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ABSTRACT

Background: Intramedullary nailing is commonly recommended as the treatment of choice for
transverse/reverse oblique trochanteric (AO/OTA type A3 =intertrochanteric) and subtrochanteric
fractures. However, only to a limited extent is this approach supported by superior results in well
designed clinical trials, and the sliding hip screw (SHS) is still a frequently used implant for these
fractures. The aim of the present study was to compare IM nails and SHS in the treatment of transverse/
reverse oblique trochanteric and subtrochanteric fractures using data from the Norwegian Hip Fracture
Register (NHFR).
Methods: Data on 2716 operations for acute transverse/reverse oblique trochanteric or subtrochanteric
fractures were collected from the NHFR from 2005 to 2010. Surgeons reported patient characteristics
and details from initial surgery and reoperations, and patients answered questionnaires about pain,
satisfaction, and quality of life (EQ-5D) 4, 12, and 36 months postoperatively. Reoperation rates were
calculated using Kaplan-Meier analyses. Primary outcome measures were pain (Visual Analogue Scale
(VAS)), satisfaction (VAS), quality of life (EQ-5D), and reoperation rates at one year.
Results: The treatment groups were similar regarding age, gender, ASA-class, cognitive impairment, and
preoperative EQ-5Dindex score. At one year reoperation rates were 6.4% and 3.8% for SHS and IM nails,
respectively (p = 0.011). Patients treated with SHS also had slightly more pain (VAS 30 vs. 27, p = 0.037)
and were less satisfied (VAS 31 vs. 36, p = 0.003) compared to patients treated with IM nail. There was no
statistically significant difference in the EQ-5Dindex score, but the mobility was significantly better for
the IM nail group.
Conclusion: 12 months postoperatively patients with transverse/reverse oblique trochanteric and
subtrochanteric fractures operated with a SHS had a higher reoperation rate compared to those operated
with an IM nail. Small differences regarding pain, satisfaction, quality of life, and mobility were also in
favour of IM nailing. Consequently, a change in our treatment strategy for these fractures could be
considered.

© 2012 Elsevier Ltd. All rights reserved.

Introduction

fractures are usually treated with either an IM nail or a SHS,
whereas an IM nail might be considered the only option in other

The management of transverse/reverse oblique trochanteric
(AO/OTA type A3 =intertrochanteric) and subtrochanteric frac-
tures is still a subject to debate, and different intra- or
extramedullary implants may be used. In Scandinavia, these
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countries. The scientific evidence supporting either treatment is
scarce and to some extent conflicting. Therefore, a final consensus
has not been reached. Better biomechanical properties and lower
failure rates are highlighted by several authors to recommend IM
nailing as the treatment of choice for these fractures.'™ Still,
results are not unambiguous, and good results with more
favourable reoperation rates for the SHS have been reported in
other series.>~” Blade plates and the dynamic condylar screw (DCS)
may be used, and good results have been reported in selected
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groups of fractures and patients.®° However, in more recent
studies these implants have been associated with poor outcome
and high failure rates in this particular group of hip fractures.!1%11

To enhance fracture stability and prevent medialization of the
femoral shaft, an additional trochanteric stabilizing plate (TSP)
may be added to the SHS. Several clinical studies have reported
favourable results using this construct.'>~'* The ability of the TSP
to resist dislocating forces causing excessive lag screw sliding and
medialization of the femoral shaft has also been confirmed in
biomechanical studies.'>'® Nevertheless, despite the ability to
retain acceptable fracture reduction, produce satisfactory func-
tional results, and low complication rates, the use of the TSP has
not gained any widespread popularity. In our country, however,
the SHS including a TSP has remained the implant of choice for the
majority of transverse/reverse oblique trochanteric and subtro-
chanteric fractures.!”

In the present study, the aim was to assess any implant
dependent difference in pain, patient satisfaction, quality of life, or
reoperation rates in these fracture types.

Materials and methods

The NHFR has been described in detail by Gjertsen et al.'”
17,148 primary operations for trochanteric and subtrochanteric
fractures were registered in the NHFR from January 1, 2005 until
December 31,2010. Patient characteristics, fracture classification,
and details from the primary operations were reported by the
surgeons. Trochanteric fractures were classified as transverse/
reverse oblique trochanteric (intertrochanteric) according to the
AO/OTA classification,'® whereas fractures between the lower
border of the lesser trochanter, and 5 cm distal to this, were
defined as subtrochanteric (Fig. 1). For the present study we
selected patients of all ages with these unstable transverse/
reverse oblique trochanteric or subtrochanteric fractures
(n=2841). Fractures operated with other implants than a SHS
or a nail (n=24) and pathological fractures (n=101) were
excluded. This left 2716 fractures treated with a SHS (n=1792)
or an IM nail (n=924) for final analysis. The Norwegian Data
Inspectorate has approved the recording of data in the NHFR, and
the patients sign an informed consent form which is kept in their
medical records.

Any type of secondary surgery during follow-up was
considered a reoperation and these were reported to the register
by the surgeons who performed the reoperations. Reoperations
were categorised according to reason for reoperation and type of
reoperation performed. In some patients more than one reason
for reoperation or more than one type of reoperation were

AD/OTA classification of intertrochanteric fractures |

)

Intertrochanteric —»| ﬁ

Type A3-1 Type A3-2 Type A3-3

Subtrochanteric

Fig. 1. Classification of intertrochanteric (transverse/reverse oblique trochanteric or
AO/OTA type A3) and subtrochanteric fractures.

recorded. The patients, or their relatives/care-givers, answered
questionnaires containing questions about pain from the
operated hip (VAS with 0 indicating no pain and 100 indicating
unbearable pain), satisfaction with the result of the operation
(VAS with 0 indicating very satisfied and 100 indicating very
dissatisfied), and quality of life (EQ-5D) 4, 12, and 36 months
postoperatively. The EQ-5D questionnaire assesses mobility,
degree of self care, ability to perform usual activities, pain/
discomfort, and anxiety/depression. 3 levels are registered for
each of these dimensions (no problems, some problems, severe
problems). The EQ-5Dindex score is calculated from these
answers and gives a value with a maximum score of 1.0,
indicating a very good quality of life, and O being equivalent to
death.!® Preoperative information was given in retrospect at 4
months follow-up. A detailed flow chart for inclusion, patient-
reported outcome, and follow-up is presented in Fig. 2.

The SHS was the most common implant and comprised 1792
out of 2716 operations (66%). Overall, an additional TSP was
used in 1120 out of the1792 fractures treated with a SHS (63%).
The TSP was most frequently used in transverse/reverse oblique
trochanteric fractures (240 out of 294 fractures (82%)), whereas
880 out of 1498 subtrochanteric fractures (59%) were operated
with a TSP. Patients treated with a nail (n = 924) received a long
nail in 688 out of 924 cases (74%), and 98% (902 out of 924) of all
nails were locked distally.

Statistical analyses

For the categorical outcome variables; reason for reoperation,
type of reoperation, and walking ability, we used the Pearson chi-
square test. Student’s t-test was used for analyzing continuous
variables like pain, patient satisfaction and EQ-5Dindex score.

In the survival analyses, the endpoint was any reoperation. For
implants without reoperation survival times were censored at
their dates of death or emigration, or at the end of study inclusion
(December 31, 2010). Information on deaths or emigrations was
retrieved from the National Population Register. All patients were
included in the Kaplan-Meier analyses applied to determine the
proportion of reoperations after 1 and 3 years follow-up. The log
rank test was used for testing the statistical significance of overall
differences in survival. A multiple Cox regression model was used
to assess the relative reoperation risk for the two treatment groups
and for the potential confounding factors: age, gender, ASA-class,
cognitive impairment, and fracture type. Only patients with
complete information regarding these factors were included in
this analysis (n=2611). To adjust for potential differences in
baseline characteristics between the two groups, additional
analyses using the propensity score method?® were performed.
p values less than 0.05 were considered statistically significant
(two-sided tests).

Source of funding

No external funding has been received for this specific study,
but the NHFR is funded by the regional Health Board of Western
Norway. The first author has also received a grant for hip fracture
research from the same regional health board.

Results

At inclusion, baseline characteristics regarding age, gender,
ASA-classification, cognitive impairment, and preoperative quality
of life (EQ-5Dindex score) were similar for the two groups
(Table 1). However, a larger proportion of fractures were
transverse/reverse oblique in the SHS group. An overview of type
implants is presented in Table 2. The surgical time was similar for
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Fig. 2. Flow chart of patients and follow-up assessments. Kaplan-Meier analyses were used to assess mortality rates and number of patients under observation at follow-up
(eligible for assessment).

Table 1
Baseline characteristics.
Patients and fractures Sliding hip screws IM nails p value
Total number (n=2716) 1792 924
Mean age, years (n=2716) (SEM?) 79.1 (0.309) 79.6 (0.419) 0.35°
Gender (n=2716) 0.35°¢
Female (%) 1358 (75.8) 685 (74.1)
ASA-class? (n=2677) 1769 908 0.15°¢
ASA 1 (%) 176 (9.9) 73 (8.0)
ASA 2 (%) 590 (33.4) 328 (36.1)
ASA 3 (%) 889 (50.3) 452 (49.8)
ASA 4 (%) 108 (6.1) 55 (6.1)
ASA 5 (%) 6(0.3) 0
Cognitive impairment (n=2650) 1754 896 0.42¢
Yes (%) 367 (20.9) 168 (18.8)
No (%) 1211 (69.0) 637 (71.1)
Uncertain (%) 176 (10.0) 91 (10.2)
Injured right side (%) (n=1375) 465 (50.3) 910 (50.8) 0.37¢
Mean preoperative EQ-5Dindex score 0.71 (0.014) 0.71 (0.011) 0.76°

(n=1048) (SEM?)
Fracture type

Intertrochanteric® 294 96 <0.001¢
Subtrochanteric 1498 828
Total (% TSP/long nails) 1792 (63%) 924 (74%)

¢ Standard error of the mean.

b Student’s t-test.

¢ Pearson chi-square test.

4 American Society of Anesthesiologists classification of comorbidities.

¢ Intertrochanteric (AO/OTA type 31-A3) fractures were not classified as such before 2008.
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Table 2 Table 3
Used implants. Cox regression analysis of factors with possible influence on the risk of reoperation.
Implants Numbers (%) Variable RR 95% Cl p value
Sliding hip screws Type of implant
Richards CHS (Smith & Nephew)? 1127 (62.9) IM nails 1
Omega Plus (Stryker)® 7 (0.4) SHS 1.43 1.01-2.03 0.044
Dynamic Hip Screw (DHS) (Synthes)” 521 (29.1) Gender
Locking Compression Plate DHS (Synthes) 137 (7.6) Men 1
Total 1792 (100) Women 1.02 0.70-1.49 0.91
Intramedullary nails
Gamma 3 (Stryker) 431 (46.6) Age 0.985 0.973-0.997 0.017
T-Gamma (Stryker) 122 (13.2) ASA-class
T2 recon (Stryker) 6(1.7) ASA 1 1
TriGen (Smith & Nephew) 6 (10.4) ASA 2 1.87 1.06-3.33 0.032
Trigen Intertan (Smith & Nephew) 129 (14.0) ASA 3 137 0.76-2.49 0.30
Intramedullary Hip Screw (IMHS, Smith & Nephew) 7 (0.8) ASA 4 1.41 0.53-3.73 0.49
Proximal Femoral Nail (PFN, Synthes) 8 (0.9) Cognitive impairment
Proximal Femoral Nail Antirotation (PFNA, Synthes) 4 (5.8) No 1
Lateral Femoral Nail (LEN, Synthes) 6(1.7) Uncertain 0.89 0.49-1.59 0.68
ACE (DePuy)? 6(3.9) Yes 0.73 0.44-1.21 0.22
Other nails/data missing 9 (1.0) Fracture type
Total 924 (100) Subtrochanteric 1
Transverse/revere oblique 1.41 0.92-2.18 0.12

2 Smith & Nephew, Memphis, Tennessee (US).
b Stryker, Selzach, Switzerland.

¢ Synthes, Basel, Switzerland.

4 DePuy, Leeds, UK.

the two groups, 91 and 92 min for IM nail and SHS, respectively
(p = 0.33), and we found no difference in preoperative waiting time
for the groups (p = 0.386).

Reoperations

A higher proportion of reoperations were found in the SHS
group as compared to the IM nail group (log rank test, p=0.011)
(Fig. 3). The percentage of reoperations at one year was 6.4%
(n=96) for the SHS group and 3.8% (n = 30) for patients treated
with IM nails. At three years the percentage of reoperations was
10.2% (n=128) and 6.7% (n = 43), respectively. In an unadjusted
Cox regression analyses there was a 56% increased risk of
reoperation in the SHS group compared to the IM nail group (RR
1.56,95% CI1.1-2.2, p = 0.012). Adjusted for age, gender, ASA-class,
cognitive impairment, and fracture type there was a 43% increased
risk of having a reoperation after operation with a SHS (RR 1.43,
95% CI 1.01-2.03, p=0.044). As presented in Table 3, the

Reoperations (%)
14

.l SHS

8-

IM nails

[ 1 2 3
Years after surgery

Fig. 3. Cumulative reoperation rates the first 3 years after surgery (Kaplan-Meier
analysis).

Patients were followed until reoperation, end of study inclusion, or the time of
emigration or death.

reoperation risk was not statistically significantly affected by
gender, cognitively impairment, or fracture type. The probability of
being reoperated was, however, influenced by age and ASA-
classification. In subgroup analyses for the two fracture types
(Kaplan-Meier analyses) we found three years reoperation rates of
6.7% and 9.8% for IM nail and SHS in subtrochanteric fractures
(p=0.041), and 5.6% and 10.3% in transverse/reverse oblique
fractures (p = 0.18), respectively. Within the two treatment groups
there was no significant difference in reoperation rates between a
SHS with or without a TSP (p = 0.55), or between short and long
nails (p = 0.67) using unadjusted Cox regression analyses.

A detailed description of reasons for reoperation and type of
reoperations performed is presented in Table 4. For the overall
category “failure of osteosynthesis”, significantly more reopera-
tions were encountered in the SHS group (3.3% vs. 1.1%, p = 0.001).
There was, however, no statistical significant difference in
percentage of reoperations between the two implant groups for
any single reason such as non-union, local pain from the implant,
infections, cutout, or peri-implant fractures.

Functional outcome data

Patient-reported outcome data are presented in Table 5. At 4
and 12 months there were small, but statistically significant,
differences in terms of pain and patient satisfaction in favour of
patients treated with IM nails. At 36 months, no statistically
significant differences were found. The quality of life assessments
(EQ-5Dindex score) were also slightly in favour of IM nailing, but
statistically significant only at 4 months (0.51 vs. 0.47, p = 0.012).
However, separately assessing the different dimensions of the EQ-
5D-questionnaire, the mobility (walking ability) was clearly in
favour of the IM nail group the first postoperative year (Table 6).
Patients operated with a SHS reported more frequently “I have
some problems in walking about”, and at 1 year the difference was
close to 10% in disfavour of the SHS (77.9% vs. 68.0% for the SHS and
IM nail group, respectively, p = 0.003).

The observed differences between implants were indepen-
dent of fracture type, and whether operations were performed
with long or short nails did not influence pain, patient
satisfaction, or quality of life significantly. Patients with a
standard SHS, however, reported slightly better quality of life at
4 and 12 months, compared to those treated with an additional

fractures.
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Table 4
Different reasons for reoperation and types of reoperations vs. type of implant in 172 reoperated hips.
Sliding hip screws, n (%) IM nails, n (%) p value?

Reoperated hips
Overall 172/2716 (6.3%)
Reported reasons”

129/1792 (7.2%)

Failure of osteosynthesis 59 (3.3)
Nonunion 17 (0.9)
Local pain from implant 16 (0.9)
Infection (deep and superficial) 14 (0.8)
Cutout 6 (0.3)
Fracture around implant 5(0.3)
Other reasons 14 (0.8)
All reported reasons 131 (7.3)
Reported reoperations®

Implant removal 19 (1.1)
New osteosynthesis 52 (2.9)
Bipolar hemi arthroplasties 23(1.3)
Total hip arthroplasties? 25 (1.4)
Drainage 11 (0.6)
Other 12 (0.7)
All reported reoperations 142 (7.9)

43/924 (4.7%) 0.010
10 (1.1) 0.001
8 (0.9) 0.83
5 (0.5) 0.32
4(04) 0.29
3(0.3) 0.97
2(02) 0.76
7 (0.8) 0.95
39 (4.2) 0.002
7(0.8) 0.44
14 (1.5) 0.026
3(0.3) 0.015
13 (1.4) 0.98
4(04) 0.55
7 (0.8) 0.80
48 (5.2) 0.008

2 Pearsons chi-square test.

 More than one reason per reoperation possible. 170 reasons for reoperations were reported in 134 hips.
¢ More than one type of reoperation possible for each patient. 190 types of reoperations were reported in 172 hips.
438 hips were reported to the Norwegian Arthroplasty Register as they were reoperated with a total hip replacement. For these patients no specific reason for reoperation

was recorded.

Table 5
Pain, satisfaction, and quality of life.

Patient reported outcome Sliding hip screws IM nails Mean difference (95% CI) p value
Pain (mean VAS)?
4 months 33 (n=644) 29 (n=398) 3.9 (1.3-6.6) 0.004
1 year 30 (n=496) 27 (n=309) 3.2 (0.2-6.3) 0.037
3 years 25 (n=250) 22 (n=111) 2.8 (-1.8t0 7.4) 0.23
Satisfaction (mean VAS)”
4 months 35 (n=641) 30 (n=396) 4.7 (2.0-7.5) 0.001
1 year 36 (n=496) 31 (n=313) 5.0 (1.7-8.3) 0.003
3 years 31 (n=251) 28 (n=111) 2.7 (-2.4t07.8) 0.29
EQ-5Dindex score® (mean)
Preoperative 0.71 (n=661) 0.71 (n=387) 0.01 (—0.03 to 0.04) 0.76
4 months 0.47 (n=651) 0.51 (n=388) —0.04 (—-0.07 to —0.01) 0.012
1 year 0.55 (n=491) 0.57 (n=312) —0.02 (—0.06 to 0.01) 0.23
3 years 0.60 (n=253) 0.60 (n=112) —0.01 (—0.07 to 0.06) 0.79

2 VAS (Visual Analogue Scale) for pain. 0 indicating no pain, 100 indicating unbearable pain.
b VAS for satisfaction. 0 the best score, indicating very satisfied, 100 the worst score, indicating very dissatisfied.
¢ EQ-5Dindex score. 0 indicating the worst possible quality of life, 1 indicating the best possible quality of life.

TSP (EQ-5Dindex score 0.52 vs. 45, p=0.002 and 0.60 vs. 0.53,
p =0.007, respectively). Otherwise, no significant difference in
patient outcome was evident for the subgroups of implants up to
3 years postoperatively.

Performing analyses for our main outcome measures using
the propensity score method gave practically the same
estimated average treatment effects and test results as those
reported.

Discussion

In the present study, comparing SHS and IM nail for
transverse/reverse oblique trochanteric and subtrochanteric
fractures, we found significantly more reoperations for patients
operated with a SHS. In addition, results regarding pain, patient
satisfaction, quality of life, and mobility were all slightly in
favour of IM nailing.

Table 6
Patient reported walking ability (EQ-5D questionnaire = “mobility”).
Time Implant No problems (%) Some problems (%) Bedridden (%) Total (%) p value?®
Pre-operative IM nail (n=403) 57.1 40.9 2.0 100 0.81
SHS (n=678) 571 414 1.5 100
4 months IM nail (n=407) 15.5 80.3 4.2 100 <0.001
SHS (n=674) 6.5 87.1 6.4 100
1 year IM nail (n=325) 28.0 68.0 4.0 100 0.003
SHS (n=524) 17.9 77.9 4.2 100
3 years IM nail (n=117) 36.8 58.1 5.1 100 0.39
SHS (n=266) 29.7 64.3 6.0 100

@ Pearson chi-square test.
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Treating transverse/reverse oblique trochanteric and subtro-
chanteric fractures with a SHS is by some authors considered
inappropriate, in particular due to biomechanical consider-
ations.>*?! However, the evidence in the literature is sparse
and conflicting, and the debate whether to use a SHS or a nail in
these fractures has not come to a final or indisputable conclusion.
To the best of our knowledge, no randomised clinical trial
comparing the SHS with a nail in these unstable fracture types has
been published. In the present study 2/3 of the patients were
operated with a SHS, however, a TSP working as a buttress to the
greater trochanter was frequently added. The aim of the TSP is to
reduce medialization and shortening of the femoral shaft, while at
the same time to provide sufficient stability to allow full
postoperative weight bearing. Favourable outcome using a TSP
has been published in several clinical series,'>~* and the ability of
a TSP to resist dislocating forces causing excessive lag screw
sliding and medialization of the femoral shaft in unstable fracture
patterns has been confirmed in biomechanical studies.!>'®
However, as we had no radiographs available for initial fracture
classification or later follow-up, assessing the exact significance of
a TSP in this register study was not possible. In addition, clinical
data in our register-based study are limited, and a randomised
controlled study design would be the best way to assess any
usefulness of the TSP.

Our reoperation rates of 3.8% and 6.4% at one year for IM nails and
SHS, respectively, are in the lower range compared to most other
studies on transverse/reverse oblique trochanteric and subtrochan-
teric fractures,>?272% and significantly higher failure rates, for the
SHS in particular, have been reported for reverse oblique- and
subtrochanteric fractures in some studies.”'"?° In a retrospective
review of 55 patients with reverse oblique fractures operated with
different types of implants over a 10 year period, Haidukewych et al.!
reported a failure for 9 out of 16 patients operated with a SHS (56%).
However, what we consider mandatory for the reverse oblique
fractures, no TSP was used in their operations. Other implants were
also associated with high failure rates in the same study, but due to a
retrospective study design and a small number of patients,
conclusions on failure rates and implant selection based on that
study alone should be drawn with caution. Brammar and colleagues
found a considerably lower overall fracture healing complicationrate
of 9% in a review of 101 reverse oblique and transverse trochanteric
fractures, and no statistically significant difference in reoperation
rates between SHS and IM nails was found in that study.® More
favourable complication rates for the SHS have also been reported in
other studies.>!*?> A few randomised clinical trials assessing
extramedullary implants other than the SHS in subtrochanteric
fractures (frequently including AO/OTA type A3 trochanteric
fractures) exist. Two studies comparing the Medoff sliding plate
(MSP) with a nail had inconsistent findings regarding reoperations
and failure rates.?%° Ekstrem et al. reported a significantly higher
reoperation rate in the nailing group (9% vs. 1% reoperations,
p < 0.02),3° whereas Miedel et al. found a non-significant trend
towards a higher reoperation rate in the MSP group, 3 out of 12 (25%)
compared to 0 out of 16 in the nailing group (p = 0.067).28 However,
in studies by Sadowski and Rahme, comparing a nail to a DCS or a
blade plate, reoperation rates were clearly in favour of IM nailing.' %!
Lunsjo et al. compared the MSP to 3 other extramedullary screw-
plate devices, a SHS with or without a TSP included, and they found
fewer fixation failures with the MSP (1 vs. 8, p=0.01).3"

The additional use of a TSP, for the reverse oblique fracture type in
particular, may to some extent account for the lower rate of
reoperations in our study. Recent improvements in implant design
and surgeons becoming more aware of surgical pitfalls in treating
these fractures may also have had a positive impact on failure rates.
Incomplete reporting is another possible explanation for our rather
lowreoperation rates. In addition, as some elderly, demented, or frail

patients may have been considered unsuitable candidates for
further surgery, we might suspect the actual failure rates to be
higher than our reoperation rates indicate. Therefore, the difference
in reoperation rate between the two implants is probably
more important than the absolute numbers. We may have under-
estimated the reoperation rates, but any under-reporting of
reoperations is most likely similar for the two groups. The number
of primary operations reported to the register was validated in 2006,
and at that time 79% of the operations were reported.!” However,
reoperations have not been validated in a similar way.
Historically, a high rate of peri-implant fractures has been a
major concern after IM nailing for trochanteric fractures. In the
present series of 924 patients treated with IM nails only two
patients were reported with a second femoral fracture around the
implant during a follow-up of 12 months. This is also in line with
the findings by Bhandari et al.,, where the rate of subsequent
femoral fractures after Gamma nailing was low and comparable to
sliding hip screws in more recently published studies.?? Still, such a
low rate of peri-implant fractures might represent an under-
reporting of these injuries to the register, but, as suggested by
Bhandari and co-workers, improvements in operative technique
and implant design could be other reasonable explanations.
Finally, the frequent use of long IM nails (74%) in the present
study may also have prevented some peri-implant fractures.
Data on pain and functional outcome in comparative trials for
inter- and subtrochanteric fractures are to a variable extent reported
in the existing literature, and no standardised criteria for assess-
ments have been used. To the best of our knowledge, no consistent or
major difference in such outcome parameters has been pub-
lished,33>4 and this is also in accordance with our findings. However,
due to a large number of patients in the present study, also small
differences in pain, patient satisfaction, and EQ-5Dindex score
reached statistical significance. The clinical relevance of these minor
differences, though, is debatable. In addition, at 3 years no
statistically significant difference in clinical outcome was evident.
A difference of 10 points in VAS-pain has been considered a clinically
significant difference for an individual patient,>® but at no time
during follow up we were close to such a difference between the two
implant groups. Nevertheless, at a group level, a difference in VAS
pain score of 3-4 points should not be neglected. Similar, statistically
significant differences regarding patient satisfaction within the first
year cannot be ignored. A minimally clinical relevant difference in
the EQ-5Dindex score has been suggested to be in the range of 0.06-
0.08.3%37 Accordingly, the importance of a statistically non-
significant difference of 0.02 at one year should not be over-
emphasised in our study. However, with a similar level of mobility at
baseline, the patients’ self-assessment of significantly better
mobility in the IM nail group at 4 and 12 months postoperatively
is an important finding and very relevant for this group of patients.
Less pain in the IM nail group may be a result of mini invasive
surgery and/or better stability of the implant in the initial
postoperative phase, whereas long term differences could be
due to more local pain from protruding hardware or more
secondary fracture displacement and malunions in the SHS group.
Detailed information on such issues is, however, not retrievable
from our register data. Pain is most probably influential on patient
satisfaction and quality of life measures, and may to some extent
explain the slightly superior results in favour of the IM nail for
these outcomes. Even though the differences were small, we found
that patients one year postoperatively had less pain and were more
satisfied after operation with an IM nail compared to a SHS.

Strengths and limitations

The major strength of this study is the large number of patients
with these rather uncommon fractures. To achieve results with

j-injury.2012.12.010

Please cite this article in press as: Matre K, et al. Sliding hip screw versus IM nail in reverse oblique trochanteric and subtrochanteric
fractures. A study of 2716 patients in the Norwegian Hip Fracture Register. Injury (2013), http://dx.doi.org/10.1016/



http://dx.doi.org/10.1016/j.injury.2012.12.010
http://dx.doi.org/10.1016/j.injury.2012.12.010

G Model
JINJ-5230; No. of Pages 8

K. Matre et al./Injury, Int. J. Care Injured xxx (2013) xxx—xXxx 7

sufficient statistical power comparing treatment groups with small
differences in outcome is a challenge. In such instances register
data assessing patient reported outcome and complication rates
may provide valuable information.

Still, there are several limitations to our study. Since this is a
register study and no RCT, we cannot exclude possible selection
bias. For instance, in our register the clinically relevant
information regarding each patient is limited, and we have no
information regarding the surgeons’ level of experience. In
addition, differences in implant preferences/surgical indications,
and rehab programmes might represent important bias in the
interpretation of our results. However, as patient characteristics
regarding age, gender, ASA-class, and cognitive function at
baseline were similar for the two groups, a selection bias is less
likely. A selection bias is also less probable as treatment policy
and implant selection in our country usually is a matter of
administrative decisions in each hospital, and less based on the
surgeons’ individual preference.

Patients with hip fractures in this age group have a high one
year mortality rate, and in the present study also a large number of
patients were cognitively impaired. These facts not only influence
the response rate, but also the quality of the patient reported
outcome. Further, we rely on the fracture classification done by the
operating surgeons, and even though there are pictures and
guidelines for classification on the report form, the accuracy of the
fracture classification might also be an uncertainty. Finally, we
have compared two main surgical principles and groups of
implants in our study, and no single implants. Consequently,
our findings should be interpreted with caution.

In our health care system, implant costs are usually not
considered an argument to select one implant to another for the
individual patient. However, when hospitals establish routines
regarding implant selection for certain fracture types, in particular
if results are otherwise considered equivalent, costs may play an
important role and should be considered.

Performing a large randomised controlled trial (RCT) would
have been the best solution to provide a more definitive answer
regarding any possible implant superiority. However, performing
RCTs in these rather uncommon fractures is a major challenge. To
prove small differences between implants large numbers of
patients need to be included, and to the best of our knowledge
no such study exists in the current literature.

Conclusions

Patients with transverse/reverse oblique trochanteric or sub-
trochanteric fractures operated with a SHS had a significantly
higher reoperation rate compared to those treated with an IM nail.
4 and 12 months postoperatively we also found a small difference
in pain, patient satisfaction, walking ability, and quality of life in
favour of the nail. The clinical significance of these differences,
however, is uncertain. Further, at 3 years no statistically significant
difference in functional outcome was evident.

Based on the present study, and as opposed to our current
practice, a change in our treatment algorithm for these unstable
fracture types could be considered. For colleagues already treating
these patients with an IM nail, the current study provides scientific
evidence to support such an approach.

Conflict of interest

Leif Ivar Havelin, Jan-Erik Gjertsen, Tarjei Vinje, Birgitte
Espehaug, and Jonas M. Fevang have no personal or financial
conflict of interest to disclose related to the current study.

Kjell Matre has received a hip fracture research grant from the
regional Health Trust of Western Norway. In addition he has

recently performed another hip fracture study in cooperation with
Smith & Nephew, and he has also been paid for being a faculty
member at Stryker and Smith & Nephew meetings.

Acknowledgements

We would like to thank all Norwegian colleagues who
conscientiously and on a daily basis report acute hip fracture
operations and reoperations to our national register. Without their
participation our register would have been useless.

References

1. Haidukewych GJ, Israel TA, Berry DJ. Reverse obliquity fractures of the inter-
trochanteric region of the femur. The Journal of Bone and Joint Surgery American
Volume 2001;83:643-50.

2. Kregor PJ, Obremskey WT, Kreder HJ, Swiontkowski MF. Unstable pertrochan-
teric femoral fractures. Journal of Orthopaedic Trauma 2005;19:63-6.

3. Stern R. Are there advances in the treatment of extracapsular hip fractures in
the elderly? Injury 2007;38S3:77-87.

4. Schipper IB, Marti RK, van der Werken C. Unstable trochanteric femoral
fractures: extramedullary or intramedullary fixation review of literature. Injury
2004;35:142-51.

5. Willoughby R. Dynamic hip screw in the management of reverse obliquity
intertrochanteric neck of femur fractures. Injury 2005;36:105-9.

6. Brammar TJ, Kendrew ], Khan RJ, Parker MJ. Reverse obliquity and transverse
fractures of the trochanteric region of the femur; a review of 101 cases. Injury
2005;36:851-7.

7. Massoud EIE. Fixation of subtrochanteric fractures. Does a technical optimiza-
tion of the dynamic hip screw application improve the results? Strategies in
Trauma and Limb Reconstruction 2009;4:65-71.

8. Sanders R, Regazzoni P. Treatment of subtrochanteric femur fractures using the
dynamic condylar screw. Journal of Orthopaedic Trauma 1989;3:206-13.

9. Kinast C, Bolhofner BR, Mast JW, Ganz R. Subtrochanteric fractures of the femur.
Results of treatment with the 95° condylar blade-plate. Clinical Orthopaedics and
Related Research 1989;238:122-30.

10. Sadowski C, Liibbeke A, Saudan M, Riand N, Stern R, Hoffmeyer P. Treatment of
reverse oblique and transverse intertrochanteric fractures with use of an
intramedullary nail or a 95 degrees screw-plate: a prospective, randomized
study. The Journal of Bone and Joint Surgery American Volume 2002;84:372-81.

11. Rahme DM, Harris IA. Intramedullary nailing versus fixed angle blade plating
for subtrochanteric femoral fractures: a prospective randomised controlled
trial. Journal of Orthopaedic Surgery 2007;15:278-81.

12. Madsen JE, Naess L, Aune AK, Alho A, Ekeland A, Stremsge K. Dynamic hip screw
with trochanteric stabilizing plate in the treatment of unstable proximal
femoral fractures: a comparative study with the Gamma nail and compression
hip screw. Journal of Orthopaedic Trauma 1998;12:241-8.

13. Babst R, Renner N, Biedermann M, Rosso R, Heberer M, Harder F, Regazzoni P.
Clinical results using the trochanter stabilizing plate (TSP): the modular
extension of the dynamic hip screw (DHS) for internal fixation of selected
unstable intertrochanteric fractures. Journal of Orthopaedic Trauma 1998;12:
392-9.

14. David A, Hiifner T, Lewandrowski KU, Pape D, Muhr G. Dynamische hiifts-
chraube (DHS) mit abstiitzplatte-eine sichere osteosyntese fiir hochinstabile
“reverse” trochantdre frakturen? Chirurg 1996;67:1166-73. (article in German).

15. Su ET, DeWal H, Kummer FJ, Koval K. The effect of an attachable lateral support
plate on the stability of intertrochanteric fracture fixation with a sliding hip
screw. The Journal of Trauma 2003;55:504-8.

16. Bong M, Patel V, lesaka K, Egol KA, Kummer F, Koval K. Comparison of a sliding
hip screw with a trochanteric support plate to an intramedullary hip screw for
fixation of unstable intertrochanteric hip fractures: a cadaver study. The Journal
of Trauma 2004;56:791-4.

17. Gjertsen JE, Engeseter LB, Furnes O, Havelin LI, Steindal K, Vinje T, et al. The
Norwegian Hip Fracture Register. Experiences after the first 2 years and 15,576
reported operations. Acta Orthopaedica 2008;79:583-93.

18. Marsh JL, Slongo TF, Agel ], Broderick JS, Creevey W, DeCoster TA, et al. Fracture
and classification compendium - 2007: Orthopaedic Trauma Association clas-
sification, database and outcome committee. Journal of Orthopaedic Trauma
2007;21(10Suppl):S1-33.

19. The EuroQol Group. EuroQol—a new facility for the measurement of health-
related quality of life. Health Policy 1990;16:199-208.

20. Mebane MR, Sekhon JS. Genetic optimization using derivatives: the rgenoud
package for R. Journal of Statistical Software 2011;42:1-26.

21. Lundy DW. Subtrochanteric femoral fractures. Journal of the American Academy
of Orthopaedic Surgeons 2007;15:663-71.

22. Schipper IB, Steyerberg EW, Castelein RM, van der Heijden FHWM, den Hoed PT,
Kerver AJH, et al. Treatment of unstable trochanteric fractures. Randomised
comparison of the gamma nail and the proximal femoral nail. Journal of Bone
and Joint Surgery British Volume 2004;86:86-94.

23. Park SY, Yang KH, Yoo JH, Yoon HK, Park HW. Treatment of reverse obliquity
intertrochanteric fractures with the intramedullary hip nail. The Journal of
Trauma 2008;65:852-7.

j.injury.2012.12.010

Please cite this article in press as: Matre K, et al. Sliding hip screw versus IM nail in reverse oblique trochanteric and subtrochanteric
fractures. A study of 2716 patients in the Norwegian Hip Fracture Register. Injury (2013), http://dx.doi.org/10.1016/



http://dx.doi.org/10.1016/j.injury.2012.12.010
http://dx.doi.org/10.1016/j.injury.2012.12.010

G Model
JINJ-5230; No. of Pages 8

24.

25.

26.

27.

28.

29.

30.

K. Matre et al./Injury, Int. . Care Injured xxx (2013) XxX—XXX

Hernandez-Vaquero D, Perez-Hernandez D, Suarez-Vazquez A, Garcia-Garcia J,
Garcia-Sandoval MA. Reverse oblique intertrochanteric femoral fractures trea-
ted with the gamma nail. International Orthopaedics 2005;29:164-7.

Nuber S, Schonweiss T, Ruter A. Stabilisation of unstable trochanteric
femoral fractures. Dynamic hip screw (DHS) with trochanteric stabilisation
plate vs. proximal femur nail (PFN). Unfallchirurg 2003;106:39-47. (article in
German).

Saarenpdd I, Heikkinen T, Jalovaara P. Treatment of subtrochanteric fractures. A
comparison of the gamma nail and the dynamic hip screw: short-term outcome
in 58 patients. International Orthopaedics 2007;31:65-70.

Adams CI, Robinson CM, Court-Brown CM, McQueen MM. Prospective random-
ized controlled trial of an intramedullary nail versus dynamic screw and plate
for intertrochanteric fractures of the femur. Journal of Orthopaedic Trauma
2001;15:394-400.

Miedel R, Ponzer S, Térnkvist H, Séderquist A, Tidermark J. The standard Gamma
nail or the Medoff sliding plate for unstable trochanteric and subtrochanteric
fractures. A randomised, controlled trial. Journal of Bone and Joint Surgery British
Volume 2005;87:68-75.

Honkonen SE, Vihtonen K, Jarvinen M]. Second-generation cephalomedullary
nails in the treatment of reverse obliquity intertrochanteric fractures of the
proximal femur. Injury 2004;35:179-83.

Ekstrom W, Karlson-Thur C, Larson S, Ragnarsson B, Alberts KA. Functional
outcome in treatment of unstable trochanteric and subtrochanteric fractures
with the proximal femoral nail and the Medoff sliding plate. Journal of Ortho-
paedic Trauma 2007;21:18-25.

31.

32.

33.

34,

35.

36.

37.

Lunsjo K, Ceder L, Tidermark ], Hamberg P, Larsson BE, Ragnarsson B, et al.
Extramedullary fixation of 107 subtrochanteric fractures. Acta Orthopaedica
Scandinavica 1999;70:459-66.

Bhandari M, Schemitsch E, Jénsson A, Zlowodzki M, Haidukewych GJ. Gamma
nails revisited: gamma nails versus compression hip screws in the management
of intertrochanteric fractures of the hip: a meta-analysis. Journal of Orthopaedic
Trauma 2009;23:460-4.

Parker M], Handoll HHG. Gamma and other cephalocondylic intramedullary
nails versus extramedullary implants for extracapsular hip fractures in adults.
Cochrane Database of Systematic Review )2010;(9). http://dx.doi.org/10.1002/
14651858.CD000093.pub5. Art. No.: CDO00093.

Butler M, Forte ML, Joglekar SB, Swiontkowski MF, Kane RL. Evidence summary:
systematic review of surgical treatments for geriatric hip fractures. The Journal
of Bone and Joint Surgery American Volume 2011;93:1104-15.

Ehrich EW, Davies GM, Watson D], Bolognese JA, Seidenberg BC, Bellamy N.
Minimal perceptible clinical improvement with the Western Ontario and
McMaster universities osteoarthritis index questionnaire and global assess-
ments in patients with osteoarthritis. The Journal of Rheumatology 2000;27:
2635-41.

Walters SJ, Brazier JE. Comparison of the minimally important difference for
two health state utility measures: EQ-5D and SF-6D. Quality of Life Research
Journal 2005;14:1523-32.

Pickard SA, Neary MP, Cella D. Estimation of minimally important differences in
EQ-5D utility and VAS scores in cancer. Health and Quality of Life Outcomes
2007;5:70.

Please cite this article in press as: Matre K, et al. Sliding hip screw versus IM nail in reverse oblique trochanteric and subtrochanteric
fractures. A study of 2716 patients in the Norwegian Hip Fracture Register. Injury (2013), http://dx.doi.org/10.1016/
j.injury.2012.12.010



http://dx.doi.org/10.1002/14651858.CD000093.pub5
http://dx.doi.org/10.1002/14651858.CD000093.pub5
http://dx.doi.org/10.1002/14651858.CD000093.pub5
http://dx.doi.org/10.1016/j.injury.2012.12.010
http://dx.doi.org/10.1016/j.injury.2012.12.010

	Sliding hip screw versus IM nail in reverse oblique trochanteric and subtrochanteric fractures. A study of 2716 patients i...
	Introduction
	Materials and methods
	Statistical analyses
	Source of funding

	Results
	Reoperations
	Functional outcome data

	Discussion
	Strengths and limitations
	Conclusions
	Conflict of interest
	Acknowledgements
	References


