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Abstract

Background: Reoperation of femoral neck fractures in elderly patients is frequent. Our aim was to determine predictors of
reoperations following primary internal fixation with 3 cannulated screws. Materials and Methods: A follow-up study included
all patients aged 65+ years old patients consecutively admitted to an orthopedic ward with femoral neck fracture in the period
from January |, 2007, to December 31, 2010, and fixed with cannulated screws. We retrospectively obtained all available data
from patient databases related to potential predictors of reoperations: gender, age, dwelling, dementia, body mass index, vitamin
D, albumin, prednisolone treatment, walking aid, performance of activities of daily living, low-energy trauma, initial displacement,
and surgery quality. Outcome was reoperation due to fixation failure/prominent screws, nonunion, or avascular necrosis of
femoral head within 2 years after surgery. By multivariate Cox proportional hazards regression, including mortality as a competing
risk, we estimated crude and adjusted hazards ratios (HRs) with 95% confidence intervals (Cls) for reoperation. Results: Two
years after surgery, 29% of 322 elderly patients underwent reoperation. Reoperation was associated with primary fracture
displacement (HR,gjusted 1.61; 95% Cl: 1.01-2.55; P = .04) compared to undisplacement. A poor quality of primary reduction was
associated with a higher risk of reoperations than a good quality (HR,gjusced 1.95; 95% Cl: 1.02-3.72; P = .04). Elderly individuals in
own homes and sheltered housings had a higher risk of reoperation (HR,gjusced 2.67; 95% CI 1.35-5.31; P = .005) compared to
nursing home residents. Conclusion: Our findings support the evidence of a higher incidence of reoperation in displaced femoral
neck fractures compared to the nondisplaced and is associated with poor quality of fracture reduction. Reoperations are most
frequent in younger and more independent patients living at home.
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Introduction and avascular necrosis of the femoral head.'® Within 2 years
after primary surgery, the incidence of reoperations has been
reported to be between 20% and 36% after internal fixation ver-
sus 6% and 18% after hemiarthroplasty.®® A varus collapse of
the femoral neck after fixation of the fracture is correlated with
shortening of the femoral neck and results in impaired quality
of life (QoL)."" After 2 years, patients with nondisplaced frac-
tures report a better functional status and QoL.'?

Previous studies have investigated single components in the
healing process of the femoral neck fracture in the elderly

Hip fractures are common in the elderly individuals and asso-
ciated with increased morbidity and mortality. In Denmark, in
2013, the hip fracture rate was 6.86 per 1000 inhabitants in the
population aged 65+ years.! Femoral neck fractures account
for 55% of the hip fractures including both nondisplaced and
displaced fractures." The Danish national guidelines on treat-
ment of hip fractures recommend internal fixation in nondis-
placed fractures, whereas arthroplasty is recommended in
displaced fractures.”® However, internal screw fixation is in
some cases considered the treatment of choice in frail elderly
individuals due to shorter operation time, less bleeding, and
fewer blood transfusions compared to prosthetic replace- 'Department of Geriatrics, Aarhus University Hospital, Aarhus, Denmark
ment.”® Furthermore, use of cement in hip hemiarthroplasty 2 Department of Orthopaedics, Aarhus University Hospital, Aarhus, Denmark
of fractured femoral neck is associated with increased perio- .
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individuals: Healing takes longer as bone mineral density
declines with age.'*'® Prevalence of osteoporosis thus increases
with age, and consequently the incidence of low-energy frac-
tures is more frequent in elderly individuals. Moreover, risk
of secondary displacement is enhanced due to frail trabecular
and cortical bone.'*'® Female gender, malnutrition (low albu-
min), vitamin D deficiency, and prednisolone treatment are
associated with reduced bone mineral density.'”'® Bone qual-
ity and healing potential combined with the fracture pattern and
inadequate fixation techniques are the most important issues
for hardware failure.® Despite the growing amount of research
in this field, there is no clinical consensus on the characteristics
in the elderly patients with hip fractures at risk of reoperation.
The purpose of this study was to identify factors that predict
reoperation in elderly patients with screw fixed femoral neck
fractures and to identify the type of elderly patients with the
highest risk of reoperation.

Materials and Methods
Population, Design, and Ethics

The study was conducted as a case—cohort study, and the source
population was all patients aged 65 years and older admitted to
our hospital with a femoral neck fracture between January 1,
2007, and December 31, 2010. All included were treated opera-
tively with 6.5 mm cannulated screw fixation from Smith &
Nephew, Inc (Memphis, Tennessee). Patients with cancer in the
hip and patients who left the country were excluded. The study
was approved by the Danish Data Protection Agency, and no
approval was needed from the Central Denmark Region Com-
mittee on Biomedical and Research Ethics.

Data Collection

Data were obtained from the electronic patient records,
national databases, and a local research database in the Depart-
ment of Geriatrics at Aarhus University Hospital in Denmark.

Baseline data were collected on gender, age, type of dwell-
ing (own home/sheltered housing/nursing home), dementia
diagnosis, body mass index (BMI), vitamin D level measures
< 1 year before the fracture until <1 month after (normal:
> 50 nmol/L/deficiency: 25 to 49 nmol/L/osteomalacia:
<25 nmol/L'®), albumin level at admission (normal: > 34
g/L/low: < 34 g/L), treatment with prednisolone <1 year before
the fracture until <1 month after, use of prefracture walking
aids (none/sticks/frame/wheelchair), performance of activities
of daily living (ADLs) between 2nd and 30th postoperative day
measured by the Modified Barthel Index (self-sufficiency/
moderate dependent/ substantial or complete dependent),®
low-energy trauma, and fracture type according to Garden clas-
sification (I-II = nondisplaced/ III-IV = displaced).?!

Good reduction was considered when Garden angle on the
anteroposterior (AP) view was 160° to 175°, the posterior or
anterior angulation on the lateral view was <10°, and a maxi-
mum fracture displacement of 2 mm. Fair reduction was
defined when Garden angle was 160° to 175°, the posterior

or anterior angulation on the lateral view was maximum 20°,
and if the fracture displacement was maximum 5 mm. Poor
reduction was defined as Garden angle outside interval of
160° to 175° or more than 20° angulation in the lateral view
or more than 5-mm fracture displacement.*?

Cases were all patients who underwent reoperation within
3 months and 2 years due to (1) fixation failure/prominent
screws, (2) nonunion, or (3) avascular necrosis of the femoral
head. Nationwide data were collected for all patient hospitali-
zations according to reoperation during 2 years follow-up. Reo-
peration due to infection was not included in the assessment of
patient outcome. All patients who died within the 2 years of
follow-up were registered.

Postsurgery Care and Follow-Up

The patients were allowed to perform weight bearing as toler-
ated. Mobilization was initiated the day after surgery by a
physiotherapist. Patients were discharged from the orthopedic
surgery department 1 to 2 days after surgery either to their own
home with follow-up by a physiotherapist or to rehabilitation in
the geriatric ward. Special attention was paid to impaired gait,
persistent pain, and wound infection. A routine X-ray examina-
tion after 3 postoperative months, or if it was needed, was per-
formed in the orthopedic outpatient clinic.

Statistical Analysis

Baseline characteristics were categorized and presented with
percentages. Reoperation within 2 years after hip fracture sur-
gery was the dichotomous outcome variable. Time-to-event
analyses were applied in all baseline variables. Multivariate
Cox proportional hazards regression analysis was used to esti-
mate crude and adjusted hazards ratios (HRs) with 95% confi-
dence intervals (Cls). According to well-known factors related
to bone quality, healing, inadequate fixation, and fracture pat-
tern, we adjusted for gender, age, quality of fracture reduction,
Garden type (fracture stability), prednisone treatment, and
proxy measure of osteoporosis: low-energy fracture. Mortality
was considered as a competing risk factor in the Cox regression
analysis in which patients were censored at the date of death
during the 2-years follow-up. Subsequently, the regression
model was checked for proportionality by log—log plots.
Missing data were not replaced by multiple imputations. If data
were missing on the single patient, this patient was excluded
from the analysis. The analyses were performed with Stata
software version 13.1. A P value of 5% or less was considered
statistically significant.

Results

During a 4-year period, 325 elderly individuals with femoral
neck fractures underwent surgical repair with cannulated
screws of whom 3 patients were excluded, 2 patients were reop-
erated due to infection and 1 patient due to cancer in the hip.
Mean age of included patients was 82 years (+ 8.3), and the
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Table I. Baseline Characteristics.?

N =322
Baseline n (%)
Females 229 71)
Age, y
65-74 66 )
75-84 114 (35)
>85 142 (44)
Dwelling
Own home 187 (59)
Sheltered housing 37 (1)
Nursing home 98 (30)
Dementia diagnosis 55 (17)
Body Mass Index
Underweight (<20) 48 (15)
Normal weight (20-24) 140 (43)
Overweight (25-29) 74 (23)
Obesity (>30) 15 (5)
Missing data 45 (14)
Vitamin D level, nmol/L (<I year prefracture, <| month postfracture)
Normal (>50) 115 (36)
Deficiency (25-49) 59 (18)
Osteomalacia (<25) 41 (13)
Missing data 107 (33)
Albumin, g/L
Low (<34) 33 (10)
Normal 287 (89)
Missing data 2 (n
Prednisone treatment
(<2 years prefracture < |-month postfracture) 32 (10)
Walking aid prefracture
None 130 (40)
Stick(s) 48 (15)
Frame (standard/rollator) 109 (34)
No walking ability 5 2)
Missing data 30 )
ADL performance (within 2-30 days postfracture)
Independent 45 (14)
Moderate dependent 75 (23)
Substantial dependent 65 (20)
Missing data 137 (43)
Low-energy trauma 266 (85)
Fracture classification
Undisplaced (Garden I-I) 167 (52)
Displaced (Garden llI-IV) 155 (48)
Quality of reposition
Good 211 (66)
Fair 65 (20)
Poor 38 (12)
Missing data 8 (2)

Abbreviation: ADL, activities of daily living.
®All patients aged 65+ years with femoral neck fracture treated with 3
cannulated screws in the years of 2007 to 2010.

population was a majority of females, frequently with low-
energy trauma, and 30% were admitted from nursing homes.
More than half of the elderly individuals were dependent on
walking aids before the hip fracture. About half of the fractures
were displaced, and 12% of the initial surgical repair repositions
with cannulated screws were performed inadequately (Table 1).

Chephalomedullary nail ﬁ g  Non-displaced

Girdlestone g % [ Displaced

Total arthroplasty % 2

Removal of screws 10
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0 10 20 30 40

Figure |. Reoperation treatment divided into initial displaced and
nondisplaced femoral neck fractures (n = 94).

Median day for time to reoperation was 144 (interquartile
range: 56-259). Within 3 months after surgery, 12% of the
elderly individuals were reoperated due to failed internal
fixation. Within 2 years after surgery, 29% of the elderly indi-
viduals underwent resurgery due to failed internal fixation/pro-
minent screws (n = 62, 19%), nonunion (n = 13, 4%), and
avascular necrosis (n = 19, 6%). In patients with nondisplaced
fractures, 24% were reoperated, and in patients with displaced
fractures, 35% were reoperated (P = .03). All the reoperations
were conducted at our hospital. Overview of reoperations is
illustrated in Figure 1. The crude regression analysis showed
that reoperations were associated with age between 65 and
74 years, living in own home or sheltered housing, independent
concerning ADL, nondementia, primary displacement, and
poor quality of surgical reposition. After adjustments, reopera-
tion was no longer associated with nondementia or ADL inde-
pendency (Table 2). The elderly individuals from own homes
and sheltered housings had an almost 3-fold risk of secondary
displacement compared to nursing home residents (HR adjusted
2.67, 95% CI 1.34-531; P = .005; Figure 2). Furthermore,
underweight seems to be associated with a lower risk of reopera-
tion compared to elderly individuals with a BMI > 19 (HR gjusted
0.33, 95% CI 0.11-0.95; P = .04). Trends toward lower risk of
reoperation were seen in males, patients with dementia, and
elderly individuals with no walking ability and substantial ADL
dependency.

Discussion

We have attempted to identify related nonhealing factors that
increase the risk of reoperation within 2 years in elderly
patients with femoral neck fractures treated with cannulated
screws. The elderly individuals with displaced fractures had the
highest risk of reoperation. Our findings are consistent with
Jordan et al reporting that initial fracture displacement is the
most important factor related to risk of reoperation.” Hui
et al found that internal fixation may not be the best treatment
for femoral neck fractures, whereas hemiarthroplasty for dis-
placed fractures in elderly individuals yielded a better result
in terms of lower rates of reoperation compared to internal fixa-
tion in patients with nondisplaced fractures.>* Even in elderly
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Table 2. Cox Regression Analysis.”

Reoperation for secondary displacement (N = 322)

Proportion ~ Crude hazard ratio 95% ClI Pvalue  Adjusted hazard ratio® 95% ClI P value

Gender

Male 25/94 1.00 reference 1.00 reference

Female 69/228 .13 0.69-1.84 .63 1.32 0.79-2.19 .29
Age, y

65-74 28/66 1.00 reference 1.00 reference

75-84 41/114 0.85 0.52-1.40 .53 0.90 0.53-1.51 .69

>85 25/142 0.56 0.32-0.98 .04 0.47 0.27-0.85 .0l
Dwelling

Own home 66/187 1.00 reference 1.00 reference

Sheltered housing 18/37 1.86 1.08-3.21 .02 2.05 1.11-3.77 .02

Nursing home 10/98 0.38 0.19-0.74 .005 0.45 0.22-0.91 .03
Dementia diagnoses

No 88/267 1.00 reference 1.00 reference

Yes 6/55 0.39 0.17-0.91 .03 0.47 0.20-1.09 .08
Body mass index

Underweight (<19) 5/48 0.42 0.16-1.06 .06 0.33 0.11-0.97 .04

Normal weight (19-24) 47/140 1.00 reference 1.00 reference

Overweight (25-29) 26/74 1.10 0.67-1.80 .69 1.06 0.63-1.77 .83

Obesity (>30) 4/15 0.70 0.22-2.27 .55 0.70 0.17-2.91 .62
Vitamin-D level, nmol/L

Normal (> 50) 38/115 1.00 reference 1.00 reference

Deficiency (25-49) 22/59 .11 0.64-1.91 .70 111 0.63-1.96 71

Osteomalacia (<25) 11/41 0.78 0.37-1.64 .53 0.82 0.38-1.74 .61
Albumin, g/L

Normal 87/287 1.00 reference 1.00 reference

Low (<34) 5/33 0.67 0.24-1.83 43 0.57 0.18-1.87 .36
Prednisone treatment

No 80/287 1.00 reference 1.00 reference

Yes 13/32 1.79 0.92-3.46 .08 1.50 0.73-3.03 26
Walking aid prefracture

None 47/130 1.00 reference 1.00 reference

Sticks 14/48 0.90 0.48-1.67 .75 1.01 0.53-1.93 97

Frame (standard/rollator) 26/109 0.65 0.39-1.08 .10 0.66 0.37-1.17 16

No walking ability 0/5 - - - - - -
ADL performance

Independent 23/45 1.00 reference 1.00 reference

Moderately dependent 25/75 0.65 0.36-1.18 16 0.74 0.40-1.37 .34

Substantially dependent 11/65 0.38 0.17-0.83 .0l 0.49 0.21-1.17 11
Low-energy fracture

No 15/47 1.00 reference 1.00 reference

Yes 79/266 1.09 0.62-1.93 76 1.16 0.63-2.13 .63
Fracture classification

Nondisplaced 40/167 1.00 reference 1.00 reference

Displaced 54/155 1.88 1.22-2.89 .004 1.61 1.01-2.55 .04
Quality of reposition

Good 57211 1.00 reference 1.00 reference

Fair 20/65 1.49 0.88-2.51 A3 1.45 0.85-2.47 A7

Poor 16/38 1.89 1.04-3.42 .04 1.95 1.02-3.72 .04

Note. Boldface values are statistically significant.

Abbreviations: ADL, activities of daily living; Cl, confidence interval.
?Factors Associated with the Risk of Reoperation Due to Secondary Displacement Within 2 Years after hip fracture.
®Adjusted for gender, age, prednisone treatment, low-energy fracture, Garden type, and quality of reposition.

patients with severely impaired cognitive function, hemiarthro-
plasty seemed to be the best choice.>> Although guidelines
recommend internal fixation only in the nondisplaced fractures,

half of the femoral neck fractures in our study were treated with
cannulated screws, despite displacement. However, the sur-
geons may have chosen this technique due to the frailty of the
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Figure 2. Kaplan-Meier plot. Time to reoperation within 2 years after
femoral neck fracture in 65+ aged elderly patients treated with can-
nulated screws and admitted from own homes, sheltered housings, or
nursing homes.

patient population, since it is well known that longer duration
of surgery combined with the arthroplasty procedure increases
the risk of complications and mortality in the elderly individu-
als.”® Our reoperation rates were within the ranges reported in
the literature.'*2%7

We found that reoperations were mostly performed in the
youngest group of the elderly individuals and possibly in the
cognitively and physically well-functioning elderly individu-
als. Residents from own homes and sheltered housing facilities
are not as old, frail, and functionally impaired as the nursing
home residents and may perform activities with higher loads
and strains. The younger and more mobile patients have higher
demands to good functional results, and their QoL depends on
being pain free; thus, they are more often referred to a reopera-
tion. Nursing home residents might not have the same need for
independence, lack the ability to express it, or postsurgical
follow-up is inadequate in the weakest patients. The findings
that nursing home residents are at highest risk of dying but
inversely at lowest risk of reoperation were consistent with the
results of a study by Hoelsbrekken et al in Norwegian patients
with femoral neck fracture.?’

In the nondisplaced fractures, no significant association was
found between the risk of reoperation and quality of the frac-
ture repair reduction most likely due to a high degree of inher-
ent stability. In the displaced fractures, however, we found a
higher risk of reoperation in patients with poor fracture reduc-
tion, and this is consistent with earlier studies.”® When a satis-
factory surgical reduction cannot be attained, conversion to
arthroplasty should be considered. Total hip arthroplasty is
recommended for the displaced hip fractures primarily in cog-
nitively well-functioning patients aged 70+ years and hemiar-
throplasty in elderly individuals with dementia.>® The bone
quality in elderly patients plays an extremely important role
in the outcome of internal fixation. Preventing bone loss by
weight bearing is essential for healing of the osteoporotic bone
postoperatively. Bed rest is critical to bone loss, since serum
calcium increases during bed rest and tends to increase less

by exercise.?’ The low-energy trauma would indicate signifi-
cant loss of density and potential risk of fixation failure.
Furthermore, the physical and mental state of elderly patients
is important to the treatment algorithm of femoral neck frac-
tures as is fracture type and bone density due to the ability to
control the injured limb.

Strengths and Limitations

The study population was complete for the chosen time period,
and all the follow-up outcomes were obtained. We had the pos-
sibility to analyze data presuming that our results may generate
new hypotheses. However, our study had several limitations.
The retrospective design with search for true information in
patient records and databases was in some cases sparse or miss-
ing and may have affected the results. Surgical delay is not
taken into account and may have confounded the result, due
to higher risk of nonunion for patients treated more than
48 hours after injury.”” We did not take other potential predic-
tors into consideration such as comorbidity, anemia, risk of fall,
and surgeon’s skills and experience.

Conclusion

In elderly patients with femoral neck fracture treated with can-
nulated screws, 1 of every 3 patients is expected to undergo a
reoperation within 2 years. Younger age, displaced femoral
neck fracture, higher BMI, and poor quality of fracture repair
were associated with reoperation. Primary prosthetic replace-
ment should be recommended over internal fixation in elderly
individuals with displaced femoral neck fractures in the young-
est and most ADL-independent elderly individuals. Impact of
outlined predictors on complications needs to be examined in
future prospective studies.
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