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Fragility fractures are a major problem resulting in high
morbidity and mortality in the older population. Over 80% of
such injuries are caused by low energy trauma in patients with
underlying osteoporosis. The first-year mortality rate of hip
fracture ranges from 12% to 36%; only one-third of patients
return to their prefracture functional status eventually and
one-third require further nursing home care.
Within this special issue we have a variety of articles
focussed on fragility fracture care. One article is about a new
approach in treating atypical fractures. Other two articles deal
with hip fractures, whereas one is showing that the routine
use of cemented stems for femoral neck fracture treatment on
the elderly does not lead to higher complication rates and the
other article describes that the collapse following the use of
a DHS for treating such fractures does impact mobility but
not survival of these patients. A very interesting operative
strategy is shown for proximal tibial fractures allowing the
patients immediate full weight bearing after operation. One
more article is focussed on the outcome of elderly hip fracture
patients following prolonged ICU treatment.
In summary we have an interesting collection of valuable
articles in this upcoming field. The editors want to thank the
authors for their contributions.
Christian Kammerlander
Hitendra K. Doshi
Wolfgang Böcker
Markus Gosch
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We compared the Austin Moore hemiarthroplasty versus cemented hemiarthroplasties using a propensity score matched cased
control study. For a consecutive cohort of 450 patients with displaced intracapsular neck of femur fractures, 128 matched cases
in each group were selected based on age, gender, walking status, nursing home residency, delays in surgery, ASA score, and the
Charlson comorbidity score. At a mean follow-up of 16.3 months, we evaluated their outcomes. Significantly more patients with
AMA experienced thigh pain (RR = 3.5, 95% CI: 1.67–7.33, 𝑝 = 0.000), overall complications (RR = 4.47, 95% CI: 1.77–11.3, 𝑝 =
0.000), and implant loosening (RR = 8.42, 95% CI: 2.63–26.95, 𝑝 = 0.000). There were no definite cement related deaths in this
series. There was no significant difference in mortality, walking status, and the number of revisions between the groups. We support
the routine use of cemented hemiarthroplasty instead of the Austin Moore for treating elderlies with displaced intracapsular neck
of femur fractures.

1. Introduction
Intracapsular neck of femur fracture is common in the
elderly and typically managed by hemiarthroplasty when
displaced. The Austin Moore hemiarthroplasty (AMA) was
introduced in the 1950s [1]. It is a monobloc cementless
hemiarthroplasty system with a nonporous coated collared
perforated stem inserted by press fit. Although modern
modular porous coated cementless systems and cemented
systems have continued to evolve, the AMA remains to be in
regular use by developed countries [2].
Despite early reports which suggested that uncemented
monobloc stems were prone to mechanical loosening and
thigh pain [3–5], they remain to be commonly used.
Monobloc stems accounted for nearly one-sixth of the 60000
partial hip replacements for fractures in Australia from
2009 to 2014 [2]. In our region, the AMA remained to
be the most used prostheses until 2010 for three main

reasons. Firstly, small canal diameters in the local population
were common [6], precluding routine usage of the other
economical cemented monobloc stems such as the Thompson prosthesis. Secondly, there was insufficient evidence
to justify routine use of the more costly modern modular
implants [7]. Thirdly, surgeons were concerned about cement
related embolic complications and mortalities [8, 9] in frail
elderlies.
More recently an additional high quality randomized
study by Parker et al. [10] favourably compared cemented
monobloc stems against the AMA. It was shown that
cemented implants resulted in better function, less pain,
and less implant related complications with no apparent increase in the risk of cement related complications.
The objective of our study was to reconfirm this by a
propensity score (PS) matched case control study in the
local population after a resultant change in our healthcare
policy.
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2. Methodology
We retrospectively reviewed a consecutive cohort of patients
in a university affiliated tertiary hospital with intracapsular
hip fractures admitted from December 2010 to June 2014
treated by primary hemiarthroplasty. All patients with the
Enhanced ICD-9-CM diagnosis code of 820 (Fracture of
Neck of Femur) and procedure code of 81.52 (partial hip
replacement) were queried and retrieved from the hospital
operative record database.
Patients with pathological fractures were excluded.
450 patients with hemiarthroplasties were obtained. The
cemented group consisted of modular or monobloc or
cemented implants, and the AMA group consisted solely
of uncemented prosthesis. As mandated by the local hip
fracture pathway [11], all procedures were carried out using
the posterolateral approach as described by Moore [1]. All
patients were allowed immediate weight bearing after surgery
and followed a standard in-patient rehabilitation programme.
In the first half of our study period, the AMA was routinely
used in most patients while cemented modular stems were
used routinely in the second half due to a change in healthcare
policy.
PS matching [12] was carried out as an effort to negate
confounding at patient selection which may have occurred
in very active or very frail patients. Except for the date of
surgery, possible confounding variables in affecting decision
making were matched between the two groups. These factors
were age, sex, preinjury walking state, residency in a nursing
home, Charlson comorbidity score [13] (CCS), American
Society of Anaesthesiology (ASA) score, and days of delay in
surgery. SPSS (Version 23, IBM, Armonk, USA), R (Version
3.10, The R Foundation, Vienna, Austria), and the Thoemmes
algorithm [14] (version 3.04) were used for propensity matching and statistical analysis. The standard nearest-neighbour,
one-to-one technique was used with a caliper value of 0.2
[15]. Between the two groups, all confounding variables were
compared before and after PS matching to ensure that a
standardized mean difference of 0.25 or less was obtained and
also that none of these baseline variables were significantly
different statistically (Table 1).
The territory wide electronic healthcare database which
covered all public hospitals and 95% of the local population was reviewed for each patient. The outcome measures
were compared under three categories. They were mortality,
clinical outcome, and complications. Mortality data was
recovered from the territory wide death registry for all
patients who were analysed. Only patients with clear clinical
documentation of their functional status after rehabilitation
were analysed for clinical outcomes. The three research
assistants responsible for charting of clinical outcomes were
blinded from the type of prosthesis. Four authors assessed
the radiological outcomes and complications and each result
was cross verified between two authors. Only patients with
radiological follow-up of more than 90 days or those with
an earlier known complication were included for radiological
and complication analysis.
The radiological complications were implant loosening,
defined as a continuous radiolucent line of more than 2 mm
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which surrounded the stem, stem subsidence of more than
5 mm, or gross varus or valgus displacement. Other complications included deep or superficial wound infections, dislocations, intraoperative cracks, and postoperative traumatic
and atraumatic periprosthetic fractures. All revision surgeries
were recorded.
The Pearson Chi square test was used for dichotomous
variables with frequent occurrences and the Fisher exact test
was used for variables with small occurrences. The two-tailed
𝑡-test was used for continuous variables. A 𝑝 value of less
than 0.05 was taken as statistically significant. Comparisons
between the two groups before and after PS score matching
were listed in the results of the study. The relative risk (RR)
with 95% confidence intervals and the number needed to
treat (NNT) was calculated for significant outcomes with
AMA being the group exposed to risk.

3. Results
From the database query, there were 146 cemented implants
including 114 collarless polished tapered modular cemented
stems with a bipolar or monopolar head and 32 cemented
monobloc collared hemiarthroplasties. There were 304 uncemented AMAs in the other group. After propensity score
matching, there were 128 patients with a cemented stem
and 128 matched patients with an AMA. The mean interval
for latest clinical follow-up was 20.7 months and the mean
interval for latest X-ray was 16.5 months.
In the matched cemented and AMA group, respectively,
the mean age was 80.7 and 81.0. There were no differences
between the two groups in terms of gender, premorbid
walking ability, residence in a nursing home, average delay
from admission to surgery, CCS, and ASA scores. For above
factors the maximum standardized mean difference was
0.093, indicating two very closely matched groups.
The mean duration of surgery was 67.7 minutes for a
cemented hemiarthroplasty and 56.1 minutes for an AMA
(Pearson Chi Square significance, 𝑝 = 0.000). There was no
statistical difference in the percentage of patients receiving
general anaesthesia or receiving blood transfusions. There
was no statistically significant difference in cumulative mortality at 1, 3, 6, and 12 months, as well as till the latest followup. The mean estimated survival was 43.1 months for both
AMA and cemented implants (resp., 95% CI: 39.6–46.6 and
39.0–47.3, log rank test 𝑝 = 0.621). Figure 1 shows patient
survival until latest follow up.
One out of three patients with cemented arthroplasty
who died within one month had a cause of death related
to respiratory failure. This patient had chronic obstructive
airway disease and died two days after surgery without an
autopsy. We observed no deaths within one month after
surgery in the matched group of patients who received the
AMA.
Including those with an earlier known mortality or
known complication, 79.7% (102) patients with cemented
hemiarthroplasty and 82% (105) patients were included
into analysis of complications. In these patients, 4.2% (5)
cemented and 18.9% (23) AMAs, respectively, had a surgical
complication (double sided Fisher’s exact test, 𝑝 = 0.000).

Pearson Chi square test for dichotomous variables.
Two-tailed Independent sampled 𝑡-test for continuous variables.
(SMD) Standardized Mean Difference = difference in means ÷ Standard deviation.

Means
Age
79.0
Age above 80
47.9%
Males
28.8%
Independent walker
52.1%
Nonfunctional walker
4.8%
Nursing home residence
13.0%
Days delay in operation
2.1
3 days delay in operation or more
11.6%
ASA score
2.5
ASA score 3 or above
46.6%
Charlson Comorbidity Score
2.1
Charlson Comorbidity Score 5 or above 14.4%
Length of clinical follow-up
17.0 m
at least 3 months
85.6%
at least 9 months
65.8%
Length of radiological follow-up
14.3 m
at least 3 months
77.4%
at least 9 months
50.7%

Balance before and after PS matching
Before PS matching
Cemented
AMA
146 cases
304 cases
SMD 𝑝 value
𝑛 or (range, SD) Means 𝑛 or (range, SD)
(36.9–98.2, 8.7) 84.4
(53.7–101, 7.1)
0.616 0.000
70
74.7%
227
0.619 0.000
42
29.9%
91
0.026 0.799
76
34.5%
105
0.349 0.000
7
10.9%
33
0.283 0.034
19
23.7%
72
0.316 0.008
(0–72, 6.0)
1.8
(0–44, 3.0)
0.057 0.426
17
9.5%
29
0.071 0.490
(1–4, 0.6)
2.7
(1–4, 0.5)
0.331 0.001
68
66.1%
201
0.411 0.000
(0–13, 2.8)
2.6
(0–14, 2.6)
0.180 0.063
21
21.1%
64
0.164 0.091
(0–53.2, 11.8)
22.8 m (0.1–55.3, 14.9)
0.000
125
81.3%
247
0.252
96
72.4%
220
0.151
(0–53.2, 11.6)
17.2 m
(0–55.3, 14.0)
0.030
113
70.7%
215
0.136
74
56.3%
171
0.267
Cemented
128 cases
Means 𝑛 or (range, SD)
80.7
(62.6–98.2, 7.2)
54.7%
70
27.3%
35
46.9%
60
5.5%
7
14.1%
18
2.1
(0–72, 6.4)
10.2%
13
2.5
(1–4, 0.6)
49.2%
63
2.1
(0–13, 2.8)
14.1%
18
16.7 m
(0–53.2, 11.6)
85.2%
109
64.8%
83
14.0 m
(0–53.2, 11.4)
76.6%
98
50.8%
65

Table 1: Group characteristics and balance before and after PS matching.
After PS matching
AMA
128 cases
Means 𝑛 or (range, SD)
81.0
(53.7–95.9, 7.1)
56.3%
72
31.3%
40
44.5%
57
5.5%
7
17.2%
22
2.2
(0–44, 4.4)
12.5%
16
2.5
(1–4, 0.6)
51.6%
66
2.0
(0–9, 2.2)
13.3%
17
24.7 m (0.4–55.3, 15.2)
82.0%
105
75.0%
96
19.0 m
(0–55.3, 15.0)
70.3%
90
59.4%
76

0.031
0.032
0.086
0.047
0.000
0.093
0.008
0.069
0.000
0.046
0.031
0.023

0.759
0.802
0.492
0.707
1.000
0.491
0.946
0.554
1.000
0.708
0.787
0.856
0.000
0.500
0.076
0.003
0.258
0.167

SMD 𝑝 value
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Figure 1: Patient survival until latest follow-up. Log rank test 𝑝 =
0.621.

2.5% (3) cemented and 19.7% (24) AMAs (double sided
Fisher’s exact test, 𝑝 = 0.000) had definite radiological
evidence of implant loosening or subsidence of more than
5 mm before one year. One and four patients, respectively,
had a posterior dislocation of the prosthesis. One and three
patients, respectively, had deep infection. The differences in
incidence of dislocation and infection were not statistically
significant (double sided Fisher’s exact test, 𝑝 = 0.369 and
𝑝 = 0.621, resp.).
One cemented hemiarthroplasty and seven AMAs had
an intraoperative crack (double sided Fisher’s exact test,
𝑝 = 0.056). Additionally, there were five cracks in the
cemented group as a result of an intended AMA insertion
which led to conversion to a cemented system without further
consequence, and these were not counted as a complication in
either group. Cerclage wires were placed for all seven cracks
which occurred at AMA insertion and five of them still had
eventual implant loosening.
3.4% (4) of cemented hemiarthroplasties versus 6.6% (8)
of AMAs received one or more reoperations (double sided
Fisher’s exact test, 𝑝 = 0.238). In the cemented group,
this included one open reduction and internal fixation of
periprosthetic fracture, one conversion to a long stemmed
total hip arthroplasty for aseptic loosening, one debridement
procedure of deep infection, and one open reduction of an
incarcerated posterior dislocation with sciatic nerve palsy.
For the AMA group, there were three stem revisions for
aseptic loosening, two reentries for cerclage wiring of missed
intraoperative cracks, one multistaged revision for septic
loosening, one debridement procedure of deep infection,
and one Girdlestone procedure for aseptic loosening with
dislocation.

7.1% (8) of cemented hemiarthroplasties patients versus
24.8% (29) of AMAs experienced clinically significant thigh
pain or hip pain at any time point during the follow-up
period; this difference was statistically significant (double
sided Fisher’s exact test, 𝑝 = 0.000).
88.3% (113) of cemented hemiarthroplasty and 91.4% (117)
of AMAs had adequate clinical data to grade their maximum
walking status after rehabilitation. In terms of walking status,
there was no statistically significant difference between the
two groups.
In summary of the significant findings, compared to
patients with a cemented hemiarthroplasty, patients with an
AMA were 3.5 times more likely to have thigh pain (RR:
95% CI: 1.67–7.33), NNT = 5.6 (95% CI: 3.7–11.8), 4.47 (RR:
95% CI: 1.77–11.30) times more likely to have complications,
NNT = 5.9 (95% CI: 3.8–12.5), including 8.42 (RR: 95% CI:
2.63–26.95) times more likely to have implant loosening up
to latest follow-up, NNT = 4.6 (95% CI: 3.2–7.8), and 7.77
times (RR: 95% CI: 2.41–25.01), NNT = 5.0 (95% CI: 3.5–9.0),
more likely to have implant loosening within one year after
surgery. Moreover, patients with an AMA had an increased
but statistically insignificant trend in having more revisions,
intraoperative cracks, dislocations, and infections.
In our locality, the cost difference between a cemented
hemiarthroplasty and an AMA is around USD$400. Based
on the calculated NNT, cemented hemiarthroplasty would
potentially be cost saving if the following expenditures are
exceeded in managing each bad outcome: thigh pain (NNT =
5.6, USD$2240), any complications (NNT = 5.9, USD$2360),
and loosening (NNT = 4.6, USD$1840). However, since cost
analysis was not the main objective of the current study,
the above calculations can only be taken as approximate
estimations.

4. Discussion
In this study we were able to sufficiently prove that routine
usage of cemented stems resulted in improved outcome of
patients within one year after surgery. Our findings agreed
well with the two previous randomized studies [5, 10].
After a number of unmatched studies which suggested
inferiority of the AMA against cemented hemiarthroplasties
[3, 4, 8, 16], Sonne-Holm et al. [5] were the first to publish a
Randomized Clinical Trial (RCT) of 112 patients comparing
the uncemented AMA against the cemented AMA in 1982.
It was concluded that cementation of the same prostheses
resulted in significantly better pain relief and gait function.
Despite that, the practice of cementing an AMA was not
widely accepted because of its design intent and worries of
extreme difficulty in removal due to cement interlocking
with a perforated stem. Twenty years later, Parker et al.
performed another high quality RCT with 400 patients
comparing the cemented Thompson against the uncemented
AMA. The cemented group had less pain and better mobility
[10]. These studies have heavily influenced a number of
following meta-analyses [17–19], where authors also conclude
that cementation improved pain and function. Our study is
the third such comparative study that used matched data of
AMAs versus cemented hemiarthroplasties.
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One patient who received a cemented prosthesis in our
study died from cardiopulmonary related complications two
days after surgery. However, since an autopsy was not carried
out, it was uncertain whether this may have been related
to cement thromboembolic events. The risk of cementation
remains to be important in patients prone to cardiopulmonary and cerebrovascular compromise [9]. Our study
and the other RCTs are likely underpowered to reiterate the
small but significant (0.3% versus 0.04%, Pearson Chi square,
𝑝 = 0.02) risk of intraoperative deaths observed from 8639
cemented and 2477 uncemented hemiarthroplasties in the
Norwegian hip registry [8].
As shown by other studies, the cemented prosthesis
usually resulted in better walking function in addition to
thigh pain. This finding however was only reflected in our
results (Table 2) before PS matching and mitigated after
matching. We therefore believe that walking outcome is more
affected by the patient’s premorbid status. Patients with poor
cognitive status and limited rehabilitation potential may have
similar walking function regardless of the implant being used.
More patients had intraoperative cracks during implantation of AMAs. Despite only having borderline statistical
significance in this study, it is noteworthy that five additional cracks that were not counted as complications in
the cemented group actually resulted from intended AMA
implantations. This is in agreement with other studies [8, 17,
20], showing that cementless hemiarthroplasties are associated with more iatrogenic fractures in osteoporotic patients.
It is uncertain here whether better leg length, offset, and
soft tissue tension restoration provided by modular cemented
implants may have resulted in a small but insignificant trend
of less dislocations in cemented implants. It is also unknown
from our results whether routine use of gentamicin loaded
antibiotic cement may have led to a small but insignificant
trend of less infections in cemented hips.
It should be noted that older cementless monobloc stems
such as the AMA are distinct from modern cementless
modular porous coated prosthesis. The monobloc stems
have a number of notable shortcomings. Firstly, the AMA’s
nonmodular design does not allow for adjustment of the
femoral neck length and total hip conversions must be
performed with a stem exchange. Secondly, the AMA has
a matt and nonporous coated surface finish, providing less
surface friction and less early stability and no opportunity
for bone ingrowth when compared to porous coated stems.
Thirdly, the AMA has a concave medial and convex lateral
stem profile and comes in only two available sizes, providing
less reliable fitting and three-point stability when compared
to double or triple tapered modern stems that are made to
fit a variety of canals. These fundamental design differences
should be considered when interpreting the conclusions from
a number of recent meta-analyses [17–19] which generally
compared cemented and cemented hemiarthroplasties and
were heavily influenced by the inferior outcomes of the older
cementless monobloc stems.
In a number of more recent studies, modern porous
coated cementless hemiarthroplasties had mixed outcomes
when compared against cemented implants. Rogmark et al.
[21] observed inferior cementless implant survival at five
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years and more periprosthetic fractures in patients older than
75 years but not younger patients in the Norway and Swedish
national registry. Langslet et al. [22] demonstrated in an RCT
that while modern porous coated cementless hemiarthroplasties had a higher risk of periprosthetic fractures, patients had
better hip scores after 5 years. Two other RCTs by Talsnes
et al. [23] and Deangelis et al. [24] demonstrated similar
functional outcome and low complication rates for modern
modular cemented and cementless designs in the first year.
In all, not all of the newer studies agreed with each other
and the older studies with cementless monobloc stems. Better
powered studies and renewed meta-analysis are needed.
It is also possible that subgroups of patients may benefit
differently from specific modern cemented or uncemented
prosthesis.
There are a number of limitations in this study. Firstly,
this is a retrospective nonrandomized study. We attempted to
negate confounding by PS matching. As there were many cognitively impaired patients who were unable to give consent
for an RCT, this may be the next best way to do a comparison
study. PS matching has been used in a large number of clinical
studies and is becoming increasingly popular [12, 25]. The
caliper nearest-neighbour matching technique is one of the
standard methods in obtaining optimal balance in moderate
to large samples [15]. The main drawbacks of propensity
score matching are the trade-off in statistical power and
systemic failure when some important confounding factors
are overlooked. In our study we eliminated 194 cases. The
findings may not apply to the frailest and most active patients
as they may have been excluded during matching. This
also reduced this study’s statistical power in detecting less
remarkable differences.
Secondly, the group of cemented hemiarthroplasties
was not homogenous. It comprised patients with cemented
Thompsons, cemented AMAs, and cemented collarless polished tapered modular stems with monopolar or bipolar
heads. Nonetheless, we viewed them as a single group based
on the current literature which suggested minimal to no
difference between these cemented implants [26, 27]. Lastly,
the clinical outcome analysis in this study was partially
flawed because standardized scoring systems were not used
and 19% of patients either died or had insufficient clinical
documentation at follow-up.

5. Conclusion
Cemented hemiarthroplasties outperformed the AMAs in
terms of pain control, implant stability, and complication
rate. We detected no increased early mortality related to
cementing complications. We support the routine use of
cemented hemiarthroplasties for geriatric intracapsular hip
fractures.
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2.9%

86.5%

129

(5–130, 16.8)

0.577
0.225
0.244
0.074

35.9%

21.9%
23.1%

29.6 days

(2–292, 26.9)

9
24
36
58

0.602

25.8%

5
3

3%
7.9%
11.8%
19.1%

3
7
12
18

116

0.022

4.9%

38.2%

52

53

0.000 67.7 mins

5

17.4%

53.7 mins (20–135, 21.4)

36

(21–171, 23.6)

NNT: number needed to treat.
Double sided Fisher’s exact test for dichotomous variables.
Two-tailed Independent sampled 𝑡-test for continuous variables.

Duration of
69.1 mins
Surgery
General
26.7%
anaesthesia
Received blood
35.6%
transfusion
Died at 1 month
2.1%
Died at 3 months
4.8%
Died at 6 months
8.2%
Died at 12 months 12.3%
Total length of stay
29.3 days
(mean, SD)
Fulfill clinical
88.4%
analysis criteria
post-op functional
83.7%
walker
post-op
21.7%
recreational walker
Unable to maintain
42.6%
walking function
post-op thigh pain 6.2%
Fulfill complication
80.1
analysis criteria
Cracks from
4.3%
attempted AMA
Complications
4.3%
Loosening
2.6%
Loosening before 1
2.6%
year
Revision surgeries 3.4%
Intraoperative
0.9%
crack
Dislocations
0.9%
Infections
0.9%
Traumatic
periprosthetic
0.9%
fractures
1

1
1

1

4

3

5
3

5

102

8

51

18

92

113

(2–292, 28.4)

3
6
11
16

46

33

(21–139, 22.5)

0.0%

3.8%
2.9%

6.7%

7.6%

22.9%

21.9%
24.8%

82.0%

24.8%

49.6%

9.4%

80.3%

91.4%

31.8 days

0.0%
3.1%
8.6%
15.6%

32.0%

18.0%

56.1 mins

0

4
3

7

8

24

23
26

105

29

58

11

94

117

(12–130, 18.0)

0
4
11
20

41

23

(21–135, 21.6)

0.493

0.369
0.621

0.065

0.374

0.000

0.000
0.000

0.635

0.000

0.512

0.165

0.868

0.410

0.508

0.082
0.521
1.000
0.474

0.510

0.131

0.000

7.77 (2.41–25.01)

4.47 (1.77–11.30)
8.42 (2.63–26.95)

3.50 (1.67–7.33)

5.0 (3.5–9.0)

5.9 (3.8–12.5)
4.6 (3.2–7.8)

5.6 (3.7–11.8)

Outcomes before and after PS matching
Before PS matching
After PS matching
Cemented
AMA
Cemented
AMA
Relative risk (95% CI) NNT (95% CI)
𝑝 value
𝑝 value
146 cases
304 cases
128 cases
128 cases
Mean 𝑛 or (range, SD) Mean 𝑛 or (range, SD)
Mean 𝑛 or (range, SD) Mean 𝑛 or (range, SD)

Table 2: Outcomes compared between cemented versus AMA groups before and after PS matching.
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Background. Delayed union and nonunion are common complications in atypical femoral fractures (AFFs) despite having good
fracture fixation. Demineralized bone matrix (DBM) is a successfully proven method for enhancing fracture healing of the long
bone fracture and nonunion and should be used in AFFs. This study aimed to compare the outcome after subtrochanteric AFFs
(ST-AFFs) fixation with and without DBM. Materials and Methods. A prospective study was conducted on 9 ST-AFFs patients
using DBM (DBM group) during 2013-2014 and compared with a retrospective consecutive case series of ST-AFFs patients treated
without DBM (2010–2012) (NDBM group, 9 patients). All patients were treated with the same standard guideline and followed up
until fractures completely united. Postoperative outcomes were then compared. Results. DBM group showed a significant shorter
healing time than NDBM group (28.1 ± 14.4 versus 57.9 ± 36.8 weeks, 𝑝 = 0.04). Delayed union was found in 4 patients (44%) in
DBM group compared with 7 patients (78%) in NDBM group (𝑝 > 0.05). No statistical difference of nonunion was demonstrated
between both groups (DBM = 1 and NDBM = 2, 𝑝 > 0.05). Neither postoperative infection nor severe local tissue reaction was
found. Conclusions. DBM is safe and effective for accelerating the fracture healing in ST-AFFx and possibly reduces nonunion after
fracture fixation. Trial registration number is TCTR20151021001.

1. Introduction
Atypical femoral fractures (AFFs) are one of the current
challenging topics in orthopaedic trauma and mostly related
to long-term bisphosphonates (BPs) use from prevention of
fragility fracture [1, 2]. Although the exact etiology of AFFs
still has not been discovered, epidemiologic studies showed
that most of AFFs had delayed fracture healing problem
resulting in a great risk of nonunion and implant failure [1, 2].
This is mainly because AFFs have an intrinsic poor healing
capacity from severely suppressed bone turnover (SSBT) that
is commonly associated with long-term bisphosphonates and
steroids use [1, 2]. Moreover, many other factors, such as
age, comorbid diseases, ongoing medications, and fracture

location in subtrochanteric region, also contribute to the
prolong fracture healing capacity and, therefore, poor postoperative outcome. In 2010, a task force of American Society
of Bone and Mineral Research (ASBMR) recognized this
problem by concluding the related studies and then gave
a recommendation for AFFs treatment including medicinal
management, such as stopping bisphosphonates and prescribing teriparatide if possible, and surgical treatment with
intramedullary nail [1]. However, recent studies have still
shown a high rate of complications following this treatment
strategy, with 56.5% of patients having delayed union [3],
and 46% of them requiring revision surgery [4]. Therefore,
using local adjunctive therapy, such as bone graft (autograft or
allograft) or orthobiologic agent, during the fracture fixation
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procedure to enrich the biological substance and cytokines in
a fracture site, would be an appropriate strategy to solve this
problem.
Demineralized bone matrix (DBM), one of the common
orthobiologic agents, is an osteoconductive and osteoinductive allograft product, which has proven its safety and efficacy
to enhance bone healing in both fracture and nonunion surgeries of the long bone [5–8]. Although autologous bone graft
was considered a gold standard for biologic augmentation,
using DBM has many advantages such as no limitation of
quantity, more reliability in osteoinductive property than
autologous bone graft taken from elderly patients in a
condition with drug-induced SSBT, shorter operative time,
and absolutely avoiding the risk of additional procedure and
no donor-site morbidity [8, 9]. Therefore, we hypothesized
that an augmentation with DBM in subtrochanteric atypical
femoral fracture (ST-AFFs) would improve the fracture healing capacity and postoperative outcome.

2. Materials and Methods
2.1. Study Design and Inclusion and Exclusion Criteria. This
study was a single-centered prospective cohort study in a
medical university hospital, between 2013 and 2014, which
was compared to a retrospective consecutive case series
within the same center from the earlier 3-year period. The
prospective arm (DBM group) directly followed the retrospective arm (NDBM group) when the study was initiated.
The inclusion criteria were the patients who were (1) newly
diagnosed as AFFs regarding to the criteria of ASBMR
task force 2013 [2], (2) having the fracture located on the
subtrochanter defined as the area of 5 centimeters below to
the lesser trochanter, (3) aged over 55 years, and (4) having
no history of previous allergy to DBM. The exclusion criteria
were (1) other pathological fragility fractures such as fractures
from metastasis or primary tumor or simple osteoporotic
fractures apart from AFFs, (2) history of high-energy trauma
such as motorcycle accident, and (3) fracture location distal
to 5 cm below lesser trochanter. Prior approval was obtained
from our Institutional Board Review (Protocol ID 07-58-45)
and informed consent was obtained from all patients in the
prospective arm group, who participated in the study, before
the surgery was scheduled.
2.2. Surgical Intervention and Postoperative Protocol. After
diagnosing as ST-AFFs, the patients were admitted to the
orthopaedic trauma ward for preoperative medical clearance
and surgical planning. The operations were all done within 72
hours after admission. Specific preoperative workup protocol
for AFFs was applied including clinical assessment and
relevant investigations [10]. Clinical assessment included
history taking of mechanism of falling, prodromal pain,
associated comorbid illnesses, duration of bisphosphonate
use, and risk factors for other metabolic bone diseases such
as hypothyroid, chronic steroid usage, and renal failure. Relevant investigations included laboratory workup for metabolic
bone disease, bone mass density assessment, radiographs of
both femurs, and bone scan or magnetic resonance imaging
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if incomplete fracture was suspected on the contralateral side
[10]. The surgery was all performed by one of the teams
of experienced orthopaedic trauma surgeons (Noratep Kulachote, Paphon Sa-ngasoongsong, and Norachart Sirisreetreerux), under general or spinal anesthesia based on anesthesiologist decision. Before the introduction of this study,
our treatment guideline for displaced ST-AFFs followed the
recommendations from ASBMR task force 2010 [1] which
indicated stopping bisphosphonate immediately after diagnosis and stabilizing fracture with full-length intramedullary
nail. The fracture was reduced by mini-open and clampassisted reduction technique [11] in lateral decubitus position
on a radiolucent operative table [12] and fixed with a standard
long cephalomedullary nail with 2 distal interlocking screws.
Neither bone grafting nor local orthobiologic agent was
added. After the study protocol introduction, the fracture
was treated with the same surgical technique and using the
same implant, but 1-2 mL of DBM (DBX®, Synthes, USA)
was filled into the fracture site depending on the extent of
intraoperative fracture gap. All surgical wounds were closed
without any drain in order to preserve DBM and hematoma
that surrounded fracture site.
Postoperative care and rehabilitation were managed by
the same protocol. Postoperative pain was controlled by
pain medications except nonsteroidal inflammatory drugs
(NSAIDs) in order to avoid delay in bone healing [13]. Cold
pack was applied on the fracture site every 4 hours for one
day. Prophylactic intravenous antibiotic was administered for
24 hours. Sutures were removed two weeks postoperatively.
Intermittent pneumatic pump was applied on both legs.
Active ankle, knee, and hip motions were advised to prevent
venous thromboembolism. The patients were allowed to have
partial weight bearing as tolerated on the injured leg with gait
aids a few days after the operation, followed by full weight
bearing when the fracture healing was demonstrated on the
follow-up radiographs. Daily 20 mcg subcutaneous injection
of teriparatide was prescribed postoperatively for 6 months.
If the patients refused injection or had the contraindication
or precaution for teriparatide (such as drug hypersensitivity,
history of skeletal malignancy or bone metastasis, metabolic
bone disease other than osteoporosis, history of teriparatide
use more than 2 year, hypercalcemic disorder, urolithiasis
and hypercalciuria, and having possible drug interaction such
as digoxin, hydrochlorothiazide, and furosemide), strontium
ranelate was prescribed instead. However, if the patient had
severe renal impairment, such as end-stage renal disease, no
anabolic treatment was given. The radiographs were taken
intervals every 4–6 weeks to check for the fracture healing
progression. All patients were followed until the fracture
completely united.
2.3. Data Collection and Outcome Measurement. Demographic data such as age, gender, weight, height, the side
of injury, and comorbid disease were collected. Body mass
index (BMI) was then calculated from weight and height.
Concurrent medications that were associated with AFFs
(such as bisphosphonates, statins, steroids, and proton pump
inhibitors) and the duration of bisphosphonate exposure
were also recorded. Preoperative laboratory data, such as
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Table 1: Preoperative patients’ characteristics.

+

Age, year
Female gender◼
Fracture on right side◼
+
BMI, kg/m2
Comorbid diseases◼
Rheumatoid arthritis
Diabetes
Renal disease
Medications used◼
BPs
Statin
Steroids
PPIs
Duration of BPs before fracture, year+
Preoperative laboratory values+
Hb, g/dL
Albumin, g/L
CrCl, mL/minute/1.73 m3
Calcium, mg/dL
Inorganic phosphate, mg/dL
25-OH vitamin D, ng/mL
Total P1NP, ng/mL
𝛽-cross laps, ng/mL
PTH, pg/mL
Follow-up time, week+

NDBM group (𝑛 = 9)
70 ± 7
9 (100)
4 (44)
22.4 ± 2.4

DBM group (𝑛 = 9)
63 ± 8
8 (89)
6 (67)
24.1 ± 3.2

𝑝 value
0.08
1.00
0.64
0.22

0 (0)
2 (22)
1 (11)

2 (22)
1 (11)
2 (22)

0.47
1.00
1.00

8 (89)
4 (44)
1 (11)
4 (44)
8.9 ± 2.9a

9 (100)
4 (44)
3 (33)
3 (33)
7.6 ± 3.9

1.00
1.00
0.58
0.62
0.41

11.7 ± 1.4
37.5 ± 2.6
68.4 ± 26.8
9.2 ± 0.7
3.4 ± 0.3
28.8 ± 9.3
46.4 ± 60.8
0.24 ± 0.21
50.5 ± 47.9
125 ± 60

12.0 ± 1.8
33.1 ± 7.4
76.0 ± 31.8
8.6 ± 0.6
3.3 ± 0.7
27.8 ± 11.6
55.0 ± 64.8
0.23 ± 0.19
51.2 ± 22.8
72 ± 40

0.72
0.14
0.59
0.07
0.73
0.88
0.8
0.99
0.97
0.04∗

+
Value presented as mean ± standard deviation. ◼ Value presented as number of patients (percentage).
BMI: body mass index; BPs: bisphosphonates; PPIs: proton pump inhibitors; Hb: hemoglobin.
CrCl: creatinine clearance; P1NP: procollagen type 1 N-terminal propeptide.
CTX: collagen type 1 C-telopeptide; PTH: parathyroid hormone.
a
Calculated only from the patients receiving BPs. ∗ Significant value as 𝑝 < 0.05.

hemoglobin (Hb), albumin, creatinine clearance, calcium,
inorganic phosphate, total 25-OH vitamin D, total procollagen type 1 N-terminal propeptide (P1NP), collagen type 1
C-telopeptide (𝛽-cross laps), and parathyroid hormone level
(PTH), were recorded.
Postoperative radiographs were evaluated by 3 authors
(Noratep Kulachote, Paphon Sa-ngasoongsong, and Praman
Fuangfa) for fracture reduction alignment, neck-shaft angle
of both normal and injured sides, and status of fracture union.
Radiographic healing was defined as bridging callus on three
out of four cortices as determined on the anteroposterior and
lateral views [14]. Fracture healing after 6 months was defined
as delayed union [15], while fractures without increased callus
formation after 6 months on follow-up radiographs or those
who had hardware failure were defined as nonunion [14].
Primary outcome was the healing time calculated from
the duration between the first operative date and the time of
diagnosis of fracture healing on radiographs. Secondary outcomes were the status of union, delayed union, and nonunion.
2.4. Statistical Analysis. Statistical analysis was performed
using Statistical Package of Social Sciences (SPSS) software

version 18.0. Continuous data were presented as mean and
standard deviation and compared with 𝑡-test. Categorical
data were presented as proportion and compared with
Fisher’s exact test or Chi-square test as appropriate. Significant difference was considered if 𝑝 value < 0.05.

3. Result
A total of 18 patients (17 females and one male) were enrolled
into this study (nine patients in each of NDBM and DBM
group). Demographic data and clinical results were shown
on Tables 1 and 2. The average age was 67 years (range 56–
81 years). The mean BMI was 23.2 kg/m2 (range 18.2–28.7 kg/
m2 ). Three patients had diabetic mellitus (2 in NDBM group
and 1 in DBM group) and two patients had rheumatoid
arthritis (both in DBM group). Seventeen patients (94%)
had history of bisphosphonate use and the mean duration
of the bisphosphonate exposure was 8.2 years (range 1.5–15
years). One patient (6%, number 8), who did not receive
bisphosphonate, had long-term steroids due to rheumatoid
arthritis. There was no significant difference between age,
gender, the side of injury, BMI, comorbid disease, ongoing

F

F

F

F
F

F

F

M

F

F

F

F

F
F

F

F

3

4

5

6
7

8

9

10

11

12

13

14

15
16

17

18

Rt
Lt

Rt

Rt

Lt

Lt
Rt

Lt

Lt

Rt

Rt

Lt

Rt

Lt

Rt
Lt

Rt

Rt

75

67

81

64
75

66

65

59

56

66

56

64

64
79

70

57

Side

Age
(year)
59
78

DLP
HT, DLP
HT, DLP, peptic
ulcer
—

DM, HT, RA,
DLP

Ventricular
schwannoma
SLE, ESRD,
DLP, HT, AVN
ESRD s/p KT,
HT,
cardiomyopathy
HT, OSA

HT, DLP, DM,
asthma

HT, paroxysmal
SVT
CKD, HT, HLP,
ET
—
—
Myasthenia
gravis, HT

DM, HT, HLP

Comorbid
diseases
HLP
HT, HLP

1

1

2
2

1

1

10

7

10
5

9

6

1.5
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HLP: hyperlipidemia; HT: hypertension; DM: diabetes; SVT: supraventricular tachycardia; CKD: chronic kidney disease.
ET: essential thrombocytosis; SLE: systemic lupus nephritis; ESRD: end-stage renal disease; AVNFH: avascular necrosis.
s/p KT: status postoperative kidney transplant; OSA: obstructive sleep apnea; RA: rheumatoid arthritis.
DBM: demineralized bone matrix; PMO: postmenopausal osteoporosis; GIOP: glucocorticoid induced osteoporosis.
STR: strontium ranelate; TPTD: teriparatide; ORIF: open reduction and internal fixation; PF-LCP: proximal femur locking compression plate.
ABP: angle blade plate; IBG: iliac bone graft; NVFBG: nonvascularized fibular bone graft.

F
F

1
2

Case numberGender

Table 2: Details of treatment and outcome on each patient.

No
No

13.9

Yes
No

Yes

No

No

Yes

Yes

Yes

No

No
Yes

Yes

Yes

Yes

Delayed
union
Yes
Yes

26.1

27.0
19.4

48.7

17.1

13.9

34.9

52.3

111.4

23.4

13.7
39.6

88.1

43.1

112.3

Healing time
(week)
50.0
39.4

No

No

No
No

Yes

No

No

No

No

Yes

No

No
No

No

No

Yes

No
No

Nonunion

ORIF with
ABP and
DBM

ORIF with
ABP and
DBM

ORIF with
PF-LCP and
IBG +
NVFBG

Reoperation
details
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Table 3: Postoperative outcomes.

Postoperative alignment+
Coronal planeb
Sagittal planec
Neck-shaft angle+
Fracture side
Normal side
Postoperative anabolic agent
Teriparatide
Strontium ranelate
Healing time, week+
Received teriparatide
Not received teriparatide
Nonunion◼
Delayed union◼

NDBM group (𝑛 = 9)

DBM group (𝑛 = 9)

𝑝 value

−8.0 ± 7.1
−5.2 ± 12.2

−4.2 ± 3.8
−6.3 ± 4.9

0.18
0.8

131 ± 8
136 ± 5

132 ± 4
133 ± 5

0.88
0.25

5
3
57.9 ± 36.8
73.7 ± 43.7
38.1 ± 11.0
2 (2 : 0)
7 (4 : 3)

6
2
28.1 ± 14.4
30.9 ± 16.1
22.7 ± 10.9
1 (1 : 0)
4 (3 : 1)

1.00
0.04∗
0.09w
0.13
1.00
0.33

+

Value presented as mean ± standard deviation.
Value presented as number of patients (received postoperative teriparatide: strontium ranelate).
b
Negative and positive value meant varus and valgus angulation, respectively.
c
Negative and positive value meant anterior and posterior angulation, respectively.
∗
Significant value as 𝑝 < 0.05.
w
Calculated from 𝑡-test with a correction of unequal variance (Welch test).
◼

medications, duration of bisphosphonate exposure, and preoperative laboratory values between both groups (𝑝 > 0.05
all). However, the follow-up time was significantly longer in
the NDBM group compared with the DBM group (𝑝 = 0.04).
Postoperative outcomes were shown in Table 3. There was
no significant difference in postoperative fracture reduction
alignment and neck-shaft angle between both groups (𝑝 >
0.05 all). Postoperative teriparatide injection was given in 5
patients in non-DBM group and 6 patients in DBM group.
Strontium ranelate was given in 3 patients in non-DBM group
and 2 patients in DBM group. One patient in each group
did not receive anabolic agent postoperatively. There was
no significant difference between the distribution of postoperative medication in both groups (𝑝 = 1.00). The DBM
group showed a significant shorter healing time compared
with the NDBM group (28.1 ± 14.4 weeks versus 57.9 ± 36.8
weeks, 𝑝 = 0.04). Subgroup analysis showed that the DBM
group with and without postoperative teriparatide had nonsignificantly shorter healing time compared to the NDBM
group (𝑝 = 0.09 and 0.13, resp.). Case examples from NDBM
group (case number 4 from Table 2) and from DBM group
(case number 16 from Table 2) were shown in Figures 1
and 2, respectively. Delayed union occurred in 4 patients
(44%) in the DBM group and 7 patients (78%) in the NDBM
group (𝑝 = 0.33). Atrophic or oligotrophic nonunion was
developed in 2 patients (22%) in the NDBM group and one
patient (11%) in the DBM group (𝑝 = 1.00). All patients with
nonunion were successfully treated with nail removal and
open reduction and internal fixation with either 95-degree
angle blade plate or proximal femur locking compression
plate and augmentation with autologous bone graft and DBM.
Neither surgical site infection nor severe local tissue reaction
was found in this study.

4. Discussion
Management of atypical femoral fractures (AFFs) is a challenging task in orthopaedic trauma, mainly due to poor
fracture healing property related to severely suppressed bone
turnover [1, 2]. Additionally, many contributing factors, such
as age, comorbid illnesses, concurrent medications, and fracture location in subtrochanter area, may negatively affect the
fracture healing and result in delayed union, nonunion, and
implant failure. Moreover, the AFFs patients are commonly
associated with long-term bisphosphonates or steroids use
that directly prolonged the fracture healing and remodeling
process, especially when direct bone healing process was
expected (such as the plate and screw fixation). Therefore,
ASBMR task force had recommended the specific treatment
guideline for AFFs including appropriate medical management and surgical fixation with an intramedullary nail [1].
However, recent studies have demonstrated that this strategy
still resulted in a high rate of delay union and reoperation
due to fracture healing complications [3, 4, 15, 16]. Therefore,
using local adjunctive therapy with orthobiologic agent,
during the fracture fixation surgery to enrich the biological
substances and cytokines in fracture site, should be a key to
success to solve this problem. Unfortunately, the autologous
bone graft, a gold standard biologic agent, would not be an
appropriate choice in AFFs patients due to the limitation of
quantity, unreliable osteoinductive property from prolonged
drug-induced osteoclastic suppression, need for additional
operative procedure, and risk of donor-site morbidity [8,
9]. On the other hand, demineralized bone matrix (DBM),
a common orthobiologic agent, which had demonstrated
its safety and efficacy in treatment of both fracture and
nonunion of the long bone surgeries [5–8], should be useful
in enhancing bone healing in AFFs. Therefore, this study
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(a)

(b)

(e)

(c)

(f)

(d)

(g)

Figure 1: Radiographs from case examples with atypical subtrochanteric femoral fracture (ST-AFF) treated without using demineralized
bone matrix (NDBM group). Preoperative (a) and immediate postoperative (b) radiographs showed ST-AFF treated with cephalomedullary
nail. Follow-up radiographs after 2 months (c), 4 months (d), and 6 months (e) showed very minimal callus formation. However, the fracture
still had healing progression after 8 months (f) and finally completely united after 14 months postoperatively (g).

aimed to compare the outcome of subtrochanteric atypical
femoral fracture (ST-AFFs) treated with a standard guideline
with and without using demineralized bone matrix (DBM), as
an add-on orthobiologic agent, in terms of the healing time
and fracture healing complication.
The result from this study, though, showed an incidence
of delayed union after treatment of ST-AFFs by a standard
guideline as 78% (7 patients in NDBM group), which was
higher than previous studies (43–57%) [3, 4, 15, 16]. This
may be due to the fact that our study population focused
only on subtrochanteric fractures which typically have poorer
healing capacity than diaphyseal fractures due to a relative
lack of blood supply and higher stress load on the fracture
site, resulting in a high incidence of delayed union in this
series. However, the most important finding in this study
was that we could demonstrated a significant improvement
in fracture healing time in the DBM group compared to the
NDBM group (𝑝 = 0.04), which implied that the add-on

DBM resulted in a significantly increased fracture healing
capacity by improving osteogenic and osteoinductive properties by enriching the biological substances and cytokines and,
therefore, promoting the bone generation in AFFs after treatment with intramedullary nailing. However, we could not
demonstrate the significant improvement on the incidence
of delayed union (44% in DBM group versus 77% in NDBM
group, 𝑝 = 0.33) and nonunion (11% in DBM group versus
22% in NDBM group, 𝑝 = 1.00). This could be explained by
the effect of small sample size and confounding factors which
affected the fracture healing such as age, comorbid illness,
and postoperative medications [15, 17].
Our study also had several limitations. First, we had a
small number of patients due to the uncommon presentation
of ST-AFFs. Second, there were no comparative data of
the non-AFF treatment that needs teriparatide or strontium
supplement because the fracture healing potential in those
patients was still good, and we also did not use any anabolic
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(b)

(e)
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Figure 2: Radiographs from case examples with atypical subtrochanteric femoral fracture (ST-AFF) treated using demineralized bone matrix
(DBM group). Preoperative (a) and immediate postoperative (b) radiographs showed ST-AFF treated with cephalomedullary nail. Follow-up
radiographs after 3-month (c) and 4.5-month (d) period demonstrated the appropriate callus formation on anterior, posterior, and medial
cortex and therefore was considered healed fracture. The fracture remodeling without complication was confirmed on 6-month, 8-month,
and 11-month radiographs postoperatively.

medications to enhance bone healing in our routine practice.
Third, this was a case-controlled study in which we could
not control confounding factors that might affect the fracture
healing. Thus, further studies, such as randomized controlled
trial with a larger number of AFFs patients, are required
to demonstrate the efficacy of this technique. However, to
our knowledge, this study was the first study that used the
DBM as an initial treatment in AFFs, and we believe that the
local DBM augmentation would provide the better surgical
outcomes and quality of life for the AFFs patients suffering
from this fracture.
In conclusion, local DBM augmentation on the treatment
of atypical subtrochanter femoral fracture is an interesting
option. It is safe and effective in improving the fracture healing time and possibly reducing the fracture healing complication. Further researches are required to reveal its true efficacy
and effectiveness in the treatment of AFFs.
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In osteoporotic hip fractures, fracture collapse is deliberately allowed by commonly used implants to improve dynamic contact
and healing. The muscle lever arm is, however, compromised by shortening. We evaluated a cohort of 361 patients with AO/OTA
31.A1 or 31.A2 intertrochanteric fracture treated by the dynamic hip screw (DHS) who had a minimal follow-up of 3 months and an
average follow-up of 14.6 months and long term survival data. The amount of fracture collapse and shortening due to sliding of the
DHS was determined at the latest follow-up and graded as minimal (<1 cm), moderate (1-2 cm), or severe (>2 cm). With increased
severity of collapse, more patients were unable to maintain their premorbid walking function (minimal collapse = 34.2%, moderate
= 33.3%, severe = 62.8%, and 𝑝 = 0.028). Based on ordinal regression of risk factors, increased fracture collapse was significantly
and independently related to increasing age (𝑝 = 0.037), female sex (𝑝 = 0.024), A2 fracture class (𝑝 = 0.010), increased operative
duration (𝑝 = 0.011), poor reduction quality (𝑝 = 0.000), and suboptimal tip-apex distance of >25 mm (𝑝 = 0.050). Patients who
had better outcome in terms of walking function were independently predicted by younger age (𝑝 = 0.036), higher MMSE marks
(𝑝 = 0.000), higher MBI marks (𝑝 = 0.010), better premorbid walking status (𝑝 = 0.000), less fracture collapse (𝑝 = 0.011), and
optimal lag screw position in centre-centre or centre-inferior position (𝑝 = 0.020). According to Kaplan-Meier analysis, fracture
collapse had no association with mortality from 2.4 to 7.6 years after surgery. In conclusion, increased fracture collapse after fixation
of geriatric intertrochanteric fractures adversely affected walking but not survival.

1. Introduction
Implants designed for fixation of osteoporotic hip fracture
typically allow controlled sliding and collapse to improve
bony contact and healing [1]. The dynamic hip screw (DHS)
is one of the most widely used and successful implants for
the treatment of stable intertrochanteric fractures with such
design concept [2, 3]. Conversely, statically locked implants
that aim at static fixation have yielded unacceptably high
rate of failures for routine osteoporotic hip fractures because
of the lack of dynamic compression and a lack of technical
tolerance [4, 5]. Cephalomedullary fixation devices [6] and

DHS with trochanter stabilizing plate [7] are effective means
in preventing excessive collapse in unstable fractures (such
as the AO/OTA type 31.A3 [8, 9]) but still much debated for
routing use in more stable and intermediate patterns (such as
types 31.A1 and A2).
Fracture collapse is sometimes associated with fixation
failure [10] and believed to impair the hip abduction lever
arm [11]. Researchers have pointed out that, for intracapsular hip fractures, increased fracture collapse accounted
for poorer functional recovery [12, 13]. In young patients
with trochanteric fractures, previous studies have shown that
significant shortening of more than 2 cm is associated with

2

BioMed Research International
1-2 cm

Minimal
collapse

Moderate
collapse

>2 cm

At last follow-up

Immediate post-op

<1 cm

Severe
collapse

Figure 1: Grading of severity of fracture collapse and shortening.

impaired functional outcome [14] and previous studies have
shown that DHS are associated with more pronounced shortening than cephalomedullary devices in young bone [14].
Currently, it has not been clearly studied whether collapse
also adversely affects functional and survival outcomes for
elderlies with trochanteric hip fractures.
Our objective was to test the hypothesis on whether
patients with increasing degree of fracture collapse and
shortening after DHS had impaired walking and increased
incidence of adverse events. We carried out a secondary
analysis of a consecutive prospective cohort of patients with
trochanteric fractures treated with two similar DHS designs
[15].

2. Patients and Methods
We reviewed a consecutive cohort of 433 patients with
AO/OTA [8, 9] 31.A1 and 31.A2 fractures operated from 2007
to 2012 with DHS lag screws or DHS blades (both from
formerly Synthes, Oberdorf, Switzerland). Only the cephalic
portion of the implant differed and both were mounted on a
standard nonlocked four-hole DHS slide plate. All included
patients were over 50 years and patients with pathological
fractures were excluded. Our hip fracture pathway [16]
mandated surgical treatment as soon as possible unless the
patient was medically unfit. A standard lateral subvastus
approach was used for all patients on a traction table by

closed or optional open assisted reduction. Patients followed
a multidisciplinary rehabilitation protocol and were allowed
immediate full weight bearing exercise. Upon follow-up, the
functional status in walking and radiographs were analysed
for collapse and complications.
The degree of fracture collapse was determined by
comparing the intraoperative and the latest anteroposterior
radiograph. The remaining length of the lag screw or blade
available for collapse was noted. The amount of collapse was
determined at fracture union or at time of latest radiograph
before any catastrophic mechanical failure. The degree of
collapse was graded as minimal if this was not detectable
when comparing the two radiographs or less than 1 cm,
moderate if this was from 1 to 2 cm, and severe if this was
more than 2 cm. The core diameter of the lag or the length of
the side-plate barrel is used as reference dimensions to correct
for the effects of magnification and rotation (see Figure 1).
Perioperative patient, fracture, and surgical variables
were compared for factors associated with different degree
of collapse. These included age, gender, American Anesthesia
Society (ASA) score, hours from admission to surgery (more
than 48 hours versus less than 48 hours), Mini Mental
State Exam (MMSE) score [17], Modified Barthel Index [18]
(MBI), surgeon experience (specialists with more than six
years of experience versus trainees with less), and premorbid
walking status. Walking status was graded as independent
walker for those who did not require any assistance; assisted
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walkers if some degree of assistance was needed for activity of
daily living; and nonfunctional walkers either if considerable
assistance is needed or if the patient cannot walk at all.
Implant position was defined as optimal if the fixation device
was placed at the centre-centre or centre-inferior position
of the femoral head; the tip-apex distance, as defined by
Baumgaertner et al. [19], is optimal when less than 25 mm.
Fracture reduction was defined according to Baumgaertner
et al. [20] depending on the presence of a translation of
more than 4 mm or varus of more than 5 degrees (good or
acceptable reduction) or both (poor reduction).
The primary outcome was the best walking status
achieved after rehabilitation using the same definition as
the premorbid walking status. The premorbid walking grade
was compared with postoperatively to determine whether
there was a deterioration by one grade or more. The secondary outcomes were mortality, presence of complications
including lateral wall fractures, implant migration in femoral
head, cutout, side-plate pullout, nonunion, infection, and
reoperations. Mortality data is recovered from the local
territory wide electronic death registry, while survival is
determined according to any patient attendance documented
in the electronic public health care system which offers more
than 90% territorial coverage.
SPSS software version 23 (IBM, Armonk NY, USA) was
used for statistical analysis. The hips with collapse grades
of minimal (1), moderate (2), and severe (3) degrees were
designated as an ordinal variable and tested for associations.
The Kruskal-Wallis test with Monte Carlo significance of
10000 random seeded samples was used for nonparametric
variables and the one-way ANOVA test was used for parametric variables. Ordinal logistic regression was carried out firstly
to identify independent factors which predicted increasing
severity of fracture collapse and secondly to identify factors
which predicted increased likelihood to walk well after
rehabilitation. A 𝑝 value of <0.05 was taken as statistically
significant.

3. Results
3.1. Baseline Factors and Univariate Analysis. Patients who
have died or were lost to follow-up before 3 months were
excluded from analysis unless they were already documented
to have moderate or severe degrees of fracture collapse. Out
of the 433 total patients treated with a DHS, 354 patients had
a radiological follow-up of at least 3 months and 7 additional
patients had an earlier known moderate or severe collapse. In
all, 361 patients fulfilled the analysis criteria.
Of the 361 patients, 319 (88.4%) had an X-ray taken after
at least 6 months and 293 (81.2%) after at least 9 months.
The mean radiological follow-up was 14.6 months. Definite
survival or mortality data was recovered for 360 (99.7%)
patients at the time of data analysis which was 2.4 to 7.6 years
after surgery (see Table 1).
Out of the 361 patients entered for analysis, 234 had
minimal collapse, 84 had moderate collapse, and 43 had
severe collapse. Out of the 43 patients with severe collapse, 20
patients had complete collapse where the lag screw or blade
was touching the barrel and with no possibility for further
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Table 1: Patient selection and follow-up characteristics.
Patients and follow-up characteristics
%
Total patients
Known moderate or severe collapse
before 3 months
Adequate follow-up at 3 months
Fulfilled analysis criteria
Survival data available 2.4–7.6 years
post-op
Had X-ray after 6 months
Had X-ray after 9 months

𝑛 = 433

1.6%

7

81.8%

354

83.4%

361

99.7%

360

88.4%
81.2%

319
293

collapse. This subgroup was, however, deemed too small for
further analysis under a separate rank.
Patients with increasing severity of collapse were significantly older (mean age for minimal collapse = 83, moderate
collapse = 82.6, severe collapse = 86, and 𝑝 = 0.042), more
likely suffered from A2 fractures (minimal = 40.2%, moderate
= 65.5%, severe = 67.4%, and 𝑝 = 0.000), and more likely had
suboptimal tip-apex distance of more than 25 mm (minimal
= 0%, moderate = 6%, severe = 0%, and 𝑝 = 0.002) and poor
reduction (minimal = 0.9%, moderate = 7.1%, severe = 18.6%,
and 𝑝 = 0.000) (see Table 2).
A number of poor outcomes were significantly associated
with the severity of collapse, including nonfunctional walking
status after rehabilitation (minimal collapse = 20.5%, moderate = 25%, severe = 34.9%, and 𝑝 = 0.016), inability to
maintain premorbid walking function (minimal collapse =
34.2%, moderate = 33.3%, severe = 62.8%, and 𝑝 = 0.028),
and reoperations (minimal = 0.9%, moderate = 2.4%, severe
= 11.6%, and 𝑝 = 0.002).
A number of adverse radiological features or complications were more common in those with increasing severity
of collapse, including lateral wall fractures (minimal = 2.1%,
moderate = 21.4%, severe = 55.8%, and 𝑝 = 0.000), implant
migration in the femoral head (minimal = 0.4%, moderate
= 4.8%, severe = 11.6%, and 𝑝 = 0.001), hip joint cutouts
(minimal = 0%, moderate = 2.4%, severe = 11.6%, and 𝑝 =
0.000), and nonunions (minimal = 0%, moderate = 1.2%,
severe = 16.3%, and 𝑝 = 0.000).
The mean survival of patients with minimal collapse was
916 days (95% CI: 807–1025), with moderate collapse it was
1025 days (95% CI: 794–1256), and with severe collapse it was
944 days (95% CI: 721–1196). Patients with increasing severity
of collapse had no difference in survival up to 7.6 years after
surgery in Kaplan-Meier survival analysis (log-rank test, 𝑝 =
0.503) (see Figure 2).
3.2. Multivariate Analysis. Based on ordinal regression, the
independent risk factors for increased collapse were increasing age (𝑝 = 0.037), female sex (𝑝 = 0.024), 31.A2 fracture
class (𝑝 = 0.010), increased operative duration (𝑝 = 0.011),
poor reduction quality (𝑝 = 0.000), and suboptimal tip-apex
distance of >25 mm (𝑝 = 0.050) (see Table 3).
Ordinal regression also showed that significant factors
which independently predicted better functional waking
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Table 2: Differences in baseline and outcome variables in relation to increasing severity of collapse.

Amount of collapse

Baseline and surgical variables
Minimal

Moderate

Severe

𝑛 = 234

%/mean

𝑛 = 84

%/mean

83

(SD = 0.75)

82.6

(SD = 0.85)

86

Female versus males

59.8%

140

71.4%

60

74.4%

31.A2 versus A1

40.2%

94

65.5%

55

Screw versus blade fixation

54.7%

128

58.3%

49

Premorbid nonfunctional walker

6.8%

16

9.5%

8

2.3%

1

Premorbid assisted walker

10.7%

25

13.1%

11

14.0%

6

Premorbid independent walker

81.2%

190

77.4%

65

83.7%

36

10.3%

24

6.0%

5

2.3%

1

0.143

MMSE score

15.9

(SD = 7.4)

16.1

(SD = 7.7)

15.9

(SD = 7.4)

0.984∗

Modified Barthel Index

85.3

(SD = 22.4)

84.4

(SD = 25.1)

83.4

ASA score 3 or above

62.0%

145

63.1%

53

58.1%

25

0.862

Operated by trainees (<6 years of experience)

31.6%

74

29.8%

25

30.2%

13

0.941

Age at operation

Operation delayed more than 2 days after admission

Operative time
Suboptimal centre-centre or centre-inferior lag screw
position
Suboptimal tip-apex distance > 25 mm
Poor reduction (>4 mm translation and 5 degrees
varus)
Acceptable reduction (>4 mm translation or
5 degrees varus)
Good reduction (<4 mm translation and <5 degrees
varus)
Perfect reduction (<2 mm translation and no varus)

𝑛 = 43

𝑝 value

%/mean

(SD = 0.62) 0.042∗
32

0.057

67.4%

29

0.000

46.5%

20

0.461
0.531

(SD = 23.9) 0.890∗

41.5 mins (SD = 16.3) 43.6 mins (SD = 18.6) 47.8 mins (SD = 21.3) 0.084∗
27.4%

64

42.9%

36

39.5%

17

0.019

0.0%

0

6.0%

5

0.0%

0

0.002

0.9%

2

7.1%

6

18.6%

8

19.7%

46

42.9%

36

30.2%

13

79.5%

186

50.0%

42

51.2%

22

59.4%

139

35.7%

30

30.2%

13

0.000

0.000

Outcomes
Nonfunctional walker

Walking function
20.5%
48

25.0%

21

34.9%

15

Assisted walker

26.9%

63

22.6%

19

34.9%

15

Independent walker

52.6%

123

52.4%

44

27.9%

12

Unable to maintain walking function

34.2%

80

33.3%

28

62.8%

27

0.028

Died at 6 months

Cumulative mortality
2.1%
5

1.2%

1

2.3%

1

0.880

Died at 1 year

8.5%

20

8.3%

7

2.3%

1

0.377

Died at 2 years

22.2%

52

19.0%

16

16.3%

7

0.628

Lateral wall fractures

Complications
2.1%
5

21.4%

18

55.8%

24

0.000

Any mechanical failure

0.4%

1

7.1%

6

23.3%

10

0.000

Implant migration in femoral head

0.4%

1

4.8%

4

11.6%

5

0.001

Hip joint penetration and cutout

0.0%

0

2.4%

2

11.6%

5

0.000

Side plate pullout

0.0%

0

0.0%

0

2.3%

1

0.111

Nonunion

0.0%

0

1.2%

1

16.3%

7

0.000

Infection

0.4%

1

0.0%

0

4.7%

2

0.053

Reoperations

0.9%

2

2.4%

2

11.6%

5

0.002

Kruskal-Wallis test with Monte Carlo significance for nonparametric variables.
∗
One-way ANOVA test for continuous variables.

0.016
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Survival functions
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Figure 2: Kaplan-Meier survival plot of patients with different
grades of fracture collapse up to 7.6 years after surgery; there was
no statistically significant difference between patients with different
group of collapse (log-rank test, 𝑝 = 0.503).

status after operation were younger age (𝑝 = 0.036), higher
MMSE marks (𝑝 = 0.000), higher MBI marks (𝑝 = 0.010),
better premorbid walking status (𝑝 = 0.000), less severe
fracture collapse (𝑝 = 0.011), and optimal lag screw position
in centre-centre or centre-inferior position (𝑝 = 0.020) (see
Table 4).

4. Discussion
In this study, it was demonstrated that fracture collapse was
associated with poorer functional outcome, and this was
independent of the patients’ premorbid status. Moreover,
complications occurred more commonly when patients had
a more severe degree of collapse.
It is widely recognized in hip arthroplasty that shortening compromises the abductor muscle lever arm, resulting in weakness. In intracapsular neck of femur fractures,
Zlowodzki et al. [12] studied 660 patients who have undergone screw fixation and concluded that a shortening of
more than 10 mm resulted in significantly poorer short
form 36 physical functioning scores compared to those
with then 5 mm of shortening. Our study also suggests the
same phenomenon to be true in geriatric intertrochanteric
fractures, where increased fracture collapse indeed led to
poorer walking function.
Our results showed that the independent risk factors for
increased fracture collapse were old age, female sex, fracture
comminution (31.A2 grading), increased operative time, poor

fracture reduction quality, and suboptimal TAD. Of these
factors, good fracture reduction appears to be of paramount
importance. This is logical because doing so also effectively
restores maximal contact of any available bony buttress [15, 21,
22]. For a dynamic device to work without excessive collapse,
a majority of bone along the femur’s circumference should
remain intact and in contact. The well-known regions which
provide effective bony support and load transfer between
the main proximal and shaft fragments include the posterior
medial calcar [23], the lateral wall [24], and the anteromedial
region [25, 26]. As such, severe angulation, medialization of
the proximal fragment [27], and lateral wall fractures [28,
29] result in a loss of bony support, and excessive fracture
collapse.
Older female patients are more likely to have poor bone
quality and reduced resistance to fracture collapse. A2 fractures are more comminuted and less stable than A1 fractures.
As shown here, these patients were more likely to have
eventual collapse. Fractures that required increased operative
time also had increased likelihood of collapse. However, we
are unable to conclude on whether it is prolonged operation
itself or difficult fracture patterns which indirectly led to
increased fracture collapse.
A number of studies have already pointed out the
importance of implant position on outcomes. This was not
consistency reproduced in our results possibly because of the
low occurrences of poor TAD and poor implant positioning.
Good implant positioning is known to be best determined
by a small tip-apex distance of less than 25 mm and centrecentre or centre-inferior positioning of the lag screw in the
femoral head in the AP and lateral radiographs [19, 22, 30,
31]. In all, surgeons must be meticulous with reduction and
implant placement in trochanteric hip fractures while being
mindful of risk factors such as osteoporosis and fracture
comminution. The patients’ functional outcome may be
improved if precautions can be taken to limit the severity of
fracture collapse.
There are a number of limitations to the study. Two
slightly different implants were used in the group of patients,
namely, as spiral blade and conventional lag screw. A standardized scoring system [32] was not used to grade functional
outcomes because of the partially retrospective nature of
data collection. We were not able to use an exact time
point to define the patients’ functional outcome as many of
them suffered concomitant medical illness during or after
rehabilitation and our study population had a highly variable
timeline in recovery. We were unable to take pain into
account in the clinical outcome analysis as we felt that there
was poor documentation of this data in records. We were
unable to find any verified grading system for the amount of
collapse after DHS; nonetheless we felt that current method
deemed simple enough and clinically applicable. The method
through which we measured collapse of the metal implant
may not always accurately reflect the true shortening between
the bony fragments as an underestimation is likely in patients
with implant migration in the femoral head.
The literature already contains many answered questions
concerning improving patient survival and reducing complications. More research is needed to study how geriatric
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Table 3: Ordinal regression of factors which predicted increasing severity of collapse. Value with a positive (+) estimate predicts more fracture
collapse and that with a negative (−) estimate predicts less.
Estimated likelihood of increased fracture collapse in ordinal regression
Estimate Standard error Wald
df
Sig.
−0.121
0.021
0.049
0.025
0.007

0.191
0.008
0.023
0.023
0.008

0.401
6.484
4.369
1.182
0.701

Per day delay from admission to operation
Operative time per minute increase
Age at operation per year increase
MMSE per mark increase
MBI per mark increase
Poor premorbid walking status (independent versus
−0.278
0.282
0.974
assisted versus dependent)
Poor reduction quality (good versus acceptable versus
1.112
0.240
21.510
poor)
−0.680
0.302
5.067
Male versus female
−0.719
0.281
6.570
31.A1 class versus A2
−0.156
0.284
0.301
Screw versus blade
0.360
0.311
1.338
Operated by specialists (>6 years of experience)
Suboptimal centre-centre or centre-inferior lag screw
0.128
0.295
0.190
position
0.194
0.292
0.441
ASA 1-2 versus 3-4
1.978
1.011
3.829
Suboptimal tip-apex distance > 25 mm
Pseudo 𝑅-square (Nagelkerke) = 0.244

95% confidence interval

1.000
1.000
1.000
1.000
1.000

0.527
0.011
0.037
0.277
0.402

−0.496
0.005
0.003
−0.020
−0.009

0.254
0.037
0.095
0.071
0.023

1.000

0.324

−0.831

0.274

1.000

0.000

0.642

1.582

1.000
1.000
1.000
1.000

0.024
0.010
0.583
0.247

−1.271
−1.269
−0.712
−0.250

−0.088
−0.169
0.401
0.971

1.000

0.663

−0.449

0.706

1.000
1.000

0.506
0.050

−0.378
−0.003

0.765
3.959

Table 4: Ordinal regression of factors which predicted better functional walking status after rehabilitation. Value with a positive (+) estimate
predicts better walking status and that with a negative (−) estimate predicts a worse outcome.
Estimated likelihood of having better walking function in ordinal regression
Estimate Standard error Wald
df
Sig.
0.069
0.194
0.126
Per day delay from admission to operation
0.003
0.009
0.085
Operative time per minute increase
−0.051
0.024
4.421
Age at operation per year increase
0.086
0.023
13.344
MMSE per mark increase
0.021
0.008
6.587
MBI per mark increase
Poor premorbid walking status (independent versus
1.665
0.323
26.565
assisted versus dependent)
Poor reduction quality (good versus acceptable versus
0.331
0.275
1.444
poor)
Collapse grade (minimal versus moderate versus
−0.650
0.256
6.445
severe)
−0.213
0.292
0.530
Male versus female
0.072
0.291
0.061
31.A1 class versus A2
−0.105
0.298
0.124
Screw versus blade
0.090
0.321
0.078
Operated by specialists (>6 years of experience)
0.280
0.306
0.840
ASA 1-2 versus 3-4
0.787
0.684
1.326
No mechanical failure
1.779
1.046
2.890
Not reoperated
−0.476
0.526
0.820
No lateral wall fracture
∗
22.688
0.000
—
Suboptimal tip-apex distance > 25 mm
Suboptimal centre-centre or centre-inferior lag screw
−0.695
0.299
5.392
position
Pseudo 𝑅-square (Nagelkerke) = 0.504
∗

Not enough valid cases to compute the significance of this item.

95% confidence interval

1.000
1.000
1.000
1.000
1.000

0.722
0.771
0.036
0.000
0.010

−0.311
−0.014
−0.099
0.040
0.005

0.448
0.020
−0.003
0.132
0.037

1.000

0.000

1.032

2.297

1.000

0.230

−0.209

0.871

1.000

0.011

−1.151

−0.148

1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

0.467
0.804
0.724
0.780
0.359
0.250
0.089
0.365
—

−0.786
−0.498
−0.690
−0.540
−0.319
−0.553
−0.272
−1.506
22.688

0.360
0.642
0.480
0.719
0.880
2.127
3.830
0.554
22.688

1.000

0.020

−1.282

−0.108
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hip fracture patients can maintain better function. It is
now evident that restoration and maintenance of the leg
length is functionally important for both intracapsular [12,
13] and trochanteric hip fractures. Future implant design
and improvements in treatment principles should take such
findings into consideration.

5. Conclusion
Femoral shortening and collapse after DHS fixation are
predisposed by old age, female sex, fracture comminution,
poor reduction, and suboptimal implant placement. While
the DHS is designed to allow for sliding and some degree of
fracture collapse, those with severe collapse are more prone
to eventual mechanical failure and complications. Increased
collapse adversely affected patients’ function in walking but
did not appear to impair their survival.
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The total knee arthroplasty (TKA) is the gold standard for patients with an advanced symptomatic gonarthrosis. However, there
are very few publications dealing with the primary TKA for patients with a proximal tibia fracture. In our retrospective study
we evaluated 30 patients treated with a TKA for a proximal tibia fracture in our institution between 01/2008 and 12/2014. We
collected the following statistical data from each patient: age, classification of the fracture (AO-classification), type of prosthesis
used, length of the operation and hospitalization, and complications during the follow-up. We used the Knee Society Score (KSS)
and the WOMAC score to evaluate the function. The Knee Society Score showed an average “general knee score” (KSS1) of 81.1 points
and an average “functional knee score” (KSS2) of 74.5 points. The average WOMAC score was 78.6 points. Immediate postoperative
mobilization with the possibility of a full-weight bearing is of crucial importance for the geriatric patients to maintain the mobility
they had prior to the operation and reduce medical complications. Because of these advantages, the primary TKA seems to be a
promising alternative to the ORIF of a proximal tibia fracture in the orthogeriatric patient.

1. Introduction
The total knee arthroplasty is the gold standard for patients
with an advanced, symptomatic gonarthrosis. It is a wellestablished therapy based on numerous studies [1–3]. In
contrast there are not many publications dealing with the
primary arthroplasty for complex tibia plateau fractures. In
the current literature there are only a few studies, each with
a very small patient population of less than 15, dealing with
this subject (Table 1). However the TKA for a proximal tibia
fracture seems to be a promising alternative, especially for
the increasing number of orthogeriatric patients. Although
the proximal tibia fracture is rare in that it comprises only
1% of all fractures [4], the incidence in the elderly population
is increasing [5, 6]. In contrast to a younger patient, for the
orthogeriatric patient the underlying cause is mostly a low
energy trauma. Due to the often preexisting osteoporosis that
is present in that population, we see a lot more complex
fractures with a big defect of the articular surface [7]. Because
of those defects, most of the patients who undergo an open
reduction and internal fixation (ORIF) will only be allowed
a partial weight bearing postoperatively. But for the elderly

patient the immediate postoperative mobilization with fullweight bearing is crucial to maintain the mobility they had
prior to the operation. It is a known fact that if, due to reduced
proprioceptive sensibilities or to preexisting comorbidities,
a partial weight bearing cannot be achieved, the risk of
thrombosis, pulmonary embolism, and pneumonia, as well
as the reduction of muscular mass (and proprioceptive
abilities), increases postoperatively. Those factors can lead to
a complete loss of mobility and also to an increase rate of the
overall mortality.

2. Methods
In this retrospective study we collected the data of 30 patients
which were treated with a TKA for a proximal tibia fracture
between 01/2008 and 12/2014 in our institution. This patient
group was evaluated using the Knee Society Score (KSS)
rating system [8] and the WOMAC score [9]. The mean
follow-up was 27 months (12–48 months) with a minimum
follow-up of 12 months. Overall we were able to collect
the data from 73% of all patients treated with a TKA for
a proximal tibia fracture in this period. 13 patients were
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Table 1: Publications dealing with primary TKA according to D.
Pape [4].
Publication
Kilian [10]
Nau et al. [11]
Nourissat et al. [12]
Schwarz et al. [13]
Vermeire and Scheerlinck [23].
Malviya et al. [7]
𝑛

Year
2003
2003
2006
2008
2010
2011

Patients (𝑛)
2
3
4
10
12
15
46

Table 2: AO-classification of fractures und prostheses used.
Hinged prosthesis 𝑛 = 24
e.motion 𝑛 = 6

B1
0
1

B2
2
4

B3
4
1

C1
5
0

C2
5
0

C3
8
0

examined in our hospital during an outpatient visit. 9 patients
could only be reached via telephone due to various reasons.
This latter group of patients was included in the study despite
the absence of a clinical examination. The WOMAC score
and the functional part of the KSS can be obtained without a
physical examination of the patient. For the patients we could
not examine during the follow-up, their range of motion
was obtained with the help of their physiotherapist or their
physician at home. Concerning the stability (anteroposterior
and mediolateral) all the patients surveyed by phone had
coupled/hinged prostheses models, so a normal stability
was assumed. In addition to the scores we collected some
statistical data of each patient: the age at the time of surgery,
the AO-classification of the fracture, the comorbidities, the
type of prosthesis, the average length of the operation and
hospitalization, and the postoperative complications were
recorded.

3. Results
The mean age of the patient at the time of surgery was 78.4
(59–93) years. We treated 17 female and 13 male patients. The
fractures were classified according to the AO-classification.
We had a total of 0 type A-fractures, 13 type B-fractures
(Figure 2), and 17 type C-fractures (Figure 3) (6x AO 41B2, 5x
AO 41B3, 5x AO 41C1, 7x AO 41C2, and 7x 41C3) (Table 2).
The NextGen/Rotating Hinge prosthesis (Zimmer) was 13x
(1x41B2, 2x41B3, 2x41C1, 3x41C2, and 5x41C3), the Innex
SC prosthesis (Zimmer) was 11x (1x41B2, 2x41B3, 3x41C1,
2x41C2, and 3x41C3), and e.motion knee prosthesis (Braun)
was 6x (1x41B1, 4x41B2, and 1x41B3) implanted (Table 2).
In our institution the operations were only performed by
two surgeons. The average length of the operation was 119
(72–150) minutes and the average length of hospitalization
was 26.7 (15–35) days. 𝑛 = 24 patients were released in a
rehabilitation, 𝑛 = 2 patients were released to a rest home,
𝑛 = 1 patient was released to his home, and 𝑛 = 1 patient
was released in a psychiatry. 𝑛 = 2 patients died during
hospitalization, and 𝑛 = 1 patient died 3 years later. Overall

Table 3: Summary of all outcome measures 01/2008–12/2014 (𝑛 =
22).

Knee Society Score
WOMAC score

Score (max)
KSS1 (100)
KSS2 (100)
WOMAC (100)

Mean score (range)
81.1 (54–94)
74.5 (−20–100)
78.6 (36.7–96.2)

Table 4: Results of the Knee Society Score 01/2008–12/2014 (𝑛 = 22).
Knee Society Score
KSS1
KSS2

Excellent
14
13

Good
2
3

Fair
1
1

Poor
5
5

Table 5: Summary of all outcome measures 01/2013–12/2014 (𝑛 = 9).

Knee Society Score
WOMAC score

Score (max)
KSS1 (100)
KSS2 (100)
WOMAC (100)

Mean score (range)
87.2 (69–94)
77.2 (−20–100)
83.2 (36.7–96.2)

Table 6: Results of the Knee Society Score 01/2013–12/2014 (𝑛 = 9).
Knee Society Score
KSS1
KSS2

Excellent
8
8

Good
0
0

Fair
1
0

Poor
0
1

we saw 7 patients with a complication that required a further
surgical treatment (wound healing deficit: 3, intraoperative
periprosthetic fracture: 1, infection of the TKA: 1, residual
intraarticular cement: 1, and loosening of the prosthesis
component: 1). We did not see any nonsurgical complications
such as a thrombosis or a pulmonary embolism. Two patients
died due to complications related to a necessary further
surgical treatment because of a complication of the TKA (1
prosthetic infection and 1 periprosthetic fracture) and one
patient died three years after the operation due to natural
causes.
The American Knee Society Clinical Rating Score (KSS)
is composed of two components, a “knee score” (KSS1) and
a “functional score” (KSS2) (80–100 points = excellent, 70–
79 = good, 60–69 = fair, and below 60 = poor). In our study
the patients achieved KSS1 of ø 81.1 points (94–54 points),
a KSS2 of ø 74.5 (100 to −20 points), and a WOMAC score
of ø 78.6 points (96.2 to 36.7 points) (Tables 3 and 4). Over
the last few years we saw an improvement in the clinical
outcome in our institution so we decided to set up a subgroup
population who had been treated with a TKA for a proximal
tibia fracture between 01/2013 and 12/2014. In the subgroup
population we saw better functional results compared to the
overall population group (Figure 1). These patients achieved
a KSS1 of ø 87.2 points (94–69 points), a KSS2 of ø 77.2 points
(100 to −20 points), and the WOMAC score of ø 83.2 points
(36.7 and 97.7 points) (Tables 5 and 6).
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Figure 1: Results of all patients (a) 𝑛 = 22 (01/2008–12/2014) versus
subgroup(s) 𝑛 = 9 (01/2013–12/2014).

Figure 3: Female, age 86, tibia fracture AO 41C3, Innex SC (Zimmer), postoperative X-ray, KSS1 90, KSS2, and WOMAC 85 (13th
month’s follow-up).

4. Discussion

Figure 2: Female, age 83, tibia fracture AO 41B3, e.motion (Braun),
postoperative X-ray, KSS1 83, KSS2 80, and WOMAC 87 (12th
month’s follow-up).

According to the current literature there is very limited
experience with a TKA for a proximal tibia fracture. The
results of our study are comparable to the good clinical results
seen after a TKA shown in the literature [10–13].
There is a steady increase in the incidence of a tibia plateau
fracture in the elderly over the past years [5, 6]. 95% of the
patients over the age of 70 with a proximal tibia fracture have
a concomitant osteoporosis [14]. Therefore in this population
group we see a higher incidence of tibia plateau fracture with
a significant defect of the articular surface compared to a
younger population group [15]. These factors contribute to
more complicated ORIFs in these patients and the literature
shows poorer long-term results after ORIF in those group of
patients [6, 10, 16, 17]. In cases where ORIF of an intraarticular
fracture of the knee joint was preformed, there was a threefold
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increase in the number of cases with a reported osteoarthritis
or necrosis of the tibial and femoral condyles [6]. Any
secondary TKA due to a failed ORIF of a tibia plateau
fracture shows poorer long-term results with an increased
complication rate compared to a primary TKA [2, 10, 16,
18, 19]. Also a higher rate of secondary loss of reposition
is described for the ORIF of orthogeriatric patients [6, 10,
12, 16, 20]. One of the main reasons for that is the poor
bone stock in those patients due the preexisting osteoporosis.
To achieve a sufficient stability for a complex proximal
tibia fracture by a conventional plate osteosynthesis ORIF is
often difficult [21, 22] and in most cases the osteosynthesis
allows only a partial weight bearing for the first few weeks
postoperatively. In our hospital we have a specialized unit
for geriatric trauma patients. Our main goal is treating the
joint fracture with single operation which allows a full-weight
bearing postoperatively to allow early mobilization of the
patient. In addition to the “surgical related” problems in this
group of patients, there are age related “biological” problems
which must be taken into consideration as well. Due to a
sarcopenia, a preexisting limitation of mobility, cognitive
impairment/dementia, or delirium, a partial weight bearing is
impossible for patients in this group [4]. With the ability of a
full-weight bearing postoperatively the mobilization of those
patients is much easier which, in turn, may reduce the risks
of medical complications [7]. In addition, the proprioceptive
sensibilities and the muscle mass can be retained. The primary TKA for the treatment of a proximal tibia fracture in the
elderly is a challenging operation. Over the last few years we
saw better results in the clinical outcome, which we explained
as being due to an improvement of the regimen within our
institution, as well as an improvement in technical skills.
In 80% of those fractures we used a hinged prosthesis for
the TKA (NextGen (Zimmer) or Innex SC (Zimmer)). The
hinged components of the prosthesis allow a high degree of
stabilization for an often preexisting ligamentous instability.
The longer stem components allow a better fixation in
the osteoporotic bone. Those advantages mentioned above
outweigh the limited options available for a revision of the
prostheses if necessary. In our opinion the primary TKA for
the treatment of proximal tibia fractures in the orthogeriatric
patient require a very strict and individualized indication. In
our study the average age was 78.4 years. Besides the age of
the patient, when deciding whether to utilize a TKA there
are other factors which should be taken into consideration
such as the mobility prior to the injury, cognitive function,
the fracture classification, the bone stock, the ligamentous
stability, and the muscle mass of the patient.

5. Conclusion
Because of the benefits shown above for the geriatric patients,
especially the immediate postoperative mobilization with
full-weight bearing, associated risks like thrombosis, pulmonary embolism, and pneumonia could be reduced. Additionally the loss of the proprioceptive sensibilities and the loss
of muscle mass can be minimized. And these factors, in turn,
may reduce the risk of the overall mortality rate and loss of
mobility in those patients. Regarding the existing literature
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and the good results in our study the concept of the primary
total knee arthroplasty (TKA) for tibia plateau fractures in
orthogeriatric patients seems to be an interesting alternative
to the osteosynthetic treatment (ORIF).
We do not see this as a paradigm shift but instead as a
good alternative for a certain patient group that requires a
strict indication and an experienced surgeon.
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Lebensalter,” Der Orthopäde, vol. 43, no. 4, pp. 365–373, 2014.
[5] U. Bengnér, O. Johnell, and I. Redlund-Johnell, “Increasing incidence of tibia condyle and patella fractures,” Acta Orthopaedica,
vol. 57, no. 4, pp. 334–336, 1986.
[6] T. Gerlich, M. Blauth, F. Witte, P. Lobenhoffer, and C. Krettek, “Kniegelenksendoprothetik nach Tibiakopffrakturen im
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2001.
[23] J. Vermeire and T. Scheerlinck, “Early primary total knee
replacement for complex proximal tibia fractures in elderly and
osteoarthritic patients,” Acta Orthopaedica Belgica, vol. 76, no.
6, pp. 785–793, 2010.

5

Hindawi Publishing Corporation
BioMed Research International
Volume 2016, Article ID 8431213, 6 pages
http://dx.doi.org/10.1155/2016/8431213

Research Article
One-Year Outcome of Geriatric Hip-Fracture Patients following
Prolonged ICU Treatment
Daphne Eschbach, Christopher Bliemel, Ludwig Oberkircher, Rene Aigner, Juliana Hack,
Benjamin Bockmann, Steffen Ruchholtz, and Benjamin Buecking
Center for Orthopaedics and Trauma Surgery, University Hospital Giessen and Marburg GmbH, Location Marburg, Baldingerstraße,
35043 Marburg, Germany
Correspondence should be addressed to Daphne Eschbach; eschbach@med.uni-marburg.de
Received 12 October 2015; Revised 5 December 2015; Accepted 13 December 2015
Academic Editor: Hitendra K. Doshi
Copyright © 2016 Daphne Eschbach et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
Purpose. Incidence of geriatric fractures is increasing. Knowledge of outcome data for hip-fracture patients undergoing intensivecare unit (ICU) treatment, including invasive ventilatory management (IVM) and hemodiafiltration (CVVHDF), is sparse. Methods.
Single-center prospective observational study including 402 geriatric hip-fracture patients. Age, gender, the American Society of
Anesthesiologists (ASA) classification, and the Barthel index (BI) were documented. Underlying reasons for prolonged ICU stay
were registered, as well as assessed procedures like IVM and CVVHDF. Outcome parameters were in-hospital, 6-month, and 1year mortality and need for nursing care. Results. 15% were treated > 3 days and 68% < 3 days in ICU. Both cohorts had similar
ASA, BI, and age. In-hospital, 6-month, and 12-month mortality of ICU > 3d cohort were significantly increased (𝑝 = 0.001).
Most frequent indications were cardiocirculatory pathology followed by respiratory failure, renal impairment, and infection. 18%
of patients needed CVVHDF and 41% IVM. In these cohorts, 6-month mortality ranged > 80% and 12-month mortality > 90%.
100% needed nursing care after 6 and 12 months. Conclusions. ICU treatment > 3 days showed considerable difference in mortality
and nursing care needed after 6 and 12 months. Particularly, patients requiring CVVHDF or IVM had disastrous long-term results.
Our study may add one further element in complex decision making serving this vulnerable patient cohort.

1. Introduction
By 2030, 25% of the western European population is expected
to be at least 65 years of age [1]; by 2050, the elderly population
will almost triple [2].
Until the age of 85, 11% of women and 5% of men
are hospitalized because of femoral fractures [3, 4]. Longterm mortality in this cohort, compared with people of the
same age without fracture, is 1.15 : 1, a 20% increase [5].
Thus, successful treatment of these fractures is becoming
increasingly important. Over the last years, several models
of shared orthogeriatric care have been developed worldwide
to improve patients’ outcomes. As part of these models,
a perioperative observational period was developed as a
standard procedure for this patient sample. Monitoring in the
postoperative period is also part of current guidelines [6, 7].
Triage studies have demonstrated that patients admitted to

ICUs have improved survival compared to rejected patients
[8–10]. Elderly patients may have worse prognoses because
of more comorbid conditions and fewer physiologic reserves.
Some authors recently documented age as an independent
risk factor for mortality [11, 12] but not always a factor in
predicting worse outcome [13]. Today, plenty of data concerning comorbidities and chronic health conditions identified
as risk factors, especially for hip-fracture patients’ outcomes,
are available. They are associated with poor outcomes (i.e.,
prolonged hospitalization, higher complication rate, poorer
functional levels, and increased mortality) [14, 15]. With the
current aging population, more complex procedures, and
increasing expectations, demand for ICUs will increase further. Particularly, pulmonary complications and renal failure
due to a preexisting chronic failure are severe and life-limiting
complications. It is reported that incidence of hospitalization
secondary to community-acquired pneumonia doubles in
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patients aged > 60 years [16]. Posthospitalization outcome
data following ICU-dependent complications in geriatric
trauma patients are sparsely available. In particular, outcome
data after invasive ventilation and filtration due to acute renal
failure do not exist for this kind of cohort. Furthermore,
short-term survival is probably not the most important
factor considered when making treatment decisions in this
cohort; we suggest that invasive ICU procedures may increase
the likelihood of less favorable post-ICU outcomes such as
persistent need of nursing care.
Accordingly, dependent on reasons and assessed procedures for an ICU treatment extending past the normal
postoperative period of 1 to 3 days, we aimed to detect
considerable differences in 6- and 12-month mortality as well
as persistent need of nursing care of these patients.

2. Patients and Methods
Patients at least 60 years old with proximal femoral fractures
(ICD 10 S 72.0–72.2) were included in this prospective singlecenter observational study. Research nurses and/or senior
physicians collected data.
Criteria for exclusion were multiple traumas (ISS ≥ 16)
and malignoma-associated fractures. All patients were surgically treated with either internal fixation or hip arthroplasty.
The inclusion period was from April 1, 2009, to September
30, 2011. We obtained the approval of the Ethics Committee
of the University of Marburg (AZ 175/08). All of the patients
or their legal representatives gave their written consent.
We documented patient age, gender, the American Society of Anesthesiologists (ASA) classification, and fracture
type. Patients were requested to give information about their
prefracture functional status. We measured the functional
status by the Barthel index (BI, Hamburg Classification
Manual). We registered the prevalence of ICU stay, underlying reasons for admission, and length of stay in the ICU
during the hospitalization period and assessed procedures
like invasive ventilator management (IVM) and renal failure
demanding CVVHDF. According to further evaluation, we
subdivided our patients into 3 groups: those who were not
treated in the ICU (nICU, i.e., no intensive-care unit), those
who stayed 1 to 3 days in the ICU (sICU, i.e., short intensivecare unit), and those who stayed > 3 days (pICU, i.e., prolonged intensive-care unit). We defined outcome parameters
as in-hospital mortality, 6-month mortality and nursing
dependency, and 1-year mortality and nursing dependency.
We collected data in a FileMaker database (FileMaker,
Inc. 5201 Patrick Henry Drive Santa Clara, CA 95054, USA).
We performed double entry with a plausibility check to
improve data quality. We used Predictive Analysis Software
(PASW) version 22.0 (SPSS Inc., Chicago, IL, USA) for
descriptive statistics and explorative data analysis, with the
results being presented as numbers and percentages or as
means, standard deviations, and 95% confidence intervals.
We tested numerous data using the Wilcoxon test or the 𝑡test, depending on the Kolmogorov-Smirnov test for normal
distribution. We tested all dichotomies using Fisher’s exact
test. The outcome parameters in hospital mortality, 6-month
mortality, and 12-month mortality were analyzed additionally
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by multivariate analysis addressing the covariates age, gender,
BI, ASA, Charlson index, BMI, time until operation, and ICU
cohort. For all tests, we assumed statistical significance at
𝑝 ≤ 0.05.

3. Results
In the observational period, we were able to include 402
patients. The baseline characteristics of all patients are illustrated in Table 1. Patients underwent operative treatment for
hip-related fracture (intramedullary nail/hemiarthroplasty)
in the first 24 h. The pICU cohort was operated with a slight
delay compared to the sICU cohort (17.2 ± 0.8 h versus 23.3 ±
2.3 h, 𝑝 = 0.041).
We observed 336 (85%) of all patients in the ICU
postoperatively for a mean of 2.5 (±3.7) days. The pICU group
included 61 patients. None of the patients who were admitted
directly to the standard-care unit required ICU admission in
the course of inpatient care.
Patients with ICU stays were significantly older than
those in group nICU (79 ± 8 versus 82 ± 9, 𝑝 = 0.008). The
ICU cohorts showed significantly more female patients and
significantly higher ASA scores (𝑝 ≤ 0.001). Comparing the
pICU cohort to the sICU cohort, the differences concerning
the abovementioned characteristics seem to be sparse. Both
groups had similar ASA, BI, and age. Nevertheless, the pICU
cohort showed a significantly higher amount of prefracture
nursing care needed, including 144 (52%) in need of care
versus 44 (72%) patients in the sICU cohort (𝑝 = 0.042).
CCI was also increased significantly in the pICU cohort (𝑝 ≤
0.001).
Comparing the data of further clinical courses, the inhospital mortality of the pICU cohort was significantly
increased (3% versus 26%). The 6- and 12-month mortality
were equally increased and statistically significantly compared to the cohort of nICU patients and sICU patients as
well (18% versus 48% and 26% versus 59%). The 6-month
and 12-month nursing-care need showed equal tendency
(67% versus 85% and 66% versus 84%) without reaching a
statistically significantly higher amount in the pICU cohort
(𝑝 = 0.072 versus 𝑝 = 0.123; Table 2).
A multivariate analysis for the mortality endpoints “inhospital mortality,” “6-month mortality,” and “12-month
mortality,” including the variables age, gender, BI, ASA,
Charlson index, BMI, time until operation, and ICU cohort,
was performed. As expected, the ASA and ICU cohorts
were independent risk factors affecting the different mortality
endpoints. The Charlson index became significant in the 6and 12-month mortality analysis (Table 3).
As mentioned above, 61 patients were treated for more
than 3 days in our ICU. Regarding the underlying reasons
concerning a prolonged ICU treatment period, we noticed
the main treatment diagnosis during stay: the largest group
of 17 patients suffered from cardiac pathology subdivided
into arrhythmia, ischemia, or failure. Two patients in this
subgroup underwent cardiopulmonary resuscitation (CPR),
1 following ventricular fibrillation and 1 further following
myocardial failure with cardiac arrest. The second largest
group included primary respiratory failure (𝑁 = 10), renal
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Table 1: Baseline data, given as mean and standard deviation (±) or as odds ratio with confidence interval (CI). For all tests, statistical
significance was assumed at 𝑝 ≤ 0.05.
Given
𝑁 = 402
Mean (SD)
95% CI
Male (%)
Female (%)
Mean (SD)
Mean (SD)
95% CI
Mean (SD)
95% CI
%
Mean (SD)
95% CI
Mean (SD)
95% CI

Number of patients
Patients’ age
Gender
BMI
ASA score
Prefracture Barthel index
Prefracture nursing-care need
Charlson score
Time to operation/h

nICU
66
79 (±8)
77–81
14 (21%)
52 (79%)
16 (±33)
2.7 (±0.7)
2.5–2.8
89 (±21)
83–94
21 (32%)
1.7 (2.2)
1.1–2.2
18.1 (1.4)
15.2–21

sICU
275
82 (±8)
81–83
71 (26%)
204 (74%)
18 (±29)
2.9 (±0.6)
2.9–3.0
79 (±24)
76–82
144 (52%)
2.3 (2.1)
2.0–2.5
17.2 (0.8)
15.7–18.7

pICU
61
82 (±9)
80–84
24 (39%)
37 (61%)
19 (±28)
3.1 (±0.6)
2.9–3.2
72 (±28)
65–80
44 (72%)
3.6 (2.8)
2.9–4.3
23.3 (2.3)
18.7–27.9

𝑝 = sICU/pICU
—
0.970
—
—
0.049
0.999
0.107
—
0.300
—
0.042
<0.001
—
0.041
—

Table 2: Mortality and nursing care dependence of ICU length of stay. ∗: survivors. For all tests statistical significance was assumed at
𝑝 ≤ 0.05.
nICU
0 (0)
4 (6.1%)
9 (15.5%)
22 (42%)
16 (43%)

In-hospital mortality
6-month mortality∗
12-month mortality∗
6-month nursing-care need∗
12-month nursing-care need∗

sICU
9 (3%)
48 (18%)
60 (26%)
123 (67%)
101 (66%)

𝑝 = sICU/pICU
<0.001
<0.001
<0.001
0.073
0.123

pICU
16 (26%)
29 (48%)
33 (59%)
23 (85%)
16 (84%)

Table 3: Multivariate analysis of independent risk factors for in-hospital mortality (IHM), 6-month mortality (6 MM), and 12-month
mortality (12 MM). OR: odds ratio; CI: confidence interval; BMI: body mass index.
Variables
Point of analysis

OR
IHM

OR
6 MM

OR
12 MM

95% CI
IHM

95% CI
6 MM

95% CI
12 MM

𝑝 value
IHM

𝑝 value
6 MM

𝑝 value
12 MM

Age
Gender
Barthel index
ASA
Charlson index
BMI
Time until
operation
ICU cohort
Constant

0.980
1.080
1.000
3.085
1.048
0.993

1.031
0.582
0.997
2.147
1.160
1.001

1.032
0.653
0.992
2.160
1.196
1.003

0.919–1.004
0.330–3.534
0.979–1.021
1.059–8.985
0.847–1.296
0.978–1.007

0.990–1.073
0.304–1.115
0.984–1.009
1.190–3.873
1.013–1.328
0.991–1.012

0.994–1.072
0.394–1.223
0.980–1.004
1.241–3.758
1.050–1.362
0.993–1.013

0.529
0.899
0.983
0.039
0.666
0.327

0.145
0.103
0.594
0.011
0.032
0.830

0.096
0.184
0.173
0.006
0.007
0.557

1.001

1.002

1.000

0.969–1.003

0.982–1.023

0.980–1.020

0.976

0.826

0.988

20.493
0.000

3.221
0.001

2.112
0.003

5.835–71.981
—

1.792–5.793
—

1.235–3.614
—

0.000
0.019

0.000
0.002

0.006
0.005

impairment (𝑁 = 8), and infection (𝑁 = 9) as further numerous events demanding prolonged ICU treatment. Analytic
separation of the underlying reasons is given in Table 4.
Following the further clinical course of these 61 patients,
11 (18%) of them received at least transient CVVHDF and
25 (41%) received IVM. In-hospital mortality showed to be

82% in the CVVHDF group and 68% in the IVM group.
The 6-month mortality (82% versus 88%) and 12-month
mortality (91% versus 92%) ranged in both groups at equal
levels without displaying statistical significance. Amounts of
100% are displayed concerning the 6-month and 12-month
nursing-care need (Table 5).
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Table 4: Reasons for admission to ICU in pICU cohort.

Reasons for ICU treatment > 3 days
Cardiac arrhythmia
Cardiac ischemia
Cardiac failure
Renal failure
Cholezystitis/cholangitis
Respiratory failure
Infection
Bowel pathology with need for surgical
intervention
Epilepsy
Operative revision of surgical
complication
Hepatic failure
Postoperative anemia/impaired
coagulation

Number of patients
5
8
4
8
3
10
9
6
1
2
1
4

Table 5: Mortality and nursing-care need after different assessments
in pICU cohort. ∗: survivors.

Number of patients
In-hospital mortality
6-month mortality∗
12-month mortality∗
6-month nursing-care need∗
12-month nursing-care need∗

Need for renal
filtration

Need for invasive
ventilatory
management

𝑁 = 11
9 (82%)
9 (82%)
10 (91%)
2 (100%)
1 (100%)

𝑁 = 25
17 (68%)
22 (88%)
22 (92%)
3 (100%)
2 (100%)

4. Discussion
With this prospective observational trial, we aimed to investigate long-term outcomes of geriatric hip-fracture patients
who had had prolonged treatment in an ICU, particularly
with regard to those undergoing invasive ventilation and
renal filtration.
There are plenty of studies published that have focused
on the meticulous demands of geriatric trauma patients in
the last few years. Differentiated outcome data concerning
geriatric hip-fracture patients, especially following invasive
ventilation and hemodiafiltration due to acute lung failure or
renal failure, did not exist for this special kind of cohort.
We know that, following hospital discharge, elderly
patients are 2.3 times more likely to die in the long term
compared to a similar age group in the general population
[17]. A recent study dealing with the long-term outcome of
elderly, critically ill patients showed 1-year mortalities after
ICU treatment in 76% of unplanned geriatric trauma patients
and 46% in planned orthopedic patients [18]. This fits our
results of unplanned geriatric trauma patients in the pICU
cohort, showing a 1-year mortality rate of 59%.

Most studies do not differentiate between short- and
long-term ICU treatment, very likely because the admission diagnoses of most collectives are composed inhomogeneously, displaying the ICU stay itself as a joint feature.
Like mentioned above, we subdivided the ICU collective into
sICU and pICU cohorts. This decision was made because
we saw a great difference in the underlying ICU treatment
indications in these 2 groups. Patients in the sICU cohort
were often admitted for a short period of postoperative
inotropic support or with postoperative bleeding with a
need for transfusion due to the intake of blood-thinning
medications. Admission diagnoses in the pICU group often
required more extensive care, as shown in Table 4.
Plenty of confounders influence the outcome of geriatric
hip-fracture patients. Reducing the time between admission
and operative treatment is seen as one important factor for
improving survival. There are many articles that have assessed
this, and a consensus has been agreed upon that a delay of
more than 48 hours is unfavorable to survival [19, 20]. Some
new studies focusing on 30-day mortality after adjusting
for well-known risk factors, such as age, comorbidities, and
gender, could show an elevated mortality following more
than 12 hours of delay to surgery [21] or even an elevated
90-day mortality following a delay of more than 24 h [22].
As mentioned in Section 3, all patients underwent operative
treatment for hip-related fracture in between the first 12–
24 h. The pICU cohort was operated on with a slight but
significant delay compared to the sICU cohort (17.2 ± 0.8 h
versus 23.3 ± 2.3 h, 𝑝 = 0.041). Thus, this significance may
influence mortality rates in between our groups, even though
this difference of a few hours doubtfully can be considered to
display clinical relevance.
As expected, CCI was significantly higher in the pICU
cohort, and higher CCI presented as an independent risk factor for higher 6- and 12-month mortality in performed multivariate analysis (Table 3). This higher level of comorbidities
is well known to be associated with poorer outcomes in hipfracture patients [23]. As obese and old patients are known
to be more likely to develop adverse outcomes following a
primary total-hip replacement, BMI was taken into account
as well. Patients of all groups showed rather normal weight
or underweight, displaying no statistical significance. The
variables age, ASA score, BI, and gender in nICU, sICU, and
pICU cohorts showed no statistically significant differences
as well.
Apart from all these known confounders for adverse
outcomes, we assume that 1 further, huge factor of influence
for prolonged ICU treatment was displayed by the demand
of ICU-dependent procedures like invasive ventilation or
hemodiafiltration.
Particularly, pulmonary complications and renal failure
due to a preexisting chronic failure appeared to be severe and
life-threatening complications in geriatric trauma patients.
Some prospective studies focusing on the influence of age
on the outcome of mechanically ventilated elderly patients
showed that age has an important effect on the outcome
of mechanically ventilated patients [24, 25]. In our collective, in-hospital mortality occurred in 68% of patients
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with mechanical-ventilation-dependent respiratory complications. This impressively illustrates the fatal consequence of
this “third hit,” following trauma as a “first hit” and operative
treatment as a “second hit.” Ninety-two percent of these
patients died within the first year after admission, and all
survivors showed a need for nursing care after 12 months.
Concerning renal failure, recent epidemiological studies
have reported an association between reduced glomerular
filtration rate and increased risk of death and cardiovascular
events [26], as well as the association between renal impairment, frailty, and quality of life. Elderly people with chronic
renal insufficiency are known to have a high prevalence
of frailty, which may signal their risk for progression to
adverse health outcomes [27]. Irrespective of this known
data, the finding that only 1 out of 11 patients undergoing
hemodiafiltration during ICU stay in our collective survived
the first year underlines the severe prognostic character of
this procedure.
After all, keeping in mind that only 8% of patients
with invasive ventilatory management and 9% of patients
undergoing CVVHDF survived the first year—and none
of them survived without nursing-care need—prognosis in
cases of such complications worsens remarkably. Over the
years, plenty of studies have confirmed that the majority of
patients do not wish to survive if they lose their independence, if they become a burden on their families, or if they
are unable to retain their capacity to think clearly [28, 29].
A current empirical analysis showed that if treatment is
invasive and the predicted outcome is survival with severe
functional impairment or cognitive impairment, 74.4% and
88.8% of patients surveyed, respectively, would not choose
treatment [30]. There is a bright recognition that the burden
of the proposed treatment and the probability of adverse
outcomes should be specifically discussed with relatives or
legal representatives when talking about end-of-life decisions
in the course of intensive-care therapy [31]. Particularly, longterm results after invasive ventilation or hemodiafiltration
during acute-care treatment were disastrous in our cohort.
These data have to be taken into account, since short-term
survival is probably not the most important factor considered
when making treatment decisions in this vulnerable cohort
of geriatric trauma patients. Clinicians, as well as relatives,
should be aware that a patient’s appraisal about what constitutes an acceptable long-term outcome may change with
advancing age.
The present study has some limitations: Cohorts requiring CVVHDF and IVM were small and preexisting medical
conditions and admission diagnoses were manifold. Further, because of different healthcare conceptions in different
European countries (and even between different provinces
in Germany), a comparison of duration of ICU stay and
hospitalization period with other studies is not reasonable
overall. Finally, due to the high mortality rate after 1 year, the
claimed 1-year nursing-care status is certainly emphasizing a
worse outcome but is not satisfactorily valid.
However, for ICU treatment extending past the normal
postoperative observational period of 1 to 3 days, we found
considerable differences in mortality and nursing-care need
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after 6 months and 1 year. Particularly, patients requiring
CVVHDF or IVM had disastrous long-term results.
Data dealing with outcome parameters concerning
patients obtaining CVVHDF- and IVM-dependent complications remain sparse, but the current investigation adds
information that might be helpful in decision making serving
this vulnerable patient cohort.
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