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Abstract

Background and purpose Reduced mobility is a severe threat to the clinical outcomes and survival of elderly hip fracture
patients. These patients generally struggle to comply with partial weight bearing, yet postoperative weight-bearing restrictions
are still recommended by nearly 25% of surgeons. Therefore, we hypothesized that weight-bearing restrictions in elderly hip
fracture patients merely leads to reduced mobility, while transposing full weight to the fractured extremity remains unaffected
disregarding the prescribed aftercare.

Patients and methods 41 equally treated patients with pertrochanteric fractures were enrolled consecutively in a maximum
care hospital in a pre—post study design (level of evidence 2). A study group of 19 patients was instructed to maintain partial
weight bearing (PWB), whereas the control group of 22 patients was instructed to mobilize at full weight bearing (FWB).
All patients were asked to participate in a gait analysis using an insole force sensor (loadsol®, Novel, Munich, Germany) on
the fifth postoperative day.

Results The postoperative Parker Mobility Score in the PWB group compared to the FWB group was significantly reduced
(3.21 vs.4.73, p<0.001). Accordingly, a significantly lower gait speed in the PWB group of 0.16 m/s vs. 0.28 m/s was seen
(»p=0.003). No difference in weight bearing was observed in between the groups (average peak force 350.25 N vs. 353.08 N,
p=0.918), nor any differences in the demographic characteristics, ASA Score, Barthel Index or EQ5D.

Interpretation Weight-bearing restrictions in elderly hip fracture patients contributed to a loss of mobility, while no signifi-
cant differences in loading of the affected extremity were observed. Therefore, postoperative weight-bearing restrictions in
elderly hip fracture patients should be avoided, to achieve early mobilization at full weight bearing.

Keywords Mobility - Hip fracture - Gait analysis

< Daniel Pfeufer Introduction

d.pfeufer@icloud.com
Reduced mobility in hip fracture patients is a severe threat

Anne Zeller o . ’
zeller.anne @ gmx.de to the clinical outcome and survival of elderly hip fracture
Stefan Mehaffey patients [10]. These patients benefit from early mobilization

without any weight-bearing restriction [23]. Furthermore,
every day of bed rest and immobilization can trigger compli-

Stefan.mehaffey @med.uni-muenchen.de

Wolfgang Bocker

wolfgang.boecker @med.uni-muenchen.de

Christian Kammerlander
Christian.kammerlander @ med.uni-muenchen.de

Carl Neuerburg

carl.neuerburg @med.uni-muenchen.de
Department of Orthopaedics, University of Utah,
Salt Lake City, USA

Department of General, Trauma and Reconstructive Surgery,
Munich University Hospital LMU, Munich, Germany

cations such as urinary tract infections, pneumonia, throm-
boses or pressure ulcers [7, 9, 23]. Even a short-term muscle
disuse can lead to substantial declines in muscle mass and
function [4, 25].

Cut-out and fracture fixation failures are regularly
observed in proximal femur fracture patients [12, 14, 17].
Fracture fixation failure, i.e., due to early weight bearing
and reduced bone quality, is a concern many surgeons have,
and therefore partial weight bearing is still recommended
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by nearly 25% of surgeons for the aftercare of hip frac-
ture patients in an attempt to “protect the osteosynthesis”
from overloading [3, 18]. A recent study by Ottesen et al.
showed that in a cohort of nearly 5000 patients only 64%
were allowed to weight bear as tolerated postoperatively and
that the compliance with the evidence-based guidelines is
still low. On the other hand, it has been shown that elderly
patients do not comply with instructions they are given for
partial weight bearing [11]. Braun et al. also showed a low
compliance concerning weight-bearing restrictions in lower
extremity fractures using an insole sensor [2].

Taking into account, that weight-bearing restrictions in
elderly hip fracture patients will not prevent from full weight
bearing to the affected extremity [11], we hypothesized that
partial weight-bearing recommendations will lead to reduced
mobility, which potentially causes further complications.

Methods

In this prospective cohort study (level of evidence 2), all
patients meeting the following inclusion criteria were
asked to participate: age > 75 years, written informed
consent and a fracture of the trochanteric area. Exclu-
sion criteria were: delirium, Mini-Mental State Exami-
nation Test <26, language barrier, severe medical ill-
ness or comorbidities, and immobility prior to surgery.
Thus, 41 patients gave their written informed consent and
were enrolled in this cohort study (Fig. 1). Patients that

underwent surgery before October 2017 were included in
the partial weight-bearing group (PWB), while all succes-
sive patients were placed in the full weight-bearing group
(FWB). All patients underwent intramedullary nailing of
the proximal femur (Co. DePuy/Synthes; PFNA, Umkirch,
Germany) in our maximum care hospital, and were treated
by the same team of surgeons and nursing staff. Starting
on postoperative day 1, all patients were treated by the
physiotherapy staft and trained on the recommended mode
of aftercare. If possible patients were mobilized directly
into walking, otherwise maintaining a seated or standing
position was the treatment goal on the first postoperative
day. Mobilization with partial weight bearing (PWB) of
the affected extremity (<20 kg) was instructed for the
first 19 patients by using a bathroom scale in five sessions
following surgery. Mobilization with full weight bearing
(FWB) for the following 22 patients was performed by
the same PT staff. Gait analysis was performed after these
training sessions. All postoperative radiographs showed
good implant positioning (PFNA blade in a center—center
position in the femoral head) and accurate fracture reduc-
tion. Neither revision surgery nor immediate postoperative
complications occurred during the follow up of 5 days.

The standardized pain medication regimen according
to WHO treatment guidelines was used for all patients. No
local pain catheter was in use during gait analysis. Patients
were asked to participate in a gait analysis on the fifth post-
operative day. A walking aid of the patients’ choice was
allowed.
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Fig.1 The attrition flowchart depicting application of inclusion and exclusion criteria and withdrawal
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A defined level walking distance of 40 m with an insole
device in the patients’ shoe was analyzed. The loadsol®
insole by Novel (Munich, Germany) was fitted to the
individual’s foot size and placed in each shoe. The insole
communicates via Bluetooth with a tablet computer. A real-
time data transmission allows immediate analysis and stor-
age on the tablet. Both feet were recorded separately and
parameters such as average peak force, average loading rate,
and gait speed were determined. The plantar force in static
and dynamic situations was measured with up to 200 Hz.
The complete plantar surface of the foot was covered with
the capacitive sensor.

Cognitive impairment was evaluated with the Mini-Men-
tal State Examination (MMSE). Pre-fracture and postoper-
ative mobility and activities of daily living were assessed
using the Parker Mobility Score (PMS) and the Barthel
Index (BI). By explicit inquiry on the pre-fracture mobility,
we double checked that the questionnaires were answered
correctly.

The local universities ethical review committee (Ref. No.:
214-16) approved the study, which was registered online
under DRKS00012800.

Statistical analysis

Prior to the main analysis, all data were checked for nor-
mal distribution; therefore, the Shapiro—Wilk-Test was
used. Depending on the outcome of this test, either the
Mann—Whitney U test or the ¢ test was performed to identify
significant differences between groups. The Mann—Whitney
U test was used for Parker Mobility Score for pre-fracture
gait speed (m/s) and average loading rate (N/s). The t test
was used for Parker Mobility Score for postop and average
peak force (N). To check if the sample size in both groups
was sufficiently large, a post hoc analysis with the program
G*Power Version 3.1 (Heinrich-Heine-University, Diissel-
dorf) was performed [5, 6]. This analysis showed an effect
size of 1.28 for the postoperative Parker Mobility Score. Gait

speed had an effect size of 1.08. In conclusion, the sample
size of 19 patients in the partial weight-bearing group and
22 patients in the full weight group is sufficient and leads to
reliable results. The level of significance was set at p <0.05.

Graphs and statistical analysis were calculated with IBM
SPSS Statistics Version 25 (IBM Germany GmbH, Ehnin-
gen, Germany).

Results

The PWB group (n=19) had a mean age of 84.37 years,
(SD + 6.65) with 14 female and 5 male patients, an average
bodyweight of 65.15 kg (SD + 19.06), and an average body
mass index of 20.73 (SD + 5.04). The FWB group (n=22)
had a mean age of 84.18 years, (SD +5.86) with 14 female
and 8 male, an average bodyweight of 65.59 kg (SD =+ 8.68)
and an average body mass index of 23.70 (SD + 2.23). The
Fracture type was AO/OTA 31 A1—A3 and distributed
equally as shown in Table 1.

The average ASA Score in the PWB group was
2.84 (SD +0.38) and 2.77 (SD +0.69) in the FWB group,
showing no significant difference (p value 0.551, Table 1).
In the FWB Group 18 patients were walking with a large
walking frame, 3 on crutches and 1 with a walker. In the
PWB group 16 patients were walking with a large walking
frame and 3 with a walker.

Pre-fracture

The PWB group had a Barthel Index prior to fracture (BI
pre) of 96.84 (SD +4.15), a Parker Mobility Score prior to
fracture (PMS pre) of 8.53 (SD+0.84), and an EQ5D pre
of 93.68 (SD =+ 8.31).

The full weight-bearing group (FWB group) had a Bar-
thel Index prior to fracture (BI pre) of 96.59 (SD +6.05), a
Parker Mobility Score prior to fracture (PMI pre) of 8.09
(SD =+ 1.63), and an EQS5D pre of 95.00 (SD + 10.12). There

Table 1 Patient characteristics Characteristic

Partial weight bearing (n=19) Full weight bearing (n=22)

and results of daily living scores
Body weight (N)
BMI (kg/m?)
Age (years)
Female sex, n (%)
Barthel Index (pre/postop)

PMS (pre/postop)
ASA score
AO/OTA classification

639.08+187.14 633.64+£85.18

20.73+5.04 23.70+2.23
84.37+6.65 84.18+5.86
14 (73.7) 14 (63.6)

96.84+4.15/67.37+10.59

8.53+0.84/3.21 +1.03
2.84+0.38

AO 31-Al n=7 (36.8%)
AO 31-A2 n=11 (57.9%)
AO 31-A3 n=1 (5.3%)

96.59+6.05/66.36 +13.11

8.09+ 1.63/4.73+1.32°
2.77+0.69

AO 31-Al n=9 (40.9%)
AO 31-A2 n=12 (54.5%)
AO 31-A3 n=1 (4.5%)

#The Parker Mobility Score (PMS) dropped significantly more from pre-fracture to postop in the partial

weight-bearing group (p <0.001)
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were no significant differences concerning these parameters
between the groups prior to fracture (p values in Table 1).

Postoperative

The PWB group had a postoperative Barthel Index (BI
postop) of 67.37 (SD +10.59), a Parker Mobility Score post-
operative (PMS postop) of 3.21 (SD + 1.03), and an EQ5D
postoperative (EQS5D postop) of 48.42 (SD + 18.64).

The full weight-bearing group had a postoperative Bar-
thel Index (BI postop) of 66.36 (SD +13.11), a Parker
Mobility Score postoperative (PMS postop) of 4.73
(SD +1.32), and an EQS5D postoperative (EQSD postop) of
51.36 (SD+10.37).

The differences in the Parker Mobility Scores between the
pre-fracture and postoperative measurements were signifi-
cantly higher in the PWB group compared to the FWB group
(Loss in PMS —5.32 versus —3.36, p <0.001, Fig. 2). Both
the Barthel Index and the EQ5D dropped postoperatively in
each group, but no significant difference between the groups
were seen.

Gait analysis

A significantly higher gait speed was observed in the FWB
group of 0.28 m/s (SD +0.14) compared to the slower PWB
group with 0.16 m/s (SD+0.07), p=0.003, Fig. 3.
Loading of the affected limb was on average 350.25 N
(SD +61.90) peak force in the FWB group, while the
PWB group presented with 353.08 N (SD +103.39 N)
average peak force (p=0.918, Fig. 4). The loading rate
in the FWB group was 645.55 N/s (SD +291.68), while
the PWB group presented with 625.53 N/s (SD +394.01),

Fig.2 The Parker Mobility
Score prior to fracture and post-
operatively for both groups. The
partial weight-bearing group
drops significantly lower in the
PMS postoperative than the full
weight-bearing group

Partial Weight Bearing Group (n=19)

@ Springer

(p=0.425). There was no significant difference concern-
ing the applied loading rate or the applied load between
the two groups.

Discussion

A hip fracture is a life changing event for ortho-geriatric
patients [15, 16, 22]. Mobilization in the early postopera-
tive phase is of superior importance, as a delay is associ-
ated with diminished physical function at 2 months and a
worse survival rate at 6 months [24]. Further, additional
physiotherapy during acute care reduces falls in the first
12 months after hip fracture [8]. Perracini et al. stated that
physiotherapy plays a vital role in the recovery of elderly
patients from a hip fracture [20]. Reduced mobility, gait
disturbances and falls might often be compounded by a
fear of falling [13]. A cohort study investigating the risk
of secondary hip fractures revealed, that patients having
suffered a fracture of the hip are at a twofold risk of fur-
ther hip fractures and the subsequent mortality is highly
increased [21]. Furthermore, the authors reported that the
cumulative incidence of secondary hip fracture was 9%
after 1 year and 20% after 5 years. Subsequently, Lau-
retani et al. stated that a fear of falling further immobi-
lizes patients and affects their quality of life and physical
performance [13]. Thus, all restrictions on aftercare will
reduce mobility in these patients.

The present study goes in line with the observations of
previous groups. Thus, a significant correlation between
weight-bearing recommendations and mobility, obtained
via gait speed, and PMS, was observed.

Parker Mobility Score (PMS)

W PMS preOP  m PMS postOP

p<0.001
A

A=5.32 A=3.36

Full Weight Bearing Group (n=22)
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Fig.3 The gait speed in meter/
second during gait analysis for

Gait speed (m/s)

p=0.003

Partial Weight Bearing Group (n=19)
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Partial Weight Bearing Group (n=19)

Key finding 1: significant reduction of Parker
Mobility Score in the PWB Group

Although the patients received the same surgical treatment
and care, the PWB group showed a significantly reduced
postoperative Parker Mobility Score. For elderly hip frac-
ture patients, the PMS has a high predictive value for the
1 year mortality [22]. The fact that many surgeons continue
to instruct patients not to fully load the operated leg delays

Full Weight Bearing Group (n=22)

Avg. Peak Force (N)

p=0.918
|

353.08

350.25

Full Weight Bearing Group (n=22)

mobilization [18]. Patients might be afraid of overworking
the operated leg, or feel unable to follow the given weight-
bearing restrictions, and therefore rather rest than walk.
This reduction in mobility is not caused by the fact
that these patients must use a walking aid to follow the
weight-bearing restrictions, as the FWB group uses the
same types of walking aids. Barthel Index and EQS5D both
indicate a significant drop in the activities of daily life
between the pre-fracture and postoperative time points.

@ Springer



1258

Archives of Orthopaedic and Trauma Surgery (2019) 139:1253-1259

No differences between the two groups were seen in BI
and EQSD. This is comprehensible, as both scores detect
mobility and gait only in a few items of the entire ques-
tionnaires. Gait speed is significantly reduced in the PWB
group compared to the FWB group. Minimal clinically
important difference (MCID) is assumed to be 0.10 m/s
by Palombaro et al., and in a review by Bohannon et al.
the MCID is estimated to be between 0.10 and 0.20 m/s
[1, 19]. The present study showed a difference of 0.12 m/s.
This finding further emphasizes the negative impact that
weight-bearing restriction can have on mobility.

Key finding 2: weight-bearing restrictions
do not prevent from loading the affected limb

Load bearing between the two groups shows no significant
difference with regards to average loading rate and the
average peak force. Although the PWB group walks signif-
icantly slower, the applied forces remain the same. These
findings are similar to the results of a previous study, in
which it was observed that elderly patients were unable to
comply with partial weight bearing [11].

A limitation of this study is the short time period
observed, with postoperative measurements being car-
ried out at the fifth postoperative day only. However, this
gait analyses took place within the most vulnerable time
frame. A 2- and 6-week follow-up, or ideally a continuous
measurement, will be needed in future studies. But the first
step was to detect a difference in mobility within a clinical
setting in the early stage following hip fracture surgery,
as early weight bearing should be the goal of treatment in
elderly hip fracture patients.

If the patients were not adequately mobilized by this
time point, consecutive complications would be more
likely [24].

Conclusion

Weight-bearing restrictions in elderly hip fracture patients
reduce mobility as observed in a limited gait speed and
reduced PMS, while no substantial reduction of loading was
observed compared to a control group with similar treatment
at full weight-bearing. Thus, elderly hip fracture patients
appear to be unable to follow weight-bearing restrictions
which potentially cause immobility and loss of autonomy
associated with a higher 1 year mortality rate and risk to
suffer further complications.

Therefore, early mobilization with loading of the affected
hip as tolerated is highly recommended and the surgical
strategy should be adapted accordingly.
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