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Abstract

Introduction Proximal femur fractures are associated with an increased mortality rate in the elderly. Early weight-bearing
presents as a modifiable factor that may reduce negative postoperative outcomes and complications. As such, we aimed to
compare non-weight-bearing, partial-weight-bearing and full weight-bearing cohorts, in terms of risk factors and postop-
erative outcomes and complications.

Methods We retrospectively reviewed our database to identify the three cohorts based on the postoperative weight-bearing
status the day of surgery from 2003 to 20014. We collected data on numerous risk factors, including age, cerebrovascular
accident (CVA), pulmonary embolism (PE), surgical fixation method and diagnosis type. We also collected data on postop-
erative outcomes, including the number of days of hospitalization, pain levels, and mortality rate. We performed a univariate
and multivariate analysis; P < 0.05 was the significant threshold.

Results There were 186 patients in the non-weight-bearing group, 127 patients in the partial-weight-bearing group and
1791 patients in the full weight-bearing group. We found a significant difference in the type of diagnosis between cohorts
(P<0.001 in univariate, P <0.001 in multivariate), but not in fixation type (P <0.001 in univariate, but P=0.76 in multivari-
ate). The full weight-bearing group was diagnosed most with pertrochanteric fracture, 48.0%, and used Richard’s nailing
predominantly. Finally, we found that age was not a significant determinant of mortality rate but only weight-bearing cohort
(P=0.13 vs. P<0.001, respectively).

Conclusion We recommend early weight-bearing, which may act to decrease the mortality rate compared to non-weight-
bearing and partial weight-bearing. In addition, appropriate expectations and standardizations should be set since age and
type of diagnosis act as significant predictors of weight-bearing status.

Keywords Proximal femoral fractures - Weight-bearing - Mortality - Partial-weight bearing, fixation, surgery - Femoral
neck fracture - Pertrochanteric fracture - Subcapital fracture

Introduction

The annual number of hip fractures worldwide is expected

5% Jeremy Dubin to rise to 4.50 million by the year 2050 [1]. Hip fractures
dubinjeremy @gmail.com are associated with significant mortality, morbidity, financial
burden, and decreased quality of life [2]. In elderly patients’
post-hip fracture, the average one-year mortality rate is
between 18 and 33% compared to 3% for the normal popu-
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in which no weight is placed on the limb, (ii) partial weight-
bearing, in which weight loading on the limb (30-50%) is
progressively increased over time, and (iii) full weight-
bearing, in which there is no restriction (100%) to weight-
bearing [5]. It has been shown that weight-bearing restric-
tions may contribute to decreased postoperative mobility
and diminished functional levels. At the same time, factors,
such as dependent functional health status and dyspnea may
predispose patients to an inferior weight-bearing status [6].
However, the relationship between weight-bearing status and
postoperative outcomes in proximal femur fractures remains
unclear in the literature.

In this study, we aimed to compare three weight-bearing
statuses in patients after proximal femur fractures: non-
weight-bearing, partial weight-bearing, and full weight-
bearing. We examined risk factors (demographic, lifestyle,
and surgical) and postoperative outcomes that may influ-
ence or affect weight-bearing status. We hypothesized that
(i) there would be no difference in risk factors between the
weight-bearing groups and (ii) non-weight-bearing status
would be most indicative of poor post-operative outcomes
compared to the other two weight-bearing groups.

Methods

Between 2003 and 2014, a retrospective review of prospec-
tively collected data was performed in our database to iden-
tify three cohorts: non-weight-bearing status, partial weight-
bearing status, and full weight-bearing status. A minimum
follow-up of 24 months was required. Inclusion criteria
included: (1) diagnosis of proximal femur fracture who
underwent surgery and (2) adherence to the postoperative
protocol as advised by the surgeon and rehabilitation team.
Exclusion criteria included: (1) non-operative hip fracture
and (2) lack of weight-bearing status classification.

Postoperative protocol

All patients underwent venous thromboembolic disease
prophylaxis in the form of 40 mg of Enoxaparin injected
intramuscularly at least 12 h after surgery. Normally, our
institution recommends progressive weight-bearing as toler-
ated, including remaining orthostatic and walking as early as
possible, until full-weight bearing is possible postoperatively
(Fig. 1). If internal fixation is performed, partial weight-
bearing for 4—-6 weeks is recommended depending on radio-
logical follow-up. In addition, we recommend patients avoid
impact activities for at least 6 weeks postoperatively and
avoid straight leg raise for 4 weeks postoperatively. Patients
are also recommended to partake in rehabilitation, which
involves the guidance of a physical therapist who aids in
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strengthening exercises, balance, and proprioceptive objec-
tives at six weeks postoperatively.

Weight-bearing assessment

Patients were assessed for weight-bearing status on the day
of the surgery by the physician. Depending on the outcome,
patients were placed into the non-weight bearing group,
partial weight-bearing group, or the full-weight bearing
group. The non-weight bearing group was selected based
on (i) abnormal preoperative function, including bed rid-
den patients, assisted walking devices prior to surgery,
and dementia (ii) no anatomic reduction or shattered bone
intraoperatively, or (iii) no recommendation from the phys-
ical therapist to bear weight based on the high level of
disability or pain. The partial weight-bearing group was
chosen based on (i) abnormal preoperative function, (ii)
fragile bone, or (iii) physical therapist advising the phy-
sician of patient coping issues. The full weight-bearing
group was chosen based on (i) normal preoperative func-
tion, (ii) no bone quality issues, or (iii) recommendation
from the physical therapist.

Risk factors

We collected data on numerous risk factors that could poten-
tially influence the type of weight-bearing group. The risk
factors were obtained by the physician at the patients’ pre-
operative visit before electing for surgery. The risk factors
included anticoagulant use (Warfarin), cerebrovascular acci-
dent (CVA), pulmonary embolism (PE), diabetes mellitus
(DM), and hypertension (HTN).

Postoperative outcomes

Postoperative outcomes were collected by the physician at
the patients’ respective follow-up visit (6 weeks, 3 months,
6 months, 1 year, and each subsequent year). The aver-
age follow-up in our clinic was 3.5 years (range: 2-5).
These measurements included cerebrovascular accident
(CVA), pulmonary embolism (PE), deep vein thrombosis
(DVT), number of hospitalization days, and pain levels
postoperatively.

Statistical analysis

Statistical analysis was performed by IBM SPSS 21 (IBM,
Armonk, New York, 2016). Normally distributed continu-
ous data was compared using the Students ¢ test data. A
P-value of <0.05 was used as statistically significant. All
variables with a P value <0.05 from the univariate analysis
were included in a multivariable logistic regression model
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Fig. 1 Institution weight-bearing determination based on postoperative status

and renamed, adjusted P-value, for which the significance
remained at P value < 0.05.

Results

There were 2104 eligible patients who underwent proxi-
mal femur fracture surgery by a single surgeon from 2003
to 2014. 186 patients in the non-weight-bearing group,
127 patients in the partial-weight-bearing group and 1791

patients in the full weight-bearing group. In terms of
demographics, we found a significant difference between
age and BMI > 30. The average age was 83.07 in the non-
weight-bearing group, 79.48 in the partial-weight-bearing
group, and 78.82 in the full weight-bearing group. The
P-value was < 0.0001 in the univariate analysis and 0.02 in
the adjusted P-value multivariate analysis. The percent of
patients with a BMI > 30, classified as obese, was 6.5% in
the non-weight bearing group, 9,4% in the partial weight-
bearing group, and 3.4% in the full weight-bearing group.
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The P-value was 0.001 in the univariate analysis but 0.36
in the multivariate analysis (Table 1).

Fixation type and fracture type

We found a significant difference in terms of diagnosis
between cohorts (P <0.001 in univariate, P <0.001 in mul-
tivariate), but not in fixation type (P <0.001 in univariate,
but P=0.76 in multivariate). The non-weight bearing group
was diagnosed most with subcapital fracture, 57.5%. and
used cannulated screw fixation, 38.2%. The partial-weight-
bearing group was diagnosed most with subcapital fracture,
48.0%, and used proximal femoral nail fixation. The full
weight-bearing group was diagnosed most with pertrochan-
teric fracture, 48.0%, and used Richard’s nailing predomi-
nantly (Tables 2, 3). Also, there was a significant difference

Table 1 Demographics between cohorts

in terms of risk factors between the cohorts for anticoagulant
use and hypertension, P=0.03 and P <0.001, respectively.
However, these did not hold for the multivariable analysis
(P=0.99 for anticoagulant use and P=0.97 for the hyper-
tension) (Table 4).

Postoperative outcomes

The postoperative outcomes were similar in all the cohorts,
including cerebrovascular accident (P =0.55), pulmonary
embolism (P=0.69, deep vein thrombosis (P =0.07), and
pain levels (P=0.62). Hospitalization in days differed
between the cohorts (P <0.0001), with the non-weight-
bearing cohort spending the fewest number of days in the
hospital (7.5 days) and the partial weight-bearing cohort
spending the most days in the hospital (9.5 days). In

No weight-bearing Partial weight-bearing Full weight-bearing P-value Adjusted P-value
Age 83.07+8.14 79.48+9.6 78.82+12.5 <0.0001 <0.0001
Male:female 561:1130 38:89 46:140 0.055 N/A
BMI>30 6.5% 9.4% 3.4% 0.001 0.36
Statistically significant P values are in bold (p<0.05)
Table 2 Diagnosis between cohorts
Non-weight-bearing Partial weight-bearing Full weight-bearing P-value Adjusted P-value
Subcapital 107 (57.5%) 61 (48.0%) 619 (36.6%)
Pertrochanteric 40 (21.5%) 31 (24.4%) 811 (48.0%)
Basicervical 10 (5.4%) 11 (8.7%) 125 (7.4%)
Midcervical 7 (3.8%) 4 (3.5%) 11 (0.65%)
Subtrochanteric 19 (10.2%) 20 (15.7%) 48 (2.8%)
<0.001 <0.001
Statistically significant P values are in bold (p<0.05)
Table 3 Fixation type between cohorts
No weight-bearing Partial weight-bearing Full weight-bearing P-value Adjusted
P-value
Conservative 3 (1.6%) 0 (0%) 4(0.2%)
Thompson HA 7 (3.8%) 3(2.4%) 465 (27.5%)
Bipolar Hemiarthroplasty 1 (0.05%) 0 (0%) 67 (4.0%)
Richard’s nailing 23 (12.4%) 17 (13.4%) 494 (29.2%)
Proximal femoral nail 33 (17.7%) 43 (33.9%) 337 (19.9%)
Percutaneous compression plate 3 (1.6%) 2 (1.6%) 11 (0.6%)
Dynamic hip screw 9 (4.8%) 6 (4.7%) 102 (6.0%)
Trochanteric antegrade nail 26 (14.0%) 30 (23.6%) 72 (4.3%)
Cannulated screw 71 (38.2%) 25 (19.7%) 138 (8.2%)
<0.001 0.76

Statistically significant P value is in bold (p<0.05)
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Tab|e4‘ Risk factors between Non- weight- Partial weight-  Full weight- P-value Adjusted

cohorts bearing (%) bearing (%) bearing (%) P-value
Anticoagulant use 2.1 8.7 6.6 0.03 0.99
Cerebrovascular accident 8.0 11.8 13.0 0.055 N/A
Pulmonary embolism 1.1 1.6 0.8 0.69 N/A
Diabetes mellitus 21.5 33.9 27.1 0.053 N/A
Hypertension 46.8 65 66.6 <0.001 0.97
Statistically significant P values are in bold (P<0.05)

Table 5 Postoperative outcomes Non-weight- Partial weight-  Full weight- P-value

between cohorts bearing bearing bearing
Cerebrovascular accident 2.1% 3.9% 3.7% 0.055
Pulmonary embolism 1.6% 1.6% 1.1% 0.69
Deep vein thrombosis 1.6% 7.1% 2.4% 0.07
Number of days in hospital, average 7.5 9.5 9.0 < 0.0001
Rehabilitation (Y/N) 17.7% 48.8% 35.3% <0.001
Pain levels 1.68 1.17 0.82 0.62
Mortality rate 64.7% 52.0% 38.9% <0.001

Statistically significant P values are in bold (p<0.05)

Table 6 Mortality rate determinant

P-value  Adjusted P-value

<0.0001 0.13
<0.001 <0.001

Age on mortality rate

Weight-bearing cohort on mortality
rate

Interaction between age and weight- N/A 0.07

bearing cohort on mortality rate

Statistically significant P values are in bold (p<0.05)

addition, rehabilitation use postoperatively differed between
cohorts (P <0.001). Mortality rate also significantly differed
between the cohorts. The non-weight bearing group had the
highest mortality rate at 64.7% and the full-weight bearing
group had the lowest mortality rate at 38.9% (P <0.01) at
an average follow-up of 5 years. Surprisingly, non-weight
bearing group utilized rehabilitation the least, 17.7%, and
partial-weight-bearing group utilized rehabilitation the most,
48.8% (Table 5). Finally, we found that age was not a signifi-
cant determinant of mortality rate but rather weight-bearing
cohort (P=0.13 vs. P<0.01, respectively) (Table 6).

Discussion

The major findings include the determination that age
and preoperative diagnosis are the most relevant risk fac-
tors for placement in a specific weight-bearing group. In
addition, in terms of postoperative outcomes, the mortal-
ity rate at an average follow-up of 3.5 years significantly

differed between the cohorts, favoring the full-weight bear-
ing group (38.9%) and disfavoring the non-weight bearing
group (64.7%). An interesting finding was that age was
not a significant determinant of mortality rate but weight-
bearing status instead (Table 6). We found support for our
hypothesis in finding the mortality rate was most detri-
mental to the non-weight bearing group but we did not
find support in finding the impact of age and preoperative
diagnosis on weight-bearing group. The literature shows
supports for the value of early full-weight bearing after
proximal femur fractures but is limited in the inclusivity
of relevant risk factors for weight-bearing status postop-
eratively and the role of weight-bearing groups, including
a partial weight-bearing group on mortality rate [6, 7]. One
systematic review that included 11 studies found improved
early postoperative rehabilitation after total knee arthro-
plasty using biofeedback devices that improved activity
level, gait symmetry, and reduced pain postoperatively at
a short follow-up (1 to 26 weeks) [8].

The inverse relationship between age and weight-bear-
ing status has been described in the literature. Hagino et al.
[9] found that as patients got older after hip fractures, they
showed poorer walking ability and poorer recovery of walk-
ing ability. Additionally, Thorngren et al. [10] found age to
be an important discriminating factor after hip fractures in
the elderly in negatively influencing rehabilitation options.
Arinzon et al. found that patients over 65—74 years were less
functional-dependent after hip fracture. These findings are
consistent with our finding that the highest average age of
patients in a cohort, 83.07 years, was predictive of placement
in the non-weight bearing cohort and the lowest average age,
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78.82 years, was predictive of placement in the full-weight
bearing cohort.

Type of diagnosis in proximal femur fracture has a close
relationship to age in determining weight-bearing group
[11]. Louizou et al. [12] found that the subcapital fracture,
often seen in femoral neck fractures in the elderly, is mostly
dependent on age, amount of fracture displacement, and con-
figuration of fracture fixation. This is consistent with most
diagnoses in the non-weight bearing groups and subcapital
fractures were most prevalent in the partial-weight bearing
group as they were the groups with the highest average age.
Meanwhile, the basicervical fracture, which is more verti-
cally oriented and more biochemically unstable, presents in
younger adults [13]. Pfeufer et al. [14, 15] found that patients
who were diagnosed with pertrochanteric fractures following
fracture fixation showed an average load of 62.70%, which
is above the average of 51% reported at one week. Addition-
ally, a recent study found that hemiarthroplasty resulted in
improving walking postoperatively and a lower rate of reop-
eration compared to internal fixation at 79 months follow-up
[16]. In our study, we found most patients in the full-weight
group suffered from pertrochanteric fractures, which is con-
sistent with the positive outcomes of Baccarani et al. [17]
after he studied the same diagnosis.

Risk factors for weight-bearing outcomes have been
explored throughout the literature. Malik et al. [7] performed
a similar analysis but did not include a partial weight-bearing
group. They did find several risk factors, such as dependent
functional health status, dyspnea with moderate exertion,
ventilator dependency, and preoperative dementia that sig-
nificantly predicted full weight-bearing on the first postop-
erative day. Partial weight-bearing is used in our institution
at an earlier time point (4—6 weeks) than full weight-bearing
(8-10 weeks) and acts as another form of a control in this
study. The comparison of partial and full weight-bearing has
been explored in total hip arthroplasty, showing similar func-
tional outcomes, but remains more novel as a distinct category
in femoral neck fractures [18]. Foss et al. and Gdalevich et al.
[19, 20] identified anemia, delirium, prolonged surgical time,
(greater than 90 min), and delays to surgery may negatively
impact postoperative mobility. Many of these factors could be
a result of dealing with elder patients, who require more care
and involvement of hospital personnel. However, standardi-
zation of weight-bearing guidelines, including the outcomes
of a partial weight-bearing group may help equilibrate the
mobility of patients postoperatively. One study implemented
a management system based on a “plan-to-do-check-act”
philosophy that standardized aspects of care including, post-
operative and early geriatric rehabilitation. They found that
patients undergoing surgery for proximal femoral fracture had
a reduction in surgical complications in the first two years
without a significant difference in mortality, internal compli-
cations, or postoperative delirium [21].
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Early weight-bearing after proximal femur fractures is
associated with positive postoperative outcomes throughout
the literature, including decreased mortality rate, functional
outcomes, and improved bone healing [22-24]. This may be
attributed to the early recommendation of weight-bearing at
our institution, inclusion of a partial weight-bearing group
that has been neglected historically in terms of postoperative
protocols, or even rehabilitation process that benefits the
non-weight bearing and partial weight-bearing cohorts by
providing full, around-the-clock access to physiotherapists
for assistance. It would be useful to stratify the postoperative
outcomes at each follow-up visit in the future. However, we
did find a significant difference in terms of mortality rate
between the cohorts. Warren et al. and Siu et al. [10, 25]
found that prolonged immobility was associated with higher
mortality rates at three months and six months, respectively.
Kilci et al. [26] showed that at 3-year follow-up, the cumula-
tive mortality rate was 36.67%, which is consistent with the
value of 38.9% in the full-weight bearing group. Ariza-Vega
et al. noted that age was independent of mortality rate in
older people with hip fractures in a 1-year mortality analysis
as we found in our analysis (Table 6) at 3.5-years. The study
did not use weight-bearing status as a predictor in their study
but found change of residence to be the only potentially
modifiable risk factor that influenced the mortality rate [27].

We note limitations in the study. A randomized, prospec-
tive study would best demonstrate the study results but due
to constraints, we performed a retrospective study. Also, we
would expect a multicenter design to show similar results
but this approach could be beneficial in making the find-
ings more generalizable. In addition, we did not use any
comorbidities scales in order predict mortality rate since
we were looking to specifically examine the predictive value
of weight-bearing status. A future analysis could compare
weight-bearing status to a comorbidity scale to substantiate
the role in the analysis. It would also be useful to include
postoperative mobility level to compare the weight-bearing
group to the patients mobility level. We did maintain a large
sample size, and included another control group (partial
weight-bearing) that is lacking in the literature. Also, with
a follow-up of 3.5 years, we were unable to report on post-
operative outcomes at 6-weeks or long-term. Stratifying the
outcomes at different time points could be helpful in pro-
viding appropriate expectations to physicians and patients
alike. However, such a design, allowed us to show that at
3.5 years, patients obtain similar functional and postopera-
tive complication levels without having a similar mortality
rate. While we did not include revision rates between the
cohorts, we found similar postoperative complications that
mitigate this concern. Including more risk factors would be
beneficial in a future study [5, 28] in order to see the impact
of modifiable risk factors on three weight-bearing cohorts.
In addition, finding other factors that predict mortality rate
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other than weight-bearing group would help substantiate the
claim but for the time being, we value the study’s findings.

Conclusion

Early weight-bearing may play a significant role in influenc-
ing the mortality rate. In addition, age and type of surgi-
cal fixation significantly affect the weight-bearing status of
the patient postoperatively. Given these findings, surgeons
should set expectations for patients based on age and type
of surgical fixation. In addition, early weight-bearing or
partial-weight is recommended in patients who are suitable
for inclusion in this group.
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