

Figure 1
(A) An 86-year-old male with pathological fracture of the right 
humeral diaphysis from multiple myeloma treated with a long 
CFR-PEEK humeral nail. Postoperative radiotherapy 20 Gy. (B) 
X-ray after 6 months from surgery and adjuvant radiation 
therapy showing complete healing of the fracture. AWD after 32 
months from humeral surgery.

Figure 2
(A) A 63-year-old male with right femur 
diaphyseal metastasis from lung cancer. 
X-rays show an osteolytic lesion in the 
proximal third of the femoral diaphysis. The 
patient underwent radiation therapy (20 
Gy). (B) X-rays after 7 months showed 
complete healing of the lesion. (C and D) 
CT scan at 7 months follow-up also 
showed good results. The patient is AWD 
after 16 months after the last surgery.
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A trochanteric fracture (Group B) occurred 
intraoperatively but did not require further intervention.

Two complications were early postoperative: one 
post-surgical hematoma (Group B) treated with a surgical 
drain during the second postoperative day and one radial 
nerve deficit (Group A) treated with physical therapy and 
a wrist-hand splint.

Two patients had implant failure (Group B). Nail 
breakage at the site of the original pathologic fracture 
occurred in the absence of trauma in one patient 1 
month after treating subtrochanteric pathologic fracture 
due to breast cancer metastasis and in the other one, 
2 months after treatment of the post-radiation fracture. 
Both cases were treated with nail removal, proximal 
femur resection, and reconstruction with modular 
prosthesis (Fig. 3). We did not observe any implant 
failure in Group A.

Response to radiotherapy

We considered fracture consolidation with callus osseous 
formation and absence of osteolysis progression as 
radiographic signs of healing and local control in response 
to radiotherapy.

Thus, we performed this evaluation only in cases 
with at least 2 months of follow-up and, therefore, 
about 1 month after finishing radiotherapy. Thirty-six 
lesions were included: 21 of Group A and 15 of Group B.

Healing was present in 19/36 (52.7%) lesions at 
a mean time of 5.1 months (min 2–max 11 months). 
Healing occurred in 11/21 cases (52.3%) at a mean time 
of 6 months (min 2–max 11 months) in Group A and 
in 8/15 lesions (53.3%) at a mean time of 4.6 (min 2–
max 8) in Group B (Table 4). There was no statistical 
difference in the average time of healing between 
the two groups (P = 0.519). No patients showed 
radiographic progression of osteolysis; thus, no cases of 

local progression of the disease were registered in both 
groups.

Discussion

Even if the treatment with tumor resection and prosthetic 
reconstruction increases in patients affected by long 
bone metastasis, IM nail is still indicated. The indications 
for IM nail are poor patient prognosis, multiple lesions, 
unfavorable histotype, short disease-free interval, and bad 
general condition, mostly in lesions in the middle shaft of 
the diaphysis (26, 27).

It has been a short time since CFR-PEEK has been 
available as a material for orthopedic implants. Collis 
et al., in 2011, first described a case of a patient affected 
by a humeral location of melanoma, treated with a CFR-
PEEK nail (22). After that, few authors analyzed CFR-PEEK 
implants in oncologic surgery (19, 20, 21), while their 
use in traumatology and orthopedic surgery is poorly 
documented (23, 31).

The main advantage of CFR-PEEK implants is their 
radiolucency. It permits avoiding artifacts during imaging 
exams (18, 30): x-rays and CT scans are of better quality, 
and it is possible to visualize fracture healing during the 
follow-up. Moreover, because carbon is non-magnetic, 
the quality of the images in MRI is considerably higher 
without artifacts, permitting a better evaluation of the 
pathologic tissue (23, 30) (Fig. 4). The main drawback of 
radiolucency of CFR-PEEK nails may be the more complex 
identification of holes leading to difficult perforation and 
insertion of the distal locking screws with consequent 
longer operative time and fluoroscopy exposure (). Since 
CFR-PEEK implants have a low diffraction power, thanks 
to the low atomic number of carbon, they offer benefits 
for radiotherapy (26). Indeed, the radiation dose is more 
reliable and more effective delivery to an osseous target 

Table 2 Time of surgery and fluoroscopy.

Femur Humerus

Surgery (min) Fluoroscopy (s) Surgery (min) Fluoroscopy (s)

Titanium 96.6 (35–142) 132.5 (15–270) 119.3 (69–101) 117.7 (10–215)
Carbon fiber 111.0 (80–183) 150.0 (100–254) 78.4 (75–175) 108.0 (92–150)
P-value 0.323 0.573 0.014 0.780

Table 3 Complications.

Nail Complication Treatment

Titanium Intraoperative
 Radial nerve deficit (1) Physiotherapy and splint
Postoperative
 None -

Carbon fiber Intraoperative
 Greater throcanter fracture (1) None
Postoperative
 Deep hematoma (1) Surgical drain
 Breakage of the nail (2) Resection of prox femur and prosthetic reconstruction
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volume, avoiding irradiation of adjacent tissues and 
potentially having a better result in controlling the local 
progression of the tumor (18, 26, 30). Other features 
of CFR-PEEK implants are the low modulus of elasticity 
and high fatigue properties. However, controversies are 
reported considering their potential effect on accelerating 
bone healing (23, 31). Ziran et  al. (23) analyzed the 
healing of diaphyseal tibia fractures; they reported that 
using CFR-PEEK nails resulted in faster healing when 
compared with titanium nails. On the contrary, Fragomen 
et al. (31) assessed a high rate of implant failure and non-
union (31% of non-union) using CFR-PEEK nails following 
osteotomies to correct lower limb deformities. In the 
same series, the two patients treated with CFR-PEEK nails 
for tibial fracture did not develop any complications, 
and the fracture healed. The authors suggested that the 
increased elasticity of the carbon fiber polymer may allow 
significant motion at the osteotomy site with delayed 
union and non-union in treating long bone deformities 
with osteotomies (31).

The reported advantages of CFR-PEEK in terms of 
radiolucency make CFR-PEEK nails a new and promising 
alternative to classic titanium nails in the treatment of 
patients with pathologic fractures.

Some authors have studied the CFR-PEEK nailing 
in oncologic and orthopedic surgeries (19, 20, 21, 
22); however, literature comparing CFR-PEEK nailing 
with titanium nailing is lacking (23). We performed a 
retrospective analysis of all oncologic patients treated with 

IM nailing at our Institute, comparing titanium vs CFR-PEEK 
nailing in terms of the time of surgery and fluoroscopy 
exposure, complications, and response to radiotherapy.

Piccioli et  al. in 2017 published the most extensive 
multicentric study on CFR-PEEK nailing for metastatic or 
primary bone diseases (29). In their experience with 53 
CFR-PEEK nails, the average surgical procedure time was 69 
min, and the mean intraoperative fluoroscopy exposition 
was 96 s. In our series, using CFR-PEEK nails, the mean 
duration of surgery was 111 min in the femur and 78.4 
min in the humerus. Moreover, the implantation time of 
CFR-PEEK nails was not significantly longer than titanium 
nails in the femur (P =  0.323), while it resulted shorter in 
the humerus than titanium ones (P  = 0.014). However, 
the bias consequent to the limited number of humeral 
nails and the low power of the statistical analysis must be 
considered. Fluoroscopy time was similar for titanium and 
CFR-PEEK nails in the femur (P =  0.573) and the humerus 
(P = 0.780). The learning curve of our surgeons could 
explain this high surgical time for the insertion of CFR-PEEK 
nails; in fact, the surgical times progressively decreased in 
the last procedures. After the learning curve, radiolucency 
is not an obstacle for surgery. Indeed, the presence of 
radio-opaque markers allows good visualization of the 
entry holes. Thus, identifying the holes and adjusting the 
drill is easy.

Complications with these newer nails are reported 
to be similar to the ones with titanium nails (20, 21, 
29). Takashima et  al. (21) reported their experience in 
treating proximal femur fracture with CFR-PEEK nails; 
no complications were described, and consolidation 
of the fracture was noted in 95% (19/20) of patients. 
Piccioli et  al. (29) reported 13 complications: only 
2 major complications occurred late postoperatively  
(1 stress fracture proximally to the distal static screw 
and 1 screw loosening). In the current series, only two 

Table 4 Patients with at least 2 months of follow-up that showed 
radiographic signs of healing.

Nail Healing % Time in months (min–max)

Titanium 11/21 52.3 6 (2–11)
Carbon fiber 8/15 53.3 4.6 (2–8)
Total 19/36 52.7 5.1 (2–11)

Figure 3
(A) A 66-year-old female with multiple 
metastases from breast cancer; pathologic 
subtro-chanteric fracture of the right 
femur. (B) Postoperative x-ray shows 
reduction and fixation with a long 
CFR-PEEK nail. (C) Two months 
postoperative breakage of the nail. (D) The 
patient was treated with nail removal, 
resection of the proximal femur, 
reconstruction with modular proximal 
femur tu-mor megaprosthesis with 
cemented stem, and postoperative 
radiotherapy (8 Gy). AWD 12 months after 
the last surgery.
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major complications occurred, both in the group of 
patients treated with CFR-PEEK nails. The nail’s breakage 
at the original pathologic fracture site emerged without 
trauma, requiring implant removal, resection of the 
proximal femur, and modular prosthetic reconstruction. 
It is hard to say that these complications are related to 
implant material; carbon fiber nails, as reported in the 
literature, have a higher resistance to fatigue fracture 
than titanium nails (23). Moreover, these two patients 
did not report any trauma or causes that can explain 
breakage except for missing consolidation of the femur 
fracture; an analysis of the implants reported no defect 
of fabrications; for these reasons, we have no explanation 
for these complications.

Fracture healing and disease local control are proof of 
response to radiotherapy. For example, Piccioli et al. (29) 
reported signs of the radiographic union in 14 (26.4%) 
patients at an average of 16 weeks; however, 8 (15%) 
cases of local progression ensued. In our series, response 
to radiotherapy was evaluated in 36 patients. Signs of 
healing were present in 53.3% of cases at a mean time 
of 4.6 months in the CFR-PEEK group and 52.3% of cases 
at 6 months in the titanium group. The incidence of 
healing in the CFR-PEEK group seems higher than in the 
titanium group, even if a more extensive series is needed 
for confirmation. No cases of local progression occurred 
in both groups.

The main limitation of this study is the impossibility 
of comparing homogeneous populations since 
all patients treated are oncologic patients, with a 
heterogeneity of diagnosis. Moreover, the short survival 
of these patients is a strong bias, and this must be taken 
into consideration. The mean follow-up in the whole 
population was 8.4 months; only 14 patients were alive 
at the last follow-up.

Conclusion

CFR-PEEK nails seem to be a good solution in patients 
with pathologic or impending fractures of the long bones. 
Indeed, their radiolucency allows better visualization of 
the pathologic site and minor interference with adjuvant 
radiotherapy, leading to more proper targeting and 
dosing volume. It could explain why signs of healing seem 
to be faster with CFR-PEEK nails than with titanium ones. 
In addition, our results suggest that surgical time and 
fluoroscopy exposure are no longer with CFR-PEEK nails 
compared to titanium ones.

The use of CFR-PEEK nails could also be enlarged in 
traumatology surgery; however, the long-term resistance 
and complications are unknown since they, until now, 
have been mainly used in a population of patients with 
a short life expectancy. Therefore, further clinical studies 
are needed to clarify the long-term outcomes of these 
implants.
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