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Abstract

Background—In the United States intertrochanteric and pertrochanteric fractures occur at a rate
of more than 150,000 cases annually. Current standard of care for these fractures includes fixation
with either a cephalomedullary nail (CMN) or a sliding hip screw (SHS). The purpose of this
study was to compare failure and medical complications of intertrochanteric femoral fractures
repaired by CMN or SHS.

Methods—This study is a retrospective cohort study that included 249 patients with AO/OTA 31
Al1.1-3, 31 A2.1-3 nonpathological fractures of the femur, of which 137 received CMN and 112
received SHS. Analysis was stratified by fracture type as stable (AO 31A1.1-2.1) or unstable (AO
31A2.2-3).

Results—The tip-apex distance in stable fractures fixed with CMN was 17.3 + 5.9 compared to
26.2 + 7.9 in the stable SHS group (p<0.001) while it was 19.0 £ 5.3 in the unstable CMN group
compared to 24.0 £ 6.7 in the unstable SHS patients (= 0.004). Among patients with stable
fracture patterns there was no difference in collapse, complications, failure, or mortality (all P>
0.05). Among patients with unstable fractures CMN had significantly less collapse (P < 0.001) and
failure (P= 0.046) but no difference in complications (P = 0.126) or mortality (= 0.586).

Conclusions—There were no significant differences in failure or complication rates when
comparing the CMN to the SHS in stable intertrochanteric fractures. CMN demonstrated
significantly reduced failure and collapse rates in unstable intertrochanteric fractures when
compared to SHS; however, this study had a relatively small sample size of unstable fractures and
all results must be interpreted within this context.
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INTRODUCTION

Intertrochanteric and pertrochanteric hip fractures are common injuries in the elderly, with
an annual incidence of more than 150,000 reported in the United States.1~3 Both
cephalomedullary nails (CMN), and sliding hip screws (SHS) are utilized as the standard of
care for fixation of these fractures. Operative management with either fixation device allows
for early rehabilitation and decreased morbidity and mortality.*~5 However, which modality
is superior is up for debate. While CMN has been shown to have biomechanical advantages
over the SHS,”-8 clinical reports of complications and mortality have been conflicting. Some
studies have reported that CMN has a higher rate of morbidity,1:32 while others report that
CMN has a lower rate,%13 and a number of other studies show no difference between CMN
and SHS.14-18 Regardless of fixation type, reoperation and failure rates are variable across
studies, ranging from 0 to 32% and mortality rates are as high as 33% depending on fracture
stability.1419-28 Thus, the optimal treatment for intertrochanteric hip fracture is currently
uncertain.

Because of the ever-increasing average age of the population and rising number of hip
fractures in the elderly, it is essential to optimize treatment and reduce complications from
such fractures. The aim of this study was to compare failure and complication rates between
CMN and SHS fixation for intertrochanteric femur fractures. This comparison of failure
rates and complications is meant to provide an up-to-date analysis of the short- and long-
term morbidity and mortality that occurs with these types of fractures at an academic level |
trauma center.

MATERIALS AND METHODS

All protocols were reviewed and approved by the institutional review board (IRB) prior to
data collection. Hospital and office records were used to identify all patients older than 18
years of age who underwent operation for fractures of the intertrochanteric region between
2000 and 2012. We identified 535 patients with the International Classification of Diseases,
9th Revision (ICD-9) code 820.21 or 829.22 listed as the primary diagnosis. The Current
Procedural Terminology (CPT) codes of 27244 and 27245 were then used to separate
patients into two groups, those with intramedullary implants, and those with extramedullary
implants. Patient diagnosis and fracture patterns were confirmed by chart review and by
examining the initial injury radiographs. Fractures were then classified according to the
AO/OTA classification system.29 AO 31A1.1-3 and 31A2.1-3 fracture patterns were
included, while reverse oblique patterns were excluded (AO 31A3.1-3) to provide
comparable groupings, as SHS are not used in these patients. Patients with pathologic
fractures, previous hip fractures, subtrochanteric extension, or concurrent,
nonintertrochanteric ipsilateral lower extremity fractures were excluded.

Demographic characteristics collected included age, sex, and date of service. Data obtained
to determine preoperative state of health included past medical history, past surgical history,
body mass index (BMI), and chronic conditions. Control for differences in comorbidities
was accomplished by utilizing the lezzoni chronic condition index.39 Operative notes were
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searched to identify the type of implant, operative time, and any intraoperative complication.
We classified postoperative complications into one of 14 categories: cardiovascular, stroke,
urinary tract infection (UTI), pulmonary embolus (PE) or deep vein thrombosis (DVT), non-
PE, pulmonary, gastrointestinal, renal, hematoma, infection, heterotopic ossification
requiring surgical removal, periprosthetic fracture, pain or irritation necessitating removal of
implant, fixation failure, and mortality within 30 days. Cardiovascular complications
included any arrhythmia requiring medical intervention, myocardial infarction, or acute
exacerbation of congestive hear failure occurring in the immediate post-operative state.
Pulmonary complications included pneumonia, severe atelectasis, and respiratory failure.
Gastrointestinal complications recorded included Gl bleeds and obstruction occurring during
hospital admission. The Social Security Death Index (SSDI) was also used to assess
mortality in all patients at the time of the study. Fixation failure was defined as cutout,
fracture, collapse of more than 2 cm on follow-up radiographs, or revision surgery, not
including removal of symptomatic implant.

Immediate postoperative radiographs were used to measure the tip-apex distance (TAD)
following the method described by Baumgaertner et al.3! The tip-apex distance was defined
as the sum of the distance from the tip of the lag screw to the apex of the femoral head in
both the anteroposterior and lateral views. The apex of the femoral head was defined as the
point of intersection between the subchondral bone and a line in the center of and parallel to
the femoral neck. The immediate postoperative images were then assessed for varus or
valgus angulation on anteroposterior radiograph and apex anterior or posterior angulation on
the lateral radiograph. We then further classified the reduction as good, acceptable, or poor
using the criteria similar to those of Baumgaertner et al.31 For a reduction to be classified as
good, there had to be normal or slight valgus alignment (< 3 degrees) on the anteroposterior
radiograph, less than 10 degrees of angulation on the lateral radiograph, and no more than 4
mm of displacement of any fragment. To be deemed acceptable, a reduction had to meet one
criterion of a good reduction with respect to either alignment or displacement, but not both.
A poor reduction met neither criterion.

Intraoperative and follow-up radiographs were used to determine if collapse of the fracture
region had occurred. Collapse was determined by measuring the shortening of the lag screw
on comparable anteroposterior radiographs, with optimal technique and rotation, taken
immediately postoperatively and at final follow-up. All images were calibrated, based on the
diameter of the lag screw, prior to taking measurements (Figure 1). A collapse distance
greater than 2 cm was considered a failure using the definition of mechanical failure
proposed by Streubel et al 32

Due to the large catchment area of our institution, we attempted to contact every patient by
phone to complete a phone questionnaire regarding any care they may have received from an
outside provider. Any patient who received postoperative care at another facility or who did
not complete a minimum of 12 months follow-up at our institution was asked to complete a
telephone questionnaire. The questionnaire included patient information on length and
timing of follow-up visits made to physicians outside our system, complications experienced
and any further operations performed elsewhere. All patients with a completed questionnaire
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and outside follow-up of more than 6 months or attendance at our outpatient clinic for at
least 6 months were included.

STATISTICAL METHODS

Patients were stratified into stable (AO 31A1.1-2.1) or unstable fracture pattern (AO
31A2.2-2.3) for all analyses. A chi-squared test was used to analyze differences in CMN
versus SHS fixation by sex, AO classification, varus/valgus reduction, failure rate, and total
complication rate. Fisher’s exact test was used for the analysis of lezzoni comorbidities39
and reduction quality. A Wilcoxon rank sum test was used to compare TAD, collapse, age of
patient population, and date of service. The p-values for failure and total complications were
adjusted using multiple logistic regression with sex, age, lezzoni comorbidities, TAD, and
days since surgery as predictors. Mortality was compared between CMN and SHS using a
log-rank test, and a Cox proportional hazard model was used to adjust for sex, age, lezzoni
comorbidities, TAD, and days since surgery. Collapse was also compared adjusting for sex,
age, lezzoni comorbidities, TAD, and days since surgery using an analysis of covariance
model. Given that CMN became more prevalent over time, all multiple regression models
were repeated without days since surgery as a predictor. Kaplan-Meier plots were used to
visualize cumulative mortality curves between CMN and SHS fixation types.

RESULTS

Five hundred and thirty five patients treated with intertrochanteric femoral fractures were
identified. Patients with a reverse oblique fracture pattern (AO 31A3.1-3, n=197) and those
with less than 6 months follow-up (n=89) were excluded. The final analysis included 249
patients; 137 received a CMN and 112 received a SHS. Of the 137 patients that received a
CMN, 84 were stable fracture patterns and 52 were unstable fractures. Of the 112 SHS
patients, 97 were stable fractures and only 15 were unstable. Any patient that was unable to
complete the phone questionnaire and had not completed the required 6-months follow up
was excluded from the analysis. In total there were 21 CMN patients and 17 SHS patients
who met follow-up inclusion criteria by completing the phone questionnaire; all others had
adequate clinical follow-up regardless of their ability to participate in the phone
questionnaire.

In the stable fracture group (AO 31A1.1-2.1), the mean CMN patient age was 71 years
(range, 26 — 95 years) and 60.7% were women, while the mean age of those undergoing a
SHS was 69 years (range, 25-97 hears) and 44.3% were women. The mean follow-up was
21.8 months (range, 0.1-140.8 months) for CMN patients and 26.0 months (range, 0.1-
130.0 months) for SHS patients. All living patients were contacted by phone to complete a
phone questionnaire. The average time to mortality for the deceased was 41.6 months
(range, 0.1-142.8 months) and 54.2 months (range, 0.2-148.5 months) for patients receiving
CMN and SHS, respectively (P=0.016). There was no difference in age or comorbidities
between patient groups (both 2> 0.05). Women were more likely to receive a CMN and
men a SHS (P =0.028) (Table 1).

In the unstable fracture group (AO 31A2.2-2.3), the average CMN patient age was 71 years
(range, 27-101 years) and 55.8% were women, while the average of those undergoing a SHS
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was 75 years (range, 55-91 years) and 53.3% were women. The mean follow-up was 26.4
months (range, 0.1-142.0 months) for CMN patients and 16.3 months (range, 0.4-81.9
months) for SHS patients. The average time to mortality among the deceased was 53.7
months (range, 0.1-155.7 months) and 43.8 months (range, 0.6—-134.9 months) for patients
receiving CMN and SHS patients, respectively. There was no difference in comorbidities (P
=1.000) (Table 2).

In the stable fracture pattern group, TAD was lower in the CMN group, averaging 17.3 + 5.9
compared to 26.2 £ 7.9 in the SHS group (P < 0.001). There was no statistical difference in
reduction quality (P=0.302). Six percent of CMN patients had valgus alignment and 2.4%
had a varus alignment, while 3.1% of SHS patients had a valgus alignment and 3.1% had a
varus alignment, with no significant difference between fixation types (= 0.671). Unstable
fracture patterns showed a significant difference in TAD, with a TAD of 19 £ 5 in the CMN
group, and 24 + 7 in the SHS group (P = 0.004). There was no difference in reduction
quality between CMN and SHS (P = 0.317). There was a significant difference in alignment;
1.9% of CMN patient had a valgus alignment and 15.4% had a varus alignment, while
20.0% of SHS patients had a valgus alignment and 13.3% had a varus alignment (P = 0.043)
(Table 3).

In the stable fracture pattern group, the patients receiving CMN had a mean collapse of 4.7
+ 5.2 mm, SHS patients had a mean collapse of 7.6 £ 9.3 mm, which was not significantly
different (P=0.223). Complications were found in 23.8% in the CMN group and 29.9% in
the SHS group (P = 0.881). CMN group patients failed at a rate of 4.8% compared to 14.4%
in the SHS group, which was not statistically significant (2= 0.364). Failure in the CMN
group was due to three cases of cut-out and one case of collapse. Failure in the SHS group
was due to one case of cut-out, 12 cases of collapse and one case of nonunion. Total
mortality during the study period was 38.1% in patients receiving a CMN and 36.1% in
patients receiving a SHS (P = 0.738) (Table 4). Mortality rate in the CMN group at 30 days,
1 year and 2 years was 6.0% (2.5 — 13.7%), 23.8% (16.1 — 34.4%), 30.4% (21.6 — 41.7%),
respectively. Mortality rate in the SHS group at 30 days, 1 year and 2 years was 6.3% (2.9 —
13.4%), 16.7% (10.6 — 25.8%), and 25.1% (17.6 — 35.1%), respectively (Table 5). Mortality
rates for the follow-up period (2 years) were graphed for each group, with no statistically
significant difference between groups (Figure 2).

Patients with unstable AO 31A 2.2-3 fracture patterns who received a CMN had an average
collapse of 5.3 + 4.6 mm, while those who received a SHS had an average collapse of 16.8
+ 13.8 mm (P < 0.001). Failure was also significantly different between the two groups with
CMNSs having a failure rate of 7.7%, while SHS patients had a failure rate of 40.0% (P=
0.046). Failure in the unstable CMN group was due to three cases of cut-out and one case of
collapse. Failure in the unstable SHS group was due to six cases of collapse. In total there
were 14 (26.9%) patients who experienced a complication in the unstable CMN group and
eight (53.3%) that experienced a complication in the unstable SHS group, which failed to
reach statistical significance (£=0.126). The total number of deaths was 20 (38.5%) and
eight (53.3%) in the CMN and SHS groups, respectively, which was not significantly
different (P=0.586) (Table 6). The 30-day, 1-year, and 2- year mortality rate among
unstable CMN patients was 0.058 (0.019 — 0.168), 0.173 (0.094 — 0.306) and 0.273 (0.171 -
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0.417), respectively. The 30-day, 1-year, and 2-year mortality rate among unstable SHS
patients was 0.067 (0.01 — 0.387), 0.333 (0.154 — 0.625), and 0.467 (0.256 — 0.737),
respectively (Table 7). There was no statistically significant difference in mortality rates
across the groups (Figure 3).

There were no periprosthetic fractures. Removal of painful implants occurred in six (4.4%)
patients with a CMN, five in the stable fracture group and one in the unstable group.
Removal of painful implants occurred in five (4.5%) patients with a SHS, all five were in
stable fracture patterns. The mean time from surgery to removal for painful implants was 14
months (range, 4-33 months) for the CMN group and 16 months (range, 11-18 months) for
SHS. Medical complications were similar in both groups with a slight increase in pulmonary
complication in patients receiving CMN. In total, we recorded 102 medical complications
with some patients experiencing more than one complication (Table 8).

DISCUSSION

The results of this study present failure rates and surgical and medical complications
pertaining to the fixation of intertrochanteric femoral fractures in standard obliquity (AO
31A1.1-2.3), by either cephalomedullary nail (CMN) or sliding hip screw (SHS) over a 12-
year period. This study provides a comprehensive overview and comparison of all recorded
medical and surgical complications that have occurred in the postoperative period at an
academic level I trauma center.

The total complication rate reported in this work is higher than the rate reported by many
other authors. Our total complication rate was 28.5% with 102 total complications occurring
in 71 patients. The high rate of complications reported may be due to our broad definition of
a complication and the long follow-up period. While most complications were experienced
in the immediate postoperative period, some events such as removal of painful implants
occurred up to 33 months after the date of surgery. Such events would not be captured with a
1-year follow-up period. Although complications, such as fixation failure and cutout, are
commonly reported in orthopaedic literature, other complications such as Gl bleed occurring
during the hospital stay, or new onset postoperative atrial fibrillation are rarely provided.
Many of the medical complications found in this study may not be attributable to the implant
but are more likely due to the exposure to general anesthesia and the physiological stress of
surgery regardless of implant.

This study demonstrated that significantly better positioning of lag screws in the femoral
head may be possible with CMN compared to SHS. The measurement of TAD has been
previously shown to correlate with screw cutout and fixation failure.31:33 However, strength
of the association between TAD and cutout has recently been challenged by newer
biomechanical studies and may not be as significant as once thought.3# The TAD may in fact
be an indirect measure of the reduction quality as positioning in a center-center or a low
center seem to have comparable biomechanical stiffness regardless of TAD.31:33:34 |n this
study, CMN was found to have a decreased rate of fixation failure; in stable fracture patterns
it did not reach statistical significance after adjusting for covariates. It was significant in
unstable patterns. However, it should be noted that this group had only 15 SHS patients.
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CMN in stable fractures were found to have fewer collapsed constructs, but this finding did
not reach statistical significance (P= 0.223). In unstable patterns, collapse was significantly
less in CMN patients (P< 0.001). SHS employ the principle of dynamic compression to
modify physiologic force into compressive force of the fracture site by sliding of the lag
screw in the barrel. This results in compression of the fracture surface, closing of the
fracture gap, and a stable load-sharing construct. The collapse in this design occurs until
either bone-on-bone contact occurs or the screw slides completely within the barrel, unlike
the CMN in which the intramedullary shaft implant prevents further collapse once the calcar
has collapsed to make contact. While this quality is desired to promote fracture healing, it
can predispose the SHS to a higher rate of collapse without loss of fixation.3%:36 Our study
showed that even though the rate of failure was not significantly different between CMN and
SHS failure of CMN was most often caused by cutout and SHS by collapse. Of the patients
who received SHS, 18 had collapse greater than 2 cm, 12 in the stable (12.4%) group and six
(40.0%) in the unstable group. For patients who received a CMN, only two patients had
collapse greater than 2 cm, one in the stable group and one in the unstable group. Collapse
and femoral neck shortening has been shown by Zielinski et al.37 to alter gait patterns,
decrease gait velocity, and decrease abductor strength, leading to permanent physical
limitations with increasing severity with severe femoral neck shortening defined as greater
than 2 cm.37

This study has several limitations, including its retrospective design. Given that hospital
records are error prone, we attempted to contact each patient by phone to verify the hospital
record data and achieve longer follow-up times. Although this method was fruitful in
obtaining information on most of our patients, it was limited by the patients’ ability to recall
events and their current cognitive status. Despite these limitations, we successfully contacted
most of the patients. Radiographic interpretation of reduction, TAD, and collapse were
limited by the quality and alignment of imaging. A difference in alignment between
immediate postoperative films and follow-up films could cause over or under interpretation
of the degree of collapse and the TAD. Rotation of the films could also confound the
interpretation of varus and valgus reduction. Results and conclusions were limited by the
small sample, which becomes further limited when divided into fracture pattern, particularly
in the unstable SHS group with only 15 patients. Analysis was limited to a quantitative
comparison of failure, mortality, or total complication. While this approach is useful for
providing a broad comparison of adverse events associated with different fixation devices, it
does not display the difference in complication profile and it could be argued that
postoperative myocardial infarction is not an equivalent complication to postoperative
catheter-associated UTI. Finally, this study was limited in its ability to comment on
functional outcomes such as ambulatory status. Although we collected data such as collapse
that may reflect poor functional outcomes, direct measures of these outcomes were not
available.

The institution in which this study took place is the only academic medical center in the
region. As such, we receive patients from five states and because of the large geographic
region that we cover, many of our patients choose to receive extended postoperative care at
an outside facility that is closer to their residence. This presented a challenge for collecting
complete follow-up data for several of our patients. We contacted the patients by phone and
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conducted a phone survey to assess any unknown adverse outcomes that may have occurred
postoperatively and to inquire concerning any recent events. The phone survey provided an
interesting insight into the behavior of patients as it was discovered that only two who
experienced an adverse outcome received care for that event at an outside facility. One had
the implant removed because of pain and the other suffered a pulmonary embolus. Despite
the large geographic region and inconvenience of travel, all patients, except for the two
previously mentioned patients, returned to the original operating physician for follow-up of
any significant complication.

The strengths of this study include the long time period covered and the number of surgeons
contributing to the data. Cases included in this study came from 18 orthopaedic surgeons
with different fixation preferences. The time period from which data was collected for this
paper was an era in which CMN gained acceptance in common orthopaedic practice with
CMN use increased from 3% in 1999 to 67% in 2006.22 We covered a period from 2000,
when CMN was less utilized to 2012 when it had been widely adopted. The large group and
long time period of capture creates a heterogeneous cohort group with a variety of surgical
techniques and implants increasing its external validity.

There were no significant differences in failure or complication rates when comparing the
CMN to the SHS in stable intertrochanteric hip fractures (AO 31A1.1-2.1). CMN
demonstrated significantly reduced failure and collapse rates in unstable intertrochanteric
hip fractures (AO 31A2.2-2.3) when compared to SHS; however, this study had a relatively
small sample size of unstable fractures and all results must be interpreted within this context.
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Figure 1.
Measurement of collapse of a sliding hip screw.
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Mortality Estimates
With Number of Subjects at Risk and 95% Confidence Limits
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Figure 2.
Cumulative mortality curve for stable fracture patterns treated with cephalomedullary

nailing or sliding hip screw.
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Figure 3.

Cumulative mortality curve for unstable fracture patterns treated with cephalomedullary
nailing or sliding hip screw.
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Table 5

Mortality rate with 95% confidence intervals in stable fractures at 30 days, 1 year, and 2 years

Mortality CMN SHS

30 day 0.060 (0.025 - 0.137) | 0.063 (0.029 - 0.134)
1 year 0.238 (0.161 - 0.344) | 0.167 (0.106 — 0.258)
2 year 0.304 (0.216 - 0.417) | 0.251 (0.176 - 0.351)

CMN, cephalomedullary nailing; SHS, sliding hip screw
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Table 7
Mortality rate with 95% confidence intervals in unstable fractures (AO 2.2-2.3) at 30 days, 1 year, and 2 years

Mortality CMN SHS

30 day 0.058 (0.019 - 0.168) | 0.067 (0.010 - 0.387)
1 year 0.173 (0.094 — 0.306) | 0.333 (0.154 — 0.625)
2 year 0.273 (0.171 - 0.417) | 0.467 (0.256 - 0.737)

CMN, cephalomedullary nailing; SHS, sliding hip screw
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Table 8

Descriptive summary of complications in stable and unstable fractures

Nail 1.1-2.1 | Nail 2.2-2.3 | Plate 1.1-2.1 | Plate 2.2-2.3
Cardiac 4 3 5 1
Stroke 0 1 1 0
UTI 0 0 1 0
DVT/PE 2 1 2 0
Pulmonary 6 3 1 1
Gl 0 0 1 1
Hematoma 0 1 0 0
Infection 2 2 2 0
Heterotopic 0 0 1 0
ossification
Renal 0 0 0 0
Removal for 5 1 5 0
pain/irritation
Periprosthetic fracture 0 0 0 0
Cut out 3 3 1 0
Collapse 1 1 12 6
Nonunion 1 0
Mortality <30 days 5 4 8 4
Total 28 20 41 13

CMN, cephalomedullary nailing; DVT, deep vein thrombosis; Gl, gastrointestinal; PE, pulmonary embolism; SHS, sliding hip screw; UTI, urinary

tract infection
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