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Background  
Cephalomedullary nails (CMNs) are frequently utilized for subtrochanteric femur 
fractures but a lack of cortical fit in proximal fractures may lead to varus deformity. We 
hypothesize that as the difference between fracture site canal width and diameter of the 
nail increases so will the risk of varus deformity. 

Methods  
A retrospective study of subtrochanteric femur fractures fixed with CMNs at an academic, 
level one trauma center over a 6.5-year period was performed. Patients were divided into 
two cohorts: CMN with sliding blade/screw (TFNA) or greater trochanteric entry recon 
nail (GTE). The primary outcome analyzed was the correlation between nail-canal 
mismatch with final neck shaft angle. Secondary outcomes analyzed included rates of 
nonunion and malunion. 

Results  
Seventy-one patients met the inclusion criteria (35 TFNA and 36 GTE). There was not a 
significant correlation between the nail-canal mismatch with final neck shaft angle for 
GTE nails (Pearson correlation coefficient r: -0.187, p=0.274). However, when TFNAs were 
subdivided into 125° and 130° cohorts, there was a stronger negative correlation for 125° 
(r: -0.678, p=0.001) compared to the 130° (r: -0.515, p=0.041). For 125° TFNAs, linear 
regression analysis demonstrated that for every 1 mm increase in nail-canal mismatch 
there was a decrease in final neck shaft angle by 0.757⁰. There was no difference in 
secondary outcomes. 

Conclusion  
GTE nails and TFNAs have similar rates of malunion and nonunion when managing 
subtrochanteric femur fractures. However, 125° TFNAs may be associated with increased 
varus neck shaft angles as the nail-canal mismatch increases. 

INTRODUCTION 

Subtrochanteric femur fractures are challenging fractures 
to manage due to the strong deforming muscular attach
ments of the proximal femur. The estimated incidence of 
these fractures is 15-20 per 100,000 individuals and they 
are commonly due to high energy mechanisms in young 
patients and falls from standing in the geriatric popula
tion.1‑3 Antegrade, reamed intramedullary nailing is the 
gold standard treatment of these injuries, but the optimal 
nail design and subsequent entry portal has been debated 
over the years.1,4,5 Piriformis entry nails provide the advan
tage of a straight nail in the coronal plane which simpli
fies fracture reduction and avoids iatrogenic varus malre
duction.6 However, technical difficulty with obtaining the 

piriformis entry portal on larger patients, abductor weak
ness and increased risk of injury to the medial femoral cir
cumflex artery have led to the popularization of greater 
trochanteric entry nails.1,4,5,7‑9 

A drawback of trochanteric nails for subtrochanteric fe
mur fractures is the propensity for varus malreduction if 
the entry portal is too lateral, presence of fracture site com
minution or eccentric medial cortical reaming.6,10 Varus 
malreduction is poorly tolerated due to the high strain en
vironment of the proximal femur and greater than 10° of 
malalignment at the fracture site increases the risk of de
layed union and nonunion.9,11 Therefore, obtaining an ade
quate, functional reduction and maintaining it with a stable 
implant is crucial to optimize outcomes in subtrochanteric 
femur fractures. This goal becomes more difficult to achieve 
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in proximal or comminuted subtrochanteric femur fractures 
that involve the meta-diaphyseal junction or in a patient 
with poor bone quality resulting in decreasing nail canal 
fill. Even if the fracture is anatomically reduced, nail-canal 
mismatch can lead to varus malreduction during nail pas
sage or progressive varus collapse in poor bone quality.12 

Defining the ideal starting point during trochanteric 
nailing of subtrochanteric femur fractures is difficult due 
to the significant degree of greater trochanteric anatomical 
variation and variability in the proximal valgus bend of 
cephalomedullary nail designs.12‑15 The ability to preoper
atively template and thus predict varus malreduction would 
greatly benefit surgeons so they could consider an alter
native entry portal location or nail design.12 Preoperative 
templating of the uninjured femur has been advocated to 
achieve this goal but may not be feasible in the acute 
trauma setting where patient positioning and radiographic 
technique can limit image quality.1,12 Therefore, we seek 
to predict varus malalignment based on the anteroposterior 
femur injury radiographs and diameter of the nail utilized. 
The primary aim our study is to determine if the width of 
the canal at the fracture site minus nail diameter correlates 
with final proximal femur neck shaft angle. We hypothe
size that as the difference between fracture site canal width 
and diameter of the nail increases so will the risk of varus 
malalignment. 

METHODS 

ETHICAL CONSIDERATIONS 

This study was reviewed and deemed an exempt retrospec
tive study by our institution’s local Institutional Review 
Board (IRB-01). Study approval number IRB202301992. 
Data was stripped of patient identifiers once the data col
lection was completed by the study team. It was stripped 
prior to data analysis. The data was password protected and 
secured on an institutional approved server. 

DETAILED METHODS 

Patients who underwent intramedullary nailing for sub
trochanteric femur fractures from January 1st, 2016 to July 
1st, 2023 at an academic level one trauma center were 
identified by querying the medical record for Current Pro
cedural Terminology (CPT) code 27245 (treatment of in
tertrochanteric, peritrochanteric or subtrochanteric 
femoral fracture with intramedullary implant). The sub
trochanteric region was defined as within 5cm from the 
lesser trochanter. Patients were excluded if they were 
younger than 18 years old, older than 89 years old, had less 
than 6 weeks of postoperative follow-up or had fractures 
that involved the intertrochanteric region. 

A total of nine surgeons were involved in the study 
(seven fellowship trained in trauma and two fellowship 
trained in sports medicine) and worked with resident sur
geons as assistants. The choice of cephalomedullary nail 
(CMN) to utilize was left to the discretion of the surgeon. 
The two nails analyzed in the study were the TFN-Advanced 

Figure 1. (A) Anteroposterior (AP) injury radiograph of       
a right proximal femur demonstrating how the canal         
width at the fracture site (18.7mm) and distance from          
the lesser trochanter (21.8mm) was measured. (B)        
Final follow up AP radiograph demonstrating how the         
final neck shaft angle was measured (125.4°). This         
patient was fixed with a 10mm 125° TFNA. Therefore,          
the canal width at the fracture site minus the diameter           
of the nail in this example is 8.7mm.         

Proximal Femoral Nailing system (TFNA) and the FRN-Ad
vanced Femoral Recon Nailing System Greater Trochanteric 
entry nail (GTE) (Depuy Synthes, West Chester, PA). Both 
nails have an equivalent 5o lateral bend. The GTE nail has a 
screw to shaft angle of 130o. 

The following baseline patient characteristics were then 
retrospectively collected from the medical record: age, sex, 
body mass index (BMI), tobacco use, presence of diabetes 
mellitus, follow-up duration in months, mechanism of in
jury, AO/OTA fracture classification, and presence of open 
fracture. The following fracture and implant characteristics 
were retrospectively collected by reviewing radiographs and 
operative reports: fracture location distal to the lesser 
trochanter, width of canal at the fracture site, nail diameter 
utilized and neck shaft angle at most recent follow-up. The 
canal width at the fracture site minus the diameter of the 
nail (nail-canal mismatch) was calculated to represent the 
extent of canal fill of the nail (Figure 1). The following frac
ture related complications were also recorded: nonunion, 
varus malunion (femoral neck shaft angle <120°), fracture 
site shortening greater than 2mm, delayed union (fracture 
union greater than 9 months) and posttraumatic arthritis. 

STATISTICAL ANALYSIS 

CMNs were initially analyzed together and then divided 
into TFNA and GTE cohorts. Descriptive statistics were cal
culated using the mean with standard deviation (SD) for 
continuous variables and total number (n) with percentage 
for categorical variables. Univariate analysis of the descrip
tive statistics was then performed to compare baseline pa
tient characteristics, injury characteristics, fracture char
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acteristics, outcome data and complications between the 
cohorts. Two-independent samples t-test and Chi-square 
tests were used to evaluate the continuous and categorical 
variables, respectively. Pearson correlation coefficient (r) 
was utilized to determine the correlation between canal 
width at the fracture site minus the diameter of the nail 
with final neck shaft angle. An alpha of 0.05 was used for 
statistical significance. These analyses were completed us
ing Excel 2022 (Version 2408 Redmond, WA, USA). 

Blue Sky Statistics was utilized to perform regression 
analysis. Linear regression was used to evaluate the rela
tionship between fracture site to nail difference and final 
neck-shaft angle as a continuous variable. Logistic regres
sion was used to evaluate the relationship between fracture 
site to nail difference and the risk of varus malreduction, 
defined as neck-shaft angle <1200. Analysis performed sep
arately for all nails, GTE nails, all TNFA nails, 1300 TNFA 
nail, and 1250 TNFA nail. 

RESULTS 

One hundred and fifteen subtrochanteric femur fractures 
were reviewed and 71 met the inclusion criteria. 35 were 
fixed with a TFNA and 36 with GTE nail. Baseline character
istics were similar between the cohorts in terms of sex, BMI, 
tobacco use, presence of diabetes mellitus, follow up and 
presence of open fractures. The TFNA cohort was signifi
cantly older (mean age 63.8 years vs 40.97 years, p<0.001) 
and sustained more low energy injuries compared to the 
GTE cohort (p<0.001). The fracture AO/OTA fracture classi
fication distribution between the groups was similar except 
for more 32B3 fractures occurring in the GTE cohort (0% vs 
22%, p=0.003) (Table 1). 

In terms of fracture and implant characteristics, there 
was no difference in mean width of the intramedullary 
canal at the fracture site, canal width at the fracture site 
minus the diameter of the nail or final mean neck shaft 
angle. There were significant differences in mean fracture 
location measured from the lesser trochanter (7.18mm vs 
15.93mm, p=0.016) and frequency of 10mm diameter nails 
utilized (28% vs 58%, p=0.011) (Table 2). 

When considering all CMNS, there was a weak negative 
correlation with the canal width at the fracture site minus 
the diameter of the nail and final neck shaft angle (Pearson 
correlation coefficient (r) -0.4357, p=<0.001). There was not 
a significant correlation between canal width at the fracture 
site minus the diameter of the nail with final neck shaft 
angle for GTE nails ((r) -0.1874, p=0.274). However, there 
was moderate negative correlation for TFNAs ((r) -0.5564, 
p=<0.001). When TFNAs were subdivided into 125° and 
130° cohorts, there was a stronger negative correlation for 
125° TFNAs ((r) -0.6781, p=0.001) compared to the 130° TF
NAs ((r) -0.5149, p=0.041). 

Linear regression analysis demonstrated a significant 
negative association between fracture site to nail difference 
and neck shaft angle for all nails. Significant associations 
were present for all nails except for the individual analysis 
of GTE. The strongest effect was for the 1250 TFNA 
(β=-0.757, R2=0.46, p=0.001). For the 1250 TFNA nail, every 

1 mm increase in fracture site-nail difference decreases the 
final neck shaft angle by 0.7570. Logistic regression analysis 
found a similar relationship. The greater the fracture site to 
nail difference, the increased odds of varus malreduction. 
Significant findings were found for all nails and the 1250 

TFNA nail. The 1250 TFNA nail had the strongest effect (OR 
1.33, 1.06-1.81). For the 1250 TFNA, each 1 mm increase 
in fracture site-nail difference is associated with a 32% in
crease in the odds of varus malreduction. In terms of frac
ture related complications, there was no significant differ
ence in nonunion, varus malunion, fracture site shortening, 
delayed union and posttraumatic arthritis between the co
horts (Table 3). 

DISCUSSION 

The primary aim of this study was to determine if 
cephalomedullary nail (CMN) canal fill influences final 
alignment of the proximal femur in subtrochanteric femur 
fractures. We sought to measure this by correlating the 
canal width at the fracture site minus the diameter of the 
nail (termed nail-canal mismatch) with the final neck shaft 
angle. Our results found no significant correlation when 
greater trochanteric entry recon nails (GTE) were utilized 
but there was a significant negative correlation with CMNs 
with sliding blade/screws (TFNA). In other words, for the 
TFNA nails, as the nail-canal mismatch increased, the risk 
of a final varus neck shaft angle increased. This correlation 
was most significant for the 125° TFNAs where the linear 
regression analysis demonstrated for every 1 mm increase 
in nail-canal mismatch, there was a decrease in the final 
neck shaft angle by 0.7570. To our knowledge, this is the 
first clinical study that demonstrates the significance of 
nail-canal fill at the fracture site with final coronal align
ment in subtrochanteric femur fractures when CMNs are 
utilized. Adjacent evidence from pertrochanteric hip frac
tures indicates that utilizing a CMN with an angle less than 
the native neck shaft angle is associated with more varus 
malreductions and fracture displacement.16 This is in con
trast to prior studies on intramedullary nailing of femoral 
shaft fractures where it has been demonstrated that nail-
canal difference is not significantly correlated with time to 
union or nonunion.17‑19 

The literature comparing clinical outcomes of 
cephalomedullary to reconstruction nails for sub
trochanteric femur fractures is sparse. Yoon et al retro
spectively compared cephalomedullary nails to reconstruc
tion nails in sixty patients greater than 65 years old and 
found no statistical difference in malalignment but noted 
the reconstruction nail trended towards less varus (10% 
vs 30%) and anterior angulation (23% vs 37%) compared 
to cephalomedullary nails which is similar to our findings. 
Average time to boney union and Merle d’Aubigne-Postel 
scores were also similar between the constructs.20 This 
study contrasts with our study in that it included twenty 
atypical subtrochanteric femur fractures and only a geri
atric population. Huang et al performed another retrospec
tive cohort study comparing ten reconstruction nails to 
thirteen cephalomedullary nails and found longer operative 
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Table 1. Patient Characteristics   

Overall (n=71) TFNA (n=35) Greater Troch Entry (n=36) p-value 

Demographics 

Age, mean (SD) 52.2 (21.83) 63.8 (18.2) 40.97 (19.1) <0.0001 

Sex, n(%) 

Male 42 (59.15) 18 (51.43) 24 (66.67) 0.1916 

Female 29 (40.85) 17 (48.57) 12 (33.33) 

BMI, mean (SD) 29.3 (9.5) 27.7 (6.5) 30.9 (11.6) 0.1589 

Tobacco Use, n (%) 26 (36.62) 9 (25.71) 17 (47.22) 0.06 

Diabetes mellitus, n(%) 14 (19.72) 7 (20.0) 7 (19.44) 0.9531 

Follow up (months), mean (SD) 8.7 (12.7) 7.3 (10.1) 9.9 (14.8) 0.3865 

Injury Characteristics 

Mechanism, n (%) 

MVC 15 (21.13) 3 (8.57) 12 (33.33) 0.0106 

MCC 7 (9.9) 3 (8.57) 4 (11.11) 0.7197 

FFH 4 (5.63) 4 (11.43) 0 (0.0) 0.0368 

GLF 28 (39.44) 22 (62.86) 6 (16.67) <0.0001 

GSW 11 (15.49) 1 (2.86) 10 (27.78) 0.0037 

Path 2 (2.82) 1 (2.86) 1 (2.78) 0.9839 

Peds vs Auto 4 (5.63) 1 (2.86) 3 (8.33) 0.3171 

AO/OTA Classification, n (%) 

31A3 2 (2.82) 2 (5.71) 0 (0.0) 0.1457 

32A1 2 (2.82) 0 (0.0) 2 (5.56) 0.1572 

32A2 19 (26.76) 13 (37.14) 6 (16.67) 0.0514 

32A3 12 (16.90) 8 (22.86) 4 (11.11) 0.1867 

32B2 21 (29.58) 11 (31.43) 10 (27.78) 0.7361 

32B3 8 (11.27) 0 (0.0) 8 (22.22) 0.0031 

32C2 3 (4.23) 0 (0.0) 3 (8.33) 0.081 

32C3 4 (5.63) 1 (2.86) 3 (8.33) 0.3171 

Type of Fracture, n (%) 

Open 12 (16.9) 3 (8.6) 9 (25.0) 0.0648 

Closed 59 (83.1) 32 (91.4) 27 (75.0) 

BMI, body mass index; MVC, motor vehicle collision; MCC, motorcycle collison 
FFH, fall from height; GLF, ground level fall; ATV, all terain vehicle; GSW, gunshot wound 
Path, pathologic fracture 
TFNA: TFN-Advanced Proximal Femoral Nailing system 
Bold p values are considered statistically significant. 

time and more blood loss in the reconstruction nail group. 
They also demonstrated more postoperative change in the 
neck shaft angle in the recon group versus the 
cephalomedullary nail group (8.8° vs 4.7°) with more varus 
malreductions seen in the reconstruction nail cohort.21 

Both implants demonstrated similar time to union, 
nonunion and functional results. While the patient cohorts 
are similar to our study, it should be noted the reconstruc
tion nail utilized was composed of 316L stainless steel as 
opposed to a titanium alloy which may explain some of the 
discrepancies between our study. However, the sample size 
is too small to make any strong conclusions from their find
ings. 

There have been multiple biomechanical studies com
paring CMNs and reconstruction nails for subtrochanteric 
femur fractures. McKeeman et al demonstrated that the 

DePuy Synthes TFN-ADVANCED withstood significantly 
higher maximum force and approached higher energy to 
failure compared to the DePuy Synthes FRN-ADVANCED. It 
also withstood more proximal segment motion before fail
ure compared to the FRN-ADVANCED. There was no dif
ference in osteotomy site motion or construct stiffness.22 

Yoon et al performed a similar biomechanical study but 
utilized an osteoporotic fracture model and still found a 
higher load to failure in the cephalomedullary nail group 
(Synthes TFNA) compared to reconstruction nails (Synthes 
A2FN, Expert Asian Femoral Nail) but with similar stiff
ness.23 Implants in both studies sustained much higher 
loads to failure than is required for normal walking in a 
75-kg individual and are unlikely to be clinically relevant 
differences.22,23 While optimizing stiffness is essential to 
creating a healthy bone healing environment, these studies 
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Table 2. Fracture and Implant Characteristics     

Overall 
(n=71) 

TFNA 
(n=35) 

Greater Troch Entry 
(n=36) 

p-
value 

Fracture Locaton Distal to Lesser Trochanter, mean 
(SD) 

11.62 
(15.43) 

7.18 
(11.99) 15.93 (17.26) 0.0158 

Width of Canal at fracture site, mean (SD) 23.94 (6.28) 
24.91 
(6.28) 22.99 (6.22) 0.2018 

Nail Diameter 

9mm, n (%) 2 (2.82) 0 (0.0) 2 (5.56) 0.1572 

10mm, n (%) 31 (43.66) 10 (28.57) 21 (58.33) 0.0115 

11mm, n (%) 25 (35.21) 11 (31.43) 14 (38.89) 0.5105 

12mm, n (%) 13 (18.31) 6 (17.14) 7 (19.44) 0.802 

Fracture site to nail difference, mean (SD) 13.25 (6.27) 
14.25 
(6.52) 12.27 (5.94) 0.1862 

Final Neck Shaft Angle, mean (SD) 126.1 (4.9) 125.4 (5.8) 126.7 (3.8) 0.2946 

TFNA: TFN-Advanced Proximal Femoral Nailing system 
Bold p values are considered statistically significant. 

Table 3. Fracture Related Complications    

Overall (n=71) TFNA (n=35) Greater Troch Entry (n=36) p-value 

Nonunion, n (%) 5 (7.04) 3 (8.57) 2 (5.56) 0.6195 

Varus Malunion, n (%) 5 (7.04) 4 (11.43) 1 (2.78) 0.1543 

Fracture Site Shortening, n (%) 6 (8.45) 2 (5.71) 4 (11.11) 0.4137 

Delayed Union, n (%) 2 (2.82) 1 (2.86) 1 (2.78) 0.9839 

Posttraumatic Arthritis, n (%) 1 (1.41) 0 (0.0) 1 (2.78) 0.3207 

TFNA: TFN-Advanced Proximal Femoral Nailing system 

were not designed to assess how implant design and fit in
fluence final fracture alignment which is critical to success
ful outcomes in subtrochanteric femur fractures. 

The rate of varus malunion in our study was 7% with no 
significant difference in the TFNA cohort (11%) versus the 
GTE cohort (3%). However, the logistic regression analysis 
in the 1250 TFNA cohort demonstrated that each 1 mm in
crease in nail-canal mismatch is associated with a 32% in
crease in the odds of varus malreduction. Avoiding varus 
malalignment, especially in subtrochanteric femur frac
tures, is essential as it is well established that it has been 
shown to increase the risk of nonunion, lag screw cut-
out, complication rates, and worse functional outcomes 
scores.9,24‑27 Panteli et al retrospectively reviewed 309 sub
trochanteric femur fractures fixed with cephalomedullary 
nails and found malreduction of 5-10° of varus and greater 
than 10° of varus was associated with 3.25 and 6.76 greater 
odds of reoperation respectively.27 Varus malalignment 
combined with medial cortical comminution was associated 
with a 53% risk of nonunion in a retrospective review by 
Krappinger at al.24 In a risk assessment model performed 
by Wang et al, avoiding varus and reducing the medial 
cortex has been demonstrated to be protective against 
nonunion.26 

A thorough understanding of proximal femur osteology, 
deforming forces, fracture pattern characteristics and how 
these interplay with intramedullary nail design are essen

tial elements that must be accounted for to avoid varus 
malreduction.24 First, subtrochanteric femur fractures can 
produce short proximal segments and extend into the in
tertrochanteric region where the medullary canal broadens 
at the metaphyseal segment of the bone which facilitates 
varus malalignment due to lack of cortical fit with the nail 
and deforming force of the hip abductors.9,28,29 We sought 
to quantify and predict this by correlating nail-canal mis
match with varus malreduction. This correlation was only 
significant for the 1250 TFNA cohort where each 1 mm in
crease in nail-canal mismatch was associated with a 32% 
increase in the odds of varus malreduction. Therefore, 
based on the results of our study, one should consider using 
a 1300 TFNA if a CMN is desired in patients with very proxi
mal fracture patterns or capacious proximal femur anatomy 
due to osteoporosis (Figure 2). 

Variations in proximal femur anatomy and bone quality 
can make determining the ideal entry portal challenging 
but most would agree that utilizing a starting point just 
medial to the tip of the greater trochanter to account for 
the valgus bend of cephalomedullary nails is ideal to avoid 
varus30-32. The differences in proximal body nail design 
should be considered when deciding which implant is best 
suited for a subtrochanteric femur fracture. Within the con
text of our study, the Synthes TFNA has a larger proximal 
diameter measuring 15.66 mm compared to 13 mm prox
imal diameter in the FRN-Advanced Femoral Recon Nail 
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Figure 2. (A) Anteroposterior (AP) injury radiograph of       
a left proximal femur demonstrating a subtrochanteric        
femur fracture with a 36.3mm canal width at the          
fracture site. (B) AP radiograph one year status post          
cephalomedullary nailing with an 11mm 125° TFNA        
and resulting varus malunion (114° final neck shaft         
angle). The canal width at the fracture site minus the           
diameter of the nail in this example is 25.3 mm.           

which may influence the final reduction once the nail is 
fully seated.22,23 This difference is likely to be more influ
ential when the fracture site is more proximal, which was 
seen in our TFNA cohort, or when a lateral starting portal 
is utilized.23 

This study has several notable limitations. First, it is a 
retrospective study that cannot control surgeon bias when 
selecting implants, methods of reduction or provisional fix
ation. In addition, it lacks patient reported outcome mea
sures as this data is not routinely collected. Second, the 
cohorts also have notable differences in their characteris
tics. The TFNA cohort was older, sustained more low energy 
mechanisms of injury and was utilized to fix more proximal 
fractures. Statistical matching techniques were unable to 
be utilized to account for these differences due to the small 
samples size. Additionally, fracture location, canal width, 
and neck-shaft angle were measured retrospectively from 
radiographs, which are easily influenced by hip rotation, 
flexion and radiograph quality. Moreover, additional factors 
such as bone quality and intraoperative reduction quality 
can not be controlled for and may have influenced both im
plant choice and outcomes. 

CONCLUSION 

Overall, GTE femoral recon nails and TFNAs demonstrated 
similar rates of varus malalignment and nonunion for sub

trochanteric femur fractures. However, increased nail-canal 
mismatch was associated with increased risk of varus neck 
shaft angles for the 125° TFNAs. These findings emphasize 
the importance of understanding nail geometry and canal 
fill, particularly in patients with capacious canals and prox
imal fractures, in order to avoid varus malalignment. 
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