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Aims

The primary aim of this study was to compare surgical methods (sliding hip screw (SHS) vs
intramedullary nailing (IMN)) for trochanteric hip fracture in relation to death within 120 days
after surgery and return to independent living. The secondary aim was to assess whether the
associations between surgical method and death or ability to return to independent living varied
depending on fracture subtype or other patient characteristics.

Methods

A total of 27,530 individuals from the Swedish Hip Fracture Register RIKSHOFT (SHR) aged >
70 years, admitted to hospital between 1 January 2014 and 31 December 2019 with trochanteric
hip fracture, were included. Within this cohort, 12,041 individuals lived independently at baseline,
had follow-up information in the SHR, and were thus investigated for return to independent living.
Death within 120 days after surgery was analyzed using Cox regression with SHS as reference
and adjusted for age and fracture type. Return to independent living was analyzed using logistic
regression adjusted forage and fracture type. Analyses were repeated after stratification by fracture
type, age,and sex.

Results

Overall, 2,171 patients (18%) who were operated with SHS and 2,704 patients (18%) who were
operated with IMN died within 120 days after surgery. Adjusted Cox regression revealed no
difference in death within 120 days for the whole group (hazard ratio 0.97 (95% C1 0.91 to 1.03)), nor
after stratification by fracture type. In total, 3,714 (66%) patients who were operated with SHS and
4,147 (64%) patients who were operated with IMN had returned to independent living at follow-up.
There was no significant difference in return to independent living for the whole group (odds ratio
0.95(95% C10.87 to 1.03)), nor after stratification by fracture type.

Conclusion

No overall difference was observed in death within 120 days or return to independent living
following surgery for trochanteric hip fracture, depending on surgical method (SHS vs IMN) in
this recent Swedish cohort, but there was a suggested benefit for SHS in subgroups of patients.
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Take home message

« This study indicates that neither sliding hip screw (SHS) nor
intramedullary nailing for trochanteric hip fracture is
superior regarding death within 120 days after surgery.

- There may be benefits to using SHS in certain patients with
two-fragmented fractures.

Introduction

Hip fracture is a serious injury where the affected individ-
uals are at risk of substantial negative impacts on their
health, mobility, and independence. Optimal perioperative
and surgical treatment can give the patients the best possible
chance at continued life, with as intact a level of function
as possible. Currently, trochanteric hip fractures are operated
with either sliding hip screw (SHS) or, increasingly,'? intrame-
dullary nailing (IMN).

IMN is an established surgical method for sub-trochan-
teric and unstable trochanteric fractures,*® and has also gained
popularity for trochanteric fractures overall."*® However, the
use of IMN for stable fractures has no convincing evidence of
its superiority.” Some studies even suggest harm associated
with IMN use - a recent Swedish cohort study, which included
patients with AO/Orthopaedic Trauma Association (AO-OTA)®
classification 31-A1 (simple pertrochanteric fracture) and
31-A2 (multifragmentary pertrochanteric fracture), observed
an increased risk of death at 30 days after surgery for patients
operated with IMN.° However, the effect size was small, and
very close to statistical non-significance (adjusted relative
risk 1.1, 95% Cl 1.0 to 1.2). Substantial regional differences
in practice have been reported internationally,’® as well as
from Sweden. In Sweden, some orthopaedic clinics almost
exclusively favour one method over the other, while most
fall somewhere in between.®’" Consequently, orthopaedic
trainees in some hospitals have limited exposure to either
method, which can influence their future implant choices."

Both IMN and SHS come with their own sets of surgical
complication risks, mainly infection and nonunion for SHS and
implant-related fractures for IMN,” although improved design
of newer IMN models seems to have decreased the risk of
fracture complications.”® SHS entails a larger surgical dissec-
tion with increased risk of visible operative blood loss," while
IMN involves disruption of the intramedullary space and thus,
theoretically, an increased risk of fat emboli."” These differen-
ces could ultimately lead to differences in function and/or
mortality.

While survival differences are a central measure in
studies comparing surgical methods, other aspects such as
walking ability, pain, and to what extent the patients can
maintain their activities of daily living have to be consid-
ered as well. One proxy measure of such aspects is whether
the patient can remain living independently in their own
home, which has been reported as a central desire among
patients themselves.” It has, to our knowledge, not been
previously investigated whether the choice of surgical method
for trochanteric fracture is associated with return to independ-
ent living postoperatively. Change in practice despite absence
of proven benefits warrants scientific evaluation, which is the
motivation for this study.
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Methods

Study design, setting, and data sources

This is a nationwide cohort study using prospectively collected
data from the Swedish Hip Fracture Register RIKSHOFT (SHR),"’
a national clinical quality register. SHR collects information
on patients with hip fractures in Sweden, with data from
the initial hospitalization and follow-up information collected
approximately four months after surgery. SHR had a complete-
ness of > 80% between 2008 and 2017, when compared with
the Swedish National Patient Register (NPR).'® Data from SHR
were linked with NPR'*?' and the Swedish Dwelling Register,
an administrative register containing information on house-
hold size.?” Data linkage was facilitated by the unique personal
identity number assigned to every person living legally in
Sweden for more than a year.”’

Inclusion criteria were individuals with trochanteric hip
fracture aged > 70 years admitted to hospital between 1
January 2014 and 31 December 2019. Exclusion criteria were
American Society of Anesthesiologists (ASA)**?** grade > 5,
pathological hip fracture, intervention other than SHS or IMN,
missing data on surgery type, and non-surgical treatment.
When an individual appeared more than once in the register
in the study period, only the first event was included. The
analyses of return to independent living were restricted to
individuals who lived independently before the fracture with
information on residence from the follow-up survey (Figure
1). The baseline characteristics for the included patients are
shown in Table I.

Exposure variable

Surgical method was defined as SHS or IMN in the SHR. No
distinction was made between different models of the surgical
methods, or between long and short intramedullary nails.

Outcome variables

Date of death is recorded with near-perfect completeness in
Swedish administrative registers and can thus be used as a
reliable outcome in research. The Fragility Fracture Network
(FFN) suggests using death within either 30 or 120 days for hip
fracture audits.”” We considered 30 days to be too narrow a
time frame to investigate, while acknowledging that the more
time has elapsed from surgery, the less likely it is that the
surgical method affects mortality.

The second outcome, “return to independent living’,
was defined as the patient living in their own home at
follow-up (defined as 60 to 180 days after surgery) if they
had lived in their own home before the fracture. Those who
had died within 180 days after surgery were considered not to
have returned to independent living.

Potential confounders

Age and fracture type were selected a priori as confounders.
Age was dichotomized into two groups, 70 to 84 years and >
85 years, for the stratified analyses. Two-fragmented fractures
in SHR, and in this present study, correspond to fractures
with AO-OTA classification 31-A1 (simple pertrochanteric).®
Multifragmented fractures correspond to AO-OTA classification
31-A2 (multifragmentary pertrochanteric) and 31-A3 (inter-
trochanteric (reverse obliquity)). Fracture type was determined
by the treating orthopaedic surgeon and reported to the
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Patients registered in SHR admitted to hospital between January 1st, 2014, and
December 31st, 2019, with trochanteric hip fracture, age >70 years. (n=29,110)

Excluded: (n=1,580)
¢ ASA>5 (n=26)

» Pathological fracture (n=285)

“] * Intervention other than SHS or IMN or missing (n=192)
» Conservative treatment (n=122)

* Second hip fracture in the same individual (n=954)

* Coded as having had surgery after date of death (n=1)

v

Study population (n=27,530):
SHS: n=12,138; IMN: n=15,392

SHS: n=8,402; IMN: n=10,567

Patients living independently at baseline only: (n=18,969)

»| Excluded due to being alive, but with missing information on
residence, at 180 days after surgery (n=6,928)

v

Subsample investigated for return to
independent living (n=12,041)

SHS: n=5,599; IMN: n=6,442

Fig. 1

Flowchart of the study population. ASA, American Society of Anesthesiologists; IMN, intramedullary nailing; SHR, Swedish Hip Fracture Register; SHS,

sliding hip screw.

register. There is high agreement on fracture type when
comparing SHR with NPR."®

Covariates

Pre-fracture walking ability was defined based on recorded
use of walking aids and categorized into “high” (able to walk
without aids, or with one cane or crutch), “medium” (able to
walk with two canes or crutches, with a walking frame or a
wheeled walker), and “unable to walk” (wheelchair user or
bedridden). Dementia was defined as either being categorized
as “known dementia” in SHR and/or having either of the
ICD-10 diagnoses G30-31 or F00-03 registered in NPR in the
last five years before the hip fracture up until 30 days after

fracture. Cohabitation status in the year before the fracture
was used for cohabitation status.

Statistical analysis

Descriptive baseline characteristics were presented for the
whole population and for those operated with SHS and IMN
separately. Medians and IQRs were used to describe con-
tinuous variables. Frequencies and percentages were used
to describe categorical variables. Treatment groups were
compared using chi-squared test or Mann-Whitney U test,
and p-values < 0.05 were considered statistically significant.
Cox proportional hazards models were used to analyze
the association between surgical method and death within
120 days after surgery. Logistic regression was used to analyze
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Table I. Descriptive statistics of the study population.

Characteristic SHS IMN p-value
Patients, n (%) 12,138 (44) 15,392 (56)

Female sex, n (%) 8,433 (69) 11,096 (72) <0.001°
Median age, yrs (IQR) 86 (80 to 90) 86 (80 to 90) 0.040°
ASA grade, n (%)* <0.001°
| 349 (3) 441 (3)

I 3,874 (32) 5,004 (33)

n 6,983 (58) 8,376 (55)

v 888 (7) 1,300 (9)

Known dementia, n (%) 2,969 (24) 4,171 (27) <0.001°
Trochanteric two-fragmen-

ted fracture, n (%) 7,950 (66) 4,792 (31) <0.001°
Median time to surgery,

hrs (IQR) T 19 (12to 25) 19(12t025)  0.105"
Baseline living situation,

n (%) <0.001°
Admitted from own home 8,402 (69) 10,567 (69)

Admitted from

institutional care 3,068 (25) 4,119 (27)

Admitted from other 668 (6) 796 (5)

Co-habitating before

fracture (from the dwelling

register)+ 4,714 (39) 5,773 (38) 0.023°
Baseline walking ability,

n (%) 0.391°
High walking ability before

fracture 5,337 (44) 6,869 (45)

Medium walking ability

before fracture 6,395 (53) 8,041 (52)

Unable to walk before

fracture 406 (3) 482 (3)

Deceased during index

hospitalization 411 (3) 550 (4) 0.401°
Deceased within 30 days

after surgery 1,053 (9) 1,385 (9) 0.349°
Deceased within 120 days

after surgery 2,171 (18) 2,704 (18) 0.492°

*Missing ASA grade: n =315 (1%)

tMissing time to surgery: n = 525 (2%)

$Missing cohabitation status: n = 20 (0.001%)

§Chi-squared test.

IMann-Whitney U test.

ASA, American Society of Anesthesiologists; IMN, intramedullary nail;
SHS, sliding hip screw.

the association between surgical method and return to
independent living. All analyses were adjusted for age, which
was squared to allow for a non-linear relationship between
age and the respective outcome. The analyses were repea-
ted with stratification by: fracture type, age group, and sex.
Analyses not stratified by fracture type were adjusted for
fracture type in a second step, and those stratified by factors
other than fracture type were thereafter also repeated with
stratification by fracture type. The analyses were conducted
using Stata version 17 2021 (StataCorp, USA). The STROBE
guidelines were followed.?
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Sensitivity analysis

Sensitivity analyses were performed to assess whether
additional subgroups of patients displayed associations
between surgical method and the outcome that differed from,
or could help explain, the main analyses. The Cox regression
analyses (investigating death within 120 days after surgery)
were repeated with the population divided into subgroups
based on ASA grade, walking ability, and dementia. ASA grade
was considered a proxy for comorbidities.

The logistic regression analyses (investigating return to
independent living) were repeated for subgroups based on
ASA grade, walking ability, dementia, and co-habitation status
at baseline. All sensitivity analyses were further stratified by
fracture type.

Results

The crude outcome data for the subsample of patients
investigated for return to independent living are shown in
Table Il. Out of the 18,969 patients living independently at
baseline, 12,041 (63%) had information on residence (or were
deceased) at follow-up and were thus investigated for return
to independent living. Characteristics of the 6,928 patients
who were excluded from the analyses due to being alive but
missing information on residence at follow-up are displayed
in Supplementary Table i. Overall, the baseline characteris-
tics (including age, sex, and distribution of ASA grade) of
the patients excluded were similar to those included. Those
excluded had a slightly lower percentage of two-fragmented
fractures (44% vs 47%, p < 0.001), were more often operated
with IMN (60% vs 54%, p < 0.001), and more often lived alone
at baseline (61% vs 57%, p < 0.001) than those included in the
analyses.

120-day mortality

By 120 days after surgery, 2,171 patients (18%) of those
operated with SHS and 2,704 (18%) of those operated with
IMN had died, which was not statistically significantly different
(p = 0.492). The younger patients, aged 70 to 84 years, had
lower mortality compared with those aged 85 years and
above: 11% vs 23% (p < 0.001). Women had lower mortality
than men: 16% vs 23% (p < 0.001) (Table I). Cox regression
revealed no statistically significant difference in the hazard
ratio (HR) of death within 120 days for patients operated with
SHS versus IMN overall (HR 0.97 (95% Cl 0.91 to 1.03)), nor after
stratification by fracture type (Table IIl).

Stratifying the fracture type groups further into age
groups failed to reveal any association between type of
surgery and death (Supplementary Tables ii and iii). When
stratifying by sex alone, there was no association between
type of surgery and death within 120 days among either sex
(Supplementary Table iv). When stratifying further by both sex
and fracture type, there was a borderline significant associa-
tion between IMN and lower hazard of death among women
with two-fragmented fractures (HR 0.89 (95% Cl 0.79 to 1)).
There was no significant association between type of surgery
and death for women with multifragmented fractures (HR 1.02
(95% Cl 0.92 to 1.13)), men with two-fragmented fractures
(HR 1.08 (95% Cl 0.94 to 1.23)), or men with multifragmented
fractures (HR 0.92 (95% Cl 0.78 to 1.06)).
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Table II. Descriptive statistics for patients living independently at
baseline, with those alive at 180 days and those with no information
on residence in range excluded.

Characteristic SHS IMN p-value
Patients, n (%) 5,599 (47) 6,442 (54)

Female sex, n (%) 3,810 (68) 4,590 (71) <0.0019
Median age, yrs (IQR) 85 (79 to 90) 85 (80 to 90) 0.118**
ASA grade, n (%)* <0.0019
| 196 (4) 248 (4)

Il 1,993 (36) 2,444 (38)

1l 3,036 (54) 3,224 (50)

v 364 (7) 489 (8)

Known dementia, n (%) 503 (9) 701 (11) 0.0019
Trochanteric two-fragmen-

ted fracture, n (%) 3,680 (66) 1,993 (31) <0.0019
Median time to surgery, hrs

(IQR)t 19 (12to 25) 19 (12 to 25) 0.481%*
Co-habitating before fracture

(from the dwelling register),

n (%)F 2,400 (43) 2,720 (42) 0.4829
Baseline walking ability, n

(%) 0.2959
High walking ability before

fracture 2,989 (53) 3,410 (53)

Medium walking ability

before fracture 2,516 (45) 2,944 (46)

Not able to walk before

fracture 94 (2) 88 (1)

Median time to follow-up, 132(123to

days (IQR)§ 131(123t0 142)  146) <0.001**
Living situation at

follow-up, n (%) 0.0509
Living in own home 3,714 (66) 4,147 (64)

Living in institutional care 546 (10) 717 (11)

Other living situation 152 (3) 171 (3)

Deceased at follow-up, n (%) 1,187 (21) 1,407 (22)

Deceased during index

hospitalization, n (%) 246 (4) 290 (5) 0.7741
Deceased within 30 days

after surgery, n (%) 463 (8) 569 (9) 0.2719
Deceased within 120 days

after surgery, n (%) 1,057 (19) 1,222 (19) 0.8991

*Missing ASA grade: 47 (0%).

tMissing time to surgery: 47 (0%).

$Missing cohabitation status: 1 (09%).
§Missing time to follow-up: 1,338 (11%).
9Chi-squared test.

**Mann-Whitney U test.

ASA, American Society of Anesthesiologists.

Return to independent living

In total, 3,714 of the patients (66%) operated with SHS and
4,147 of the patients (64%) operated with IMN had returned
to independent living at follow-up. The crude distributions
of living situation at follow-up were borderline significantly
different between the two treatment groups (p = 0.050) (Table
). A higher proportion of the younger patients (aged 70 to

84 years) had returned to independent living compared with
the older (aged 85 years and above): 77% versus 54% (p <
0.001). A slightly higher proportion of women had returned to
independent living compared with men: 67% versus 61% (p <
0.001).

Logistic regression revealed no difference in return to
independent living depending on surgical method for the
whole group (odds ratio (OR) 0.95 (95% Cl 0.87 to 1.03)).
After stratification by fracture type, those with two-fragmen-
ted fracture had a borderline significant association between
IMN and lower odds of return to independent living. There was
no association among those with multifragmented fracture
(Table IV).

Stratification by age groups and fracture type revealed
an association between IMN and lower odds of return to
independent living among patients aged 70 to 84 years
with two-fragmented fractures, but not among those with
multifragmented fractures or those aged 85 years and over,
regardless of fracture type (Supplementary Tables v and vi).

Stratifying by sex revealed no association among
women, but IMN was associated with lower odds of return
to independent living among men (Supplementary Table
vii). When stratifying these groups by fracture type, the
lack of association persisted among women. Among men,
the association between IMN and lower odds of return to
independent living remained for those with two-fragmented
fracture only (OR 0.71 (95% Cl 0.58 to 0.88) vs OR 0.98 (95% Cl
0.79 to 1.23)) for men with multifragmented fractures.

Sensitivity analyses

No association between type of surgery and death within
120 days was found after stratification either by ASA grade,
baseline walking ability, cohabitation status, or dementia,
nor after further stratification by fracture type (data not
shown).

There were significant associations between IMN and
decreased return to independent living among patients with
two-fragmented fractures in combination with the following
characteristics: high baseline walking ability (OR 0.81 (95% Cl
0.67 to 0.97)); ASA grade Il (OR 0.82 (95% ClI 0.7 to 0.96));
and no baseline dementia (OR 0.87 (95% ClI 0.76 to 0.99)).
There was a borderline significant association between IMN
and lower return to independent living among those with
two-fragmented fractures who had cohabitated at baseline
(OR 0.83 (95% Cl 0.68 to 1)). There was no significant associ-
ation between type of surgery and return to independent
living in any other combination of fracture type and patient
characteristic (data not shown).

Discussion

This present study shows no apparent clinical or statistically
significant differences between SHS and IMN overall. It does,
however, suggest a disadvantage for IMN, specifically for
return to independent living among subgroups of patients
with two-fragmented fractures.

Our observations of no association between surgi-
cal method and death are in line with the most recent
Cochrane review,’” the INSITE randomized controlled trial,”” and
a 2020 USA propensity score-matched cohort study on over
17,000 patients.” Other studies using data from clinical quality
registers in the UK? and in Sweden’® have reported mortality
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Table Ill. Age-adjusted hazard ratios and 95% Cls for death within 120 days after surgery estimated with Cox proportional hazards regression,

stratified by fracture type.

Two-fragmented fractures

Type of surgery Deaths, n (%) (n=12,742)

SHS (n =7,950) 1,418 (18) Ref

IMN (n =4,792) 805 (17) 0.94 (0.86 to 1.02)

IMN, intramedullary nailing; SHS, sliding hip screw.

Multifragmented fractures

Type of surgery Deaths, n (%) (n=14,788)

SHS (n =4,188) 753 (18) Ref

IMN (n = 10,600) 1,899 (18) 0.99 (0.91 to 1.08)

Table IV. Age-adjusted odds ratios and 95% Cls for return to independent living estimated with logistic regression, stratified by fracture type.

Returned to independent Two-fragmented

Type of surgery living, n (%) fractures (n =5,673)
SHS (n = 3,680) 2,484 (68) Ref
IMN (n =1,993) 3,777 (67) 0.88(0.78to0 1)

IMN, intramedullary nailing; SHS, sliding hip screw.

benefits for those operated with SHS, while one from the
Norwegian Hip Fracture Register reported mortality benefit for
those operated with IMN.? Although the studies mentioned
have investigated death at different timepoints, complicating
direct comparisons, an argument can be made that poten-
tial differences in death depending on surgical method are
probably very limited at most timepoints.

This study demonstrates that IMN for two-fragmented
trochanteric fracture was associated with decreased return
to independent living at follow-up among men and among
patients aged 70 to 74 years. Sensitivity analyses displayed
a similar pattern among ASA grade 3 patients, those with
high baseline walking ability, and those without dementia
at baseline. These results may reflect the vulnerability of the
population at risk for hip fracture - those who were already
at the older end of the spectrum, and had lower baseline
walking ability and/or dementia at baseline, but were still
able to live independently, may already have had significant
adaptations to their homes, making small differences in, for
example, functional level or pain relating to surgical method
less impactful.

In light of the increasing popularity of IMN, the
potential benefits of using SHS over IMN, found in this study
and others,** highlight the importance of making sure that
SHS remains a technique being actively taught to and used by
current and future orthopaedic surgeons.

This is a cohort study that covers a large majority of
all patients with hip fracture in Sweden during the study
period, ensuring inclusion of a very broad patient population.
By linking SHR with administrative registers, we were able to
conduct sensitivity analyses on subgroups of patients who
have not always been considered in similar studies. Investi-
gating return to independent living, an important aspect of
quality of life among patients with hip fracture, is a major
strength of this study. By including those who had died in the
group considered not to have returned home, we accounted
for the competing risk of death, which may otherwise have
introduced bias to our results. The living situation of older

848

Returned to independent Multifragmented

Type of surgery  living, n (%) fractures (n = 6,368)
SHS (n=1,919) 1,230 (64) Ref
IMN (n = 4,449) 2,854 (64) 1.01(0.9t0 1.13)

people varies in different parts of the world, complicating
direct comparisons over different countries. However, the
internal validity is unaffected.

There were limitations to this study. As in all observa-
tional studies, there is a risk of residual confounding. Implant
selection for trochanteric fracture in Sweden varies regionally;
if there is regional variation in survival after hip fracture
and chances of returning to independent living, geographi-
cal region could be a confounder that is not accounted for.
Implant selection can also be influenced by other factors, such
as fracture characteristics'® and perceived patient benefit.”
A systematic difference in unmeasured patient characteristics
over the treatment groups could bias our results. However,
there was no difference in baseline walking ability across
the treatment groups, speaking against a selection based
on functional status (Table I). Both fracture type and type
of surgery are categorized relatively broadly in SHR, which
meant that we were unable to compare fracture types
beyond two-fragmented and multifragment. We were unable
to distinguish between different types of implants, which
introduces the risk that unfavourable outcomes could be
partly due to a learning-curve effect for surgeons using a new
device, and that the potential effects of individual subtypes
of implants, in either direction, may have been obscured. We
were also unable to consider factors such as the experience
level of the personnel involved in caring for the patients.

To investigate return to independent living, those who
did not live independently at baseline had to be excluded. This
likely entails a selection of the more robust patients of the
study population, and it is unknown whether the treatments
studied have similar or different effects on the more vulnera-
ble individuals. To overcome this problem, outcomes related
to functional ability other than return to independent living
should be studied. Furthermore, 6,928 patients — 37% of those
who lived independently at baseline — were excluded due to
missing follow-up information, which is substantial enough to
introduce uncertainty. However, when comparing the baseline
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characteristics of this group with the one that was analyzed,

th

ey appear similar.

Our analyses revealed no apparent differences

between the two methods for either death or independent
living overall, but point towards a small benefit of SHS for
two-fragmented fractures for return to independent living, at
least for younger patients and men.

Supplementary material
Descriptive data of patients excluded from the analyses of return

to

independent living, as well as results of stratified and sensitivity

analyses.
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