ORIGINAL ARTICLE

Is Distal Fixation Necessary in Cephalomedullary Fixation
of Pertrochanteric Femur Fractures?
Factors Associated with Blade Cut-Out
ABSTRACT
INTRODUCTION Failure of fixation after femoral cephalomedullary
nailing for pertrochanteric (PT) femur fractures is a major source of
morbidity and mortality in the elderly population. Several studies
have looked at patient demographics and technical factors of fixation as predictors for blade cut-out, however, none have examined
the effect of distal locking screw placement or other factors such as
reamed versus unreamed CMN placement. We sought to investigate
the role of distal fixation in blade cut-out and implant failure.
METHODS Patients who underwent initial surgical fixation of a
pertrochanteric femur fracture with a long cephalomedullary nail
device and subsequently had revision or conversion surgery of the
original implant were included in the study. Demographics were extracted from the medical record and all operative notes were evaluated for documentation of femoral canal reaming during the initial
fracture fixation as well as any notable aberrancies of the case. The
primary outcome was revision for blade cut-out.
RESULTS Thirty-one (31) patients met the inclusion criteria for this
study. Age >65, time to revision, an isthmus/nail ratio of >1.1 and unreamed canals were found to be associated with revision for blade
cut-out. There was not a significant association between gender and
the number of distal locking screws.
CONCLUSION Patients undergoing revision for blade cut-out were
significantly more likely to be>65 years old, have initially undergone
unreamed nailing, have a larger isthmus/nail ratio and be revised
within one year. We did not find an association with revision for blade
cut-out and distal locking screws. However, we argue and demonstrate from a small sample set that the effective working length of
the CMN, namely whether isthmic purchase is present, is also an important consideration during the treatment of these fractures.
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Failure of fixation after femoral cephalomedullary
nailing for pertrochanteric (PT) femur fractures is a
major source of morbidity and mortality in the elderly
population.1 Blade cut-out (Figure 1) has been recognized as a prevalent type of catastrophic failure.2 Several studies have looked at patient demographics and
technical factors associated with fixation as predictors
for blade cut-out,3,4 however, none have examined the
effect of distal locking screw placement or the fit of
the implant within the femoral canal. There is currently no consensus regarding the value of distal locking
screws with long cephalomedullary nails (CMN) in the
treatment of PT femur fractures. Our aim was to identify factors associated with blade cut-out and implant
failure aside from proximal fixation placement (TAD)
when treating PT fractures with CMN. Specifically, we
sought to identify the incidence of blade cut-out and
implant failure and its potential relationship to the use
of distal locking screw placement and whether there
exists a relationship between the diameter of the CMN
and the femoral canal.
MATERIALS & METHODS
This study was approved by the Institutional Review
Board (IRB). All patients initially treated with long
cephalomedullary fixation for pertrochanteric hip fractures (OTA/AO 31A1, 31A2 or 31A3) between January
2003 and July 2014 at two level-1 trauma centers were
identified by CPT codes 27245 (open treatment of IT,
pertrochanteric or subtrochanteric femoral fracture
with IM implant) or 27506 (open treatment of femoral shaft fracture). This cohort was further specified to
patients who required one of the following additional procedure identified by the following CPT codes:
27245, 27506, 20680 (removal of hardware), 27132
(total hip arthroplasty), 27236 (hip hemiarthroplasty
for fracture) or 27125 (elective hip hemiarthroplasty).
These selection criteria yielded 46 patients.
Upon further review, fifteen patients were excluded for the following reasons: Nine patients had short
cephalomedullary nails placed initially, three cases
were coded incorrectly, one infection, one pathologic
fracture, and one returned to the operating room for
removal of a drain.
All operative notes were read by two residents to
identify documentation of femoral canal reaming
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FIGURE 1

Proper proximal fixation and blade cut-out

(Left) Intra-operative fluoroscopy revealing proper proximal
fixation during initial fixation. (Right) Three month post-operative film showing blade cut-out and catastrophic failure.

during the initial fracture fixation. Patient demographics abstracted from the medical record included
age, gender, and laterality of the surgical site. BMI was
separated into “overweight and obese” (BMI >25) and
“normal” (BMI<25) based on World Health Organization guidelines.5
Surgical variables abstracted from the operative reports included number of distal locking screws, length
of the implant and necessity of femoral canal reaming.
Two residents performed radiographic evaluation of
films pre- and post-operative to the initial procedure
and all subsequent procedures. The films were examined for confirmation of the use of a long CMN initially, the number of distal locking screws and the ratio
of femoral isthmus diameter to intramedullary implant
diameter (Table 1). The femoral isthmus was defined
as the narrowest portion of the femoral shaft as determined on postoperative AP plain radiographs. Measurement of the femoral isthmus was done using the
measurement tool of radiographic viewing software
(Centricity, GE Healthcare, Boston, MA). A minimum
of four different measurements were taken on each radiograph to determine the narrowest inner cortical diameter. The diameter of the CMN was also measured
and a ratio of the smallest endosteal (inner) cortical
diameter measurement to the nail diameter was subsequently derived for each patient (Figure 2).
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TABLE 1

Summary of patient demographic data and
variables of interest

Number
Patients
Male
Female

Std. Dev.

67.5

4.00

25.8

1.20

10.1

1.68

1.2

0.80

1.2

0.03

An example of measuring the inner cortical
diameter at multiple places and nail
diameter for isthmus/nail calculations.

31
10 (32.3%)
21 (67.7%)

Age (yrs)
>65
≤65
BMI

Mean

FIGURE 2

18 (58.1%)
13 (31.9%)

Laterality
Left
Right

17 (54.8%)
14 (45.2%)

Time to revision (mos)
≤1 year
>1 year

21 (67.7%)
10 (32.3%)

Distal locking screws
Zero
One
Two

7 (22%)
10 (32.3%)
14 (45.2%)

Isthmus/nail ratio
>1.1
≤61.1
Canal Reaming

20 (64.5%)
10 (32.2%)
16 (51.6%)

The primary outcome of interest was implant
failure from migration of the proximal fixation
device through the femoral head (blade cut-out).
Secondary outcomes included implant failure
that necessitated surgical revision/conversion
for all other indications, including lateral thigh
pain, distal femur pain and avascular necrosis of
the femoral head. Continuous variable data were
binned and all intergroup comparisons were performed using Fisher’s Exact Test. The isthmus/nail
ratio distinction was set at 1.1 based on the common technique of over-reaming the femoral canal
by 1mm greater than the size of the nail and was
subsequently used for statistical analysis binning.
A logistic regression model was used to calculate

the odds ratio for intergroup comparisons of the
number of distal screws placed. All data were analyzed using STATA software (Statacorp, LP. College Station, TX). Statistical significance was set at
α < 0.05.
RESULTS
All CMNs utilized in this retrospective study were
long and 11mm in diameter. Thirty-one (31) patients
met the inclusion criteria for this study and the demographic data is summarized in Table 1. There
were 10 (32%) male patients and 21 (68%) female
patients. The mean BMI was 25.8 ± 1.2 kg/m2 with
5 (16%) overweight (BMI>30). Blade cut-out was the
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cause for revision/conversion in 18 (58%) patients.
Removal of hardware for lateral thigh pain was the
cause for revision/conversion in 8 (26%) patients.
Removal of the distal locking screws for distal femur
pain or loose screws was the cause of revision in 3
(10%) patients. Avascular necrosis and subsequent
conversion to arthroplasty was the cause for revision
in 2 (6%) patients.
The mean age of patients at the time of cephalomedullary nail fixation was 67.5 ± 4.0 years. There
were 18 (58.1%) patients over the age of 65 in the
study cohort. Age was found to have a significant association with revision for blade cut-out (p = 0.001).
The mean time to revision/conversion surgery was
10.1 ± 1.7 months and 21 (67.7%) patients required
revision/conversion surgery within 12 months of
initial CMN placement. Revision/conversion of the
CMN for blade cut-out was more likely to occur
within the first 12 months, which was a statistically
significant association (p = 0.006).
Distal fixation varied within the cohort with 7
(22.5%) patients having no distal locking screws, 10
(32.3%) patients having one distal locking screw and
14 (45.2%) patients having 2 distal locking screws
placed. The number of distal locking screws did not
have a significant association with blade cut-out
(p = 0.59). There was not a significant association
when comparing zero distal locking screws and any
distal locking screws with blade cut-out (p = 0.96).
There were 15 (48.4%) patients who did not have
femoral canal reaming in preparation for nail insertion and there was a significant association with
those who did not have canal reaming and failure
due to blade cut-out (p = 0.03). A Fisher’s Exact
Test was performed to determine if unreamed canals were associated with an isthmus/nail ratio >1.1.
However, it did not demonstrate a significant association (p = 0.24).
The mean femoral isthmus/nail ratio was 1.24 ±
0.03 with one patient’s ratio absent as postoperative radiographs were unable to be obtained prior
to revision from the medical record. The isthmus/
nail ratio demonstrated a significant association
with blade cut-out (p = 0.04) with an odds ratio of
6.48. Table 2 summarizes the variables examined
in this study and the statistical association with
blade cut-out.
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TABLE 2

Statistical significance of association to revision/
conversion for blade cut-out
P Value

Odds Ratio

CI (95%)

Time to revision (yrs)

0.006

0.09

0.01-0.62

Distal locking screws

0.59

zero versus one

0.81

0.21-2.98

zero versus two

0.56

0.13-2.06

Isthmus/nail ratio

0.045

6.48

1.01-55.15

Gender

0.25

2.89

0.49-19.17

Canal reaming

0.03

0.16

0.02-0.94

Age

0.001

0.07

0.01-0.46

Abbreviation: CI, confidence interval

DISCUSSION
Patient demographic and technical factors affecting fixation failure rates of pertrochanteric hip fractures with intramedullary devices has been previously
studied.3,4 Kashigar et al.3 and more recently Liu et al.6
demonstrated that the calcar tip-apex distance (CalTAD) is a predictor of proximal fixation cut-out when
using CMN for PT fractures. However, the clinical significance of distal fixation in intramedullary constructs
has not been previously examined. Biomechanically,
one would expect changes to occur in the construct’s
load sharing properties and rotational stability when
distal locking screws are added. However, the published biomechanical studies are conflicting. Gallagher et al.7 concluded that locked CMNs have increased
rotational load capacity with the suggestion that these
constructs are more stable than their unlocked counterparts. Kane et al.8 showed similar peak torque strength
of locked and unlocked CMN, suggesting either can be
used without significantly changing the biomechanical
properties of the construct. We initially hypothesized
that a lack of distal fixation in a long CMN would allow
a longer working length and therefore more stress on
the proximal fixation leading to a propensity for cutout. We did not, however, find an association with the
presence of distal locking and blade cut-out in our data.
Perhaps the most striking observation in this data
is that patients undergoing revision for blade cut-out
were significantly more likely to have initially undergone CMN placement without sequential reaming of
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the medullary canal in preparation for nail insertion.
The treatment of femoral shaft fractures with reamed
nailing and larger diameter nails has been shown to
decrease the rate of nonunion because of improved
mechanical purchase and greater stability.9 In proximal
femur fractures the femoral shaft/isthmus represents
a potential point of distal fixation for intramedullary
nails. As such, patients who underwent reaming of the
canal may effectively have better qualitative bone density or smaller isthmic diameters and therefore require
sequential reaming to insert the CMN device without
excessive force. In such situations, reamed nails would
result in the femoral shaft/isthmus acting as a point of
distal fixation and thereby shortening the working area
of the construct. Similarly, nail placement without canal reaming may occur in patients with more advanced
osteoporosis, poorer bone quality, and more capacious
canals, all factors potentially leading to an increased
propensity for blade cut-out. This phenomenon was
quantified by the observation that patients undergoing
revision for blade cut-out were significantly more likely
to have a isthmus/nail ratio of >1.1. This ratio serves as
a way of assessing the degree to which the isthmus is
acting as a distal point of construction fixation.
Age greater than 65 years was also noted to have a
significant association with blade cut out (p = 0.001).
This may relate to decreased bone mineral density with
increasing age.10-12 This is supported by the significant
association we found between age > 65 years and isthmus/nail ratio >1.1 (p = 0.045). Additionally, blade
cut-out requiring revision or conversion of the implant
was significantly more likely to occur within the first
postoperative year (p=0.006). There are a number of
factors that affect this finding from technical aspects
of the surgical fixation (quality of reduction, CalTAD,
etc.) to patient-related factors such as development of
AVN and poor bone quality.11,13,14 This association underscores the necessity to optimize surgeon controlled
variables, such as fracture reduction and location of the
proximal fixation device.
There are several limitations to this study, the most
significant of which is the overall small size of the cohort, which potentially creates type 2 error. Additionally, the low incidence of blade cut-out or fixation failure
of CMN for PT fractures reported between 1.9% and
2.9% makes this a challenging area to investigate.14,15
Moreover, the practice of placing distal locking screws

is largely dependent on surgeon preference irrespective
of patient factors. Consequently, a randomized prospective model may be the only truly effective way of
evaluating the utility of distal locking screw constructs.
CONCLUSION
Failure of cephalomedullary nail fixation for pertrochanteric femur fractures is a distressing complication.
Blade cut-out is a common form of failure with other
studies identifying technical factors leading to increased
risk of failure. We have introduced, from a small sample set, that the effective working length of the CMN,
namely whether isthmic purchase is present, may be an
important consideration during the treatment of these
fractures. This is particularly important given that many
surgeons do not frequently ream and typically utilize
only a single size CMN implant for all femoral canal
sizes. Thus, this preliminary study begins to explore
whether older, osteoporotic patients with larger femoral canals would benefit from the use of CMNs whose
diameter is determined at the time of surgery based on
the nascent canal size. By sizing the implant to the isthmus, a shorter working area would be created and might
reduce the failure rate from blade cut-out.

REFERENCES
1. Braithwaite RS, Col NF, Wong JB. Estimating hip fracture morbidity,
mortality and costs. J Am Geriatr Soc. 2003 Mar;51(3):364-70.
2. Lobo-Escolar A, Joven E, Iglesias D, Herrera A. Predictive
factors for cutting-out in femoral intramedullary nailing. Injury.
2010 Dec;41(12):1312-6. doi: 10.1016/j.injury.2010.08.009. Epub
2010 Sep 15.
3. Kashigar A, Vincent A, Gunton MJ, Backstein D, Safir O, Kuzyk
PR. Predictors of failure for cephalomedullary nailing of proximal
femoral fractures. Bone Joint J. 2014 Aug;96-B(8):1029-34. doi:
10.1302/0301-620X.96B8.33644.
4. De Bruijn K, den Hartog D, Tuinebreijer W, Roukema G. Reliability of predictors for screw cutout in intertrochanteric hip
fractures. J Bone Joint Surg Am. 2012 Jul 18;94(14):1266-72. doi:
10.2106/JBJS.K.00357.

Volume 16 June 2015

41

Tobert et al.
5. World Health Organization. Obesity and overweight—What are
overweight and obesity? [Internet]. [Geneva (CH)]: World Health
Organization; c2015 [updated 2015 Jan; cited 2015 Mar 1] Available from: http://www.who.int/mediacentre/factsheets/fs311/en/

11. Haynes RC1, Pöll RG, Miles AW, Weston RB. Failure of femoral head fixation: a cadaveric analysis of lag screw cut-out with
the gamma locking nail and AO dynamic hip screw. Injury. 1997
Jun-Jul;28(5-6):337-41.

6. Liu W, Zhou D, Liu F, Weaver MJ, Vrahas MS. Mechanical complication of intertrochanteric hip fracture treated with trochanteric femoral nails. J Trauma Acute Care Surg. 2013 Aug;75(2):30410. doi: 10.1097/TA.0b013e31829a2c43.

12. Lehmann W, Rupprecht M, Hellmers N, Sellenschloh K, Briem
D, Püschel K, Amling M, Morlock M, Rueger JM. Biomechanical
evaluation of peri- and interprosthetic fracture of the femur. J Trauma. 2010 Jun;68(6):1459-63. doi: 10.1097/TA.0b013e3181bb8d89.

7. Gallagher D, Adams B, El-Gendi H, Patel A, Grossman L, Berdia J, Korshunov Y, Goldman A. Is distal locking necessary? A biomechanical investigation of intramedullary nailing constructs for
intertrochanteric fractures. J Orthop Trauma. 2013 Jul;27(7):3738. doi: 10.1097/BOT.0b013e31827cd5bd.

13. Davis TR, Sher JL, Horsman A, Simpson M, Porter BB, Checketts RG. Intertrochanteric femoral fractures. Mechanical failure
after internal fixation. J Bone Joint Surg Br. 1990 Jan;72(1):26-31.

8. Kane P, Vopat B, Paller D, Koruprolu S, Daniels AH, Born C.
A biomechanical comparison of locked and unlocked long cephalomedullary nails in a stable intertrochanteric fracture model. J Orthop Trauma. 2014 Dec;28(12):715-20. doi: 10.1097/
BOT.0000000000000165.
9. The Canadian Orthopaedic Trauma Society. Nonunion following intramedullary nailing of the femur with and without reaming.
J Bone Joint Surg Am. 2003 Nov;85-A(11):2093-6.

14. Utrilla AL, Reig JS, Muñoz FM, Tufanisco CB. Trochanteric
gamma nail and compression hip screw for trochanteric fractures:
a randomized, prospective, comparative study in 210 elderly patients with a new design of the gamma nail. J Orthop Trauma.
2005 Apr;19(4):229-33.
15. Baumgaertner MR, Curtin SL, Lindskog DM. Intramedullary
versus extramedullary fixation for the treatment of intertrochanteric hip fractures. Clin Orthop Relat Res. 1998 Mar;(348):87-94.

10. Cummings SR, Nevitt MC, Browner WS, Stone K, Fox KM,
Ensrud KE, Cauley J, Black D, Vogt TM. Risk factors for hip fracture in white women. N Engl J Med. 1995 Mar 23;332(12):767-73.

42

THE ORTHOPAEDIC JOURNAL AT HARVARD MEDICAL SCHOOL

